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VHM region: structure of the phase space 

• "Regge" (BFKL, ... ) ~p 
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Why is VHM? 

•The model of Fermi-Landau 

nFL (s) ~ Fs,.>> nphys(s) ~ Ins 

threshold multiplicity 

• What will happen if 

n ➔ nmax ~Fs 
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Multiplicity distribution 
•Manjavidze & Sissakian 
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VHMtheory •Sissakian, Manjavidze (90, ... ) 
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Regge: CYn < O(e-n) 
~ r <= VHM process is hard ( as < < l) 

QCD jet :CYn == O(e-n) 
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"THERMALIZATION" 

Quark-gluon 
plasma. 

• Production of thermalized state 

•Cold and dense equilibrium state is 

Don1a!n ofl'Thern1alizationtf favorable for QG plasma production 
expenment. 

Neutr<>.n star$. 

10 
PIPo 

• Multiparticle Bose-Einstein 
correlations 

V.Nikitin et al. (2004) 

Coll. "Thermalization" 
JINR(Dubna), MSU(Moscow), IHEP(Prorvino), TSU(Tbilisi) 

P.Ermolov, J.Manjavidze, V.Nikitin, A.Sissakian, et. al. 
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Conclusions 

•The VHM kinematics region is outside of LLA abilities 

•Ordinary ("Regge", pQCD in LLA, ... ) theoretical models can not predict 
even the tendency to equilibrium 

•The S-matrix interpretation of thermodynamics permits to show that the 
thermalization must occur, at least, in a deep asymptotics over multiplicity. 

•The test of pQCD frames in VHM region is a necessary task 

• Future: VHM experiment!!! 

VHM05 



Possible mechanism of condensation of the slow pion gas 

E. Kuraev, E. Kokoulina 

Joint Institute for Nuclear Research, 
Dubna, Moscow Region, 141980, Russia 

Abstract 
Final state interaction by means of gluon or photon exchanges provide some attraction or repultion forces 

between hadrons. Some similarity with the percolation process is discussed. 

At heavy ions collisions the set of slow pions probably is created (G.E. Soljakin (private 
communication), PNPI, San-Petersburg, 2004. Winter school). This media has within the 
colliding point the size of several fermi (center of mass of colliding beams is implied). 

One possible mechanism of creation of this set of pions (if it have vacuum quantum 
numbers o++) and zero total 3-dimentional momentum-"exitation of the physical vacuum" 
[1 ]. 

According this model part of energy revield in process is accepted by physical vacuum 
and results creation of current quark-gluon plasma,which,spreading and cooling transforms 
to the set of slow pions when the temperature becomes in the region of deconfinement phase 
transition Tn. The estimates of Bose-condensation temperature [2] (the temperature where 
chemical potential equal to zero) TB= 3.3lh2(N/V) 213 /(g 213m1r) for typical values of pion 
number N = 102 and size of pion set size V ~ (10fm)3, leads to value close to deconfinement 
one Tn ~ TB = l40MeV. At further spreading and decreasing the temperature T < TB 
a pion condensate appears with the number of "stopped" pions Ni=io = N[l - (T /TB) 312

] 

and the pressure independent from the volume. Here we mean the pions belonging to the 
condensate ("stopped") really have some average velocity, which can be expressed in terms 
of kinetic energy K of the set of N slow pions: v0 = (2K/(Nm1rc2)) 112 << c. 

Amplitude of pion-pion interaction rapidly decrease with increasing of the magnitude of 
transfer momentum. The reason-formfactor suppression. This fact can be formulated as a 
fast termalization in the transversal direction. 

As for many photons (gluons) exchange contribution to the amplitude-it can be parametrized 
in terms of wave function-solution of the Bethe-Salpieter equation or the corresponding 
Schrodinger equation 'l/J(r, v). It results in factor 

X X 
l'l/J(0,v)l2 = 1- e-x ~ 1 + 2' 

7r0:' 
x=-, 

V 
(1) 

with v = lv1 - v2l-is the relative velocity of pions. This is known result of Quantum Electro­
dynamics (QED) valid for pions of opposite charges, a is QED coupling. The mean distance · 
between pions in pionium atom is 300fm-is too large. Much more short distances provided 
by gluon exchange when one can use the QCD coupling a 5 • Relative velocities can vary from 
the atomic velocities ac up to average velocity v0 • 

Schematically the interaction amplitude can be presented as a sum of two terrus Aii = 
a + b/vij, one of which a collect the scattering channels contribution, contribution of the 
repultion forces (white vertex); another b/v collect the attraction forces action (black vertex). 

The dynamics of the set of N interacting pions can be expressed in terms of these two 
types of vertices. Namely one can restrict by consideration of only pairing interactions of 
white vertex (W) type and the black vertex (B) type. After B -type the particles "stopped" 
become a part of condensate and ruled out from further dynamics. Other type of interaction, 
W results in scattering and taking of both the scattered particles patr in dynamics. 

This process, being considered backward in time have a resemblance with percolation 
process, widely studied in many applications of solid state physics [3]. 

12 



One can obtain (very roughly) the relative pairs velocities distribution 

~ 1 !VO Vo 
P(v) ~ ~ (N . )I IIifiAiidvii ~ (-;-fl, 

pairs(ij) pairs • v 

(2) 

with -y-in principle calculable positive quantity of order of unity, proportional to the coupling 
constant and to the internal symmetry group factors. 

When the concentration of the W-type vertices w becomes less than the critical value We 

the probability of the pion condensate creation can be expressed in form 

dW w - ~ (1- -)'7 
dw We 

(3) 

In this way we can arrange (pure qualitative) the formula for the ratio of pions in the 
"stopped" kinematics to the total number of pions as a function of temperature: 

(4) 

Let us consider now the expected experimental consequences of pionic condensation phe­
nomen. Really, it can manifest itself as a sharp narrow peak in dilepton or photon spectra, 
mentioned above. This peak will be only smoothed due to general motion of the condensate 
with the average velocity v0 • 

References 

1. M.K. Volkov, E.A. Kuraev and E.S~ Kokoulina, hep-ph/0402163; Letters to Echaja, 
v.1 p 16-23 (2004). 

2. L.Landau,E.Lifshits, Statistical Physics, Nauka, 1964. 
3. A.L. Efros "Physics and geometry of disorder", Kvant, 19, 1982. , 
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: Simulations of Heavy-Ion Collisions: 
! Relativistic 3-fluid hydrodynamic model for 
I the energy range: a few to 200 A Ge V. 
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Search for the mixed phase of strongly 
interacting matter at the JINR Nuclotron 

-------- - - - -- -------------

Perspective theoretical and experiITiental researches 
---- -·---------·· --------·--- -

1. Investigation of properties of hadrons in hot and/or dense baryon 
· matter (a change of their masses and widths is expected, first of all of 
the a-meson as the partner of pions in the chiral multiplet, which 

i characterizes a degree of chiral symmetry violation and can serve as a 
"sig_Q9l~_~Qf Jts_r~§tQraJi9n ~§__w~II as th~__rnixeg phase f9rnJ~tion)_. ___________ _ 

00 2. Analysis of a role of multiparticle hadron interactions, perfection 
. of available and development of new space-time models of . . 

i collision of heavy nuclei at high energies as well as "signals" of 
. formation of new phases during the evolution. 

- - ---- --- ·--- -- ----- ----~---- -- - - --- - - ---- ----- ~ ---~--- ----------

; 3. Analysis of the dependence on energy and centrality of the 
· multiplicity of pions, strange particles, and their ratio, as well as K­
meson spectra with respect to transverse momentum 

· (nonmonotonic dependences are expected, which can be due to a 
manifestation of the mixed phase formation). 



4. Analysis of dileptons and slow pion production in collisions of 
heavy nuclei (their enhancement in comparison with hadron­
hadron interactions is expected). 

·-· --- -- ------------ .. ---- ---- ---- -- - -·------·- - --- ---·- - -------·~---- ·-- ·---- .. 

5. Analysis-of the behaviour of angular correlations and flows of 
secondary particles (their abnormal behaviour in comparison with 
hadron-hadron interactions is expected). · 

1 6. Analysis of fluctuations of the multiplicity of secondary particles 
: (their nonmonotonic dependences on energy can give information 

~· on the area of the phase transition and, moreover, the matter 
phase diagram). 

-------- ···--

7. Analysis of characteristics of nuclear fragments depending on 
. the centrality (abnormal change of the behaviour in comparison 
· yvith pe~Jr-?b_~_r9J __ cgJli~Jq_ns is exp~ft_ed). _ _ ________________________ ~-

8. Energy and atomic number scanning for all 
characteristics of central collisions of heavy nuclei (this 

: might allow one to obtain information on the equation of 
state of strongly intera9ting matter in the __ transition area). __ 
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0 

- - ---- -- ---- - -··- -· ---· 

3. Analysis of the dependence on energy and centrality of the multiplicity of pions, 
strange particles, and their ratio, as well as K-meson spectra with respect to 
transverse momentum (nonmonotonic dependences are expected, which can be due 
to a manifestation of the MP formation). 

- . ·--·-·-- -- -- ··- --· . ·---- •···-------

j . .. . - ··----· ·- --· . -- ,] 

! NA49 C"'ollaboration 
L___ ----·---- ·- -. ------------- - -----·----

SPS 
,--

! Strangness production : 
L _________ . _____ -· -- -· ! 

C.Alt, et al, System-size d~pendence of strangeness productio1:1, in nucleus-nucleus collisions at ✓sNN=l 7.3 GeV, 
Phys.Rev.Lett. 94 (2005) 052301 
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1 Centrality dependence of particle production ratios for 
! (a) K+/n+, 
(b) K-/n-, 
(c) p/n+, and 
(d) antip/n-
in Au+Au collisions at ✓sNN = 200 GeV 

[5. 5. Adler, et al., Phys. Rev. Lett. 91 (2003) 182301. ]. 

IRHIC 
[__ - - -
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, 4. Analysis of dileptons and slow pion production in collisions of heavy 
nuclei (their enhancement in comparison with hadron-hadron interactions 

· is expected). 
---·---------- - - . ··-----

------------ - --- ------- --- ---· 

Mixed Phase is a state of the compressed nuclear matter. 
The re -meson condensate 

A. E. Mu2oaJ1, 1971, )K3T<I>, 61, p. 2210; 
1972, )KET<I>, 34 p. 1184; 
1972, )K3T<I>, 63, p. 1933; 
1973, )K3T<I>, 1973, ~ p. 1052; 

R.F. Sawyer, Phys.Rev.Lett., 1972, 29, p. 382; 
D. J. Scalapino, Phys.Rev.Lett., 1972, 386; 

: R. F. Sawyer And D. J. Scalapino, Phys.Rev.D, 1972, 7, p. 953. 

The minimum baryon density for the pion condensation is expected to be 

Pc ~ (2-3) po 

(TTakatsuka and R.Tamagaki, Prog. Theor. Phys 77 (1987), 362). 
- -· - - --- -- -- - -- - -- - - - - - - - -
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TAPS Collaboration - R. Averbeck et al. Z.Phys.A, 1997, 359, 65; 
A.Marin et al., Phys.Lett.B, 1977, 409, 77; 
A.R. Wolf et al., Phys. Rev. Lett., 1998, 80, 5281; 
A. R. Wolf, geb. Gabler: Doktorarbeit, Gieben 1997. 

Invariant inclusive specrtum of the mJ- and 77-mesons produced in Au+ Au 
reactions at 0,8 A Ge V (left - noncentral collisions, right - central collisions). 

- - -- ------ - ------------ - -- ·--------------- - - ·---~~ . - -
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1) Two values of the temperature for n° -meson - T"'50 and 70 MeV; 
2) dependence of the centrality. 
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CERN SPS Colloboration: D.Adamova' et al., Enhanced Production of Low­
Mass Electron-Positron Pairs in 40 AGeV Pb-Au Collisions at the 
CERES/NA45 experiment, nucl-ex/0209024. 
---- -·- - -- - -------- - ·---~- - - -------------· -- -- ----------·-- - ---------· ---

Measurements of low-mass electron-positron pairs in Pb-Au collisions at the SPS beam 
energy of 40 AGeV. The pair yield integrated over the range of invariant masses 0.2<m 
<.1 GeV /c2 is enhanced over the ,expectation from neutral meson decays by a factor of 
5. 9+ 1 . 5(stat.) + 1 . 2(syst. data) + 1 . B(syst. meson decays), somewhat larger than 
previously observed at the higher energy of 158 AGeV. It may be linked to chiral 

· symmetry restoration and support the notion that the in-medium modifications of the p 
are more driven by baryon density than by temperature. 

-- ---- ----- ----- --·--- - ------------·----~- - -- ---~--------- --- ~---- -------- -------

10 
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Inclusive e+e- mass spectrum, compared to the 
hadron decay cocktail (thin solid; individual 

, contributions thin dotted) and to theoretical 
, model calculations based on n+1c annihilation 
: with an unmodified p (thick dashed), an in-
. medium dropping mass p (thick dashed-dotted) 
: and an in-medium spread p width (thick solid). 
The model calculations contain the cocktail, but 

• without the p to avoid double counting. The low­
mass tail of the cocktail p is due to the 
inclusion of a rtn·phase space correction. The 
(weaker) tails of them and <p are caused by 
electron bremsstrahlung. 
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5. Analysis of the behaviour of angular correlations and flows 
of secondary particles (their abnormal behaviour in comparison 

, with hadron-hadron interactions is expected). 

dN/ d<p oc [1 +2v1cos( <I> )+2v2cos(2<p )] 
-r•• -------- -- .. _ •-• --••------ ---------·---·-· -

BNL E895 Collaboration has studied the proton elliptic flow as a function 
of impact-parameter b, for two transve·rse momentum cuts in 2 - 6 AGeV 
Au + Au collisions (AGS). 

l . . .. --------·--

C-~!.Jt~· ~rot:o,r ·v~~~--b ,~_.r -~·J 

_..,__ -------.; 
...._ ____ ......,._ __ _ 

I,, •~------- -----.. -~ . ---........._____, ~::::-•,>;;,\:: T '>'•~-~~ •·-+ 

: -+-------: ___ --
~;:~''.:~s~c~= ~--".":;j;::~:::: :.~-.:~ ._ 

___ : ... ---- ,.: ___ -- ... __ -:, __ ~ ___ :,. 

t: )/"'-.•~--~-- _. ,_.• ---~-.. T+-_~-- I --~ :~~----=--
lc--·- - --- -~jr-C-- - . _,. _.,,,.~.:::~~----=~.:.:-.:.:-~~~=:=:~:~-------

:;- -:t,11: 

1::;·s:.1"!.> ~"'roton V_,;,_ v:._D 1·v.~~c,·1 F-... , -~ur .• · 

_. ~ 7-' P. Chung et al. I.~•: •-----~----..,.._ ---._ .. • • 

:L.:;,·-~'.'_' .. '. .. v -~~~--::--..=----. ~; Differential Ell!ptJc 

: -=+---~~~. < • Flow in 2 - 6 A Ge V 
1 lJ ·, -------♦ :=: 
-i.•v· .• ,•.,: ~-- ---· · :_, 

· · - · · ~::3:_~=-c.. ~~_,__~----4- ~~~ -A New Constraint 
'I' ----:::::----;--- ---· •• q, .. ···-·-·· ·4' < 

··•-..... ----·· · · for the Nuclear 

· Au + Au Collisions: 

_____ .. __ - -. ----·- ·-· . 
• • l I- • •. :-;·: 

G" .-. . L~-~~=:-~--~..-1-+- *-~ -•• "'- ____ -:-_::::-~~::·-·-·~":· .:.i -' I --- -) 

E? 

:.- -:t,11: 

Equation of State, 
nucl- ex/ 0112002. 

The elliptic flow shows an essentially linear dependence on b (for 1.5 < b < 8 fm) with a 
• negative slope at 2 AGeV, a positive slope at 6 AGeV and a near zero slope at 4 AGeV. 
i These dependencies serve as an important constraint for discriminating between various 
: EOS for high density nuclear matter, and they provide important insights on the interplay 
between collision geometry and the expansion dynamics. 
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-- ----- -·-· - - ---·-- -- ---- -··. -- - --- -- .. -- ·- -

The angular distributions of protons with the momentum less than 1.0 GeV I c in the 
events of n-12C -interactions at the momentum 40 GeV/c with the total 
disintegration of nuclei [A.I.Anoshin et al.Yad.Fiz.33:164(1981 )]. The anomalous 
peak is seen in this distribution. The behavior of angular distributions of protons 
emitted in n-12C -interactions at momentum 5 GeV / c [O.B.Abdinov et al. Preprint 
JINR,1-80-859 ,Dubna (1980)] has also an anomalous peak. 

--- ---- - ---· - ---·- - ------------------- -· ----~--- ------ --------- -----·-
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L7, ffq 
0-L, 

0,.98 

. The angular distributions of protons emitted in n-12C -interactions at momentum 40 
GeV/c. 



Centrality experiments 

Studying a dependence of characteristics of 
~ nuclear-nuclear interactions on the centrality is an 

important experimental way' of obtaining information 
on phases of strongly interacting matter for med 
during the collision evolution. It is expected that new 
structures - changes in the behaviour, will show up in 
these characteristics due to phase transitions. 
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Search for the mixed phase of strongly interacting matter 
-~ - -- - - - ·- --- ---- . -------- - -- - --- --- ----- - . ·------- - ---- ---- ·- ----- - --- - -

Experimental results give an evidence of existence of sharp regime 
changes in event characteristics as a function of the collision centrality. 

- ----- - ------ ----·--- - ------- ---- - - ---
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GeV/nucl. as a function of centrality (ET) (NA38, J centrality (ET) (NA38, NASO) normalaized to 
NASO).____ ______ ____ the cross section ofDrell-Yan pairs. 

--- ···--····--~ - ----~~ --------------· --- ----- ·- ----- - -------- ------------ ------- -

Possible explanation: the regime changes is a manifestation of the Mixed Phase (MP) formation 
(A.N. Sissakian, A.S. Sorin, M.K. Suleymanov, G.-M. Zinovjev). 

------~- ----- - ---

The experimental information on conditions of MP formation is important to fix the onset stage of 
the auark deconfiment for its future identification. 

Search for MP: anomalous peak in the angular distribution of protons and anomalous angular 
correlation of secondary particles production and anomaly in the small energy n:0- or (n:+, n:-)-meson 

-(lepton) pairs production, simultaneously, as a function of the centrality. 
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Multiplicity per participant nucleon pair, as a function of 
the centrality, for ✓sNN =130 GeV and 200 GeV Au+Au 
collisions as measured in PHENIX (A. Bazilevsky, Nucl. 
Phys. A715 (2003) 486). 
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Preliminary Collaboration 
--=~-==-===--,,..-..=~- =-• •.,c "- - ---- ••~-~~~~•.,, . .,-----,--__ ="'-~-=--=•~• ,. ---- -~---=c,==---=-----.-.. --~ -• =------- ~=~=- "'-~=---~=-=-~--- -=--- ~-,.-==-~~·~~ -~~-.. = 

BL TP JINR: 
D. Blaschke, E.Kuraev, A.Radzhabov, A .. Sissakian, A.Sorin, V.Skokov, 
V.Toneev, M.Volkov, V.Yudichev, ... 

LIT JINR: 
Yu.Kalinovsky, ... 

---------- - ---- ---- ----- .. - - -----------~------------- -- ------- - --------- ------- --- ------------ -------

VBLHE JINR: 
, K.Abramyan, N.Amelin, B.Batyunya, A.Kovalenko, V.Krasnov, A.Malakhov, 
M.Suleymanov, A.Vodopianov, ... 

- -

DLNP JINR: 
V.Karnaukhov, ... 

- - --- -- - ---- -

ITEP (Moscow): 
S.Molodtsov, ... 

- - ---- --- -- - ---------

INR RAS (Moscow): 
A.Kurepin, ... 

BITP NAS (Kiev, Ukraine): 
V.Begun, M.Gorenstein, S.Konchakovsky, V.Trubnikov, G.Zinovjev, ... 

-- . ---- ---- - -

-----

Collaboration, suggestions, and remarks are welcome! 
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Deeply Virtual Co,mpton Scattering & 

Generalized Parton Distributions 
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Deeply Virtual Compton Scattering (DVCS) 

r*N ➔ Y(M,z+z-)N (eN ➔ erN) 

& 

Generalized Parton Distributions {GPD) 
(holography, tomography, phemtophotography) 
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{Classical) photography and the "phase problem" 
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DIS 
-e 

w 2 ···-... ________ q .,,. 2 

{ 

...... 2 

- .......,,,.,.,,~-0 
p 

Q2 
x= 2pq 

(and ordinary parton distributions) 

* 

* r .·· .. 
··. r 

······ ....... . 

* r ..... 
.. •··· 

.. •·· .. •···· 
.... •····· .. ··--.... __ _ 

.. .. .. ·· .. -

."',I~ 2 
JmA(s,t = O,Q ) 

p t~O 
2 Q2 

s= Q (1-x) +M2 ~-,x<<l 
X X 

The proton is smashed ( completely destroyed) 
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Perturbative Quantum Chromodynamics (DGLAP Evolution) 

F2 (x,Q
2)= XL {e: (qi(x,Q

2
) + qi(x,Q

2
)) + as (Q 2 !Ci[x, as (Q 2 n (8) (q;(x,Q 2

) + 

q/x,Q
2 
)) +[Cg [x, as (Q 2 E ® g]}, 

~ . 

f (f) ® g(x) = i; 1(; )g(y ), C; = 1 + O(a, )cs = O(a,). 

Nonperturlntive ("phenomenological") inputs 

x( qi (x, Q2) = f (Q2 )x-a(0)-1 (1- X r(Q2) 
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Denes Gabor, 1948; Born in 1900 (Budapest), 

Nobel Prize in 1971, Died in 1979 (London) 
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DVCS kinematics 

2 Q2 -q == r 1 . 
* ·······.... . ... ······· 2 2 r ·····... ..···· -q ==Q ==o 

··.. ..·· 2 2 
··· .. ~ .. ·· 

t<O 
A2 

2 1+ 2Q2 
-q 2' j:__ =XB f1. 

~ - 2Pq 2-xn +xn Q2 

." 
p = P1 + P2' q = lq1 + q2 JI 2 
A = P2 - P1, t = A2 

2 Q2 
X = -% =-­

B 
2plql 2plql 

Aq J: A2 
. 

17 = - = -':, 1 + 
Pq 2Q 2 

"-1 
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The basic object of the theory 

A(s, t, Q 2 = m 2
) (on mass shell) 

3mA(s,t = O,Q 2
) -- F2 DIS 

Reconstruction of the DVCS amplitude from DIS 

F 2 ~ ::SmA(y*p ~ y*p) ~ ::SmA(y*p ~ W) 
t=O lt=O 

~ A(r*P ~ w) ~ A(r*p ~ w) 
t=O 

or 
::.SmA(y*p ➔ r*P)I ~ F2(XB,Q 2) = xBq(xB,Q 2) 

t=O 

q(xB,Q2) ~ q(;,17,t,xB,Q2) -

~ 
..... .gq(<;,17,t,xB,Q

2
) 

0

GPD(<;,17,t,xB,Q 2
) 
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Spin 

q(x) = !_3m[F1 (x,Q 2
) + F3 (x,Q 2

)] 
2 t=O 

Aq(x) = !_3m[F3 (x,Q 2 )-F1 (x,Q 2
)] 

2 t=O 

1 
8q(x) = -~mF2 (x,Q 2

) 
· 2 lt=O 

J. Bjorken, in Particle Physics, 
NY 1972, and SLAC-PUB-
7096, 1996; 
R.L. Jaffe and X. Ji, PRL 67 
(1991) 552; 
J. Soffer, PRL 74 (1995) 1292; 
S.M. Troshin and N.E. Tyurin, 
PR D63 (2001) 

Fi(x,Qi) - helic~ty scattering amplitudes for q-h 
scattering 
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\. "' ~ ... 

_ ..... J __ .. . . . \l~~i:"'t:.,~~~ru .. .,,! . 
( ' 

-+r.l \.__r,; 
,%._ ._ .. l'~ 

i..v,---~ ----...... 

P _ C::..:?.::::~,,._ GPDs --·,. .. ;,.~~- p· 
::~;;::, -· - ·-·-~··- -- .... !:::•:::::::.: 2 2 

F2 ( x, Q ) ~ xq ( x, Q ) 

non-perturbative region 

See, however: 
S. Brodsky et al., hep-ph/0104291, PR 2002 
S. Brodsky et al., hep-ph/0009254, NP 2001 
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GPDs cannot be measured directly, 
instead they appear as convolution integrals, 

difficult to be inverted ! 

We need clues fro,n 
phenomenological models -
Regge behaviour, t­
f actorization etc. 

A(t;,1],t} ~ Jt1.x GPD(x,1],t) 
-1 x-<; + ie 

"Handbag" 
da I 12 "' A 
dt 

atot "' 3mA, 
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V, 
0 

Various limits 
DVCS t = 0 

1/ = -~, ~ = XB 
2-x B 

We ca11 retLtr11 to syn1metric 
w ➔ w 011ly for Q 2 ➔ o 

Q 2 ➔ O,xB ➔ 0,~=xB/2 

General, symmetric !Q
2 

2 = Q2
, TJ = ol 

But ,ve n-1ay have t == -11
2
1- * O .K. Magas, hep-ph/0404255; 

Ge11eratization of £:(;1s (x B, Q 2 , t) L.L. Jenk.ovszk.y, V.K. Magas and E. 
to t * o · Predazzi, EPJ A12 (2001) 361; 

R. Fiore et al., EPJ A15 (2002), 505 
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I. Grabo wsk:a-Bold 

VI 
N 

-;;;--·2 " 
::, ' . 
~102i- "'--

~ : "' ~ ·.; - ' :c ~ 
~. 

.s 
~ "'O 10 I e 

1 

.. . .. - -·-···- ·-- ---• - ~-- -•--· 

0 0.2 0.4 

D,tf. Rcv·lcw 1'v[ee/i.nq 

x?/ndf 
Constant 

Slope 

'"" "' '·'\. 't 
'\. 

' ·, 

~ 

51.27 / 2 

5.266 
-7.427 

""' 
0.6 0.8. ~; 

t (GeV2
) 

1.2 

lla11nburg 1 Septernber 29th 2004 

r · · · · · ·· · · ·· ·· ·· ·· ·· ·· ··· ····· --········ ·· ···· ·················--·············· -:'.:,-~-:- ~; .·· i 

l ___ f_ .. ~~~9 .. PE ~Q_R 1999-20:00 I 
Fitting a function 

da 
dt == C1 

• exp (-Slope· t), 

'A'e find for Q2 == 9.6 GcV2
: 

Slope== 7.4 ± 1.1 Gev- 2 • 

Note 

• x. 2 minimisation method used for the 
fit, 

• poor quality of the fit (large x2 ), 

• no systematic error is quoted yet. 
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I. Gral>o·wska-F3old fla1nbur9, Sevtem.ber 29th· 2004 

,--------------·· - ------- -....... -- . ·-- -... . .. .. ------ - -. -------------- .. -.. -- .. -· 1 
l ..... ~ ,~LO·~--~ AS ~----~---~NCTI~-~-- OF Q

2 

.-14 

~ 
(1) 

CJ 12 -.Q 

10 

96-97 e+p data 

• 99-00 e+p data 

FMS original fit 

FMSfit 

8 '•··---f1--- .. ~l. ..... 
.. 

6 
~ ... ir·---- ·-- .... . .. 

- -... __ ____ 
4 -· 

2 

0 ;,, ... -••··· 5 
0 10 15 

I 

-- .. ' -J 
25 30 20 

a2 (GeV2
) 

There is an evidence tt1at the 1; slope decreases 

with c:/2 
~- . 

D-ifJ. Revte·w 1\1 ef?.li·ng 

Analysis performed in two bins of CJ 2 : 

5 < CJ 2 < 11 Gc·v2 for (Q2 ) = 7.0 

11 < CJ 2 < 100 GeV2 for (Q2 ) == 19.0 

Results compared with the Freund, Mc 

Dennott and Strikman fit ( solid line): 

. (12 
S' !ope :::.-:::. b( c.i~) : ....... : bo(l ...... (/ 'In -~~

2
-- ) , 

with bo == 8 Gev-2 and C == 0.15. 

Also a new fit to the 99-00 data has been 

performed (dashed line). The new val-

ues are: 

bo == 9.5 Gev-2 and C == 0.14. 
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A}P➔Vp OC J(Q
1
2 ,Qi ~R

2 (s,m 2
} 

R 2 = B = b2 (m; )+ b1 (Q12,Qf )+ a' Ins 

Q2 = Q/ +Mi(?) 
l)" Symmetries": sr'((Q2.,,9_6)➔Y,eal) = BYreal➔J lf/1? 

2)" BYrea/ 11~11 BP? 

-2 b 5 3)B oc Q , utBPP ~ -B7rp. 
4 

. 2 2 _ · 2 2 is . 2 2 _ 2 2 b(Q1
2 ,Qi)I 

( J
a(t)-1 

A(s,t,Q, ,Q, )- zG(t,Q, ,Q,) -¾ , G(t,Q, ,Q, )- G(Q, ,Q, )e , 

G(Q2 Q2) _ go G(Q2 Q2) _ go 
I ' 2 - ( )n ' I ' 2 - ( Jn ' Q 2 Q2 I Q2 Q2 I 

_I +-2 _I +-2 

Qg Qg . ' Qg Qg 

a(t) = a 0 + a't ⇒ a 0 + a 1 -,J4m; -t; a; ⇒ a;(Q/\2); 

Adjustable parameters: g
0

, b0 , bi,. ni, n2 ,Qg; fixed: a 0 ~ 1.1, a'~ 0.2, s0 = 1, Q; = 0, M
2

• 

A(s,t,Q12,Qf )⇒ A(~,s,x81 ,t) 
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~f -<i;.: ~;/ -::r1 i:-'\ y-

Process 

;p-+ pp 

"(,, --· fl}·' 

''IP .... , c,.iip 

'YP _. ~t>F 

' '·, ~ .. i: • '\ 

"IP -+ J / li.'11 

'"YP -+ JI"-'}, 

- ,, ,/ 
.,,,,~·,,,.,. 

-~-.,:-f 
- '''TT 

..,I~ 

:r, ,.., 

Value of slope h, Gev-2 

J0.:3 I ± 0. 77( slat.) ± 0.52( sys.) 

10.9 ± 0.3(stat.)~~:~(sys.) 

6.0 ± 0.:i(stnt.)~g:~(s11s.) ± 0.4(mod.) 

5.8 ± 0.3(sL.at.) ± 0.5(,<1y.'I.) 

2.4 ± 0.2(slaf.)~r:c.'ly.~.) ± 0.3(mod.) 

7.3 ± 1.0(slal .) ± O.Sf fiysf.} _ 

6.3 ± 0.7(sfat.) ± 0.fi(sys.) ± 0.3(mod.) 

2.1 ± 0.5(sfat.) ± 0.3(sys.) ± 0.4(mod.) 

4.73 ± 0.25(stat.)::gj:(sys.) 
4.99 ± O. l 3(sta.t. ):i':O--t5(.<iy.~.) 

4.15 ± 0.05(stut.):!t:rJ(sys) 

4.0 ± l.2(slal. )~'f:; (sys)~g:~(mod.) 

0.7 ± OA(s/al.) ± 0.2(sys.)~g:3(mod.) 

l.07 ± 0.0:l(stal.) ± 0.ll(s1Js.) 
··-••>'• 

·:P - \JJ(2S)p 4.69 ± 0.57(,.,faf.) ± 0A6 

'"'fP _. \11(28)}·' O.f,9 ± 0.13(.<1lul.) ± 0.12(sys.) 
-··-

~ 0'L 

W. GeV 

25-iO 

50-100 

85-105 

50-100 

85-105 

fi0-80 

85-105 

85-105 

40-150 

40-150 

20-290 

85-105 

85-105 

40-150 

40-150 

40-150 

ltl,GcV2 Exp. 

0.073-0.45 II I 
0.-0.5 ZEUS 

0.-1-1.2 ZEUS 
0.025-0.5 ZEUS 

0.4-1.2 ZEUS 

0.1-0.5 ZEUS 
0.4-1.2 ZEUS 
0.4-1.2 ·zEllS 

0-1.2 111 
0.07-0.9 III 

0-1.2 ZEUS 
0.4-1.2 ZEUS 
0A-1.2 ZEUS 
0.15-3 HI 

0.07-0.!) - Ill 

0.1 :,-:I 111 
·--- -------···~--

Table 1: /leccnt ITR/lA mewm1'f:mcnl.'i of Ilic b .~lope for· !'HI' ela.'lt.ic and 1nvton­
rli,-1s(x.:i,1.fi1•c I,r•clor-me.'lo,1 71rod11r:li,11i. 

Ref'. 

1691 
!681 
l76J 
1681 
1761 

12931 
l7tiJ 
l7f>J 

170] 
fnl 
111 l 
{761 
1761 
1nJ 
j73j I 

1731 
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Figure 61: Thr: d~/Tmdivn ·"loflr:b afcla .. "hc prnduction of lhr· I' (111: /lfi/, ZF:US: 
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pl,ididion." of from l11r· /;•; -Jo, ·1ori:o.ti11;1. 1171/IT'fla,~h f/i4, 55/ arr .-1/1011.·11.. 

8.3 

8.3.1 

Shrinkage of the diffraction cone and the Porneron trajec­

tory 

The H-'-dependence in photoproduction 

"' > 14; 

Q 12: 
a. ~ 

..0 10 L 

8 

6 

4 

2 

0 

! . .. }:-:: 
;· .. 

r.xcll l:lt£C:I 
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: 
--• ---~---il ! 

• H1 Preliminary 
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ZEUS 97 
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WtGeV 

Figure 62: The diffrndion .~lope br> a.~ a f1111.dion of ll' for p photoprodudion 
jfi!1/. Tlw confm1wu . ..: lin.1· .,;/ww.-; 1hr. n:.-.;ulf uf Liu: fit of fJn: for111 (17i fo 1hr: mccul 
fl I 11w11.,~11.rvmc11f, o·l/ll.T /IF,Jl,\ and fi.n·d 1111yd 1netL81l7'f:7l,'(:',l.ls mr shtn1.•;i for co1n-

111,;,ri.,,.,n: !In· r'JJ:tr.111'.1/ulion of //,r· fit /11 /111: ln11• \ \ · ,-,·9ion ;.-; indi('ofr:rl hy 1/11· rlaslwd 
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H(x,t) 

A phemtophotography of the nucleon 

H (x,t))== x-0.08 (1- x)4e-IOt(I-x) 

-.. ----

0 
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1 t 
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Tl1e basic object of tl1e theory 

Two-cli111e11sio11allJJ 

tllltll JJic~t11re (Jj the d?-n/ 

Strong interactions I ► ( on-shell ) 

°' 0 

8\oon1-Giln1an 
Parton-Hadron dua\ity 

( 
hiqh ) 

► virt~1aiily 

Veneziano duality 

/ II ~ 
Breit-vVigner R:r:1gga behavior 

·('' r.ciso1Ja.nccs· A(s. tJ-P{t) s1
· 

11 

Arr-; tJ-.t1'J/lp_ u 1 ~1, ' - . -· 'l . .-. I ' . I,'- . ' 

F.,(.x. 0 2
) - ( 1-x) '·. 

OCD 
evolution 

HERA 
10H "h J'J. , '"l e •, 

F.:Jx.d)-:<' ''to.J• 1 

large\ ij sm,7 
DuaHty of the SF_{?!) 



1 ( Z fas(s')-1 ( 1- Z 

D(s,t) = f dz I g ) ls'=s(1-z),t"=tz,g>1 I o \.K J ' 

-at(t")-1 

' 
s ➔ oo,t = const 

~ 1-a( a1(t) Jr D(s,t) ~ g a;(O)lng sa;(O)glng \.a,(t)-l 

I 

a,(t) 

D(s t) = ~ n+a,(t) Cn(t) 1 d" r .. (l-zJ-at(t')-1] ' LJK ---, C (t)=--
n n-as(s) n n!dzn g 
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Introducing Q-dependence in the S-matrix (dual models) 

L.L. Jenkovszky, V.K. Magas and E. 
Predazzi, EPJ A12 (2001) 361; -
R. Fiore et al., EPJ A15 (2002) 505 

V.K. Magas, hep-ph/0404255 ➔ 

D(s,t,Q2)= jdi ~ fas(s')-P(Q2')-I(t-z' -a1(1')-P(Q2')-l 

0 \g) \ g 



°' I,.) 

R. Fiore, L. Jenkovszky, 
V. Magas, E. Predazzi: 

1 
2 2 I I Z D(s,t,Q1 ,Q2 ) = dzl 2 

0 g(Ql ) 

-as(s')-1 

1-z 
2 

g(Q2) 

-a, (t")-1 

Regge asymptotic for DVCS (Q2 

2 = o) 

D(s,t,Q2 ,0) ~ iG(t,Q2 )I -i!_ 
So 

a1 (t)-1 G b(t,Q2) 
o_ e ' G(t,Q2) =Q --2 + Qo2 

' ( - h, ], 
b(t,Q2)= ho+ l+Q2/Q/ 
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We have suggested a boostrap procedure for 
the construction of GPDs to solve the integral 
equation with a iteration procedure in which 
the lowest order approximation for GPD is the 
(ut)-term of a dual amplitude for quark-hadron 

• scattering. 
A particular model, based on the off-mass­

shell continuation of a Regge-type amplitude, is 
constructed to fit high-energy D VCS measured 
by ZEUS . 
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S. Mavrodiev 

Some phenomenology of 

multiplicity particles production 
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Average e+e-. pp~ and ep IVhlltiplicity (Data fion1 http:/1ho1ne.cern.ch/b/biebelM'\vw/RPP02) 

......... 
I,... 
(I) 
..c 
E 
::J 
C ......... 
~ -·u 

1:i. -::J 
E 
A 

..c 
u z 

V 

40.., • e+e- data <Nch> =a+ b [ln(sq1t(s))]\ 

35 

30 

25 

20 

15 

10 

5 

0 
1 

-- e+e- fit, x2
=0.91 

(I p ( ap )-p data 

-- p(ap)-p fit, :{=0.94 
¢, e±p data 

-- e±p fit, x.2=1.71 

10 

'M'l.ere a,b ,c- linear functi ans a f ini tia1 mass sum: 
l, 

a=8i+~(II\+~). b=~+a.(II\~). c=a;+a1(m,_+~) 1 

100 

The fit parameters 
ai+/-&_1 i= 1,2, ... ,15, 

<\ = 1.674 +/- □ .023 

al= -0. 357 +/- 0. 024 

a = 0.900 +/- □.□ 21 
l 

a = - □ .184 +/- □ .015 
♦ 

a.l = 2.055 +/- 0.028 

a = 0.114 +/- 0.024 
I 

1000 

sq rt(s) [GeV] 
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.A. verage e+e-, pp: and ep :rviultip licit)' (Data fi·on1 http ://ho111e. cen1 cli/b/biebe1A,l\V\\~,1RPP02) 
40, • e+e- data ·<Nch:> ==a+ b [ln(sq11(s))]\ 
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-- p(ap)-p fit, xz=0.94 
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-- e+p fit, -x,
2
=1.71 
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The fit parameters 

a//-&t i= 1,2, ... ,6, 

<\ = 1.674 +/- 0.023 

a = 
J 

-0. 357 +/- 0. 024 

a = 0.900 +/- 0.021 
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a = -0.184 +/- 0.015 
+ 

a = 2.055 +/- 0.028 
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a = 0.114 +/- 0.024 
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.A. verage e+e-; pp: and pp !v1ultipli city (Data fi·on1 http ://ho1ne. cern. ch/b/biebel/\,1vv,1viRPP02) 
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r· 
a, b, c- fit p arameters 

at-/-&. b + /-fili c+ / -tic 
1.68 0. 20 0.875 0.02 2.091 0.028 
0.0056 9.9 0.889 0.12 1.568 0.17 
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Conclusive Experimental Evidence for Hadron Deconfinement in 
p - p Collisions at 1.8 Te V 

L. Gutay 
FNAL, E-735 Collaboration 

(Purdue, Duke, FNAL, Iowa, Notre Dame, Wisconsin) 
Abstract 

We have measured deconfined volumes, 4.4 < V < 13.0 fm3, produced by 
a one dimensional (1D) expansion. These volumes are directly proportional 
to the charged particle pseudorapidity densities 6. 75 < dnc/ dr; < 20.2. The 
hadronization temperature is T = 179.5 ± 5 (syst) MeV. Using Bjorken's lD 
model, the hadronization energy density is cp = 1.10 ± 0.26 (stat) GeV /fm3 

corresponding to an excitation of 24.8±6.2 (stat) quark-gluon degrees of free­
dom. [1] 

Experiment E-735 was located in the C0 Interaction region of the 
Fermi National Accelerator Laboratory (FN AL). 

The detector was a particle physics version of Plank's heated black box­
spectrometer concept. The p - p interaction point, corresponding to the 
heated black box, was surrounded by a cylindrical drift chamber which in 
turn was covered by a single layer hodoscope including endcaps. The accep­
tances for charged particle multiplicity nc and pseudo rapidity r; ranges were: 

Multiplicity range: 10 < nc < 200 
Pseudorapitity range: -3.25 < r; < 3.25 

A side arm magnetic spectrometer-time of flight system mass identified and 
momentum analyzed only those particles, which passed through this spec­
trometer. The acceptances of the transverse momentum Pt, pseudo rapidity 
r; and azimuthal angle ¢ are given below: 

Momentum range: 0.1 <Pt< 1.5 GeV /c 
Spectrometer coverage: -0.37 < r; < 1.00, 6¢ "' 20° 

where 6¢ is the azimuthal angle around the beam direction. 
The expected Hagedorn-Van Hove-Weisskopf deconfinement signatures are 

that both the energy density c ex: dn/ dr; and the temperature T as function 
S = dn/ dr; exhibit the classical rise-flat-rise variation. Contrary to this 
expectation we found experimentally an initial rise and subsequent constancy 
of both c and T. Ultimately we had realized that Bjorken's expansion phase 
had to be incorporated into the HVW picture. Once dn/ dr; reaches a critical 
value and cleconfined hadronic matter is formed, it has to expand and cool 
to reach the universal constant values for T and c before deconfinecl hadron 
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matter reconfines. Thus, the expansion length z must become proportional to 
the rapidity density: z ex l 

Temperature Determination 

The negative particle Pt spectrum is used to measure the te1nperature: T. 
The slope parameter (b-1) i.e. "Temperature" T is obtained· from a fit of the 
invariant cross-section d2nc/ dyd2pt to the function: 

A exp(-bpt) for 0.15 < Pt < 0.45 GeV /c. 

The T value is constant to ±1% for the rapidity density interval 6.75 < 
dNc/ d17 < 20.2 

T = 179.5 ± 5(syst) 

Determination of the ID Expansion Length z and expansion 
Volume Vat Hadronization Time 

Using Hanbury Brown-Twiss (HBT) pion correlation rneasurement we deter­
mined Re, the Gaussian radius parallel to the colliding p- p beam. The clear 
linear increase of Re with dnc/d17 is shown on Fig. 1, which we parameterize 
as 

Re = m( dnc/ d17) 

where the slope m is: m=0.0730 ±0.011. The effect of the lD expansion on 
the HBT analysis introduces a correction factor f,R· Thus the length of the 
quark-gluon tube at freeze out is: 

Thus the cylindrical volume of the pion source at hadronization is: 

V = 1rr2 x 2£Rm(dnc/d17) 

After substituting the constants 

f,R = 1.56, m = 0.073 ± 0.011 

we arrive for the value of V as function of rapidity density: 

V = (0.G45 ± 0.l30)(dnc/d17)fm3 

For the rapidity density interval: 6. 75 < dnc/ d17 < 20.2 
we obtain the volmne interval: 

4.4 :1= 0.9 < V < 13.0 ± 2.6f m3 
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We assume that for dnc/ d'rj > 6. 75 the system is initially above the <lecon­
finement transition and then expands to the final volume V. 

Pion Density n1r at Hadronization (After Expansion) 

Using Bjorken's lD boost invariant equation we estimate the number of 
pions/fm3 

(3/2)(dnc/drJ) 
n1r = A2T 

A is the 'Iransverse Area 1rr
2 and T is the Proper Time at freeze out. 

The collision occurs at longitudinal coordinate z = 0 and time t = 0. The 
corresponding initial proper time is To. At any t later time T = (t2 - z 2) 112 . 

For a relativistic massless ideal gas above the phase transition the maximum 
expansion velocity, responsible for most of the longitudinal expansion, is likely 
to be the sound velocity v; = 1/3. Since the expansion time t in terms of the 
cylinder length z and the expansion velocity v8 is: 

t = z/v3 

Substituting this expression into T we obtain 

T = (3z2 
- z2

)
1

/
2 = hz 

The proper time TJ at hadronization becomes: TJ = v2PRmdnc/ dTJ 
Thus the pion density, pions/fm3: 

(3/2)(dnc/dTJ) (3/2)(1/\1'2) 
n -

1r - 1rr2-/2£Rm( dnc/ dTJ) 1rr22PRm 

becomes independent of dnc/ dTJ. After inserting the experimental values for 
r, PR and m we obtain the final result: n1r = 1.64 ± 0.33(stat) pions/fm3

. 

Hadronization Energy Density, Ef 

"E,hFh( mh) (1/ y2) 
E f = __ 1r_r_2 2_P_R_m __ 

where Fh is a hadron abundance factor for 1r, K, ¢, p, n, A0, S etc. and mh 

denotes the relevant hadron mass: 

(mh)J_ = (m7i + pf )1/2 
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is the average transverse mass of hadron h 
Using r = 0.95 fn1, /!,R = 1.56, h = 0.073, we obtain for c r 

E J = 1.10 ± 0.26(stat) Ge V /fm3 

Number of Degrees of Freedom G(T) 

lFrom quantum statistic the average number of pions in volume V, at 
temperature T with number of Degrees of Freedom (DoF) G(T) is: 

VG(T)l.202(kT) 3 

nc = 7r2f,,3c3 

For a quark-gluon plasma: 

G(T) = G9 (T) + Gq(T) + Gq(T) = 16 + (21/2)(!) 

where f are the number of quark flavors. In our case we work with f = 2. 
Further we assume that pion emission from the source can be determined by 
the number of constituents in the source at hadronization: that one pion is a 
quark-antiquark pair and that two gluons are required to produce two pions 
n1r = n9 + (nq + nq)/2 

n1r = (1 + 2 x 21/64)G9 x l6.lT3 (GeV) 

where G9 is the effective number of gluon number DoF. 
G(T) = n9 + nq + nq = (l + 21/16)G9 = 23.5 ± 6DoF 

G(T) from cf and T 

After the isentropic expansion, the energy E in the volume Vat a temperature 
Tis also constant E= (3/4) S(T) x T 

E = VG(T):
2
k

4
T 4 ⇒ G(T) = 24.8 ± 6.2(stat)DoF 

30n c3 

Agaill nearly 8 times the number of DoF = 3 of a pion gas 

CONCLUSIONS 

• We have measured the deconfined hadronic volumes produced by a one 
dimensional isentropic expansion. 

• The freeze out number of pions/fm3 is n1r = 1.64 ± 0.33 . 
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• The hadronization temperature is T = 179 ± 5MeV. 

• The freeze out energy density is EJ = 1.10 ± 0.26GeV /fm3
. 

• The number of DoF in the source is 23.5±6 and 24.8±6.2. They are in 
general agreement with those expected for QGP. 

• The measured constant T, n,rr, E f, values and the linear dependence of z 
on dnc/ drJ all characterize the quark-gluon to hadron thermal phase tran­
sition. 
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Figure 1: Dependence of the Gaussian radius Ra on (dnc/dTJ). The gluon diagram indicates that two gluons 
are required to form two pions. 
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Status of ''Thermalization'' project on SVD-2 
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C BhICOKOH MHOmeCTBeHHOCThlO npu 3Hepruu npOTOHOB 70 r3B. 

IlpoeKT "TepMaJiuJa~u.H" 

Multiparticle production process 
in pp-interaction with high multiplicity at Ep=70 GeV. 

Project ''Thermalization''. 

Collaboration 

GSTU(Gomel, Belarus), JINR(Dubna), MSU(Moscow), 
IHEP(Prorvino ), TSU(Tbilisi) 
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The main goals of the project. 
General task. Investigation of collective phenomena in the 
process pp ➔ nrc TC +2N, nrc ==20 + 35. 
At reaction threshold nrc ➔ l\hr~sh == 69_all particle momenta in c.m.s. 
vanish p re ➔O. A number or collective effects may show up in 
cold gas or condensate due to multiboson interference. 

• Formation of high density thermalized hadronic system. Transition 
to pion condensate or cold QGP. 

• Increase of partial cross section cr(n) is expected, comparing with 
commonly accepted extrapolation. 

• The non-QCD jets formation consisting of identical particles -
multiboson interference. 

• Fluctuation of charged n(TC +,TC-) and neutral n(TC 0) components 
( centaurs or anticentaurus). 

• Enhanced rate of direct photons. 
• Search for new phenomena: multi pion bound state, events with ring 

topology, pentaquarks. 



200 

150 

00 -
100 

50 

Phase diagram of hadronic matter 

TMeV. 

Hadron gas 

Liquid 

5 

Quark-gluon 
plasma. 

Doma_in of,'Thermalization" 
expenment. 

Neutron stars. 
i 

10 
PIPo 



00 
N 

Inelasticity coefficient or rate of energy 
dissipation 

RHIC: AA interaction at Ecm ==200 x A ==80 Te V. 

Central fireball energy density c: ==5 GeV/fm**3. 

Central fireball volume 

Inelasticity coefficient 

4 
V==~:rR 3 

3 
&V K . == · ---~ == 0 03 

mel E · 
cm 

The same estimation for pp interaction at Ecm== 11.6 Ge V 
and particles multiplicity 40: 

K ine1= 0.7 - I 
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" Multiplicity distribution in pp interaction at 70 GeV. 
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Low energy direct photons. 
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Tentative mechanisms of anomalous low 
energy photon generation. 

• Quasistable cold spot in hadron gas or QGP 
(P.Lichard, L.Van Hove, E.Shuryak). 

• Relic emission of fireball 

(M.Volkov, E.Kokoulina, E.Kuraev). 

• Formation of multipion bound state. 
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Results in 2003, 2004. 

• Software package for data processing is developed 
• Simulation of SVD is in progress 
• Trigger concept is worked out 
• Monte Carlo generator of the thermalized hadron 

system and phenomenological studies is in progress 
• Liquid hydrogen target is designed and its 

manufacturing is in progress 
• Drift tubes tracking system is- developed and is 

under construction . 
• Two technical runs were conducted at U-70 

accelerator 
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· Lay-out of the SVD setup at U - 70. 

• Scheme of the SVD 
installation at U - 70. 

• C 1, C2 -beam scintillation 
and Si-hodoscope; 

• C3, C4 - target station and 
vertex Si-detector; 

• 1, 2, 3-the drift tubes track 0 

system; 

• 4 - magnetic spectrometer 
proportional chambers; 

• 5- threshold Cherenkov 
counter; 

• 6 - scintillation hodoscope; 
• 7 - electromagnetic 

calorimeter.} 
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Setup components 

• Silicon vertex detector (6 beam planes and 10 tracker planes, 

• l0000ch.). 

• Drift tubes trekker (9 planes, 2300 channels). 

• Magnetic spectrometer ( 18 proportional chambers). 

• Liquid hydrogen target (0 25 mm, l== 70 mm). 
• Threshold Cherenkov detector (32 PMT). 

• Electromagnetic calorimeter ( 1540 channels). 

• Trigger system_for registration of rare events with high multiplicity. 

• Extracted proton beam E == 70 GeV of U70 accelerator, IHEP. 

• Beam intensity ~. 1 O 7 s-1 

• Assuming partial cross section cr ( n1r 30)==0.2 mcb expected 
counting rate is 100 events per hour. 
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Modernization of SVD setup. 

• Design and create trigger system for registration of 
rare events with high multiplicity. 

• Renew and repair silicon vertex detector electronics. 

• Repair magnetic spectrometer proportional chambers. 

• Design and create drift tubes tracker. 

• Design and create Liquid hydrogen target. 

• Renew and repair electromagnetic calorimeter 
electronics. 
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Silicon micro strip vertex detector. Ari exsample 
off oil targets imaging. 
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Box of vertex detector. 
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Silicon micro strip vertex detector. 
An exsample of pC interaction event. 
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An event of pSi interaction with 30 tracks 
as it seen in vertex detector 

Xvs,Z 
X1-35 hits; X2-28 hits; X3-36 hits, 
Nreco = 32 tracks; Nevent=1885 

Background .. 
( fraction of outliers) is small. • 
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Shape of primary proton beam 70 GeV. 
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High multiplicity trigger concept 

??? 
• • • 

ADC I Amplitude A 

If A>3mip, A=3mip 00 0 

L Ai= AL 

Trigger condition 

~ >nxmip, n==I0+20 
1 > Trigger signal 
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Scintillation hodoscope for trigger system. 

R==30 mm 
24 sectors. 

Hole for beam 
pass, 

-+ 
Diam. ==2 mm~ \, ..1 PMT 

mip signal is 
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Light collection from one trigger scintillator 
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Liquid hydrogen target schematic. 
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Drift tubes tracl(er is being designed and fabricated in PPL. 
Typical plane dimension is 70 x 70 cm. Total number of channels is 2400 
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Straw tubes data analysis of run 20.12.04 
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Contrib. SK 52 40 29.5 121.5 

BK.iillJl IIIII-rn<r> ).ffY n 20m - 200;, rr - 12!) SK 
BK.:1a,;1 J,1cl>I39 (flpoTmmo) n :wo:3 - 20or, rr - 26. 7 SK 

Required extension of 
work 

Budget request. 

35 k$ for 2005. 

40 k$ per year in 

2006 - 2008. 
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Plan for 2005 -2006. 

• Data analysis and publication preparations 

• Hardware and software modernization 

· • Data takjng at the accelerator runs 

• Technical runs at nuclotron 

• The theoretical study of dynamics of hh and 
hA interactions at 70 GeV in QCD and 
phenomenological models 
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Published papers 

Analysis ofmultiparticle dynamics in e+e- annihilation into hadrons by two stage model E.S. Kokoulina (Gome! State Tech. U.). 2002. 340-
343,World Scientific,2003. Proceeding of the XXXII International Symposium Multiparticle Dynamics. Alushta, Creame, Ukraine, 7-13 Sept. 2002. 
Multiparticle production process in pp-interaction with high multiplicity at E_p=70 GeV. Nikitin V.A., 36-th PNPI winter school on nuclear and 
particle physics, St. Petersburg, Repino, Febr. 2002. 
bescription ofpp interactions with very high multiplicity at 70 GeV/c. E. Kokoulina. 23-rd International Symposium on Multiparticle Dynamics 
(ISMD 2003), Cracow, Poland, 5-11 Sep 2003. Acta Phys.Polon.B35:295-302,2004, e-Print Archive: hep-ph/0401223, hep-ph/0209334. 
Excitement of physical vacuum. M.K. Volkov, E.S. Kokoulina, E.A.Kuraev. Ukr. Jour. of Physics. 48 (2003) 1252. 
The description of pp-interactions with very high multiplicity at 70 GeV/c by Two Stage Gluon Model. E. Kokoulina (Gome! Tech. U.), V. Nikitin 
(JINR, Dubna). International School-Seminar The Actual Problems ofMicroworld Physics, Gome!, Belarus, 2003, Dubna, v. Ip. 221-236, (2004) 
hep-ph/0308139. 
P.F.Ermolov et al. Proton -proton interaction with high multiplicity ... (proposal). Nucl.Phys. ( Rus.) 67, #I (2004). 
A.Aleev at al. Observation of narrow baryon resonance decaying into pK in pA interactions at 70 GeV ... Prep. NPI MSU 2004-4/743, hep­
ex/040 I 024. 
I.D.Manjavidze, A.N.Sissakian. "Where are the thermalized states seen?" Report at Int.conf. Pekin, 2004. 
I.D.Manjavidze "Thermodynamics for multiple production processes", Bogolyubov conf., Dubna, 2004. 
A.Aleev at al. Proton -proton interaction with high multiplicity ... (Full text of experiment proposal). To be published as JINR preprint and hep-ex 
(archive) publication. , 
E.S.Kokoulina. "Description ofpp interactions with very high multiplicity at 70 GeV/c". Presented at 23rd International Symposium on Multiparticle 

production (ISMD) 2003) Cracow, Poland, Acta Phys.Polon. B35(2004)295. hep-ph/0401223. 
M.K. Volkov,E.S.Kokoulina, E.A.Kuraev. «Exitation of physical vacuum» To be published in Particles and nucleus, Letters, v.1, nom 5 (122), p. 16 -

23 (2004), hep-ph/0402163. 
On the status of very high multiplicity physics. A.N.Sissakian. Yad. Fis., vol. 67, #1, p. 3, 2004. 
On thermodynamical description of inelastic hadron collisions. J.Manjavidze. Yad. Fis., vol. 67, #1, p. 13, 2004. 
On themalization of inelastic processes. J.Manjavidze, A.N.Sissakian. Yad. Fis., vol. 67, #1, p. 23, 2004. 
The description of multiparticle production in the high multiplicity region by Two Stage Model. E.S. Kokoulina 3IIMH.UIKona Til1Jl<l>, PenIIHO, 2004. 
Analysis multiparticle production in two stage gluon model at high multiplicity. E.S. Kokoulina, XVII !SHEPP, 27.09.-2.10. 2004 International 
serminar of high energy particle problems. 
Multiparticle production process in pp-interaction with high multiplicity at Ep=70 Gev. Nikitin V.A. et al., International conferences "Hadron 
Structure-2004". Smolenice castle, Slovakiya, 30.09-3.09.2004 
Hccne.noBattue MHO)l(ecrneHHoro po)l(.neHIDI B Mo.nenu rmoottttoii .noMHHattrnocrn" E.S. Kokoulina, Nikitin V.A., (JI<l>ll O11JIH, 12.11.04 BLTP 
JINR. 
Analysis of charged particle emission sources and coalescence in AA collisions. V.A.Avdeichikov et al., Nucl.Phys.A 736:22-38,2004 nucl­
ex/040 I 03 3. 
Energy calibration of Cs! scintillators in pulse-shape identification technique. V.A.Avdeichikov et al., tobe published in NIM. 
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Conclusion . 
•Modernization of the most systems of the SVD-2 setup is in 
progress. 

•Trigger concept is worked out 

•Software package for high multiplicity events processing is 
developed. 

• Liquid hydrogen target is designed and manufactured. 

• Drift tubes tracking system is developed and is under construction. 

•Two technical runs were conducted at U-70 accelerator. Two more 
runs are planed in 2005 - one at Nuclotron and one at U-70. 

•Extention of the theme is requested for 2006 - 2008. 

Budget request: 40 k$ per year. 
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Search for pentaquark 0+, 2004. 
~ 

Number of events: 

peak - 52, background 78 

Demonstration of setup capabi_lity. 
Effective mass spectrum of (rcrc), (rep) and (Kp) systems: 
M(K) = 497.6 MeV, cr=4.4 MeV; 

M(A) = 1115.0 MeV, cr==l.6 MeV 
M(8+) = 1526.0 + 3.1 MeV, cr == 10.2 Me V 
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Search for pentaquark 8+, 2005. 
K 0 found in vertex detector. 

t . th peak over 133 events m e t 
f 212 evens background o 
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c) M(K0,p) 
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Search for pentaquark 8+, 2005. 
K_0 found in magnetic spectrometr. 

SVD2 

• 
e: 
~ .. 

ID 
Entries 
Mean 
RMS 

. • .. ' • I 
.... ~·· 

i \ 

110 
8944 

1.670 
0.1706 

['~' 

M = 1 524± 2.3(stot.) MeV / c 2 
. ++-._ 

U= 1 2.0 ± 2.3(stot.) MeV / c' ' 
1 + .+, 1 

t',J t = 1 8 7 · '+· even s 

Signif.=5.9u 

1.5 1.55 1.6 1.65 1. 7 1. 75 1.8 

Me~0p) _____ GeV/c
2 
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Conclusion. 

The goal of the proposed experiment "Hadronization" is to 
investigate the collective behavior of particles in the process of 
multiple hadron production in pp and pA interaction. Near the 
threshold of reaction all particles get small relative momenta. As a 
consequence of multiboson interference a number of collective 
effects may show up. 

The processes of the deep energy dissipation at hadron interaction 
and the thermalization of the farmed system are far from full 

understanding. The further experimental and theoretical studies in 
this direction are called to throw light on fundamental grounds of 
the particle physics: confinement mechanism, nature of the vacuum, 
the equation of state of hadronic matter etc. 
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Conclusion 

The physics objectives of the experiment are as follows. 
1. Search for new phenomena. 

a) Drastic variation of the multiplicity distribution is expected 
comparing with the behavior obtained by means of 
conventional extrapolations. The BEC may manifest itself by 
formation of narrow jets-of identical particles or "cold spots" in 
the fireball of the secondary, particles. The other notions for this 
effect are pion laser, classical boson field, boson condensate. 
b )The measurement of the multiparticle correlation function. 
Search for identical particles jets. 
c) Search for large variation of charged and neutral particles 

multiplicity. This may also manifest the classical pionic field 
production or onset of chiral condensate. 
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Conclusion 
The systematic and precision study of known phenomena. 

a) Study of anomalous low energy photons. 
b) The study of stochastic intermittency is an instrument for phase 

transition search. 
c) Search of events with regular intermittency, so called ring events. 

This effect is referred as a gluonic Cherenkov radiation. If it exists, 
it will be a genuine probe of the hadronic matter properties. 

d) Simultaneous analysis of the differential cross section and BE 
correlation functions makes it possible to disentangle the hadronic 
system size, temperature and expansion rate. All parameters are 
measured as function of particle multiplicity. · 

Budget request. 

35 k$ for 2005. 40 k$ per year in 2006 - 2008. 
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Conclusion 
Experimental setup. 

The experiment is being carried out at 70 Ge V extracted ·proton beam of IHEP U70 
accelerator. 
The apparatus design is essentially based on the fact that at high multiplicity all the 
secondary particles have good forward collimation. In spite of the modest setup 
size (and cost) it is expected that at least 70% of all particles drop into the apparatus 
aperture and will be detected. 
The apparatus includes a liquid hydrogen target, a micro strip silicon vertex detector, 
Threshold Cherenkov counter, magnetic spectrometer and electromagnetic 
calorimeter. 
The two level trigger system is designed to select the rare events with high charged 
and neutral multiplicity. 
The counting rate of the events with total multiplicity 35 is expected to be 10 
events per hour. If scenario of BEC is realized then counting rate will be essentially 
higher. · 
The modernization of the setup is in progress. 
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OUTLINE 
- --- ------ - -- --- - -- -----

■ Introduction 
■ Top Quark Production and Decay 
■ Physics Motivation 
■ Sensitivity to the Top Mass at TEVA TRON and 

LHC 
■ Results from PYTHIA/HERWIG simulation study 
■ Conclusions and Future Work 
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Introduction on top quark 

■ Top quark was predicted by the SM as the 
I 3=+1/2 member of a weak SU(2) isodoublet 
that also contains the b quark 

■ It was discovered. by both CDF end D0 at the 
Fermilab Tevatron in 1995 
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Top Production and Decay 
-- ~-------

At high energy pp collisions at Tevatron and for Mtop>lO,O GeV/c2 

qq fusion to a gluon is the main production mechanism. 

z+ V 

qvq• 

p 

~, 

/ 

,/ I ,,, 
I L___ __________ _ 

_,/ 

p 
----~ z-,q 
w- '-'"-. - -, v,q 



Decay Modes 

-

W1 ➔ I, V Dilepton 

W2 ➔ I, V BR=l 1.2% 
Oe-e(l/81) -N 

N 

■ mu-mu (l/81) 

W1 ➔ I, V Lepton + jets 
□ tau-tau (1/81) 

I-
BR=44.4% □ e -mu (2/81) 

W2 ➔ q q 
I □ e -tau(2/81) 

I - I ■ mu-tau (2/81) 

W1 ➔ q ,q All Hadronic IJ] e+jets (12/81) 

I - ■ mu+jets(l2/81) 

W2 ➔ q ,q BR=44.4% I lll tau+jets(l2/8l) 

□jets (36/81) 



What about the Dilepton Signal? 

t➔W+b 
I l 

-N 
w ► jet I Expect to ob~erve: 

l+v1 I • two leptons with high PT 

- _ 
1 

• large missing ET from the two v's 
t➔W- b 

I • jet I • two or more jets 
-------- -- ---- --- --

~--1-v 
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Why study the tt t@ Dll~~pt@tril channe~ ! 

·----~ -- -· ---·· ··----------- ----------·---------~ ~-- ___ J 
·• - --- ~noth~~--me~-s~~~IT\ent -of-th~--top quark mass I 

with smallest systematic error · 

► better 'localization' of SM Higgs mass 
' 
1 ■ it can provide many checks on the SM 

-N 
~ 

80.6-- -- --- --- - i ----

- LEP1, SLD Data 

80.5i 68% CL t H 
,......, 

~ ~ I CDF/DO 
~ 80.4 J 2 fb-1goal 
s 

_w_ ____ o ____ w__ 

b 

w ,,, .... -.. ,\ w 
------~-----~------

E 
80.3 

r [Ge\t]\l:0 , j 
80.2 I~ ~4/yo~9op~ 'Prel~mi,na,ry 

130 150 170 190 210 

mt [GeV] 
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The Top Mass 

New World Average (2004) (including RunI results) 
Mt = 178.0 ± 4.3 (±2. 7st±3.3sys) GeV/c2 

hep-ex/0404010 

CDF Run II : 

! 

M-r = 173.5+1_J (stat+ jets)+ 1. 7(syst) GeV/c2 
- -~-- --· - ---··- --- -- --------- - ---------------- ------

Moderate (CDF RUN II) or very high (LHC) statistics 
of top production are expected soon 

The statistical error will decrease 
The systematic error will dominate 
-- -- - ---- -·------- ·- - --- ----- ----· ·-·- -- ----- ·---- - - ---~--- ---- - ---



.... 
N 

°' 

The Top Mass ·------ ----- -----

Stat: 2.7 GeV/c2 

---- --- ·------~----------- - -- -- 1 Syst: 3.3 Ge V / c2 

·Mt= ~±-4-.3-GeV (±2. ?;t±3.3sys)I ·2.6 GeV/c2 JES 178.0 

Measurement Mtop [GeV/c
2

J 

Mass of the Top Quark 

CDF di-I • I 167.4 + 11.4 : I i I D'2) di-I 168.4 + 12.8 
I 
I 

CDF l+j I•• I 176.1 + 7.3 
• 

D0 l+j I :•I 180.1 + 5.3 
• 

CDF all-j I : I • 186.0 + 11.5 

w z2 I dof = 2.6 I 4 

TEVATRON Run-I 178.0 + 4.3 
I 
I 
I I I I 

150 175 200 
2 

Mtoo IGeV/c I 

·1.6 GeV/c2 signal 

·0.88 GeV/c2_background 

·0.83 GeV/c2 UN/MI 

·0.35 GeV/c2 fit 

·0.12 MC 

Relative weight in top mass average 

II CDF CDF .... CDF di-
l+jets all had lepton 

DO dilep- DO l+jets 
ton 
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Sensitivity to the Top Mass 
----·------

-------- ---- ----- -------------------·-·----- -- ~~-------------------------~------ -----~~-

PROBLEM ➔ The main source of the systematic error is the 
jet energy scale. 

PROPOSAL ➔Use a variable(s) that does not depend on the 
jet energy. 

EXAMINE ➔ LEPTON ET (~ ) sensitivity to the top mass 
in the tt- > Dilepton & tt- > lepton+ jets decay channels 
where leptons are electrons or muons 
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Analysis Outline 
i~--------

: ■ Generation of tt events for several top masses (130 -230 
GeV /c2) for: 
■ CDF energy, 2 TeV (HERWIG) 
■ LHC energy, 14 TeV (Pythia) 

· ■ Selection of dilepton events, in parton level, where leptons 
are electrons or muons 
Requirements on leptons: 
► PT > 20 GeV/c 
► lnl <1.1 

■ Study of the mean value of the leptons' PT for the samples 
generated with the above top masses 

---~---- ------ -- - -



Leptons' PT 
events generated with HERWIG 

,-
1 , , 

I -, ' / 
,/ 

r-
✓S == 2TeV .,/ "· 

· Top Quark Mass Lepton <PT> <PT> standard 
(GeV/c2) (GeV/c) deviation (GeV/c) 

130 50.59 26.15 -N 
\0 150 53.33 r 28.43 r 

160 55.08 30.39 

170 56.78 31.55 
180 58.17 32.10 

190 58.91 31.73 

200 60.83 34.21 

210 62.72 34.73 

230 67.11 37.64 



Distributions of Leptons' PT 
events generated with HERWIG 

1:; /' 

~is= 2Te\L _____ ~ 
'i 

I Pt of lepton ~ Pt_hepg 
Entries 9764 

,-------------------------i Mean 56.78 
RMS 31.55 

1000 

800 

j Mtop = 170 GeV/c2 I 
I Pt of lepton i -w 

0 600 Entries 

Mean 58.17 
500 

400 RMS 32.1 

400 

200 

300 

00 100 200 300 
200 

100 

I Mtop = 180 GeV/c2 I 50 100 150 200 250 300 
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Leptons' PT vs top mass 
events gen~_rated with HERWIG 

-Js == 2TeV 

I Pt of the two leptons I x2 I ndf 19.56 / 7 
Prob 0.006596 

............. .J ................ "······ ................ pO 29.82 ± 0.6385 
! 1 0.1574±0.003583 I 
I --~------------' / ••••••••••--•••• .. •••••-'; •••••••••••••••••••H•••••••••• •• .. •••••••••• ••••••••••••••••••! •••••••••""'•••••• .. •••••••••••: ••H• .. •n••••o••n••.v~•••••• >•••"'""" ,._., ,.✓:::,,,.,,,.,,,. 
i I ! ! ! ,,/ 
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60 i .................... ...! 
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: I l -· l i ' 

t·················· ............. i ............................ :,+<: ........................ 4-.............................. j 
l l J . l l : 
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PT 
sensitive to the 

top quark mass 

Fit to a straight 
line gives 

slope: 0.16 
i 

_ _J 
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I 

: Other kinematic variables vs top mass . 
events generated with HERWIG 

✓s == 2TeV 
I 
/ If 

Kinematic Variable Slope 

PT 0.1574±0.0036 
I 11 

p 0 .1739±0. 0042 

Leading PT 0.2278±0.0054 

Leading P 0.2523±0.0064 

Sum of PT's 0.316±0.008 

Sum of P's 0.3523±0.0092 
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Leptons' PT 
events generated with Pythia 

,Js == 14Te 

Top Quark Mass Lepton <PT> 
(GeV/c2) (GeV/c) 

130 54.99 

140 55.5 

150 57.37 

160 59.37 

170 61.69 

180 63.89 

190 66.28 

200 67.63 

210 69.81 

220 72.67 

230 75.65 

; 'l~~ /': 

. ~~ 
rfa ' 

' ~ ' ; •J(\) ~ ' ' 

I~--~----- - ---- - ----- ----

<PT> standard 
deviation (GeV /c) 

33.13 

33.47 

35.75 

37.1 

38.97 

40.83 

43.91 

44.52 

45.11 

47.32 

51 .03 
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Distributions of Leptons' PT 
i--- -------- ------- --

1 i' ' 

it~~----__ /l-
events generated with Pythia 

,Js = 14TeV 
DILEPTON: Pt hist1 

Entries 9404 
~--------------------------; Mean 61.69 

800 

700 

600 

RMS 38.97 

DILEPTON: Pt 

1 • ..,, G}, 1; 

I "6 

~

{,) "-·'a:_ 
J '\. 

., ,, 
I 

'-, 
- - , ~ --- ------ ----- -

I Mtop = 170 GeV/c2 I 
hist1 

t;; 500 
Entries 9714 ~--------------------------' Mean 63.89 

""" 
400 

300 

200 

100 

50 100 150 200 250 300 

I Mtop = 180 GeV/c2 I 

800 

700 

600 

500 

400 

300 

200 

100 

RMS 40.83 

50 100 150 200 250 300 350 400 450 500 
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Leptons' PT vs top mass 
events generated with Pythia 

~Js == 14TeV 
------ ---

I Pt of the two leptons I 

-w 
V, 

x- I ndf 27 .5 I 9 
_ i:::------.-------1 Prob 0.001155 
u : : > ! ! p0 26.84 ± 0.6961 
0 : i 1 0 206 

(!) 75 -···-············--t-··-····················-··i • 8 ± 0.003942 J I _. _., : i : • •-• l •-••••••••••••••;s-••••••••-

~ I I I 11 ,,t- / 
7 o 1--·······-·······-······J·················-·-·- i l i i i ....... ___ .. f ___ ........ _ .............................. _ i «•-··-~•-.. ., .. 1_ ............ _ .......... t--....... .,._ ................. -............. -

' : : / i 

! "'""l,/ l 
i Ir/ i ! 

: ~ : ,/ : : 

---t··············· .. ·-·-·-····+·······-·······--·········+·· , , ,, ! ······················ ! ·············-··· 
i ! l 1 

i 
i I ; 
: ! / : 
i : '°'/I i . . _,,.. . 

60 1--•··················-····L····-·-···· L✓,,,,,,- i i ,• /'! ...... ·-i-···········-· +-··•····-····•···-·-····--·t·-·---
i : ; 

! .- 1· I 1 
: i : 

551--········-I-·······-··::J:..................... ! ! I ! ··T··············· ·--·-················· --······· 

65 

120 140 160 180 200 220 240 
Mass (GeV) 

'I 

jJ 
} 

PT 
sensitive to the 

top quark mass 

Fit to a straight 
line gives 

slope: 0.21 
~----~~ 
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Other kinematic variables vs top mass 
events generated with Pythia 

I ✓S = 14TeV L ______________________ --

Kinematic Variable Slope 

PT 0. 2068±0. 0039 

p 0.242±0.005 

Leading PT 0. 2294±0. 0062 
-- ------

Leading P 0.3526±0.0075 Kinematic 
Slope Variable 

' 
i 

PT 0.1574±0.0036 

Sum of PT's 0.381,±0.008 -
: 

-· 

p 0.1739±0.0042 

Leading PT 0. 2278±0. 0054 
- -

Sum of P's 0.451±0.0010 Leading P 0. 2523±0.0064 
-

Sum of PT's 0.316±0.008 

Sum of P's I o. 352~±0. 0092 
.. - - ---- ---· 

i--- .. -·· ---·------- --·- - --------- ---- --------· ----------4--
l ~gain,_~-~~~_ ~umbers f~~ -✓S = 2T~~-- 7 _- ; 
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Leptons' PT 
events generated with HERWIG, 

after simulation 

✓S == 2TeV 

Top Quark Mass Lepton <PT> 
(GeV/c2) (GeV/c) 

130 54.43 

150 57~24 

160 59.54 

170 60.99 

180 63.43 

190 62.85 

200 65.86 

210 66.54 

230 70.17 

:,,\- 'I 71 
.. " I 

,;/ "· i 
i 

<PT> standard 
deviation (GeV/c) 

30.00 

31.94 

33.55 

34.12 

35.47 

34.82 

37.86 

47.58 

38.79 
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Leptons' PT vs top mass 
events generated with HERW~G, 

after simulation · 

.\/ s == e 
I Pt of the two leptons I x.2 t ndf :t792 t 7 

Prob 0.8034 

f :: 1 T I ~~ . 0.1::s;; 0~~1~~; 1·::i:~::1 

:; f 1 : : l ,., 1 
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Mass (GeV) 

(f ./! 

/" 
q/ 

PT 
sensitive to the 

top quark mass 

Fit to a straight 
line gives 

slope: 0.15 
·~·~ 
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· Other kinematic variables vs top mass • 
events generated with HERWIG, after simulation 

✓5-2TeV 

Kinematic Variable Slope 

PT 0 .1546±0. 0106 

p 0.1667±0.0122 

Leading PT 0.2172±0.0157 

Leading P 0.2309±0.0182 

Sum of PT's 0. 3091 ±0. 0237 

Sum of P's 0.3317±0.0273 

l ~gai-n~ _-!!'~ __ nu-~b~-r~_:~i~_p_a~to~- -,e_~~I_ ➔ =--: 

f£ 
} 

t/ 

Kinematic 
Variable 

PT 
-
p 

Leading PT 

Leading P 
--

Sum of P/s 

f 

I Slope 

I o.1574±0.0036 

I 0.1739±0.0042 

I 0.2218±0.0054 

I 0.2523±0.0064 

I 0.316±0.008 

Sum of _P's ~-----l_o.~~2~±0.0092 

I 
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. Estimation of the statisticai error of 
the top mass (TEV ATRON) 

---- ------~-----

Expected statistical error in the top mass, as extracted 
· from the Pt spectrum of the two leptons in the dilepton 
channel, as a function of Luminosity L 

Top mass is linear dependent to the (Om,
0

,).,

0

, = (O <pr>)_ = !x p;m• 
<PT> ➔ <PT>=Amtop+K A, A, m 

z 
0 

i CL 
i I- i 

~ 
> w 
f-
L 
0 

u.. ! 

Integrated 
Luminosity 

(pb-1> 

193 

400 

1200 

3000 
8000 

Expected by 

Feb. 2003 

Sep. 2004 

Dec. 2005 

Dec. 2006 

Dec. 2008 

Expected 
number of 

(~Mtoplstat dilepton 
events 

(GeV/c2) (%) 
10 51 28 

21 35 20 

63 20 11 

158 13 7 

420 8 4 
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Estimation of the statistical 
the top mass (LHC) 

---------- --·--

error of 

Top mass is I ~near dependent to the am . = (. 8 < Pr >) ""' = ;1 x P;"" 
<PT> ➔ <PT>-Amtop+K ======= ( , • .),,,,, .. A jL ✓IV 

---, 
·~ 

:I: 
~ -l 
. L 
;Q 
: LL 

I 

Integrated 
Expected by 

Luminosity 

(pb-1> 

1000 
End of 1st year 

of operation 

10,000 End of 2nd year 
of operation 

Expected 
number of 

{~Mtoplstat dilepton 
events 

(GeV/c2) (%) 

8000 1.6 0.8 

80,000 0.5 0.3 



----- --·- -------- -------------- -------- -- -- - --~--

• Estimation of the systematic error of 
__ , the top ·mass 

Top mass is linear dependent to the 
<PT> ➔ <PT>=Amt +K · 1 

· op (8m ) = - 1x -J:(8 < P >)2 + (8K). 2 + m 2 (82)2 

___ ----~ top syst A, T syst top 

I Contributions to systematic error: uncertainties in 

i • the fit parameters due to finite MC statistics & 
/ otnission of non linear terms 

~ · the measurement of leptons' 

· the measurement of jets' Pt 

· the MC event generator 

PT 

(MET also) 

Uncertainty {l>< PT> )syst l>K l>A {l>Mtop)stat 

! • the knowledge of background (Gev/c) (Gev/c) (GeV/c2) (%) 
L_ __ ~~---- ------~- ---------~-- -~- ·-

Leptons's PT 0.05 

Linear fit 

Jet energy 

Monte Carlo 

Background 

TotoL ·- - ·-·-



,--

Summary 

'1 ■ Top mass analysis, using only lepton PT information in 
t the ttbar➔Dilepton channel, looks- promising 

: ■ The_ method is applicable both in T evatron and LHC 
experiments 

■ The systematic error of the top mass is expected to 
decrease considerably by this method , 

: ■ The statistical error will also be very small at LHC 

---~--· --- ---



Status and Physical Program 
of Spectrometer with Vertex Detector 

1.SVD history 
2.SVD-2 setup 

E 3. Experiment characteristics 
as from April'2002 run 

4.Current status and physics program 

P.F.Ermolov, A. V.Kubarovsky, V. V.Popov, 
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SVD-1 experiment 

• Spectrometer with a Vertex Detector (SVD) on a proton 
beam channel #22 of Protvino 70 Gev accelerator went 
through few stages of development. 

• SVD-1 used a fast cycling bubble chamber as a vertex 
detector and a magnetic spectrometer with MWPC 

• With this setup, an estimate of near-threshold charm 
creation cross-section was obtained as 

CJ101 == (1. 7+~~; )µb 

~ P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 
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SVD-1 ~ SVD-2 

• To increase the rate of event collection, a bubble 
chamber was replaced by the MicroStrip Vertex 
Detector (MSVD) with 10,000 amplitu·de 
channels 

• To register neutral particles: 1,500-channels y­
detector 

• Particle identification: wide-aperture threshold 
Cerenkov detector 

lW] r P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 

_/ 
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SVD-2 detector layout 

························-• • • • • • ■ II ■ -t 
• 

P-bea.!Jl-~ ti- --ti-•- -
: -\ II • • • • • • • 

1-------l y 

1 

·····\··· ·i:;····· 
~,: re+ 1/ / 

2~1 4 5 
3 

1 High precision microstrip vertex detector. 5 Gamma detector. 
la Active target with Si, C and Pb planes 
2 Multiwire proportional chambers. 
3 Magnet ( 1.18 T over 3m long region). 
4 Multicell threshold Cherenkov counter. 

~ 
/' 

P .F .Ermolov SVD-2 status and experimental program 
' 

VHMP 
16 April 2005 
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SVD-2 tracking detector ( cf. Karmanov's talk) 

---- Tracking detectors 

Si active target 
1 mm strip pitch· 
4 mm inter-plane 

spacing 

Pb C 

10mm 
.. ► 

25 µm 
50 µm 

XY 

::-- ... ..... . ... - .. -~ ·7 ~,-,;::-=~~:_;; X y 

_.~A .1.LlJ~tA.~ +-- I Z from primary vertex reconstruction I 

~ P. F. Ermolov SVD-2 status and experimental program 

XY 

' 

UWXY 

VHMP 
16 April 2005 
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SVD-2 trigger 

Levell 
• Based on energy depositions in 5•8 Si active target strips 
• Basic principle is; to look for the >2 ... 3 MIPs depositions in 

consecutive planes 
• Decision time: 220 ns 
• "Non-usable" events contamination:< 10% 

Level II 
• Not implemented yet ... 
• · · Basic idea - a search of "secondary" activity 
• A simplified "fast" information from vertex tracking detector 

to be used 

~ P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 
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SVD-2 run I (April '2002) 

• Intensity 500-60Qx 103 protons/cycle (1.2 sec) 

• •Total target thickness -0.5°/o of hadronic length 

• 400-600 events/cycle registered 

• 53,000,000 events stored 

• Integral luminosity L=1.6 nb-1 

• 3 target materials: Si, C and Pb 

svD 
\~j/ P.F.Ermolov SVD-2 status and experimental program 

,,. 
VHMP 

.) 
16 April 2005 



Experimental accuracies - geometry 

• X,Y-resolutions for tracks fitted: 

- From MSVD 8-10 µm 

- Secondary tracks from 
spectrometer 700 µm 

• Z-resolution: -V, -
- for the primary vertex: 70-140 µm 

- for the secondary vertex from MSVD: 
200-300 µm 

• Impact parameter resolution: ,._ 14 µm 

~ '-

P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 
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Experimental accuracies 

• Momentum resolution for the 5 GeV tracks: 1 °/o 

• Effective mass resolution: 

- K0
: 4.4 MeV 

-A: 1.6 MeV 
- TCO. - . 12 MeV 

• Cerenkov detector efficiency : 70°/o for the pions 
in 3-20 GeV momentum region 

~ P. F. Ermolov SVD-2 status and experimental program 

/ 

VHMP 
16 April 2005 
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SVD-2M 

• 2003-2005 developments: 

1. Liquid hydrogen target 

2. A new vertex detector with a higher efficiency and a 
lower multiple scattering. New construction for 
replacing ele_ments when needed 

3. Much better tracking in a forward part of 
spectrometer due to 9 double planes of straw tubes 
with a 200 µm resolution 

4. Increased intensity capabilities of proportional 
chambers by installing beam killers 

P.F.Ermolov SVD-2 status and experimental program VHMP ~ 16 April 2005 
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SVD-2M (cont.) 

5. New fast electronics for gamma-detector 
readout 

6. Efficiency of Cerenkov detector increased to 
85-90o/o 

7. 2 different triggers on the high multiplicity 
✓ 

events are being created 

All these jobs are close to be finished soon 
and we hope for the successful tests 

during our e.nd of 2005 run 

~ P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 
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Plans for 2005-2007 

With a new setup we plan to make physics in 3 
directions: 

• High multiplicities in hadron collisions with 
hydrogen target (first priority) 

• Near-threshold charm creation (Si, C, Pb 
targets) --

-

• Searches for new hadron states (both types of 
targets) 

The -program is planned for years 2005-2007 with 
'obtaining a total luminosity of~ 50 nb-1. 

~ P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 
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On results of the physics analysis 

It will be discussed in more details in V. Popov talk. I 
would like to make a few comments. 

1. High multiplicities. At this picture ,an event with 27 
tracks in the vertex detector is presented. 

f~l P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 
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On results of the physics analysis (cont.) 

• At this picture, the multiplicity' distribution for the proton­
carbon interactions is presented. Some slope changes 
could be seen near the 30 tracks point. 

~ 
t 

P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 
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On results of the physics analysis (cont.) 

But Monte-Carlo simulations in Amelin model 
showed that there is a contribution to the 
multiplicity by the events with the secondary 
interactions in the same nucleus. 

So, for the detailed investigations we need to use 
a pure hydrogen target. 

~ P.F.Ermolov SVD-2 status and experimental program 
~ 

VHMP 
16 April 2005 
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On results of the physics analysis (cont.) 

• 2. The main goal of the April'2002 run was to 
collect data on the charm creation cross sections 
near the threshold. An analysis proved to be 
rather complicated, and we hope to obtain a few 
hundred of events with D-mesons by the end of 
the year. We have already some events, and the 
little statistics is due to very rigid selection used 
by now. 

~ P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 
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On results of the physics analysis (cont.) 

SVD-2 Preliminary 

-
0° ➔ K+rr-

(sign = 6.7a) 

O 1 ZOO 14-00 1600 UIOO 2000 2200 240D 

As an illustration, here is an 
invariant mass 
distribution for K+n­
system with both tracks 
having large impact 
parameters in both x,y 
planes and its 
(secondary) vertex is 
within 3 mm from a 
primary one. Further 
analysis is going on. 

M(K+n-) UeV/2 

~ P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 
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On results of the physics analysis (cont.) 

3. Remarks on the pentaquark search. 

In 2004, SVD collaboration published the 
results on the search of the narrow 
resonance in K°5 p system. At the level of 
5.5cr, we found a resonance with a r<25 
MeV and a cross-section of 30-120 µb. 

~ P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 
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On results of the physics analysis (cont.) 
---- ------- ·-. 

'1 ~ 60 ,-
~ i-

~ 
V) 
S::: 50 

< 
2 M=1526A3.l(stat.) MeV/c 

2 cr=l0.2A2.7(stat.) MeV/c 

40 

! m·•:; ~ : ' ' ! 
~ 'l : .• I I 

- • '1 ' 30 :7,r..:, !' ,: i 
·: ! , •• ,,1 :, 

, . -r: · f~'<' ,~i ~ w 
1 

/FRITIOF background 
20 i- .. . 1 : ! ! i 

i I I '·-..1• , e I I ,,., 
1

1 ! ' ' ,j_,f;~i . 
:··· l 'I : I 
, i \ • I ' : __ f"1 n ~--'"1 

, :1 . i: ·1·1tl Ii, ! n f"l !""L. 

• At this picture, a result of 
a resonance search 
made in the beginning of 
2004 is presented. Main 
criteria were: 

. Number of charged tracks 
in vertex detector< 5 

KO registered if its decay 
length is< 34 mm (average 
-20 mm) 

10 ,- ~ ' • ._,._ll: [j_ if iii l, i f"!ln ,-•... 
! 1 ! , • •+'T1'"· u, :,.1 ,,.: ~ i :""' ! · e : l, I 1• e ,,:, i : : : : 
i j ' I I • ' + I., . '·: i !.L:·i - ,.: ff • ff. I•• , .,, • I 

With this criteria, - 5,000 
events were selected and 
analyzed MerfKsOp) 

• 'I ' . ♦ . ' • • ' ' 
o IA l 15 1.6 u 1.s 1:9 · 2 · 2J~ v) 

~ P. F. Ermolov SVD-2 status and experimental program 
' 

,,. 
VHMP 

16 April 2005 
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New pentaquark analyzes (2004-2005) 

• In the first one , the same K0 

decay region was used with 
another reconstruction method 
but without any selection 
criteria and without using 
Cerenkov detector information 

This resulted in a much higher 
number of K0 to be analyzed 

• The second one: 
K0 decaying after the vertex 
detector (5-70 cm) were 
selected, using only 
spectrometer information to 
reconstruct tracks ("distant" K0

) 

Possibly much higher number 
of K0 to be included into 
analysis 

As a result , the total number of K0 was increased 
by more than an order of magnitude 

~ P.F.Ermolov SVD-2 status and experimental program VHMP 
16 April 2005 
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New pentaquark analyzes (cont.) 

SVD2 

Combinations with positive tracks 

350 

:-:::: 
~ 
~ 

~ 300 -., 
s:.:: < 

250 

11 
:l~ 
t ' 

• I . : J \. ; 

. I ~------~ ! 
-fT , • :+ 

llJ /111 
Entries 8944 
Mean 1.670 

RMS 0.1706 I 

200 i0{~-, . : .. 
! ' ' 

150 

100 

50 

1750 2000 2250 0 

MeV/c2 

a) M(K0 ,p) 

1.45 

M= 1524±2.3(stat.) MeV,/c2 

CJ= 12.0±2.3(stot.) MeV / c 2 

Never,ts= 187 

Signif.==5.9o 

1.5 1.55 1.6 1.65 

M (K0p) _r:.ff 

P.F.Ermolov SVD-2 status and experimental program 

++++++++1 

1.7 1.75 /.8 

GeV/c2 

VHMP 
16 April 2005 
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New pentaquark analyzes (2004-2005) 

• At pictures, well pronounced peaks with a 
significance of about 6cr each can be seen in 
the mass region of 1522-1524 MeV. 

• They are from two different samples , with a 
300 events over background in total. Samples 
are not intersecting and are from the different 
kinematical regions. 

• It doesn't look at all as a statistical fluctuation. 

~ P.F.Ermolov SVD-2 status and experimental program 

/ 

VHMP 
16 April 2005 
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New pentaquark analyzes (2004-2005) 

We plan· to make new cross-checks of our 
analysis, to study momentum and angular 
characteristics of this resonance and try to make 
conclusions on its creation mechanism 

~ P.F.Ermolov SVD-2 status and experimental program 

....., 

VHMP 
"16 April 2005 



Very High Multiplicity Physics 
Sixth International Workshop 

Joint Institute for Nuclear Research 

Dubna, 16-17 April 2005 

A. H.Anees, C. r. 6ac111na.o.3e, r.A. 6or.o.aHosa, A. M. B111wHescKafl, 
B.KJ.BonKos, E.r.3sepes, A.K.necpnaT, B.A.KpaMapeHKo, 

r1. B. rp111 wKes1114 

CMcTeMa JanycKa M annapaTypa perMcTpa~MM An~ 
KOOPAMHaTHblX AeTeKTOpOB ycTaHOBKM CB.Q-2 

AHHOT8~111fl 

B coo6~eHIIIIII ont11Cbl88IOTCfl: 
1) anroplllTMbl nplllHf!Tlllfl peweHllll/1 Ill annapaTypa CIIICT9Mbl 3anycKa 
ycTaH0BKIII CBA-2; 

2) C0CTaB .QeTeKT0p0B, CTp0eHllle aneKTP0HH0l/1 per111cTp111pyio~e111 
annapaTypbl Ill 0CH0BHble xapaKTeplllCTIIIKIII MarHIIITH0r0 
cneKTp0MeTpa Ha 0CH0Be nponop~III0HanbHblX KaMep; 

3) yc111n111Ten111 .Qnfl .o.pe111cpoBblX KaMep, nporpaMMHoe o6ecne4eH111e 
Ill pe3ynbTaTbl IIICnblTaHlllfl MO.Qyne111 per111cTpa~111111 .Qnfl .o.pe111cp0BblX 
KaMep pa3pa60TKIII OA3 (L/1<1>B3) Ha ny4Ke ycK0plllTenfl L/1<1>B3. 

PaccMoTpeHbl M0.Qt11cp111Ka~111111 c111cTeMbl 3anycKa CBA-2 .Qnfl 
OT6opa co6b1Tllllt1 C 6onbWOll1 MH0)1{9CTB9HH0CTblO BT0p1114HblX 
4aCTIII~. 

O6cy)KJJ.alOTCfl sonp0Cbl M0A9PHlll38~111111 aneKTp0HIIIKIII 
MarHIIITHOro cneKTpOMeTpa Ill nepe4eHb MeponplllflTllll/1, 

He06XO.QIIIMblX .Qnfl npose.o.eHlllfl TeCT0B .o.pe1t1cpOBblX KaMep Ill 
per111cTp111pyio~e111 aneKTp0HIIIKIII Ha ny4Ke HyKn0TP0Ha OLllrlL/1. 
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1. ,[(eTeKTOpbl u CHCTeMbl perncTpau.nn ycTaHOBKH CB,[(-2 

CrreKTJ)OMeTp c BepIIIHHHbIM ,n:eTeKTopoM (CB,Z:O, pa1Mem;eH Ha rryqKe: 

rrpoTOHOB C HMIIYJibCOM 70 f3B/c Ha ycKOpHTeJie Y-70. PacrrOJIO)KeHHe OCHOBHbIX: 

,n:eTeKTOpOB ycTaHOBKH cxeMaTHqecKH IIOKa3aHO Ha pttc. l. Ha rrepBOM 3Tarre Bi 

KaqecTBe MHIIIeHH HCIIOJib30BaJiaCb 6bICTpOU:HKJIHpyIOm;a5I IIY3blpbK0Ba5I KaMepa. 

B 1999 r CB,[(-061,e,n:HHeHtte BbIIIIJIO c rrpe,n:JI0)KeHHeM o Mo,n:epHH3aU:HH 

ycTaHOBKH C u:errbIO H3MepeHH5I IIOJIHoro ceqeHH5I o6pa30BaHH5I oqapoBaHHbIX 

qacTHU:, H3MepeHH5I A-3aBHCHMOCTH IIOJIHOro ceqeHH5I Ha 51,n:pax KpeMHH5I, cmrnu:a, 

yrrrepo,n:a H ,n:pyrwx 3JieMeHTOB, a TaK)Ke IIOHCKa 3cp<peKTOB, CB5I3aHHbIX C 

MexaHH3MOM BbICB060)K,n:eHH5I BHy'I'peHHero 01:1apoBaHH5I. Bee rrepeqHcJieHHbie 

3a,n:aqH IIOTpe6oBaJIH MHOroKpaTHoro yBerrwqeHH5I Ha6HpaeMOll CTaTHCTHKH H, KaK 

crre,n:CTBHe, 3HaqHTeJibHOro yBeJIHqeHH5I 6bICTJ)O,n:encTBH5I ycTaH0BKH. 3rreKTpOHHKa 

perHCTpaU:HH MarHHTHoro crreKTpOMeTpa rrocrre rrpoBe,n:eHHOll MO,n:epHH3aU:HH
1 

crroco6Ha rrpHHHMaTb ,no 500 co6bITHH 3a c6poc ycKOpHTeJIH. nbICTpOU:HKJIHpyIOm;aH 

IIY3blpbKOBa5I KaMepa 3aMeHeHa Ha rrpeU:H3HOHHblll BepIIIHHHblll ,n:eTeKTOp C 

3JieKTJ)0HHblM C'beMOM HH<pOpMaU:HH. KpoMe Toro, pa3pa6oTaHa HOBa5I 3JieKTpOHHKa 

CHCTeMbI CHHXpOHH3aU:HH H 3arrycKa ycTaHOBKH. 

2. CncTeMa 3anycKa ycTaHOBKH 

,[(JI5I rrpoBe,n:emrn 3KCIIepHMeHTa CB,[(-2, 6bIJI BbI6paH TpHrrep, OCHOBaHHblll 

Ha 6bICTpOH ou:eHKe aMrrmny,n: cttrHaJIOB c MK,[( aKTHBHOll MHIIIeHH [1]. TaKaH 

ou:eHKa TIO3BOJI5IeT TaK)Ke onpe,n:eJIHTb Z-Koop,n:HHary B3aHMO,n:ellCTBH5I. AKTHBHa5I 

MHIIIeHb (AM) c,n:erraHa H3 TI5ITH KpeMHHeBbIX nrraCTHH TOJiill;HHOll 300 MKM 

pa3MepOM 8x8 MM, cerMeHTttpoBaHHbIX Ha BOCeMb TIOJIOCOK (cTpHTIOB) IIIHpHHOll 1 

MM. Illar ycTaHOBKH Bcex TIJIOCKOCTeH MHIIIeHH COCTaBJI5IeT 4 MM no nyqKy. 

,[(eTeKTOpbI aKTHBHOH ¥HIIIeHH H3r0TOBJieHbI B HHMMB r.3erreHorpa,n:. 

PacqeTbI, npoBe,n:eHHbie B [2], TIOKa3bIBaIOT, qTo eCJIH BTOpHqHbie qacTHU:bl 

perHCTpHpOBaTb CU:HHTHJIJI5IU:HOHHOM ro,n:ocKone (Cf), pacnoJIO)KeHHOM Ha 

HeKOTOpOM y,n:aneHHH OT OCH nyqKa, TO MO)KHO o6ecneqHTb 6bICTpblll OT6op 

co6bITHll, HMeIOill;HX BTOpHqHbie qacTHU:bI C 60JibllIHM Pt. 3TO TI03BOJI5IeT BbI,n:eJIHTb 

co6bITHH c cc-napaMH y)Ke Ha nepBoM ypoBHe 3anycKa ycTaHOBKH. er pa3Mem;eH 

Ha no,n:BH)KHOH nrraT<pOpMe y-,n:eTeKTOpa Ha pacCT05IHHH npHMepHO 8.3 M OT 

MHIIIeHH H COCTOHT H3 ,n:Byx TIJIOCKOCTeH CU:HHTHJIJI5IU:HOHHbIX ,n:eTeKTOpOB. 

ropH30HTaJibHa5I TIJIOCKOCTb HMeeT 12 ,n:eTeKTOpOB pa3MepoM 200 X 2400 MM npH 

TOJiill;HHe 10 MM. BepTHKaJibHa5I TIJIOCKOCTb COCTOHT H3 14 ,n:eTeKTOpOB 200 x 1400 

MM. 
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,[(mr 3arrycKa JIOKaJibHOH CIICTeMbI SPECTRO cIIrHaJI TpIIrrepa ,n:oJI)KeH 

IIOCTYIIIITb B Hee He II03)Ke 700 HC OT MOMeHTa rrpOXO)K,lJ;eHII.sI rryqKOBOH qacTIIU:bI. 

,[(n.sr 3arrycKa JIOKaJibHOH cIIcTeMhI VER TEX, ocHoBoii cIIcTeMbI perIIcTpau:IIII 

KOTopoii .srBJI.sIIOTc.sr ycIIJIIITeJIII GASSIPLEX, TpIIrrepHbIH cIIrHaJI ,n:oJI)KeH 

rrpIIXO,lJ;IITb qepe3 4007500 HC OTHOCIITeJibHO B3aIIMo,n:eiicTBII.sI B AM. BpeM.sr OT 

MOMeHTa rrpOXO)K,lJ;eHII.sI qacTIIU:bI qepe3 AM ,no rrpIIxo,n:a TpIIrepHOrO CIIrHaJia B 

noKaJibHYIO cIIcTeMy DEGA He ,n:oJI)KHO rrpeBbIIIIaTb 400 He. 3To caMoe KpIITIIqHoe 

II3 ycnOBIIH pa60TbI CIICTeMbI 3arrycKa. 

B33HMO)J;eiicTBHe MO)J;yJieii CHCTeMbl 3anycKa. CxeMa CIICTeMbI 3arrycKa 

rrpIIBe,n:eHa Ha pIIc.2. CIIrHaJibI co CU:IIHTIIJIJI.sIU:IIOHHbIX ,n:eTeKTOpOB cpopMIIpyIOTC.sr° 

ITO aMITJIIITy,n:e II ,n:JIIITeJihHOCTII II rro,n:aIOTc.sr B Mo,n:ynh TPC. Ero BhIXOJJ:HOH IIMITYJibCI 

ITocTyITaeT B Mo,n:ynh SYNCHR0-2, KOTOpbIH Bb1pa6aTbrnaeT cIIrHaJI, cny)Ka:u1;II0i 

cTpo6-cIIrHaJIOM ,n:n.sr Mo,n:yneii AAM II RGH II cTapTOBbIM cIIrHaJIOM ,n:n.sr pa6oThl 

Mo,n:yneii TPM-2 II T-HOD. IlapaJinenhHO cIIrHaJibI co CU:IIHTIIJIJI.sIU:IIOHHoro 

ro,n:OCKOITa cpopMIIpyIOTC.sI ITO ,lJ;JIIITeJibHOCTII II 3a:IIIICbIBaIOTC.sI B perIICTpbI RGH .. 

CttrHaJibI c 16-pa3p.sr,n:HbIX BbIXo,n:oB RGH IToczyrraIOT Ha BXOJJ:bI Mo,n:yn.sr T-HOD, r,n:e 

ITpOH3BO,lJ;HTC.sI o,n:HoypoBHeBOe Ta6mfqHoe ITpeo6pa30BaHIIe. BbIXO,lJ;HOH CIIfHaJI 

Mo,n:yn.sr T-HOD, rroczyITaIOII(IIii Ha Bxo,n: Mo,n:yn.sr TPM, MO)KeT 6hITb Bb1pa60TaH Ha 

ocHoBe JIIOEOM KoM6IIHaU:IIII BXOJJ:HbIX cIIrHaJIOB. 

,[(n.sr Bbipa60TKII CIIrHaJia Tl CIIfHaJibI C cerMeHTOB ,n:eTeKTOpOB MIIIIIeHII 

ycIIJIIIBaIOTC.sI 6bICTPbIMII MaJIOIIIYM.sIII(IIMII ycIIJIIITeJI.sIMII II ITo,n:aIOTC.sI ITO 

KOaKCllaJibHbIM Ka6en.srM B ,n:Be rpyIIITbI Mo,n:yneii. TpII Mo,n:yn.sr ITepBOH rpyIIITbl, 

aHaJIOrO-U:II<ppOBbie rrpeo6pa30BaTeJIII (A1(TI), IIMeIOT ITO 16 KaHaJIOB 12 

pa3p.sr,n:Horo aHaJIOrO-U:II<ppOBOfO ITpeo6pa3oBaHII.sI. Il.srTb Mo,n:yneii BTopoii rpyITITbl 

AAM IIMeIOT ITO 8 KaHaJIOB TpexypoBHeBOH ,lJ;IICKpIIMIIHaU:IIII. 

IlapaJinenbHO ,n:aHHbie aHaJIII3IIpyIOTC.sr Mo,n:yn.srMII AAM, Ka)KJJ:bIH KaHaJI 

KOTOpbIX co,n:ep)KIIT YCIIJIIITeJib, TPII KOMrrapaTopa II ITpIIop1neTHbIH IIIII<ppaTOp, II 

Bbipa6aTbIBaeT ,n:Byxpa3p.sr,n:Hoe CJIOBO, TaK Ha3bIBaeMbIH CTaTyc KaHaJia. 

Pe3yJibTaToM pa6oThI Ka)K,n:oro Mo,n:yn.sr AAM .srBJI.sreTc.sr 16 pa3p.sr,n:Hoe cnoBo, 

co,n:ep)Kall(ee IIH<popMaU:IIIO O BOCbMII KaHaJiaX aMITJIIITy,n:Horo aHaJIII3a II 

ITOCTyITaIOII(ee Ha Bbixo,n: c rrepe,n:Heii ITaHenII Mo,n:yn.sr. 

,[(Byxpa3p.sr,n:HbIH cTaTyc Ka)K,n:oii ITnacTIIHbI Bbipa6aTbrnaeTc.sr Mo,n:yneM TPM-2 

B 03Y ITepBoro ypoBH.sI Ha OCHOBe ,n:aHHbIX O Ka)K,lJ;OM CTaTyce KaHaJia: 

00 - HeT qacTIIU:bl (Bee cerMeHTbI 00), 

01 - o,rma qacTIIU:a ( Bee cerMeHTbI - 00, a o,n:IIH - 01 ), 

10 - ,n:Be qacTIIU:bl ( eCTb O,I.l;IIH cerMeHT c KO,I.l;OM 10, IIJIII ,n:Ba cerMeHTa 

C KO,n:aMII 01), 
11 - TPII qacTIIU:bl ( eCTb O,I.l;IIH cerMeHT c KO,I.l;OM 11, IIJIII ecTb O.IJ;IIH cerMeHT 

· c KO,I.l;OM 10, a ,n:pyroii cerMeHT IIMeeT KO,n: 01, IIJIII eCTb ,n:Ba 

cerMeHTa c Ko,n:aMII 10, IIJIII eCTb TPII cerMeHTa c Ko,n:aMII O 1 ). 
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. CTaTyc MHIIIeHH Bbipa6aTbIBaeTC51 B O3Y BTOporo ypoBH51 Ha OCHOBe CTaTyca 

Ka)K)];Oll IIJiaCTHHbl. CttrHa.Jibl CTaryca MHIIIeHH H COCT051HH51 ro,n:OCKOIIa 

orrpe,n:err51IOT Bbixo.n: TPHrrepa Mo,n:yrr51 TPM-2, Tl - HCTHHHO HJIH Tl-JIO)KHO. 

Pe3yJihT3Tbl npuMeHeHUSI Tpurrepa. IlpOTOTHII CHCTeMbl CHHXpOHH3aU:HH J,\' 

3arrycKa 6arr HCIIbITaH Ha TeCTOBOM ceaHce 1999 r [3]. 

OcHOBHa51 cTaTHCTHKa Ha ceaHce 2002 ro,n:a 6brna Ha6paHa rrpH Tpttrrepe, 

Tpe6yIOlll,eM Ha.JIHtrne Tpex H 6orree qacTHU: B JII06oii H3 II51TH IIJIOCKOCTeii aKTHBHOM 

MHIIIeHH H Ha.JIH1:1He ,n:Byx H 6orree qacTHU: B crre,n:yIOlll,ell 3a Hell IIJIOCKOCTH, rrpH 

3TOM Tpe6oBarrocb Harrtt1:1tte cpa6aTbIBaHH51 B ,n:Byx rrrracTHHax er. Mo,n:yrrtt AAl\11 

HMeJIH ,n:HHaMH1:1ecKHH ,n:ttarra30H, cooTBeTCTBYIOlll,HH II51TH 1:1acTHU:aM. IIoporH AAN1 

6bIJIH HaCTpoeHbl Ha o,n:Hy, ,n:Be H TPH qacTHU:bl COOTBeTCTBeHHO. Co6bITH51 (' 

BepIIIHHOll B CU:HHTHJIJI51TOpe C4 He BCTpe1:1aIOTC51 BCJie,n:CTBHe rrpHMeHeHH~ 

aHarroroBoro VETO Ha cttrHarr c C4. Ta6rrHU:bI, 3arrttcbrnaeMbie B Mo,n:yrrtt TPM-2 H 

T-HOD, COCTaBJIAAHCb B BH,n:e TeKCTOBbIX cpaiirroB, co,n:ep)Kalll,HX IIOCTpO1:IHO a,n:pec 

H 3arrttcbrnaeMoe ,n:aHHOe, rrpH rroMOlll,H rraKeTa Lab View 4.0. Ta6rrttu;b1 3aHOCHJIHCb 

B rraM51Tb Mo,n:yrreii O)];HOKpaTHO rrpH CTapTe OCHOBHOll rrporpaMMbl c6opa ,n:aHHbJX, 

BpeM51 rrpHH51TH51 peIIIeHH51 OT MOMeHTa rrocryrrrreHH51 CHrHarra Ha BXO)]; MO.n:ymi: 

C:HHXPOH ,n:o BbI,n:a1:1H cttrHarra TPHrrepa c Bblxo,n:a Mo,n:yrr51 TPM-2 cocTaBHrro 200 

HC. 3a,n:ep)KKa CHrHarra OT MOMeHTa rrpoXO)K)];eHH51 qaCTHU:bI qepe3 MHIIIeHb .n:o 

II051BJieHH51 cHrHarra Tpttrrepa B rroKarrbHOH cttcTeMe DEGA He rrpeBbIIIIarra 350 He~ 

1:ITO o6ecrre1:IHJIO CHHXpOHHYIO pa6oTy y-,n:eTeKTOpa. 

3a 30 cyTOK pa6oTbI 6bIJIO Ha6paHO 50 MJIH co6bITHll . c HeyrrpyrHMIT 

B3aHMO,n:eiiCTBH51MH [ 4,5]. Ha pttc.3 II0Ka3aHo rrpocTpaHCTBeHHOe pacrrpe,n:erreHHe 

B)];OJib OCH Z BepIIIHH B3aHMO,n:eii:CTBH51, rrorry1:1eHHOe C IIOMOlll,bIO BOCCTaHOBJieHHhIX 

B IIB,ll; TpeKOB . .5:IBHO BH)];Hbl B3aHMo,n:eiiCTBH51 KaK B KpeMHHH, TaK H B rraCCHBHhIX 

yrrrepo,n:e fl CBHHU:e, B COOTBeTCTBlflf C KOJIH1:leCTBOM Belll,eCTBa B 3THX CJIO51X. 

3. MarunTHhIH cneKTpoMeTp ycTaHOBKII CB,IJ;-2 

lllttpoKo-arrepTypHhIH MarHHTHhIH crreKTpoMeTp (IIIAMC) rrpOH3BO.D:HT cbeM H 

perHCTpaU:HIO ClffHa.JI0B C MHOronpoB0JI01:1HhIX rrporropU:H0Ha.JlhHhIX KaMep, 

crpyrrrrHpOBaHhIX B 10 6rroKOB, 3 lf3 K0T0phIX ycTaHOBJieHbl rrepe,n: MarHHTOM If 7 
HaX0)];51TC51 B MarHHTe. B Ka)K)];OM 6rroKe MO)KeT 6hITh OT 2-x .n:o 3-x IIJIOCKOCTeii, 

o6lll,ee KOJIH1:leCTB0 IIJIOCKOCTell - 28, a o6lll,ee KOJIH1:leCTBO ClffHa.JlbHhIX rrpOBOJI01:leK 

0KOJIO 18 ThIC511:I. B cm1y orpaHH1:leHHOCTH MeCTa B MarHHTe ( 3a30p Me)K)];) 

KaMepaMH fl MarHHTOM C0CTaBJI51eT 6 CM) Ha caMHX KaMepax pa3Melll,eHbl TOJlhKO 

ycHJIHTeJIH-<pOpMHpOBaTeJIH, a arrrrapaTypa perHCTpau;HH ClffHa.JIOB HaXO)];HTC51 B 

Kpeii:Tax KAMAK. ,ll;rrHHa coe,n:HHHTeJihHhIX Ka6erreii cocTaBrr51eT ~50 M. 
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CbeM curuaJioB c nponopu:uouaJibHhIX KaMep. CbeM HMnyrrI>COB c 
CHfHaJibHbIX npoBorroqeK nponKaMep npOH3BO.[(HTC51 .IJ:BYM51 THnaMH ycHJIHTeJieH­

cpopMHpOBaTeJieH: 
1) 16-KaHanbHbIMH ycHJIHTeJrnMH pa3pa60TKH IUI<I> COAH (HoBoc11611pcK), 

OCHOBY KOTOpbIX COCTaBJI5IeT rw6pH.[(Ha51 HHTerpanbHa51 cxeMa 155Y,L(l [6]; 
2) YCHITHTeIT5IMH, Ha OCHOBe rw6pH.[(HOll MHKpocxeMbl YH5, pa3pa60TKH JIIUI<I> 

( JleHHHrpa.[() [7]. 
Bxo,[(Hoe conpoTHBJieHHe ycwrrHTerreu nepBoro THna ~ 1 KOM, ycwrreHHe no 
Hanp5I)KeHHIO ~300; Ha BbIXO.[(e CTOHT KJIJOq C 06:rn:HM 3MHTTepoM C peryrrwpyeMbIM 
noporoM cpa6aTbIBaHH51 (oT 300 .IJ:O 700 MB). Pa.IJ:H ynpo:w:eHH51 cxeM 
cpopMHpOBamie BbIXO.[(HblX HMnyrrbCOB no .[(JIHTeJibHOCTH He npOH3BO.[(HTC51. 

OprauuJaQHH MO,lJ,yJieii perucTpau:uu. Mo.IJ:yrrw perHcTpau::011 cwrHaJIOB c 
nponKaMep HMeIOT no 64 BXO.[(a [8], B Ka)K.[(OM KpeuTe ( CM. pHc.5) CO.[(ep)KHTC51 OT 
10 .IJ:O 11 MO.IJ:Yrreu. Hx ocHoBy cocTaBrrHeT 6b1cTpo.IJ:eHCTBYIO:W:ee 3anoMHHaIO:w:ee 
ycrpOHCTBO (3Y) Ha 16 64-pa3p51.[(HblX CJIOB, KOTopoe qmKCHpyeT HaJIHqHe HJIH 
OTCYTCTBHe CHrHana Ha Ka)K,[(OM H3 BXO.[(OB MO.IJ:YJI51 B TaKTax, nOBTOp5IIO:W:HXC51 C 

nepHO.[(OM 80 HC (12 MfuJ 
TaKTOBbie HMnyJibCbl reHep:0pyIOTC51 B u:eHTpaJibHOM ynpaBJI5IIO:W:eM KpeuTe 

CHCTeMbl H 3aTeM pacnpe.[(eJI5IIOTC51 B 2 3Tana no BCeM KpeiiTaM C noMO:W:bIO 16-
KaHMbHblX pa3BeTBHTerreii B ypoBH5IX NIM. CttrHan 3anycKa pacnpe.[(errHeTc51 no 
MO.D:YJI5IM per:0crpau::011 H3 u:eHTpaJibHOro KpeiiTa aHanorHqHbIM o6pa30M qepe3 
TaKHe )Ke pa3BeTBHTeJIH (noKa3aHbl Ha pHc.5). 

OprauuJaQHH cqnThIBaHuH )J,aHHhIX. CttcTeMa cqHTbIBaHH51 B lllAMC 

u:ettrpanH30BaHHa51 - p:0c.6, oHa HMeeT 3 :0epapx:0qecK:0x ypoBH51. Bcero HMeeTc5I 4 
BeTBH (Ka)K,[(a51 co CBOHM HHTepcpeHCHblM KOHTpOJu1epoM [9] B u:eHTpaJibHOM 
KpeiiTe ). Ka)K.[(a5I BeTBb HMeeT no 7 KpeiiTOB per:0crpau::0:0. K u:ettTpanbHOMY Kpeihy 
no.[(KJIIOqeH oH-rraiiH KOMnbIOTep (IMB PC) qepe3 CBOH co6cTBeHHbIH 
HHTepcpeiiCHbIM KOHTporrrrep [1 O]. B HeM )Ke HaXO.J5ITC5I :-.10:.:ryrr:0 CB513H C CHCTeMOM 
3anycKa. 

<l>aKTOpOM, onpe.[(eJI5IIO:W:HM CKOpOCTb cqHThIB3HH51, 5IBJI51eTC51 <pH3HqecKOe 

6bICTpO.[(eMCTBHe Mar:0crparr:0 BeTBH, U:HKJI cqHThlB3HH51 O.[(HOH KOOp.[(HHaTbl 
33HHMaeT ~4,5 MKC. Bcero B co6bITHH cqHThIBaeTC5I ~300 CJIOB, T.e. BpeM51 
cqHThIBaHH51 O.[(HOro co6bITH51 3aHHMaeT ~ 1,2 MC. TaKHM o6pa30M, 33 BpeM51 BbIBO.[(a . 
rryqKa H3 ycKopHTeJI51 ( ~ 1 C) HMeeTC51 B03M0)KH0CTb npHeMa .[(aHHbIX OT ~ 700 
co6hITHM. 

4. 3JieKTpouuaH annaparypa )],JI.SI ,l1,peii<IJoBhIX KaMep 

B H3CT051:W:ee BpeM51 KOMnJieKT annapaTyphI .[(JI51 .[(peiicpOBbIX KaMep BKJIJOqaeT 
CJie.[(yIO:W:He 3JieKrpOHHbie MO.IJ:YJIH: 
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- 32-KaHaJibHblli yc:muneJib-q_JOpMllpOBaTeJib (pa.3pa60TKll Mr3Y, MllHCK) C 
rroporoM 1 MKA; 

- 64-KaHaJibHbie MO.lJ:YJill perl:lcTpa:o:llll (TDC - BpeM5:1-:u:mppoBoii npeo6pa.3oBaTeJib 
pa.3pa6oTKll l1<1>B3) c pa.3perneHl:leM 2 He; . 

- KpeiIT-KOHTPOJIJiep «Q-bus - MMCC» (pa.3pa6oTKll l1<1>B3) l:I KapToii a.narrTepa 
«ISA - Q-bus» .lJ:JI5:I nepcoHaJibHoro KOMITbIOTepa. 

B ,neKa6pbCKOM ceaHce 2005r 6bIJIO npoBe,neHO l:ICilbITaHl:le O):(HOli IlJIOCKOCTll 
.npeiiq>OBblX Tpy6oK. BpeM5:I <ppOHTa ll cna,na Ha BXO,ne Mo,nyJieii perl:lcrpa:o:llll ( c 
yt:IeTOM IlJIOCKOro Ka6eJI5:I ):(Jll:IHOM 15 M) COCTaBl:IJIO rrpl:16Jill3l:ITeJibHO 12-15 HC. Ilpll 
l:ICilbITaHl:15:IX ycl:IJil:ITeJieii-,nllCKpl:IMl:IHaTopoB Herrocpe,ncTBeHHO Ha .npeiiq>OBbIX 
KaMepax 6blR6JleHa ux CKJlOHHOCmb KQK K CQM06036y:J1CoeHUTO, maK u 6blCOKOMY 

yp06H10 6Heumux HQ6000K. Pa.3Jil:11IHbie MeTO):(bl 3a.3eMJieHl:15:I IlOKa3aJill, qTo 
npwrnHOli 3TOro 51BJI5:leTC51 MeTaJIJil:11:leCKa5:I paMa, Ha KOTOpoiI cnpoeKTllpOBaHbl 

co6CTBeHHO .npeiiq>OBbie KaMepbI. . C :u:eJiblO ycTpaHeHl:151 3TOro He,nocTaTKa 6bIJIO 
ycTaHOBJieHO, qTo Heo6xo,nl:IMO IlO):(KJIIOtJ:l:ITb paMY K 3eMJie ycl:IJil:ITeJieii­
.lJ:l:ICKpl:IMl:IHaTopoB co CTOpOHbl l:IX BXO):(OB, rrpl:ltieM C yBeJil:ltJ:eHl:leM KOJil:ltJ:eCTBa 
KOHTaKTOB ypoBeHb HaBO):(OK yMeHbIIIaJIC5:I. C :u:eJiblO ):(aJibHeiirnero yMeHbIIIeHl:151 

HaBO):(OK Heo6XO):(l:IMO IlO):(KJIIOtJ:l:ITb paMy ll K o6r:u:eii IIIl:IHe co CTOpOHbl rro,naql:I 
BbICOKOBOJibTHOro Harrp5I)KeHl:15:I, O):(HaKO 3q>q>eKT yMeHbIIIeHl:151 HaBO):(OK MeHbIIIe, 

tJ:eM co CTOpOHbl ycl:IJil:ITeJieii. 
Ilpll l:13MepeHl:lll Jil:IHeliHOCTll o6Hapy)KeH 3q>q>eKT CJiytJ:aliHbIX OTKJIOHeHl:lli 

OTCtJ:eTOB OT Ha6llpaeMbIX «e):(l:IHlltJ:HbIX» Ill:IKOB; OTKJIOHeHl:151 pacrrpe,neJieHbl He «no 
rayccy» (llMeIOTC5:I «TOptIKll» ), '9:TO B03MO)KH0 rrpll anrrapaTHbIX c6o5:IX. HaJil:ltJ:l:le 
flush-oTKJIOHeHllii 6hmo rro,nTBep)K,neHo l:13MepeHl:15:IMll <<Ha CTOJie» B O3A. 

IlpOBO):(l:IJIOCb l:13MepeHl:le ITJiaTO ITO BblCOKOBOJibTHOMY Harrp5I)KeHl:IIO KaMepbI; 

rroJiytJ:eHO ITJiaTO no Harrp5I)KeHl:IIO He MeHee 250 B npll 3q>q>eKTl:IBHOCTll BbIIIIe 99%. 
Ha pl:IC. 7 IlOKa3aH rrpoq>l:IJib rryqKa, 3aperl:ICTpllpOBaHHblli C IlOMOrn;bIO 

yKa3aHHOli arrrrapaTypbI ll CO3):(aHHOro K ceaHcy TeCTOBOro nporpaMMHOro 

o6ecrretJ:eHl:15:I. 
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5. 3aAa4M Ha 6n111>KaMwee 6YAY1.J.1ee 

- Vl3MepeHVle nVIH9111HOCTVI {VIHTerpanbHOVI, AV1cpcpepeH4V1anbHOIII) VI 
CTa6V1nbHOCTVI pa60Tbl speM.s:i-4V1cppOBblX npeo6pa3osaTene111; 

- VICnblTaHVle AP9111cpOBblX KaMep VI aneKTPOHVIKVI K HVIM B o6beMe 
30-40% OT nonHoro Ha ny4Ke HyKnoTpoHa OVlrf Vl An.fl 
VICCneAOBaHVl.fl CbeMa CVlrHanos C Tpy6oK VI npocTpaHCTB9HHOfO 
pa3peweHVl.s:i annapaTypb1; 

pa3pa60TKa CTPYKTYPbl VI norVIKVI pa6oTbl noACVICTeM 
CVIHXpOHV13a4V1V1 VI C4VITblBaHVl.fl AaHHblX; 

- C03A8HV19 nporpaMMHOfO o6ecne4eHVl.fl An.fl C4VITblBaHVl.fl AaHHblX 

c Ape111cpoBblX KaMep s ycTaHOBKY CB.Q-2. 

6. 3aA34M K AeKa6pbCKOMY ceaHcy 2005r 

- 3aMeHa ycV1nV1Tene111 Ha OAHOI/I nnOCKOCTVI MarHVITHOfO 

cneKTpOMeTpa Ha HOBble (Ha OCHOBe ycV1nV1Ten.s:i-cpopMV1pOBaTen.s:i 
An.fl AP9111cp0Bb1X Tpy6oK) VI VICnblTaHVle VIX; 

- c6opKa AP9111Q)OBblX KaMep VI aneKTpOHVIKVI K HVIM B nonHOM 
o6beMe, npoBeA9HVle npeABapVITenbHblX V1Cnb1TaHV1VI; 

- npOB9A9HVle peMOHTa BblW9AW91/1 Vl3 CTpo.s:i annapaTypbl 

(VICT04HVIKVI nVITaHVl.fl VI BeHTVln.s:ITOpbl KAMAK, MOAYnVI 

perV1cTpa4V1V1, KOHTponnepbl, oc4V1nnorpacpb1). 
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4 - MarHL-1THbll/l cneKTpOMeTp (MC); 5 - 4epeHKOBCKL-11/1 AeTeKTop (4.Q); 
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TPC - COBna,QeHIAR 

aHTIACOBna,QeHIAR 
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AL.tn 
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AAM 
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Jc 
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PMc.2. <J>yHK~MOHanbHa~ cxeMa B33MMOAeMCTBM~ MOAyileM 

CMCTeMbl 3anycKa 
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C3 CS 
Cl C2 C4 

MK.rt MK.rt 

IlK 
IIIAMC .rtErA 

Cl - cs - C~lifH'I'JifJIJISl~OHHLie ,tte'I'eK'I'OpLI 
M - MMlueHb 
MK.rt - MMKpoKpeMHlifeBLie ,Ite'I'eK'I'OpLI 
IlK - Ilponop~OHaJibHLie KaMepLI 
IIIAMC - lliHpOKOAnep'I'ypHLIH MaI"'Hlif'I'HLI:iii CneK'I'pOMe'I'p 
,ItErA - ,Ite'I'eK'I'Op rAMMa-KBaH'I'OB 

PMc.4. CxeMa pa3Me~eHMS1 nponop~MOHaflbHblX KaMep 
MarHMTHOro cneKTPOMeTpa. 
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1. System of the 
proportional chambers. 5 6 

For a high multiplicity on SVD-2 \ -----\ I 2 3 
experiment(fig. 1) is necessary to 1- \ I\ r \ 

. \ 
increase a beam intensity of the i 

\ I protons in the channel 22 of IHEP \ .,.,. 

\ -/ ' \ ' 
l 

I 

accelerator(U-70). Thus, for a reliable \ 

c. c, c,\ 
I I 

operation of the proportional I 
I 
I 

chambers it was necessary to install +-ff- ,,.......... , ____ 
-- ,-~· 

II I I 
beam-killer in region of the beam. I 

" I I 
\ 

The calculation of the beam killer \ 
\ 

' i 
coordinate from experimental dates is ........ ~-----------..L__,., 

listed in Table. I. The installation work 
was made in 2004. I 

I The chambers was tested on the I 
proton beam of IHEP accelerator(U-
70) with intensity 3.0 x 106 +1.0 x 107 

1 0 L . ~ 

p/cycle, and multiplicity >5. 
s 5 a 9 10 

Fig. I .Schematic view of the SVD set-up for the second stage of the experiment E- I 61: 
I-precision vertex detector; 2-block of the minidrift tubes; 3- central block ofMWPC; 
4-threshuld Cerenkov counter; 5-scintillation hodoscopes; 6-detector of the y-quanta. 



ropM30!frQ1a; npoJIOJJO'IIQC 'PaSMep Mr.nyJ.ID(U,MW ... 

KOMqa ,, l,\csnomtoe no.ne . c.· TT~ iarl1)'1WQ4 · 
h- . : • o.o~.: 1/3mox .: Mtlito. .: .• '"'. Uevtp~ (npo601JIG4 ____ ,,, :,~~ _:,,.,..,.,M .. \ L~"' ,.,,.~_ MM 

LH" · 1. · m.sJ··. z79!ol-'-· i79,9J . 184,ool. _. .. 219_ l- 114,ook -- __ · 20 · 20 
Y4, .. l T~ lr.,sl · ns..sl · 129,91· 334,oof ' · 329 · · I 32-4,ool · 20 20-
y4 · I~ · zn.1 I · :m,71 : 21ul. m,ool:·· 278 I .z73,ool 20 20 
U5 I · 276,ll 276.JI z16.sl :m.ool - 276 I · 211,001. 20 20 

. Y5 32S,1J -- . n6.~I 327,61 332,00 327 32.2,00,. 20 20 . v~, ns.ol' . :m.11, . l76,9r 2111.so'" 276· 270,501-': . 22 20 
U6. :m,s,. Z74.2J .•.. Z75,0 :m,oo.,- 275·-_ · 269,00 24 20 
Y6 323,7 3i4,1I 126,1 33~00 326 320,00 24 20 

~ V6 273.0 274,ll 276,8 ZSl,00 276 270,00 24 20 

l/T. zn.s :m.s1 275,l Z81,00 ·274 267,00 28 20 

Y7 321,6 313,.5 I 3Z7.3 :m.oo 325 318.00 28 .. 20 

VT 270.8 ;":73.41 Z78.8 284,00 276 268,00 32 20 
us. I 26~sl m,91 - 278,oJ. m,001 275 267,00 •. 32 20 
Y8 I 319,2! . • 322.,71 . 3z9,sj :m,ool- 326 l 311,00 36 20 
vs. I 26s,41·~ m.4I m.sl zss,ool 278 268,00 40 20 
~· L 266.11-, m.sl, 2s3.2f m.ool . '· 278 268,00 40 20 
Y-9: r 316,sl: "3zz;~1; : 334.11: 33s,ool -: · . 328<:. : 318,00 40 20 

• Table.I. 

8eJ71'MMl1b 
ho.IMO-- _.Jl)'II,» KAMEPA 

1.1,em,t, (MM) 

U~HTP :- 490 V4 1 · : 

UcHTp - 490 Y4 L/ 2- . 

491 V4 L.1 ·_ 
.. 491· U5 I :---4 · 

491 Y5 r>< s . 
492- V5 '. 
492 U6 '\; 1::• 

493 Y6 $ 

493 .V6 , .· 
494· U7 

494 YT 

495 V7 

495 U8 
496 YB 

497 va. 
497 U9 
498 , Y9 

Z OTHOC Y5 
lz l':OOpA., WIM cmtoC. 

cpe,o Maflf. 

1,679 -0,914 

1,908 ..0,685 

2,136 -0,457 

2,365 -0,228 

2,593 0 

2.821 j . 0,228 

3,2781 0,685 

3,507i 0.914 

3,721 1,128 

3,986 1,393 

4,2.51 1.658 

4,516 1,923 

4,781 2,188 

- 5,046 2,453 

5,574 2,981 
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Fig.2. 

The plateau for one chamber V 4 with a proportion of gas: 

82 % argon+ 0.28 % alcohol+ 0.52%freon +17.18 °/o isobutanes, 

is shown on Fig.2. 
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Fig.3. 

The dependence of the multiplicity (number of the hits) from a high voltage on the chamber, is 
shown on Fig.3. The horizontal line indicates a average multiplicity for all chambers. The 
multiplicity varies from 6.1 up to 5.9 from the first chamber to the last, and correspond to the 
beginning of the plateau for each chamber. 
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The beam in the beam killers area is killed up to a level of a background as shown on the Fig. 4. 
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• Fig.5. Dependence of the chamber current from a beam intensity. 
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• 2. The multichannel threshold 

• 

V' 

Cerenkov counter (TCC). 

The counter is designed for charged 
particles identification, it has entrance 
aperture of l 77xl30cm2• Four rows 
with 8 spherical mirrors in each one are 
arranged on the rear wall of the 
counter. When filled with freon at the 
atmospheric pressure and the 
temperature of 20°C, the counter 
provides the identification of pions in 
momentum range 4-21Gen/c with 70% 
efficiency(Fig.6.). For the greater 
efficiency of the counter the eight 
photomultipliers were replaced. For the 
best magnetic field compensation the 
inductance of the compensating coils in 
a central part of the Cerenkov counter 
were increased. • 

efficiency__] 

2.5 

2 

1 

*+++ 
+ 

+ 

10 20 

l 
30 

efficiency 

Mean = 24.06 
RMS = 12.53 
Chi2 / ndf = 2.406 / 15 

0 = 0.7353 ±0.03594 

40 50 60 

Fig.6. Dependence of the particles registration efficiency from 
momentum. 
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Data analysis of April'2002 SVD-2 run. 
Pentaquark searches 

1. Detection capabilities 
2. Charmed mesons 
3. Pentaquark searches 

A.Kubarovsky, V.Popov, V. Volkov 
Sf NP MSU Moscow 

Talk at VHMP 2005, Dubna, Russia 
16-17 April 2005 

A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run. 
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• 53,000,000 events collected 

• -7°/o are "beam only"/non-useable 

• Basic way of pre-analysis: 
- Finding a primary vertex 

- Search for a secondary one(s) within different regions 
and with different detectors/methods to use/CPU time 
to be consumed © 

• Average CPU time per event: up to 7 Plll-1000 
seconds 

• Facilities: SINP and SRCC MSU "old" clusters. 

~ A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run. 
Pentaquark searches 

VHMP 
16 April 2005 
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, Primary vertex Z-coordinate in SVD-2 active target 
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• Reconstruction of VOs 
svm with the spectrometer 

N 20000 
ID 56 
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~ 14000 - ~\ RMS 
0.69/.IE-OI 

~ 120(}{) - Ko: o=S.8 MeV/c2 < /00(){) f-
I \ -I \ 

80(){) - r ~ 
6000 ,.. _J-..._ I - f\O . o=3.0 MeV/c2 . 
41)()(/ 

2000 
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Me. 1(1t) 
GeV/c 

- I I ''\, ./(}{Joo \0 t,0
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I -~ 

15000 
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~ A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run. 
Pentaquark searches 

VHMP 
16 April 2005 
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A start of pentaquark history 

■ An idea of five-quark states was discussed since late 
60's ( Jaffe, Lipkin, Strotteman, ... ) 

■ First estimates in the Skyrme model (Chemtob, 
Praszalowicz, Walliser) - 1985 ... 

■ There were no conclusive results from experimental 
searches 

"The general prejudice against baryons not made of 
three quarks and the lack of any experimental activity 
in this area make it likely that it will be another 15 
years before the issue is decided''. (PDG, 1986) 

~ A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run. 
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PDG - in "Particle listings under revision" 

I e{1540)+ I l(JI) = O(??) StatuB: *** 
A REVIEW GOES HERE - Check our WWW List of Reviews 

6(1S40)+ MASS 

Ala is done thn::JUght the Retnef/1£, papers ere li!iited ~ yeer, with the latest 
ymr mt, ES1d with.-i eed, year they EWe li!iited elpl,ebeticelly. NAKANO 03 
MIS the earliest paper. 

It ii diffiwlt to de11y Iii stab.is of three stlilfl!i ES1d a piece in the Sumll'lilry 
Tables for a state that six experime11ts deim to have see11. Neverthele&s, 
es di!iiwssed in the above note, WI! belieue it reasonable to have some 
re&~ations about the existence of this state on the besi. of the pn!l!iellt 
euidence. 
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In the '2003 fall. .. 

• uudds quark content 

• Predicted by Diakonov,Petrov and Polyakov 
Z.Phys A 359, 305(1997) 

• Supposed to be of 1530 MeV/c2 mass, width 
<15 MeV/c2 and to decay into nK+ or pK0 

• Observed by several experiments 
(LEPS,DIANA,CLAS, ... ) in both decay modes 

• The pK0 mode can be searched for by SVD-2: 
good resolution for K0 

5 and proton identification 
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PENTA-I : Data sample 

• -35,000 events sample for D-meson searches 
was used 

• Primary selection mainly based on the presence 
of well-defined secondary vertices in the close­
to-target region 

• Secondary tracks are measured by vertex 
detector 

• Allowed decay length is 1 ... 35 mm (av. 20 mm), 
means that only -10°/o of K0 

5 to be reconstructed 
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Penta-I: Events selection 

• s 5 charged tracks from primary vertex to reduce 
combinatorial background 

• K0 s selection: 
- 2 oppositely charged tracks from secondary vertex 

- 490 < Mnn < 505 MeV/c2 

- Mpn~ 1120 MeV/c2 (~ not /\0) 

• Proton selection: 
- Positive track from primary vertex 

-_ Momentum of 4 ... 21 GeV/c 

- Absence of a Cerenkov detector hit 

~ A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run. 
Pentaquark searches 

VHMP 
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Penta I : pK0 s spectrum analysis 
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• Cut applied: pK0 s 

system goes forward 
in center-of-mass 
system 

• Narrow peak at 1526 
MeV/c2 is observed 

• FRITIOF simulated 
background fails to 
reproduce the real 
shape 

• Peaks in higher mass 
region can be attribu­
ted to L*+ bumps 
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Penta I : Cut applied: P P>PKo to eliminate bumps 
cf. B.Levchenko 1 arXiv:heo-oh/0401122 

~ 60. 
~ 

• Background can be 
described in different 
ways: ~ 
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FRITIOF simulations 

Plain polynom fitting 

Random-star (not 
shown) 

• All three give the 
shape compatible to 
the experimental one 
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Penta I : Pentaquark parameters at SVD-2 

• Number of events within a peak: 50 over 
background of 78, gives a significance of 5.6 a 

• Mass: 1526 ± 3(stat.) ± 3(syst.) MeV/c2 

• Width r < 24 MeV/c2 (below experimental 
resolution) 

• Strangeness could not be defined directly, but 
there are no reported S= -1 states in this mass 

• 

region . wk 
0 -J~d~rn> ~11L· ,Sf ©~~\C©}~~©J 
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Penta I : Cross section and A-dependence 

• We estimate the total 
cross-section of 
pA~e+ +X as 
30+120 µb/nucleon 

• We fail to find the 
difference in 
A-dependence of e+ 
events from that of total 
for inelastic events (-A0-7) 

0,04 

0,03 

0,02 

0,01 

r 0 I I I 
C Si Pb 

The ratio of 0+ peak events to the total of 
K0 events for different target materials 

~] 
\. 
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Theta masses from different experiments 

• Certain mass shift can 
be observed between 
the K+n and K0p 
modes 
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Penta I : second analysis 

Combinations with positive tracks 
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with the same analysis cuts• 

No signal is observe.d 
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•To be checked ... 
•Possibly could result in ·a much more narrow peak 
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Penta 11 : event selection 

• "Distant" KO used 

• Cuts applied: 
- Number of primary charged tracks: 4 to 6 

- Proton candidate momentum: 9 s PP< 15 GeV/c 

- No Cerenkov detector hit for a proton 
N -- • A total of 9,000 events selected 
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Penta 11 : results 
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• 

• 

• 

Peak is well pronounced 
(6 o) 
No significant change in 
the effective mass 

Cross-section and 
systematic errors are yet 
to be evaluated 
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Hadron nicknames 

Meson: quark-antiquark 

Baryon: three quarks 

Pentaquark: 4 quarks + 1 antiquark 

Exotic if antiquark is of the different flavour 
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Anti-decuplet of q4q-bar states 

uudds 
(1530) r < 15 MeV 

DPP model modified 

(DP hep-ph/0310212) 

Noi1--':, + 

r· ./ \/ \ M=1760-1810 

\ /-1\ > r+ M=1650-

,...., __ 
... ...... 

"-,• ,/~ -.....L. .. . i ~..,.j [ M=1862 r = 5 r 0 + 
dssu uussd 
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• 

• 

• 

H 1: charmed pentaquark? 
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M = 3099 + 3 + 5 MeV 
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To be confirmed! 
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Exclusive reaction searches 
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Pentaquark observations 

I\In.,s Width Nqv,,nt Statist. Renctiou Experinumt 

(MrVj (1\foV) signif. 

e+r1540\ -__ l 

1540 ± Hl± 5 <25 19 ± 2.S .~~· 2.70' rC- C'K+K- LEPS 

1539 ±2±2 <9 29 ~3.0a 1P- 11K+1~ DL4.NA 

1542 ±2± 5 <21 43 ~3.5a --;rd - pnK+K- CLAS 

1540± 4(±3) <25 63± 13 4.8<7 1p- nK4 1~ SAPHIR 

1533± 5(±3) <20 •) .. _, ·~· 4.0cr 1.1-induced CERN,FNAL 

1555 ± l ± 10 <26 41 ~-· 4.0a "tP - nK·q~-,r+ CLAS 
N I 1528 ± 4 < 19 ~ 60 ·-4a 1t-induced HERMES --..J 

1526±3±3 <24 50 3.Sa p-p reaction SVI)..2 

1530 ± 5 < 18 3.7a p-p roaction cosy· 
1545± 12 <35 ... 100 ~·40' p-A rc•action YEREVAN 

1521.5 ± 1.5~ g <6 221 4.6<1 Fragmentation ZEUS 

2(1862) 

1862 < 21 4.6<1 t.1-induced NA49 

9..(3099) 

3099 ±3± 5 5Aa ·-r•-inducoo HERA 

A table from E.Klempt, hep-ph/0404270 
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Current status 

• New analysis software is able to process 
"distant" v0s : 

- K0 - 10 times more statistics (for 0+ analysis 
and charm searches) 

- I\ - up to 100 times more statistics, allowing = -decays reconstruction to search for = 312 

pentaquark claimed by NA49 

• Better kinematical fitting for secondaries to 
improve effective mass resolution 

fMl 
~ 

/ 

"T' . fl 11· L (MJ -~, ~ ,I ,I[~ -~.lllt 
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• M=1524 ± 2.3 MeV/c2 

• o = 12.0 ± 2.3 MeV/c2 

• Nevents = 187 
• Significance 5.9 o 

No significant mass 
difference from the 
previous analysis 

~ A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run. VHMP 
16 April 2005 Pentaquark searches 
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Silicon Microstrip Vertex Detector 
for Experiment SVD-2 

(SINP MSU, Moscow & IHEP, Protvino, Russia) 

1. Detector descri}!tion 
2. Current status (April 2005). 

14.04.2005 
SINPMSU 
D.Karmanov 
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Detector description 

Vertex detector for SVD-2 experiment will consist of the following parts: 
0 3 Beam stations, for position measurements (X,Y,Z) of primary 

particles before interaction with fix target. 
0 Vertex Station with target, some silicon sensors for trigger and 10 

layers of microstrip silicon sensors for precise measurements of 

position the products of interaction. 
The sensitive elements of Beam Stations and Vertex Station are microstrip 

silicon sensors with different size and different strip pitch. The positions of each 
silicon sensor and their size and strip pitch are presented in Table 1 and on Fig. 1. 

Two types of readout chips have been used for sensors readout. 16-th channel 
amplifiers "GASSIPLEX" used for all sensors readout in Beam Stations and for 
middle sensors (32 min) in Vertex Station. The electronic boards with 
"GASSIPLEX" chips located outside the box of Stations. 

The readout for the big sensors (52 mm)in Vertex Station provided by 128-th 

channels amplifier "VIKING". 
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Detector descril!tion 

• The aperture of Sensors in the Vertex Station should 
be 0.25+0.17 rad. depending on the interaction point 
position. 

• Estimated efficiency of registration will be more then 
97% for sensors with vertical strips and more then 
96% for sensors with horizontal strips. 

• Estimated accuracy of sensor's alignment must be 
better than 300 µm in Z direction and better than 10 
µm in X ( or Y) direction. 
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Table 1. Size, pitch and position of sensors. 

Sensor Station name Strip Active area size z Strip 
number direction (horizontalx position pitch 

vertical, mm) (mm) (um) 

Bl Beam station Vertical 16.0x6.4 -1000 25 

B2 #1 Horizontal 6.4xl6.0 -998 25 

B3 Beam station Vertical 16.0x6.4 -700 25 

B4 #2 Horizontal 6.4x16.0 -698 25 
. 

BS Beam station Vertical 16.0x6.4 -400 25 
N 

~ B6 #3 Horizontal 6.4x16.0 -398 25 

Tl Vertex station Vertical 24.0x21.0 0 1000 

T2 ( sensors for trigger) Vertical 24.0x21.0 4 1000 
- - ----- ---- -- ----- - -----·- ·------- --- -------------- ---· - - - -- - ·---- --- --·-- - -- ------ --- -· ------------- - - ------

Vert-I Vertex station Vertical 32.0x32.0 22 50 
;~ ... ~~L:.....' 

Horiz-1 Horizontal 32.0x32.0 26 50 
---- -- ------------ -- - --- -------- -- --- -- -- ----- - -- --------- ---- --- ., -- ------ --------- --- - -- - - --- -·---

Vert-2 Vertex station Vertical 32.0x32.0 46 50 

Horiz-2 Horizontal 32.0x32.0 50 50 
----- -- --- -- - - ------- ---~-------- ·--- - - --- - - - --- --- ·- - ---- -----·- --- . -- --· ------- --- - -- - -. - -· - - ---- -

Vert-3 Vertex station Vertical 51.2x51.2 68 50 

Horiz-3 Horizontal 51.2x51.2 76 50 
----- - -- ·------- ·- -- . - --- --- ---- ---- -· -- -------- ----- -------- ,, -------- ---------

Ul Vertex station Stereo Vertical (10.5°) 51.2x51.2 84 50 

Vl Stereo Horizontal (10.5°) 51.2x5 l.2 92 50 
··-- -- ------------- -

Vert-4 Vertex station Vertical 5 l.2x5 l.2 100 50 
Horiz-4 Horizontal 5 l.2x5 l.2 108 50 
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Fig. 1. Size and position of sensors in the Vertex Station. 
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2. Current status. 

• All elements of mechanical support for Beam Stations and 
Vertex Station are ready. 

• All boards with sensors for Beam Stations are ready. 
• We hope to assemble all Beam Stations by the end of April 

2005. 

• All sensors for the Vertex Station are ready (made and tested). 

• 2 boards (of 4) with middle sensors (32 mm) are ready (made 
and tested) and 2 boards are at the final stage of assembling. We 
hope to assemble boards with middle sensors in the end of 
May 2005. 

• 4 boards (of 6) for big sensors (52 mm) are in works. We are 
setting the "VIKING" chips on the boards and bonding them 
with the control electronics. 
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3. Problems. 

• The main problem is a bonding of "VIKING" chips. We use 
manual ultrasonic bonder "UZSM-3M"(Russia) with aluminum 
wire with thickness 25 um. The yield of good chips after 
installation and bonding is less then 30%. It means that we need 
a lot of chips and a lot of time for assembling boards with big 

-sensors. 
• The second problem is a initial quality of "VIKING" chips. 

Unfortunately all our chips were not tested by manufacturer 
"IDEAS" (Norway). From· the other hand we have not 
equipment for testing this unpackaged chips before installation 
on the board and bonding. So we don't know the real quality of 
chip before installation and we can not correct the process of 
bonding because, might be, we have bad chips initially. 
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Fig. 2. Board with a small sensor for Beam Station. 
Sensor size 16x 16 mm, 640 channels, 25 um pitch. 
In the Beam Station we will use 256 strips from the center of sensor. 
readout by "GASSIPLEX" amplifier. 

1 - Silicon sensor, 
2 - Low capacitance pitch 

adapter from sensor to 
"JI O" board 

' 
3 - Ceramic board for sensor 

and adapters, 
4 - "JI O" board with output 

wires to outside readout 
boards with 
"GASSIPLEX" 

amplifiers. 



Fig. 3. Board with a medium sensor. 
Sensor size 32x32 mm, 640 channels, 50 um strip pitch. 
for Beam Station. Readout by "GASSIPLEX" amplifier. 

n 1 - Silicon sensor, 
2 - Low capacitance pitch 

adapter from sensor to 
"Jl 0" board 

' ~ 2( -~ .. }k!f,J.~~.;,._ ~~ · 3 - Ceramic board for senor 

and adapters, 
4 - "Jl 0" board with output 

wires to outside readout 
boards with 
"GASSIPLEX" 

amplifiers. 
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Fig. 4. Board with a large sensor (project). 
Sensor size 52.2x52.2 mm, 1024 channels, 50 um strip pitch. 
for Beam Station. Readout by "VIKING" amplifier. 

1 - Silicon sensor, 
2 - Ceramic board for senor, 
3 - Pitch adapter from sensor to 

chip "VIKING", 
4 - Chip "VIKING", 
5 - Board for chips "VIKING" 

(from polikor), 
6 - control boards for chips 

''VIKING'' 
' 

7 - Titanium board, 
8 - "Jl 0" board with output wires 

and cables. 
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Fig. 5. Beam Station 
( assembled). 

SVD-2, Run December 2004. 

Fig. 6. Vertex Station. 
(mechanical support 

without sensor boards). 
MSU April 2005. 
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Nuclear Size 
Fluctuations in 

Nuclear Collisions 

V.Uzhinsky, A.Galoyan 

The first RHIC result - Large elliptic flow of particles 
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Hydrodynamic model 

A 

Nucleus is a quantum mechanical system. 
How can one consider quantum fluctuations? 
Es.pecialJy size fluctuati_ons. 
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IW(Ti, 'r2, ... , rA)l 2 = II PA(i°i) 

i=1 

PA(T) = 4;s!Ri6(RA - T) -uniform sphere 

p(T) = Const/(1 + exp("-RA )) -Saxon-Woods distribution 
. C 

N Idea - A nucleus is a superposition of homogeneous spheres! 
w 
.j::,. 

PA(r) == f f(R)p(r)dR 
1 

== J f(R) / 30(R - r)dR 
4 31rR 

PA(r) == 
3 f~ f(1:) dR f(R) = - 4

1t"R
3 

pA_(R) 
4~ R 3 
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Pb-208, RPb=5.3 fm 

Gau&5ian distribution 

1 -r2 /R2 
PA(r) = (1rR6)3/2e o 

f(R) = s.R4 e_R2/aj 
3Ji.ll8 

~axon-Woods ctmtrioution 

41rR3 ~ R-R 
f (R) = Const-e c /(1 + e ~)2 

3c 
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Size fluctuations are rather large! They must be 
taken into account in hydrodynamic calculations. 
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Mid-rapidity elliptic flow measurements from 
various energies and centralities combined 
in a single plot of v2 divided by relevant 
initial spatial eccentricity vs. charged-particle 
rapidity density per unit transverse area in 
the A + A overlap region. The figures, taken 
from Ref. [100], highlight the smooth 
behavior of flow vs. energy and centrality. 
The rightmost points represent near-central 
STAR results, where the observed v2/Q ratio 
becomes consistent with limiting 
hydrodynamic expectations for an ideal 
relativistic fluid. The hydrodynamic limits are 
represented by horizontal lines [100] drawn 
for AGS, SPS and RHIC energies (from left 
to right), for one particular choice of EOS 
that assumes no phase transition in the 
matter produced. 
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Where can it be used? 
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FIG. The primary track multiplicity distribution as a 
function of the number of tracks normalized by the maximum 
observed rrumber of tracks. The eight centrality regions used 
in this analysis are shown. The integral under the curve is 1.0 
and the cumulative fraction corresponding to the lower edge 
of each centrality bin is also indicated in percent. 
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What processes are dominated in high multiplicity events - multiple fluctuations 
in elementary {NN) collisions, or interactions of compact objects? 

Sizes. of .interacting nucleLcan be an essential parameter as the impact parameter. 
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Glauber approach 
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Size of a nucleus? 

S == ~(r'f + ~ + ... + r~J/A 
In case of deutron S == r /2 

P(S) = J 6(8-J(rt_ + ... + f1)/A)IW(T1,~, ... , TA)l2 d8r1 ... d3rA 
A 

tw( T1, ~, ...... , rA) 12 = II PA ( ~) 
i=1 

p(T) ~ Canst/(1 + exp(r-~A )) -Saxon-Woods distribution 

Standard Monte Carlo techniques 
1) Sample nucleon coordinates according to the density; 
2) Take center-of-mass correlations into account: 

• Shift center of mass of generated set to zero; 
• Sample for half of nucleons and ascribe to other half 

1 A .... R == _ E ri, 
C Ai=l 

~ -+ -+ 

ri == ri - Re {ri} (i = 1...A/2), ~ = ~-A/2, (i = A/2 t 1 ... A) 



p(r) P(S) 
i:g,.., 

1 ! 12C." ...... 12C." 

\. 
' I . I 

r •' 
I r 1. \'..._ One-half 
( 7 

I 

1 □ -e- -. \... r I ,• 
I 

;. \ ~ i "' 
~ ·, l I 

I I 

Shift ,. . I . ~ I 

• I t I 
I - - . ...... I ~ • ' ~ Jl_,' I 

I I 
I 

1 □ -.!I 
I I 

N ..... 5 r (fm) -10 0 2 4S (fm)6 
~ 
0 P(S) p(r) 

• ----.... 

1 ~ f\ E09Pb EOBPb 

r 

// \\ One-half 

1 □ --'1F ' I-
l 

1r j. Shift 
\ 

' ) 
I 

10 -4! I I I I I I I I I I I I ._ I I , 
1 □ -.!I 

0 5r (fm)10 15 4 5 6 S (fm} 7 



P(v) •S} (fm) 
2 .. 5 

10 -i1: ,_ C + C ,~~ 

10 -11:e- ~ 2 .. 0 .._ 
.... .... 

' [J, 

10 -Rt§" ~ 

L5 ~ 
' ./ 

\. l 

~ 

...... 

10 ,- o°'~- C + C CJ ...,_ 

..._ 

30 ~J 4
1
0 l .. O 0 10 20 10 20 30 V 40 

N 
.i,. - P(v) (S> 

4 .. 4-
(fm) 

Pb + Pb ~--= == ___,,J'W'C-. ===~ '.;: ~-, Shift 
1 0 -:I 

4 .. 2 
I 

,-

1 

1 0 --'I I 

One-half \ 

4 .. o 1 ~ 

10 -s Pb+ Pb 
I I 
\ 

0 500 1000 V 1500~ .. B 0 500 1000 V 1500 



N 
-"" N 

How can one simulate uniform distribution? 

Standard procedure +/- CM correlations 
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INTERACTIONS 
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Lattice nucleus 
N.D. Cook, T. Hayashi, Lattice model for quark, nuclear 
structure and nuclear reaction studies, J.Phys. G23: • • • • 
1109-1126, 1997 • • • • 
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Conclusion 

1. It is shown that nuclear size fluctuations are quite 
strong. They must be taken into account in hydrody­
namic model. 

2. According to the Glauber theory in ordinary approach 
the average nuclear size changes within 6-10 % in 
AA-interactions. 

3. New method of weighted ·Simulation of nucleus­
nucleus interactions with high multiplicity of intra­
nuclear collisions is proposed. 

4. It is shown that in high multiplicity events nuclei with 
small sizes play essential role. 

5. Effects of nuclear structure, especially nuclear size 
fluctuation, can be very important in nucleus-nucleus 
interactions with high multiplicity! (Multi-nucleon 
correlations) 
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Jet energy measurem~d.!;1160, 
_. .: ~. ·: · .. ,, ,<" 

agaKodolova, SINP JtJSU 
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J ef 'ld~ii~ mcf h · ... 
. . . . . . . .. . . .,, . . ·/-:·:.:,.:-·., 

The goal: . · . · initial ·parto,,r1 di~~c 

:;!~~~~~~:ia~=~etersFinal st~~~ 1t/fa- · : .. ,Z;i),.·;,Ql:~I :, 
,I 

interaction Radiarid .. n 

I• 
Underlying-_ tj\;~ 
e Ve ntS. . ":,·;;",;.,:::;> 

Jet def 



··.Factois>',influent10R j~t:rJGt~:~\rucll,n. 
'> (• , /NY ,••' •:~~: , ' 

From jet physics (frompmton to jet on partide level): pml}us slide· 
I 

► Fragtrentation 

► ISRamFSR 

► lblerlying event 

► Mnimnn 1ias (pile-up) 

From detector peiforrmn:e (from jet on particle 
~ level to calori11X!ter jet): 

► lVhgnetic field 

► :Electronic ooise 

► Ibldllllterials and cracks .. 

► T ~vlinol }eakage for lunh_ftf•~;\ 
L.An.~l.&lll.KU •861-r ···. •),. <<2: 

► Sln~r · out of cone I · .... · et4~~fc ··. SIZ£, . ~J ..... ~~-

► Ollorilretermpometo &~i~t!/ 1 

;. ;<~\:·?<>··,:,',/' <';f:{·: 
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C'M;S detector 
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.IDetec:far effects influem:Dt.onfje½ reco01sirutf!lo,~· 
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J,E!t reconstructi~h:'proceau~e in,.CMS: 
I) to find jet with one of:'the jet finding algorithms ,, 

1) Cone based 

simple cone algorithm 

iterative cone algorithm 

midpoint cone algorithm 

2) Kt algorithm 

► 

(with different stopping parc\m·~,( 

Generated jet is considerec(;,,as a 
set of particles (particle je,Jj'~,r 
vertex level in ihe definite\\: fi;;t':1s 

cone R gen 
cone 

Reconstrucf~c:f,>~• 
as a)t,~et of,~f{f~{ij 
the, calorimetet:, · 

n re 

. ;,;~,, -'· ·';, ' 

i'J,, 

Noise and pile-up have to be suppressed as the first step before 
any of these algorithms start. 
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Nois0.3nd pile~up events 

Qiv roise is inch.l:Ed 
C' 1.4 [ « 
--:, C. ! ' st. 1 " : 11] I ,-; ,_,. 0 - I ..,. -- ·-"-. . .::, 
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f: l . . 
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0.6 "" --~ ____ ,.,._\,,. ..,1- .... ' -

~ corr i,y trocli;r 
; • re<:o )n eolcrity1eter 

OA . - -i-. -··· ···- --········ .. # ..... --

l 

O.:::! ., ·t t-· 

00 20 4-0 60 80 100 1:20 

ETJet, GeV 

Electronic noise gives 5 GeV in 

cone 0.5 (11,<p) 

Low luminosity pile-up gives 
>2.5 GeV in cone 0.5 in pp. 

High luminosity pile-up gives 
>10 GeV in cone 0.5 in pp. 
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Pb-Pb central event 
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Noise>.,and pile-up suppre$siQo: 
subtraction based on·tneanvalue 

mean value is determined ov·er large min bias or QCD event sample: 
- constant cut on tower energy (E cut - noise subtraction) 
- constant cut on tower transverse energy (Et cut - noise and pile-up 
subtraction) 
- sliding window (E cut depending on pseudorapidity - advanced 

noise and pile-up subtraction, possible taking into 

account geometry) Arno Heister 

mean value is determined on event-by-event basis: pile-up subtraction alaorithm 

- calculate average energy and dispersion4n (/) If'"' 
tower (in eta rings) for each event t ~ 

- subtract average energy and dispersion from 
each tower 

- find jets with jet finder algorithm (any) using 
the new tower energies 

- recalculate average energy and dispersion 
using towers free of jets 

- recalculate jet energies 
noise, pile-up, geometry are taking into account 

Nn cell .. 

automaticaly --~--~-- I.Vardanyan, AOilianov 
·- -· ·-------- ----··--·-·-·-···-----~--- .. --- ---·---··-·· - .. ----- ' ;. ~.-.,-.,..»; __ ;,_,,_.~ ,"it,,~_;_,,.., _ _/2;-,;,,.,.J;t~---~· ~· 
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Pile-up sUbtractiQ'n algQ1ilfim 

lVarmnyaD 
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Linearity, resolution and efficiency 
before corrections 

MC Jets Cone 0.5 Li!learity. 
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.(Jetreconstru.t¢tiol1 pr-~CechJre.Jr,'d CM~: 
II~ To appl}(~et ell~rQY coqf~ftion '. 

Jet based (1111<4.5): 

1) E =ax (EC+HC), 

2) E = ax EC + b x HC, 

a depends on jet(ET,11) 

a, b depend on jet(ET~;n), 
\'(,· . 

from data: g/Z+jet, masses (Z,W, ..• ) 

from Monte-Carlo generators 

Particle based (1111<4.5): · ·. if ... r. 

3) E = em + had (requires to sepctf;~ii~,~~ffilt 
,{/:iyf 

em =ax EC .:,f~r e/g, 

had = b x EC. +,,c X·1HCf'3tbr,: 
··, ... •·· :(.?71/J~:.:·· 

b (c) depend OQ EC::;'H~;w;r ·' 

Use of tracks (1111<1.9): . , 1 

:; : : :~:,::::::f:;,~{t!~;:;t!~;~it~ 
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W)Mne-Onio correctiQn (jefblsul) 

Response = ET ..:_reconstructed_jet/ET _generated_jet 

Correction = 1/Response as a function of ET and 11.of 

Applic~tion area: 

Robert Huiis~f 1ltf~j\~l 
S.Petntibanko'(:i>it'···-• 

.· - . :{ljfv 

QCD MCjet correction is applied to particle jet assuming that 
Monte-Carlo generator is adopted to the experiment. 

Features: 
QCD ,M_Cjet correction depends on the jet finding algorithm, on the cone 

size, on the level of noise and pile-up in event. -> a set of curves vs (P T'll) 

has·/to be provided 
QCD MC jet correction has systematics connected with parton species and 
selections to suppress background. In qcd jet sample there are 70% of g 
and 30% of q. 
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(P)Mmfu-Omo corredi6n'.1(exaIIpeJ1}'.' . S.Petrushamo 
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(P) lVbnte-Ouio correction ( exartpe) S.Petnmanko 
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Tasks & strategy: parton energy scale 
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Calorimeter jet ➔ parton: Epanon = -k 1st
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Parton jet correction 
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Tasks.,& strategy: particle jet energy scale 
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Parton ➔ particle jet: 

E~tcl = Epartonkptcl Je 

kptcl 
pPtcl 

Tjet 
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kptcl is MC-coefficient 

E~'f\CO 

Jet k 
kjet ptcl, 

I PT au m vs the Distance Ft from Charged Jet1 I 
10 C , 

! 
Sl 1 
<:I ,.. •• -~ > 
<I> e. 

.......... li. Ii' ♦ •·tc ... 
-·-, ~ .. 
. ········• ·········, 

• PT(c:hgj-11):,,. 5 G!,V.~ 
■ Pr(chgjet1) > 30 GeVx: 

-HERWIG 
•••••• ISAJeT 
• • • • •• PYTHIA 6.115 

lio' 
..,:• 
C. 

80%, 
V 

~ 03 
10. o O. t 0.2 Distance R 0.4 0.5 0.6 
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AOJlianov 

Application area: 

y+jet correction is applied to parton {direct use of the initial ')'jet 
ET balance) 

ytjet correction is 3A:Ued to pn1icle jet w.th tre adcitional J\tC correction 
taken into accomt the cifference beh\een parton and pn1ide jet. 

e: Features: 

yt-jet correction depends on the jet finding algorithm, on the cone size, on 

the level of noise and pile-up in event. -> a set of curves vs {P T'11) is needed 

y+jet correction has systematics connected with parton species and 

selections to suppress background. In y+jetsample there are 90% of q and 

10% of g. There is a background from the dijet events {with leading i'). 

------- -----·-----· -
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,.,<\:t: . · ... , ~';'{, 

Jet energy=Response_charged+Response (e/)?+Response (net1tral) 

♦ Replace response of charged hadron of jet in reconstruction co,n~}> 
with energy of charged from Tracker. .• ,., 

Jet energy=sum(Pin) + sum(Pout)+ Response (e/y+n,eutral)~E,R~:Lj·,: 
'> ",.\ ~xs;\,/ '.; .. iff':\t'>'.i:'),~~-·-·,_ :_,;:::.:: 

Response (neutr@l)~lt'C~t.~/ . • . ·.· .lit,•:t:: .)Jt~ ,tr'.' .: , 

♦ .AlH ~ out of recoffitruction cone . . .. jI~Ji'.' · · · , 
,v ,-;', .,-.-r-?It~--,-::?,, 

Expected response of charged particles can,JJij calc~JaJ~dJ:: 
ehc techniqu~, library of responses, match.ed ·~lus.ter$tI(~'()J;<~:r~: 

•• • O f.,'>'; •,• ,-'.~' ; A_ '•• v• • . 

-;/ .;r: 
Renmk: e!n: teclmique (fut Q-een, Energy !lpw-.insMt . 

, -<-" "..•;~" •• , ..,._ ", ,, A. • , "" -~,, ·"'"" Y>" .~-

al, a".6NarE2000'003) 
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!Je.t<enf 

~kf~~i 
Si~e jets: linearity 1.2 ..,;;;;._...;._ ______ ___, 

d 1.1 lrJlj~t \IC:;: 0.3 

(lJ ...,: C ..... 
0 1 ... 
(J --<.S • :E 0.9 

~ ~ I- ..... 0 w ... 
0 0.8 

0 0 
Cl.I 0 ... 
----□.7 UJ .. • calo 011/y 

0.6 -0- • calo + track1· (all) 
0 calo + tracks (oaf) 0.5L: 

0.4 ' 
0 20 40 60 80 100 120 

Er MC jet in cone 0.5, GeV 

lVmsofZ (120GeV) 
.!!!450 
C 

ca/o only (1) 
>400 
Cl) 

- 350 I ,'\,f F.A N = 0.88 
0 . 
:i.. S1Ull'1A = lJ.12 
(1)300 

..0 
E2so 
::l 
Z200 

150 

100 

50 

Q l Cr:!' 

:;; 

calo + tracks 
ill/RAN = 1.()/ 

SIGMA = lJ.12 

-o.s ? o.s 1 1.s 2 2.s 

Z mass reco / Z mass MC 

-------- ·----- -

resolution 
40 

tn 
l'rJ~~rUC :$'. 0.3 ci + (IJ 35 C: 

0 
u i 0 30 - ;e. calo mil_v 
u 
GI ■ calo + track~ ( all) ... ...,_ 

of!. 25 o calv + tracks <oat) - + c • 0 20 - ◊ .. 
;;.:, 

♦ 0 • en 15 -0- . 
e! ~ 

I- ... ~ w ■ ~ 
~ 10 ..... 

-II-: 

5 
0 20 40 60 80 100 120 

ETMC jet i 

Resonance 

Z' (120 GeV) 0.88+-0.12 
H (125 GeV) 
lmprov.~nJ~t>···· (-? 

, ~ '" ',,. , .. , 

r 
~\fl 

Calo+ 
tracks 

1.01+-0.12 
1.006+-0.11 
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F?iiE!-up /su&fr:actionl~rtd· .. tracl(~rfe~rregt,6iii)i l'-'oi~n,m::iili•,y.,; 
. t:ic' ·~ . . . .... '?:i.,;)JP ·•. . !?<(;,,;: . '. '. > ;[/, iY'~i\'. p;,., : )ff} · ~: \•i . f;:; }"' l'w.. ....._.I.JUI.I'} .. __ .:: .... <<f;,'.;(·on· ·g··o····•··•1-·n· ·:g· s· · tud.'f) .. ·- : :: .. ,- · · .,. · · ·· ··.· 

,_(~1:.·'·.,<,:;, .. A,. ·, ; .. ~ .,i/. ,_.· . ' <·" '. l :·, 

100 GeV jet superinp)sed wthMeveit. 
1.4 :- .. - .. .. -:·· -

' ; I 

lfl¼( llC:,; 0.~ 
; ! 

1.2 ........ ; ..... ,_._j __ .. ,. • 

u, ' □ 

~ 1 □ ... -9·· ··•· : .. i .. '* 
0 f,aa * * * . U tllll · : 

~--0.8 r~ .. ··~ ..... -_.-- • ----···· -~·····-···-~·· • 
r-6 r . -: . 
<D 0.4 .. ecalo.011l1.-; ._ ..... , . 
'- [ □calo+track,r : . 
u.lo~2 L *ca/J+t.racks~Ehg_tracks~Rhg_tracks 

. . . 

o I , , . i , , , , I , , . i . , , . i ·' , , , . , , . i 
20 1000 2000 3000 4000 5000 

dNch/dy 

d24 t· · · ·· --i-----..lfl~tt;irc·~lJ.3 ·· - -+ - --- --~ 
~ (~ca~_only [ . i 1 ; -···! 
u '* . ' ' . ' ' ~ t ...... caliJ-+Jracks.,Ebg .lraek.t.+Rhg=tr11cks .. ; 

:: ~·•· , J=l=~]=:i:::1 
- r ♦ t i i ; ! i: t•_ * -:--~-c- , ··· _, -J 
:J '* ; ! jo ~- , 
<D i-

:r... 8. . ..... .. 
ut " 
...... 6 ' ' 
(1) l : ' ' ' I ; I l ; I I I I i i ' : ' ' 

·- 20 1000 2000 3000 4000 5000 
dNch/dy 

Ejet_corr = Ejet_calo - (Rtrack_jet+Rtrack_bg) + 

The additional 
subtraction 
of background 
tracks 

(Etrack_jet + Etrack_bg) - <Etrack_bg> +<Rtrack_bg> 



· ,I})eicJemjicati011of~.jet.ye(tex· 
wth use of tracker anclllUOll•cmnfJers . 

Jet veto I (for Low Luminosity condition). 

Nil. yma 
-'' .-~ AKrokhotin. 

V.Gavrilov· 

- the ratio of the sum of transverse momenta of all tracks found inside 
the jet cone and having the same vertex as the signal muon 
to the transverse' momentum of jet (a;::sum(P Tjetack)/P ;et) is calculated. 

The jet vertex should satisfy: IZ track_z ml<dZ vertex vertex 
- the vertex is considered as primary if a>a

0 

$ Jet veto 2 (for High Luminosity condition) 
- the ratio (f3=sum(P . track)/P track) is calculated. T Jet Tall 
- the vertex is considered as primary if f3>B

0 

Particle level 
only 

signal jet 

Calortimeters only 

Low Lumi I High Lumi 

Fraction of 
events that 
satisfy central jet 
veto 0.8 I 0.21 

- - -- - -------- -·· - - -----

Fake jets· suppr~~~iQ.{ 
_,-;_:::~tl-:'\1;~ 

LowLumi High Lumi 
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Summary 
Jet measurements include three steps: 

- noise and pile-up suppression 
- jet finding 
- jet energy correction 
and jet direction correction {l111<2.4J 

Jet energy and direction correction . . . . 
- jet based { )/Z+jet, W->jJ, d:ijet, Monte.~·,.. 
- using information of track~~.:~~l!f~j! 

; • • S ' "0 i :~,;~'tr. i> i:!<;::,r~•<, ,<, A S , 

Jet measurements requires simul\~!i-Li~i,i~f 
, .""'\ '~t> Jf,: ·~'df\'-/Jt'.:,v,;'/',f\(}'', ,", :,L ,·-.-. 

recalibration du'ring data tat<ing: .::,,i., :• · "' 
- monitoring with off;.line Pft,i~~ 
- recalibration with offattra,f 

isolated particles, ')lZ~j~t~1~Jlll 
, . . t,. ~'. . ' ' -, 
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MULTIPARTICLE DYNAMICS STUDY by 
GLUON DOMINANCE MODEL 

I 

The unified 
approach to 
multiplicity 

• distribution (MD) 
description in high 

. energy interactions: 

----~-- -·- ------- -·-- - -- __ J 

Kokoulina E., Nikitin V. 

GSTU, Belarus & JINR,Dubna 

e + e- - annihilation, ] 

· Proton (nucleus) 
collisions 

Proton-antiproton­
ann ihilation 
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The region of high multiplicity (HM): n >> ii(s) - mean muliplicity. 
. Pn - multiplicity distribution (MD), Q(s,z) - generating function (GF) 

n 
Q(s,z)= S Pn (s) z . 

• e + e --annihilation - MD, moments ... (the QCD 
Markov branching process + hadronization); 

Kuvshinov V. and Kokoulina E. Acta Phys.Polon.B13(1982) 533. 

· pp- interactions from 69 to 800 GeV le by 
two schemes with and without gluon branch 
on 1st stage, modification of 2nd scheme by 
clan mechanism at higher energies; 

• pp -annihilation (~10-100 GeV/c). 
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e+e- ➔ r(Z 0
) ➔ qq ➔ (q,g) ➔ ? ➔ hadrons 

First stage (cascade): 

a) gluon fission; b) quark / 
bremsstrahlung; c) quark 
pair creation. 

K.Konishi et.al.NPB157(1979)45 
A.Giovannini.NPB161(1979)429. ~ 
dQ(q) r--, 

== A Q(q) (Q(g) -1), 
dY 

dQ(g) 
== A(Q(g)2 -Q(g))+B(Q(q)2 -Q(g)). 

d 

~ 
Second stage: 

Hadronization. BD 

-h 
H n 

Q == 1+ P (z-1) I p Np 

Convolution: 
of two stages 

Np 

.__. quark fission -> NBD -----.. Ip .. m kP(kP+l) ... ~kP+m-l)(_m Jm(-kP Jkp 
m. m+kP m+kP 



0.3 ~:::::;------~ 0.25 i;====;------~ 0.16 

0.251 Pn /\ Pn ~ 0
·
14 I Pn I i 914GeV I I ~-~ 0.2 ~ 0.12 .,.\ ~--·-~-

,,. / I 14Gevl ,,, / ,, / 

0.15 I / o.1 - / :::: - / 

0.1 1- • . j' ~ . 
0.05 

o.o5 ~ 7 \ I 

o · J _/ I I ~-- ,I o.o: ~ r ~ • 

0 5 10 15 20 25 30 0 5 10 15 20 25 30 35 40 X ~ .z 10 20 30 40 50 
n r, r-, 

~ :::rr;::==~:=::;---~-=- :::~~ I ,',:~ 

... '" 1,_ I 172GeV I ,, f\l 189GeV I ,, 
0.1 1 Tit n o.oa / 1 o.o5 

0.08 ~ 7 ' ' I \. I O 

0.06 ' 

o.os I- J 'i I / 

:~1 / \~ ... I ::t j ~- I ~~j V I 91.4GeV I '
1 

10 20 30 40 50 60 10 20 30 . 40 50 60 -0-2 4 6 8 10 12 14 16 .-, 

Pn in e+e- -annihilation at 14, 50, 91.4, 172 and 189 GeV; H(q) at 91.4 GeV. 

I E. Kokoulina. Minsk, NPCS (2002)[hep-ph/0209334]; ISMD32,2002. I 
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hadronization gluon parameters ( Ng, n: ), 14 -189 GeV0

• 

25 

N 
20 I g 

15 

10 

5 • .. .. . . ,. . 
O 0 20 40 60 

• I 
• • 

80 100 120 140 160 180 

✓s 

3.5 1- -h 
n 

3 I- g 

• 

• 

2.5 •-· 

2 t-

1.5 f 
-· 

1 - • .:'~ 

• 
• 

• • • • 

0.5 ~ 
• • • 

O 0 20 4i0, 60 80 100 
_,_,_:_, ' ' _l 

120 140 160 180 
-

✓s 

' 

Ng (n'; )- maximal (mean) multiplicity of hadrons are formed 
from gluon on the stage of hadronization. 

Ng I Nq ~ .2- hadronization of gluon are softer than quark. 
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Project "THERMALIZATION" 
(JINR, IHEP, SINP MSU, GGTU) 

a(nch)mb 
30 

.oE 1 o , "-<O<--.tz. - •• l!!l'-j I 

- --ii ,t, "2 -1' ',,_. 
-10 - ', ii 
t, ',,, a 

1 o -3 - ',,, ___ fw i 

5' ', ', g 
10 - ~- ', ~ 

-~ D 

10 -7f -- - ~-~-~1a I * : D 

-9 

10 1-- • - data 
- pythia 

10~
1

~ o - quark model 
_
13

~ * - g 1 uon mode 1 
10 ~ 

-15 

* 

40 50 n1t 

D 

D 

* D 

* D 

D 

* 
* 

10 o~--s--1-o--1~5~~2~0-'--25--3-0__,__~3~5~~4-o-'---',~ 

LLLLL J_ LL l L Lt__Ll 1-u-1__u_J_1_ LLLl LLL I LLL1-LL_L n l 

o 1 2 3 4 s 6 7 ch 

z == n ch I n ch ( s) 

1. 

2. 

3. 

Experimental data pp (70 GeV). 

Quark model. Yad.Fiz. 55 (1992) 
820. Collisions of quark pair. 

MC PHYTHIA code underestimates 
the s(nch) by two orders of 
magnitude at nch=18. 

Theg_oa/: 
····································· .. ······················· .................................................. . 
The study of MP at pp (pA) 
interactions in HM region: nch>20-30. 
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Gluon Dominance model 
(GDM,1 

• After an inelastic collision of two protons the 
part of energy are converted into the thermal 
and one or few gluons become free, 

• Gluons may give cascade - I stage; 

• Some of gluons (not of all) leave Quark­
Gluon System (QGS) - are evaporated and 
are converted to hadrons - II stage. 
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Our mode~ investigations he!d showrn : 
quarks of initia~ protons are staying 

in leading particles (from 70 to 800 GeV /c). 
Multiparticle production (MP) is realized 

by gluons. We name them active. 

P.Carruthers about a passive role quarks: 
" .. . labels and sources of colour perturbation in the 
vacuum: meanwhile the gluons dominates in 
collisions and multiparticle production." (1984) 

The domination of gluons was first proposed by 
S.Pokorski and L.Van Hove (1975). 
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The Multiplicity Distributions (MD) analysis are 
used to study MP-processes. 

Model with the gluon branch in QGS - · 
branch model {TSMB) 

or 
Model without the gluon branch -
Thermodynamic model {TSM T) 

E.Kokoulina, V.Nikitin. 7th Int. school-seminar The 
actual problems of Microworld Physics, Gomel, Belarus 
V.1 (2004) [hep-ph/0308139] 
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TSMB --convolution gluon and hadron MD 

• MD for activ~ gluons at the moment of impact 
- Poisson e-k kk I k! 

• MD for branch of gluons - Farry 
m-k 

1 (
1 
__ 1 1 (m-l)(m-2) ... (m-_k+l) 

m k \ m ) (k -1)! 

• MD for hadronization stage - Binomial (BD) 

C n-2 I n h 
amN 

N 

n-2 

1 - n h 

N 

amN -( n - 2) 
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Scheme with branch: 

p == f!, e-kf k ~_I_ (m-l)(m-2) ... (m-k + 1) (1-2-Jm-k cn-2 (nh Jn-2(1- nh JamN-(n-2). 

n L,...; kf L,...;-k (k-l)f - amN N N 
k=O • m=k m • m 

a - ratio of evaporated gluons to all active ones 

nh, N - parameters of hadronization for gluon 

( 
l) Some of active gluons (<50%) are staying inside QGS and don't give 

a< hadron jets. New formed hadrons catching up them, are excited and 
throw down excess of energy by soft photons (SP). 

We found weak branching of active gluons at 69 GeV/c. 
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TSMT - gluons leave QGS and fragment to hadrons 
(without branch): 

MD = Poisson & Binomial 

Me -m-m r h "n-2 

L
e m n 

~ =: ---cn-2 _ 
f mN 

m=O m. N 

-h \mN-(n-2) 

1-!!_ . N I '(n > 2). 

M - max number of evaporated gluons is rising (from 6 to 10) 
max number of hadrons is limited by M*N 
(~ 24-26 for charged particles at 69 GeV/c) 

Kokoulina E. Acta Phys.Polon. B35(2004)295 
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Comparisons: 

-1 
10 r-----·· ... 
10'! ~ 

-3 
10 

-4 
10 

-5 

TSMT~­

KNO - - - - -
..... ~-

10 
0~2-4_6_ 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 

v=n!n 

If/ ( V ) = ( 0 . 1 / V 
2 + 18 . 85 V 

4 + 9 . 39 V 
10 

) • 

· exp( - 8 . 25 v - I . 35 Iv + 6. 628 ), 

Semenov S. etal. Sov.J. 
Nucl Phys.22(1975) 792 

Our results: clans consist from gluons! 
I- -

Change of fragmentation ( e e ) to 

recombination mechanism (hh, AA) . 

-1 
10 

-2 
lQ 

.3 
10 

-4 
10 

.5 I 

~-

TSMT _ 

NBD - - - - -

- •;:.,:; r,r:- /r 
'..,) _, _, - -

1- ·h 

10 ----· ------------~-.........., -~-L., ___ L 
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 

p = k(k+I) ... (k+n-1) kknn 

n n! (k + n/+n 
----

Clan as independent intermediate 
gluon source. 

A.Giovannini, R. Ugocioni [hep-ph/0405251] 

I Ln (NBD) - Farry (TSMB) I 

I Ln (NBD) - Binom. (TSMT) I 
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MD of neutral mesons at 69 Ge VI c 
The simpiification on the second stage of TSM: 

11... II.. 11 
__ "! ·'_!_ ;::::;: - ·• .I ::::: _.'!_!_~·; __ 

Nd, NO N,01 

Our results: max of neutral mesons = 16 

max of total multiplicity =42 

10 ' I __ ·· 
a 2 4 6 a 10 12 14 rn 1r 20 Mean multiplicity of neutral mesons versus 

the number of charged particles 
I,-···-···-··· 

·1 ... I 

11, 17 ') 

I I ! . I 
a) - n O ( n ch ) L 

n tot = n I 

p 
n tot 

. ( n tot - n ch ) / ~ p n ~ tot 

ntot = n1 

0
0 5 10 ,,5 · 20 · 25 ,,_ do a) top and bottom limits is determined by condition: 

1 r- ,, ___ ·· - ----

s· 

l I j 
O i 

--~ 

I I t • I . . I 
I 
i 

0 5 10 15 20 

b) 

25 30 
I j :. ~. 

nch +n0 = 42 

b) The noticeable improvement is reached if we 
decrease top limit at charged multiplicities < 10 to 

n2 = 2nch (no < ncl,) 
Our result: Centnur events mny be renH7ed in the 
region of HM. AntiCentaur events must be absent. 
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pp-> n ch, ISR (30-60 GeV) 
,"; 

. Modification. 
Superposition of 
clans: 

n .._} a I ~ __ ___..:.._--'C n 2 - n pc· l"") == ~ e- 1111 Jn1
1111 

_ ( n h )n-2
( -h )miN-(n-2) 

,n ' m1N N 1 - - + m, i. N 

clans consist from 
one, two (or more) 
fill!_()ns of fission: 

+ Uz ~ e-111, ffl2m2 cn-2 ( n h )n-2 ( n h )2m2N-(n-2) 

,n' 2m2N N 1--
1112 2· N 

,-,;.. 

1111 = 3 .59 + o.o3; 1n2 = 1.15 + 0.25, 

a 1 I a 2 ,_, 1.8, x2 I ndf = 9113. 
- --- _,,,,,,,, ___ ..,,.______ -~------·--·-------~---

Soft ( a
1 

) & semi-hard ( a
2 

) 

components, and so on. 

Kokoulina E., Nikitin V. et al. 
ISHEPP2004.hep-ph/0503254. 

- ... 
(a1 + a 2 == 1) 

~--nh == 3.23 
0.14 

~ 

0.12 I- r ' J,_i _ 
I '"-1-- I< 

0.1 
\ \i 

I\ 
\ 

0.08 

\ 
0.06 ''\\' 

/ \ 1, 
U.U4 ~ I,, 

I 
I 

0.02 1-
1

1 

I 

0 '-----' 

62 GeV 

\;. 

\'\ 
't 
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From GDM the ratio of charged hadrons to neutral mesons in p+p is: 

70 GeV/c: 1.19+/-0.25; 

3 

2 

l 

0 

2 

l 

800 GeV I c: 1.49+/-0.33; 

(ems) 62 GeV: ,v 1.6 ( ) 

PHENIX [ n ucl-exp/0410003]; 
X.Zhang, G.Fai.[hep-ph/0306227] 

~ 10 -2 . 
' . ~ . 

~ .J 0-10% :0 10 
lE -6 
~ 10 
lo -8 

~h~)/2 " 
~R 

... . ' . . . ~ lO 
20-30% i ·' 

The ratio of h/ p=1.6 is the 
value measured in experiment : 
p+p reactions (53 Ge V) and 

Au-Au (200 GeV/N) peripheral 
interactions (60-92%) RHIC. 

PHENLX r 10 ; 
lO '° " 

no 
PH[N:X 

The assumption: The specific 
feature of our GDM approach is 
the dominance of a lot of active 
gluons at MP. We expect the 
emergence of them in nucleus 
collisions (RHIC) and the 
formation of new kind of matter 
QGP. 
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Soft Photons - the signature of hadronization 

ar ~4mb, a-in ~40mb, ar ~nr(T)·ain ➔ nr ~o.l 

I I 
dn 8n v 3 

The black body emission spectrum: _r = -
3 

_h_v_ 

dv c r 
1 e -

(2JrkTJ3 

s -3 nr(T)==0.244-V he , ~ ==2.725K(MVB) ➔ nr(T,.)IV==4.112-10 m 

n,(T) = ny(T,.)-(; J, p(T) = ny(T)/ V = 4.112-108 
-10-

6 
-10-

39
(; J fm-3(the density) 

[ Excess of soft photons: I p 1 ,_, 10 - 50( Me V) (1 Me V == 1.16 -101° K) 

T == p ~ P, . ✓2, 

L3 
• p(T) ~ nr ➔ L(T) 

Our result: L - the size of 
hadronization region 

Pt 
10 

15 

25 

L(fm) Pt 
11. 30 

6.9 40 

4.1 50 

M. V olkov ,E.Kokoulina, E.Kuraev. 

L(fm) 

3.5 

2.6 

2.0 

Part. and Nucl., Let., N25(2004)122. [hep-ph/0402163] 
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- J.Rushbrooke and B.Webber. 
pp -annihilation ( exper. data):\ Phys.Rep. C44(1978)1 

1) The second correlation moment of negative hadrons 
( /

2
-- ) in pp-interactions and pp -annihilation. 

2) The differences a-n(pp)-a-n(pp) at 14.75, 22, 
32 and 100 GeV le remain significant for all 
multiplicities and have local max and min. 

GDM: 

1) Q(m,z) =Q(l,zr = [I+nh I N(z-. I)fN 

- -mN - -mN -h -h 

2) Q:z)=CoLJf: l+~(z-1) +0,lLJf: l+~(z-1) + 
m N m N -- - - -

-h mN 

4~ G n 
+C4Z k.Jpm 1+ N (z-l) 

m 
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- :. ____ --::;;,.~--=--.-----,-., - • __ c......_---·--

GDM p p -annihilation (10 - 100 GeV/c) 

. . . 

a) second Correlative moments of negative charged particles: 

f -- ( i)· -2 c-h)·2-1N· -
2 == n_ n_ - - n_ ,___, -ma n :<\- -

b) ditterences between pp ah(:J PP inelastic topological cross sections: 

@DM- 14.75 GeV/c / I fian (pp-pp)= CJ"n (pp)- -CJ"n (PJJ] 
1',=====a<======-° 

-1 r -. _.. -... ____ _ 
10 / . * ·-.* . ' 

-2 'v.- '"'-

10 ' 
.3 

10 

10 

5 
10 

-1J 
10 

10 

-1J 
10 

• 
* 

·• LJ'----2--4--s--s--,0--,-2--,-4--,-s--,s--2-o--22 

Pn = ~(Yn I L~(Yn Co : C2 : C4 = 15: 40: 0.05, 

m ==3.36+0.18, nh ==l.74+0.6l.z2 lndf ~l.5. 

Superposition of intermediate topologies 
C'O", "2" -valent q's, "4"- valent + vacuum q's) 

+ GDM ➔ Pn-description. 
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"The search for signatures of quark-gluon dynamics in NN 
annihilation is somewhat analogous to the search of the phase 
transition from a hadron gas to a quark-gluon plasma in relativistic 
ion transitions. The signal must be isolated from background of 
statistical processes characteristic of a system with many 
degrees of freedom .... " 

C.Dover. Prog. Part. Nucl. Phys. 29(1992)87. 

" series of experimental facts and theoretical ideas which 
might, hopefully, transform an enigma in a Ariadna thread in the 
labyrinth of multiparticle dynamics in its awkward journey toward 
QCD and open new perspectives in pp and heavy ion collisions in 
the TeV energy domain." 

A.Giovannini (2004). 
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Conclusions: 

• MD charged and neutral 
(69 - 800 GeV/c); 

• the thermodynamic 
picture of the gluon 
escape ( evaporation); 

• the active role of gluons; 
• the charged hadron/ 

neutral pion ratio; 
• estimates of the soft 

photon number and the 
size region of emission; 

• 2nd correl. moment in 
pp-annihilation. 

Outlook: 

• the description of MD at · 
higher energies; 

• the inclusion momentum 
distribution in TSM; 

• the investigation of gluon 
structure of clans; 

• the employment GDl\!_for 
the description of pp -
annihilation; 

• the hA- and AA- processes 
at 70 GeV/c and higher in 
the region of high 
multiplicity. 
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There is no higher or lower 
knowledge, but one only, flowing 
out of experimentation. 

Leonardo da Vinci 
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Motivation 

1. Surprising success of statistical models for 

particle production in A+A collisions. 

2. New data on fluctuations are coming. 

3. Particle number fluctuations in different 

statistical ensembles were not studied up to 

now!? 

4. We have found that they are different 

even in .the thermodynamic limit! 

Victor Begun 
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6. Acceptance. 
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Statistical ensembles 

' ( ' ( ' ( 

Microcanonical Canonical Grand canonical 

' ~ '~ '~ 

E, V, Q T,V,Q T, V, PQ 

E ➔ T Q ➔ µ,Q 

-~=-=---·------~_::.:._ -~- ·-------- --

Victor B~gun 
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z - gjV J 
j - (2n")3 exp[-cP/T]d3p 

g.V 2K 
J Tm. 2 == 2 J 

21r 

m. 
J 

T 

tP = .Jp2 
+m~ 

where j numerates the species, Aj+ = exp(+µ/T) 

zj is a single particle partition function, z = Lzj 
J 

V >oo => z >oo 
----···-.--.-- -- ---~- - ---- -

---- -------· ~--

Victor Begun 



Partition function in GCE ~ 
00 00 

zg.c.e_(V, T,µ) = L ... L-·· 
N l+, N 1_ =0 N j+, N j- =0 

l.,J 

8 (
'1 )N N (A )Nj+ (A )Nj-x /\,1+Z1 i+ 0--1-z1) ,_ j+zj j-zj 

• • • • •• 

Nl+! Nl_! Nj+! Nj_! 

= IT exp( A j+z j + A j-z j ) = exp [ 2z cosh (µIT) ] 
. 
J 

--------------· --------------- . ---· ---- - --- ----
- ------ - -- -- ---- --- ------~--=-=---=-=--=- ---~- "-- ----~---------======--- ------ ------

Victor Begun 
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Partition function in CE 

00 00 

zc.e. (V, T, Q) L • • • L-·· 
N l+ , N 1_ ==0 NJ+ , N 1_ ==0 

(A1+Z1)N1+ (A1-Z1)N,_ 
X 

Nl+! Nl_! 
• • • 

( '\ )NJ+ ('\ )NJ-
l'v J+z j l'v 1_z j 

NJ+! N. ! 
1-

------~ 

• • • 

x8 [ (N1+ + ••• +Nj+ + ... -N1_ - ••• -N1_ - ••• ) - Q] 

== IQ(2z) 
=-- - --- ------ - - -- --- -- ----- -

--------· --------- - -----~----

K. Redlich, L. Turko, Z. Phys. C 5 (1980) 541; J. Rafelski, M. Danos, Phys. Lett. B 97 (1980) 279. 
Victor Begun 
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The microcanonical 
partition function (m=O) 

N 

WN(E, V) = l gV 
N! 2n3 

f d3p(N) ... f d3p(l) 

N N 1 X 

X 8(E - LI p (k) I) = E -(3-N-=-1 )-! N-! ' 
k=l 

oo X • 4 ~ 2•~ 
W (E, V) = L W N (E, V) = 2E oF; ' 3 ' 3 ' ' 2 7 

N=l 

where x = gVE
3 

2 • 
n 

________ --- --- -=-Ta~-------- •--- ----=--==-==-=------- •--

V.V.Begun et al., PRC in print, nucl-th/0410044 
Victor B~gu11 
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CE/GCE ratio 

<N> 1 Q=O 
± g.c.e. ' 

<N> 
± c.e. 1 - ' Q=2 

~ I ~ - - I :-_-: -=. =- _.._;:.. .. ; - .:: .. 
., -· 

/ 

/ 

<N > 
ch c.e. 

/ 

<N ch> g.c.e. Q. 5 0.5 ---- "+" 
" " -
"ch" 

0 -+------~~,.-....--....--.,.......-j 0 -f-""T""----...--...--...-------i 

0 5 z 10 0 

<N1+ >==a+ z1, a!·c.e. == exp(+µ/T), 

M.Gorenstein, M.Gazdzicki, W.Greiner, PLB 483 (2000) 60. 
Victor Begun 
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c.e. _ 
a+ -

z 10 

IQ+1(2z) 

IQ(2z) 
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rJ . 

Ae 
z-H 1 
V 
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( 
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"'N I+--~-;:.--+ .... < N ± >m.c.e. - ± 2304 N! 

------------~----

Victor Begun 
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Fluctuations 
- ----------- ------- -- ------- - ------------

Variance: V(N) = < N 2 > - < N > 2 

Scaled variance: 
<N2 >-<N>2 

0) = -------
<N> 

N == N, N+, N_, Nch N++N_, 

+ - ch l co == co == co == co == g.c.e. g.c.e. g.c.e. g.c.e. 

--·- - ---- -:~--- ---- --- ________ _:;,:_~---=:. ------- . ------ =---=--.=====-== ----- --~---=~- ----·· --------
-------

Victpr Begun 
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CE fluctuations 

co 2 
Q=O 

+ ch co- ==co 
g.c.e. g.c.e. 

- I d 1 +···················· .. ·····2················-··· 

\ + co-
' c.e. 

' ······-·············~---~---~---~---~·--~--~--~--fl!ll!l' ... !l!IP •.• ""'1t .•. 

0-+---------------' 
0 5 z 10 

2 Q=2 

1 

ch 
(0 

., - _ --. _ -£ c.e. ·,./~ 
/ -..... ..... -----·­·-

(D 
c.e. 

-·. -· --·. -·. -·· -··-·· -·· -·· -·· 
,,,-· + 

. . / 
(D 

c.e . 

Oizr· • I • I 
0 5 z 10 

-c:.,._ ---- ---- ·------ ------ -----
- -·---· ---

- ---- - -·· ----- --- - -----------. ~~ 

V.V. Begun, M. Gazdzicki, M.I. Gorenstein, O.S.Zozulya, Phys. Rev. C70 (2004) 034901; nucl-th/0404056. 
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CE fluctuc3ti0ns, Q>O 
--~ 1 

co 
1 

0.5 

Q. ·O 

y==-
·2z 

1 

0.5 

Y = 0.1 

(t) ·'-1 
'-'• 

D ... O ...... Ll. _,:;. _____ r; ___ .. f) ..... o ..... f..J------t' 

0) 

·································•·····•·····•·····•·· 

-

.......... . .a. ................................................. . 

O)+ 

2 4 6 

y=l 

0) 

8 Q 10 

• . . . . .~ ..... ~ .....•.. ......................... ------

'} 
h 

······~·····ci·····o··· d ··u···· o·····c·····u·· 

~ 

Q) 
+ ·······•·•···• ..................................... . 

0 ----.---......--r-----.--....----,----,.----.' 

2 4 6 8 Q 10 

V.V. Begun, M.I. Gorenstein, O.S. Zozulya, nucl-th/0411003 
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MCE fluctuations {m=O) 
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Quantum statistics effects 
- ----

< n± > = 1 
P exp[(.Jp2+m2 +µ)/T] - y' u!=<(0:)2>-<n!>2=<n!>(l+y<n!>) 

wg.c.e.C{np}) = TI w/np), 
p 

wc.e_C{np})= IJw/np) o Lqu~n: 1, a=±l 
p p,a 

wm.c.e_({np},Q=O)= IT wp(np) () L>a~n; () Lqu~n: ,. 
p p,a p,a 

M.Stei,hanov, K.R~J~gopal, E.Sh;.ryak,- Phys.Rev. D60::(1999) f14028 _____ _ 
Victor B~gun 
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+I ~ 
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---- -- ---·----- ---

GCE 
-----------·--· -- -- ----

µ 0 
I\ 

-,- I I 

' 
- - - Bose 

' ..... -·-·· Fermi 
.... -

1 t --··-----······-·· - - - -• - • - -. ·..:. -. -~ -. -~ ·. -Z-.-::E.--~-----=--.-r'l•~--- -------

0.5-

Q-+---.-----.---r----.-----.-~--.---.-----i 

0 1 2 3 4 5 
m/T 

m=O: ±B ,_, 1 368 
CO g.c.e. ,_, • ' 

CO :.c.e. = 1, 

CO :.:.e. ~ 0.912, 

+I ~ 
~ 

8 

CE 
----- --- ··----

Q=O 
- - - Bose 
----- Fermi 

1 ............ -.......... --......... --. -............. . 

..... --0.5 ---.. : :..:: :...:: ~::..:.::..:.:":....:.: ~~i::..-....T'..rl .,.._..., _____ _ 

0 -+----,.---.----r---,r---~-r---..------r-~-----1 

0 1 2 3 4 5 
m/T 

co:.:. (Q == 0) ~ 0.684, 

CO te. (Q == 0) == 1/2 == 0.5, 

cot:. (Q == 0) ~ 0.456, 

V.V. Begun, M.I. Gorenstein, O.S. Zozulya, nucl-th/0411003 
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MCE 
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0.25 

0 
0 

-.~~ose 
♦ ~._ •· Fermi 

~ 
.. l'/;v 

\ ~ 
', 0v 

,·_,.~ 

1 2 3 4 5 
mrf 

B . m=O: mm.c.e. ~ 0.535, 

wm.c.e. = 1/4 = 0.25, 
F 

wm.c.e. ~ 0.198, 
~ 

---

V .V .Begun et al., PRC in print, nµcl-th/0410044 
Victor ,Beg11n 

----- --- . -----· -

--·------------·- ---- --·----

1 Q-O 
Bose 
Fermi 

0.5 

': "'"" 

Q;----,.-~~-.-....----........................ 
0 1 2m/T3 4 

co!~c.e.(Q = 0) ~ 0.268, 

co!.c.c.(Q = 0) = 1/8 = 0.125, 

m!~c.c_(Q = 0) ~ 0.099. 
--- --

5 
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Limited kinematical acceptance 
~ ---- --- -·--- - -

coacc == q · co + (1- q) 

q ~ 0 ::::> CO ace == 1 
,-..-..-.-..mv~ 

: q ~ 1 ~ . CO ace == CO 

--~-- -=-=:=~---- :=--------- ~-- - -- -------~--

Victor Begun 



Summary 

1. Particle number fluctuations calculated in the CE and 

MCE for the first time! 

2. ro ':J:. ro+ ':J:. ro- ':J:. roch 

3. Conservation laws reduce fluctuations! 
w -w 

4. In the limit V~oo GCE CE MCE 

neutral 1 1 1/4 

Q=O 1 1/2 1/8 

s. Large acceptance is required. 
-- -·-----

------ ---·---- ------··· 

Victor Begun 
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Examples when exact conservation 
laws are required 

----- ---~ -------

• pp, pp, e+e- collisions, 

• Strangeness production in A+A collisions at 

low energies, 

• Antiproton production in peripheral A+A 

collisions, 

• Charm and charmonium production. 

Victor_B~n 

-------
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Gazdzicki, NJ.\49, QM 2004: 
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A system with two conserved 
charges (p,n,n-gas) 

+I 
8 

----- ---- -- -- -- - -~ 

µ == 0 
•. rn- •. ma.awww-, n I •••&.Z 
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.. ·· / 1 .., CD ---- · 
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QB ~-. 
• ...__ -.._ I 
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) 
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Definitions of Fluctuations 

1. Standard textbooks in statistical physics: 

a) Non-relativistic case: Nc.e.,Nm.c.e. =canst, 

-J < ~N 2 > ~ 1 ➔ 0 , N ➔ oo. 
b) () = <N> .J<N> 

2. Scaled variance: 

< ~N2 > 
co = 

<N> 

Victor Begun 

+ 
CO g.c.e. 

(Och = 
g.c.e. - 1 . 

-----· 
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4. 

5. 

6. 

7. 

Conclusions 

+ - ch 1 

CO -ro -ro -ro· - 1 
- - - - ..L g.c.e. g.c.e. g.c.e. g.c.e. ' 

co;.!.e. ~ 1.368, 
+F . 

ffig.c.e. ~ 0.912, 

Q=O, ⇒ ro = 1/2, 

Q>O, ,-⇒ ro+ < ro-
. ' 

E=const, ⇒ ro = 1/4, 

E=const, Q=O ⇒ ro± = 1/8, 

Large acceptance is required. 
-- --- ··- - - . 

-- - -- --

Victor ~egun 
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Thermodynamics 

• Introductory comments 

• S-matrix interpretation of 
thermodynamics 

J.Manjavidze 
LPP, JINR (Dubna) 

• Connection with Schwinger-Keldysh 
and Matsubara thermodynamics 

• Range of validity of thermodynamic 
description · 

• Conclusions 
VHM physics. 05 
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VHM region: The phase space -structure 

• "Regge" (BFKL, ... ) 

~· 

ITil--1-- __ .-PJ_ 
~''it~ 

~ 
1 .. ff1:lj.7!:•iJ6f!$;~·/i1·· Po 

p~!/IR;l312~l/n1 """ 
~ ~ ,,~~ ''~"~ 

L-----------~-- r~ 
~ l!"'ii.Yit., ~,,,,~,, 

'~ 
•"VHM" - low-x: IA; I/IE; 1312<< 1 p .T I + \/ 111 

• L.Gribov et al.; L.Lipatov; 

•J.Manjavidze & A.Sissakian; 

• L.MacLerran, D .Kharzeev 

l
tlL?,, I;__, . . ~· :·{~ :; ''/2 
fl),-· .q. ~r:>,A. ' i. ". : . . ... ,x -L . . -0•:r'.;}1~,,:}~f 

VHM physics. 05 •"DIS" (DGLAP; ... ) 

Po 
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weak coupling perturbation 
~ ________ theo~y _________________________________ _ ,.,~ 

I ◄ • I I I' l • .1 --- I 
I • • ,. 

\ . : 

•Weak-coupling theory: 

. 
l 

;}j__q,f],z)=' ,cl-nf +i& 

0 

--

I 
I 
I 
I I , 

I , 

' ,,,' ,,, 
,'I 

, I 

I 
I 
I 
I 
I 
I 
I 

?r~({-nf) \o 
({-nf-ie z (q)e-PJd_q 

0 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 

R(/3, z) = e-N(-p1 )+N~) / s~l (x)D1m(x-y;fi,z)jm (y) 

: •Mahanthappa (61) : 

\ 
\ 

\ 
\ , ___ 

~-

0 

-- s 
j = qj CMframe: a== (i/3,0) 

VHM physics. 05 
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The blacl<-body environment 

2 

zi == z 1 == I 

[
iGF(q) 0 ] [ n iGs(q;/3;,/31 ,z==l)== . +21f<5(q2 ~m 2

) ~+ 
0 -zGF *(q) ~-n_+ 

-. - - /Ji + /3 f . I Occupation number 
n ++ ( % ) = n -- ( % ) = n ( 2 I % I) ◄ - 1 

n(/Jqo) == 
n+_ (qo) == 0(qo)(l + n(qo/Ji)) + 0(-qo)n(-qo/Ji) I e/Jqo -I 

-:+-] 

n_+ (q0 ) == 0(q0 )n(q0 j31 ) + 0(-q0 )(1 + n(-q0 /31 )) 

•Schwinger (61), Mahanthappa(61)~ Keldysh (64), Niemi &Semenoff (84), ... :/Ji=/Ji=/3 
VHM physics. 05 
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Equilibrium condition 

. --- p(P;zf r--~ -Jdl,)mcq:zSdvJp,zf )<5(P-f qJ<5(P-i: P;) I amn 1
2 

m n m · n · i=l i=l 
' 

4 d4 

f d a. . p al ia p -
P(P· z) == 1 e1

ai --e 1 R(a z) : a ➔ (-i/J 0) 
' (2n-) 4 (2n-)4 

' ' 

p(E;z)= f~~e+/JE+lnR(/J,z): a~(/JE+lnR(/J,z))=O, 

E == - 8lnR(fJ,z). a (E· 7) a (E·· . ) 
· Pc · , -- ➔ Pc , l1 

8/J ---·-. . 
. ---·---·-·-·-·, I • 

• 00 ' 

•
1 P1 □ 'l)lk)!(Kl / K/2i j 
~ k=O . 

' -■- .-. ✓ . ·-
• - • - . - • - • I R " R ,2 

-■ -

K == 2 al In R (/Jc ' n) . 2 R 3 

K1(E,n)= apc1 . - R"'-3R"R'+2R' 
K3 - R3 

K 2 >0 

I 
Pc 

VHM physics. 05 



i-
' 

: Local equilibrium 
• • 

n 

<5(P-Lqk)= 
l •~~ • 

V QI 
• • 

k=l • 
/\ 

N ni N 

= In {dQ/S(Qj -Lqk,j)}b'(P-LQ1) 
QN 

• • • 

j=l k=l J=l 

N 

~ R( {a, z}i, {a, z}I; ¢)=exp{{~) f dxdx' ¢ + (x)D+_ (x- x'; a}, zj ){b_ (x')­
J=l 

- f dxdx' ¢ _ (x)D+_(x-x'; af ,zf )¢+(x')]}R0 (¢) 
. 

R( {a, z}i, {a, z}1 ;¢)=exp {if dxdx' ¢ _ (x)D+_ (x- x'; ai, zi )¢+ (x') 

- f dxdx' ¢ _ (x)D_+(x-x'; al ,zl )¢+(x')} R0 (¢) 

VHM physics. 05 



Wigner functions 

·y=R! • 
(x+x')=2R q .R 

{q,R}~tz: R' 

(x-x')=r --+ 

q' 

N 

~ R( {a, zf, {a, z}1 ;¢)=exp{{~) f dxdx' ;J + (x)D+_ (x- x'; a}, z} );j_ (x')­
J=l 

- f dxdx' ;J _ (x)D+_ (x- x'; af, zf )¢+ (x')]} R0 (¢) 

W1({/3,z}i,{/3,z} 1 ;q,R). f dreiqr e-f3
1

(R)5(q) x 

8 8 ; · f~ 
x 8r/(R-r/2) grpf (R+r/2) R({/3,z} ,{/3,z} ;r)1¢=0 

VHM physics. 05 
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Local equilibrium: S-matrix 

i f -R( {a,z} , {a,z} ) -

' ' { J 
-- · x+x · x+x 

== exp i[ dxdx' ¢ (x)D+_ (x- x'; az (--),zz (--))¢_(x')-
+ 2 2 

' ' - J dxdx'¢ _ (x)D+_(x-x';a1 (x~x ),z1 (x~x ))¢+Cx')J}R0(¢) 1¢=0 

R0 (¢) == Z (¢+ )Z * (¢_) 

VHM physics. 05 
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"Correlators" in processes 
with the high multiplicity 

S.S. Shimanskiy (JINR) 

_VI JfHM physics 17 April 20fl5 
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Plan 

• "Correlators" in HM processe 

• Mathematical trick 

• Asymptotic 
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A. Bialas, V. Koch, Event by Event fluctuations and Inclusive Distributions, 
Physics Letters B 456 ( 1999) 1-4 

- .:.:-. S ("" . S ,.. ::.. ... ..-.··. - l'• . -. ~: . .:.\ ,.... "' ' . . ··. T . - -.- ..... :·.\. .. . :::\. -- ... ~ .. )- .. ···. ., ... ::.'It,·,. . - .. 2 L.. · . l · . l 1 · ( . · l . ·1· ·1 I . ct ll, ... Ull, JC Cl d. \, cll .ld .. LC .I p) \\ llC_l C t_ l>Cll.C, C Ll lllOil.H.-llt Ulll 

of 0.1.u~ particle. \\le': sh.all (li:scuss evcnt-l>y-e,-'ent f:luetun.tions of the 
(LU .-l.11 ti t:y· 

:.V 1.V 

S'("·r') = ~ r(zJ.·) = ~- ✓r({) ~-- •-· ~-•·' - ,. - ~-- ·, (1) 
i=l i=l 

\vhcre N is the 1nnltiplicit:v of th.e event. 
1"'he event averaged 1no1nents of this q11a.ntit~y- ca.n h<::> ex_pressed as 

] .1.\I }\/ rn }\!,n 

< s·,/-,: ~- - - ~ ~ ~ , • ('·• ) , ·, c··· ) 
- •·- --► - ]\I ~ ~ •· • ~- .l--,n _ 1-1. · • .:l rn 1-f..- _ 

rn=l i1 =1 i1,,,=l 

(">) 
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is the n1ultiplicity of the event la.beJ.J.ed l>y nz .. 
(Jn the other ha.ncL the 1110.rnents of :r(p) ca.lcula.ted fro.rn n-pa.rticJ.e 

iuclusi\7e distribution Pn(P1, ... ,pn) n.re dcfi11e~J a.s 

J dp1 ... dpn Pn (JJI • •· •• Pn) [:r(p1 )t1 
•·· [:i:(JJn )t" 

11/ •\i -:o..r ·1 i\· 1 · 1n ., \' rn 

~1 L L ··· L [:rm(i1)]k1 ••·[];rnCin)]kn 
l m=l i1=l in=l 

r1) 

,vhe.re the su1ns over i1 ... i-n include only the ter111s for ,vhich all indices 
·i 1 .. :in a.re different frorn each other. 

One sees innnediately that (2) a.nd (:3) are related. 

< S >= j d:pp1(p):r(p) (4) 

< 8 2 >= f dp1 d:p2p2 (p1 ,p2) ,r(p1):r(p2) + j dpp1 (p) [,r(p ))2 (5) 

< 83 > j rlp1 dp2dp3p3(J>1, JJ2, p3) :r(p1 ):r(p2):r(p3) 

+ :'I j dp1dJJ2P2(JJi, P2) x(p1 )[:i:(p2))2 

+ / dpp1 (p) [,r:(p) )3 

Si111ila.r fov1nu-lae c-a.n be de-ri·ved for higher n1on1ents of S. 

(G) 
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Flow at 130.and 200 GeV 

Outline: 

Sergei Voloshln 

Wayne State University 

1. Analyses related to flow 

2. v2/ s, the last figure in th~ flow PRC draft 

3. Flow at ✓s = 20, 130 and 200 GeV/c. 
Centrality determination. 4-particie 
correlations without generating functions. 

4. K0 and Lambda flovv 

5. FTPC 

ST AR Analysi~ meeting - l ?vby 3 - 5. 2002 s WvMSwE 
t]NWU{SlTY 
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-vector products and multiparticle · 
co-rrelations 

u==eif: O==Lu; 02==Lu2 

lu.u.*) == I 1 100 * -N )~ 
\ 

1 1 \N (N -1) ~ / 

(uiuju;2)=/ N 1 [(02a2• -N )-(a,a;-N )-2(00· -N )]\ 
\N ( -l)(N -2) - - 1/ 

( * *) ( 1 r 1o 2Q *
2 N ) 2N (N 1) uiujuku, = N (N -l)(N -2)(N -3)L~ - - -

-4(N -2)(QQ* -N )-2(0 2a;-N )+(020 2* -N )} 

STAR Arrnly<:.is meeting - 11 rvfay 3 - s, 2002 S,A. \_lr,,.!.t"""t(:h,i: W~M.SWE 
lJNl'tlffit,lly 
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LLI '-1 MA nc i:: vt~---------
VERY HIGH MULTIPLICITY PHYSICS 

ON CORRELATORS FOR HIGH MULTIPLICITY EVENTS 

© 2004 J. A. Budagov, Y. A. Kulchitsky1>\ 
J. Manjavidze, N. A. Russakovlch, A. N. Sissakian 

l<•int Institute for Nuclear Rese<ltch, Dubna., Russia 
Received /•\ay 21. 2()(J..1 

We present the results of ihe study of the energy correlators K2(n), K 3 (nj and their ratio R,1{nj in 
dependence on the hadron multiplicity at the LHC. The PYTHIA generator has been used. The PYTHIA 
predicts that R3(n) is noi dependent irom multiplicity. The K2(n), Ka(n) and R 3(n) ratio can be studied at 
ATLAS. 

The investigation oi the very high multiplicity 
(VHM)events is a very important task for high energy 
physics [I]. The purpose of this study is to calculate 
the energy correlators 1(2 (n, s), K3(n, s) and the ratio 
R3(n,s) = IKa(n, s)l2l 3 /IK2(n, s)I as a function of 
hadron multiplicity at ATLAS [2]. The theory predicts 
that the R3(n, s) ratio has tendency to equilibrium for 
I.he VHM events I 11. 

We will call the very high multiplicity events the 
ones for which the condition n(s) ::>> fi(s) is fulfilled. 
where n is the number of hadrons in an event .• n 
is the mean multiplicity of hadrons, and ,Ji is the 
c.m.s. energy. Figure I shows the distribution of 
(n}P(n), where P(n) = <Tn/u10i, as a function of the 
secondary particles multiplicity represl~nted in the 
units of the mean multiplicity. The points are the 
results of the E735 (FNAL) experiment at 1.8 TeV 
with (n.) ,.= 44 (31. The A region corresponds to the 
multiperipheral kinematics where n ~ ii-(s). The B 
n'1;,>ion is the them1odynamical region correspond­
ing to the approximal.ion oi the noninteracting gas 
where n--+ nma.x(s). The maximum possible number 
oi hadmns is equal to nmax(s) ,=, Js/m.,,, where m.,, is 
the pion mass. The C region corresponds to the VHM 
events. The cross section oi such a process is signif­
icantly srnall1c,r than 10-7 u 101 at 2 TeV. Thl! thermo­
dynamical description of the final state events in the 
high energy physics is possible at the fulfillment oi the 
condition of Bogolyubov's principll! of vanishing the 
correlators [4]; R1(n, s) = IK,(n., s)l 2i1 /IK2(n, s)I <t:: 
<& 1, where l = 3, 4, ... , }{1 n,s) is the I-particle 
l'nergy correlator for the n- iart,c _e __ event. fwo and - - .......______. 

;1Jc,int Institute inr Nudear Rt~t~au.·.h. Duhn.a. Russia and 
!nstitlllt.~ o( Physks, Nationai Academy of Scitm:1!s. ,\'\insk, 
Bt:larus 

•E-mail. louri. Koultchi tskl\tceno. ch 

three particle correlators are defined as 

K2(n,.,) = (([e1;n,s]-
- (e; n, s} )((,;:2; n., s] - {e; n, s) )), 

K3(n,.,) = (([e-1;n,s]- (e;n,.,))([E>2;n,sJ-· 

- (e; n, s) )([e3; n, s] - {e; n, s))), 

where e, is energy of i-particle and (e; n, s) is the 
mean energy. 

The PYTHIA has been used for this investiga­
tion ( 5 I- For the simulation of the trigger events the 
hard processes have been used ; q;q1 -. q;qJ, q;ij, ---> 

--. qjijj, q,{j; --+ gg. q,g ·-+ q;g, gg --• q;ij;, 99-> gg, 
where q are quarks and g are gluons. The main 
background for the VHM events at the LHC will be 
the soft processes. There will be ,::.:23 1JJ1-i11teractio11 
in the 2fi ns oi one interaction of _bunches at the 
lull LHC luminosity (ln34 cm-2 s - 1 ). The time of 
the data collection will be 125 ns, for example for 
the elec!mrnagnetie calorimeter. Therefore, thl!re will 
be written about 115 soft background events, which 
are called "pile-up", simultaneously with the trigger 
event. The inelastic processes have been used for the 
simulation of pile-up events. 

Figure 2 (lefi) shows the results oi calculations 
of the ,werage energy and the correlators ~i), 
{/K3 (n) in the GeV scale as a function of the hadrons 
muliiplicily al 14 T,~V. The values of ../f-I__":;fn have 
signs of K2(11). As can be seen the K;,n antl K3 rtJ 

tend to zero at n,, ..... 500. The dependence oi the 
R3(n) ratio on nh is given in Fig. 2 (right). The 
PYTH I;\ predictions are given for the A region sl ,own 
in Fig. I. The average value of the R:1(n) ratio tloes 
not depend on ihe hadron multiplicity and l!quals 
to I .2:3. There i~ no tendency to equilibrium in this 
region. Thi!' can be understood as the PYTI·flA b 
ba!<ed on the mu!tiperipht!ral model 11 ). 
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(n}P(n) 
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Fig. I. Multiplicity distribution {n)P(n) in the KNO scaling fonn al 1.8 TeV. 
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ni, n,. rff:"' 

Fig. 2. The average eneri,,y (triangulars), the correlators ✓K,(n) (crosses), ?/ K 3 (n) (stars) on the left side and the fls(n) 
rntio (black cirdcs) on the right side as a !unction oi ihe multiplicity ai 14 TeV. The black squares on the righl side are the 
theory supposition for very high multiplicity region. 

Harder events have been selected taking into 
account the experimental trigger conditions. The 
requirement on the transverse parlon momentum 
pf ~Pl°min has been used, where Ptmin ~ 500 GeV. 
This has led to the multiplicity increasing to :::::,800. 
However, the tendency to equilibrium is not observed 
although the R3(n} ratio decreases to 1.1 for 111 ~ 
~2000GeV. 

The investigation or behaviour or the VHM events 
is planned out. on the ATLAS (LHC) (21 by using 
its calorimeter (6J .. This calorimeter has beautirul en­
ergy resolution <1-/E = (42%/../"i°l + 1.8%) EB l.8/E 
in the barrel region [7J. Only charged particles with 
the transverse momentum more ihan ~1.5-2 GeV 

flJlEPHMl •t>H3HKA TOM 67 Ne I 2004 

reach the calorimeter because or the strong magnetic 
field (2 T) oi the solenoidal magnet. Therefore, only 
hadrons with Pt 2: 2 GeV in the region [tJ[ ~ 2.5 
have been selected. The physics events satisfied the 
condition v1 ~ Pl°min for parlons have been simulated 
for the decreasing of the background pile-up events. 
The obtained distributions of the correlators J(2 (n) 
and K3(n) as a function of multiplicity taking into 
account the pile-up are similar of the ones shown in 
Fig. 2 (left). As a result of using the cuts Pt~ 2 GeV 
and 1111 ::; 2.5 the maximum multiplicity decreases 
to ~300 hadrons per event. As before. there is no 
tendency to equilibrium for the R3(nj ratio, R3 (n) = 
= 1.21 for vf 2: 2000 GeV. It is important to note, that 
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Mathematical trick 
Let //1, ... : YN be real ntnnbers ( a sn1npl<?). 

Fc>r each L > 1 considEn-
]V 

C' ,· L ,.Jr= L.-Yi 
i=l 

and 

DL = L Yi1 • • • YiL 
•• < 

l l <.··· <:.lL 

,vhPre the ~nn1 is taken C)\.~er aH co1nl)inations of L distinct indices i 1 ~ ... , ii., and each 
co1nbiiiation is used exactl:v once. 

It is irnportant to not(~ that 

Y1 + · · · + YL = 81 (1) 

Squaring this equation gi vPs 

2 

' •) )' --.2 L.- 1li -t- :.., L.- YiYj = S1 · 
i=I i •<J 

hence 

S2 + 2D2 =Sf. D l ·.'l 1 c •) = - ,':fl- - - ,J'·>. 
"" 2 · 2 -

,vhid1 i~ our desired relnticn1 for L = 2. 
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No,v consider the case L > 3. First. note that 

1 
D - - " f7J· • • • U; , [. - L! , Lj . . t1 d L -

ll :j=···rlL 

(2) 
' I 

\Vhere the sn1n is tr1kc:m over all c01nbinations of L distinct indic(::.:-; ib .. . , iL (because 
thert' (1re L! r>ennutations of L distinct indices). Sununing over iL gives 

I: Y. - S1 - ·y- - · · · - ·y- • IL - . I1 ~ lL-1 

ir,:t{i1, ... ,i1,-1} 

because of (1). This allo\vs us to elirniuate lli+D and reduce the sununation in (2). This 
is the 1nain principle. 

For L = :3, we g_et 
, ... 

D3 = 
1 
- " ll·y ·l/1. 3l . {.-.,..:fl.],. ,.... 

i=f=J=t= + 

1 
- "·u·l'J-'(81 - lJ· - ·y.·) :3! ~ .,Jl..} , •. l J 

Ir) 

i . -, I: I: . 2. I: 2) - .) l ·· · - · · · - 'l · , 
3, ( 1 ~hY.1 _ Yi lh J,Y1 
. . ifj i=faJ if.: j 

1 
-(81 'u-(S\ - lj··_) - 'y~(S1 - ·y-·) - "(S1 - ll·)y~) '31 · L,':H ,l. L,i. , I L ,';I]•] 

'· . i i=fa j i=fa.i 

1 ·s·•) L r, I: •) ..... (S' L •) L 3)") -( - · ll.• - .) y-: - L . y".' - ·yt: :3! . l . dl 1 _ i l _ , . · 1 • 

l l t t 

1 3· 
,, C' •3 s· C• + ·) C' .) :3! \v1 - • ; 1•::>2 ... 03 . 
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REDUCE CODE 
• input_case nil$ 
• operator S; 

• procedure p3(x,l,r); 
• if r={} then s(reverse(x.l)) 
• else if first(r)>x then s(append(reverse(x.l),r)) 
• else p3(x,first(r).l,rest(r))$ 

• procedure p2(x,l,r,z); 
• if r={} then z 
• else p2(x,first(r).l,rest(r),z-p3(x+first(r),l,rest(r)))$ 

• procedure s(I); 
• if rest(I)={} then S(first(I)) 
• else p2(first(I), {}, rest(I), else S(first(I) )*s(rest(I) )$ 

• procedure D(n); 
• s(for i:=1 :n collect 1 )/factorial(n); 

• end; 

•o~ :.:\ -. ~• '.): ;. t' A. I I) .... ) • S CX<llll!J C . ( .J . 

L). _ ~ ··- _ ~ S' o _ ~ · \ 1 ~ ·•• c2 ~ c.,,2 q _ ~ -1 -<3 _!_ s15 ... _ .) ... } . ''" .:• .._'11 s ~s-, + s, .:,1 + _ ,_,."' ,._, 1 s.,s
1 
+ , .

1 . S . 4 • . G . - G a 8 .. · · 12 - · 120 
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VERY HIGH MULTIPLICITY PIIYSICS 

ON CORRELATORS FOR HIGH MULTIPLICITY EVEN_TS 

@ 2004 J. A. Budagov, Y. A. Kulchilsky1>*, 
J. Manjavidze, N. A. Russakovich, A. N. Sissakian 

Joint Institute for Nuclear f?esearch, Du/ma, R.u.s~·ia 
Received May 21, :1003 

We preseni ihe results of ihe study of the energy correlators Ki(n), K3 (n) and their ratio R
3
(nj in 

dependence on the hadron multiplicity al the LHC. The PYTHIA generator has been used. The PYTHIA 
predicis that ll;i(n) is not dependent from multiplicily. The K:i(n), K3(T1) and R3(n) ratio can be studied at 
ATLAS. 

three particle correlators are defined as 

K2(n,.9) = (((e:1:n,s]-
- (E; n, s} )([c.2; n, s] - (c; n, s))}, 

K3(n,s) = {([c1;n,sJ-- (e;n,.,))([e:2;11,s]­
·- (c;n,s))([E3;n,s]- (e;r1,.,})), 

The investigation or the very high multiplicity 
(VH,\'\)events is a very important task iorhigh energy 
physics [ I]. The purpose of this study is to calculate 
the energy correlators K2(n, s), K3(n, s) and lhe ratio 
R:,(n, s) = 1I<:1(n, s)l213 /IK2(n, s)I as a function of 
hadron multiplicity at ATLAS [2]. The theory predicts 
that the U3(n, s) ratio has tendency to equilibrium for 
the VHM events fl 1- where e; is energy or i-particle and (e; n, s) Is the 

_ mean eneri:.'Y-
We will ~all the very _h_igh mullipH~ity ~vents the The PYTHIA has been used for this invesliga-

ones for which the condition n(s) ::?> ~t(.9) is rullille<~ !ion (SJ. For the simulation of the trigger events the 
where n is the number of hadrons m an ev~nt .• n hard processes have been used : q;q

1 
--➔ q;q;, q;ij; .-, 

is the mean multiplicity or hadrons, a'.1d .vs _is the ..... 'IJQJ, q,{j; -+ 99. q,g -+ q;g, gg -+ q;ij;, 99 -, gg, 
c.rn.s. energy. Figure I shows the d1stnbut1on of where q are quarks and g are gluons. The main 
(n)P(n), where P(n) ,.~ <Tn/<T101, as a function of the background for th,! VHM ev<!n!s at lhe LHC will be 
secondary particle!'- multiplicity represented in the the soft processes. Then.~ will he <::::23 1'1>-interaction 
units or the mean multiplicity. The points are the in the 2f> ns of one interaction of bunches at the 
results oi ihe E735 (FNAL) experiment at 1.8 TeV full LI-IC luminosity (ln34 cm-2 s- 1 ). The lime of 
with {n) "'·" -1-1 [3). The A region corresponds to the the data collectio~• will l~e 125 ns, for example f'.,r· 
multiperipheral kinematics where n ~ Ti-(s). The B the el~ctror11agnet1c calo_nmeter. Therefore. there ':"•II 
region is the them1odynamical region correspond- be wntten.?l?out I !,5 ~ort background _events, ~Inch 
ing to the approximation ,oi the noninteracting gas are called _pile-up , smmllaneously with the tngger 
where n-+ nmax(s). The maximum possible number e~ent. ~he mel~!'-lic processes have been used for the 
of hadrons is equal to nma,(s) ,.,,, .Js/m,,, where m.- is simulatmn of pile-up events. 
the pion mass. The C region corresponds to the VHM Figure 2 (lefi) shows the results of calcul~tio~~ 
events. The cross section of such a process is signif- or the average energy and the correlators ✓K2(n), 
icantly smaller lhan 10-

7
,.rto1 at 2 TeV. The lh~rrno- ijk3 (n) in the (h!V scale as a function of the hadrons 

dfnamical descripti~n of tl!e final state events 111 the multiplicity at 14 TeV. The values of ,JR;[n" have 
high energy physics 1s possible at the fulfillment of the . r K ( ) A b tt K 7'. 

1 
K 

· . : • • · , - - f • • h signs o 2 11 . • ,.5 ean e seen 1e 2\n am 3 n) condition 01 Bogolyubov s pnnc1ple o va111sh111g I e -t d 
I 

t ~(lO Tt d d • t.t 
• ~11 • _ en o zero a n,. - ,> . 1e epen ence or 1e 

correlal_ors [4]: R1_(n, s) = IR1(n, s)[ _-_ /Jli:2(n, ·•)! :< R3(n) ratio ou nh is given in Fig. 2 (right). Tl1t• 
<,;: 1. wnere l = .!, 4, • - •• K1 n, 8 ) 

15 the __ ~;.E!.~ PYTHIA prf'dicti,ms are given iorthe A region shown 
energy correlator for the.1.1- ,art,· e.~: ... two and in Fig. I. Ti1<' avernge vall!(, or !.he R:

1
(n) rntin does 

not depend on the hadron multiplicity and (!quals 
lo 1.23. There is no tendency to equilibrium in !his 
region. Thi!- can ht• undcrsiood as the PYTHJA is 
hased on the rnuliip;,ripheral modcJ [I). 

!l,Jc,ini Jnstitule for Nudear Rt:st.'arch~ Duhnn. Uussia and 
lnst1!ui~• oi Phy~.~i1.~S, Na!iona! Academy 1,f Scit>nc,~!-;. ,\'\insk. 
Bl:l<1ru~ 

• E-mail· lour1. Koul tchitskitecern. ch 
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For case when 5 1=0: 

D') = _!5') 
.... ') ,., .. 

D 
1 ,-, 

3 = 3.)3 

D 1 ·, 1 ,·,·) 
4 = -~S4 + -:::-/::>::; 

4 () -

D 
1_, 1..,0 

5 = -Sr.1 - -::;.52S3 
5 b 

D 
1 .. 1 

5
., .., 1 ... 2 1 

5
,3 

6 = --56 + -... .,.S2 + -.~ S3 - -
4 

•- ·2 
6 '") ,. l>-i / 8 .... 

0 ~ L 

D 1 0 1 <' . 1 1 -. ~, 1 Cl -,? ., = -;J'"' - -.-,JsS.., - -S, S-3 + -,.:>3S.-2 1 i I 10 ' ,_ 12 .,. • 24 = 

L 1 .. 1 ... '°' 1 c.: ., 1 .,2 1 e u 1 .. 2 S' 1 .,4 J.,, = - -. ,)., + -/::i"'•''J + -,_,,.,)S3 + -S, - -,::,4. ;:)•J - -S3 ._ ') + --S2 ·- ;,) . ., 1 ') V ... 1· r-· . ·3•) .,. '"'J') .. ')G . - '3° J 
{.) ,,;.,f <!_} 4- ~ ,J_ ,) t- ()-l 

(2) 
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Dens it.\· function - f (.c) 

Central u101nents -

1 = j f (.r)d.r 

,I'= J Ci'· f(.D)d.i: 

i = 1~ Li 
;r == i L ,'!\T .l".; 

..... , ,, 

µ-L = j (.i: - ;D)L • f(,c)d,c 

LC't's be /\-L-correlators
1 

through DL: 

1 
µL == JV L (.ri - £)L 

-- correlator power L~ \vherc 

tcrn1 11111nl><T in D L · 

l'L ii is central n101nents 

- 1 
l(L == D L == CL DL 

-·"IV 

('L ,\!I ''.\' == . . - L ! ( ~v -L-) ! ,....,. J.\T L 

1 
/lL == iVSL 



.A.syn1ptotic for /(" L 

L· = 2n+ 1 

L= 2n 
\.,J 

t 

) n-1 91 n-1 . JL-
• '3·. IL..-, - ·3 L •) l_ ,- .:. 

K2n+l ~ J\,211+1 ~ -
1
\-Tr1_+_l_ 

S-;.n 
2 

K2n ~ 
1
V2n 

l\/" /12 
2 rv --

\
.,. 

• i 
.i. 

.. µ3 
J( '3 rv \· T•) 

fl _L.; 
i .. 

•) 
J.,; 

.. P2 I ( 4i r,..,,,· \ 7 ,!) 

I ! Li .. 

µn 
'?. ,.,,; .~·--

J\Tn 



vJ 
.i::,.. 
vJ 

Asy1nptotic for ratio: 

L; = 2n +1 

L .. =2n 

f = IKL/i 
L /K2I ' 

1 
f2n+l r-...,• 1 

J'l 211+1 

f 2n rv con.st 
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"Correlators" and "Moments", 
· Stadnik A.V., Chernov N.I.,Shimanskiy · 
Communication of the JINR, Pll-2003-143 

• Shimanskiy S.S. 

Seminar VBLHE, October, 27 2004 

Seminar VBLHE-LPP, March, 11, 2005 

• REDUCE programs by Grozin A.G. 
(BINP ,Novosibirsk) 

Thank you~ 
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"Polarization studies as additional tool to search 
and study of the quark-gluon plasma" 

S.S. Shimanskiy (VBLHE, JINR) 

QGP'2000 at CERN 

A common assessment of the collected data leads 
us to conclude that we now have compelling 
evidence that a new state of matter has indeed 
been created, at energy densities which had never 
been reached over appreciable volumes in 
laboratory experiments before and which exceed 
by more than a factor 20 that of normal nuclear 
matter. The new state of matter found in heavy 
ion collisions at the SPS features many of the 
characteristics of the theoretically predicted 
quark-gluon plasma. 



w 
.+>, 
00 

• 

QGP'2003 at BNL 

TJH RHIC PAC 9/29-30, 2003 TJH RHIC PAC 9/29-30, 2003 
Conclusions About Matter at RHIC: 

The data on high pt suppression and correlations support the 
conclusion that we have produced a medium that: 

• - is dense; (pQCD theory ~many times cold nuclear matter density) 
• - is dissipative( very strongly interacting) 

We need to show that: 
• - dissipation and collective behavior occur at the partonic stage 
• - the system is deconfined and thermalized 
• - a transition occurs: can we turn the effects off? 

We need: 
• - extended AuAu run needed to address several important probes 

that need large data sets ( e.g., pl-dependence of suppression; J/1.µ, Y, 
open charm, heavy baryon / meson flow); also, species and energy 
scans to map the evolution of key observables 

• - more guidance from theory (!) particularly on what to expect from 
hadronic scenarios 
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QGP + SPIN 

How we can use SPIN to find 
thermalization? 

the system in the plasma rest 
frame there is no 
preferred direction, 
no polarization 

• 
IS 
thermal ized 
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Paul Hoyer, Physics Letters B,v.187 (1987)162 
Particle polarization as a signal of plasma formation 

"Heavy ion collisions leading to the 
formation of quark-gluon plasma are 
characterized by an isotropic distribution of 
the parton momenta in the plasma rest 
frame. We discuss the restrictions that this 
isotropy imposees on .the polarizations of 
plasma-produced virtual photons, 
hyperons and hadronic resonances. " 
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(October 5, 2001) 

A transverse polarization measurement at mid-rapidity from 

Au+Au collisions at ~ = 130 GeV 

l\1Iaria. Castro and Rene Bellwied (vVayne State University) 

Abstract 

\Ve report first results on transverse polarization of A hyperons at 1nid-rapidity in Au+ Au colli­

sions at ~ = 130 Ge V using the STAR TPC at RHIC. Our 1neasurements of the A polarization, 

P, measured over the full kineniatic range of lxtl < 0.03 and Pt < 5 GeV /c is consistent with zero 

within 2a. The A san1ple has also been binned in Pt· Again, the polarization rneasurement in ea.ch 

bin shows no significant deviation frmn zero. 
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N 

Pt (GeV /c) 

0-5 

0-0.5 

0.5-1 

1-1.5 

1.5-2 

2-5 

TABLE II: Polarization for each JJt range and rapidity range 

P( ·0.5<y<0.5) v/)dof P(y>0) x2/dof P(y<0) y2Jdof 

-0.0165 ± 0.0154 23.9:l/18 0.()274 ± 0.0219 26.1/18 -0.0575 ± 0.0216 17.23/18 

-0.126 ± 0.147 8.(HS/8 -0.14:3 + 0.205 ;2.911/8 -0.0843 ± 0.222 8.:169 /8 

-0.0573 ± 0.0286 :J.802/8 -0.0225 ± 0.0262 5.12fi/8 -0.0941 ± 0.0402 4.688/8 

-0.001:37 ± 0.0249 12.1:J/18 0.0231 ± 0.0356 13.01/18 -0.0252 ± 0.0349 14.9/18 

0.0203 ± 0.0337 25.7 /18 0.0806 ± 0.0472 15.06/18 -0.0339 ± 0.0482 25.85/18 

-0.0106 ± 0.0450 20.65/18 0.0956 ± 0.0633 14/18 -0.0286 ± 0.0644 18.46/18 

TABLE III: Polarization for each Pt range 

JJt (GeV /c) P(y>0)-P{us-O) 
•' -

0-5 0.042:3:::: 0.0154 

0-0.5 -0.029:3..:.. 0.1511 

0.5~1 0.0358 :::: 0.0240 

1-1.5 0.0242 ~ 0.0249 

1.5-2 ().057:J:::::. 0.0:137 

2-5 0.0621 ..:... 0.0452 
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Dileptons as an unique probes for QGP 

t; • Haven't strong interaction. 

• Come out from all evolution 
stages. 
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CERES/NA45 data 
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' i ~I 1 / ? \ \ 
t L_u_ __ l__L __ L_J.~ _ _1__ L l \ . 
0.2 0.4 0.6 OS 1.2 L4 1.6 

ll\,e (GeV/c~) 

(#of pairs) with m > 0.2 GeV /c2: 2670±260 

combined signal/background: 1/12 

Electron-Pair Spectrum at 40 A Ge V /c 

10-4 =-------------~ 
N 

u 
> 
'3) -~ 
:E 10 
g ... 
I\ 

zfi, 10-6 
V 

A., 
E" 
:!::., 10·1 

z" 
-0 
V 

10·S 

CERES/NA45 Pb-Au 40 AGeV 

r-Ja
0
.,;, 30% 

<dN.Jd11>•210 

2.1<1)<2.65 
4' P,>200 MeV/c -f--+r+ 0 .. >35 mr:id 

~f 

.;, 10 ff l tl,f \ (/1 ~ I .s \ f ·, '\ 'I 
0 0.2 0.4 0.6 0.8 1.2 

me~ (GeV/c2
) 

~- IJ,,miJnovi, 

mass range # of pairs 
Tnec < 0.2 GeV/c2 . 249±28 

S/B 
1/1 
1/6 

syst. err. 
16% ... 

mec > 0.2GeV/c2 185±48 26% 

• particle ratios from thermal model fit lo PbPb data 

• rapidity and p1 distributions from PbPb systematics 

• folded ,vith experimental mass resolution 4.2'1{, (w) 

h1hanet'llH'nt for 1n..,,, > 0.2 Ge V /cz C()mp.ircd to coddail: 
5.1±1.3{~lal)±1.0{sysl) 
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Dileptons Anisotropies. How we can 
resolve sub processes using its? 

' . ,/ 
,nw..u, ... .,.~-) .~r-:--~---;.;,;.-._nh•}f~"' 

TiH· ~irnpk· PX:rn1pl<•s. 

F<H' 
q(".t -- .cc+ e l , . 

wilJ b<· tht" fr»Hnwiug nnc,;11far <li:,;nilmtion 

dff 
deosB .. ,, 1 + B · <."X>s

2
0. 

htn fin 
T, + :r- -· t:+ e-

wilJ IH• 
I 

0.0' , ~ .• . l -- B .,. . 
l..11.'t..>.'d) • (.'t.)S-8. 

·o <> 

2.2 f""•-- a, 1.c 
Z.O - - - a• 0.8 

1,8 r-

l' 

' 

r.G 
l I 

/ 
I z11 

'O 1.4 /1/ 
L2 . 
1.0 

o.a 
0 

t ✓, 

~] 
~J l I I 

0.2 04 o ' .G 0.0 1.0 

leoie; JI 

* Fig. 2. Distrihution of ease 
for 11-N ... u +,1-x It l 200 GcV / C 

with 4 < :'f < 6 G(!V and Pr < 1 
Gt.!V/i:.. Tll!! twu cmvus corre­
spond t:o fornula (4) description 
of the <latn. 

Inlegrnt ion over t.dtlwr potur or aztmuthnl nngh? glvcs: 

w ce*> 2 * ~ l -1- (l(:t)ff Q 1 

W2(t) ~ l + Bcoo2~· 

wtn:rc both a and i3 may vary betwuen -1 and +l. 
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NN-reactions 

TRANSPARENCES 
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e+e- anisotropy (theory) 

E.L. Bratkovskaya, 0. V. Teryaev, V.D. Toneev tromJtNR 

Phys. Lett. B 348 (1995) 283. 

E.L. Bratkovskaya, 0. V. Teryaev, V.D. Toneev + 

w Gassing, U. Mosel, M. Schafer from Giessen 

Phys. Lett. B 348 (1995) 325. 

W Gassing, E.L. Bratkovskaya 

Physics Reporls 308 (1999) 65-233. 

cf"_p·:7 ~we.~ 6""".JINR 
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GSI and more energies 

A --;;; 
:ti' 
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l ....• , ·•·--'--'--"""""--l'---------: 
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'I ' 
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2.0 GeV/A 

n.ir , 
···• •• A , ""-.. ~--..___ i 

·r ··... • ~=- r.••· l . t•• ·- .......... ,c._ .. ___ '.'. ... _ .... -·----· ().0 ;_ ... ·•· .... ,. .. ,~-~- . .. 

·---· o'<i·-. ·- o~~ LO ().2 0.4 · 1 

:\l (Gt!V) 

Fig. I. The weigh led anisotropy c..:tethcients < B.t,\11";, for p + & 
cvllisions at the bombardinc: enen:rr .:if 2.1 CeV .:tnd Ca + Ca com. 
sion,; ,ti the b ... ,mlxirding cn;n.:\ \,Y~.o G,:V ·A. The .. ,.- lknotcs the 
C•Jntlibuth,n ,)f th<? 1;-chunn,:L~tlh: -_:1 ~ ktl'd:: th,: c0nt1'.ibutk•n c•rthi: 
~ DaHtz di.~Ca}. "pJl" the prot,,11-11cutrvn t,rcm:.strnhhlllf!. and 
"::- ·::-·"th,: pion annihilation channd. Th1.• -:;.,,Jid curvcs 1_J,motcd by 
"a.'!~, sh,."w the sum •:-I all s,;,un::cs 

Bratkovskaya E.L. et al., Z. Phys. C 75, 119.126 (1997) 
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J 
fl.ft' 

tJ.4 

0.2 

o.ok." 
" . :t :t. 

p+He 

10 GcV 

/\ .0.2: , - .. . 
,:. 
-♦:" .. = V 

0.6~ 

o.➔~ \.._ 

ri\ 
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l 
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-0.2 '--.l.----.L...-----...1--... -------~---___..~ 
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"l ( G<!V) 

n11 .. \ Thi: -.vci_~ht,1d r111isotn"PY codficicnts t B,~.'1 for p + Be ond 
centrnl Au+ Au o.:.>llish.ms .:it lO GeV/A. The JH'>lation is the same as 
in Fi.g. 2 
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FIG. 6. 'Thonnal fit\:hall cak11ln.Jions [:w) c01npan:d t,:, NA51J data [3}. Uppi?f nnd J,Jwer t,otnl yi,2tlds corre­
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w 
O'I -

The ST AR Barrel TOF 
MRPC Prototype 

MRPC design developed at 
CERN, built in China 

_·I 

, .. f,,.:, : .. ;-ii. - • ~ .l l 

1·1 

) I II Ill).-,::.:.·: 
~~~~~~~-:--'111. '11 
~ _,,.,.-~:--t1,:--. 

- ··•I'' 'I.I f-JJ::=;;;:;;;;;;;;;;;;;;;;;"'"""""" __ _,,_-=-_-rfi 
t,1,1-•1-'1-'1-'1-'1-' . I ■ 

,..\..,..1 . .t·v·1-n_l",,_,,_,,_,,_.c.....c....=-.c.....c.....c.....>:......c:......c:......1:.....1:.....1:......i::.....i::......1::.....1:.....1:....jl _ 

•Ii -'II •. , .. ·,:-"., ... 

,. ~·1! • ' ,·• □--
.,.,,,•···,I· 

, 

r··-- ----
EMC· 
Rails , 

··;':"j··-- ~ry· --~-~-,-
, :-a .~u21;: ~ c:td1-1l ',_.,___~il=r~-'-'-to_t_y_p_e_T-ra--=y 
-, -~~ l j ff::"~-~~~' ~ 'r. . C . 
\..- mt:11mn _-: Jl·tit~~•f"'~~,;! , onstruct1on 

·-, ... 
1 

__ t Rice Univ · 
- •li--'.' ~':?-. ·_.~:~. :· ·•tJ-<~>-·.-·,:~e,, 
wtl_ ... ...;~': , ~-~--- ~-/i?h-f ·: · -.~ . ~·-:!~ ~"',. ~ 28 MRPC • 

~'.\·:' ,}, -:· ;.:..,-:-:, ~- - ~ . 
:~\/t.~/-:-:-.:-/i/~-\~" . •~;~!flJlJJ1 Detectors; · 

~/ :.::::·;: :, .:,J• .:\;.~.~;.,,; ~ ~ '"~z;;.; ... , 
~-· ·(t>,·i~-.~ .. ~-.:::~~, -~s;"'-7 24 made at 

"\.., to . . - ,. • . • • • - .~.....__--:::;. I ~"-.:;J, ·.,_-..... , .. ·•. ~ ..... 4• __ • ....,. ~~ ... • • ■---

. ._"';·, ~~-•.· =~-:·~}:~\~·: .. ~ . .{~~~~. 
:\ ~· "'rtr-•.•· .. ,:'t': , ........ 

)*~ -~i~i.~~i/{\~}<}1 -
·,.,·. ~', ~ -.,. \.,... . ··'--"'--'.; ,. - "I. - ...... ~:J!!r ..... 

~: :_..\-~~, .... ~ 

\\,,,\· ,,r,,!~~~i'.v~~,,~ .~_._.··•_·_ i ~;~~~;; 
1 

\ ~ ··•~~ ...... \ . .., ·-.,_l 
. ' .• "\' .. ·. ·, 't \11 .. . •• .. " 'a ,-.... '',,,,... ' \; 

: 'f /:,..,•'::::;., .;, ... '\. 
• ,~ ·_·t. ~ •:•" \ 

· t\"' •""' ,, ''\-<,. 
' .... "\,·,I( ..... -,. ._,, ... '·\ ... ,~ 

·-- f'\ .. ~ -, ·, ~j.~ . l;l-~. ••; 
..... I.,•. 

~.~~i;p._:·· a ,..., 70 ps, 2 meter path 

Strong team including 6 
Chinese Institutions in place 

: Completed Prototype 28 module MRPC 

1 TOF Tray installed in STAR Oct. ' 02 in 
: place of existing central trigger barr~I tra~-



w 
°' N 

- •v c _ •.c• ·•-•---- ----•-----

Examples of Benefit of TOF 

Open Charm and Resonances in central Au-Au collisions 

PT 
(GeV/c) 

oo All 

oo 2-4 
oo 4-6 
oo >6 

K*o 0-1 
K*o 1-2 
K*o 2-3 
K*o 3-5 

¢ (1020) 0-2 

¢ (1020) 2-5 
A (1520) 0-1.6 

FOM 
' 

4.6 

2.6 

2.0 

1.0 

2.0 

1.85 

1.74 

1.39 

5.0 

3.4 I 
11.4 

FOM {figure of merit) = reduction 
in required data set by using TOF 
PID 

TOF PID also reduces systematic 
errors from correlated back­
ground (Jue to misidentified 
particles 

Certain measurements are impossible 
without TOF - unlike particle 
correlations {8-n), scale dependent 
correlation studies {velocity vs 
momentum correlations), exotic 
searches ... 
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TOF + TPC electron Tag 

• Works well at low energy -
I 

complements calorimeter 

• Gives access to vector meson 
{p,co,<l>,J/q,) e+e- decays 

• Thermal dileptons 

• Single electron spectrum 

• D meson yield, flow 
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J/lf' polarization loffe B.L., hep-ph/0310343 
Dubna, SPIN 2003 

Let is nov;,- d,,:,;nJl u1:ion tlH· J/,;) 1:iro1:luction iu hc:av ... .,,- icn1 collisions. Let us assun1c . ' . 

that .rtt sufficivntly high c~ollisiou energy the quark-gJuon pL:k"Sllla is fonned. [}ue to the 
.Jrg:u1ncnts presented abcrv-.::-, the fonnc,.tion of quarkonia ,vill thus take place in the plasn1a 
(this ~\\ill of course: result in the 511pprcssion of the fonnation probability [14]). The 
non-pcrturbativc effects should thus be absent ( or srnall); and ,Ye are left only ,vith 
the'. pc:rturbath-e n1echanis1n. Then~ according to the third roi.v of Table 1, about one 
haJf of J,h;/s ,,rill be J)roduced directly and another one half via ,. •') -+ J/ 1-::· + .... ,-, (The 

!' - ·\.-iJ i . I \ 

.:tpproxin1ate cqualit~.,· of those contributions steins fron1 th1~ fa.ct that the~ extra po,vcr of a·8 

in the: direct prod uct.ic,n cross sc:ction is con1pensated by a. relath?ely srnall branching ratio 
l ) - rr~ - l J r d . ,;,: - h · 1 · t h ffi . a :iou t :..U /t1 -· of t ie Y2 -+ , / ('+/} _ ecay.) \"1/e t us expect t 1a .. t e asy1n1netry coc crnnt 

of the electron (rnuon) ang:ular distribution in the J/1/,,. _;. e·1c:-(tl·l·fl-) d1::!ca:v in the case 
of quark-gluon plasn1a fonnation ,vill increase fru1n zero to about (at Pt = O'i ct ::::: 0.6. 

. . ! 

The account cf thf' initial tran:s,:cr:sc n1on1e11ttu11 distribution of gluons as discust:3cd above 

n·d l1cc:s a.s:r1111nctr:,· coefficient to 

•·· · .-._, o ·3 i::: • n :i ct _ •-. ;J --.- ... , '-¼. (-) ' { .. 

C~rn1clusiou. In case of quttrk-gl uon plasn1a. fr,nnation in heavy ion collisions, one 
111:.:1y expect m1 es~.:..·nti.:Jl increa:,:· of J /J' polariz:uion in cornp.1ri:,.;.011 ,vith that in hadronic 
collisions. Therefore:. the n1ca.surc·1nc:nt of clcctrun ( 1nuon) angular as:tn1n1ctr:v of J/ ,t, -+ 

, · 1 c·-( /l+p.-) d1·c:.1:,· is an cffc·ctirr.' tool of detection cl quark-g:luun plasnu1 fr,nnaticm in 
hi::avy· ion colfo:>ion:-:.. 
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Whatwill be interesting for 
* investigations ? 

(Will need to compare pp and 
AA data, energy and impact 

parameter dependences) 

~~ ·•-uut ~ 
,· ' ·-· ·:,U.:,• . i.._.5:c·JINR . 
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CORRELATOR ANALYSIS OF MULTIPARTICLE 
EVENTS 

P. Filip, R. Lednicky, M. Pachr and N. Amelin 

JINR, Dubna 

April 16, 2005 
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Particle prod11ction probability 

By definition the probability to produce system of identical 

n-particles in given phase-space cells 

Pn( y's) ~ j IMnl 2 dWn. (1) 

In Eq. (1) IMn(P1,P2, ···,Pn)l2 is squared matrix elements and dWn is 

Lorentz invariant relativistic phase-space factor. 

The Lorentz invariant relativistic phase-space· factor is defined as 

n d3 n 

IT Pi 4 ~ 
dWn = \=l (2wi) }<5 (~p; - Po), (2) 

where Po == (Po, En) and Pn == (Pn, wn) are initial 4-momentum and 

outgoing· particle 4-momenta,respectively. 
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l tion 

Removing c5-functions from ( L) by the Laplace transform we can 

introduce a function Pn (/3) of the complex variable /3 . 

Note! The function Pn (/3) plays the role of partition function for 

canonical ensemble of particles, when the total energy fluctuates and 

there are no correlations among particles due to the en~rgy 

conservation. 

Then probability Pn ( VS) may be obtained through the inverse 

Laplace transform 

1 l+ioo Pn(VS) ~ - df3eF(f3), 
21r -ioo 

where 

F((3) ~ ln( ef3vs Pn (/3)). 

(3) 

(4) 
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Motivation 

The integral (3) may be estimated by the saddle-point method, if 

saddle point f3m, where function F(/3) has maximum at Imf3m and 

F(/3) has minimum at Ref3m, exists. The value f3m can be found 

solving the equation 

dF(/3) == O. 
d/3 

One may expand F(/3) near f3m: 

1 M 2 l M 3 
F(/3) ==A+ 2 K2 (/3 - f3m) + 6 K3 (/3 - f3m) + ... , 

where linear term over /3 dissapears due to the condition (6) and 

KM _ d2 F(f3m) _ d2 ln p(f3m) 
2 - d2 /3 - d2 /3 

and 
KM _ d3 F(f3m) _ d3 lnp(f3m) 

3 - ·. d3 /3 - d3 /3 

(5) 

(6) 

(7) 

(8) 
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Motivation 

Thermalization 

If we will keep only two first terms in the equation (6) and Kf is 

positive then distribution eF(f3) over f3 has Gaussian form with 

maximum at I mf3m. 

J. Manjavidze and A. Sissakian ( Phys. Rep. 346 1, 2001) suggested 

to check validity of the Gaussian approximation of ( 6) experimentally 

by measuring of the ratio, which must be 

(Kf)2/3 
KM << l, 

2 

and its dependence from multiplicity of the produced particles. 

The validity of such approximation was referred by them as a 

thermalization of particle system. 

(9) 
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Motivation 

Canonical phase space example 

Let us consider the meaning of the expansion coefficients K f and 

K fl coefficients in more details, starting from the pure phase space 

consideration. 

If IMnl 2 == 1 then Pn(/3) can be considered as canonical distribution 

function of relativistic ideal gas with the temperature T == I/1/31. 
Let us write Pn (/3) explicitly 

Pn(/3) == J IT { d3
pi exp (-/Jwi) }. 

. (2w) 32wi 
i=l,n 

(10) 

For identical particles with mass m: 

I {oo 
Pn (/3) = (27r ) 2n (Jm dwJ w2 

- m 2 exp (-/Jw) )n. (11) 

We may also calculate k-th derivatives of the In Pn (/3) over /3 . For 
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Motivation 

example, let us define three first derivatives of ln Pn: 

and 

dlnpn(/3) 
d{3 

1 (1) 
Pn ((3) Pn ((3), (12) 

d
2 

ln Pn ((3) = -( 1 )2 (p~l) (/3) )2 + l p~2) ((3). (13) 
d2 {3 Pn ({3) Pn ({3) 

d3 lnpn(f3) = 2( 1 )3( Ul(/3))3-3( 1 )2pC2\f3)p(l)(f3)+ p~3\f3) 
d3 {3 Pn ({3) Pn Pn ({3) n n Pn (/3) 

(14) 

From the above formulae we may conclude that mean value of energy 
. 
IS 

M 
_ _ 1 dlnpn(/3) _ J;: dww✓w2 - m 2 exp (-{3w) 

1 -< w >- ------ - 00 • (15) 
· n d{3 fm dw✓w2 - m 2 exp (-{3w) 
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exa,rnple, let us define three first derivatives of ln Pn: 

dlnpn(P) = · 1 P!i1l (t1). 
Pn(l3) 

(12) 

d
2

lnpn(/J) = -( 1. )2(p~l)(/3))2 + ~/Jl!?>(.B). 
d2 f3 Pn (/3) Pn . 

(1:3) 

and 

d3111/Jn(J:3) = 2( 1 )3( (1)(8))3-3( 1 )2 (2)(t;) (l){f3)+ p~3l(f3) 
d:'3 /3 Pn (/3) fJ.n i· i Pn (.6) Pn J-.) Pn •" Pn ( ~) 

(14) 

Fro1n the above forn1tilae ,ve n1ay conclude that 111ea11 value of energy 

is 

1 cl ln /Jn CB) J•oc dww \/ w 2 - m2 exp ( -/Jw) 
1lf1 =< w >= - - ,· = 11

~~ , . r / • (15) 
n, - d.(J r dwJw2 - '1n,2 exJJ (-13w) 

Jni · 
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Motivation 

Similarly we obtain 

M2 ==< w2 > - < w >2== ~ d2 ln Pn (/3) 
n d2 f3 ' 

(16) 

where 

2 J;: dww2✓w2 - m 2 exp (-f3w) 
< w >== 00 ' fm dw✓w2 - m 2 exp (-f3w) 

(17) 

and 

M3 ==< w3 > -3 < w2 >< w > +2 < w >3== -~ d3 lnpn(f3) (18) 
. n _ d3 /3 ' 

where 

3 J;: dww3✓w2 - m 2 exp (-f3w) 
< w >== 00 • f m dw✓w2 - m 2 exp (-f3w) 

(1,9) 

Thus, the expansion coefficients Kt1 and Kr are central moments 

M 2 and M 3 that multiplied on n and --n, respectively. 
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{\llotivation 

Mean energy fluctuations 

From more general consideration one may understand that k - th 

expansion coefficients has the meaning of k - th power of the mean 

value fluctuation of particle energy. 

The sources of the fluctuations are single particle distributions that 

can be characterized by central moments and particle correlations 

(see, e.g. N.N.Bogolubov, Selected papers on statistical physics, 

Nauka, 1967, p. 13). 

1..~··· - . .•. ,::::::::. -.--- ·----·· __ c=._. :J 
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Motivation 

In the canonical phase space case the energy correlators are equal to 

zero and the expansion coefficients has the meaning of k - th energy 

central moments multiplied on n. 

If the moments of the single-particle distribution weakly vary with 

the number n, the fluctuations for high enough n are "mostly" 

provided by the correlations, i.e. the expansion coefficients have the 

meaning of the correlators that multiplied on the 

n(n - l) ... (n - k - l). 
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Motivation 

Talk overview 

• In this talk we consider integral characteristics of particle 

correlations, namely the correlators for a given particle 

observable (e.g., the particle energy E, transverse momentum Pt 

or rapidity y). 

• We investigate their properties, including the connection with the 

event-to-event fluctuations. 

• We suggest a fast procedure how to construct the correlators. 

• We demonstrate their ability to reflect underlying mechanisms in 

the case of several models. 
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' Correlator definition 

2 Correlator definition 
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' Correlator definition 

Probability distribution function 

Let us consider events of produced particles with fixed multiplicity n. 

The inclusive or exclusive production probability of v < n identical 

particles can be described by a probability distribution function 

(PDF) !Sn) (x1, ... , Xv) of a given observable x. !Sn) is a symmetric 

function normalized to unity. The PDF can be characterized by the 

mean value 

;y(n) = J xfin\x)dx, 

and - by the l-order moment-type quantities 

(20) 

C (n,x) _ j( . _ -(n)) ( . _ -(n) )f(n) ( )d . d 
i1, ... ,il - Xi1 X ... Xil X n X1, ... 'Xn XI ... Xn. 

(21) 
Due to the PDF symmetry, all the quantities c}~~~~il coincide for any 

permutation of indexes. 
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' Correlator definition 

Correlators and central moments 

For independent particle production, neglecting correlations due to 

quantum statistics and final state interaction, the multivariate PDF 

reduces to the product of the same one-particle distribution functions: 

f (n) ( ) _ f(n) ( ) f(n) ( ) v X1, ... , Xv - 1 X1 . . . 1 Xv . (22) 

Ob . 1 . h. c(n x) O .c · _j_ · _j_ · 
VIOUS Y, Ill t IS case i1 ,i2 , .. . iz == 1or i1 1 i2 ... 1 'lz · 

Th t ·t· c(n,x) f . _j_ • _j_ . h e quan I Ies ii,i
2

, ... ,iz or i 1 1 i2 ... 1 iz t us measure a 
correlation among produced particles and we will call them 

correlators. Since the correlators do not depend on the concrete set 

of the l mutually different indexes, we will use for them the simple 
notation Cz(n,x). 

N t th t f 1 · d · . . c(n,x) _ M(n,x) o e a or equa In exes i 1 == i2 == ... == iz, ,; ,; ,; == z 
t,1, t,2, · · · ,.,z 

represents the l-th central moment of the one-particle PDF. 
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' Correlator definition 

Correlators for fluctuating events 

In practice, the PDF can depend on all the event characteristics a, 

including the observed multiplicity, the particle composition or the 

selected range of the impact parameters. So one has to introduce the 

corresponding probabilities Pa· The equations for the mean value and 

correlators should be then generalized. 

Particularly, 

(X) = \ ;y(n)) = LPaX(a) (LPa = LPa j xf}"\x)dx/ LPa· 
a a a a 

(23) 

Using the identity 

Xk - \X) == (xk - X(a)) + (x(a) - (x) ), (24) 

one can rewrite the "global" correlator Cz(x) in terms of the 
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' Correlator definition 

a-dependent correlators 

C (a,x) _,j( ,-(a))) ( ,-(a)))f(a)( )d d z - X1 - X . . . Xz - X z X1, ... , Xz X1 . . . Xz 

(25) 
and the fluctuations of the observable mean x(a) at a given a around 

the "global" mean ( x) : 

l 

ctx) = LPa L G) cia,x\x(a) - (x) )l-,\ I LPa· 
a -\=0 a 
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' Correlator definition 

cix) = (~ G) ct•,x\x(a) - (x) )!-A) ' (26) 

h C (a,x) _ l c(a,x) _ O w ere O - , 1 - . 

As follows from this equation the absence of the correlation at any a 

(i.e. cta,x) == 0 for l > 1) does not lead to a vanishing global 

correlator. It is solely determined by the fluctuation of the 

a-dependent observable mean: Cz(x) == ((x(a) - (x))z). 
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1 Correlator definition 

Non-identical particles example 

For two types of particles, say those characterized by positive ( +) 
and negative ( - ) charge, one has to make the substitutions 

l -----+ l+, l_, x -----+ x+ and x_. Particularly, 

-(a) J f (a) ( )d X+ == X+ l,O X+ X+, -(a) j +(a) ( )d x_ == X-JO,l x_ x_, 

c(a,x) 
l+,l- == 

(27) 

j (x+1 - (x~"'l)) ... (x+,+ - (x~"'l) )(x_ 1 - (i"'l)) ... (x_,_ - (x<"'l) )· 

J/a~- (x+ 1 , ... , X+z ; x_ 1 , ... ·, X-z )dx+ 1 ... dx+z dx_ 1 ••• dx_z . +, + - + -
(28) 
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• Correlator definition 

We express the correlator C~x) ci~) of two charged particles in the 

events with n == n+ + n_ selected particles through the correlators 

c~~d c~xi, C6~l c~x2 and Ci~2 c~x2. Using the identity 

X == X± - (x± - x) X± - ~X±, (29) 

one can write 

c(x) == n++ [C(x) +~x 2]+ n __ [C(x) +~x-2]+ n+- [C(x) +~x ~x-] 
cc ++ + -- +- + ' nee . nee nee 

(30) 
where 

nee== n++ +n __ +n+- == n+(n+-l)/2+n_(n_ -l)/2+n+n- (31) 

is the number of charged pairs. 
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' Correlator definition 

Again even in the absence of correlations of particles of given 
charges i.e. c(x) == c(x) == c(x) == 0 the correlator c(x) can be ' ++ -- +- ' cc 

non-zero provided x+ -:/- x_. In particular, for n+ == n_ == n/2, 

_ n+ _ + n_ _ 1 (- + _ ) x == -x+ -x_ == - x+ x_ , 
n n 2 

1 
~x+ == -~x- == -(x+ - x_) 

2 
(32) 

and, in the absence of correlations, 

c(x) == - (x+ - x_)2 < 0 
cc 4(n - 1) - · (33) 
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Correlator estimates 

3 Correlator estimates 



w 
\Q 
0 

~.,~ " - --~-----~.,-~ -- -~-----

Correlator estimates 

Correlator estimates from the events with fixed 
multiplicity 

In the case of nevt experimental events with a fixed multiplicity n, 

the mean value of the observable x can be estimated as 

l nevt 

(x) == - L x(i), (34) 
nevt i=l 

where x(i) is the estimate of the observable mean in the i-th event: 

n 
-(i) _ ~ L (i) X - X- . . n J 

(35) 
j=l 
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Correlator estimates 

Similarly, the correlator cix) can be estimated as 

ctx) = 1 . r c?,x)' 
nevt i=l 

(36) 

where Cz(i,x) is the estimate of the correlator in the i-th event: 

C (i,x) == 2_ L( ~i) _ (-)) ( ~i) _ (-))· 
l xi X . . . xi X ' nz i l 

(37) 

the sum in Eq. (37) runs over the nz [-particle sets chosen from all n 

particles in the event. One can sum either over 

nz == (7) == n(n - l) ... (n - l + l)/n of the sorted sets 

i 1 < i2 < ... < iz or over nz == n(n - l) ... (n - l + l) of the unsorted 

sets i 1 -/ i 2 -/ ... -f- iz. In the latter case, each of the unsorted sets 

gives rise to the l! of identical terms in the sum. 
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Correlator estimates 

Correlator estimates from the events with 
fluctuating multiplicity 

In the case of a mixture of events with different multiplicities n ( i), 

one can estimate the observable mean and the correlators in a similar 

way as in the two-step averaging procedure considered before. 

One should only make the substitutions n -+ n ( i), nz -+ nj i) in 

Eqs. (35), 037) and take into account that the single-event averages 

enter into Eqs. (:34) and (36) multiplied by the weights proportional 

to n (i) and n?), respectively: 

nevt . l nevt . . 

(:r) ( ;r(i)) = N L n<•);r(i)' N==Ln(i), 

i.=1 

c(x) == / cCi,x)) == _2-_ ~ (i)c(i,x) 
z - \ z N ~ nz z , 

l l i=l 

i=l 

nevt 

Nz == ~ n(i) L..,, l . 
i=l 

(38) 

(39) 
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Correlator estimates 

The same result can be obtained by averaging simply over all N 

collected particles or all Nz [-particle sets (formed from particles 

within the same event only): 

l N 

(x) = N Lxj, 
j=l 

1 . 
ctx) == - "°'(Xi1 - (x)) · · · (Xil - (x) ), 

· Nz~ 

where the sum in Eq. ( 41) runs over all Nz sets. 

(40) 

(41) 
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Correlator estimates 

Correlator estimates for non-identical particles 

The generalization of Eqs. (~34)-(41) to two or more particle species is 

straightforward. For example, for two types of particles characterized 

by positive and negative charge, one has to make substitutions 
C) C) l -+ l+, l_, n -+ n+, n_, nz -+ nz+, nz_, Nz -+ :z=i nz: nz~ and 

x -+ x+, x_. Particularly, 

C (i,x) _ (-(i) _ ( ))(-(i) _ ( )) 
1,1 - X+ X+ X_ X_ , 

c(i,x) == c(i,x+) c(i,x_). ( 42) 
l+ ,l- l+ l_ 
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Correlator estimate errors 

We can split all the events into n 9 subgroups, each with about the 

same number of events, and estimate the correlator c(m) in the m-th 

subgroup using the global estimate of the mean value (x). The global 

estimate of the correlator is then given by the mean of the group 

values: 
ng 

C = __!__ L c(m). 
n 

g m=l 

(43) 
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Correlator estimates 

The dispersion of the group values is 

ng 

D= n ~1 I:(c(m) _c)2, 
g m=l 

(44) 

where the sum of the deviations squared is divided by n 9 - l since 

one degree of freedom is used for the global estimate of the correlator 

according to Eq. ( 4~3) . 

Neglecting a small correlation of the group correlators due to the use 

of the global estimate of (x), one can calculate the error in the global 

correlator estimate as 

a-(C) = (D/ng)l/2 = . 1 t (c(m) - C)2 
( 

n ) 1/2 

n9 (n9 - l) m=l 
(45) 

------~- -------------------------~------1 
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Correlators and fluctuations 

4 Correlators and fluctuations 

l 
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Correlators and fluctuations 

Relation of correlators and fluctuations 

To relate the correlator Cz(x) with the event-to-event fluctuation of 

the observable single-event mean x(i), one can again use the identity 

xii) - (x) = (xii) - x(i)) + (x(i) - (x) ), 

and write the estimate of the single-event correlator in the form 

l 

c?'x) = ~ G) c~i,x) (x(i) ~ (x) )l->-, 

where c~i,:i;) = 1, c~i,x) = 0 and c?'x) for l > 2 is defined as 

. (i,x) __ 1 "( ·ci) _ -(i)) ( (i) _ -(i)) 
Cz - ( i) ~ xi1 x . . . xiz x . 

nz . 

(46) 

(47) 

(48) 
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Correlators and fluctuations 

The estimate of the correlator can then be written in the form 

cix) = / t G) c~'x\x(il _ (x) )l-A) , 
\;\=0 l 

(49) 

where the l-dependent averaging is defined in Eq. (39). Introducing 

the notation for the event-to-event fluctuation of the observable 

single-event mean ;1;(i) 

L'.lx(i) == x(i) - (x) 

and omitting the event indexes, Eq. ( 49) particularly yields: 

C (x) _ ( (x) + A -2) 
2 - C2 Ll.X 2, 

C (x) _ ( (x) + 3 (x) A - + A -3) 
3 - C3 C2 Ll.X Ll.X 3 ' 

C (x) _ ( (x) + 4 (x) A - + 6 .(x) A -2 + A -4) 
4 - c4 c3 Ll.X c2 Ll.X Ll.X 4. 

(50) 

(51) 

(52) 

(53) 
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Correlators and fluctuations 

Non-identical particles example 

For two different particle species + and - , The Eqs. 

C (i,x) _ (-(i) _ ( ))(-(i) _ ( )) 
1 ,1 - x+ x+ x_ x_ , c(i,x) == c(i,x+)c(i,x_)_ (54) 

l+,l- l+ l_ 

and 

ctl = l•t G) ct,x\x(i) - (x) )z->-) 
\A=O l 

(55) 

yield, e.g.: 

C ( x) _ C (x) _ ( A - A - ) c· ( x) _ C ( x) _ ( ( ( x +) A - 2) A - ) 
1,1 == +- - LlX+LlX_ 1,1, . 2,1 == ++- - C2 +LlX+ L..l.X_ 2,1 · 

(56) 
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Correlators and fluctuations 

Meaning of the quantities c}x) 

We can prove that these quantities can be expressed through the 

estimates of the moments of the single-particle x-distribution in a 

given event: 

Particularly, 

l n 
m~x) === - L(xj - x).-\. 

n. 
J=l 

(x) 
(x) m2 

C2 === - n - l' 

(x) 2m~x) 
C === -----

3 (n - l)(n - 2)' 

c1x) === 
3n ( m~x)r- 6mix) 

(n-l)(n-2)(n-3)' 

(57) 

(58) 

(59) 

(60) 
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Correlators and fluctuations 

One can conclude from the above consideration: 

1. The quantities c~x) are determined by the shape of the 

single-particle x-distribution and the number of the detected ( n) 
or selected ( n ~ v < n) particles in a given event. Therefore, 

they are sensitive only to a part of the correlation related to this 

shape; an example is the correlation due to energy-momentum 

conservation (see the 4-th item). The remaining part is contained 

in the event-to-event fluctuations of the observable mean in 

accordance with Eqs. (49)-(56). 

2. The magnitude of the quantities c~v,x) decreases with the 

increasing number v of selected particles. This decrease should 

be compensated by the v-dependence of the fluctuations to 

guarantee the v-independence of the correlators. Particularly, 

(~x2 )~v) == (m~x)) 2 /(v - 1) for uncorrelated production 
( Cz(x) == of . . 
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Correlators and fluctuations 

3. Assuming the moments mjx) of the single-particle distribution 

weakly varying with the number n of observed particles, the 

correlators for high enough n may dominate by the 

event-to-event fluctuations, i.e. Cz( x) --+ ( El.xz) z. 

4. For a conserved additive observable x (e.g., particle energy), 

considering particles of any kind and assuming that all ntot 

particles are observed (n == ntot), the mean x does not fluctuate 

so Cz(x) == ( Cjx)) l. Particularly, c~x) == -( m~x)) 2 / ( ntot - 1) and 

c1x) == 2(m~x))3/[(ntot - l)(ntot - 2)] for the events with about 

the same numbers of produced particles. 

5. The use of Eqs. (58)-(60) can save substantial amount of 

computing time compared with the direct evaluation of the 

correlator estimates according to Eq. (41). In the former case the 

· number of operations is ex: n while in the latter case· it is ex n z. 



+>-
2 

Correlator estimates from one event 

5 Correlator estimates froITI one event 

In the case of uncorrelated particle production, the event-to-event 

fluctuations of the observable mean are solely determined by the 

quantities c~x). 

Such "standard" fluctuations are thus related to the single-particle 

distributions and can be estimated by the event-mixing techniques. 

The eventual deviation from the "standard" or "statistical" 

fluctuations then signals the presence of correlations or - a mixture of 

the events with different single-particle distributions. 

Therefore, to clarify the origin of the "non-standard" or 

"non-statistical" fluctuations, it is desirable to estimate the 

correlators for the events with similar characteristics a. The ultimate 

solution is to use the information ·from a given event only. 
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Correlator estimates from one event 

To do so, one has to destroy the equality in 

n 

L(x1 -x)-o, (61) 
j=l 

i.e. decouple as much as possible the observables x 1 entering into the 

correlator estimate from the observable mean x in a given event. 

In the case of sufficiently large multiplicity, it can be easily achieved 

by splitting the event in a number of sub-events s == 1, 2, ... , nsevt 

with about the sarne multiplicities n ( s). One can then estimate the 

correlators accordinµ; to Eqs. (:34)-(41) or (51)-(5fi) and (57)-(60), 

making the substit11Lious i ~ s and nevt ~ nsevt· 
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Different model examples 

6 Different IT1odel exalllples 
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Different model examples 

"Analytical" example 

Let us first consider simple PDF's characterized by the parameters 

T,T1 and A: 

(3) -I x1 -x2 I -I x1 -x3 I I x2-x3 !3 (x1,x2,x3) ex e r1 e r1 e- r1 I), (62) 

n 

Jin) (x1' X2, ... , Xn) ex II e- ~ (1 + A L e-1 x;~xj I)' (63) 
i=l i<j<n 

The allowed interval of the variable x was 0-150, the parameters 

T == 150, T1 == 25 and A == 0, 1, 2. 
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Different model examples 

Table 1: The correlators corresponding to PDF's in Eqs. (62) (the first 

two lines) and ( G::)). The results of numerical integration are compared 

with the estimates obtained fro1n nevt simulated events. 

Correlator c(x) 
2 

c(x) 
3 

c(x) 
4 

1312.5 0. 

nevt == 5 . 105 1313.4 ± 1.8 61. ± 108. 

n==3 A==0 
' 

0. 0. 

nevt == 5 . 105 -0.3 ± 1.4 21. ± 70. 

n==3A==2 
' 

229.0 1771.5 

nevt == 5 . 105 229.9 ± 1.4 1779. ± 110. 

n==4 A==l 
' 

113.8 707. 2913. 

nevt == 3 · 106 114.4 ± 0.7 666. ± 43. 3890. ± 1836. 
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Different model examples 

"Microcanonical" example 

We consider the energy correlators estimated from the 

"microcanonical" ensemble of events simulated according to the 

non-relativistic phase space using Metropolis algorithm to 

redistribute the particle energies via binary energy-conserving 

collisions. 

The total amount of energy distributed among Titot particles is 

Xtot == ntotX, where x is the mean particle energy. We have put 

x == 100 in arbitrary units. Assuming that all Titot particles are 

observed, the mean particle energy does not fluctuate (~x == 0) and 

the correlators ctx) are then given by Eqs. (58)-(60) with n == ntot· 

Particularly, cix) and C~x) vanish at large ntot as 1/ntot and 1/ntot 2 

respectively. The results shown- in table 2 confirm this behavior. 
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Table 2: The correlators cix) and cix) estimated fro1n the "micro­

canonical" ense1nble of events with fixed mean particle energy x == 100 

in arbitrary units, each consisting of 2 • 104 events with fixed parti­

cle n1ultiplicity ntot. All particles are assumed to be observed, i.e. 

n == ntot· 

ntot 5 10 15 

c(x) 
2 -1181 ± 20 -624 ± 11 -426 ± 5 

c(x) 
3 49900 ± 200 14730 ± 50 6940 ± 20 

ntot 20 100 

c(x) 
2 -323 ± 1 -66.2 ± 0.1 

c(x) 
3 4041 ± 6 174 ± 1 
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Different model examples 

Table 3: The same as in table 2 for ntot == 100 and different numbers 

v of selected particles. 

V 5 10 15 20 

c(x) 
2 -75 ±8 -63±3 -68±2 -66±2 

c(x) 
3 200 ± 500 300 ± 100 220 ± 70 170 ± 50 

In table 3, we show the same correlators as in. table 2 for ntot == 100, 

but now calculated for different numbers of selected particles 

v < ntot. One may see that within the errors the correlator estimates 

are v-independent. This confirms the conclusion about the 

compensation of the v-dependence of the quantities c}v,x) by that of 

the x fluctuations. 
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Different model examples 

"Parton string model" example 

We have estimated the pion transverse momentum correlators C~Pt), 

c1Pt) · and ciPt) using 2 · 103 central (impact parameter b == 0 fm) 

events of Pb + Pb collisions at total c.m. energy VS == 200 A Ge V 

simulated in the parton string model (PSM) (N. Amelin, N. Armesto, 

C. Pajares and D. Sousa, Eur. Phys. J. C22(2001) 149). 

In this phenomenological model, the soft and semihard parton 

collisions initiate the formation of color strings and the subsequent 

string breaking leads to the production of stable (with respect to 

strong interaction) hadrons and resonances (lowest SU(3) multiplets) . 

that are forced to decay. 

We have divided the simulated events into 100 subgroups and 

selected v = l 900 pions of a given charge in each event. 
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Different model examples 

Table 4: The pion transverse momentum correlators obtained from 

central PSM events of Pb+ Pb collisions at VS== 200 AGeV. 

1r's C~pt), (GeV /c) 2 c1Pt)' (GeV /c) 3 c!Pt), (GeV /c) 4 

7r+ ( 44.0 ± 6.6) · 10-6 (-7.4 ± 12.1) · 10-8 (8. 7 ± 3.3) · 10-9 

- ( 44.6 ± 6.0) · 10-6 (7.8 ± 12.5) · 10-8 (9.5 ± 4.6) · 10-9 
7r 

7ro (71.2 ± 7.6) · 10-6 (3.0 ± 2. 7) · 10-7 (34.3 ± 9.5) · 10-9 

7r± (52.6 ± 4.2) · 10-6 (-1.5 ± 7.1) · 10-8 (9.0 ± 2.0) · 10-9 

7r±,0 (59.6 ± 3.5) · 10-6 (2.1 ± 5.3) · 10-8 (11.2 ± 1.6) · 10-9 

We have also selected 1r+ 1r- pairs only and estimated 

Cf:__) == (61.9 ± 4.4) · 10-6 (GeV/c) 2 . 
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Different model e>;amples 

As was mentioned before the correlators for very high multiplicity n 

may dominate by the event-to-event fluctuations, i.e. 

Cz(pt) --+ (~Ptl)z, if the moments mjPt) of the single-particle Pt 

distribution weakly varying with the number n of observed particles. 

The found PSM correlators C~pt) are consistent with zero within the 

errors. It means that we have deal with close to symmetrical 

distribution function for ~Pt. 
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~t- 0.4895 htemp 

10
2 

Nent = 2000 
.--------------------------1 Mean = -6.629e-00 

RMS = 0.0103 

10 

1 

-0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 

Fig-µre 1: Event-to-event 1nean Pt fluctuation distributio)). 
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' Conclusion 

7 Conclusion 

• We have developed a fast procedure allowing one to calculate, for 

a reasonable computer time, the particle correlators of any order 

and estimate their errors ( an example of the corresponding C++ 

code can be found on the web-page "alice-hbt.jinr.ru"). 

• We have suggested the extension of this procedure for the 

event-by-event approach as well. 

• We have clarified a close relation between the correlators and 

fluctuations of the observable event-mean values. 

• We have applied the procedure to the events simulated within 

various models and demonstrated the usefulness of the two-, 

three- and four-particle correlators. The measurement of the 

higher-order correlators is rather difficult as it requires very high 

statistics. 
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Why and When of information theory in multiparticle production 

Information contained 
in data 

Model2 

Model3 
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Which model is correct? 

),_ ,! .~ \ { t 

Which model tell us TRUTH 
about data 

'Model·3· 
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- To quantify this problem one uses notion of information 

- and resorts to information theory 

- based on Shannon information entropy 

S == -Lpi In pi 

- where {pi} denotes probability distribution of quantity of interest 



This probability distribution must satisfy the following: 

- to be normalized to unity: LPi == l 
l 

- to reproduce results of experiment: LPi · Rk(xi) == (Rk) 
l 

t - - to maximize (under the above constraints) information entropy 

.·. S .· -Lpilnpi 

-with,{:"\} uniquely given by the experimental constraint equations 

Pi== exp1 -L;i,k · Rk(xi) 

.. 
{ 



( Common part ] 

t 
N 

Model3 pi(xi) == exp/ -Llk · Rk(xi) 
k 

TRUTH is here 
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notice 

If some new data occur and they turn out to disagree with 

p;(x;) = exp[-~Ak · Rk(x;)] 

it means that there is more information which must be accounted for : 

• either by some new A= Ak+1 

• or by recognizing that system in 

nonextensive and needs a new form of exp(. . .) ~ expq(. . .) 

• or both .......... . 
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Some examples (multiplicity) 

knowledge of only( nch) + 

- fact that particles are distinguishable 

- fact that particles are nondistinguishable 

- fact that particles are coming from k 
independent, equally strongly emitting sources 

- second moment ( n2
) 

most probable distribution 

geometrical 
(Bose-Einstein) 

Poissonian 

Negative Binomial 

Gaussian 
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• we are looking for 

• by maximizing 

• under conditions 

YM f dy-JN(y)=l 

-YM 

Rapidity distribution 

J; ( )=_!___ dN = 1 fd 2 p I Eda-
N y N dy CY NN J' T L d 3 p 

YM 

S=- J dyfN(y)-ln[fN(y)] 

-YM 

YM YM f dy-E- JN(y) = JJr f dy-cosh(y) • JN(y) =; 
-YM -YM 

G.Wilk, Z.Wlodarczyk, Phys. Rev. 43 (1991) 794 
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As most probable distribution we get 

JN(y) = ~ ·exp[-/JJLr -cosh(y)] 

YM 

where Z = Z(M,N,Jtr) = f dy-exp[-/JJLr ·Cosh(y)] 
-YM 

YM=lni- 1+ 1-41-lr M'[ ( 2)
1
1

2
] 

2Jlr M'2 . and /3 /J(W;N,flr) 
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~ ➔ -oo 

-YM 

1 
f N (y) == - • exp [-/Jµr · cosh (y)] . z . 

f3 ➔ -oo 

~➔ +oo 

~ = ~o 

~=O 

0 YM 
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Another point of view ... 

Fact:. In multi particle production processes many 
' ,, 

observables follow sim-ple exponential form: 
r 

X 
f(x)~exp[- A] 

, "thermodynamics" (i.e, AzT) 
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observed 
particle 

h T 
0 

\ y I 

X 
f (xh) ex: exp(- h) 

T 

L.Van Hove, Z.Phys. C21 (1985) 93, 
Z.Phys. C27 (1985) 135. 

(N-1)-particle sub-system 
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observed 
particle 

\, 

h 
0 

V I 

X 
f (xh) oc exp(- h) 

T 

(N-1)-particle sub-system 

• 
_ _,,.■---. , ' • 

• 
I \ 

• • 
I \ 

• • 

• 

\ 
Heat bath ID ~ 

I 
• • 

\ I 
• • I 

; 
• ' --• • 

'·-■--1 

where Xh = 1- 1-q)·- • • 
. Xh] 1-q --------=--:--- ~1 exp q (- r}- [ ( Tq [ nonextens1vity 
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_ Another origin of q: flu~tuations present in the system~~__] 

Fluctuations of temperature: 

T == T(E) == I'o +a· (E - E0 ) 

with 
1 

a == -
c' V 

then the equation on probability P(E) that a system A interacting with the heat 
bath A'with temperature T has energy E changes in the following way 
q==I+a: 

dE ( E) dln[P(E)]~ T ⇒ P(E)~exp -T 
1 

dE E-E II-q 
dln[P(E)]~----⇒ P(E)~ 1-(1-q) 0 

I'o + a(E -E0 ) I'o 

M.P.Almeida, Physica A325 (2003) 426 
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Sum111arizing: 'extensive'<:=:>, 'nonextensive' 

L == exp 
X 

Ao 
I > 

where q measures amound of 
fluctuations 
and 
< .... > denotes averaging over 

(Gamma) distribution in (1/1) 

L == expq q -~ j = \exp(-;) 

q==l+m==l+ 
(:f -(±)2 

(:)2 

G.Wilk, Z.Wlodarczyk, Phys. Rev. Lett. 84 (2000) 2770; Chaos,Solitons and Fractals 13/3 (2001) 581 
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Summary (known origins of nonextensivity) 

• existence of long range correlations 
~ •--memory effect 

• fractality of the available phase space 
• intrinsic fluctuations existing in the 

system 
-· --~ ~ .-. . others .... 
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Applications: pp 

- input: ,Fs,µr,(Nch) 

pq(y) = 1 dNq = -2._exp(-.BqJl-r coshy) 
N dy Zq 

Ym K ✓s f dy-.urcoShy[p/Y)J = ~ ⇒ /Jq 
-Ym 

"--------- ________ ,/ 
'v"" 

N N vm 
Kq = ✓5(E\ = -fs _f dy-.urcoshy[pq(y)J "'

3
'\ 

m 

-fitted parameters: q, Kq 

61 dN/dy 

Si T 

4-,11~ 

3~ 

2 

1 

• E,m =53GeV 
• E,m = 200 GeV 

* E,m = 540 GeV 
• E,m = 900 GeV 
T E= = 1800 GeV 
♦ E,m = 20GeV 

O I , , 1 , , , ::::z-:.•. , 1 , , , 1 

o 1 2 3 4 5 6 7 8 

y 

[ NUWW PR D67 (2003) 114002 ) 



in e I asticity 

[ NUWW PR D67 (2003) 114002 ] 

1,0 4 
.i::. 0,8~ 1 

x(K) • 200 GeV 

vJ 
00 I I • 900 GeV 

3 
I I 

0,6 
•-·-·•·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-----------·-·-•-·-·-·-·-•-·-·-·-

~ 0,4! • • • 
2 

0,24 I 1, 

J I 
0 0,0 2 

1,0x103 ' 3 
2,0x103 0,0 0,2 0,4 0,6 0,8 1,0 5,0x10 1,5x10 

s 
112 

[GeV] K 
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From fits to rapidity distribution data one gets: 

(*) y - distribution <=> 'partition temperature' 

K-Js r~---
(Nch) 

q <=> fluctuating ( Nch) 

(*) q <=> fluctuating T 

~ Conjecture: q-1 should measure amount 
of fluctuation in P(N ch ) 

0.35 

It does so, indeed, see Fig. where data o.3o 
on q obtained from fits are superimposed 0 -

2 5 

with fit to data on parameter k in °-20 

Negative Binomial Distribution! 0
-
15 

0.10 

o.05y~ ... 

• q-1 
1/k 

1 
10 10

2 
10

3 

s112 [GeV] 
10

4 
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~ Experiment: P(Nch) = PNB((Nch);{k(k > 1)}) 

1 CJ2(Nch) 1 

k = \Nch) 2 
- \Nch) 

1 . 
- - is measure of fluctuations 

k 

o. 
,.-, 

-5 
~ o.o 
~ 

- Poisson 

UA5@200 GeV 

I I I 

I 11 I 

I I I 
1111 

0.0001 • 1 1 , 1 , f , I , I 
0 10 20 30 40 50 60 

Nch 

k P(N) = J dn n" exp(-if). rknk-, exp(-yn) 

0 n! r(k) 
r(k+-n) r 

⇒ r(1+n)r(k) · (r+1t" 

with r= ~ 
< n > 

1 
k =q-1 

P.Carruthers,C.C.Shih, Int. J. Phys. A4 (1989) 5587 
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6 dN/dy 

5 T 

• Econ= 53 GeV 
• E,m = 200 GeV 

* E,m = 540 GeV 
• E,m = 900 GeV 
T E,m = 1800 GeV 

♦ E,m = 20GeV 

41-W¥. 
\ 

2 

1 

\ 
\~ \ 
\.,·~ \ 
~\ \ 

•y~ \\\\ 
+\ ~\ '~"'" 

3i----....__ 

O I , , 1 , 1 , ::::,:,.•, • • 1 , , 

o 1 2 3 4 5 6 7 8 

y 

8 1,2 ql TL =1/J3L 

200 · 1.203 12.12 

546 1.262 22.38 

900 1.291 29.47 

[ NUWWPhysicaA;Joo (2004) 467] 

2 2 
qLTL +qTTT 

q= 2 
T 

2 y2 +T.y 
L +1 
y2 

a-2(T) == a-2(TL) + a-2(TT) 

5 
10 1 E d3cr/dp3 
104 -

103 

10
2 

10
1 

10° 
-1 

10 

10-2 

10-3 

10-4 

10-5 

UA1 

10-6 ~ ' I ' I ' ~-:J? ,G;e:v; 
0123456789 

PT [GeV] 

8 1,2 qT TT=1/J3T 

200 1.095 0.134 

546 1.105 0.135 

900 1.110 0.140 
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Applications: AA 

NA4-9 
0-7% 

\ ~ 
2 3 

Example of use of MaxEnt method 
applied to some NA49 data for Tr­
production in PbPb collisions 
{centrality 0-7%): 

• (blue lines) - s112 q 

8.8 1.040 

12.3 1.164 

17.3 1.200 

Kq 

0.22 

0.30 

0.33 

• {orange line) q=1, two sources of 
mass M-6.34 GeV 
located at IYI =O. 83 

'--- -v,,--
..,.,,,, 

this is example of adding new 
dynamical assumption 
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200 17.3GeV 
♦ 

100 

50 

dN/dy 

"' 

NA49 
0-7% 

0 +---,--'----,-----,-----.-------.--------=; 

0 1 y 2 3 

800.---------~ 

200 GeV 

700 '.L..!--H-t---HJ 

600~ 

500 '130GeV 

400 

300 

200-119.6 GeV 

PHOBOS•· 
o-6% 

100 'dNch/dTJ .~•:•• I 
ol 2 

0 11 4 6 
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(El,-~) (E;,-~') 

Applications: pA 

(El,-~) (E;,-~') 

symmetric 
case 

"tube" 
(e,,p,) asymmetric 

case 

v{~----w 
(El,~) 

(i) .. ~ [ 

(Ev,Pv) (E' P') v' V 

(wi,vi) 
(E;,~') 

(E P ) • 1> (E' P') 
v' v v' v 

- input: J;,µr,(Nch) -----. Js:,JJr,Nv 

sv = vs+(v-1)2 m2 
with s = 2m2 + 2m,J p~ + m2 

Nv =: (1+(v))N 

W.Busza, Acta Phys. Po/on. B8 (1977) 333, 
C.Halliwe/1 et al., Phys, Rev. Lett 39 (1977) 1499 
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• we are looking for 

• by maximizing 

• under conditions 

p * 0 ⇒ 

Rapidity distribution 

fN(y)=2._dN= 1 fd2p IEda-
N dy CJ" NN J T L d 3 p 

y(v) 

S=- J dyfN(y)-In[JN(y)] 

y(v) 
max 

_y(v) 
min 

f dy-JN(y)=1 

_y(1,:) 
mm 

y(v) y(v) 
max max f dy-E-JN(y) = µ,. f dy-cosh(y)-JN(y) = :: 

_y(1".) _y(1".) 
mm mm 

y(v) y(v) 
max max 

f dy-P-JN(y) Jlr f dy-sinh(y)-JN(y)= :v 
_y(i) _y(i) 

min min 
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Wv =(vR+K)· Js 
2 

and pv := -(vR-K)· Js-4m
2 

. 2 

Mv =)W/-P~ =JKRvs+(vR-K)2 m 2 
R=K >KJs 

As most probable distribution we get 

. f.,(y)=; ·exp[-f3vµT -cosh(y)-AvJl.r -sinh(y)J 
V 

where -.zv == Zv(MZ,Pv,Nv,µT} 
y(v) 

max - f dy-exp[-,BvJl.r ·COsh(y)-AvµT·cosh(y)] 
_y(~) 

min 
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4 

3 

2 

1 

"symmetric" 

pXe 

y 

• K = 0,45 pp 

• K = 0.5 pAr 

T K = o.6 
pXe 

dN/dy 

0 1-~ :-:-=--~-. 
-4 -2 0 

y 
2 4 

"asymmetric" . 

4 
• K = 0-45 

~ pp 
pxe ~ • KpAr = 0.45, R = 0.55 

KpXe = 0.45, R = 0.90 

y 

3 
dN/dy 

2 

1 

0 i•Bj= 'y:-,-?9 I I I 

-4 -2 O 
y 

2 4 
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"sequential" 

(El,-P) (EC~) - pCi)) (Eco - pU)) (E' - P') 
1 ' 1 1 ' 1 . 1' 1 

(El,~) 

t 
00 

v'vv) 

v{---H+-------1t-----~ 
(Ev,Pv) (E' P') v' V 

V 

fvCY) == L.f Cy) 
i=l 

- - 1 -
can be visualized N · N +-(v-1)N 

V 1 
2 

2 

where N are such that 2N + (v-1) · N == (v + 1) • N 
1 2 1 2 V 
' 
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"tube" 

61 
v=41T 

• K = 0.7, R = 0.35 
• K = 0.63, R = 0.5 

K = o.6, R = 0.77 

5 I .1 I T K = 0.35, R = 0.75 

T 

v=:J 
4 Tl_ 

3~ ~ t v=~\ dN/dy 

2-l I I l v=1. \\_ 

1 

0 I • 1" >- ::,,,:::,,, ~ I I 

-4 -2 0 
y 

2 4 

"sequential" 

6 
K

1 
= 0.7, R = 0.35 

v= K
2 

= 0.17, R = 0.26 
K = 0.09, R = 0.29 

5 
3 

K = 0.04, R = 0.36 
4 

- . 
4 

37 Y/fv_~;i dN/dy 

2 

1 

0 I • 1" ~ , 

-4 -2 O 2 4 
y 
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summary 

• In many )?laces one observes simple "exponential" or "exponential­
like" behaviour of some selected distributions 

• Usually regarded to signal some "thermal" behaviour they can also 
be considered as arising because insufficient information which 
given experiment is providing us with 

• When treated by means of information theory methods (MaxEnt 
approach) the resultant formula are formally identical with those 
obtained by thermodynamical approach but their interpretation is 
different and they are valid even for systems which cannot be 
considered to be 1n thermal equilibrium. 

• It means that statistical models based on this approach have more 
general applicability then naively expected. 
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summary 

• Therefore: Statistical models of all kinds are widely used as source 
of some quick reference distributions. However, one must be aware 
of the fact that, because of such (interrelated) factors as: 

• fluctuations of intensive thermodynamic parameters 

• finite sizes of relevant regions of interaction/hadronization 

• some special features of the ,,heath bath" involved in a given process the 
use of only one parameter Tin formulas of the type 

X 
exp(--) 

T 
is not enough and, instead, one should use two ( ... at least. .. ) parameter 
formula 

1 

exp (-~) == [1- (1- q)~ ]1
-q 

q T T 
with q accounting summarily for all factors mentioned above. 
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\,J 
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0.001 

0.0001' 
0 10 

NA35 @200 GeV/A 

20 
Nch 

30 40 
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Kodama et al .. 

·-- ---···· ·-·-------

o. 

-- Poisson 

UA5@200 GeV 

~ F I i o.otrl 
I I I\ 

I I I 

~ 

o.oo 
I I I I I I 

o.oooi , , , , , , , , , , , , 
0 10 20 30 40 50 60 

Nch 
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Back-up Slides 
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High-Energy collisions ... 

A B 
I ~ ~ I 
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High-Energy collisions ... 

A' B' 
I ~ 

~ I 



High-Energy collisions ... 
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summary 

• Therefore: Statistical models of all kinds are widely·used as source 
of some quick reference distributions. However, one must be aware 
of the fact that, because of such (interrelated) factors as: 

• fluctuations of intensive thermodynamic parameters 

• finite sizes of relevant regions of interaction/hadronization 

• some special features of the ,,heath bath" involved in a given process the 
use of only one parameter Tin formulas of the type 

X 
exp(--) 

T 
is not enough and, instead, one should use two ( ... at least. .. ) parameter 
formula 

1 

exp (-~) == [1- (1- q)~ ] 1
-q 

q T · · T 

with q accounting summarily for all factors mentioned above. 

• In general, for small systems, microcanonical approach would . 
be preferred (because in it one effectively accounts for all · 
nonconventional features of the heat bath ... ) (D.H.E.Gross, LNP 602) 
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160....---------------7 

140 

120 

100 

So 

60 

40 

20 

dN _/dy 
1t 

©~--------~~ 
I 0 NA49 P1ab = So GeV I 

0 -+---~----.----.---~--~---1 

-2 0 2 

y 

Example of use of MaxEnt method 
a_pplied to some NA49 data for 1t -

production in PbPb collisions 

(centrality 0-7%) - (I) : 

(*) the values of parameters used: 

q=1.164 and K=0.3 
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180 dN _/dy 
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160 

140 

120 

100 
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40 
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I O NA.4,9 P1ab = 158 Gevj 
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-2 0 2 

y 

Example of use of MaxEnt method 

applied to some NA49 data for rr -

production in PbPb collision 

(centrality 0-7%) - (I) : 

(*) the values of parameters use 

(red line): q=1.2 and K=0.33 

(*) q=1, two sources of mass M=6.34 
GeV located at IYl=0.83 

'-- ----v--

this is example of adding new 
dynamical assumption 

...,/ 
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(*) Nonextensivity - its possible origins .... 
''thermodynamics'' 

T varies <=> 

----_,;--- -/~- .. --
fluctuations ... 

/ I 

Tl 

... 

T0=<T>, q 

q - measure ojjluctuations 

T4 

T3 
He t bath 
-

Tk 

T5 
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Historical exa111ple: 

(*) observation of deviation fro,n the 
expected exponential be/1aviour 

\ 11-\ 
fl . .fi I- ll.! 

-~ 
0.2 · \ 

d.lV(:J.') 
d:J.' 

(-kj s11ccessfully intrepreted t1) in terms of 
0.1 

cross-section fluctuation: 

(*) can be also fitted by: 

dN - const · exp(- ~) ⇒ 
dT A . . 

I 

dN l . Tj1 -q . dT - canst · 1- (1- q) /4 ; q = 1.3 

(*) i1nmediate conjecture: 

0.0.n 

0.02 ~--------~__,____, 
.f.iO 141 fl Uifl 2 00 

:J.' [c.u.] 

Depth distributions of starting points 
of cascades in Pa111ir lead chamber 
Cos111ic ray experbnent (WW, NPB 
(Proc.Suppl.) A75 (1999) 191 

-----

(*) WW, PRD50 (1994) 2318 

q ¢~ fluctuations present in the system 



-"" 
i 

IOQ,J 
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-0 i0 1:J ◄ '°a 
a:-
,-

IQ 

01 

iil-
i.1 .• 
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W._ .... •• .,_ 

•a .. 
'j­

~WI 
• 0 

's.,~Q" 

"<r.w~ 
,. 0a 

' ... ·i:i~, .. 

·. '-\;1~•· : ..... ,._ 

s ... S-;,h·+x P.,. = ~ GeV I ~0,; 

3.0 < y < 4.0 · ~.l' 

■ NA 35 
q = 1 o T = 191 Me\/ 

0_ 0 1 1 _ 0 
q = 1 o 15 T ~ 1 Bf. Me V ' I 

I I I I I I I I I i I I I 

0 . .2 0 4 0 6 0 o I O 1.2 I .4 I (, l.o 2.0 

P1 [GeV] 

~~g.2 

Some comments on T-:fluctuations: 

(*) Common expectation: slopes ofp
7 

distributions ⇒ information on T 

(*) Only true for q=l case, otherwise it is 
· <T>, lq-11 provides us additional 

information 

(*) Example: lq-ll=0.015 ⇒Arn ~0.12 

(*) Important: these are fluctuations existing 
in small parts of the hadronic system with 
respect to the whole system rather than of 
the event-by-event type for which 

.dTIT =O. 061-v'N -xJ for large N 

Such fluctuations are potentially very interesting 
because they provide a direct measure of the total 
heat capacity of the system 

? 
...... _ a- (/3) - 1 

</3>2 - c=m=q-l 

- .. ►► f Predictio~: C ~ volume of reactio~ V, therefore q(hadr;,;,;cJ:>;.;(n~~/~ar) I 
. . . - - - . . . ··•·-•·--· .. --- --·. ---· .. -- -- ---•- .,. -- •-- --_-- • - ----- -- ------~----------- ___ _j 
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Rapidity distributions: 

0,20 •-~-----------------, 

0,18 

0,16 

0,14 

~ 0,12 -z: 

;;<;1-'=, 
,J,__') V\ 

!~ ~~, 
-~✓ y~ } .. ,) 'c. 

!~ 

; ' '--' ~o ... () 
r·-.., 

-0 010-1~~ 
' I ... .._--:,,.,,,. 

-~~-~.K 

z - ,,.. .. , 
'., 

,- 0,08 g ,.., 
Q ·-

- Q (_'• Q 

0,06 

0,04 

Q 0 
Q ,...._ 

Q ·~ 
Q 0 

Q ,-, 
Q :-: 

Q u 
Q 0 

O q = 0.7 
g q = 1.0 
X q = 1.3 

,-- Q 
';_~ Q 
:J Q 
n Q 
:~ Q 
'-' Q 
C Q 
') Q 
'- Q 

Q ,', ,-
Q '-~---.---.---,--~--,.-~~---0,02 IQ ,n -2 0 2 4 

C ~ 

-4 

y 

( •J T.T.Chou, C.N. Yang, PRL 54 (1985) 

510; PRD32 (IY85) 16Y2 

_dN = -1 • [1 - (1 - q) • fJ, • µ cosh y fi~ 
dy zq q r J1 

zq = Jd;,{1-(1-q) · pq • µrcosby}~ 

Features: 
(11 two parameters: Pq =1/Tq and q 
⇒ shape and height are strongly 

correlated 
(*) in usual application only /J=l/T 

- but in reality r•J 1/Zq=J is always 
used as another independent 
para,neter ⇒ height and shape 
are fitted independently 

(*) in q-approch they are correlated 
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Multiplicity Distributions: (UA5, DELPHI, NA35) 
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0 2 = <n2>-<n>2 = 112.7; 41.4; 
a# Deviation _from Poisson: ilk 

1/k = [D2-<n>]/<n2 > = 0~21··;::. 0.045; 

· 20~8 
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Recent exa11111leji·o111 AA -(1) (RWJ!V, APP B35 (2004) 819) 
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Dependence of the NBD paranieter Ilk on 
the niunber of participants for NA49 and 
PHb'NJX data 

► 

With increasing centrality 
fluctuations of the ,nultiplicity 
become weaker anti the 
respective multiplicity 
distributions approach 
Poissonian for,n. 

??? 
• • • 

Perhaps: snial/er N w==> snia/ler 
vo/u,ne of interaction V⇒ 
smaller total heat capacity C⇒ 
greater q=l+JIC ⇒greater 

Ilk= q-1 
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Recent exa,npleji~o,n AA - (2) (RWW, APP B35 (2004) 819) 
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Dependence of the NBD para,neter Ilk 
on the nu,nber of participants/or NA49 
and PHENIX data 

In this case it can be shown that: 

1 D 2 (N) . 
-= 7 =R(q-l) ⇒ D(N)~'\iR(q-1) 
k <N>-
R(q - 1)::::: 0.33 ( {-- Wr6blel1vski law) 

(6S)2 I S2 
R = 7 7 ~ 0.56 ( {--for pie= 1/3) 

(JE)- IE-

⇒qzl.59 which apparently 
( over)saturates the limit 
bnposed by Tsai/is statistics: 
q<J.5. For q=l.5 one has: 

0.33 ➔ 0.28 (in WL) 
or 

1/3 -> 0.23 (in EoS) 
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Pi = exp[- rAk• Rk(~;)] 

This is distribution which: 

(*) tells us "the truth, the whole truth" about our experiment, 

i.e., it reproduces known information 

(*) tells us "nothing but the truth" about our experiment, 

i.e., it conveys the least information ( only those which 

is given in this experiment, nothing else) 

~ it contains maximum missing information 

G. Wilk, Z. Wlodarczyk, Phys. Rev. 43 (1991) 794 
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Example (from Y-A. Chao, Nucl. Phys. B40 (1972) 475) 

Question: what have in common such successful models as: 

(*) multi-Regge model 

(*) uncorrelated jet model 

(*) thermodynamical model 

(*) hydrodynamical model 

( *~ . . .. / ... ~ ............ ~.~ .. ~ ........... . 
Answer: they all share·common (explicite or implicite) dynamical 

assumptions that: 

(*) only part of initial energy of reaction is used for production 

of particles ~ existence:of inelasticity of reaction, K~0.5 

(*) transverse momenta of produced secondaries are cut-off~ 

dominance of the longitudinal phase-space 
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Events generator for pp collisions 
at Elab == 70 GeV 

N. Shubitidze 



+ + 0 0 p+ p➔ p+ p+~ + .. . +Jr.1 +[! + ... +TC.I 
V V 

lJ A 

TJ = 2, 4,... Elab = 70GeV 
r 

Z_T == JJ ITN d3ki exp[-ro2k1~;] <5(E - ~ lk_2 + m~) x 
~ N I -J 2 2 L.J-\j I l 

; = 1 2 ·k. + m . ; = 1 
l l 

l\f 1V N 

xJ(L k;,x)<J(L k;,y)<S(L k;,J 
i=I i=I i=l 

k . -transverse momentum N == 1J + A + 2 
f l ' 
' 

ro -cutting parameter, phenomenological constant 
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N == 8 

N ✓ I <5(E - Lk~ + m~) = , . 
i=I lf/ (Po) 

k1 == p 176 11s 1J4 

k == P 2 176 11s (I -174) 

k == P 3 176 (I -11s) 1J3 

k4 == P 176 -(I -11s)(I -173) 

ks == p(I -176) 112 171 

k6 == p(I -176) 112 (l -171) 

k7 == p(I -176)(I -112) 

P. L'Ecuyer, ''Tables of Maximally-Equidistributed Combined LFSR 

Generators", Mathematics of Computation, 68,225 (1999), 261--269 
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10 p+p ~ p+p + n: + ... + n: 
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Definition a number of charged mezons: 

0 

Z10 Zs 

z == 
17 

z6 Z4 

CY 17 tr 

O" 2 tr + O" 4 tr + CY 6 tr + ... +CY 68 tr 

Definition a number of neutral mezons: 

0"2_17_.tl 

z2 

ZlJ,A O" 2 _ 17 _ 0 + _CY 2 _ 17 _ 1 + CY 2 _ 17 _ 2 + · · · + CY 2 _ 17 _ Am ax 

1 
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l k p Sin( 0) Exp(-· k 2 p 2 Sin 2 
( 0)) 

2 F(k p) ~) - Dawson's integral 

--­.-
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------.----·---------
--------·--
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_.----------~, 
- ' 2 

dl\111\llllrnu.J ~ 3 "'-~ 
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Ymax Xmax 

f f P(x,y)dxdy = I 
Ymin Xmin 

0 < U, V < 1 
Y Xmax 

u = f dy' f P(x',y)dx' ⇒ y = Yo 
Ymin Xmin 

X 

v = f P(x',y0 )dx' 
Xmax 

f P(x',y0 )dx' ⇒ x = x0 

xmin xmin 
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Scheme of events generator 
r------------------, 

+ Select number of charged 1[-

0 

,...., Zs ,...., z6 ,_, Z4 ,_, Z2 

1 

0 
Select number of neutral 1[ 

Choose N - I moments & 0 , 
rp; - select randomly 

1 ', ~,, \ 
l._, / 1 ] ~t 

From moments conservation 
'-' -...i•

1 

low calculate P1v & 0N 

From energy conservation low 
V 

E-!-Jpi2+,n;2 =0 
i=I 

correct lengtb1, __ of _moments 
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Behavior of part of transverse momenta as function of pion number 
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Behavior of transverse and longitudinal momenta 

as function of pion number 
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Typical behavior of cross sections as function of pion number 
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Beha'1ior of cross sections as function of 

neutral and charged lllezons nullluer 
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Bose-Einstein correlations in Pythia 
I:ubomir Lovas 

Faculty of Mathematics, Physics and Informatics, 
Comenius University 

Involved people: S. Tokar (CU), G. Kozlov, A.N. Sissakian (JINR) 
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Content: 

• Introduction 

• BEC effect in Pythia 

• Pythia simulations 
• Reproducing of input BEC parameters 

•The case when correlations are not included 

• Detector CDF 
• More realistic simulation: Momentum blurring 

• More realistic simulation: Energy cut 

• Conclusion of 1st part 

• Analysis of ALEPH data in frame of Kozlov model 

• Conclusion of 2ndpart. 

18.4.2007 I:. Lovas 
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Introduction 

Bose-Einstein Correlations: Enhanced probability for the emission of identical 
bosons with similar momenta. 

Provides information about space-time characteristics of the particle emission region 

The two-particles correlation function is given by : c (p p ) = p (p,, P2 ) 

2 ,, 2 P(P1)P(P2) 

P(P1, P2 J - two-particles probability density function 
P(P1) , P(P2) - single particle probability c

2 
( Q) = N(1 +Ax e·R

2
0

2
) 

The construction of correlation function is given by: 

18.4.2007 

is the two-particles four-momentum difference distribution 
is the corresponding reference sample. 

L Lovas 
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Bose-Einstein effect in Pythia 6.205 

There is a possibility to include Bose-Einstein correlations, but it is only a first 
approximation to BE effect. 

First of all the Q ii value is evaluated: Q; i = ✓ ( P; + pi )' - 4m2 

And then the shifted Q 'u is found as the solutipn to the equation: 

O;j Q2dQ Q'ij Q2dQ 

f--;:::::=== = f c2 ( Q )--;:::::=== 
Qr O ✓Q2 

+4m
2 0/ ✓Q2 

+4m
2 

~(Q)=1+Axe{d] ________ _ 

And finally after evaluation of all Q 'ii the. original momenta are really shifted. 

18.4.2007 C. Lovas 



.s:,. 
IJ:) 
w 

Pythia simulations 

In Pythia collisions at 1.96 Te V (Tevatron CDF) are simulated . • 

Correlation spectrum N(Q) for re+: Similar spectrum for Nref(Q) 

20 
1 5 
1 0 

5 
0 
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-r .c+-r .... ... 

'r .. "T .... T" .. _ 

.... + - ..... ~~ 
... - ~ ........... -........... + 

D 0.25 0.5 0. 75 1 Q [Ge VJ 

And C2 is obtained as: 

,,..., 2 
0 
'-' 

~ 1.8 

1.6 

1.4 ~1 
1.2 H,-IH\ 

+\+ 
+++++-+t++++++++++.,..++-++++++++++++t-++++++++++-+-++t-++++++\+ 
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Shape of C2 function used to fit our simulated data: 

18.4.2007 L Lovas 



~ 
l,C) 
~ 

rn..,,, 
.... 

~ ..... " 
·--.:~ 

.:::::::::::: 
·•-.:··-.. 

2 

G)5 
1 (\ 

o.5'-2 
rr+mix 

- ") _,§'• j. .:... 

ri 1.8 
1.6 ~~ 
1.4 
1 .2 

1 
0.8 
0.6 

2 
1.5 

,'? 1 
o_g.2 

1, 

rr-mi:< 

18.4.2007 

Reproduction of input parameters 
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Dependence of the output , 
parameter R on the input 
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Used formula: 
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Reproduction of input parameters 
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Dependence of the output 
parameter A on the input 

parameters A and R 

Used formula: 

c2 = N l + Ae- x -_. 
( 

R2 2 )' 

There is no green area! I 



The case when correlations are not included. 

BEC off 

') .--------~...,:.~=-~-_;;--~~~~ ·, 

~ ,: [ "'"" ,.,, 

1 "I~ 1.: t_ I It is expected that correlations 

.• , ......... .,.. ,,,.., •.i1~~1 ,tt1f1·~ 1 t,"~, .... ,,..,, ........... ~·>tt11,,,i11~·11tv·i disappear when they are not 
... I +411 It llq.f+ I:+ t ½ft~ ? .... .... .... ~ 4-. I P,f1'+>t+,..4tf7PFt l 

included in Pythia 
0.5 '--'--'---'----'__,____,__.,___,___.__.____-'--'---'----'---' 0.5 

0 0.5 1 1 .5 0 0.5 1 1 .5 

. 0 . 0 
11+ Ct" rr- C 2m" 

') ~-----~---~ ') G '--- ndf 793.8 I 95 G "- [ I ;y'jndf 1574. / i5 
..._, ..._, 
~ :X.=0.244095 ~ 

~ 1.5 R=0.755511fm 1.5 

~ fJ~0.962848 
1 
t:= 

0.5 
0 0.5 1 1 1.5 

. Q 
nO C 2m" 

') ~-----~:~-------~-~--~~ ') §' " [ I ,,_, •~• ' ., I §' " 
2/ [j [: A=0.474851 

1.5 1.5 ~+ R=0.591372f 

There is a problem with rc0 
~ . ~ =0.909258 I I 

0.5 t , , , , I , , , , I , , , , I 0.5 t , 1 , 1 I 1 , , , I , , , 1 I 
0 0.5 1 1 .5 0 0.5 1 1 .5 

. Q Q 
TT_ C 

2 
uni!~ no C 

2 
unlilr<c 

18. 4. 2007 L. Lovas 



.j:>. 
\0 
--..I 

Detector CDF 

'( f "·::?:' ~:,;,<';;:1. ,,.,,., > 
[ . ✓ ,I• ~-1 't.··.··, ... ,,~. 
!. . • -~<.~<<'•~·-•·"-.} --~1•, ·--.:':";-~·--=----· 

,(': _,;/>.ef ,;iif ~'?:1i(~:,~:,::1ti{:\{\,,, " 
11 ~l r00-... t~~\--: ,~.c;;. .. ,.,__,, ........ - ·;.:: ........ ----? 

. , ,_., ,ir· , , , 

';',,, ,,, ,,,t~, :; ,:1\") ' \,';::,: _:.:,:;~?.Jr;l:a:o~ , ... ,- JD )\· ' / 1 J----···' ~----::-~----. ·· r l -). ··r·•_r;;.1~ if.·> ( ,--· _____ ... , . .. .,__-•-'r" -- --- ·.· . .--::-::P _,.- '}-}.:~_=;;,:/ ..... c\ •::=- --,;.·::,·•·•\ 't' ~-'i. r. ' ,:.r•' 
·t.' ,, ...... • --,~ ·•·•· 1 

• I • . ~ . ..,_-, ~ ,::- ..... -· ... 'Cc..~-'•.,. ii,: 
. - . ...-~..,,..,.~~··:-••··· :-;· ., ~-; . ~, . 

"i.. t.,e,,· \.·~ '· . .J -~"II:~ ... 

- , !''~••'~~~~~---·. 
\.----

Central Outer Tracker 

. lip 
Mo111entu111 Resolution: ~' □ 0.l5%p1[Gev-1

] 

P1 

Central Calorimeter Hadron 
Calorimeter 
E 8£ 

nergy Resolution: E o,s1✓/f[cev] 

____ WJfLfiJM ____ Efa~--~-._J'J@_tt_a_._ But the energy is too small for some pions to 
reach hadron calorimeter. 

' 2 0.15% 
To blur all momenta we used the formulas: Px,y = o/rpt Ji , 

,,,..r 

2 0.15% 
p~ = Pz + rpz tan(8) 

Then using this momenta the new energy f o;>atfpions was calculated: 

/1/ 
Random number from 
Gaussian distribution 

18.4.2007 

/ 

~- Lovas 

~ = fp2+p2+p2+m~ 
'-----.: new \j x y z '~ 



""" \0 
00 

1.6 

1.5 

1.4 ,_ 

1.3 ,_ 

More realistic simulation: Momentum blurring 

1.6 

1.5 •-

1.4 •- Input parameters: 
1-3 

1;.:_. I R = 1.6fm 
~ I 

1.2 F~~·· 

1 • 1 ~ • !f ,, C '.,;!. 
·~ \. ~, .er>,i;ry,,;'"ef:"'~-: '\:~ lc,•.~·¼iJ1i~7'~~\''.:--·1·"! 

1 .2 I.~· . wJ '\ = 0 8 
1.1 If\\ .• l1·•~. /'w • 

: ~' ... '. , ' " .·• J.' .~- . :: .L i:.~!I t "..'. ·. ·: 
1 L .iJ:.,..t.,..,L·,,-1:•J?.',1 ,+-71,··l---,i.--t•·· ·•·. ', 1,: ,{·I ... ·. 

0.9 ,_ 

0.8 

' . t'.; .. ·•·. ~.r· ,c'",. . ··+ t ;-r:·: f.t~J. f I ::i 

' 

-· ···-·- ------------- . -- --- ~---- --------

0.9 

0.8 
0 0.5 1 1.5 0 0·5 1 . D . 1 d . h bl . ata s1mu ate wit urnng on: 

n:+ C zm•• 

1.6 

C ml11:: 

rr- 2 The blue ones 

1.5 [ Blur on R =1 .59806fm 7'. =O. 148587 Data simulated with blurring off: 

1.4 Blur off R = 1.52713fm 11 = 0.262084 

1.3 

1.2 F--~ 
::+ ' 

1. 1 f=-+·¼·\\ - t4..,', . - '"'1"+,'-,~ _1_ _I_ ..1... • ..L -- -- I 
- 4(:-,..._. . . . _ _..~·+ . _- . ..L.._ ..!. ••. ---· •.• + +t -· ,l , -~ 

1 f- -,,::~ · _-.-_..,.,,_.,.. +.-· + + .,· -- •·.-T - -- -'·T ~ + _: -
' ""T·-.~_-+ +~=:==---- ---.;;;y=;.."""':,,;,-.- -.-.-+,--.- -"= -- -- .! + . . ~-: -~ - -=---- . 

0.9 ,_ 

O.B 
0 0.2 

18.4.2007 

+ +_"--1..~ . 

+ 
+ 

0.4 0.6 0.8 1.2 1 .4 

I:. Lovas 

The green ones 

The red curves are 
fitting lines 



... 
'° '° 

More realistic simulation: Energy cut 

. ---~:-~T----------
,...... 1 +---·---, ~------. 

.,.....-~/·~--s;g-·-?----; 1 ·-- .... _ - . > ;·::: C, ') 

,; I .I) .- -::...·.:: . ·- - ·: ... _ er:' 1 :C, 
r. -· ·-·- (_) ~ 1.G _.. .. , ·- .... _ 1:6 1 -4tf _.-r - -"' -~ - - , .4 

1 -~ ·:· /. ~---;;L· _ _,L •• l. ·- 1.2 

0.8 
·"' . ... ·---- . 

0.5 

0.4 -T1·1 
') 

1 15 
1.21·5 .. 

1:·•-cut 
~ .. (\ 

TT r1i:,c 

ij .. --- ~~-==-,,-,,,,,,>·-- -- ·-:: __ _,...-...-··· §IS . .::_ 1---------... ····7,< ... , 
... -~✓ .,-

._...-•"' .. -···· .. - - __.. :::· ---~------'···--. ______ _ 
-, "--- •• ,. • • I 1.,. 

J ; •~ i::_r~~/ ~lr:::::::::::::·- -;•, >r . - ., ·- .. -L~ .. 
-""I_~ 5', ·v,---

1 I~l~~~---_L,,, 
i.; >=lL:;.. -r-~-"r:--<_.~-· - · · , 

a - / ,,,.__:;I 1 -75 o.. -, , .,,. - -W 1-c 
[, O oc:: 1 

1
-~--

.. , 0. o.· 5 0.'.-' 1 ~--<' 

C..cut i 

7f unli►.e 

18.4.2007 

0.8 
0.6 
0.4 

J 1.6 
1.5 
1 .4 
1 ,:') 

1 .'.1 
1 .. 

0.9 
0.8 

/-(~ =··•C'c)< 
.. · / re? -_,I L .>-< I/ 

') 

1 
1./5 

1.2s·
5 

f .. q;t (?..-~ 

TT r.iir 

-- .. 
/_. .-··· 

r-~:-:-'··_.>· 
······ / ·_·/.. 

··>-~---yJ~~ -- .... 
:_[_ ·-i,;~ -~~If·-.. :::: -rt~ . -~A 

O~'~··c1.7S 
~ 0.1 0.'5 ~ 1 ,h-0 
!.:. •• CL;t 0 .. - 1 ... 

I.?--"' 
rr-urJi~e 

:C. Lovas 

Dependence of the output 
, parameter R on energy cut 
I 

1 and on the input parameter R 

We can see the importance 
to register low energy particles 



V, 

0 
0 

Conclusion of 1st part 

•Pythia: 
■ Parameter R has bounded area of good reproduction 
■ Parameter A has no area of good reproduction 
■ There are non vanishing correlations for n° mesons. 

• It is \mportant to register low energy particles. 
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The ALEPH Detector 

Experinent ALEPH 

• Vertex 
Detector 

Inner Tncking 
Chamber 

Tune Prajection 
Chamber 

Electromagnetic 
Catcrimemr 

;a Superconducting 
= Ml:gnetCci1 

■ Hadron 
ca.Jorimet¢r 

Muon 
Olambefs 

■ Luminosity 
Monitot!I 

Standard parameterization: 

2 (Q) = iV[l + JL, exp(-(RQ)2 )](l + eQ + ... ) 
M<i'"'':~-'""""'-'Ps,m~•i.,;«--~""'1~'cm,~~--""-"- -,,,-.,.,...-c>,--oc;:c-""""'-""""""-~~--=~••""--~'=-=--~ 

• A coherence strength factor. 
1 

• R is related to the size of the boson 
: . . . 
1 em1ss1on region. 

R (Q) P2 (P1, P2) T . 
1 1 

. f . 
2 = ( ) - wo-partic e corre ation unction 

Po P1, P2 
P2(P11P2J - Two-particle density distribution 

Detector inadequacies, effects introduced by the reference sample 

are obtained from MC without BEC: RMC = NMC I NMC 
2 ±± ref 

More informations in: 

The measured correlation function is given by: 
Eur. Phys. J. C36: 2004, 147 
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ALEPH fit 

C2 function for ALEPH data and different reference samples fitted 
with C2 (Q)=N(1+,.\e"(aR)')[1+sQ] 
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We reproduce their results. I 
18.4.2007 I.:. Lovas 



V, 
0 
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Kozlov fit 

I The same C2 functions versus Kozlov theory I 
QFT based, Langevin evolution 
equation used. 
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Modified Kozlov fit 

The same C2 function versus· modified Kozlov C2 function. 
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0 
V, 

N 

A 

R (fm) 

E (fm) 

x2 I ndf 
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Aleph C2 

c2mix(Q) 

0.948 

0.362 

0.5287 

0.769e-2 

513 I 94 

Summary table of our results: 

Kozlov C2 

c2+- CQ) c2mix(Q) c2+- CQ) 

0.939 ~(N) 0.946 0.938 

0.435 a 3.848 2.918 

0.7777 R(fm) 0.713 1.043 

0.852e-2 E (fm) 0.793e-2 0.867e-2 

1253 I 94 x2 I ndf 483.7 I 94 1334 I 94 
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Conclusions of 2nd part. 

• Correlation analysis of ALEPH data was done in frame of Kozlov 
model 

• 

• 

To explain the increase of C2(Q), modification factor (1 +EQ) should be 
edit to the theoretical C2 function 
This factor can be explained by the presence of the non equilibrium 
processes (?) - In Kozlov approach stationary ( equilibrium) state is 
assumed. 
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Y,D;K 539.126.4; 539.17.015 

STRANGENESS CONSERVATION AND PAIR CORRELATIONS OF 
NEUTRAL KAONS WITH CLOSE MOMENTA PRODUCED IN 

INCLUSIVE MULTIPARTICLE PROCESSES 

V.L. Lyuboshitz 1) and V.V. Lyuboshitz 2) 

Joint Institute for Nuclear Research, 
141980, Dubna, Moscow Region, Russia 

E-mail: I) lyubosh@sunhe.jinr.ru 2) Valery.Lyuboshitz@jinr.ru 

Abstract 

The phenomenological structure of inclusive cross-sections of the production of 
two neutral K-mesons in collisions of hadrons and nuclei is investigated taking into 
account the strangeness conservation in strong and electromagnetic interactions. 
The relations describing the dependence of the correlations of two short-lived and 
two long-lived neutral kaons K~K~, KfKf and the correlations of "mixed" pairs 
K~Kf at small relative momenta upon the space-time parameters of the generation 
region of K 0 and k 0- mesons, which involve the contributions of Bose-statistics and 
S-wave strong final-state interaction, have been obtained. It is shown that under the 
strangeness conservation the correlation functions of the pairs K~K~ and K£K£, 
produced in the same inclusive process, coincide, and the difference between the 
correlation functions of the pairs K~K~ and KiK2 is conditioned by the production 
of the pairs of non-identical neutral kaons K 0 k 0 . 

1 Consequences of the strangeness conservation 

In the work (1) the properties of the density matrix of two neutral K-mesons, following 
from the strangeness conservation in strong and electromagnetic interactions, have been 
investigated. By definition, the diagonal elements of the non-normalized two-particle 
density matrix coincide with the two-particle structure functions, which are proportional 
to the double inclusive cross-sections. 

Strangeness is the additive quantum number. Taking into account the strangeness 
conservation, the pairs of neutral kaons K°K0 (strangeness S = +2), k 0 k 0 (strangeness 
S = -2) and K 0 k 0 (strangeness S = 0) are produced incoherently. This means that 
in the K 0-k0

- representation the non-diagonal elements of the density matrix between 
the states K° K 0 and k 0 k 0

, K° K 0 and K 0 k 0
, k 0 k 0 and K 0 k 0 are equal to zero. 

However, the non-diagonal elements of the two-kaon density matrix between the two 
states IK0)(Pilik0 )CP2 ) and ik0 )(Pi)IK0 )CP2l with the zero strangeness are not equal to 
zero, in general. Here P1 and p 2 are the momenta of the first and second kaons. 

The internal states of K 0 -meson (S = 1) and k 0 -meson (S = -1) are the superposi­
tions of the states IK~) and IK2), where K~ is the short-lived neutral kaon and Kf is the 
long-lived one. Neglecting the small effect of GP non-invariance, the GP-parity of the 
state K~ is equal to (+1), and the GP-parity of the state Kl is equal to (-1); in doing 
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so, 

I o) 1 I o I o)) I -o 1 o) o K = v2( K 5 ) + KL , K) = v2(1Ks - IKL)). 

It is clear that both the quasistationary states of the neutral kaon have no definite 
strangeness. 

It is easy to show that 

IKO)<p1) Q9 IKO)<p2) = ~(IK~)<P1) Q9 IK~)<P2) + IK£)<P1) Q9 IK£)(P2)+ 

+IK~)<P1) © IKf)(P2) + IK£)(P1) © IKi)(P2)), 

IKO)<pi) © IKO)<p2) = 1(1Ki)<P1) © IKi)<P2) + IKf)(P1) © IKf)<P2)_ 

-IK~)<Pi) Q9 IKf)<P2) _ IKf)<Pi) Q9 IK~)<P2)). 

(1) 

(2) 

It follows from the Bose-symmetry of the wave function of two neutral kaons with 
respect to the total permutation of internal states and momenta that the GP-parity 
of the system K 0 k 0 is always positive (2] ( the C-parity is (-1 )L, the space parity is 
P = (-l)L, where Lis the orbital momentum). 

The system of two non-identical neutral kaons K 0 k 0 in the symmetric internal state, 
corresponding to even orbital momenta, is decomposed into the schemes IK~)IK~) and 
IK2)1K2) (2]: 

l7j,+) = ~(IKO)<p1) Q9 IKO)(p2) + IKO)(P1) Q9 IKO)(P2)) = 

= ~(IKi)<P1) © IKi/P2) - IKf)(P1) © IKf)<P2)); (3) 

meantime, the system K 0 k 0 in the antisymmetric internal state, corresponding to odd 
orbital momenta, is decomposed into the scheme JK~)IK2) (2]: 

i'lj,-) = ~(IKO)<p1) © ikO)<p2) - ikO)<p1) © IKO)<p2)) = 

= ~(IKi)(pi) Q9 1Kf)(P2) - IKf)(Pi) Q9 IKi)<P2)). (4) 

The strangeness conservation leads to the fact that all the double inclusive cross­
sections of production of pairs K~K~, K£K2 and K~K2 (two-particle structure functions) 
prove to be symmetric with respect to the permutation of momenta p 1 and p2: 

fss(P1,P2) = fss(P2,P1); fLL(p1,P2) = !£L(P2,P1); 

fsL(P1, P2) = fsdP2, P1)- (5) 

Besides, due to the strangeness conservation, the structure functions of neutral K-mesons 
produced in inclusive processes are invariant with respect to the replacement of the short­
lived state K~ by the long-lived state KZ, and vice versa (1]: 

1 
fss(P1, P2) = !£L(p1, P2) = 4 [fKoK0 (P1, P2) + ff<of<o(p1, P2)+ 
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1 + fKok0(Pi, P2) + fk0Ko(p1, P2)] + 2 Re PK0Ko-+K0Ko(p1, P2), (6). 

1 
fsL(P1, P2) = hs(pi, P2) = 4 IJK°Ko(p1, P2) + fkoko(p1, P2)+ 

1 
+ fKok0(P1, P2) + fk0Ko(P1, P2)] - 2 Re PK0Ko-+K0Ko(p1, P2), (7) 

where PKoko--koKo(P1,P2) = (PkoKo--Koko(p1,P2))* are the non-diagonal elements of the 
two-kaon density matrix. The difference between the two-particle structure functions fss 
and f sL is connected just with the contribution of these non:-diagonal elements. · 

It is evident that the one-particle structure functions for the production of Ki and Kf 
are equal to each other. After integrating the relations (6) over the momentum distributiqn 
of neutral kaons one can obtain the mutual equality of the average multiplicities of the 
Ki and Kf-states, as well as the mutual equality of the average squares of multiplicities: 

(8) 

2 Structure of pair correlations of identical and non­
identical neutral kaons with close momenta 

Now let us consider the correlations of pairs of neutral K-mesons with close momenta 
within the model of one-particle sources [2-7]. In the case of the identical states KiK~ 
and Kf Kf we obtain the following expressions for the correlation functions Rss, RLL 
(proportional to the structure functions), normalized to unity at large relative momenta: 

Rss(k) = RLL(k) = AKoKo [1 + FKo(2k) + 2 bint(k)] + 

+Ai(oi(o [ 1 + Fko(2k) + 2 bint(k)] + 

+>.Koko [1 + FKoRo(2k) + 2 Bint(k)]. (9) 

Here k is the momentum of one of the kaons in the c.m. frame of the pair, and the 
quantities AKoKo, Ai(oi(o and >.Koko are the relative fractions of the average numbers of 
produced pairs K° K 0

, k 0 k 0 and K 01?0
, respectively (>.Ko Ko + Akoko + >.Koko = l)' . 

The "formfactors" FKo(2k), Fko(2k) and FKoko(2k) appear due to the contribution of 
Bose-statistics: 

(10) 

where WKo(r), Wko(r) and WKoko(r) are the probability distributions of distances be­
tween the sources of emission of two K 0-mesons, between the sources of emission of two 
1?0-mesons and between the sources of emission of the K 0-meson and 1?0-meson, respec­
tively, in the c.m. frame of the kaon pair. Meantime, the quantity bint(k) describes the 
contribution of the S-wave interaction of two K 0-mesons, the quantity bint(k) describes 
the contribution of the S-wave interaction of two k 0-mesons and the quantity Bint(k) 
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describes the contribution of the S-wave interaction of the K 0-meson with the k 0-meson. 
Due to the C ?-invariance, the quantities bint (k) and bint (k) can be expressed by means 
of averaging the same function b(k, r) over the different distributions: 

J 3 - J 3 bint(k) = WKa(r)b(k, r)d r, bint(k) = W1<o(r)b(k, r)d r. 

The quantity Bint(k) has the structure 

Bint(k) = j WKoRo(r)B(k, r)d3r, 

where B(k, r) -=J b(k, r). 
Let us emphasize that when the pair of non-identical neutral kaons K 0 k 0 is produced 

but the pair of identical quasistationary states K~K~ ( or K£K£) is registered over decays, 
the two-particle correlations at small relative momenta have the same character as in the 
case of usual identical bosons with zero spin [2). 

For the pairs of non-identical kaon states K~KZ the correlation functions at small 
relative momenta have the form: 

RsL(k) = RLs(k) = AKDKD [1 + FKo(2k) + 2 bint(k)] + 

+ AJ<o J<D [ 1 + FJ<o (2k) + 2 bint (k)] + 
+>.KoJ<o [1 - FKoRo(2k)]. (11) 

In accordance with Eq.(11), at the production of the pair of non-identical neutral kaons 
K 0 k 0 and the registration of the two-particle state K~K£ over decays the.pair correlations 
are analogous to the correlations of two identical fermions with the same spin projections. 
This is connected with the fact that in the considered case the pair K~K£ has odd orbital 
momenta [2]. 

It follows from Eqs.(9) and (11) that the correlation functions of pairs of neutral K­
mesons with close momenta, which are created in inclusive processes, satisfy the relation 

Rss(k) + RLL(k) - RsL(k) - RLs(k) = 2 [Rss(k) - RsL(k)] = 

= 4).KDJ<O [FKoJ<o(2k) + Bint(k)]. (12) 

We see that the difference between the correlation functions of the pairs of identical 
neutral kaons K~K~ and pairs of non-identical neutral kaons K~KZ is conditioned exclu­
sively by the generation of K 0 k 0-pairs. 

The relations connecting the contribution of the S-wave strong interaction into the 
pair correlations of particles at small relative momenta with the parameters of low-energy 
scattering were obtained earlier in the papers [4-7). It is essential that the "formfactors" 
(10) and the functions bint(k), bint(k) and Bint(k) depend on the space-time parameters 
of the generation region of neutral kaons and tend to zero at high values of the relative 
momentum q = 2lkl of two neutral kaons. 1) 

1
) Let us note that, in principle, the P-wave resonance ( ¢>-meson, M = 1021 MeV / c2 , r = 4 MeV) 

may influence the KiK2 - correlations. But this influence manifests itself only in the narrow region of 
comparatively large relative momenta 2k ~ 220 MeV / c, and it is strongly suppressed at small relative 
momenta which are discussed here. 
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3 Contribution of the S-wave K 0 k 0 -interaction 

The function B(k, r), describing the contribution of the final-state interaction between 
K 0 and k 0 mesons into the KiKi- correlations and into the difference of the correlation 
functions (Rss(k) - RsL(k)), may be calculated analytically using the approximation of 
the superposition of the plane and spherical waves, if characteristic distances To between 
sources of K 0- and K0-mesons are: To » d0 , where d0 is the radius of action of short-range 
forces between the K0-meson and K 0

- meson (really, already at To > d0 ) [4]. In so doing· 

where AKoRo(k) = AKoRo--KoRo(k) is the amplitude of the S-wave K 0k 0-scattering, 
k = lkl, T = lrl. 

Now let us take into account the effect of the possible transition K+ K- - K 0 k 0
. 

between the pairs of oppositely charged and neutral kaons on the pair correlations of two 
identical kaons with small relative momenta. We can use here the theory of the S-wave 
multichannel scattering [7]. Assuming that pairs K+ K- and K° K 0 are emitted with equal 
probabilities by the same pairs of isotopically unpolarized sources, the function B(k, r) 
should be replaced by .B(k, r) = B(k, r) + L).B(k, r), where [7] 

(14) 

Herek= ✓k2 + 2MKL).MK and k are the moduli of the momentum of each of the charged 
kaons and of each of the neutral kaons, respectively, in the c.m. frame of the pair K° K 0 , 

MK= (MKo + MK+)/2 ~ 495.6 MeV/c2
, 

L).MK = MKo - MK+~ 4 MeV/c2
, 

ac = 2n,2 /(MK+e2
) ~ 108.5 Fm is the Bohr radius of the K+ K--system, 

is the Coulomb factor corresponding to the attraction of the oppositely charged kaons, 
A~~ K---Ko Ro ( k) is the effective amplitude of the reaction K+ K- - K 0 k 0

, renormalized 
by the Coulomb interaction. 2) 

At k = 0 the modulus of the momentum of the K+ (K-)-meson in the c.m. frame of 
the pair K° K 0 is equal to k0 = ✓2MKliMK ~ 62.8 MeV /c. As a result, the Coulomb 
factor incorporated in Eq.(14) is close to unity: 

2 > The S-wave amplitude, determining directly the effective cross-section of the process K+ K- -
K 0 R0 according to the standard formula 
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Thus, with the precision of the order of 10% we obtain 

-1 (c) 12 1 b.B(k,r) - AK+K- ..... Koi(o(k) r 2 • (15) 

It is known that the amplitudes AKoko ..... Koko(k) and AK+K-..... Koko(k) are determined by 
the contribution of the sub-threshold S-wave resonances f0 (980) (isotopic spin T = 0) 
and a0 (980) (isotopic spin T = I) [4,7): 

1 
AKOJZO--,KOJZO(k) = 2 [A(T=0\k) + A(T=l)(k)], 

1 
AK+ K---,KOJZO (k) = 2 [A(T=0\k) - A(T=l)](k). (16) 

According to Eqs. (13), (15) and (16), we come to the following approximate relation: 

.B(k, r) = B(k, r) + b.B(k, r) = [ IA(T=0\k)l 2 + IA(T=1\k)l 2
] -

1 + 
2r2 

+ Re ( [A(T=O\k) + A(T=I\k)] exp(ikr~ cos(kr)) . 

4 Summary 

(17) 

1. It is shown that, taking into account the strangeness conservation, the double inclusive 
cross-sections of the production of two short-lived neutral K-mesons and two long-lived 
neutral K-mesons are equal to each other. This result is the direct consequence of the 
strangeness conservation. 

2. Within the model of one-particle sources the formulas for the correlation functions 
Rss = RLL and RsL = RLs are obtained, which involve the contributions of Bose­
statistics, of the S-wave final-state interaction of two K 0 (J?0)-mesons as well as of a 
K 0-meson with a ..l?0-meson, and also the contribution of transitions K+ K- --+ K 0 go, 
and depend upon the relative fractions of produced pairs K° K 0 , go k 0 and K 0 go. 

3. It is shown that the production of K 0 k 0-pairs with the zero strangeness leads to 
the difference between the correlation functions Rss and RsL of two neutral kaons. 

This work is supported by Russian Foundation for Basic Research (Grant No. 05-02-
16674). 
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