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VHM region: structure of the phase space
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Why 1s VHM?

Average e'e’, pp, and pp Multiplicity

40 "l 777],
*The model of Fermi-Landau sl ® e daa ;. 8
. 0 p(p) ~p data ¥
Vs i
n ~ n ~ | L T )
nF L (S) S >> n phyS (S) ln S o [ G :f B 4155 b};’%%
JADE.TASSO ;" vlv
threshold multiplicity | | e ey °
| p ar 5 7”5—" <—UAS— >
| /4
*What will happen if : s i
[ o ."1 3
10 2, MARKI  ¥,°
n—>n \/;- ; 2 A ;—lsn—r
~ " -
max 51 .-.-#-"M;"Euynm
chambars
0 ' L TS Y
1 10 10 10
J's (Gev)

«Statement: the preventing thermalization constrains must be switched off if

N —> Apax

VHM 05



*Manjavidze & Sissakian

Multiplicity distribution
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VHI\/I theory *Sissakian, Manjavidze (90,...)

— no LLA approximation | k, |- 0, | k, | A |
— no Reggetheory :n > n°(s)
Regge: o, < O(Q_n)\
OCD jet:0,=0(e™")]
— VHM QCD: q* >> A%,q," >>(q,%,9.")

| K, (n, )|
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“THERMALIZATION”
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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 Kkinematics 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!!!

VHM 05 -



Possible mechanism of condensation of the slow pion gas
E. Kuraev, E. Kokoulina

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

Abstract 1
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 0**) 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 Tp. The estimates of Bose-condensation temperature [2] (the temperature where
chemical potential equal to zero) Ty = 3.31A2(N/V)2/3/(g%/*m,) for typical values of pion
number N = 102 and size of pion set size V ~ (10fm)3, leads to value close to deconfinement
- one Tp =~ Tg = 140MeV. At further spreading and decreasing the temperature T < Tpg
a pion condensate appears with the number of "stopped" pions N._, = N[l — (T/Tg)*?
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: vy = (2K/(Nm.c?))"/? << 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 ¢(r, v). It results in factor

~1+ iv—, T =—, (1)

2 _
O, = 1+ =

with v = |v; — vg|-is the relative velocity of pions. This is known result of Quantum Electro-
dynamics (QED) valid for pions of opposite charges, o 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 «;. Relative velocities can vary from
“the atomic velocities ac up to average velocity vg.

Schematically the interaction amplitude can be presented as a sum of two terms A;; =
a + b/v;j, 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
vo

P)~ ) Vo)l / iz Aijdui; ~ (%)", | (2)
pairs(ij) pmrs » :
with ~-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 w,
the probability of the pion condensate creation can be expressed in form

dw w '

wc

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:

N€=€0 — (
N
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 .

1- (Tl;;)“’)",O <T<Tg | | (4)
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Search for the mixed phase of strongly interacting matter at the JINR Nuclotron

A.N.Sissakian, A.S.Sorin, M.K.Suleymanov
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Simulations of Heavy-Ion Collisions:

‘Y Ivanov,V RllSSklkh V. Toneev _

Relativistic 3-fluid hydrodynamic model for I
the energy range: a few to 200 A GeV. ?
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Proposal for FAIR GSI: consider the anomalous peak in the two-photon spectrum as
a signal of the mixed phase formation and, therefore, a tool to identify the critical point
in the QCD phase diagram. D.Blaschke, A.Sissakian, A.Sorin, M.Suleymanov
(On physical programme at FAIR, 5*Workshop on the scientific cooperation between
German research centres and JINR, Dubna, 17-19 January 2005, T = Tho—77

. : I, =600 — IODU;‘\I eV
http:/ /cvjinr.ru/ BMBF_05/index.html). M, = 11()(; — 1{3(;}{)*,1,1; %

The number of anomalous two-photon events in the narrow invariant mass region M_2gamma ~

| M_sigma(mu_c, T_c) can be considered as a “clock” for the duration of the mixed phase.

Problems of SPS and RHIC: huge background from neutral pion decavys Wh at abo ut the
' complicates identification of this signal. Privilege of FAIR: higher JINR Nuclot 0
I densities entail lower critical temperatures > --lower background! : uclotron:
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‘March 9-12, 2005, GSI,Darmstadt,
http://www.gsi.de/documents/DOC-2005-Mar-871.pdf  +h/0503088 (March 31 2005)
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Search for the mixed phase of strongly
_interacting matter at the JINR Nuciotron

Perspectlve theoretical and experimental researches

1. Investigation of propertles of hadrons in hot and/or dense béryon

“matter (a change of their masses and widths is expected, first of all of

the o-meson as the partner of pions in the chiral multiplet, which
characterizes a degree of chiral symmetry violation and can serve as a

"signal” of its restoration as well as the mixed phase formation).
2. Analysis of a role of multiparticle hadron interactions, perfectlon
-of available and development of new space-time models of
~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 centrahty of the
“multiplicity of pions, strange particles, and their ratio, as well as K-
“meson spectra with respect o transverse momentum
(honmonotonic dependences are expected, which can be due to a

manifestation of the mixed phase formation).



5. Ana'ysisof the behaviour of angulaf correlations and flows of

61

4. Analysus of dlleptons and slow plon productlc')An in collisions of

“heavy nuclei (their enhancement in comparison with hadron-

hadron interactions is expected).

secondary particles (their abnormal behaviour in comparison with
hadron-hadron interactions is expected). |

‘phase diagram).

6. Analysis of fluctuations of the muttiplicity of secondary particles
- (their nonmonotonic dependences on energy can give information

on the area of the phase transmon and, moreover, the matter

7. Analysis of characteristics of nuclear fragments dependlng on
-the centrality (abnormal change of the behaviour in comparison
“with peripheral collisions is expected).

8. Energy and atomic number soannmg forall

characteristics of central collisions of heavy nuclei (this

‘might allow one to obtain information on the equation of
state of strongly interacting matter in the transition area).
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C.Alt, et al, System-size dependence of strangeness production in nucleus-nucleus collisions at \lsNN=17.3 GeV,

'NA49 Collaboration

Phys.Rev.Lett. 94 (2005) 052301

 Experimental ratios of <k*><K>0,and A to <u*> plotted as a function of system size (~ p+p, C+C and Si+Si,
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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).

' @ S+S, m Pb+Pb).Statistical errors are shown as error bars,systematic errors if available as rectangular

' boxes.The curves are shown to guide the eye and represent a functional form a - b exp( -<N,,..> /40). At
- <N..>=60 they rise to about 80%of the difference of the ratios between N
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‘Phenix Collaboration |
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4, Analysus of dnlep’rons and slow plon ﬁroduéhon in collisions of heavy

‘nuclei (their enhancemenT in comparison with hadron-hadron interactions
,'5 expected). |

‘Mixed Phase is a state of the compressed nuclear matter.
The 7 -meson condensate

 A. B. Muzoan, 1971, KAT®, 61, p. 2210;

1972, KET®, 34 p. 1184;
1972, ZK3T®, 63, p. 1933;
1973, KIT®, 1973, 36, 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

(2-3) p°

(T.Takatsuka and R.Tamagaki, Prog. Theor. Phys 77 (1987), 362).
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A.R.Wolf et al., Phys. Rev. Lett., 1998, 80, 5281;
A. R Wolf, geb.qubler: Dok‘ro‘mrbei‘r,v W‘G?igbern 19977.7

TAPS Colloboration - R Averbeck et al. ZPhys.A, 1997, 359, 65:
A.Marin et al., Phys.Lett B, 1977, 409, 77;

Invariant inclusive specrtum of the 70- and 77-mesons produced in Au + Au
reactions at 0,8 A GeV (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- posrl'ron 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/c? is enhanced over the expectation from neutral meson decays by a factor of

107

LG
10

Ph-au 40 AGeV

]
________

- an®
N

a4l
N - ig ~
10 1
i d
134

el

CTACT
gien

B[

=N =214
21N =2 &4

P02 Gavvic

=35 mrad

e

...

(Gevia

5941, 5(stat.) + 1.2(syst. data) + 1.8(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 drlven by baryon density than by temperature.

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*n~ 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 n*n"phase space correction. The

(weaker) tails of the ® and ¢ are caused by
electron bremsstrahlung.



Y4

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/dg o [1+2vicos(9)+2v,cos(20)]

. e

'BNL E895 Collaboration has studied the proton elliptic flow as a function
 of impact-parameter b, for two transverse momentum cuts in 2 - 6 AGeV

J Au + Au collisions (AGS)

o -:ST_;;%—RT‘._N * P Chungetal
*;' L +:"*':\$\ ;D/fferent/al Elliptic
— + _ Flowin2-6 AGeV
T g o= 0| & Au + Au Collisions:
":I_“?’ﬁﬁiﬁ’* % A New Constraint
T w4 |- forthe Nuclear
:Kf‘::: e = Equation of State,
e nucl- ex/ 0112002.

| The eII|pt|c ﬂow shows an essentlally I|near dependence on b (for 1 5 < b < 8 fm) W|th a

, negatlve slope at 2 AGeV, a positive slope at 6 AGeV and a near zero slope at 4 AGeV.

' 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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t The angular distributions of protons with the momentum less than 1.0 GeV/c in the
' events of n-12C -interactions at the momentum 40 GeV/c with the total

| disintegration of nuclei [A.[.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.

— : . ,
S 1

Z —
f Y
++++*+ +++++++m+++ +++++ |
~0;l‘95 - -J:é’# T 421541 l 0,;?&

- The angular distributions of protons emitted in 7-12C -interactions at momentum 40
GeVle. o |



Centrality experiments

‘Studying a dependence of characteristics of

: nuclear-nuclear interactions on the centrality isan
important experimental way of obtaining information
on phases of strongly interacting matter formed |
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 mlxed phase of strongly mteractmg matter

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

1.3 s A EARaR e
b 3 t « P Pb 1698 DATA
r ful L o ™Pn « P Shitted Blne
o 1 } e ]
> 1.2 ] ‘o_.u"’“ 2 haet The behaviour | L
& 1 e : “ AR h B
e B I B K changes at 3
& | ] * | E;~40-50 GeV | §
R STEEE 3
09 ] l‘l LI B N L LR A S 150 q. 2{ - 4Ig 'IU q‘q 1(.m li'v’ - o
0 50 100 ST T T aen
00 120 140
E (GF>V\ | K (cw)
<P, > of ]/\I’ and inverse slope ( T) of ]/‘I’ transverse The Cross sectlon of J/‘P productlon in Pb Pb
mass distributions in Pb-Pb interactions at 158 interactions at 158 GeV/nucl. as a function of
GeV/nucl. as a function of centrality (E;) (NA38, centrality (E; ) (NA38, NA50) normalaized to
NASO) the cross sectlon of Drell Yan palrs

Possible explunatton the regime changes isa mamfestatlon of the Mixed Phase (MP) formatzon
(A N. Slssakmn, A.S. Sorm, M.K. Suleymanov, G.M. Zmov]ev)

The experzmental mfmmatwn on condtttons of MP formatzon is 1mportunt to flx the onset stage of
the quark 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 7% or (n*, 7")-meson
,r,(lepton) pairs production, simultaneously, as a function of the centrality.
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Multiplicity per participant nucleonpair,‘ as a function of
the centrality, for Vsy\ =130 GeV and 200 GeV Au+Au
collisions as measured in PHENIX (A. Bazilevsky, Nucl.

Phys. A715 (2003) 486).
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L. Jenkovszky

Deeply Virtual Compton Scattering &

Generalized Parton Distributions



Deeply Virtual Compton Scattering (DVCS)
v *N - y(M,m_)N (eN — eyN)

&

Generalized Parton Distributions (GPD)
(holography, tomography, phemtophotography)
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(Classmal) photography and the “phase problem”

Kuno...(rp.) Mera...(rp.) rura...(rp.) Tepa...(rp)
KIAIOO = TFIC. UEYAo = 6on|pm017| yiyao =‘ MMraHTCKuM Tépdp = Jygosuile

L . 107
3 6 9 12 15

MUnnK...(nar.) MWKPO...(rp.) HaHo...(rp.) nuKo...(uen.) emro...(nar.)

Mille — Teica4a HIKPOO - Manblid  UAUOO = Kapnuk  (Manbii) femto = natHaauaTh
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(-]

Form factor

Parton density

L

Generalized parton
distribution at =0
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p.

g




DIS (and ordinary parton distributions)

SO S E SadP!
P J
SR (C T

The proton is smashed (completely destroyed)



. PertUrbative Quantum Chromodynamics (DGLAP Evolution)

£ (0.07)= 3 (e 0,0, 01+ ,05.0)) + (07 )C .0, (07 @ (g, (. 0%) +
4,50 +IC, [sa, (0@,

w
~

dy [ x
f(H®gx)= f;yf[;}g(y), C =1+0(,)C, = O(a,).
Nonper'turb:ztive (" phenomenological") inputs

X(g,(x.0") = F(Q" O (1-2)"®
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3 “valence quarks”

“sea” of gluons and short lived qq pairs

-+
2_

1,8F

1,6

u_N -

5 14r

g 12f
N

Q’=3.5GeV

Q’=15 GeV®

® H1, ZEUS

A other experiments
(CERN, Fermilab)

— QCDfit

-
-

Q=650 GeV’

107"

momentum fraction x

1072
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Dénes Gabor,1948; Born in 1900 (Budapest),
Nobel Prize in 1971, Died in 1979 (London)

laser splitter lens mirrow

abject beam

mircow ceference beam holographic

plate
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beam ditfracted off a parton

detector
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Light-cone formalism

Bjorken
limit

Handbag )




DVCS kinematics

L P=p +p,q=(q,+q,)2
7 —4q, —Qz -
A=p2—p1, =N
X = _q12 _ Q2 '
.= — -
2pq, 2pq,
AZ 4
g 1+2Q2 —
E=—"=x, | Ag_ G A
2Pq A n=—_=-¢ll+—
| 2—xB+xB‘—2— Pq 2Q
0




The basic object of the theory
A(s, t, Q2 =m’ ) (on mass shell)

> ImA(s,t =0,0°)~F, DIS
Reconstruction of the DVCS amplitude from DIS

F, ~3mA(y p— 7" p)|_ - 3mA(y" p— 1p)

S

t=0

— A(y p - )

> A p > p)
or
SmA(y' p—>y'p)|_, ~ F(x;,0%) = x,4(x,,0%)
q(x;,0%) > q(&,7,,x,,0%) ™

?

= 54(&,7,t,x,,0%) = GPD(&,17,,x,,0%)



Spin

J. Bjorken, in Particle Physics
2 2 2 s
Sm[F1 (x,0°)+ F,(x,0 )]t_0 NY 1972, and SLAC-PUB-

1
qg(x)=—
2 =0 7096,1996:
5 5 R.L. Jaffe and X. Ji, PRL 67
Aq(x) = Sm[F3(x,Q )— F,(x,0 )]t=0 (1991) 552;

1
2 J. Soffer, PRL 74 (1995) 1292;
1 S.M. Troshin and N.E. Tyurin,
- PR D63 (2001)

54(35) — 2 Ssz(x,Qz)

t=0
F.(x,Q") - helicity scattering amplitudes for g-h
scattering



Ly

pQCD

L3 S P :

\ F,y(x,0%) ~ 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 !

L GPD(x,n,t)

A0~ [ae™ =

We need clues from ) )
phenomenological models / Handbag

- Regge behaviour, t- o~ d O'

o, ~3mA, |A|

dr

factorization etc. tot



‘ 1 GPD x, ,t,x , 2\
A&7 t,x,,0°) ~ [dx SR X5, Q)
-1 x—&+ieg

SmA ~ O-tot N

If we are interested only in




Various limits

=19 We can return to symmetric
DVCS X, w —p only for 0 —> 0
: n:—é,cf:z_x 0’ >0,x,>0,=x,/2
B
General, symmetric 0, =0%,7=0
But we may have f=-A" #0 [V K. Magas, hep-ph/0404255;

Generatization of @ L.L. Jenkovszky, V.K. Magas and E.
JPredazzi, EPJ A12 (2001) 361;

to t#0
R. Fiore et al., EPJ A15 (2002) 505



«  HERMES, E=27 GeV, low

e o luminosity

« JLab, E=4-6 GeV

"« + Upgrated CEBAF/Jlab, E=12
o P8

COMPAS, E=200 GeV




\ . Grabowska-Botd

Hamburg, September 29th 2004

a2 o/ ndf
N
5 ,\® ~ Constant
i |
e 107 \ | Slope
= ( -
a &
T
&
3
!
S 10 i .
” AN
[ \\
\
A s
1 5 N
0 02 04 0.6
t(GeV?)

Dutf. Review Meeting

51.27

5.266 |

7.427 |

1.2

H
H

¢ = OPE FOR 1999-2000 |

Fitting a function

do
97 — ¢ exp (~Slope - t),
" exp (—Slope - t)

we find for Q2 = 9.6 GeV?2:
Slope = 7.4+ 1.1 GeV~2,

Note

e 2 minimisation method used for the
fit,
e poor quality of the fit (large x?),

e No systematic error is quoted yet.
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I. Grabowska-Bold Hamburg, September 29th 2004

2LOPE AS A FUNCTION OF ()2

Analysis performed in two bins of 2:
b < Q? <11 GeV?for (Q?) = 7.0

» 96-97 e*p data 11 < Q% < 100 GeV?2 for (Q2) = 19.0
® 99-00 e'p data
—  FMS original fit

"""" FMS fit Results compared with the Freund, Mc

Dermott and Strikman fit (solid line):

| \l\-\‘l\\—, PREAYY 2L ) \J JRECEEE 63 0 M W V3 2*),
a - with bg = 8 GeV~2 and C = 0.15.
2 |

) : | Also a new fit to the 99-00 data has been
9" "5 "1 15 20 25 30 performed (dashed line). The new val-

Q? (GeV?) ues are:

bo = 9.5GeV ™2 and C = 0.14.
There is an evidence that the ¢ slope decreases
with (7.

Diff. Review Meeting



¥s

A o 17,03 b

R = B=b,(m)+5,(0?,0%)+a Ins
QJZ:le"‘MIE(?)” ,

1)" Symmetries": B” (@0617) _ B7ea =71V 9

2)" BT "~ BP9

3)B o 02, but B, = %B

"

. . a(t)—l
. IAY ) 2 ),
A(S,f, QIZ,Q§)= zG(t,Qf,Qj)[— S—J , G(t, QIZ,QZZ) — G(QIZ,QZZ)eb(QI o
0

(02,00 =—2E— G(0},0h)=——,
EI e
Qo Qo ‘ Qo Qo

a(f)=a, + 't = ay +a, —/4m: —t; a, = a,(0"2);
Adjustable parameters : g, by, b, n,, nz,Qg; fixed : ay = 1.1, a ~02,s,=1, Q02 =0, M>.

A(S,I,Q,Z,sz)j A(§,§7x8j’t)



Sss

N
1 RO
' = g
| e
L ety — o — =
L~ — %
- A _ t4 19" ,
Process J Value of sl;);)e b, GeV—2 l W, GeV | |t|,GeV? l Exp. Ref. 7 .
p — pp 10.31 £ 0.77(stat.) 4= 0.52(sys.) 25-70 ] 0.073-0.45 Il {69]
. 10.9 £ 0.3(stat.) 1 9(sys.) 50-100 0-0.5 | 2ZEUS| [68]
6.0 + 0.3(stat.) 05 (sys.) £ 0.4(nod.) | 85-105 04-1.2 | ZEUS | [76]
ap - pY 5.8 :+ 0.3(slat.) £ 0.5(sys.) 50-100 | 0.025-0.5 | ZEUS | |68
2.4 £ 0.2(stat.) 33 (sys.) £ 0.3(med.) | 85-105 | 04-12 | ZEUS | |76
P - 7.3 £ 1.0(stat.) £ 0.8{spst.) 60-80 0.1-0.5 | ZEUS | {293
6.3 £ 0.7(stat.) £0.6(sys.) £0.3(mod.) | 85-105 | 0.4-1.2 |ZEUS | [76)
Ap— @Y | 2.1£0.5(stat.) £ 0.3(sys.) £0.4(mod.) | 85-105 | 04-1.2 [ZEUS]| [76]
ap — J/ip 4.73 + 0.25(stat.) 30 (sys.) 40-150 0-1.2 H1 [70]
4.99 & 0.13(s+at.) 205 sps.) 40-150 | 0.07-0.9 m 73|
© 4.15 £ 0.05(stat.) 130 (sys) 20-290 0-1.2 | ZRUS | [71]
4.0 £ 1.2(stat )9 (sys)! 34 (maod.) 85-105 0.4-1.2 | ZEUS | [76]
vp — J/eY | 0.7 £0.4(stal.) £ 0.2(sys.) 1S3 (mod.) | 85-105 04-1.2 | ZBUS | |76]
1.07 £ 0.03(stat.) £ 0.11(sys.) 40-150 0.15-3 HL | [73)
p— WE2S)p | 4.69 % 0.57(stal.) = 0.46 40-150 | 0.07-0.9 - | HI |73]
p — W(25)) 0.59 £ 0.13(stat.) £ 0.12(sys.) 40-150 0.15-3 H1 (73]

Table 4:  Recent HERA measurements of the b slope for PHP elastic and proton.-
dissoctutive veclor-meson production.
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b, Gev

12
O pHI
@ p TIUS
‘0 o ZEUS
O ./ y HI
& 8.y ZEUS
6
a
2
°%% 3 0 15 20 25 30 .

Q'+m,’, GeV?
Figure 61: The diffraction slope b of clastic production of the p (111: {16]. ZEUS:
[68,81]) and J /4 (H1: [89]. ZEUS: [90]) mesons as a funclion of Q* + M. The

predictions of from the by -fackorizaiion approach (54, 55] are shown.

8.3 Shrinkage of the diffraction cone and the Pomeron trajec-
tory

8.3.1 The W -dependence in photoproduction

o L -
S 14 '
] : H
Q 12 S
St 3 e e BT
8 RN -
S : @ H1 Preliminary
6. coHies
4 : ZEUS 97
2 fixed 1arget 2ZLCUS 96
0 : PO, . [ - - e memdiae
10 100

W:GeV

Figure 62: The diffraction slope b, as a funclion of W for p plhotoproduction
j689]. The continwous line shows the vesult of the fil of the form (27) to the recend
11 mensmement, other HERA and fived largel mcasureweenls arve shewi Jor com-
parison: the extoagelation of the fit 1o the low W region is indicated by the dashed
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ZEUS

Lok Q=0 ZEUS 94
R . Q*=0.5 GeVZ ZEUS 95
<
e, Q*>2GeV? ZEUS 96-97 (prel.)
® epoepp (i< 1 GeV?)
L a epoeYp (tl<2 GeV?d)
i f
o | %
* - ‘ x
2
Fy
0 i H es! " n
0™ 1072 10! 1 10 102
Q%(GeV?)
ZEUS
- % = - : T . :
'lf\ T e ZEUS DS 93-00 < HIDIS a
g r * ZEUS Photoprodroctien E
':’: . $ .
__‘ .' ;..ﬂ_,.._«_- .j [P !.. ‘.1’-%.«. ——— ammaan e - 7]
: ~  Fit b:=45+02GeV® |
2 e e e s e i e o PR TSR
0 5 10 15 20
Q" (GeV?)

Figure 60: The preluminary ZEUS data on diffrection slope b for clas'ic and
proton-dissoriutire production of the p (upper boz, [84/) and (bottom boz) recent
ZEUS (90 and 11 [$Y] data for elastic production of the .J /v mesons as a funclion

of Q*.
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A phemtophotography of the nucleon

H (x,t)): x——0.0S (1 . x)4e—10t(1—2x)




The basic object of the theory

Veneziano duality

09

Two-dimensionally
dual picture of the - BreiWigner Rirpge behavior
i O 7 fer g' (O} _f:-‘)_ i ) IOSONANCeS: Ais ~B(t) su(,‘}
strong interactions on-shell ) s} l
Qe HERA
Bloom-Gilman evolution i0%-shel)
Parton-Hadron duality
. ‘ Dy (0] 1
high Fx.Q)~(1-x) " Fx.Qj~x .
(L-","f‘l‘uaiff}f ) lage x small X
' N\
vV

Duality of the SF (?!)



—ay (1")-1

1 7 —o5(s')-1 1-2) '
D(s,t) = Idz(—) (—-) o
0 g g s'=s(1-2),t"=tz,g>1

s — 0,1 = const

o, (1) , a, (£)-1
o D(S, t) N gla{ag(o)lng)(sas (O)glng]

a,(?)

nta C M ) et
D(S,t):Zg (1) ( ) : Cn(t)z_l_ dﬂl:(l z] :l
. n_as(s) n! dz g



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 ==

L ( ~a, (s)-(Q% )1 1— -
D(s,1,0%) = | "z() (“j
0 g 4

—a; (1")-B(0% )-1



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

-, (s')-1
2 2 1 1-z
D(s,t,0,",0,") = |dz 'zz ) ( 5 J
oj (g(Ql ) 2(0,)

Regge asymptotic for DVCS (@," =0)

-y (t")-1

%0 G, PP(10%)
D(s,t,0%,0) ~ iG(t,QZ)(—if_J G(t’Q ) = o'+ :

So

P00 = ( 1+Q* /QJ
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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 DVCS measured
by ZEUS.



S. Mavrodiev

Some phenomenology of

multiplicity particles production
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Average et+e, pp: and ep Multiplicity (Data from http://home.cern. ch/b/biebel Avww/RPP02)
<N_>=a+ b [In(sqrt(s))T".

<N_> multiplicity [number]

40

35 ]

-

-

30

-

=

25 -

20

-
[#)]
I

=y
o
|

(&)}
RN SR

* ete- data
e+e- fit, y°=0.91
«  p(ap)-p data
—— p(ap)-p fit, ¥’=0.94
- exp data
exp fit, ¥’=1.71

where a,b,c- linear functions af initial mass sum:

a=a+a(m+m), b=a-+a(m+m), c =a+a(m+m) }

The fit parameters
at/-la, i=1,2,...86,

ai=

a =

1.674 +/- 0.023

-0.357 +/-0.024

0.900 +/- 0.021

-0.184 +/-0.D015

2.055 +/- 0.028
0.114 +/- 0.024

-

10 100
sqri(s) [GeV]

T
1000
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Average ete, pp; and ep Multiplicity (Data from http:/home. cern. clv/b/biebel www/RPP0O2)

<:Nch>~ multiplicity [number]

40 -

35 -

30

25

20

—
N

—
L.
]

N

-

L T
. e+e-data <N ==a+ b [In(sqrt(s))].
i e+e- flt, -??:0_9]_ whene a,b,c- inear functions of intial mass sumn: ]
> p(ap)-p data a=ata(m+m) b=a+a(m+m) c=atam+m) /
1 — plap)-p fit, x'=0.94
B - expdata
1 exp fit, y'=1.71
: »
] / The fit parameters
| a+/-fa,i=1,2,..86,
; a = 1674 +-0.023
] a = -0.357+/-0.024
i a = 0.900+/-0.021
i a = -0.184+/-0.015
—: a = 2.055+/-0.028
] a = 0.114+/-0024
i i 1 T T { T H l—' ] 1 1 T T 1 T 1 I T T I 4 T T T 1 I
1 10 100 1000

sqri(s) [GeV]
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Average ete-; pp: and pp Multiplicity (Data from http:/home. cern. ch/b/biebel ivww/RPP02)

40 - = e’p data o

30 1 . e e data

» = p(ap)-p data

e e fit
—
©
£
; ) Cc
= 194 <N >=a+t b [In(sqrt(s))]
] . |

E -8{ : ab,c- fit parameters
O 6 - atf-Aa b+/-Ab ct+f-Ac
i 5 1.68 0.20 0.875 0D2 2.091 0.028
= 0.00569.9 0.889 0.12 1.568 0.17
= 4 4 1498 0.079 0.659 0.046 2.251 0.078
&

<
A

=
Z v
v 2]
1 T | ll‘lllll ] T Ir‘rllll ] ¥ IITIIII
1 10 100 1000

“sqrt(s) [GeV]
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Average ete, pp: and ep Multiplicity (Data from http://home. cern. ch/b/biebel ivww/RPP02)

40 « e+e-data “N_ > =a+ b [In(sqrt(s))]
] | _ o
; e+e- fit a,b,c- fit parameters I
35 ] o p(ap)—p data atf-Aa b+l-Ab c+i-Ae ',1‘,2
i f e+e- 16841 00035 08776 0.0036 20873 00052 1177
1 — p(ap)-p fit esp 15242 0034 0648 0029 23269 0055 5717
— p(ap)p 0.0000 00000 0891017 0.000033 1.559932 0000057 0.988
E 30 - ¢ exp data
] exp fit
S s i
z 25 s
2 i
9o 204
2 ]
= i
c 154
A_ ]
= 104
v ]
5 ]
' O T ﬁ 1 | t T T l T T — T J 3 T l T T — 1 1 U T 7 lil
1 10 100 , 1000

sqri(s) [GeV]
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Conclusive Experimental Evidence for Hadron Deconfinement in
p — p Collisions at 1.8 TeV
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 < dn./dn < 20.2. The
hadronization temperature is 7' = 179.5 £ 5 (syst) MeV. Using Bjorken’s 1D
model, the hadronization energy density is ep = 1.10 £ 0.26 (stat) GeV /fm?
corresponding to an excitation of 24.846.2 (stat) quark-gluon degrees of free-
dom. [1]

Experiment E-735 was located in the C'@ Interaction region of the
Fermi National Accelerator Laboratory (FNAL).

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 n. and pseudo rapidity n ranges were:

Multiplicity range: 10 < n, < 200

Pseudorapitity range: —-3.25 < < 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 p;, pseudo rapidity
n and azimuthal angle ¢ are given below:

Momentum range: 0.1 < p; < 1.5 GeV/c

Spectrometer coverage: —0.37 < 1 < 1.00, Ag ~ 20°
where A¢ is the azimuthal angle around the beam direction.

The expected Hagedorn-Van Hove-Weisskopf deconfinement signatures are
that both the energy density € oc dn/dn and the temperature T as function
S = dn/dn exhibit the classical rise-flat-rise variation. Contrary to this
expectation we found experimentally an initial rise and subsequent constancy
of both € and T'. Ultimately we had realized that Bjorken’s expansion phase
had to be incorporated into the HVW picture. Once dn/dn reaches a critical
value and deconfined hadronic matter is formed, it has to expand and cool
to reach the universal constant values for T' and € before deconfined hadron
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matter reconfines. Thus, the expansion length z must become proportional to

the rapidity density: z %";

Temperature Determination

The negative particle p; spectrum is used to measure the temperature: 7.
The slope parameter (b7!) i.e. “Temperature” T is obtained from a fit of the
invariant cross-section d?n./dyd?p; to the function:

A exp(—bp;) for 0.15 < p; <0.45 GeV/c.

The T' value is constant to £1% for the rapidity density interval 6.75 <
dN./dn < 20.2
T = 179.5 &+ 5(syst)

Determination of the 1D Expansion Lehgth 2z and expansion
Volume V' at Hadronization Time

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

Rg = m(dn./dn)

where the slope m is: m=0.0730 £0.011. The effect of the 1D expansion on
the HBT analysis introduces a correction factor £g. Thus the length of the
quark-gluon tube at freeze out is:

z = Lpm(dn./dn)
Thus the cylindrical volume of the pion source at hadronization is:
V = 7r? x 2€Rm(dm/dn)
After substituting the constants
¢r=1.56,m = 0.073 £ 0.011
we arrive for the value of V' as function of rapidity density:
V = (0.645 £ 0.130)(dn./dn) fm®

For the rapidity density interval: 6.75 < dn./dn < 20.2
we obtain the volume interval:

44+09<V <13.0£26fm®
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We assume that for dn./dn > 6.75 the system is initially above the decon-
finement transition and then expands to the final volume V.

Pion Density n, at Hadronization (After Expansion)

Using Bjorken’s 1D boost invariant equation we estimate the number of
pions/fm?®

o B/2)(dnefdn)
A2t

A is the Transverse Area wr? and 7 is the Proper Time at freeze out.
The collision occurs at longitudinal coordinate z = 0 and time ¢ = 0. The
corresponding initial proper time is 75. At any ¢ later time 7 = (£* — 22)1/2.
For a relativistic massless ideal gas above the phase transition the naximuiu
expansion velocity, responsible for most of the longitudinal expansion, is likely
to be the sound velocity 2 = 1/3. Since the expansion time ¢ in terms of the
cylinder length z and the expansion velocity v; is:

t=z/ Vs
Substituting this expression into 7 we obtain
7= (322 - 2HY2 = V22

The proper time 7¢ at hadronization becomes: 7 = V20 rmdn./dn
Thus the pion density, pions/fm?:

(3/2)(dnc/dn) (3/2)(1/v2)

= T2/ 20gm(dne/dn)  wr?2lpm

becomes independent of dn./dn. After inserting the experimental values for
r,£r and m we obtain the final result: n, = 1.64 + 0.33(stat) pions/fm®.

Hadronization Energy Density, ¢;

e — S Fr(ma)(1/v2)
wr220rm
where F}, is a hadron abundance factor for 7, K, é,p,n, A%, = etc. and my,
denotes the relevant hadron mass:

(M) = (mj, +p})H?
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is the average transverse mass of hadron h
Using r = 0.95 fm, £p = 1.56, h = 0.073, we obtain for &:

e = 1.10 £ 0.26(stat) GeV /fm®

Number of Degrees of Freedom G(T)

;From quantum statistic the average number of pions in volume V, at
temperature T with number of Degrees of Freedom (DoF) G(T) is:
G(T)1.202(kT)3

233

ne=V

For a quark-gluon plasma:

G(T) = Gg(T) + G@(T) + Gq(T) =16 + (21/2)(f)

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
Ny =ng + (ng +ng)/2

ny = (1+2 x 21/64)G, x 16.1T*(GeV)

where G, is the effective number of gluon number DoF.
G(T) =ng+ng+nz=(14+21/16)G, = 23.5 £ 6DoF

G(T) from ¢f and T

After the isentropic expansion, the energy E in the volume V at a temperature

T is also constant E= (3/4) S(T)x T

G(T)rk*
30R%c3

Again nearly 8 times the number of Dok = 3 of a pion gas

E=V T* = G(T) = 24.8 & 6.2(stat) DoF

CONCLUSIONS

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

o The freeze out number of pions/fm?® is n, = 1.64 +0.33 .
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e The hadronization temperature is T' = 179 & 5MeV.
o The freeze out energy density is e; = 1.10 & O.»26GeV/fm3.

e The number of DoF in the source is 23.5+6 and 24.84:6.2. They are in
general agreement with those expected for QGP.

o The measured constant T',n,, €5, values and the linear dependence of 2
on dn./dn all characterize the quark-gluon to hadron thermal phase tran-
sition.
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Figure 1: Dependence of the Gaussian radius Rg on (dn./dn). The gluon diagram indicates that two gluons
are required to form two pions.
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Figure 2: The temperature T, is the critical temperature and esg/7* is the Stefan-Blotzmann limit.
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Status of ”Thermalization” project on SVD-2

Poxxaenne yacTun B pp-B3anMoaeicTBHA
C BBICOKOH MHOK€CTBEHHOCTBHIO PH YHEPTrHH npoToHoB 70 ['B.

IIpoexT "Tepmanuzamus

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 — n_ 7w +2N, n_=20 =+ 35.

At reaction threshold n_ — n,, ., = 69_all particle momenta in c.m.s.
vanish  p _—0. A number of collective effects may show up in

T

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 o(n) is expected, comparing with
commonly accepted extrapolation.

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

Fluctuation of charged n(w ¥, = -) and neutral n(n °) components
(centaurs or anticentaurus).

Enhanced rate of direct photon‘s.

Search for new phenomena: multipion bound state, events with ring
topology, pentaquarks.
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Inelasticity coefficient or rate of energy
dissipation

RHIC: AA interaction at Ecm =200 x A =80 TeV.
Central fireball energy density € =3 GeV/ftm**3.

Central fireball volume v = in R3

eV 0.03
E

cm

Inelasticity coefficient K .

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

K. =07-1
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Multiplicity distribution in pp interaction at 70 GeV.
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Low energy direct photons.

do
—, mb/GeV/c | | | - |
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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 1s 1n progress
Trigger concept 1s worked out

Monte Carlo generator of the thermalized hadron
system and phenomenological studies is in progress

Liquid hydrogen target is designed and its

-~ manufacturing 1s 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.

C1, C2 -beam scintillation
and Si-hodoscope;

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

1, 2, 3-the drift tubes track
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,

10 000 ch.).

Drift tubes trekker (9 planes, 2300 channels).

Magnetic spectrometer (18 proportional chambers).

Liquid hydrogen target (& 25 mm, I= 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 ~. 10’ s~

Assuming partial cross section o (72,=30)=0.2 mcb expected
counting rate i1s 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. An exsample

Insertlon place of
llquid hydrogen and
LiH targets.
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Box of vertex detector.

Cooling gas

outlet.

40 cm

\ 4

Component
of trigger
system.

Beam entrance
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Silicon micro strip vertex detector.

~ An exsample of pC interaction event.
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An event of pSi1 interaction with 30 tracks
as 1t seen 1n vertex detector

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

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

HUH 222

ADC Amplitude A

L]

If A23mip, A=3mip T o6 OT T T

D A, = 4
|

Trigger condition

A =nxmip, n=10+20 | — Triggersignal
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Scintillation hodoscope for trigger system.

R=30 mm

24 sectors.

Hole for beam

pass, | d"

mip signal 1s

200 mV.

—>

Diam.=2 m

PMT —

Scintillator sector

PMT

ﬁ Beam
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Light collection from one tr1gger scintillator

2005/03/20 17.00
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hydrogen target schematic.
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‘ Straw tubes data analysis of run 20.12.04
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HMunan-rpadnk pabor nepsoro srana upoekTa <« AApoHuI3anngs -
Mogepsusauns ycramoskn CBZ-3.

Hammenopanne pator. 2003 roa | 2004 roa ; 2000 roa
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Plan for 2005 -2006.

 Data analysis and publication preparations

. Hardware and software modernization

~« Data taking at the accelerator runs

e Technical runs at nuclotron

* The theoretical study of dynamics of hh and
hA 1nteractions at 70 GeV 1 QCD and
phenomenological models
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Conclusion.

*Modernization of the most systems of the SVD-2 setup 1s in
progress. |

*Trigger concept 1s worked out

Software package for high multiplicity events processing 1s
developed. |

Liquid hydrogen target is designed and manufactured.
Drift tubes tracking system 1s 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 capability.

Effective mass spectrum of (nx), (p) and (Kp) systems:

M(K) =497.6 MeV, 6=4.4 MeV;
M(A)=1115.0 MeV, 6=1.6 MeV
M(6+) =1526.0 + 3.1 MeV, ¢ =10.2 MeV
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Search for pentaquark 6+, 2005.
K 0 found m vertex detector.

; H background of 212 events
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Search for pentaquark 0+, 2005.
K 0 found in magnetic spectrometr.
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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 formed 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 1dentical 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 1nterm1ttency 1S 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 mult1p11c1ty

Budget request.
35 kS for 2005. 40 k$ per year in 2006 — 2008.



L1t

Conclusion

Experimental setup.

The experiment is being carried out at 70 GeV 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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Lntroduction on 'ém@p q&ﬁm‘k

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

= It+ was discovered by both CDF end D@ at the |
Fermilab Tevatron in 1995
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Top Production and Decay

At high energy pp collisions at Tevatron and for M,,,>100 GeV/c?
qq fusion to a gluon is the main production mechanism.

[ V
q \g/ q'
. ' ****
U /4 -
! - {
P > £EG 7
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Decay Modes

W, —>1|,v  Dilepton
w, =1, v BR=11.2%

W, = |, v Lepton + jets
w, - q'E,_ BR=44.4%

w, —>q.q All Hadronic
W, >q,q BR=44.4%

e-e(1/81)

B mu-mu (1/81)
O tan-tau (1/81)
e -mu (2/81)

e -tau(2/81)

H mu-tau (2/81)
etjets (12/81)
B mu+jets(12/81)
[ tantjets(12/81)
O jets (36/81)
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What about the Dilepton Signal?

Expect to observe:

- two leptons with high P;

- large missing E; from the two v's

* Two or more jets

B
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hy study the tt To Dilepton channel

- ano?her measuremenf of 'i'he top quark mass
with smallest systematic error

> beﬂer' 'localization’ of SM Higgs mass

- |T can pr'owde many checks on the SM

j MLEP1 SLD Data

80.51 68% CL

o | | cDF/DO
— 80.47 | 2 fbgoal

80.3 - /
' 114/

/ ]
802 1009 ‘ P]reh‘mninaxry
1 30 1 50 1 70 190 210

m, [GeV]
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The Top Mass

New World Average (2004) (including RunI r'eSuIts)

Mt = 178.0 + 4.3 (+2.7st+3.3sys) GeV/c?
hep-ex/0404010 -f

CDF Run II : \
M, =173.5%; 7(51'01'+ JeTs)+1 7(sys1') GeV/c?

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
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The Top Mass

e

TSTaT: 2.7 GeV7<;2 -
. Syst: 3.3 GeV/c?

.2.6 GeV/c2 JES

TEVATRON Run-I

150
M

top

175
(GeV/c?|

200

‘Mt = 178.0 + 4.3 GeV (£2.7st+3.3sys)
Mass of the Top Quark

Measurement | wa [GeV/02]
CDF di-l —@—— 167.4 £ 11.4

D& di-l --—-—o—---n- 168.4 £12.8

CDF 14 —fot— 176.1+ 7.3

DD I4] o} 180.1% 53

CDF all-j & 186.0 £11.5

Y21 dof = 2614

-o- 178.0+ 4.3

-1.6 GeV/c? signal

-0.88 GeV/c? background
-0.83 GeV/c? UN/MI
-0.35 GeV/c? fit

-0.12 MC

Relative weight in top mass average

= CDF ¥ CDF " CDF di-
+jets allhad lepton
DO dilep- [ DO I+jets

ton
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Sensi'rivi'ry to the TopMass

Jet energy scale.

'PROPOSAL ->Use a variable(s) that does not depend on the

Jet ener'gy

EXAMINE > LEPTON E. (P) sensitivity to the top mass

in the tt— > Dilepton & tt— > lepton + jets decay channels
where leptons are electrons or muons
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'« Generation of tt events for several 1

= Selection of dilepton events, in parton level, where leptons

Analysus Ou‘rlme

ion of dp masses (1 30 -230

GeV/c? for:
« CDF energy, 2 TeV (HERWIG)

= LHC energy, 14 TeV (Pythia)

are electrons or muons
Requirements on leptons:
> P > 20 GeV/c

> |n| <1.1
'« Study of the mean value of the leptons’ Pr for the samples

generated with the above top masses |
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Leptons’ P+ :
events generated with HERWIG 5

] \ - _; / o
Ve N\

N/g =2TeV :
" Top Quark Mass Lepton <P;> <P;> standard
(GeV/c?) (6eV/c) deviation (6eV/c)

130 50.59 26.15
150 53.33 28.43
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
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| Pt of lepton

‘Distributions of Leptons’ P |\

events generated with HERWIG

1000

800

600

400

200

Ill[rIIiIIITillllll‘ll

N w Ef?fff
f’/ \\
———— s — 1§ (‘j %&i
Pt_hepg . L
Entries 9764
Mean 56.78
RMS 31.55
i

o

] 1 l H H i
100

200

i ] ‘ 1 1 H i
300

Mtop = 170 GeV/c?

Mtop = 180 GeV/c?

| Pt of lepton | Pt_hepg
F Entries 9896
- Mean 58.17
500 |
- RMS 32.1
400 —
-
300
200
r
100 -
> T
0_ |l|||111 1_.1__JJ.J.J11
0 50 100 ~ 150 200 250 300
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Vs=2TeV

Pt of the two leptons

Pt (GeV/c)

68
66
64
62
60
58
56
54
52
50

120

Leptons’ P; vs top mass

HIIHIHIIIHIHIIIII‘IH,IHI!IUIIH!II

p0

p1

1 I ndf
Prob

0.157

19.56 /7
0.006596
29.82 + 0.6385

4+0.003583 | |

ceaveanveeareranvenacmeanend i

................................

...............................................................

220

Mass (GeV)

240

¥ # i
f"
s o«
*‘ fF y.
JTOETY
A X
Ve *,
&"“‘-,
& W

sensitive to the

top quark mass

Fit to a straight

line gives

| sfl@c)ﬂe_k: 0.16 o

——
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events generated with HERWIG

\/SfVZTeV B

ther kmema'rlc variables vs top mass

Kinematic Variable

Slope

P 0.1574+0.0036

P 0.1739+0.0042

Leading P; 0.2278+0.0054

Leading P 0.2523:0.0064
Sum of P;'s 0.316+0.008

Sum of P's

0.3523+0.0092
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Leptons’ Py

events gener'afed wu'rh PyThla

& mﬁ(\

Top Quar'k Mass

Lepfon <P;>

<P;> standard

(GeV/c?) (GeV/c) deviation (GeV/c)
130 54 .99 33.13
140 55.5 33.47
150 57.37 35.75
160 59.37 37.1
170 61.69 38.97
180 63.89 40.83
190 66.28 43 91
200 67.63 44 52
210 69.81 4511
220 72.67 47 .32
230 75.65

51.03
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Distributions of Leptons' Py

events generated with Pythia

Vs=14TeV

| DILEPTON: Pt

hist1

800

700

600

500

400

300

200

PlIIIlHII!Ilrlﬂll’lrll_[l—ﬂ_fl—lﬂflﬂ

100

Entries 9404
Mean 61.69
RMS 38.97

.

l

| DILEPTON: Pt |

LIllIIL‘illi[lll

L]
O 1T

50

Mtop = 180 GeV/c?

800

700

600

500

400

300

200
>

100

(=4

[ Mtop = 170 Gev/c?

hist4
Entries 9714
- Mean 63.89
i RMS 40.83
=
—
-
-l
-
=
-
-
C
:I LAIALI_IIIIIIJLIJLAL ,J_L_I'I_II_L_}_IJ_!lLlllIIIIJL
0 50 100 150 200 250 300 350 400 450 500
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events generated with Pythia

-

Leptons’ P vs top mass

/\E = 14T€V

Pt of the two leptons ¥ I ndf 275/9
- Prob 0.001155
g f po 26.84 + 0.6961
8 750 p1  0.2068 + 0.003942 L
& N

70 P

65

60 Pia

55

120 40 160 180 200 220 240

Mass (GeV)

sensitive to the

top quark mass

Fit to a straight

line gives
~ slope: 0.21
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Other kinematic variables vs fop mass

events generated with Pythia

Vs =14TeV

Kinematic

Kinematic Variable Slope
P 0.2068+0.0039
P 0.242+0.005
Leading P+ 0.2294+0.0062
Leading P 0.3526+0.0075
Sum of P:'s 0.381+0.008
Sum of P's 0.451+0.0010

Variable Slope
P+ 0.1574+0.0036
P 0.1739+0.0042
Leading Pt 0.2278+0.0054
Leading P 0.2523+0.0064
Sum of P;'s 0.316+0.008

Again, the numbers for /s =2TeV >

Sum of P's

0.3523+0.0092
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Leptons' Py

events generated with HERWIG,
after simulation

Top Quark Mass

Lepton <P;>

<P;> standard

(6eV/c?) (GeV/c) deviation (GeV/c)
130 54 .43 30.00
150 57 .24 31.94
160 59.54 33.55
170 60.99 34.12
180 63.43 35.47
190 62.85 34.82
200 65.86 37.86
210 66.54 47 .58
230 70.17 38.79
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Leptons' Py vs top mass

events generated with HERWIG,
after simulation |

3.792/7

Pt {GeV/c)

0.8034

72f
70—

66—

64

58—
56

52

-
-

T : ; : :
- : : : H :

34.49 + 1.945 |
0.1546 + 0.01055 | | -
| % =

......................................................................

R Y

| 22 240
Mass (GeV)

40 16 18 200

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 |

Kinematic Variable Slope - ;
Py 0.1546+0.0106 >rm<
p 0.1667+0.0122 3
Leading P 0.2172+0.0157 |
Leading P 0.2309+0.0182 |  Kremete Stope
| P; 0.1574+0.0036
Sum of P;'s 0.3091+0.0237 | p 0.1739:0.0042
‘ . Leading P; 0.2278+0.0054
Sum of P's 0.3317+0.0273 | Leadingr 0.2523:0.0064
——————————— ' sum of P/’ 0.316+0.008
| Again, the numbers in parton level >~ simofPs | 03523:0.009




ovl

‘For TEVATRON

Es?emai'aon of ‘E'he smhs%'amé error @f
the fop mass (TEVM‘RON}

Expec?ed statistical error in the 1’op 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, )., (5 <P >)u _ 1x
<PT> -> <PT>=}\mtop+K A A
Expected
Lomosisy | Expected by | "Eoer of G
events
(pb-V (GeV/c?) (%)
193 Feb. 2003 10 51 28
400 Sep. 2004 21 35 20
1200 Dec. 2005 63 20 11
3000 Dec. 2006 158 13 7
8000 Dec. 2008 420 8 4
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For LHC

- the top mass (LHC)

Top mass is linear dependent to the

Estimation of the statistical error of

(6<P.>. 1 P"
<P.|.> > <PT>=)‘m1’op+K o (6mmp) = — ;LT __.ZX\/fN
| Expected
Integrated number of
Luminosi'ry EXPCCde by dilepfon (6Mfop)s1’a1'
events
(pb-V (GeV/c?) (%)
st
1000 | End of 1¥ year 8000 1.6 0.8
of operation
d
10,000 |Endof 2% year| g4 gog 0.5 0.3
of operation




Es‘hma‘hon of the systema'rlc error Of1
the 'I'op mass .

Top mass is linear dependen‘r 'ro the

<P>-)<P>]\mfo 2
i (5mmp),y;, 4—x\/(5<P >) +(§K) +m, (5/1)

(Confrlbuhons to systematic error: uncertamhes in

E - the fit parameters due to finite MC statistics &
. omission of non lmear terms

5 . the measurement of leptons' P

- the measurement of jets' Pt (MET also)

- the MC event generator Uncertainty | (8<P>) oK oA (OM;op)stat

* the knowledge of background (Gev/c) (Gev/c) (GeV/c?) | (%)

- T T T Leptons's PT 0.05

Linear fit

Jet energy

Monte Carlo

Background

Total o | | |
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= Top mass analysis, using only lepton P; information in|
~ the ttbar->Dilepton channel, looks promising

- The method is applicable both in Tevatron 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

S —



Status and Physical Program
of Spectrometer with Vertex Detector

- 1.SVD history
2.SVD-2 setup
- 3.Experiment characteristics
~as from April’2002 run
~ 4.Current status and physics program

P.F.Ermolov, A.V.Kubarovsky, V.V.Popov,
L.A.Tikhonova, V.Yu.Volkov
SINP MSU Moscow
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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

G, = (1.7753) pab

/

VHMP

S \/D
A} P.F.Ermolov SVD-2 status and experimental program _
16 April 200

:
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SVD-1 —» SVD-2

- N

. To increase the rate of event collectio‘n', a bubble
chamber was replaced by the MicroStrip Vertex
Detector (MSVD) with 10,000 amplitude

channels

* To register neutral particles: 1,500-channels v-
detector |

 Particle identification: wide-aperture threshold
Cerenkov detector

N\ W Y,

Sy /D
/ ( P.F.Ermolov SVD-2 status and experimental program ] (1 VHMP 5}

6 April 200
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'SVD-2 detector layout

— — o] S =) ] /K/r—o /
o o ) © o
o o o )/‘ o ]
o o o o o /
o | o+ o © o %
- - E /(//c’/ ° B I Kn ol A
o |l —f @ o .o, - )
: o | 2 /_,9.—/*—/’: e ° ] }< g ¥
| —T o © o o o .
k:: : 1 o ) o o /,_/1%‘ ° ]
o o ° by - | =+ /Tr . — 2 \
o e Lo ° o] T of
: : : - \\\\;\ ° o K/
— | 1 o o (-] . -]
° : o: __“T\_o_ \\o_\ : \ ° /:// é_
o~ o | 7 F—0uUJ» ° | o °
o] o o e ] o T\g ° Y
° ) \{’\‘k\ o o o 2 =5 z
4 B O B S i e P e ) oL |
L) o KEn ) o o o \
o ° T‘\ ° ° T -
o o o o] -+ o D
o o \0\1\7{\ °
o -]
o o ’\§ }\ +
%\

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. )

Sy /D
\/ / 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)

-

spacing

WY

_EE/ T

{4

-

;:::::::::ﬂ

- ™
- Tracking detectors -
Si active target 25 pym 50 pym ” |
1 mm strip pitch - ] /%’j//pi/'
4 mm inter-plane 1

|

77
] B
, 1 i i ] >

Pb C —\j\F

10 mm X Y 1 J\
- ~\H\
R XY ||
e L L R S O B
A_Jk J\ Jtiﬂi e Z from primary vertex reconstruction X Y U W X Y

S \/D
\ : P.F.Ermolov SVD-2 status and experimental program

/
VHMP
16 April 2005
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- SVD-2 trigger

N

Level I

« Based on energy depositions in 5e8 Si active target strips
 Basic principle 1s to look for the >2...3 MIPs depositions in

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

Level 11

« 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

W L

]

;

VHMP
6 April 20

o5
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SVD-2 run I (April '2002)

4 N

* |ntensity 500-600%103 protohs/cycle (1.2 sec)
 Total target thickness ~0.5% of hadronic length
400-600 events/cycle registered

53,000,000 events stored
* Integral luminosity L=1.6 nb™
» 3 target materials: Si, C and Pb

/

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

-

N

. X,Y—reSOIutions for tracks fitted: h
— From MSVD 8-10 um
— Secondary tracks from
spectrometer | 700 um
» Z-resolution:
— for the primary vertex: 70-140 pum
— for the secondary vertex from MSVD:
| 200-300 pm
» Impact parameter resolution:  ~ 14 um
/

S\ /D
\/ P.F.Ermolov SVD-2 status and experimental program VHMP
\ 16 April 200

.
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-

Experimental accuracies

-

- Momentum resolution for the 5 GeV tracks: 1%
. Effective mass resolution:

-K%  44MeV

-A: 1.6 MeV

—1’: 12 MeV

» Cerenkov detector efficiency : 70% for the pions
In 3-20 GeV momentum region

~

y

Sy /D
\/ P.F.Ermolov SVD-2 status and experimental program VHMP
16 April 200

J
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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 elements when needed
3. Much better tracking in a forward part of
spectrometer due to 9 double planes of straw tubes
with a 200 um resolution |
4. Increased intensity capabilities of proportional
chambers by installing beam Killers
N

Sy /D
\/ P.F.Ermolov SVD-2 status and experimental program VHMP
16 April 200

_J

:
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SVD—2I\/i (cont.)

5. New fast electronics for gamma-detector
readout

6. Efficiency of Cerenkov detector increased to
85-90% -
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 end of 2005 run

/

VHMP

P.F.Ermolov SVD-2 status and experimental program _
16 April 20

o
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Plahs 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™".

)

j

:

S\ /D |
\\ P.F.Ermolov SVD-2 status and experimental program VHMP
16 April 200
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On results of the physics analysis

e

| | )
It will be discussed in more details in V.Popov talk. |
would like to make a few comments.
1. High multiplicities. At this picture ,an event with 27
tracks in the vertex detector is presented.
- _

P.F.Ermolov SVD-2 status and experimental program VHMP
16 April 200

J
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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.

NS J

:

Sy /D
\/ P.F.Ermolov SVD-2 status and experimental program VHMP
; \ 16 April 200
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~

On results of the physics analysis (cont.)

o

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.

/

Sy /D
\\/ P.F.Ermolov SVD-2 status and experimental program VHMP
/- . 16 April 200

5
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N

On results of the physics analysis (cont.)

- 2. The main goal of the Apri’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. |

~

)

Sy /D
[ P.F.Ermolov SVD-2 status and experimental program J G 5 XH,'YIZPO
\ pri

o
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On results of the physics analysis (cont.)

N/30 Mev/c?

TR H E YT S T N NS T |

+ SVD-2 Preliminary

i

D—D — K~
{sign = 6.70)

&

L » 4 L
1400 1BQ0 tHO0 2000 2200 2400
- Mev/o?
M(K*r")

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.

Y

/

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

VHMP
16 April 200

:
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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’ p system. At the level of

5.50, we found a resonance with a I'<25
MeV and a cross-section of 30-120 ub.

_J

P.F.Ermolov SVD-2 status and experimental program VHMP
16 April 200

J
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On results of the physics analysis (cont.)

aa L I - )
S + At this picture, a result of
§ 30 M=1526A3.1(stat.) MeV/c’ ‘ a resonance search
= 0=102A27(stat) MeV/e’ made in the beginning of
ol 2004 is presented. Main
criteria were:
30 - — Number of charged tracks
. FRITIOF background in vertex detector <5
20 / — KO registered if its decay
| °l [ length is < 34 mm (average
w M esp Tl e With this criteria, ~ 5,000
Ly Y Y] % events were selected and
S M, (K 1p) %7 analyzed y

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

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

4

\_

« In the first one , the same K°
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 K° to be analyzed

« The second one:
K® decaying after the vertex
detector (5-70 cm) were
selected, using only
spectrometer information to
reconstruct tracks (“distant” K%

Possibly much higher number
of K°to be included into
analysis

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

J
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New pentaquark analyzes (cont.)
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New pentaquark analyzes (2004-2005)

. At’pictures, well prohounced peaks with a
significance of about 66 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 dlfferent |
kinematical reglons

+ It doesn’t look at all as a statistical fluctuation.

)
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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
e /

S \/D
5 - P.F.Ermolov SVD-2 status and experimental program

:
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Very High Multiplicity Physics
Sixth International Workshop

Joint Institute for Nuclear Research
Dubna, 16-17 April 2005

A.H.Anees, C.I .bacunapgze, I.A.Borgarora, A.M.BuilHesckas,
B.1O.Bonkos, E.I".3BepeB, A.K.JledonaTt, B.A.KpamapeHko,
A.B.Ipuwkesny

Cuctema 3anycka U annapartypa peructTpauuu ana
KOOpPAUHATHbLIX AeTeKTopoB ycTaHOBKU CB[1-2

AHHOTaUnA

B coobLueHnn onncbiBatoTCA:

1) anropuTMbl NPUHATNA PELLEHNA 1 annapaTtypa CUCTEMbI 3anycka
ycTaHoBku CB[-2;

2) COCTaB AETEKTOPOB, CTPOEHME 3NEKTPOHHOW pernctpupyroLlen
annapaTtypbl W OCHOBHble  XapakTEpUCTUKU  MarHUTHOIo
CMEeKTpOMETPa Ha OCHOBE NPOoNopLMOHanbHbIX KaMep; |

3) yeunutenun ona gpendoBbix kamep, nporpaMmmHoe obecneveHne
W pes3ynbTaThl UCNbITAHUA MOAYNEN pernctTpauum gna gpendoBbiX
kamep paspaboTkm OAD (MPBI) Ha nyuke yckoputena NOBO.

PaccmoTpeHbl moamdumkaumm cuctembl 3anycka CB[-2 gns
otbopa cobbiTuii € BGONBLLION MHOXECTBEHHOCTbIO BTOPUYHbLIX
YyacTtuu,

O6cyxpaloTca  BOMPOCbI  MOOEPHM3aUUN  3NEKTPOHUKU
MarHUTHOrO  CMNEKTpoMeTpa U nepeyvyeHb  MepornpuaTUn,
HeobxogumbIX AN NPOBELEHUA TeCToB APeNdOBbIX Kamep u
PErNCTPUPYIOLLEN ANEKTPOHUKN Ha nyyke HyknoTpoHa OUNAN.
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1. lerexTOpsl B cHcTeMbl perucTpaunu ycraHosku CBJI-2

CrieKTpoMeTp ¢ BepIIMHHBIM JeTekTopoM (CBJI), pasMellleH Ha IIy4Ke
npoToHOB ¢ uMiynbscoM 70 I3B/c Ha yckopurene V-70. PacnonoxeHHe OCHOBHBIX
NETEKTOPOB YCTAaHOBKH CX€MaTHYeCKM MOKa3aHO Ha puc.l. Ha mepBom aTame B
Ka4eCcTBe MUIIEHH HCTIONb30BaNAach OBICTPOLMKIIMPYIOIIAs ITy3bIpbKOBast KaMepa.

B 1999 r CBJ/l-obbenuHeHHe BBILLIO C HpeNnoXeHHEM O MOAEpHH3ALHH
YCTaHOBKH C LENbIO HM3MEpEeHHs IIOJJHOTO CedYeHHs oOpa3oBaHHS OYapOBaHHBIX
YaCTHIL, U3MEPEHHs A-3aBUCHMOCTU TIOJHOTO CEYEHHS Ha SApax KPeMHHMs, CBHHIIA,
yriepoma M JpPYruxX OJJIEMEHTOB, a Takke Ioucka 3((eKToB, CBA3aHHBIX C
MEeXaHM3MOM BBICBOOOXKIEHHUS BHYTPEHHEro odvaposaHds. Bce nepeducieHHsble
3aJaud [oTpeOOBaM MHOTOKPAaTHOTO yBEIMYCHHs HaOWpaeMo# CTaTHCTHKU M, Kak
CJIECTBHE, 3HAYUTEIbHOIO YBETUYEHUs ObICTPOACHCTBUS YCTaHOBKU. DJIEKTPOHUKE
PETHCTpallid MAarHUTHOIO CIEKTPOMETpa Mocjie IpOBEeNeHHOH MOIepHU3aLUU
cnoco6Ha npuHUMaTh 10 500 coObiTHil 3a cOpoc yckopuTess. BHICTpOUUKIHPYIOIIas
Iy3bIppKOBass KaMepa 3aMeHeHa Ha NPEeLU3HUOHHBIM BEPILUHHBIA JIEeTEeKTOp ¢
3JIEKTPOHHBIM cheMoM HHpopManuu. Kpome Toro, paspaboTaHa HOBasi 3IeKTpOHHUKA
CHUCTEMBI CUHXPOHHM3ALUH U 3aIlycKa YCTaHOBKHU.

2. CucreMa 3amycka yCTAHOBKH

s nposBenenus skcnepuMenTa CBJI-2, 6611 BhIOpaH TpUITEp, OCHOBAHHBIH
Ha OpIcTpOM oueHke aMmuTyn curHanoB ¢ MKJI axtuBHOM mumend [1]. Takas
OLICHKA IO3BOJISET TaKXXe ONpEeNeNuTh Z-KOOpAUHATY B3aUMOJECHCTBUSA. AKTHUBHAs
MuleHs (AM) chenaHa W3 NSTH KpeMHHUEBBIX IUIACTHH ToyuHoi 300 MKM
pasmepoM 8x8 MM, CerMEHTHPOBaHHBIX Ha BOCEMb IIOJIOCOK (CTPUIIOB) LIHMPHHOM 1
MM. IIlar ycTaHOBKM BC€X IUIOCKOCTEH MHILNEHH COCTaBiaseT 4 MM IO IYydKy.
JeTekTopbl akTUBHOH MueHH u3rotosnensl B HUMIMB r.3enenorpag.

Pacuetrl, nmpoBeneHHble B [2], MMOKa3bpIBalOT, YTO €CITH BTOPUYHBIE YaCTHULEI
pPErHCcTpUpOBaTh CUUHTHIUIALMOHHOM ropockone (CI'), pacrmonoXXxeHHOM Ha
HEKOTOPOM YyJaJleHUHd OT OCH Iy4Ka, TO MOXXHO 00eCHe4HuTh OBICTpBId 0TOOp
COOBITHI, UMEIOIIUX BTOPUYHBIC YaCTHUIIBI ¢ OONBIIMM P;. DTO MO3BONAET BHIAEIUTH
COOBITHS C c¢C -TTapaMH Y>K€ Ha IepBOM YpoBHe 3amycka ycTaHoBkH. CI' pasmelnen
Ha MOJBHXHOU IIaTdopMe Y-IeTeKTopa Ha pacCTOSHHU MpuMepHo 8.3 M OT
MUIIEHd M COCTOMT U3 JABYX IUIOCKOCTEH CUUHTWUIALMOHHBIX IETEKTOPOB.
lopuzoHTanbHas IIOCKOCTh HMeeT 12 merexktopoB pasmepoMm 200 x 2400 mM npu
tonmmuuHe 10 MM. BepTukanbHas miockocTs coctout u3 14 perextopos 200 x 1400
MM.
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Jna 3anycka nokanbHOM cucteMbl SPECTRO cursan tpurrepa IOJKeH
IIOCTYNIUTh B Hee He No3xe 700 HC OT MOMeHTa MPOXOXKJAeHHS ITyYKOBOH YaCTHIIBL.
Jns 3anmycka jokanpHod cucteMbl VERTEX, oCHOBOW CHCTEMBI perucTpanuu
KoTopoil sBistoTcs ycunurean GASSIPLEX, TtpurrepHsiii curHan nospkeH
npuxonuts 4epe3 400+-500 HC oTHOcHTenbHO B3aumMoAeicTBUS B AM. BpeMms ot
MOMEHTA IIPOXOXIEHHs YacTHIBl Yepe3 AM [0 Npuxoja TPUIEPHOrO CHTHAIA B
noxanbHyto cucteMy DEGA He nomxHo npeBbinats 400 HC. 3TO caMoe KpUTHYHOE
U3 YCIOBUM pabOTHI CUCTEMEI 3aITycKa.

B3anmopeiictBue moayneill cuctembl 3amycka, Cxema cHCTEMBI 3aIlycKa
npuBesieHa Ha puc.2. CUrHaibl CO CHUHTHUISAIMOHHBIX JETEKTOPOB (POPMHUPYIOTCH
10 aMIUIMTYZE U JUIUTEABHOCTH U nofatorcsa B Moaynb TPC. Ero BIXOAHON HMITYJIBC!
noctynaer B Moxynb SYNCHRO-2, xotoprlii BelpabaTbiBaeT CUrHAl, CITyaIuit
cTpoO-curnanom ans Monynedt AAM u RGH u craproBbiM curHamoM mist paboTst
Moxyned TPM-2 u T-HOD. IlapamiensHO CUTHanel €O CUHUHTHIUIALMOHHOIO
rogockona ¢GopMHpYIOTCS MO UIMTENBbHOCTH M 3alMchiBaloTcs B perucTpel RGH.
Curnanel ¢ 16-paspsanusix BeixofoB RGH noctynator Ha Bxoas monyns T-HOD, rae
IPOU3BOIUTCS OJHOYpOBHEBOE TaOnu4yHoe mpeoOpazoBaHHe. BBIXOAHON CHUTHAI
monyas T-HOD, nocrynaromuii Ha Bxog Moayis TPM, MoxeT 6bITh BeIpaOoTaH Ha,
ocnose JJFOBOM KoM6GHHAIMH BXOAHBIX CHTHAJIOB.

Jlnst BeipaGoTku curHana T1 curHambl C CErMEHTOB JETEKTOPOB MHUILEHH
YCHIMBAIOTCS OBICTPBIMH ~ MQJIOIIYMSIIUMH YCHIUTENSIMH M IIOJAlOTCA 10
KOAKCHAJIBHBIM KaOensM B JB€ Ipymnbl Moxyne. Tpu Moayns INepBOH TIpyIIIEI,
anasoro-udpoBsle npeobpaszosarenu (ALIIl), uMeror mo 16 kanamoB 12
paspsiiHoro aHanoro-iudposoro npeoOpazoBanusl. [Ia9Te Mogynel BTOpPOH IpyIIIE
AAM uMeroT 1o 8 kaHaJI0B TPEXYPOBHEBON JUCKPUMHUHALINHY.

[TapayinenbHO [aHHBIE aHAIU3HPYIOTCA MonylsMu AAM, KaxOpld KaHai
KOTOPHIX COMEPKHUT. YCHIUTENb, TPH KOMIIapatopa ¥ NpHOPUTETHBIN MudpaTop, U
BeIpabaThIBa€T IBYXpa3psAIHOE CIO0BO, TaK HAas3bIBaEMBIH CTaTyCc KaHaia.
PesynpTaTtoM paboThl kaxmoro Mmonayiasi AAM sasisercs 16 paspsamHoe CIIOBO,
cogepxaiiee HWHGOpPMAlMIO O BOCBMHM KaHamax aMmITUTY[JHOIO aHauu3a U
MOCTYyIAIOIIEe Ha BBIXOJL C IepeIHEeN [TaHeaIu MOy .

JIByXpa3psaHbIA CTaTyc KaxIO0H NiaacTHHBI BelpabaTbiBaeTcs MoaysneMm TPM-2
B O3V nepBoro ypoBHs Ha OCHOBE JaHHBIX O KaXXIOM CTaTyce KaHaja:

00 - HeT yactuisl (Bce cermenTs! 00),
01 - ogna yactuua (Bce cermeHTHI - 00, a onuH - 01),
10 - gBe yacTHIBI (€CTh OOUH CerMeHT ¢ kofom 10, uiu gBa cerMeHTa

¢ komamu 01),

11 - Tpu "acTHIIB! (CTh OQMH CEIMEHT C KOJOM 11, WM eCTh OJTMH CErMEeHT
‘¢ kogoM 10, a npyro# cermeHT umeet koA 01, win ecTh aBa
cerMeHTa ¢ kogamu 10, uiu ecTh TpU cerMeHTa ¢ kogamu 01).
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- CraTyc MUlLLIEeHHU BeipabaThiBaeTcsa B O3Y BTOpOro ypoBHS Ha OCHOBE CTaTyca
Kaxnod mimacTuHbl. CHIHalbl cTaTyca MHIIEHH M COCTOSHHSL TOJIOCKOIIA
onpenenstoT Beixon Tpurrepa Moayist TPM-2, T1 — uctunno unu T1-noxHo.

PesyabTaThl NpumMeHeHus1 Tpurrepa. IIpoToTHN CHCTEMBI CHHXPOHH3AIMH U
3amycka 6an HCIEITaH Ha TeCTOBOM ceadce 1999 r[3].

OcHoBHast ctatuctuka Ha ceance 2002 roma Obuia HabpaHa NpH TpUITEpE,
TpeOyroleM HallnyKe Tpex U Oosiee yacTull B N0OOH U3 MATH IIOCKOCTEH aKTUBHOH
MHUIIIEHH W HaJIMuhe IBYyX M Oolee 4acTHI B ClAeAyIOLLed 3a Hell MIOCKOCTH, MpH
3TOM TpeOoBaJoCh HalMuue cpabaThiBaHUs B AByX IutactuHax CI'. Momynu AAM
AMeNH JUHAMHYECKHH JHana3oH, COOTBETCTBYIOIMM MATH yacThllam. [Toporn AAM
ObUIM HACTpOEHBl Ha OJHY, IBE U TPU YaCTHLBI COOTBETCTBEHHO. COOBITHS
BepImIMHOH B cuuHTHWIsATOpe C4 He BCTpedaroTcs BCIEACTBHE IIPUMEHEHHS
ananoroBoro VETO Ha curnan ¢ C4. Tabnuuel, 3anuceiBaemeie B Mooy TPM-2 n
T-HOD, cocTaBasUIUCh B BHJE TEKCTOBBIX (hailyIoB, COAEpKALIUX IIOCTPOYHO afpec
Y 3aIMChIBaeMoe JaHHOe, IpH oMol nakera LabView 4.0. TaGnuilbl 3aHOCHIHCEH
B IIaMSTh MOAYJie# OQHOKpATHO NpH CTapTe OCHOBHOM MporpaMMbl cOopa JaHHBIX.
BpeMst npuHSTHSI pellleHHsT OT MOMEHTa IIOCTYIUIEHHs CUTHajla Ha BXOH MOMYJIS
CUHXPOH no Bbigauu curHana Tpurrepa ¢ Beixoga monyist TPM-2 cocrasuno 200
HC. 3aJepkka CHUTHaJla OT MOMEHTa INPOXOXKJIEHHUS 4acTHIbl uUepe3 MHILEHBL 10
MIOSIBNIEHUs CUTHasa TpUrrepa B JokanbHoU cucreme DEGA He npessimana 350 He,
4T0 00€CIeYnsIoO CHHXPOHHYIO paboTy y-AeTeKTOopa.

3a 30 cytok pabotel Obli0 HaOpaHo 50 MIH COOBITHH C HEYNPYTHMHU
B3aumojeiicTBusMu [4,5]. Ha puc.3 mokasaHo NMpocTpaHCTBEHHOE pacIpencicHue
BIOJIb OCH Z BEPIINH B3aUMOJEHCTBHUS, ITOJIy4eHHOE C IIOMOLIBIO BOCCTAHOBIIEHHBIX
B IIB/] Tpekos. SIBHO BHOHBI B3aMMOJEHCTBHUS KaKk B KPEMHHUH, TaK U B MaCCUBHBIX
yIAEpoJie ¥ CBUHIIE, B COOTBETCTBHUHU C KOIMYECTBOM BELLECTBA B ITHX CIOSIX.

3. MarHuTHbIi criekTpoMeTp ycTaHoBKH CB/I-2

IlIupoxo-anepTypHbiit MarHUTHBIN criekTpoMeTp (LITAMC) npon3BogUT CHEM H
PETHCTpPallMI0 CUTHAJIOB C MHOIOIPOBOJOYHBIX IMPONOPUMOHANBHBIX KaMep,
CIpyNnMpoBaHbIX B 10 6I0KOB, 3 U3 KOTOPBIX YCTaHOBIEHHI HEpE] MArHUTOM U 7
HaXOHATCA B MarHute. B xaxaoM OJIoOKe MOXET OBITh OT 2-X JI0 3-X IIJIOCKOCTEH,
oOlilee KOJTMYECTBO ILTOCKOCTEM - 28, a 00111ee KOJTMYECTBO CUTHAJIBHBIX IIPOBOJIOYEK
okono 18 Thicsu. B cuiy orpaHu4eHHOCTHM MecTa B Mar"HuTe (3a30p MeEXI)y
KamMepaMHd M MarHUTOM COCTaBIseT 6 CM) Ha caMHX KaMepax pa3MelIeHBbI TOJIBKO
YCWINTENN-GOPMHUPOBATENH, a allapaTypa pPerucTpallid CUTHAIOB HAaXOAWTCS B
kperitax KAMAK. JInuHa coeIMHUTENBHBIX Kabeneil cocTaBiuseT ~50 M.
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CbeM CHFHAI0B ¢ MPONMOPIHOHAJNLHBIX KaMmep. ChbeM HMITYJIbBCOB C
CUTHAIBHBIX IIPOBOJIOYEK IIPOINIKaMep MPOM3BOAUTCS ABYMsSI THUIIAMH YCHIIHTENIEH-
dbopmupoBareneil:

1) 16-xananeHBIMH yeunuTensMu paspabotku MSAP COAH (HoBocubupck),
OCHOBY KOTOPBIX COCTaBIIsieT THOpUHast HHTerpajibHas cxeMa 155V /11 [6];
2) ycunuTensMH, Ha OCHOBe THOpHIHON MukpocxeMsl YUS, pazpabotku JIAD
(Jlenunrpan) [7].
BxomHoe comporuBnenue ycunureneid nepBoro Tuma ~1 kOw, ycHJIEHHE IIO
HanpspkeHHro ~300; Ha BBIXOAE CTOUT KIIIOU ¢ OOIIMM SMHUTTEPOM C PEryIHPYyEMbIM
noporoM cpabateiBanusa (or 300 po 700 wMB). Pagu ynmpolieHus cxeMm
(dbopMHpOBaHKE BEIXOJHBIX UMILYJIECOB MO JUTUTENLHOCTH HE MPOU3BOAUTCA.

Opranuzanuss MoayJieii perucrpanuu. Moayiu perucTpaliid CUTHAJIOB €
nponkaMep UMeroT o 64 Bxoza [8], B KaXIOM KpelTte (cM. puc.5) COmepKUTCsS OT
10 no 11 moxyneil. FIx ocHOBY cocraBisieT ObICTpOJeicTBYyIOlIEe 3allOMUHAIOIIEEe
ycrpoiictBo (3Y) Ha 16 64-pa3psuHBIX CIIOB, KOTOpoe (DHKCHUpPYET HATHYHUE WIH
OTCYTCTBHE CHUTHAJIa Ha KXIAOM M3 BXOLOB MOAYNIS B TakTaX, MOBTOPSIOIIHUXCS C
nepuonoM 80 He (12 MIn). |

TakTOBBIE MMITYJIBCHl T€HEPHUPYIOTCS B LIEHTPAIBHOM YIPAaBISAIOIIEM KpenTe
CHCTEMBl M 3aTeM paclpeleltoTcs B 2 dTama Mo BCeM KpeHTaM C MOMOMIpo 16-
KaHaNbHBIX pa3BeTBUTeNiell B ypoBHsAx NIM. Curnan 3amycka pacnpenensiercs 1o
MOAYJISIM PErHCTpallid U3 LEHTPabHOIO KpeHTa aHaJOTWYHBIM 0Opa3oM depes
TaKHe e pa3BeTBUTEIH ([I0Ka3aHbl Ha PHC.5).

Opranusanusi c4uThIBaHUS JaHHbIX. Cuctema cuuTeiBaHud B IHAMC
IIEHTpaJIN30BaHHas — pUC.6, oHa UMeeT 3 Mepapxuueckux ypoBHs. Beero umeercs 4
BEeTBH (KaXnmasi cO CBOMM HHTepdelcHbIM KOHTpoiepoM [9] B LEHTPAIbHOM
kpeiire). Kaxaas BeTBb BMeeT 10 7 KpeHTOB peructpauun. K ueHTpanbHOMY KpeuTy
nomiroueH oH-NaH  kommberotep (IMB  PC) wuepe3 cBoil  coOCTBEHHBIH
uHTepdehcHbid KoHTposuiep [10]. B HeM e HaxoIATCsa MOIYJIH CBSI3H C CHCTEMOH
3aIycka.

DaKTOpoM, OIPEIEINIIONIMM CKOPOCTh CYUHTHIBAHUS, SBISAETCS (PU3UYECKOE
OBICTpOMECTBHE MAruCTpaid BETBH, LMK CUUTBIBAaHUS OJHOH KOOPAMHATHI
3anuMaer ~4,5 Mkxc. Bcero B coOblTuH cumThiBaeTcsi ~300 cI0B, T.e. BpeMs
CUHTHIBaHHS OOHOTO coObITUs 3aHMMaeT ~1,2 Mc. TakuMm 06pa3oM, 3a BpeMs BLIBOJA |
myyka U3 yckopHrens (~1 ¢) uMmeercss BO3MOXKHOCTH IpUeMa OaHHBIX OT ~700
COOBITHIA.

4. JNeKTPOHHAA annapaTtypa Ajs ApeH(poBbIX KaMep

B nacrosiee BpeMs KOMIUIEKT aliapaTypsl g Aped(OBBIX KaMep BKIIOYAeT
ceOyIOHUe 3JIeKTPOHHbBIE MOIYJIH:
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- 32-kaHaNbHBIN ycunuTenb-GopMupoBarens (paspadbotrku MI'DY, MuHCK) ¢
IIOPOroM 1 MKA;

- 64-kaHabHBIe MoLyU peructpauuu (TDC - BpeMs-1udpoBoit npeo6pa30}3aTenb
paspabotku UDPBD) c pa3zpemieHnemM 2 Hc;

- kpeiT-kouTposep «Q-bus - MUCC» (pa3pabotku I/I(DBS) U KapTo# ajanrtepa
«ISA — Q-bus» nys nepcoHaIbHOro KOMITBIOTEPA.

B nexabprckom ceance 2005t 6pU10 NPOBEAEHO UCIBITAHHE OJHOW IUIOCKOCTH
npefidoBerx TpyOok. Bpems ¢poHTa U cnaga Ha BXoAe MOXyJeld peructpauuu (c
y4eTOM IUIOCKOro Kabens JUIMHOM 15 M) coctaBuio mpubnusutensHo 12-15 He. Tlpu
HCIBITAHUAX YCHIUTENEH-IUCKPUMHHATOPOB  HEMOCPENCTBEHHO Ha ApeidoBBIX
KaMepax 6blA8NeHa UX CKIOHHOCHb KAK K CaMO0B030YJCOeHUI0, MaK U 8blCOKOMY
YPOBHIO BHewHuUx HasoO0ok. Pa3nuuHble METOAbl 3a3€MJIEHHS IIOKa3ald, 4TO
NPUYMHON 3TOro SBISETCS METAJUIMYECKash pama, Ha KOTOpPOH CIIpOEKTHPOBAHBI
cobcTBeHHO npelidoBrle kamephbl. C IeNbI0 YCTpaHEHHs 3TOro HeocTaTka ObLIo
YCTaHOBJIEHO, 4YTO HEOOXOOMMO MOAKIIOYUTh paMy K 3eMie YCHIHUTENEH-
JUCKPUMHHATOPOB CO CTOPOHBI UX BXOJOB, NPUYEM C YBEIHMYEHHUEM KOJIHMYECTBA
KOHTAaKTOB YpPOBEHb HaBOJOK yMeHbaics. C IeNnplo JaJbHEHINEro YMEHBIICHHUS
HABOJOK HEOOXOOMMO NOIKIIOYUTH paMy U K OOIIeH IMHHE CO CTOPOHBI IOAA4H
BBICOKOBOJETHOIO HaNPSHKEHMS, OfHAKO 3(Q(EeKT yMEHBIICHHS HABONOK MEHBIIIE,
4YeM CO CTOPOHBI Y CHIIUTENEH.

IIpy m3MepeHHH JTUHEHHOCTH OOHapyXeH 3P¢eKT ClydalHbIX OTKIOHEHHMH
OTCUETOB OT HaOMpaeMbIX «EIUHUYHBIX» [TUKOB; OTKJIOHEHHsI paclIpeAeIIeHbl HE «II0
I'ayccy» (MMerOTCSI «TOPUYKH»), YTO BO3MOJXKHO IIPH alllapaTHEIX COosax. Hamnume
flush-oTkI0HEHUH OBIIO HOHTBep)K,Z[eHO H3MepEHHsAMHE «Ha cTolie» B ODA.

IIpoBomuiiock U3MepeHUe IUIaToO MO BBICOKOBOJIBTHOMY HAIPsDKEHUIO KaMEpHI;
TIIOJTY4€HO IUTaTo IO HanpsbkeHHIo He MeHee 250 B nipu a¢dextuBHOCTH BhIlE 99%.

Ha puc.7 nokasan npoduiab IMy4Ka, 3aperHCTPUpPOBAaHHBIA C IIOMOLIBIO
yKa3aHHOW ammapaTypbl M CO3JaHHOIO K CEaHCy TeCTOBOrO IIpOrpaMMHOI0
obecrieyeHusl.
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5. 3apaum Ha Gnuxaiwee Gypyllee

- U3MEpPEHUEe NMUHENHOCTU (MHTerpanbHon, auddepeHunanbHOn) n
cTabunbHocTn paboTel BpeMsa-uudposbix NpeobpasosaTenei;

- UcnbiTaHne JpeioBbIX KaMep 1 3MEKTPOHUKN K HUM B obbeme
30-40% oT nonHoro Ha ny4ke HyknoTpoHa OWAWN ans
nccnepoBaHUA cbema CUrHanoB C TPYOOK U MPOCTPaAHCTBEHHOrO
paspelueHna annapaTtypbt;

- paspaboTka CTpyKTypbl W noruku paboTbl nogcucrem
CUHXPOHW3ALMA 1 CYUTBLIBAHUS AAHHBIX;

- co3paHne nporpamMmmHoro obecnevyenunsn Ans cHUTLIBAHNA AaHHbBIX
C Apendosbix kamep B ycTaHoBky CB/L-2.

6. 3apauun K npekabpbckomy ceaHcy 2005r
- 3aMeHa ycunutene Ha OfHOW MfoCKOCTW  MarHWTHOro
CMeKTPOMETPa Ha HoBble (Ha OCHOBE ycunutens- dJOpMI/IpOBaTeJ'IFI

0N ApeidoBbiX TPYBOK) U UcbITaHWe UX;

- cbopka apenoBbIX KaMep U 3MEKTPOHUKM K HUM B MOSTHOM
obbeme, nposeaeHne NpeaBapuTENbHbIX UCMbITAHUN;

- MNpoBedeHWe pPEeMOHTa BblleAlled W3 CcTpoA annapaTtypbl

(MCTOUHUKM  nuTaHna 1 BeHTUnatopnl  KAMAK, moaynu
perncTpaumm, KOHTponnepsel, ocuunnorpadbl).
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Puc.1. fletekTopsbl ycTaHoBkM CB[-2

Lindpamn o6o3HayeHbl: 1 — akTuBHasa muweHb (AM); 2 — npeyM3noHHbLIN

BEepWUHHbLIN geTekTop (MNBAO), 3 - 6nok mnHnapendosbix Tpybok (MA);
4 - MarHNUTHbINA cnelcrpomeTp (MC); 5 — yepeHkoBckuin getekrop (H4);

6 - CLUMHTUNNALUMOHHBIN rogockon (CI); 7 — aeTekTop y-kBaHToB (JETA).
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CuMHTMNNAUWOHHBLIN MTogockon
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Puc.2. dyHkumMoHanbHas cxemMa B3aumoaencTeusa moayrneu
CUCTEMbI 3anycka
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Puc.3. NMpocTpaHcTBeHHOE pacnpeneneHue BepLInH
B3auMOOEUCTBUA BOOSNb OCU Z B aKTUBHOM MULLUEHU
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SOUOMVDNNNNNN
C3 C5
Cl c2 Cc4
M >
MK MK
IK OSSN
AMC OETA

Cl - C5 - CuMHTHMANSUMOHHMIE KEeTeKTOPS!
M - MumeHs ‘
MK - MumkpoKpeMHueBrle [eTeKkTOops!
IIK - nponopuuoaanbnme‘xanepm
MAMC - llmpoxkoAnepTypHs MarHmuTHEN CrieKTpoMeTp
OETA - JeTexTop I'AMMa-KBaHTOB

Puc.4. CxeMa pa3MeLleHUst NPONOPLMOHANbHLIX Kamep
MarHUTHOro crnekrpomeTpa.
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PasesermBUTEONE
TaKTOBHIX
CHUTHAJIOB

lMonynm'perucwpauMM CUTHAJIOB
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Puc.5. PacnonoxeHue moaynein B KpenTte permcrpauum
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Puc.6. MaI'MCTpaJ'IM CUCTEeMbl CHUNTbIBAHUA MAarHUTHOro cneKkTpomeTpa
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~1lFin_Module=

27E->1214
ar5->1973

; go, n_Module

Effi Modl 03 = 3 / 990 = 0.3

2 Cc=15:
Effi Modl 02 = 980 / 990 = 99.0

M= 2 C= 9;

M=

100 200 300 400 500 600 700 800 900 1000110012001 3001 4001 50016001 7001 600 1 3002 000

98:
99:;
0

Puc.7. Mpodunb nyyka B 32 KaHanax MOAYMsA perucTpauum

iDataFile_Test

{ DataFile_Test & TDC_File
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A. Aleev, V. Kireev, A. Yukaev

Spectrometer and Multichannel Cherenkov
Counter of the SVD-2 experiment



£81

1. System of the
proportional chambers.

5
For a high multiplicity on SVD-2 , , ; \
experiment(fig. 1) is necessary to - 4.
increase a beam intensity of the
protons in the channel 22 of IHEP
accelerator(U-70). Thus, for a reliable
operation of the proportional
chambers it was necessary to install —
beam-killer in region of the beam.

e e —

-

The calculation of the beam killer | \ %
coordinate from experimental dates is |
listed in Table.1. The installation work
was made in 2004.

[

The chambers was tested on the
proton beam of IHEP accelerator(U- -
70) with intensity 3.0 x 106 +1.0 x 107 : : : - . : : - L
p/cycle, and multiplicity >5. ' ) ) ) '

Fig.1.Schematic view of the SVD set-up for the second stage of the experiment E-161:
1-precision vertex detector; 2-block of the minidrift tubes; 3- central block of MWPC;
4-threshuld Cerenkov counter; 5-scintillation hodoscopes; 6-detector of the y-quanta.
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V4

3 31 3.2 3.3 3.4 35 3.6

H/IV

Fig.2.
The plateau for one chamber V4 with a proportion of gas:
82 % argon + 0.28 % alcohol + 0.52%freon +17.18 % isobutanes,

is shown on Fig.2.
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V4

12
}_10% S
g 8-
8 6
s 4
2 -
0

H/V

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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V4, beam killer 271-282

2000 4000 6000 8000

0

240 260 280 300

Fig.4.Dependence of the N tr. from numbers of the wires:
* - with beam killer
¢ - without beam killer

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
Cerenkov counter (TCC).
« The counter is designed for charged |[ efficiency | _
particles identification, it has entrance - efficiency
aperture of 177x130cm2. Four rows T Mean = 24.06
with 8 spherical mirrors in each one are 25_ gm': / :d:i-gios 115
arranged on the rear wall of the - p0  =0.7353 £0.03594
counter. When filled with freon at the n 'A
atmospheric  pressure  and  the 18 -
temperature of 20°C, the counter -
provides the identification of pions in S | T 17 1 1
momentum range 4-21Gen/c with 70% C
efficiency(Fig.6.). For the greater 05+ |
efficiency of the counter the eight -
photomultipliers were replaced. For the 0 -
best magnetic field compensation the -
inductance of the compensating coils in 08 S T T e T T e T s
a central part of the Cerenkov counter L
were increased. « 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
SINP MSU Moscow

| - s\ /p|
Talk at VHMP 2005, Dubna, Russia \/ ’
' 16-17 April 2005 ;

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

~7% 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 P11I-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

|

g

VHMP
April 200

J
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Pentaquark searches
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 Primary vertex Z-coordinate in SVD-2 active target

o

\_
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A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run. }

Pentaquark searches

o

VHMP
April 200
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KO, and AY effective masses

M
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J

A.Kubarovsky, V.Popov,V.Volkov Data analysis of Apri2002 SVD-2 run.
Pentaquark searches "
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A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'’2002 SVD-2 run.J

Pentaquark searches
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Near-threshold D° production

H/20 Mevye’

30

- V.Volkov

+ SVD-2 Preliminary

l
L
It

. Search for the D0—
K*1r- decays

- Different reconstruction

‘methods used (not

cross-checked yet...)
« 24 events over

background of 12
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\/ A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run. VHMP
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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

 1n this area make it likely that i1t will be another 15
years before the issue is decided”. (PDG, 1986)

~

/

S D
l Eé\/ﬁg 1 { A.Kubarovsky, V.Popov,V.Volkov Data analysis of April’2002 SVD-2 run. 1 [1 VHMP

Pentaquark searches 6 April 200
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PDG - in “Particle listings under revision”

N

91540)+ 15y = 0(??) Status: ¥ ¥ ¥k

A REVIEW GOES HERE — Check our WWW List of Reviews

E(1540)+ MASS

Ak is done throught the Restew, papers are listed by year, with the latest
year fast, and withn each year they are lsted alphabetically NAKANQ D3

Wik ﬂug earlest paper.

It & difiailt to deny a status of three stars end a place in the Summary
Tables for @ state that soc experiments dem to have seen. Nevertheless,
as discussed in the above note, we believe it reasonable to have some
reservations about the eastence of this state on the bass of the present
evidence. '

)

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

[

VHMP
6 April 200
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I the ‘2003 fall...

.

- uudds quark content

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

« Supposed to be of 1530 MeV/c? mass, width
<15 MeV/c? and to decay into nK* or pKY

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

« The pK® mode can be searched for by SVD-2:
- good resolution for K% and proton identification

/
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Experiments zoo
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" PENTA-I : Data ‘sample

N

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

Prlmary 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% of K% to be reconstructed

J

Sy /D
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Penta-l:Events selection

-

. <5 charged tracks from primary vertex to reduce
combinatorial background

« KO, selection:
— 2 oppositely charged tracks from secondary vertex
— 490 < M__< 505 MeV/c?
- M,;2 1120 MeV/c? (— not A°)

* Proton selection:

— Positive track from primary vertex
— Momentum of 4...21 GeV/c
— Absence of a Cerenkov detector hit

~

/

D
\\/ A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run. VHI_VIP
Pentaquark searches » 16 April 200
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. pK9, spectrum analysis

\

N/15 MeV/c*

- system

| R
Cut applied: pK°
system goes forward
In center-of-mass

Narrow peak at 1526
MeV/c? is observed

FRITIOF simulated
background fails to
reproduce the real
shape ”
Peaks in higher mass
region can be attribu-
ted to 2** bumps

_/

Sy /D
\/ A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run. VHMP
¥ Pentaquark searches 16 April 2005
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Penta | : Cut applied: P>P, to eliminate bumps
~ (cf. B.Levchenko, arXiv:hep-ph/0401122)

™

N/15 MeV/c*

=
>

W
D

40
30 |

20 |

0 o

oy oy

« Background can be
described in different
ways: | |
— FRITIOF simulations
— Plain polynom fitting

— Random-star (not
shown)

« All three give the

shape compatible to

the experimental one

)

/

1 ‘,#:*“m;;z
N R AR AL TR 3
1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 212

GeV/e
Meﬁ(Ksop)
S
X

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

Pentaquark searches
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N Pe’n‘ta | : Pentaquark parameters at SVD-2

o

~+ Strangeness could not be defined directly, but

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

« Mass: 1526 + 3(stat.) + 3(syst.) MeV/c?

« Width I' < 24 MeV/c? (below experimental
resolution)

there are no reported S= -1 states in this mass

region l
e interpret B1iS dtate 35 OF p@ntaquawk

)
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Penta | : Cross section and A-dependence

N

« \We estimate the total
cross-section of
pA—O* + X as
30+120 uyb/nucleon

« We fail to find the
difference in
A-dependence of G)*
events from that of total
for melastlc events (~A0-7)

0,04
0,03
0,02
' 0,01

0
C Si Pb

The ratio of O+ peak events to the total of
KO events for different target materials

/

Sy /D
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" Theta masses from different experiments

N

[1560] )
Spring-8 {3—rd
+
_ _ CLAS-d . K'n
e Certain mass shift can
CLAS-p R —
be observed between R — L
the K*n and K% .
modes
> [ ITEP
# || HERMES
K% —»— | [COSY
wi | | [ZEUS
. [SVD-2
’ J

|

A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run.
Pentaquark searches
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Penta | : second analysis

~

2

-
N
o
2

=
N
o

o (24
E Combinations with positive tracks E Combinations with negative tracks
o o = o " -
% 100 < 100 with the same analysis cuis; .
c . c N
L 2
® ®
£ L £ 2 L. - ‘
£ 80 2 g | No signal is observed
o .

8 i S

60 60 |-

40 |- 40 -

20 2 |-

1 0 1 I 3
1500 1750 2000 2250 1500 o 1750 2000 2250
MeV/c? : o MeVvic?

CaMKey . b) M(K®,p)

-To be checked...

*Possibly could result in a much more narrow peak

J

S . N N . -
\/ A Kubarovsky V. Popov V.Volkov Data analySIS of Aprll 2002 SVD 2 run. : _VHMP
' Pentaquark searches o - 116 April 200
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Penta Il : event selection

e |
e “Distant” KO used

e Cuts applied:
— Number of primary charged tracks: 4 to 6
— Proton candidate momentum: 9 <= P <15 GeV/c
— No Cerenkov detector hit for a proton

* A total of 9,000 events selected

N

J
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Penta Il : results

~

o

. Peak is well pronounced h
" S (6 0)
= i “ =« No significant change in
= the effective mass
2 « Cross-section and
systematic errors are yet
wr to be evaluated
J
A .Kubarovsky, V.Popov,V.;/::\l::;/ua[::t:ez?;:yessis of April’2002 SVD-2 run. 1 [1 5 X;_:\'AZPOOSJ

|
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- Hadron nicknames

-

d

=1/3

+2% +§/ 3

Meson: quark-antiquark

Baryon: three quarks

© Pentaquark: 4 quarks + 1 antiquark

Exotic if antiquark is of the different flavour

d

-1/3

+2/3
/
Sy /D
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Anti- decuplet of g4g-bar states

-~
DPP model modified
(DP hep-ph/0310212)
uudds | i
/{* (1530) I <15 MeV
M=1760-1810
/ \ / \
/
\/ \ / M=1650- 1690
/ \ =] M=1862 I'= 5T, *
ddssu uussd
\

\

y

Pentaquark searches
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" HA1: charmed pentaquark?

\_

\
% 40 1 1 L ]
2 H1 ;
+ M=3099+3+5MeV 5 30f ©DTRDTR o
o — Signal + bg. fi 1
« Minimal quark content: & [ - Bgonyit ;
uuddc g 20 ¢ + |
* To be confirmed! Ll + + :
10 - T Tzl Les ] + # ;
[ + + + L) $
0. L vy T
3 3.2 3.4 3.6
M(D*p) [ GeV ]
/
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Exclusive reaction searches

LEPS yn — K*K'n

| K
? K »
g ’ ov-‘
E @ /—V"

n
n
—p—
A-1

CLAS vyd - K*K'pn

_J

Pentaquark searches

‘ A.Kubarovsky, V.Popov,V.Volkov Data analysis of April2002 SVD-2 runj

VHMP
April 20
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| Pentaquark observations

LIT

e

Mass Width Nevont  Statist, Reuaction Experiment
{(MeV) {MeV) signif.
O+{1540)
1540 £ 1045 <25 19428 ~ 270 AC— CK'K- LEPS
1539 +£2+2 <@ 29 ~ 3.00 yp — nK+K? DIANA
15424245 <21 43 ~350 ~d - pnK+tK~ CLAS
1540+ 4(£8) <25 63x13 480 p — nKtK? SAPHIR
1533 4 5(+3) <20 27 ~ 4,0c r~indueed CERN, FNAL
155541 + 10 < 26 41 ~4.00 Ap — nKtK-7t CLAS
1528 + 4 < 19 ~ 60 -~ 4o y*-induced HERMES
1526 34+ 3 <24 50 350 p-p reaction SVD-2
1530+ 5 < 18 370 p-p reaction COSY
1545+ 12 < 35 ~ 100 ~ do p-A reaction YEREVAN
1521.5 £ 153342 <6 221 4.60  Fragmentation -  ZEUS
Z(1862)
1862 <21 4.60 indueed NA49
©.(3099)
3009 +£3+5 540 y*~induced _HERA

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

A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'’2002 SVD-2 run. VHMP
Pentaquark searches 16 April 2005
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Current status

-

* New analysis software is able to process A
“distant” V0s :
— K9 - 10 times more statistics (for ©* analysis
and charm searches)
— A\ —up to 100 times more statistics, allowing
= decays reconstruction to search for = 5,
pentaquark claimed by NA49
» Better kinematical fitting for secondaries to
improve effective mass resolution
J
[ Arsmo ot oo ctsgrmz sz | (g SE ]
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'\

" Theta mass with another set of cuts applied

N . 2/ naf 2624 7 25

‘S L PI 15.70

v 25+ P2 1.526

= L P3 0.7601E-02

v P4 4134

o3 L PS 568.3 H .

< m  Peak width:
20
g \
10 ~

pe
£
=
A%

18 MeV/c?

e B

0 15 155 16 165 17 175 8
Me /7( Ksop ) GeV/c

/
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Pentaquark Il (“distant” K°)

i\

SVD2

« M=1524 + 2.3 MeV/c?

- N/1I MeV/ic®

C so B M=152442 3(stat.) MeV/c?
~ 0=12.042.3(stat.) MeV/c?

~
)
~
>

[

N =187

events

W No significant mass

Significance 5.9 o

o=12.0+ 2.3 MeV/c?

/

Nente™ 187
oo Signif.=5.90 .
difference from the
previous analysis
(,;1 | I bt ettt |
14 1.5 1.55 L6 165 1.7 1.75 1.8
MKp) ceve
S D

\/ A.Kubarovsky, V.Popov,V.Volkov Data analysis of April'2002 SVD-2 run. VHMP
\ Pentaquark searches 16 April 2005
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Silicon Microstrip Vertex Detector
for Experiment SVD-2
(SINP MSU, Moscow & THEP, Protvino, Russia)

1. Detector description
2. Current status (April 2005).

14.04.2005
SINP MSU
D.Karmanov
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Detector description

Vertex detector for SVD-2 experiment will consist of the following parts:

» 3 Beam stations, for position measurements (X,Y,Z) of primary
particles before interaction with fix target.

. 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 mm) 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 description

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 um in Z direction and better than 10
pm in X (or Y) direction. |
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51.2x51.2

108

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 6.4x16.0 -998 25
B3 Beam station Vertical 16.0x6.4 -700 25
B4 #2 Horizontal 6.4x16.0 -698 25
B5 Beam station Vertical 16.0x6.4 -400 25
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-l  Vertexsttion Vertical 320x320 | 22 | 50
Horzel Vo . Horizontal | 320320 | 26 ] 30
Vert-2 Vertex station Vertical 32.0x32.0 46 50
Horiz-2 Horizontal 32.0x32.0 50 50
Vert3 | Vertexstation Vertical | S12x512 | 68 | S0
,,H,Or,i_z'?’ Horizontal 51.2x51.2 76 50
Ul Vertex station Stereo Vertical (10.5%) | S12x51.2 | 84 | 50
Vi Stereo Horizontal (10.5°) 51.2x51.2 92 50
 Vert4  Vertex station  Vertical | 512512 100 | 50
| Horiz-4 Horizontal 50
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Fig. 1. Size and position of sensors in the Vertex Station.

SVD-2(run2005) T ]
Aperture of vertex detector ——Trigger-1 —x— Trigger-2
30000 . _
24000 - e 7 A x ¥ @ —8— \Vertikal-1 —— Horizontal-1
—_ Trigger
g 18000 - sensors @+ -
= 12000 | X —— Vertikal-2 - Horizontal-2
2 6000 |
8 L
a2 0 Liquid Hydrogen Target » ~—Vertika3 - Horizontak-3
2 6000 -
Loa
S 12000 >
- © 18000 o+ - U eV
-24000 - ¢ 8 a4 X 2w
" 230000 e | - Vlertikal-4 - -4 Horizontal-4
00 80 60 -40 -20 0 20 40 60 8 100 120
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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. 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 — “J10” board with output wires
and cables.
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Nuclear Size
Fluctuations in
Nuclear Collisions

* V.Uzhinsky, A.Galoyan

The flrst RHIC result Large elllptlc flow of partlcles

0.1

0.08

0.06

0.04

0.02

lIIIIIIIIIlITII'ITlII
3 —@—

HIH

L

T T 1. T T T ] T ] T

B

| S ST SO S SV T TR S S

[

"11|111¢|||"|'||11.|4||||

OO

dN

d(¢ — ¥p)

0.4 06 - 08

n

ch

[y

/n

max

ll‘l_l*llll T T [yrrvryesr1

.,“' 0.18
0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

_IlllllIIlIlIIIIlIIlIIIIlIIIllllllllllll
¢

a3
R

PETTE I B EC AN BT ST AR A

Tﬁuﬂln'

T
B
i

SENRRERINNRISTRI SRR ARTARE

)
o
()
oF

T

1.6

1.8

2

p, (GeV/c)

(1+ z 2anOS(n(¢—‘I’R))) Un =< 003( (¢ - ‘IIR)) D



££C

T ] /P S s/ S L B e g

Transverse momentum py (GeV/c)

Hydrodynamic model
A A
Nucleus is a quantum mechanical system.

How can one consider quantum fluctuations?
Especially size fluctuations.

"" ——— 0-18 LI LR ] ¥ 33 LI ] ¥ rl LRSI T 1€ LR BLES SR LI} 77
| (a) 200 GeV Au + Au e O C' centrality: STAR 10-30%, SPS 13-26% | 3
01L {minimum bias) et e s ;‘Q 0~16’5' * V2{2) pions 200 GeV =
i e S, e . 0.14 F-— vx{2} charged particles 200 Gev 3
STARdata TR . C  » NA49 v, pions 158 AGeV |
0.08 e - . T - 0.12F « CERES v, pions 158 AGeV R
<N ] /e oo e 0.1E- @ CERES v, charged 3
0.06 s - “E 158 AGeV . Te Y347
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| (715 25 eens Fa)|* = H pa(f;)

‘ palr) = ar Rﬂ #({R 4 — r) — uniform sphere
p(r) = Const / (1+ e:n‘p( }} -Saxon-Woods distribution
Idea - A nucleus is a superposition of homogeneous spheres!

pa(r) =/ f(R)p(r)dR
—  #(R)——O(R — r)dR

N
L2
E=N

4/3w R3
3 R wR3
patr) = 2> e iV ar = Ty, m)
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Pb-208, R,,=5.3 fm

Gaussian distribution

axon-Woods distribution

IR BB, B-R
f(B) = ConstZ—ceTA/ 14 e_cA)2

f(R)




Size fluctuations are rather large! They must be
taken into account in hydrodynamic calculations.
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e
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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 ratlo
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.




LET

Wheré can it be used?

c LENLSRL I NN R S S SR B B R I B BB BB BB L
:0 10 £ ' ' =
- E! ST AR uncorrected E
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z | :

I,
> F g :
Z fal. -
ﬁ 10-1 g 45 —
£ 3 34 | 26 3
c - 81y .
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n, /M.,

FIG. The primary track multiplicity distribution as a
function of the number of tracks normalized by the maximum
observed mumber 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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1y -
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11G. (top) Differential cross section ol the enerpy measured
m the veto calorimeter.  Predictions of the VENUS model
are also shown.  (bottom) Differenlinl cross section of the
transverse energy produced in P + Pb and § + Ay collisions,
as mueasured by the ring calorimeter i the pseuderapidity range
2.1 <2y < 3.4, Results of the VEXUS mdel are also shown.
For explanation ol the symbol ¥ see text.

What processes are dominated in high multiplicity events — multiple fluctuations
in elementary (NN) collisions, or interactions of compact objects?

Sizes. of interacting nuclei.can be an essential parameter as the impact parameter.
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Glauber approach

t=1 5=1

(=4 7) 7 (F-s+n)] |-

=1 g=1

P{z)

1
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| A B
o = fdzb{l—nn[l—ﬂf(z-sua)—ﬂ,*(s—swa)
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P(S)

~ Size of a nucleus?

= (7 + 75 + ... +7%)/A
In case of deutron § = r /2
= [8(S— (72 + cos + 75/ A) U (P, oy ary Fa) Pdir1d®r 4

A
¥ (1, 72y 00y Fa)|* = 1L pa(i)

p(r) = Const/(1 + exp(*="4)) 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

A A=no R [}E=LA), =g (i=A1414)
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How can one simulate uniform distribution?

p,(r)

- Standard procedure +/- CM correlations
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~ INTERACTIONS

PW)

<S(v)>
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Lattice nucleus

N.D. Cook, T. Hayashi, Lattice model for quark, nuclear

Y Axs Tille

A=44

St. Saxon-Woods
Homogeneous spheres distorted
Homogeneous spheres

P(S)

‘structure and nuclear reaction studies, J Phys. G23:
1109 1126, 1997

St. Saxon-Woods
Homogeneous spheres distorted

]

Homogeneous spheres
St. Saxon-Woods

Homogeneous spheres distorted
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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 nhucleus-

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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1) Cone based
simple cone algorithm
—

iterative cone algorithm

midpoint cone algorithm

2) Kt algorithm

= e SRR

Noise and plle up have to be s;u’ppressed as the first step before
any of these algorithms start
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BARREL

_.
fa

MEAN = .69 GeV

RMS =095 GeV

Eyreco / Eqgan Jet

H
i
i
%

4 corr by tracker

A : ! & recoin calerimeter | 4y
0.5 - ommend. . [P 4, B L R S S
] : ‘ ; 3 : , 10 15 20 25 30
: E, tower, GeV
on b ; 4 :
H { { H H
e RN | . i

o 28 30 80 80 100 120
£r Jet, Gev

Electronic noise gives 5 GeV in
cone 0.5 (1N,0)

Low luminosity pile-up giveg .
>2.5 GeV in cone 0.5 in pp.

High luminosity pile-up gives
>10 GeV in cone 0.5in pp.
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Nouse and plle-up suppressmn ,
subtractlon based on mean value

mean value is determined over Iarge 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: plle up sdbtractlon alqorlthm

- calculate average energy and dispersion in Ly B e anE B RN R
tower (in eta rings) for each event g, INEREE B

- subtract average energy and dispersion from
each tower

- find jets with jet finder algorithm (any) using
the new tower energies ST

- recalculate average energy and dispersion :
using towers free of jets

- recalculate jet energies
noise, pile-up, geometry are taking into account

‘automaticaly IVardanyan, A.Ouhanov

i s e i it - 2 s 7 T cowr s TR e TR NN

= R e

—
po—t
Q2
4

N

Nﬂ cell —
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s P“e'up subtractlon algbnth'r»h'y |
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Lmearlty, resolutlon and efﬁcnenCy
before corrections
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Response= ET. reconstructed_jetlET generated_jet :
Correetion 1/Response as a function ofE and 'I']Of-];t:

Application area:
QCD MC jet correction is applled to particle jet assuming that
Monte-Carlo generator is adopted to the experiment.

Features
QCD mC jet correctlon depends on the jet finding algorlthm on the cone

size, on the level of noise and pile-up in event. -> a set of curves vs (PT,n)

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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. D b Victor Konopi iy
Vijet copOGeERed - Alexei Oulianov

Tasks &strategy parton energy scale

t
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Tasks & strategy partlcle jet energy scale
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Application area:

Ytjet correction is applied to parton (direct use of the initial et
E_balance)

yHet correction is applied to particle jet with the additional MC correction
taken into account the difference between parton andparticle jet.

Features: | |
Ytjet 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_,1) is needed

YHet correction has systematics connected with parton species and
selections to suppress background. In yHetsample there are 90% of q and
10% of g. There is a background from the dijet events (with leading ).
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§i2ngle jets: linearity
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Nllyma
A.Kroklx)hn

VGavnlov

mﬂl wse of tracker andmlon (

Jet veto | (for Low Luminosity condition).
- 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 (o=sum(P_ tr"""‘)IPTj"‘) is calculated.

m<dZ

The jet vertex should satisfy: 1z "z

ertex vertex

- the vertex is considered as primary if o>o,

Jet veto 2 (for High Luminosity condition)
- the ratio (B=sum(PTjet"a"")IPTa""”") is calculated.

- the vertex is considered as primary if >0

Fake jets suppri'&_'ssaoﬁ

Particle level Calortimeters only Calorlmeters and tracker
only Low Lumi High Lumi Low Lumi High Lumi
signal jet
Fraction of
events that
satisfy central jet
veto 0.8 0.21
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MULTIPARTICLE DYNAMICS STUDY by
' GLUON DOMINANCE MODEL

-The unified—“

“multiplicity
~distribution (MD)
~description in high
energy interactions: %

Kokoulina E., Nikitin V.
GSTU, Belarus & JINR,Dubna

e"e” - annihilation,
approach to

Proton (nucleus)
~collisions

‘ ‘| Proton-antiproton-
I | annihilation
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The region of high multiplicity (HM): n >> n(s) — mean muliplicity.

- Pn - multiplicity distribution (MD), Q(s,z) - generating function (GF)
| 1 _ |

Q(s,2)=S Pn(s)z .

« ¢ 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/c by
two schemes with and without gluon branch
on 1s* stage, modification of 2"d scheme by
clan mechanism at higher energies;

{e pﬁ-annihilaﬁon (~10-100 GeV/c).
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ete” > y(Z°) > qq = (q,2) = ? — hadrons

First stage (cascade):

bremsstrahlung; c) quark
pair creation.

K.Konishi et.al. NPB157(1979)45
A.Giovannini.NPB161(1979)429.

a) gluon fission; b) quark /

N\

T

Second stage:
Hadronization. BD

dQ(q) _ @D (g)
dQ(g) _ (g)2 _ N(g) (@92 (g
17 = A(Q Q)+ B(Q 0*).

V' 4

T v,
A _11+—L(z-1
p Np( )

N

Convolution:
of two stages

quark fission -> NBD —|

\ 4

p _Jp U, + D), + =)

m
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Pn in e'e¢” -annihilation at 14, 50, 91.4, 172 and 189 GeV; H(q) at 91.4 GeV.

E. Kokoulina. Minsk, NPCS (2002)[hep-ph/0209334]; ISMD32,2002.
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hadronization gluon parameters ( NV, 77; ), 14 -189 GeV-

o5 35 | h
N s g
20 | g _ e
| 25 |-
15 |- 5 L
15 |-
10
1 |- - . €%
5,
05 [
L
e
: N . : ‘ 0l v by b e b e e e L
920 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180

Js s
N, (ﬁ;) — maximal (mean) multiplicity of hadrons are formed
from gluon on the stage of hadronization.

N,/ N, ~.2—= hadronization of gluon are softer than quark.



9LT

Project “THERMALIZATION”
(JINR, IHEP, SINP MSU, GGTU)

O'(I’lch )I’}”Ib | 1. Experimental data pp (70 GeV).
30 40 50 =
BT T T 2. Quark model. Yad.Fiz. 55 (1992)
St e oo 820. Collisions of quark pair.
af A @ .
b I . 3. MCPHYTHIA code underestimates
107} e e the s(nch) by two orders of
T ”Chf@ 0 magnitude at nch=18.
P LT ethis T The goal:
10 | o - guark model g R T L LR
o ¢ - gluon model ﬁ . The study of MP at pp (pA) :
: . interactions in HM region: nch>20-30. |
D ST R i St s
[,,L_I,J.;L J, . | l L1t l 1411 | | LJ_LL | LJ;L‘L,I,LLM
0 1 2 3 4 5 6 7 nCh

z=n,/n,(s)
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Gluon Dominance model
(GDM)

 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 — 11 stage.
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QOur model investigations had shown :
- quarks of initial protons are staying
in leading particies (from 70 to 800 GeV/c).
Multiparticie 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 wn’rhou’r the gluon branch -
Thermodynamlc model (TSMT)

E.Kokoulina, V.Nikitin. 7t 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 active gluons at the moment of impact
— Poisson e k" /k!

- MD for branch of gluons — Farry

1(1__j (m-D(m—=2)...(m—=k+1)
m " Z (k—1)!

. MD for hadronization stage — Binomial (BD)

3 n-2 a amN —(n-2)
(B ] (-5




182

Scheme with branch:

M TR (m-D(m-2)(m—k+D)(, 1" (7Y A
h=2 k! Z_:—" (k—1)! (1 —) C“’"N[N] (1 N]

m

O - ratio of evaporated gluons to all active ones

7" N— parameters of hadronization for gluon

Some of active gluons (<50%) are staying inside QGS and don’t give
(0! < l) 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  —7i—m }_/l_h n—2 ﬁh mN —(n-2)
b :Ze = C:&Z[W] (1"‘]—\[—] , (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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TUAT, ppoat 107 Gy /n

TUAT, pp ot 205 0= /- 7t =2.02

THEFASD AT AL ADDEL. —p nt =
Z 7" =1.63 1 n 164 1
1 ‘/*—&\“\
10 [
2 - \\\
10 F 7 .. 10-1 .
3 ) oL
0| \ o
4
10 |
5 2
100 | 10 2
6 [ 10
10k
-7
10 ¥ 3
8 f = -3
100 & 10 1 |
-9
10 E
-10 i
0l 69 GeV/ “ 205 GeV/c
-11 ‘ e C 10 10.4 L 1
100 F
10 L iy, M.y,
5 N
10-13 . i . , i 10 I I 1 R ! I i 5 . -
0 4 6 8 10 12 14 16 18 22 10 ‘ B YR TER TS TS TR YR TS
0 5 10 15 20 25 30 35 40 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
— - e — . o —h
AT ot 200 Gt/ h — ToMT, pp at 405 S5eY h — TSMT, pp ot 800 ev/c " =2.4
1 n =226_ n =2.66_ 41
Xl
10 - Kl
10 10
-2
10 F
2 -2
10 10
-3
10 % AN
: 10" l 10°
) 405 GeV/c
o4l 300 GeV/c N
4 4
5 10 10
10
. i’i‘!,.l I”f
. iy, 5 | . . . s| -h
10 T T T 10 ‘ I N S RN S BNV i AN SRS T L PO B B O SO SN A S HPON HPU RPN ROPR SO RO
02 4 6 B8 10 12 14 16 18 20 22 24 26 28 30 2 4 6 8 10121416 18202224 262830323436 0 2 4 6 B8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
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Comparisons:

TSMT~—

KNO- ----

5 N —
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36

v=n/n

w (v)=(0.1/v>+18 .85v* +9.39v ).
-exp( —8.25v —1.35 /v + 6.628 ),

) Semenov S. et al. Sov.J.
| Nucl Phys.22(1975) 792

10 7 S SIS U N NP |
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36

p _Kkk+D..(k+n-1) k*m"
§ n! (k+ )+

Clan as independent intermediate
gluon source.

A.Giovannini, R.Ugocioni [hep-ph/0405251]

Our results: clans consist from gluons!
Change of fragmentation (¢ ¢ ) to

recombination mechanism (hh, AA) .

Ln (NBD) ~ Farry (TSMB)

Ln (NBD) ~ Binom. (TSMT)
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MD of neutral mesons at 69 GeV/c
The 51mpimcat10n on the second stage of TSM:

", n.., n,

N ch N' 0 N

1ot

1 Our results:

max of neutral mesons =16

;max of total multiplicity =42

Mean multiplicity of neutral mesons versus
the number of charged parhcles

)

n, (nch) = Z P,O, . ntot

Por =M1

a) top and bottom limits is determined by condition:

n, +n, =42

b) The noticeable improvement is reached if we
decrease top limit at charged multiplicities <10 to

n, =2n,(n,

nc/r)

Our result: C9n1'nur' events may be realized in the

| region of HM. AntiCentaur events must be absent.



pp -> n ch, ISR (30-60 GeV)
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» _ n—2
| Modification B i i e 0 N
e )=« C ol — -
Superposmon of n A m W | Ty N
clans: !
clans consist from My =ty =\ h 2myN=(n=2)
one, two (or more) | + ¢ Z 2 2 ] —— .
L 2 : 2m,N N
gluons of fission: m, M N
§ (o, +a,=1)
m, =3.59+0.03, m, =1.15%0. 25; . Th =393
o/, ~1.8, ¥ /ndf =9/13. | | J{
. S 012 |- l
r N} |
oL/ 62 6ev
Soft ( a, ) & semi-hard ( «, ) wl f N
components, and so on. )
0.06 jl *
vor || Y
Kokoulina E., Nikitin V. et al. o i
ISHEPP2004.hep-ph/0503254. "_ e
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PH

From GDM the ratio of charged hadrons to neutral mesons in p+p is:
70 GeV/c: 1.19+/-0.25;
800 GeV/c: 1.49+/-0.33;

PHENIX [nucl-exp/0410003];
X.Zhang, G.Fai.[hep-ph/0306227]

(cms) 62 GeV :~ 1.6 ( )

The ratio of h/ p=1.6 is the
value measured in experiment :

| p*p reactions (53 GeV) and

Au-Au (200 GeV/N) peripheral
interactions (60-92%) RHIC.

o, 3 9y :
N -2 {n*sh”
% 5 % I \ﬁ +h }/2
o L Q 4 STAR
= 2 10
0 E s
) 10
2 & s
. 5 10
ENIX o N R
P} ”\\ :
s b | 1()‘S ENIX
10
1 40-50% 10 4 ‘\\‘
0 L - -10
10
? oty N 18
60-70% -
' S|
0 S 14
z 12 -
1 80-92% * I
0 : ¢ 2 4 6 § 10 12 14
2 4 . 6 . 8 , \
: p. (GeV) ) - pT(GeV, :

1| 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. T




Soft Photons - the signature of hadronization

o, =4mb, o, ~40mb, o, ~n (T) o, —> n,~0.1

dn, 8z Vv’

dv ¢

The black body emission spectrum:

27kT

hc

3
n (T)=0.244-V , T.=2725K(MVB) = n (T.)/V =4.112-10°m™
Y r Y !

3 3
n(T)=n,(T,)- (%j , pP(T)=n,(T)/V =4.112-10°-107° -10—39(%j fin~(the density)

88¢C

r r

Excess of soft photons:

p, ~10-50(MeV) 1 MeV =1.16-10"°K)

T=pzpt-\/§

P: |Lfm) | D, L(fm)
L-p(T)~n, - L(T) 10 11. 30 3.5
Our result: L - the size of 15 6.9 40 2.6
hadronization region 25 4.1 50 2.0

M.Volkov,E.Kokoulina, E.Kuraeyv.
Part. and Nucl., Let., Ne5(2004)122. [hep-ph/0402163]
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J. Rushbrooke and B.Webber.
PP -annihilation (exper.data):| pnys.Rep. C44(1978)1

1) The second correlation moment of negative hadrons
( /, ) in pp-interactions and pp -annihilation.

2) The differences o, (pp)—o,(pp) ot 14.75, 22,
32 and 100 GeV/c remain s:gmflcam‘ for all A

multiplicities and have local max and min.

GDM:

1) Q(m 2)=0(2)" “+m" INGE-D™

- —h —mN . —mN

2) Q(Z)zcosz 1+_]\7(z—1) Y 1+’;—V(z—1) 4+

7 mN
+c4z4ZPmG{l+%’—(z—l)} .
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GDM p p -annihilation (10 - 100 GeV/c)

a) second Correlative moments of hegative charged particles:

b) differences between ppand pp inelastic topological cross sections:

Ac,(pp - pp) = 0,(pP)—0,(PP)

| GDM - 1475 GeV/c |

b Pn= Ac,/ZAc, c¢,:c,:c,=15:40:0.05,
s | W=336£018, 7 =1.74£0.61. 4% /ndf ~15.
) Superposition of intermediate topologies

| o ("0", "2" ~valent q's, "4"- valent + vacuum q's)
. ||+ GDM -5  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:

Outlook:

MD charged and neutral
(69 - 800 GeV/e) ;

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.

the description of MD at
higher energies;

the inclusion momentum
distribution in TSM;

the investigation of gluon
structure of clans;

the employment GDM for
the description of pp -
annihilation;

the hA- and AA- processes
at 70 GeV/c and higher in
the region of high
multiplicity.




£6¢

There is no higher or lower
knowledge, but one only, flowing
out of experimentation.

Leonardo da Vinci



Statistical Fluctuations In
Different Ensembles

Begun Victor

Bogolyubov Institute for Theoretical Physics

Ukraine
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Motivation R

Surprising success of statistical models for
particle production in A+A collisions.

New data on fluctuations are coming.

Particle number fluctuations in different
statistical ensembles were not studied up to

now I?

We have found that they are different

" even in the thermodynamic limit!

Victor Begun
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Contents

GCE,

CE: Q=0, Q#0,
MCE neutral,
MCE Q=0,

Quantum statistics effect

Acceptance.

Victor Begun ;
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Canonical Ensemble”, nucl-th/0411003.
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- Zozulya, "Particle Number Fluctuations in Statistical Model with
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Victor Begun
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MicrocanoniCaI Canonical Grand canonical
E, V, Q T,V,Q T,V, Ro
E->T Q- u,

Victor Begun
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J, _[exp[-ep/T] d’p

S

Tm? Kz[—j

Z. =
j (27?)3

27°

T

where j numerates the species, A =exp(x/T)

Z; s a single particle partition function, z = ZZ].
j

Voo = 75

Victor Begun



%ﬁPartition function in GCE ﬁ;

o0 Q0

Zyoe VT, ) = > 0 Y.

N,,N_=0 N, ,N,_ =0

I\ A\N- '
X Az)™ (z)™ ...OL”Z]' -2)
N,! N,.! N, N,

Jt° J~

= exp(k.+z.+k._z.) = exp[chosh(y/T)]
| J+<7 j==7
j

o

oot

Victor Begun
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Partition function in CE

Z..(V,T,Q) = }j Z

N,,,N,_=0

><(7‘v1+21)N1+ (7”1—Z1>N1_ (A2 ]) ) O\“ Z) )

N,.! N.!  N.! N !

1+

><5[(NH+...+Nj++...—N1_—...—Nj_—...) — Q]

= [,(22)

K. Redlich, L. Turko, Z. Phys. C 5 (1980) 541; J. Rafelski, M. Danos, Phys. Lett. B 97 (1980) 279.

Victor Begun



({1138

The microcanonical
partition function (m=0)
1 FQV—N‘ 3. (N) 3..(1)
W, (E, V) = N2 jdp ...jdp
(k) X"
x o(E= ) |p = .
( le ) = E(3N SN
WE V) = YW (E V) = X F 4§2i)
R 2F 73737727
where XEgif’ :

V.V.Begun et al., PRC in print, nucl-th/0410044

~ Victor Begun
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- CE/GCEratio

<Ni>c.e. 1 Q = O

<N> ’ ] N~ === ]
T g.ce. . 4 P
P
D/'
<N > _//
ch ce.
<N >

ch g.ce. 05_ i 05_ - —— - n_|_n

<N,>=a,z, a; =expwT), a;"=

M.Gorenstein, M.Gazdzicki, W.Greiner, PLB 483 (2000) 60.
Victor Begun
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50 | H 1
1z Z
\2' \2-

A [#]

E g

Victor Begun
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~ Fluctuations

Variance:  V(N) = <N? >—< N>’

<N?>—-<N>2

Scaled variance: © =
<N>

N =N, N, N, N,=N,+N_,

Victor Begun



90¢

CE fluctuations e

@0 Q-

24—

(DZ

.
A
* .‘.‘
. a—
i .---I-O-.-.

- e B
S o smm s e

-
—.-.—--—---"—"-.'_..--
-
.
-
-
.

VV 7Breguni, M Gaz’dzicki, M.I1. Gorenstein, O.S.Zozulya, Phys. i(ev Ck70 (2004 03497(571rir;ﬁﬁél-th/0402105ﬁ6.

~ Victor Begun
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0.54

V.V.Begun, M.I.

Gorenstein, O.S. Zozﬁlya, nucl-th/0411003
- Victor Begun

- CE fluctuations, Q>0

0.54

o
o
d

oo
-_—
o
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MCE fluctuatio

ns (m=0)

0.257
0.2 -

MM T

V.V.Begun et al., PRC in print, nucl-th/0410044

Victor Begun
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1
2

<nf>=—— » ;0 =<(m)’ >—<n; > =<n; >(1+y<n; >)
exp[(w/p2+m TLLL)TJ — |

Wg.c.e.({np})‘: H Wp (np),
‘ W..({n,}) = HWp(np) 0 (Z q“Ang] , o =1

W, (n,3,Q=0) =] w,(n,) 6[28“An;) 6(Zq“Ang).

- M.Stephanov, K.Rajagopal, E.Shuryak, Phys.Rev. D60 (1999) 114028

Victor Begun
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\ | ' - - - Bose ' ' " |--- Bose
1 S —-—-- Fermi —-—-- Fermi
14 _‘_:::‘_.-—_:--"--"'-"- - 1 b AR AR S AL R R AR AR R .
w9
e 8 A ~
0.54 2 0 5-_.._::._.:.::;:‘;:—:_._—:51,_._,‘__.,._,,_,________,______
O ¥ ¥ 1 1 0 ] 1 1 1
0 1 2 3 4 5 0 1 2 3 4 5
m/T m/T
+B +B
0P ~1.368, ®*B(Q = 0) ~ 0.684,
+ +
(Dg.c.e. = 1’ (Dc.e. (Q = O) =172 = 057
+F
oo, 0.912,

V.V. Begun, M.I. Gorenstein, O.S.

o> (Q =0) = 0.456,

Zozulya, nucl-th/0411003
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T N PO N
. o_o 0se ] -~ Bose
] - ‘%,__er_ml | - Fermi
5 N _
> 2 : 1 ]
g ' T
S 05 0.5-
0.25] .
O ¥ O T T ¥ T T T ] -
2 3 0. 1 2 3 4 5
m/T m/T

‘m=0: ©h..~ 0535, - 02 (Q=0) ~ 0.268,
Wy o = 1/4 =025, w; .. (Q=0) = 1/8 =0.125,
'mce ~ 0.198, | M(Q 0) ~ 0099

V.V. Begun et al., PRC in print, nucl-th/0410044
Victor Begun
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© Limited kinematical acceptan

‘(Dacc: q.(D + (1_q)

1
ek

q—> O' = 0,

q% 1 ::i Q)acc — Q)

Victor Begun ~




tle

Particle number fluctuations calculated in the CE and
MCE for the first timel

.0 F ot # oo';ﬁooc“

. Conservation laws reduce fluctuations!

In the limit V—oo | GCE | CE | MCE

neutral| 1 1 1/4

Q=0 1 11/2|1/8

- Large acceptance is requ‘ir‘eci‘.‘

Victor Begun
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Examples wheﬁ exact conservation
Iaws are required

e pp, pp, e'e collisions,

» Strangeness production in A+A collisions at
low energies, »

e Antiproton production in peripheral A+A
collisions,

» Charm and charmonium production.

 Victor Begun
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V(n.)<n>
N
N &)

-
O

|

0.5

ix§E{%ii

F AR T

§f!§k

T 0

llliiillll!l%

' Gazdzicki, NA49, QM 2004:

HIJING
pP+p
C+C
- Si+Si
Pb+Pb

¢ B X »

%l’l]ll{lﬁi!’!lll'ilitiiii

0

50

100 150 200 250 300 350

Victor Begun
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- 8- - m.c.e.
m.c.e.

—®— c.e.

—O— g.c.e.

Q=0
Q=0

Victor Begun
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+|

' A system with two conserved
~ charges (p,n,n-gas)

0.75]
0.5-

0.259

*-a

Victor Begun
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~ Definitions of Fluctuations

1. Standard textbooks in statistical physics:

a) Non-relativistic case: N. . N, .. =const,

_W<AN?>
<N > \/<N>

b) O > 0, N — oo.

2. Scaled variance:

2
o = < AN * > CoF = o =1
- <N > Ygce (Dg.c.e. — .

Victor Begun
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N U kW Mo

~ Conclusions

+ — _¢h 1
€V = @ = @ = = 1,

0P ~1368, o 0912,

Q=0, = = =172,
Q>0, = o<,
E=const,
E=const, Q=0 = w*=1/8,

Large acceptance is required.

= o =1/4,

Victor Begun
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Thermodynamics

J.Manjavidze
LPP, JINR (Dubna)

Introductory comments

S-matrix interpretation of
thermodynamics

Connection with Schwinger-Keldysh
and Matsubara thermodynamics

Range of validity of thermodynamic
description

Conclusions
VHM physics. 05
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o VHM region: The ?phase VSpace structure

IR

<‘pi \/ > \

« “Regge” (BFKL, ...)

\\

AN

C

Pr

lg |~

R

*““VHM” —low-x: | K |/| K [*<< 1 / ’ \

L..Gribov et al.; L.Lipatov;
]..MacLerran, D.Kharzeev P 0
““DIS” (DGLAP;...)

J.Manjavidze & A.Sissakian; l§g21f~~q'l |

VHM physics. 05
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theory

Y
<
A

~ Weak coupling perturbation I }
! U"- ! »

*Weak-coupling theory:

A s L)
S )

;
R(B,z)= e"iv/('gf Vi) i o <X>Dzm<xy;ﬂ,7]‘m<y>

e /.~ 5
' «Mahanthappa (61) | e ' =
S é] CMframe:. O = (I,B,O)

iDgB2)=

VHM physics. 05
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The black-body environment

—

z,=z,=1 j—’ SN @, f

. | .GF
iGs(q;ﬁi,ﬁpFl){l o@ ~iG, *(q )}

+2758(q° —’mz)[ _nJ"_}
I’Z _

Occupation number

n,.(q,)=n_(q,)= n(ﬂ ﬂflqol)%

1,(q0) = O(qo )1 +71(q,/,)) + O(=q )1 (=4, 5;)

1

n(pqy) = o

n_(q,)= ®(%)ﬁ(%ﬂf) +0(—¢, )(1 + ’-’l—(_%ﬂf )

Schwmger (61) Mahanthappa(61) Keldysh (64) Nleml &Semenoff (84) IBz — IB = IB

VHM physics. 05
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Equilibrium condition

p(Piz)= Zl e [d0n(4. 2040, (0,2 0P~ 3 0)5(P =3 p) 4,

(P ) I l ia;P d4a lafPR(a ) a-—-—)( ZIB O)
z 4
P @2r) @)
p(E Z) J‘dﬂ +BE+InR(S, z) (,BE+1I1R(,B,Z))=O»
27 op
E:_ﬁlnR(ﬂ,z)'ﬂ(E )—-—),B(E l’l)
OF imimie— -
2 p, 0 N UOVK, /K,
.\._._k._—. T T /
~.u./ R".—R'2
! K2 -
K,(E,n)= 0 ln(f(,ch,n) : R 3
B, K. = R"-3R"R'+2R'
37 R3

VHM physics. 05
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‘Local equilibrium | . A

5(P—qu)= | . 9
k=1 | °
| N n; N | / //\),i/QN
= [[Td0;60; - ar)16(P=2.0,) — /& .
j=1 k=1 Jj=l1

174

R({a,z} {e,2} ;) = exp {iz[ [axix'd (D, (x=xsa),25)p(x') -
- [dsde'§_ (D, (x=af 219, (1} Ro(9)

R({e, 2} {e. 2}/ s ¢) = exp i [dxdx'p _(x)D, _(x=xsal,2 g, (x')

—J-dxdx (X)D_ (x—x"; cal f)¢+(x )}Ro(¢)



‘Wigner functions

| (x+x’)# )

9, Ry =N

q’

(x-x’)=r —

9Tt

R({a, 2} {a, 2} 34) = exp{Z[jdxdxqj (X)D,_(x~ x50, 2 (x) -

_jdxdx¢ (X)D _(x—x'; CZ f)¢+(x )]}RO(¢)
Wi ({B,z}' ,{,B,Z}f;q,R) = jdrelqre_ﬁf(R)g(Q) «
5¢ (R—r/z) 5¢f(R+r/2)

RUB. 2 B2 5 8) |40
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Local equilibrium: S-matrix

R({e, 2} {a, 2} ) =

= exp {z[ ja’xdx (x)D _(x=x";a'(

—jdxdx (x)Dy, (x X' af(

x+Xx'

>zf<

x+x' X+ X'

),2'(

x+x'

NP_(x')—

>>¢+<x )] R0 (#) y—o

R =26,07°6.)
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"Correlators" in processes
with the high multiplicity

S.S. Shimanskiy (JINR)

VI VHM physics 17 April 2005



62t

Plan

~» “Correlators” in HM processe

 Mathematical trick

* Asymptotic



0ge

A. Bialas, V. Koch, Event by Event fluctuations and Inclusive Distributions,
Physics Letters B 456 (1999) 1-4

2. Let us consider a variable o (p) which depends on momentun
of one particle. We shall discuss event-bv-event Huctuations of the
quantity

N - N
S(x) = E x{p;) = E a (%) (1)
i=1 i=1
where N is the multiplicity of the event.
The event averaged moments of this quantity can be expressed as

‘IT?

< Sh = J_[ Y —Sﬂ St Ty (B )y (40 | (2)

m=1i;=1 tg=1




[£%3

where 1 labels the different events and A is their total number. N,

is the multiplicity of the event labelled by m.
On the other hand. the moments of x(p) calculated from n-particle
inclusive distribution p, (p1,.... pn) are defined as

/ dp1...dpnpn(p1.-pn)x ('Pl )]]\‘1 L))k =

A[ Z i Zm (ll) -[l"rn(":n)]k" (3)

m=1i;=1

where the sums over 71...7, include only the termms for which all indices
i1...1p are different from eac,h other.
One sees immediately that (2) and (3) are related.

< S >= / dppi1(p)x(p) (4)
< 52 >= / dp1dp2p2(p1.p2) :’Lf('])l):lf(’]')g) + / dpp1(p) [ (p))? (5)
<S> = /(lpl(]p;dp;pg(pl Pz, p3) r(py)x(p2)x(ps)
+ 3 / dp1dp2pa(p1. p2) 2(p1)[x(p2)]?

+ / dpp1(p) [x(p)]’ (6)

Similar fornniae can be derived for higher moments of S.
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‘Flow at 130 and 200 GeV

Sergei Voloshin

Wayne State UniVérsity

Outline:

1. Analyses related to flow

2. v,/ & the last figure in the flow PRC draft

3. Flow at Vs = 20, 130 and 200 GeV/c.
Centrality determination. 4-particle
correlations without generating functions.

4. KO and Lambda flow

5 FTPC

STAR Analysis meeting - 1

May 3 -5, 2002

A Voloshin

Warat S1A1

UMWERST

{3
Y
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Q-vector products and mmtipamclé |
correlations

u=e'"; Q=>u: Q,=>u’

<”i“;>:<N (N1 —1) @a’-N )> |
)= (g 10 0N -0 -N )-2laa’—n )

NN -D(N -2)

. ¥ | | 9 ¥ '
(wuyuy >:<N NN SO _3)[(Q Q=N )-2N (N 1)

—4N -2)QQ"-N)-2@7Q, -N)+@Q,Q; N )

. . . o 7 i 3, 3 n
$TAR Analysis meeting - 11 May 3 - 5, 2002 S A Voloshin Wkt
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VERY HIGH MULTIPLICITY PHYSICS

Liumancetin

ON CORRELATORS FOR HIGH MULTIPLICITY EVENTS
© 2004 J. A. Budagov, Y.A. Kulchllsky”*

J. Manjavidze, N. A. Russakovich, A. N. Sissakian

Joint Institute for Nuclear Research, Dubna, Russia
: Received May 2t, 2003

We preseni the results of the study of the energy correlalors Ka(n), K3(nj and their ratic Ry(n) in
dependence on the hadron multiplicity at the LHC. The PYTHIA generator has been used. The PYTHIA
predicts that Rgy(n) is not dependent from multiplicity. The Kz{n}), Ka(n) and Ra(n) ratio can be \tudlt‘d at

ATLAS.

The investigation of the very high multiplicity
(VHM)events is a very important {ask for high energy
physics [1]. The purpose of this study is to calculate
the energy correlalors Ko(n, s}, K3(n, ¢) and the ratio
Rj(n,s) = |Ka(n, 8)|¥3/|K2(n, s)| as a function of
hadron muitiplicity at ATLAS [2]. The theory predicts
that the R3(n, s) ratio has tendency to equilibrium for
the VHM events {1].

We will call the very high multiplicity events the
ones for which the condition n(s) > i(s) is fulfilled,
where n is the number of hadrons in an eventi, 7
is the mean multiplicity of hadrons, and /5 is the
c.m.s. energy. Figure 1 shows the distribution of
{n)P(n), where P(n) == a, /0o, as a function of the
secondary parficles multiplicity represented in the
units of the mean muliiplicity. The points are the
results of the E735 (FNAL) experiment at 1.8 TeV
with {n) == 44 [3}. The A region corresponds to the
multiperipheral kinematics where n~7i(s). The B
region is the thermodynamical region correspond-
ing to the approximation of the noninteracting gas
where n — nyac(s). The maximum possible number
of hadrons is equal to noax(8) = /8/mx, wheremy, is
the pion mass. The C region corresponds to the VHM
evenis. The cross section of such a process is signil-
icantly smaller than 10~ 70y, at 2 TeV. The thermo-
dynamical description of the final state events in the
high energy physics is possible at the [ulfillment of the
condition of Bogolyubov's principle of vanishing the
correlators [4} Bi(n, 3) = |Ki(n, s)|¥! /| K2 (n, )| <

« 1, where l = 3, 4,..., K(n,s) is the l-patticle
onerg) correlator for the n-fmrlmle event. Two and
i e T s i SRS

HJoint Institute Ior Nuclezr Research. Dubna, Russia and
Institbie of Physics, Nationai Academy of Scienves, Minsk,
Belarus

*E-mail: louri.KoultchitskiScern.ch

three particle correlators are defined as
HKy(n, s} = (([e1in, s]—
= {e:m, 8)){[z2i n, 8] — &, 8))),
K3(n,s) = {(e1;n, 5] — {&;n, 8))(fe2; n, 8)—
- (E; n, 3))({53': n, 3] - (5; n, 3)))'

where £; is energy of i-particle and (e:n, ) is the |
mean energy.

The PYTHIA has been used for this investiga-
tion {5]. For the simulation of the trigger events the
hard processes have been used : g;q¢; — qigy, ¢:§ —
— @95, 6% — 99. g~ G 99 — 4G, 99 — 99,
where ¢ are quarks and g are gluons. The main
background for the VHM events at the LHC wilf be
the soft prot.esse% There will be =23 pp-interaction
in the 26 ns of one mteractmn uf bunches at the
full LHC lurninosity (103 cm~2 s~'). The time of .
the data collection will be I2 ns for examptle for :
the electromagnetic calorimeter. Thercfore, there will |
be written about 115 soit background events, which
are called “pile-up”, simullaneouslty with the trigger
event. The inelastic processes have been used for the
simulation of pile-up events.

Figure 2 (left) shows the results of calculalions
of the average energy and the correlators VR2(1),
Y K3(n)in the GeV scale as a [unction of the hadrons

multiplicity at 14 TeV. The values of \/A2(n) have
signs of Kp(n). As can be seen the K;_;'?\n.i and K3(n)

tend o zero at n), — 500. The dependence oi the
Ry(n) ratio on ny is given in Fig. 2 (right). The
PYTHIA prediclions are given for the A region shown
in Fig. 1. The average value ol the R4(n} rstio does
not depend on the hadron multiplicity and equals
to 1.23. There is no tendency to equilibrium in this
region. This can be understoad as the PYTHIA is
based on the nusttiperipheral modet {1].
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{n)P(n)
1Q°
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A C i __ B
- 1
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0 2 4 7= nf{n) n
Fig. 1. Multiplicity distribution {n) P(n) in the KNO scaling form at 1.8 TeV.
E.GeV k3%
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Fig. 2. The average energy (triangulars), the correfators /Ka(n) (crosses), 3/ Ka(n) (stars) on the left side and the Rs(n)
ratio (black circles) on the right side as a function of the multiplicity at 14 TeV. The black squares on the righi 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 parton momentum
7 2> pP™" has been used, where p'™" > 500 GeV.
This has led to the multiplicity increasing {o ~800.
However, the tendency to equilibrium is not observed
although the Ra(n) ratio decreases to 1.1 for pf >
> 2000 GeV.

The investigation of behaviour of the VHM events
is planned out on the ATLAS (LLHC) [2] by using
its calorimeter [6]..This calorimeter has beautiful en-
ergy resolution o/E = (42%/VE + 1.8%) @ 1.8/E
in the barrel region [7). Only charged particies with
the transverse momemtum more than ~1.5-2 GeV

SUIEPHAA dHUIUKA  tom 67 Nel 2004

reach the calorimeter because of the strong magnetic
field (2 T) of the solenoidal magnet. Theréfore, only
hadrons with p; > 2 GeV in the region |1] < 2.5
have been selected. The physics events satisfied the
condition p{ > p!™® for partons have been simulated
for the decreasing of the background pile-up events.
The obtained distributions of the correlators K5(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 p, > 2 GeV

-and |n} € 2.5 the maximum multiplicity decreases

to =300 hadrons per event. As before, there is no
tendency to equilibrium for the R3(n) ratio, R3(n) =
= 1.21 for p{ > 2000 GeV. It is imporiant to note, that
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Mathematical trick

Let ¢y, ...y~ be real numbers (a sample).

For each L > 1 consider
N
=1

and

Dy = Z Yiy " Yig

)~ -wltF,
where the sum is taken over all combinations of L distinct indices i1,....15, and each
combination is used exactly once.
It is important to note that

Y+ +y =5 (1)

Squaring this equation gives

2

~ -2 s o 2
> Y+ 23wy = S5
i=1 i<j

hence '
- p g b J. g ¥} ]. "
Sy + 2D, = ST, Dy = 55 — =5,

which is our desired relation for I = 2.
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Now consider the case L > 3. First, note that

Dr=5 2 Y Yu

1]F T

——
N
o et

where the sum is taken over all combinations of L distinct indices iy,...,i; (because
there are L! permutations of L distinct indices). Sununing over i gives

Z Yi, = 51— Yo — "~ Y, -

ing{in, i1}

because of (1). This allows us to eliminate y;,/ and reduce the summation in (2). This
is the main principle.
For L = 3, we get

i# ik

.
Dy = = X itk
1

= T 2 ¥t~y — )

oi#g
1 . ‘
o 2 2
= 73—,(‘51 Y vy — DYty — E:ysyj)
e i#£] i#) i%]

i#] i#]

]. - 3 - \ T . . ~ D)
= (50 2w =) = Do wiS = ) — D(51 - )y)
1

= :’3—,(5% ‘E;f/-i -5 ny —2(5 Zyg - Z!/?))

?

== —g—‘—(brf _— :3;5'11‘3‘2 ‘l‘ 253)
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REDUCE CODE

input_case nil$
operator S;

procedure p3(x,l,r);

if r={} then s(reverse(x.1))

else if first(r)>x then s(append(reverse(x.),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),),rest(r)))$

procedure s(l);
if rest()={} then S(first(l))
else p2(first(l),{},rest(l),else Sfirst(l))*s(rest(l))$

procedure D(n);
s(for iz=1:n collect 1)/factorial(n);

end,
As example D(5):

. 1 1 1
Sy — —“) S]—E—S S)—f— SS -+

D =
‘ 4

o

lszﬂi——l—s St +

12

12 )51
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VERY HIGH MULTIPLICITY PHYSICS = =

ON CORRELATORS FOR HIGH MULTIPLICITY EVENTS
© 2004 J. A. Budagov, Y.A. Kulchitsky"*,

J. Manjavidze, N. A. Russakovich, A. N. Sissakian

Jaint Institute for Nuclear Research, Dubna, Russia
Received May 21, 2003

We present the results of the study of the energy correlators Ky(n), Kas(n) and their ratic Rs(n) in
dependence on the hadron multiplicity at the LHC. The PYTHIA generator has been used, The PYTHIA
predicis that Ry(n) is not dependent from muttiplicity. The Kz{n), Ks(n) and Ry(n) ratio can be studied at

ATLAS.

The invesligation of the very high multiplicity
(VHM)events is a very important task for high energy
physics [1]. The purpose of this study is to calculate
the energy correlators Ko(n, ), K3(n, 8) and the ratio
Ry(n,s) = |Ky(n, 8)|/3 /| K4(n, 5)| as a function of
hadron multiplicity at ATLAS [2]. The theory predicts
that the Ry(n, s) ratio has tendency to equilibrium for
the VHM events [1].

three particle correlators are defined as
Ka(n, 3) = ((ferin, o]~
— {e5n, 8))([e2: 1, 8] — {g; 1, 8))),
Ki(n, 9) = {(lei;n, s}~ {e3n, 8)) (Jeas n, &)
= {ein, 9))([easn, s] — (5m, 9))),

where ¢; is energy of i-particle and {(e;n, g} is the

-~ mean energy.

We will call the very high mulliplicity events the
ones for which the condition n(s) > ii{s) is fulfilled,
where n is the number of hadrons in an event, #
is the mean multiplicity of hadrons, and /s is the
c.m.s. energy. Figure 1 shows the distribution of
{n} P(n), where P(n) = g,/01a, as a funclion of the
secondary particles multiplicity represented in the
units of the mean multiplicity. The points are the
results of the E735 (FNAL) experiment at 1.8 TeV
with (n) == 44 [3]. The A region corresponds to the
muitiperipheral kinematics where n ~7i(s). The 8
region is the thermodynamical region correspond-
ing to the approximation .oi the noninteracting gas
where n — ng.(s). The maximum possible number
of hadrons is equal o 1,4 (8) = V/8/my, Wwhere m, is
the pion mass. The C region corresponds to the VHM
events. The cross section of such a process is signif-
icantly smaller than 10~ %0y at 2 TeV. The thermo-
dynamical description of the final state evenis in the
high energy physics is possiblé at the fulfillment of the
condition of Bogolyubov's principle of vanishing the
cormrelators [4} Ry(n, s) = |Ky(n, )]/ /| Ka(n, s)] <
%« 1, where I = 3, 4,..., Ki(n,9) is the L—'Bﬂrticle
eaergy correlator for the 1mﬁ' Two and
———— s o v

Hlsind Institule for Nucfear Research, Dubing, Russia and

Instituie of Physics, Nationa! Academy of Sciences, Minsk,

Belarus
"E-mail: Iouri.Koultchitski€cern.ch

The PYTHIA has been used for this investiga-
tion [5]. For the sinwudation of the trigger events the
hard processes have been used : Ty ~ 4iQ4, @il —
= Qi 4Gl > 99. @9 — Gy, 99 — @i, 99 — g9,
where g are quarks and ¢ are gluons. The main
background for the VHM events at the LHC will be
the soft processes. There will be =23 pp-interaction
in the 25 nis of one interaction of bunches al the
full LHC luminosity (10°4 cm=2 s~1). The time of
the data collection will be 125 ns, for example for
the eleciromagneiic calorimeter. Therefore, there will
be written about 115 soft background events, which
are called “pile-up”, simultaneously with the trigper
event. The inelastic processes have been used for the
simulation of pile-up events.

Figure 2 (left) shows the results of calculations
of the average energy and the correfators \/I?;f—vr)

V/K3(n)inthe GeV scaleas a function of the hadrons
mutltiplicity at 14 TeV. The values of \/Kz{n] have
signs of K5(n). As can be seen the Ka(ny and K3(n)
tend to zero al ny, — 500. The dependence of the
Rs(n) ratio on ny, is given in Fig. 2 (right). The
PYTHIA prediciions are given for the A region shown
in Fig. 1. The average value of the Ry(n) ratio does

“not depend on the hadron multiplicity and equals

to 1.23. There is no tendency to equilibrivin in this
region. This can bhe understood as the PYTHIA s
based on the multiperipheral modelf [1].
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For case when S;=0:
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Asymptotic for Ay
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Asymptotic for ratio:
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Average on set of "events";

Then, if y,,; = ¢, =T, will be

Introduce:

N -
Z. ymi — 0
i=1

P N : e % ¢ ~
= (i — T3 + (T
N J—

Ymi =L — d mag — L)+ (Izn - 13) = Ymi + Am

/ !

N N

fa—
i=1 .5=1’
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L« t's receive comnection D, ;. with old ones(event case) D, ;- for which we hd\'() known
. For two tracks event we will have:

e

D.'n.‘.? — !/u l um ( ar l+~knl) qm 7+—Xm} ;,';_/m.l‘3/;;;.,24‘2*:3-,;1'(y.,,l,1+£/,;152}+ﬂf,,, — Dm_,g-l-;_&m

It 15 trivial the general formula turns out.

L
P . r[_ [—i L 'L— ; L-—
Dr‘r‘:\._.[,- - Z( ml_, ' Dm.' ._X,,, =( Npoo m + E :( e Dmsi ' Am l
=0 i=2
Z‘T—W _ ("12 A.Z D 2 A_’ 1 S'
m2 MNPy + m2 — YN, " Sm T §Ym2
Dot 1
T L L L
]\m.L — Am (f]
(";\;m <~ VT2
R?‘" A“ Fom 2
2
i ( :\ . 1)
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“Correlators” and "Moments”,
Stadnik A.V., Chernov N.I.,Shimanskiy
Communication of the JINR, P11-2003-143

+ Shimanskiy S.S.
Seminar VBLHE, October, 27 2004
Seminar VBLHE-LPP, March, 11, 2005

- REDUCE programs by Grozin A.G.
(BINP,Nonsibirsk)

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.
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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
» - atransition 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., pT-dependence of suppression; J/y, 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



QGP + SPIN

How we can use SPIN to find
thermalization? ‘

the sys'l'em N ~in the plasma rest
i frame there is no

.  preferred direction,
thermal'zed - no polarization



0S¢

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 /5, = 130 GeV

Maria Castro and Rene Bellwied (Wayne State University)

Abstract
We report first results on transverse polarization of A hyperons at mid-rapidity in Au+Au colli-
sions at /55, = 130 GeV using the STAR TPC at RHIC. Our measurements of the A polarization,
P, measured over the full kinematic range of |z¢| < 0.03 and ps < 5 GeV/c is consistent with zero
within 20. The A sample has also been binned in p;. Again, the polarization measurement in each

bin shows no significant deviation from zero.
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TABLE II: Polarization for each p, range and rapidity range

pe (GeV/e)  DP(-05<y<0.5) \2/dof P(v>0) y2/dof P(y<0) \2/dof
0-5 —0.0165 + 0.0154 23.93/18  0.0274 £ 0.0219 26.1/18  —0.0575 £ 0.0216 17.23/18
0-0.5 —0.126 £ 0.147 8.018/8 ~0.143 £ 0.205 2.911/8  —0.0843 4 0.222 8.369/8
0.5-1 —0.0573 £ 0.0286 3.802/8  —0.0225 +0.0262 5.126/8  —0.0941 £ 0.0402 4.688/8
1-1.5 —0.00137 + 0.0249 12.13/18  0.0231 £ 0.0356 13.01/18  —0.0252 + 0.0349 14.9/18
1.5-2 0.0203 £ 0.0337 25.7/18  0.0806 £ 0.0472 15.06/18  —0.0339 =+ 0.0482 25.85/18
2-5 ~0.0106 £ 0.0450 20.65/18  0.0956 &= 0.0633  14/18  —0.0286 & 0.0644 18.46/18

TABLE 1II: Polarization for each p; range

e (GeV/c)

P(y>0)—P(y<0)
5

(-5
0-0.5

0.0423 = 0.0154
—-0.0293 = 0.1511
0.0358 = 0.0240
0.0242 = 0.0249
0.0573 = 0.0337
0.0621 = 0.0452
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Dileptons as an unique probes for QGP

- Haven’t strong interaction.

« Come out from all evolution
stages.
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<dN,_fdm>/ <dN > (100 MeVic'y!

CERES/NA45 data

Electron-Pair Spectrum at 40 AGeV/c
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mass range #of pairs  S/B  syst err
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Mee > 0.2GeV/c? 185448 1/6 26%

e particle ratios from thermal model fit to PbTb data

» rapidity and p, distributions from PbPb systematics

o folded with experimental mass resolution 4.2% (w)

Enhancement for my,, > 0.2 GeV /¢ compared to cocktail:
5141 3(stal)E1.0(5vst)
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Dileptons Anisotropies. How we can
resolve sub processes using its?

o2 oy 1

The simple examples.

R3]
Far A
qG — et e
will be the following angolar distribution
da
—-——T - 1 -4 B - CCJSEQ‘ g
deost 0 0.2 04 06 08 1.0
b for - Jeoseq , |
st a7 et e
#
. Fig. 2. Distribution of cosd
will he , for 7N - whu™% ar 200 Gev/e
aT 2] ith 4 <M<6 GeV and py < 1
—_— e | B3 sl w : eV and py
deost? ‘ GeV/e, The two curves corre-

spond to formula (4) description
of the data.

Integration over either polar or azimuthal angle gives:
w1(3*) ~ 1 + ncag’a*

U2(¢) ~ 1 4+ Bcos2d

where both a and # may vary between -1 and +1.
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e+e- anisotropy (theory)

E.L. Bratkovskaya, O.V. Teryaev, V.D. ToneevV fomJnr
Phys. Lett. B 348 (1995) 283.

E.L. Bratkovskaya, O.V. Teryaev, V.D. Toneev +
W. Cassing, U. MOSGI, M. Schafer from ciessen
Phys. Lett. B 348 (1995) 325.

W. Cassing, E.L. Bratkovskaya
Physics Reports 308 (1999) 65-233.
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GSI| and more energies

0.6 - : y ' 1 v .
p+Be

0.4} 2.1 GeV/A

Rk - Siss L m

(1713 e E S,
.

Ca+Ca
2.0 GeV/A |

13

<B (M}>

D45

+.2 g
' Rt
0.0 -
0.2 1.4 0.6 0.8 f.0
M (GeV)

Fig. 1. The weighled anisotropy coetlicients < 8,4M1 for p+ Be
callisions at the bombarding energy of 2.1 GeV and Ca + Ca colli-
sions ot the bombarding enerey of 20 GeV A, The “™ denotes the
contributicn of the n-dmnnwl Tthe *A” labels the umuhmmn of the
A Udill! ducay, “p)“‘ the proton-neutran bremsstrablung, and
*x* =" the pion annihilation channel. The salid curves idenoted by
‘”;”“i show the sum of all sources

Bratkovskaya E.L. et al., Z. Phys. C 75, 119.126 (1997)

1.6 p+Bc
10 GeV

3.4 .
0.2 , .
0.0

A 0.2 + ¢ ¢ }

> M6¢ ]

g \ Au+Au

v ’ 10 GeV/A
1.4 ]
0.2 .
1.0 \W*ﬁm&w
(b2 1

Fig. X The weighted anisotropy coetlicients CB{M Y

0.6 0.8
M iGeV)

1.0 1.2

tor p 4+ Be and

central Ay + Au oollisions at 10 GeV/ AL The notation is tiu. SIS as

Hn Fig 2
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SPS energy

10",

T

M GeV

LA

¢

dn ..

10

Fig. & The ditferential multiplicity dn,., M tor a central Au + Au
collision at 160 GeVoAL The notation is the same as in Fig. 2

¥ %

Au+Awn
160 GeViA

n2

M (GeVy

] -
i
4,
. ‘i{
fy
Ty
AN
RN
[ Vs L
v, i i ) R
3 ’?“” § ;_, 3 3‘ T ‘*:
it L ! 3 Pt “ Py )
0.4 . L8 LA 1.2 1.4

Bratkovskaya E.L. et al., Z. Phys. C 75, 119.126 (1997)

.G ¥ ¥ ¥

p+Be
350 GeV/A

it.2

s e e

.40

S+eAn
200 GeViA

et

-2

Au+An

ol 160 GeV/IA

0.0 =~ . 4 Y P e e o i

i

<2 s : .
0.2 0.4 0.6 0.8 1.0 1.

M (GeV)
Flg. 6. The weighted anisotropy coeflicients ¢B4MYS Yor p + Be

collisions at 430 GeV/ AL S + Au at 200 GeViA and Au 4+ Au at
160 GeV AL The notation is the same as in Fig. 2

be
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Rapp R., hep-ph/0201101

SPS energy ||

W T 1 £

E Central _ Phy 158%@\%%:

b ,‘g-l- »
2 e - NASO ]
s 107} N - charm 3
8 | o * = Drell-Yan’
TR - thermal
g T AN —tolal
2 'V E \C - QGP  ;
g“ N \& 4 .
3 ¢ N
% il \‘E >

- ‘zg

» L

- i “

FIG. 6. Thermal firshall ealenlations [26] compared to NASO data [3]. Upper and lower total yields corre-

spond to T, = 195 MeV and 220 MoV, respectively.
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The STAR Barre! TOF

MRPC Prototype

| Prototype Tray
Construction

MRPC design developed at [ERR o nsr —a

7! at Rice University

r S G P

7
TR 4

{ 28 MRPC

CERN, built in China gg;,ﬁ, Detectors;
-

NS RRRSEE I RN

oy el ol

S
5~

OmE

AR R RN R R S S S R S R R S A R T

AT T
s I
' fram i e \\\
L Y L Y R L U L L U e Y e A e L " . \

Sl T -

c ~ 70 ps, 2 meter path 'Rails |

S_trong tea_m ipcluc!ing 6 :C-ompletedbrototype 28 module MRP
Chinese Institutions in place | TOF Tray installed in STAR Oct. ‘ 02 in

 place of existing central trigger barrel tray -

.._»“v‘ '_\4\;"-:‘K e
o A
i

—
——

g'/ﬁ 24 made at

T

Nelgbori
Y CTB Tray
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Examples of Benefit of TOF

Open Charm and Resonances in central Au-Au collisions

Py FOM
(GeVlc)
De All 4.6
De 2-4 2.6
De 4-6 2.0
De >6 1.0
K*e 0-1 2.0
K*e 1-2 1.85
K™ 2-3 1.74
K*e 3-5 1.39
4 (1020) 0-2 50
4 (1020) 25 | 3.4
-~ |A@M520) | 016 | 11.4

FOM (figure of merit) = reduction
in required data set by using TOF
PID V

TOF PID also reduces systematic
errors from correlated back-
ground due to misidentified
particles

Certain measurements are impossible
without TOF — unlike particle
correlations (£—n), scale dependent
correlation studies (velocity vs
momentum correlations), exotic
searches... |



TOF + TPC electron Tag

* Works well at low energy —
complements calorimeter

» Gives access to vector meson
(p,®,9,J/'Y) ete- decays

 Thermal dileptons |

« Single electron spectrum

D meson yield, flow
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RHIC energy

Central %u** Au

Rapp R., hep-ph/0201101

: ‘ Ty T %; @; zi, L -
. - ¥ 4 ‘? -
T b £ j - o o~ " L Py N
" . i <N, »=800
3 b pleny <k
- .t s ! ’ pt *g&;%t‘e ' ;
x’%:f EQ g: “‘t “ B i . :_g
A R 1\l -~ Cocktasl 3
X, - i » “
A U T Ty — Thermal ]
A % 4 y
vyt T T o ~— Drell-Yan
z; * ‘1;“’ : ' g “ pe
P iy o1y, == Open Cmm
- - z e % ‘4 '-b’,,‘ -
?:; % |+ I ‘ i
w 10K Y 4 Ly
& ! i; ""l.-.ﬁ""‘h;‘
?:; : % br § L
f !
- .
& 4 e
= 07 i-'-; “.M'”‘"-.. 2
il ! "Nt,”‘
| S !‘.1 11 1 RIS I N T'"? oo N
0 0.5 2 23

”I I(‘*ws I}ilﬁ’mull *«Iw 11.3, fmm o nt,ml Au+m U e*ulh«fzxmx., at full F%HI(‘ energy.
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U e~lmvimpmbione~ . loffe B.L., hep-ph/0310343
J/VY polarization Dubna, SPIN 2003

Let is now dwell upon the Ji production in heavy ion collisions. Let us assume
that at suficiently high c'“f‘":lll::’-lf'sl"l encrgy the quarli—gluoon plasima is formed. Due to the
arguments presented above, the formation of quarkonia will thus take place in the plasma
(this will of course result in the suppression of the formation probability [14]). The
non-perturbative effects should thus be absent {or small), and we are left only with
tliz perturbative mechanism. Then, according to the third row of Table 1, about one
half of J/u's will be produced directly and ancther one half via vz — J/w + . (The
approximate ¢ '“-qufllit" of these contributions steins from the fact that the extra power of o,
1n the direct production cross section is compensated by a relatively small branching ratio

- about 20 "’*2 ~of the yv2 — J/o 4~ decay.) We thus e pmzt that the asymmetry coetlicient

of the electron [1“1111@11_3 angular :_11::~t;r1b1.1t1:,:-n in the J/# — ete”(ptp™) decay in the case

of guarl-gluon plasma formation will increase from zero to about {at p, = 0) @ =~ 0.6.
The account of the initial transverse momentum distribution of gluons as discussed abaove

reduces asyminetry coctlicient to

o= 0.35 = 0.4, (7)

Conclusion. In case of quark-gluon plastma formation in heavy ion collisions, one
N expect an essential increase of Ju polarization in comparison with that in hadronic
collisions. Therefore. the measurement of electron (muon) angular asymmetry of J/¥ —
ctem{pt ) decay 1s an effective ool of detection of gquark-gluen plasma formation in

lvzavy 1on collisions,



What will be interesting for
Investigations ?

(Will need to compare pp and
AA data, energy and impact

parameter dependences)
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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 production probability

By definition the probability to produce system of identical

n-particles in given phase-space cells

Pu(vS) ~ [ 1M, W, (1)

In Eq. (1) |M,(p1,p2, ..., pn)|? is squared matrix elements and dW,, is

Lorentz invariant relativistic phase-space factor.

The Lorentz invariant relativistic phase-space factor is defined as

i, = (] éj> LR N

where Py = (Py, £,,) and p,, = (Pn,wy) are initial 4-momentum and

outgoing particle 4-momenta,respectively.
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Florivation

Removing é-functions from (!) by the Laplace transform we can

introduce a function p,(3) of the complex variable (3 .

Note! The function p,(8) 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 energy

conservation.

Then probability P, (1/s) may be obtained through the inverse
Laplace transform '

4200
PL(V/35) = 1 / dfeF )

21

—1200

F(B) = ln(eﬁﬁpn(ﬁ))-
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Motivation

The integral (3) may be estimated by the saddle-point method, if
saddle point f3,,, where function F'() has maximum at Img,, and
F(#) has minimum at Ref,,, exists. The value ,, can be found
solving the equation

dF(p)
dp
One may expand F'(8) near [,y,:

= 0.

F(B) = At 2K} (5 B) + S K3 (5 — ) + ..

where linear term over § dissapears due to the condition (6) and

v _ PF(Bn) _ d®Inp(B)

K —_—
T T Ep a2p

KM _ d3F(ﬁm> _ d3 lnp(ﬂm)
U
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Motivation

Thermalization

If we will keep only two first terms in the equation (6) and K is
positive then distribution ef'®) over 8 has Gaussian form with

maximum at Img,,.

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

(K31)%/3

<< 1, 9
o ©

and its dependence from multiplicity of the produced particles.

The validity of such approximation was referred by them as a

thermalization of particle system.
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Motivation

Canonical phase space example

Let us consider the meaning of the expansion coefficients K2 and
KM coefficients in more details, starting from the pure phase space

consideration.

If |M,|? =1 then p,(3) can be considered as canonical distribution
function of relativistic ideal gas with the temperature T' = 1/|3|.

Let us write p, () explicitly

d3p; ex W
/ H{ = (237rp32wﬁ )}

i=1,n

For identical particles with mass m:

pul(B) = — </°°dww2—m2exp<—ﬂw>>”. (1)

(2m)2™ " S

We may also calculate k-th derivatives of the In p, () over B . For
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Motivation

example, let us define three first derivatives of In p,,:

dInp,(8) _
dp pn(B)

_ L ey L@

(3)
(1) pr (B)
) +pn(ﬁ)

(14)

431 pn
Zfﬁ B —3(—=)n2 (B)

From the above formulae we may conclude that mean value of energy
1S
B) f;;o dwwvw? — m? exp (—fw)
B [ dwvw? — m? exp (—fw) '

(15)
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Motivation

example, let us define three first derivatives of In p,,:

dll’lﬁ)n(ﬁ) — 1 (1
d.@ p T (*6) "
Plnpa(B) _ 1

g = = () +

(8).

pP(B).  (13)

n(»@)

and

d3 1n pyp(3)

_ 2 (3) (B
as pn(»f?’)

Pn (B)
(14)

——3(pM(3))%- 3(%) 25 (8)pl) (8)+ 22

From the above formulae we may conclude that mean value of energy
is

_1dlnpa(8) _ j:f’ dwwvw? — m? exp (—Bw)
- dB [ dwvw?* —m2exp (~fw)

(15)

M =< w>=
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Motivation

Similarly we obtain

d*In pn(B)
d2p

1
My =< w? > — <w>*= =
mn

_ [ dww?vVw? — m? exp (—fw)
o [ dwvw? — m? exp (—fw) 7

< w? >

and

1 d31n p,
M3=<w3>—3<w2><w>—|—2<w>3=—;{ Zfﬁ(m, (18)

where

fno: dww?v/w? — m?2 exp (—fBw)
[°7 dwv/w? — m?2 exp (—fw) '

Thus, the expansion coefficients K37 and K#! are central moments

(19)

< wd >=

M and M3 that multiplied on n and —n, respectively.
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Motivation

Mean energy fluctuations

From more general consideration one may understand that k£ — th

expansion coefficients has the meaning of £ — 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).
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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 coeflicients have the

meaning of the correlators that multiplied on the
n(n—1)...(n —k —1).
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Motivation

Talk overview

e 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 p;,

or rapidity y).

e We investigate their properties, including the connection with the

event-to-event fluctuations.
e We suggest a fast procedure how to construct the correlators.

e 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) (n) (z1,...,x,) of a given observable . f,sn) is a symmetric
function normalized to unity. The PDF can be characterized by the

mean value
) / 2 f™ (2)de, (20)

and - by the [-order moment-type quantities -

it = / (i, = 2™) . (g, = ) (@1, zn)da - dan,
(21)

coincide for any

Due to the PDF symmetry, all the quantities C,L(;nx) :

2!

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:

(1, m) = A7 (1) A @) (22)
Obviously, in this case C,L(ln,z)” =0 for 11 # ia... F# 1.

The quantities C,L(?,Z)“ for i1 # 12 ... # 7; thus measure a
correlation among produced particles and we will call them
correlators. Since the correlators do not depend on the concrete set
of the [ mutually different indexes, we will use for them the simple

notation Cl(n’x).

Note that for equal indexes i1 = i9 = ... = il,C',L-(:;f)_”il = Ml(n’w)

represents the {-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 p,,. The equations for the mean value and

correlators should be then generalized.

Particularly,

@) = (3) = 3 pad®/ Y pa = Y pa [ 217 @)dz/ 3 pe.

(23)

Using the identity
Tk — (Z) = (zx — ) + (2% - (2)), (24)

one can rewrite the "global” correlator C’l(x) in terms of the
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' Correlator definition

a-dependent correlators

cle) :/(xl —EOY) (= EON SO ) day
(25)
and the fluctuations of the observable mean Z(® at a given a around

the ”"global” mean (Z):

l

0 =3 pa D0 ()OI @D —(2) S pa
(87 >\ (87

A=0
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' Correlator definition

l
G = <Z () o @) - <x>>“> , (26)

A=0

where CS**) = 1,C{*") = 0,

As follows from this equation the absence of the correlation at any «
(i.e. Cl(a’x) = 0 for [ > 1) does not lead to a vanishing global
correlator. It is solely determined by the fluctuation of the
a-dependent observable mean: Cl(m) = (2™ — (z))").
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' 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

[ —-14,l_, x— z, and x_. Particularly,

2 = / oy 1% (@) )dey, 7 = / z_ f§% (- )dz_, (27)

C(a’m) —

Ll =

/ (w1, = @) (g, — @@, = @)@, — @)

fz(f,)l_ (Thps- - y Ty, 5T —gs - - L ZTo, )dxy, ... d:z;+l+d:1;_1 co.dr_, .
(28)
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' Correlator definition

We express the correlator Céx) = C’ég ) of two charged particles in the

events with n = ny + n_ selected particles through the correlators
csn =), cfy = 0™ and ¢ = C{"). Using the identity

EZfi—(fi—f)Efi—Afi, (29)

one can write

ny

= 200 Az 2= (0 1Az 7+

nCC cC nCC

C\) +Az Az,
(30)

Mee = Mg +n_ 4y =ny(ny—1)/24n_(n_—1)/24nsn_ (31)

is the number of charged pairs.



88¢

' Correlator definition

Again even in the absence of correlations of particles of given
charges, i.e. Cfi)r — o) — CS:C_) =, the correlator C®) can be

non-zero provided Z, # Z_. In particular, for n, =n_ =n/2,

AT, = —Az_ =

and, in the absence of correlations,

= — 2
ol@) — _ (T4 —Z_) <0.
ce in-1) ="
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3 Correlator estimates
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' Correlator estimates

Correlator estimates from the events with fixed

multiplicity

In the case of neyt experimental events with a fixed multiplicity n,

the mean value of the observable  can be estimated as

(34)

T
evt i—=1

where Z(9 is the estimate of the observable mean in the i-th event:

. 1 2 /.
70 = =N W 35




! Correlator estimates

16€

Similarly, the correlator C’l(x) can be estimated as

o = Ly

Nevt i—1

where Cl(i’x) is the estimate of the correlator in the 7-th event:

ci? = 236 — (@) ... (2 — (@); (37)

ng

the sum in Eq. (37) runs over the n; [-particle sets chosen from all n | }
particles in the event. One can sum either over |

ny = (7) =n(n—1)...(n—1+ 1)/l of the sorted sets

i <ty <...<igyorovern =n(n—1)...(n—10+1) of the unsorted

sets i1 # 12 # ... # ¢;. In the latter case, each of the unsorted sets

. gives rise to the I! 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(¥,
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(¥), n;, — nl(i) in

Egs. (35), (37) and take into account that the single-event averages
enter into Eqs. (34) and (36) multiplied by the weights proportional
(1)
l

to n(®) and n,", respectively:

' 1 MNevt . . Nevt ‘
(7) = <5;<Z>> =5 n@zl, N=3 a0 (38)
i=1 i=1

Nevt Nevt

— Z nl(i)C'l(i’m), N, = an(z) (39)
' =1

@) = <Cl(z',m>> _

l
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! Correlator estimates

The same result can be obtained by averaging simply over all V
collected particles or all N; I-particle sets (formed from particles

within the same event only):

where the sum in Eq. (41) runs over all IV} sets.




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
l(z) and

1433

i)
[ — l+,l_/, n—ng,n_,n —n,,n_, Nj— Zinl+n_

r — x4 ,x_. Particularly,

cl = (30 — (z))(@D - (z)), "D =TIt (42)

Lyl
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Correlator estimates

Correlator estimate errors

We can split all the events into n, 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 (z). The global

estimate of the correlator is then given by the mean of the group
values:

(43)
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! Correlator estimates

The dispersion of the group values is

(44)

where the sum of the deviations squared is divided by ng — 1 since
one degree of freedom is used for the global estimate of the correlator
according to Eq. (43).

Neglecting a small correlation of the group correlators due to the use
of the global estimate of (z), one can calculate the error in the global

correlator estimate as

Mg

1/2
a<c>=<D/ng>”2=< - Z<0<m>—0>2) . ()

ng(ng —1) 1
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Correlators and fluctuations

4 Correlators and fluctuations
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* Correlators and fluctuations

Relation of correlators and fluctuations

To relate the correlator Cl(x) with the event-to-event fluctuation of

the observable single-event mean Z(¥), one can again use the identity
v — (@) = (@) —29) + @ — (@), (46)

and write the estimate of the single-event correlator in the form

l
’i,il? l ’i,il? —(1 — —
Ci =3 ()8 — (@, (47)

A=0

where c(()i’a;) =1, cgi’x) = (0 and cl(i’x) for [ > 2 is defined as

(zm) —(1 (%) = (1
c; (Z)Z (@) ). (g — 7).
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- Correlators and fluctuations

The estimate of the correlator can then be written in the form
l
T ! 1,T) s —(1 —\\]—
e = <Z (A)c& @9 — (z)) > (49)
A=0 l

where the [-dependent averaging is defined in Eq. (39). Introducing
the notation for the event-to-event fluctuation of the observable

single-event mean z(*
AZ® = 20 _ ()

and omitting the event indexes, Eq. (49) particularly yields:

O3 = (57 + Az?),,
Cl = (") + 36\ Az + ATP)s,
Cf) (()+4C3)Aa:+6cé)A:c + Az,
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© Correlators and fluctuations

Non-identical particles example

For two different particle species + and —, The Egs.

—(z_)), o) _ olhry)

Ly l- L

=) (54)
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¢ Correlators and fluctuations

Meaning of the quantities cl(@
We can prove that these quantities can be expressed through the
estimates of the moments of the single-particle z-distribution in a

given event:

m{") = = . . (57)

Particularly,

(58)

(59)

(60)
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Correlators and fluctuations

One can conclude from the above consideration:

1.

The'quantities cl(m) are determined by the shape of the
single-particle z-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 Egs. (49)-(56).

. The magnitude of the quantities cl(y’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,
<A:E2>g/) = <mém)>2/(u — 1) for uncorrelated production

() = 0). | |
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. Assuming the moments m

- number of operations is o« n while in the latter case it is «x n'.

Correlators and fluctuations

l(a;) 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. Cl(x) — (AzY);.

. For a conserved additive observable z (e.g., particle energy),

considering particles of any kind and assuming that all n
particles are observed (n = ntot), the mean Z does not fluctuate

SO C’l(a;) = (cl(w)ﬁ. Particularly, C2(x) = —<m§“"))2/(ntot — 1) and
Céw) = 2(mgx)>3/[(ntot — 1)(n4ot — 2)] for the events with about
the same numbers of produced particles.

. 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
l
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Correlator estimates from one event

5 Correlator estimates from one event

In the case of uncorrelated particle production, the event-to-event
fluctuations of the observable mean are solely determined by the

quantities 'cl(m) :

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, t0 clarify the origin of the “non-standard” or
“non-statistical” fluctuations, it is desirable to estimate the
correlators for the events with similar characteristics c. 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

Z(mj —Z) =0, (61)

j=1

i.e. decouple as much as possible the observables z; entering into the

correlator estimate from the observable mean Z 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, ..., Ngevt

with about the same multiplicities n(®). One can then estimate the
correlators according to Egs. (34)-(41) or (51)-(56) and (57)-(60),

making the substitutions ¢ — s and nevt — Ngevt.
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i Different model examples

6 Different model examples
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i Different model examples

” Analytical” example

Let us first consider simple PDF’s characterized by the parameters
T,T1 and A:

f(3) T1,T9, T3 oce_lm_lfl%ml e_'%'e_l%l : 62
3 _

n

f (@1, @) o [[eTA+A4 Y 7m0, (63)

1=1 1<Jj<n

The allowed interval of the variable x was 0-150, the parameters
T =150,T1 =25and A =0,1,2.
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80v

Table 1: The correlators correspdnding to PDF’s in Egs. (62) (the first
two lines) and (63). The results of numerical integration are compared

with the estimates obtained from m.,t simulated events.

Correlator Céx) | Céx) Cf)
1312.5 0.

Neve = 5 -10° | 1313.4+1.8 | 61. 4 108.
n=3A4=0 0. 0.

Nevi = H-10° | —0.3+£1.4 21. + 70.
n=23A=2 229.0 17715
News = 5-10° | 229.9 £ 1.4 | 1779. £ 110.
n=4A=1 113.8 707. 2913.
Neve = 3-10% | 114.44+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 ni.; particles is

Xiot = NtotT, Where T is the mean particle energy. We have put

Z = 100 in arbitrary units. Assuming that all ny. particles are
observed, the mean particle energy does not fluctuate (AZ = 0) and

the correlators Cl(x) are then given by Eqgs. (58)-(60) with n = ny;.

Particularly, C’éx) and C’ém) vanish at large niot as 1/nior and 1/m02
respectively. The results shown: in table 2 confirm this behavior.
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Table 2: The correlators Cém) and Céw) estimated from the “micro-
canonical” ensemble of events with fixed mean particle energy £ = 100
in arbitrary units, each consisting of 2 - 10* events with fixed parti-

cle multiplicity mio.. All particles are assumed to be observed, i.e.

T — Ttot -

o 10 15
—1181+£20 | —624 £ 11 | —426 =5
49900 £ 200 | 14730 £ 50 | 6940 = 20

20 100
—323+1 | —66.2+0.1
4041+6 | 174+1




i+ Different model examples

Iy

Table 3: The same as in table 2 for n.t = 100 and different numbers

v of selected particles.

5 10 15 20
~754+8 | -63+3 | —68+2 | —66+2
200 + 500 | 300 4+ 100 | 220+ 70 | 170 &+ 50

In table 3, we show the same correlators as in. table 2 for ny = 100,
but now calculated for different numbers of selected particles

v < niot- 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 cl('j’w) by that of

the 7 fluctuations.
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i Different model examples

”Parton string model” example

We have estimated the pion transverse momentum correlators C’ép t),
C'?Ep *) and C’ip ) using 2 - 10° central (impact parameter b = 0 fm)
events of Pb -+ Pb collisions at total c.m. energy /s = 200 AGeV
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 = 1900 pions of a given charge in each event.
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i Different model examples

Table 4: The pion transverse momentum correlators obtained from
central PSM events of Pb + Pb collisions at /s = 200 AGeV.

P (GeV/c)? ciP) . (GeV/c)3 CP) (GeV/c)

(44.0 +6.6) - (-7.4+12.1)-1078 | (8.7+3.3)-107°
(44.6 £ 6.0) - (7.8412.5)-1078 | (9.5+4.6)-10~°
(71.2 £ 7.6) - (3.0+£2.7)-1077 | (34.3+9.5)-10~°
(52.6 £ 4.2) - (—~1.5+£7.1)-10"8 | (9.0+2.0)-107°
( )-107% | (2.14£5.3)-107% | (11.24+1.6)-107°

59.6 £ 3.5

We have also selected 777~ pairs only and estimated
P = (61.9 + 4.4) - 10-5(GeV/c)2.
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Different model examples

As Was‘mentio'ned before the correlators for very ‘high multiplicity n
may dominate by the event-to-event fluctuations, i.e. |
Cl(p - (Ap;t),, if the moments ml(p *) of the single-particle p;

distribution weakly varying with the number n of observed particles.

The found PSM correlators C’ép t) are consistent with zero within the

errors. It means that we have deal with close to symmetrical

distribution function for Ap;.




Siy

Diffe’rént model examples

I

pt-0.4895 |

Figure 1: Event-to-event mean p; fluctuation distribution.

10°

htemp
Nent = 2000

IIIIIIII I Illlllll

T Illllll

Mean =-6.629e-00

RMS =0.0103

-0.03

-0.02

-0.01
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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
highef—order correlators is rather difficult as it requires very high

statistics.
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‘ Multlpartlcle productlon
processes from the Information

Theory point of view \

- 0.Utyuzh B

The Andrzej Soltan InstitUte%for Nuclealy"‘Studies (SINS),
Warsaw, Poland
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E

Why and When of information theory in multiparticle production

nformation contained
in data
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Which model is correct?

“Model 2 Model 1

Which model tell us TRUTH
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- To quantify this problem one uses notion of information

- and resorts to information theory

- based on Shannon information entropy

S = _Zpi In Pi

- where { pl.} denotes probability distribution of quantity of interest
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This probability distribution must satisfy the following:

- to be normalized to unity: Zpl. =1

- to reprbduce results of experiment: B Zpl. R (x,)= <Rk>

- to maXimize (Under'thé abbvé;'f,cohstraints) information entropy

S = _Zpi Inp,

-with { ﬂ%} uniquely given by the experimental constraint equations

pil = exp{—-z A »' R, (x, )J
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LCommOn part
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notice

~ If some new data occur and they turn out to disagree with

pi(x;) =exp I:—Z/lk Ry (xi)J

it means that there is more information which must be accounted for :
« either by some new A=1,,,
« or by recognizing that system in
nonextensive and needs a new form of exp(...) — expg(---)
- 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

2
- second moment <n >

most probéble distribution

geometrical
(Bose-Einstein)

Poissonian

Negative Binomial

Gaussian
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Rapidity distribution

| . | Ed
- we are looking for )= j { 2
0' N
YM
by maximizing S=- jdy -fN(y) ' 1n[fN(y)]
~Yy,
* under conditions
Yy Yy, Yy, |
[asrw-1  [awrnw-um | d-cononm-2
Yy Yy " Yy

G.Wilk, Z.Wlodarczyk, Phys. Rev. 43 (1991) 794
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As most probable distribution we get

In(y) = %-exp[—ﬂ,uf -cosh(y)]

Yo

- where Z=Z(M,N,;.)= Idy'eXP[—ﬁﬂr'COSh(y)]

_YM

Y, = ln{gﬂ—g[l +(1~ j\rﬁ )“7} and ﬂ:ﬂ(W;Naﬂr)



Ly

1
f ()= exp[ = -cosh ()]
| B— -0
B — 4o
] —-
(0 YM
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Another point of view ...

Fact: In multipartif;le' pl;Oduction processes many
observables follow simple exponential form:

L x
f(x) = exp[ A]

L “thermodynamics”' (i.e, A=T)




N-particle system

o o
O 50 0 O
O T 0

O
O o ~
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observed
particle

O

(N-1)—particle sub-system

.—.--.

o ,
O w \

" o a owm
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(IN-1)—particle sub-system

/" ] \.\.
observed ./ N
particle | ’ N,
h I I .
, "’ : i
O vV ! Heat bath :
— J o - e _.I
| X RN | /
fErep2

L.Van Hove, Z Phys. C21 (1985) 93,
Z.Phys. C27 (1985) 135.
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"l—~.

| 7 5 N
observed v ' .
particle ’ \
h T, ! -
O \RRRARRRA Heat bath :
‘ »
N—— v Y] -\ .I
X ) /
h \ .
f(xh)ocexp(——-— N v/
T JRN . 7

1 " mm g s

where exp (——2)=[1—-(1-g¢g) -2k
P, (== =[1-(-q) 7

9 q

[ nonextensivity ]
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1- > p?

q-1

Nonextensive (Tsallis) entropy: S
| | q

is nonextensive because of
'S, (A®B)=S,(A)+S,(B)-(q-1)S,(A)-S,(B)

o - - _ p
g-biased probabilities: < D; = Z 4
b;
i

<E>:lzl~7iEi
<N> - Zi:f)iNi

g-biased averages:
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Another origin of q: fluctuations present in the system...

Fluctuations of temperature: ,
T=T(E)=T,+a-(E—-E,)

with 1

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

qgq=1+a:

dIn[P(E)] ~ if- — P(E) ~ exp (— ?)

1
E-E, |
1,

dIn[P(E)] = . +a?§_E ) = P(FE) z[1--(1—41)

 M.P.Almeida, Physica A325 (2003) 426



Sty

‘Summarizing: ‘extensive’ < ‘nonextensive’

() o arenl ()

where g measures amound of 1 2 1 2
fluctuations | (Ij - <;1—>
and g=1tw=1% 5

<....> denotes averaging over | 1
(Gamma) distribution in (1/2) | <,1>

G.Wilk, Z.Wtodarczyk, 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 fluctuatlons existing in the
system
..... . others ..
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Applications: pp

- input: \/E,,LzT,<NC,;> | -fitted parameters: ¢, K
1 dN, 1
_ _ _ h
PW)=5 Z exp (/3,44 coshy)
f
I dy- 1y coshy[ p, ()] = = B,
— _

oﬁifé'é,'zi 5 6 7 8
y

N N q
Kq="7-(E), =7—;_idy-wcoshy[pq(y)] 5

NUWW PR D67 (2003) 114002 J
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inelasticity

[ NUWW PR D677 (2003) 114002 j

| %(K)

® 200 GeV
® 3900 GeV

5,0x10?

S

1,0%10°
172 [GeV]

1,5x10°  2,0x10°
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From fits to rapidity distribution data one gets:

| | \
(*) Y - distribution < ‘partition temperature’

K-s

(N

T ~

> ( < fluctuating <Nch>

(*) ¢ < fluctuating T )

Conjecture: —1 should measure amount
of fluctuation in P(Ndl )

0.351
It does so, indeed, see Fig. where data 0.301
on g obtained from fits are superimposed 0.251
with fit to data on parameter k in 0.201
Negative Binomial Distribution! 0.151
0.101 ® (-1
0.051 e 1/k
10' 10° 10° 10°

s [GeV]
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- Experiment: P(v,)=p_ (N )3 {k(k > 1))

1

1 o*(N,

k

W)

1

(Nax)

- — is measure of fluctuations

(Na)

P(N) = Tdﬁ e

k

with y = —
<n>

=\ _k=k-1 =
Xp(-11) y"n" exp(—ym) N

n!

I"(k)

1
k

q-1

153 —— Poisson
- - UA5 @200 GeV

s ]
T Vo
! i
i iy

0.00F

Kodama et al..

oooor——L—+ 1 1 [ , | |
0 10 20 30 40 50 60

Nch

I'(k +n) .

C(1+n)(k) (y+1)"

- P.Carruthers,C.C.Shih, Int. J. Phys. Ad (1989) 5587
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oédqd o tooe

=1

o = 53GeV

., =200 GeV
o = 540 GeV
. = 900 GeV

m m

tm tm m
I
o]
[=]
o
Q
@
<

cm

%0 12345678
.
St q. | T=1/8,
200 - 1.203 12.12
546 | 1.262 22.38
900 1.291 29.47

[ NUWW Physica A300 (2004) 467 ]

2 2 2 2
_ qLTL +qTTT _TL +TT

T2 T2

q +1

oA(T) = o*(T,) + 0*(T,)

CT3aaienE e
p, [GeV]

S12 ' ar T,=1/B;

200 1.095 | 0.134

546 1.105 | 0.135

900 1.110 | 0.140
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200

150+

100+

507

Applications: AA

* (blue lines)

‘Example of use of MaxEnt method
applied to some NA49 data for -
production in PbPb collisions
(centrality 0-7%):

Sz q K,

8.8 1.040 022
12.3 1164 | 0.30
17.3 1200 | 0.33

N—

* (orange Iihe) q=1, two sources of
mass M=6.34 GeV
located at |y|=0.83

7

~N

this is example of adding new
dynamical assumption




200 S800

" 1200 GeV PHOBOS /|
700 0-6%

156- : 600—-

500

100+ 400-
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300
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Applications: pA

(E,,-P) (E,-F)  (E,,-P) (E,,-B)
> “ >
(e;p,) = (e,,p,) » _
symmetric “tube” asymmetric
case ) o case
% (wv’vv) (E1)P1) =E (wi’vi)
{ 2 | A > (E',P)
v @ % O ‘ >
4 | > (B,B)
(EV’PV) ‘ (E:;)PV,) (EV’PV)
'input: \/_S_Q,LlT9<Nch> > ’\’SV,/JT’NV

s,=vs+(v—1)’m" with S=2m"+ 2m\/ P2,z +m?

N, =2a+(vpN

W.Busza, Acta Phys. Polon. B8 (1977) 333,

N I Aallivaall ot al o Phve Rav | ottt 20 (1077) 1499
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- we are looking for

* by maximizing

 under conditions

P+0 =«

\

~ Rapidity distribution

1 dN Edo

=5 dy GNNJ [ J

Yy
s j dy-f()-In] £, ()]

—Y('_')
o

dy'fN(y) 1

%

J- dy-E- fN(y) Hr j dy-cosh(y)-fN(y)=%

5 3
i Y

j dy-P- fu(y) =1 I dy-sinh(y)-fN(y)=£”
_ym) _yw)

mln min
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Js

W =(vR+K)-—= and R:—(VR—K)~\/S_4m

2

2

M, =W?-P? = [KRvs+ (vR—K)*m* XX s K /5

As most probable distribution we get

L= exp[-fouy

v

cosh(y)— A, 1, -sinh( Y) |

where . Z =Z (W, P,N )
y(v)
max | |
= j dy-exp[~,6’vyT ~¢osh(y')—/1vyT-cosh(y)]

_y(»)

min



Ly

“symmetric”

“asymmetric”
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vV

“sequential”

(E,,~F) (EX,-P") (E”,-P?) (E,-R)
' — >

(e,p) 2 (e,p) (e,,D,)

(E,p) FWnv) wyv)  3w,.v)

wlllll }
vV

E

' >
(E,,P,) T (E,P)

J.(y)= _ifi(y)

can be visualized j\_fv = ]_\71 +i(v—1)]\_72
2

where N

~are such that 2N1+(V—1)-N2 =(V+1)-NV

1,2
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i~ =

K=0.7,R=0.35
K=0.63,R=0.5
K=0.6,R=0.77
K=0.35,R=0.75

“sequential”

® K =07R=035

® K =0.17,R=0.26
* K3 = 0.09, R =0.29
v K4 = 0.04, R=0.36
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summary

e In many places one observes simple “exponential” or “exponential-
like” behaviour of some selected distributions

e Usually regarded to signal some “thermal” behaviour they can also
be considered as arising because insufficient information which
given experiment is providing us with

e When treated by means of information theory methods (MaxEnt
agproach) the resultant formula are formally identical with those
obtained by thermodynamical approach but their interpretation is
different and they are valid even fgr systems which cannot be
considered to be in thermal equilibrium.

o It means that statistical models based on this approach have more
general applicability then naively expected.
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summary

o 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 T in formulas of the type

X
exp(—)
T
is not enough and, instead, one should use two (... at least...) parameter

formula
1

exp,(-2) =[1-(1-¢) 1"

with g accounting summarily for all factors mentioned above.
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1.0
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s”* [GeV]
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O.1F
N S-S (central
— 0.015
< -
[2) L
7 C
-7 -
R u
0.001 S
- ~—— Poisson ‘
- NA35 @200 GeV/A "
i 1 1 ' F I I N | J S |
0.0001 | : I
o) 10 20 30 40

Nch

Kodama et al..
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=
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High-Energy collisions ...
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Al

High-Energy collisions ...




High-Energy collisions ...




summary

o 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 T in formulas of the type

65v

exp(—%)

is not enough and, instead, one should use two (... at least...) parameter
formula ,

1

equ(—%) =[1-0- Q)%]E

with g accounting summarily for all factors mentioned above.

e In general, for small systems, microcanonical approach would
be preferred (because in it one effectively accounts for all |
nonconventional features of the heat bath...) 0.H.EGross, LNP 602)
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Example of use of MaxEnt method

~ applied to some NA49 data for n -

production in PbPb collisions
(centrality 0-7%) - (I):

(*) the values of parameters used:
g=1.164 and K=0.3
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Example of use of MaxEnt method
applied to some NA49 data for 1 -
production in PbPb collision
(centrality 0-7%) - (I):

(*) the values of parameters use
(red line): q=1.2 and K=0.33

(*) g=1, two sources of mass M=6.34
GeV located at |y|=0.83

—~

this is example of adding new
dynamical assumption
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(*) Nonextensivity — its possible origins ....
| “thermodynamics” |

T varies R /
/

fluctuations... / |

T0=<T>9 q

q - measure of fluctuations
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Historical example:

(*) observation of deviation from the
expected exponential behaviour |
(%) successfully intrepreted (7 in terms of
cross-section fluctuation:

(*) can be also fitted by:

—— — COnst - exp
dl

R

1

dN , T |-
= _const-|1-(I-g)—| T:g=1.3
r L ( DAJ q

(*) immediate conjecture:

1.h |

ANy
LT g

12 F

ann

102

Depth distributions of starting points
of cascades in Pamir lead chamber
Cosmic ray experiment (WW, NPB

(%) WW, PRD50 (1994) 2318

q <= fluctuations present in the system
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10001 Some comments on T-fluctuations:
Yoma | Unizhetal. JP G26 (2000)139 |
. |

g ”"%R | (*) Common expectation: slopes of p,
S o distributions = information on T
| .. ‘ _ . o, o
o "a;u: () Only true for q=1 case, otherwise it is
’ | e - <T>, |q-1| provides us additional
\\‘Q [ [
] Ry information
i S | (%) Example: |g-11=0.015 = AT/T ~0.12
014 S+35heX Py = 2UOA GeV \ ‘c.l:ﬂ .
2ey<to | (%) Important: these are fluctuations existing
L dmre T-ere ) in small parts of the hadronic system with
s L respect to the whole system rather than of
Py [GeV] the event-by-event type for which
AT/T =0.06/VN —0 for large N
Fig.2 '

Such fluctuations are potentially very interesting
because they provide a direct measure of the total welpy
heat capacity of the system

.
c'(B) 1
/ﬂ(>2 :Eza):q—l

= | Prediction: C ~ volume of reaction V, therefore q(hadronic)>>q(nuclear) | J
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\ Rapidity distributions: o

1/N dN/dy

dN 1 | L
=—|1=(1—-qg)- B.- 1 coshyl—<
o7, 100 sy costy]

Z, = de[l—(l——q)-ﬂq g coshyF&

Features:

(%) two parameters: f=1/T, and q
= shape and height are strongly

correlated

(*) in usual application only p=1/T
- but in reality (¥ I/Z_, is always
used as another independent
parameter = height and shape

(¢ T.T.Chou, C.N.Yang, PRL 54 (1985)
510; PRD32 (1985) 1692

are fitted independently
(*) in g-approch they are correlated
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1 Multiplicity Distributions: (UA5, DELPHI, NA35) ,

Kodama et al..

o » : . | ' . : —— Poisson
1 —— Poisson 100 0.1 (Boltzmann)
(Boltzmann)

1 IIIllII

____ Poisson
(Boltzmann)

IIIII1I

3 ]
E 0.. | . 1 _g 0.01 E_
. f "o. = ] -
~ 0.01?* ’ C 0.1—§1 = +f
K %, = ] . o/ SS
- w 001 ‘ 0001 '/ (central)
0.001 T | 1 - 200GeV
g 0.001 oo i
0.0001 T A IR T A B 0.0001 N S A B A B 0.0001 NN N A
0 10 20 30 40 50 60 0 10 20 30 40 50 60 10 . 20 30 40

n n

<np>= 21.15 21.2;
D? =<p?>-<p>2= 112.7;  41.4; 25.7
= Deviation from Poisson: 1/k

1k = [DZ<n>J/<n?> = 021 0.045; _ 0.011
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Recent example from AA -(1) (RWW, APP B35 (2004) §19)

- 003 r

0%

ST HAR

T S R
7 =170V

¢ PHEITX 5 = NGOGV

> ¢ ©
0021 ¢
. ) J‘!j
8 « ¢ ,
i [
0.0} 9 0
i
‘0 10 - 200 .300
| NW

Dependence of the NBD parameter 1/k on
the number of participants for NA49 and

PHENIX data

With increasing centrality
Sluctuations of the multiplicity
become weaker and the
respective multiplicity
distributions approach
Poissonian form.
222

Perhaps: smaller Ny,= smaller
volume of interaction V=
smaller total heat capacity C=

greater q=I1+1/C = greater
Uk =q-1
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Recent example from AA —(2) (RWW, APP B35 (2004) 819)

0.0 —~
- HAR :"‘-1 Gev
i PHEHIX o = X9 GeV
~ ! 40
s ; O
o
002 S
' 8 ¢ ¢ o
o o L o
00+ | S0 0
"0 00 200 300 - 400

Dependence of the NBD parameter 1/k
on the number of participants f()r NA49

and PHENIX data.

]

ko

In this case it can be shown that:

D) _ pg - 1y= D)~ R(G-T)
<N >~
R(g—-1)~=033 (¢« Wrdblewskilaw )
(&5)°/8° _
= ~ (.56 /e=1/3
(5E)? / E? («Jor ple=173)

=>q~1.59 which apparently
(over)saturates the limit
imposed by Tsallis statistics:
q=<1.5. For q=1.5 one has:

0.33 - 0.28 (in WL)
or

1/3 —» 0.23 (in EoS)
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exp| - k'R()l

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)

5> it contains maximum missing information

G.Wilk, Z Wtodarczyk, Phys. Rev. 43 (1991) 794



oLy

Example (from Y.-A. Chao, Nucl. Phys. B40 (1972) 475)
Question: what have in common Such successful models as:
(*) multz-Regge model
( *) uncorrelated jet model
(%) thermodynamzcal 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 secondarzes are cut—off —

- dominance of the longitudinal phase—space
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B —> -0

summary
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Events generator for pp collisions
cat £ =70 GeV

N. Shubitidze



PP OP+p+T . AT AT . AT

n A

n=2,4,. E,=70GeV

\

N d3ki GXP[".”ozkii]

Ly = I<H

i=1 2\/kl.2+ ml.2

>5(E——i\/ki2 +m’)x
| i=1

o

.

N N

N
x5(Q k, V(D ki V(D Kk, )
i=1 i=1

i=1

k - - transverse momentum, N = n + A+2

£, |
oo . cutting parameter, phenomenological constant
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N-]
ki\,. kz X9 AR} kN,z -
o | =l
(m U,k ) = (k.0,0)
O, =ur, @ =v2rx
Pfl(771:772> o yo)
k —pfz(m,nz, s Ty_2)
k.N—l — /O-fN—l(77177729'-°977N—2)
\/p f, + m’

= 0
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kK =p
k,=p
k,=p
ky=p
ks = p(1
ks = p(1
k; = p(l

Iw (Po)

e T]s 7],

Tle 15 1-7,)
ne (1—ns) n,

s (L=n9)(1—1,)
=) 1, 1
=) 1, (1=m)
—1s)(1—1,)

P. L'Ecuyer, " "Tables of Maximally-Equidistributed Combined LFSR
Generators", Mathematics of Computation, 68, 225 (1999), 261--269
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10

- V.V.Babintsev et al. Prepr. IHEP M-25,1976

-
b
X{E

‘a

#Aw

T IIIIII]

IIII

p+p—>g+p+7z 7T+ 7
" pHp o> prp+a AT+ +

1 llllll

UL Illllll

p+p >p+p + 7T +...+ TT
E =69 GeV

prpoprp+at i+ v+

s

p+p _>p+p+7t++7t++7z*+7z_+7z°+7zo %

p+p—optp+rat+rt+n+n + 20 +20+ 70

14 16 18 20
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3 . P+p —>p+p + T+t T ]
E : E =69 GeV 7
i .
:
3 ;
- * - exp.
B o - theor. f
4 6 8 10 12 14 16 18 20
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Definition a number of charged mezons:

Z
ZlO Zg Z6 4 Z2
IIII || | I I
0
. Z — 67771'
T C27T04z 106+ 00

Detinition a number of neutral mezons:

Z — | 62_77_2

77,}/ 62—77_0+G2_77_1+G2—77_2+..+O-2 772
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2

1 k pSin(0) Exp(=k* p* Sin*(9))

F(kp)

ey

éé“““
< “‘\\tﬁ“‘\‘\‘\“““‘i!
< Al

k=3.79

_— — \\\\\l 3

- Dawson’s integral




J fP(x y)dxdy 1

Ymin  *min

O<u,v<l

Cou= yf dy IX P(x,y)ds =y =y,
Ymin Xmin S

V= I P(x',yo)dx'/ _f P(x,y,)dx = x =x,



Distribution of particles in the laboratory system

120000}
100000}

s 80000}

€8y

60000}
400007}

20000}
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~ Ly ~

IIIII

Z ~Z,

0

Scheme Of events generator
Select number of charged 72'

-
i
RN
gy 8

n

[S—

M

Select number of neutral /¢

0

Cheose N —1 moments & 4§ ,

P; - select randomly

A 4

From moments conservation
low calculate Py & QN

From energy conservation low

\ 4

S Jpi+ml=0

| correct length_s__ef moments
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Behavior of part of transverse momenta as function of pion number

0.148 e e
0.146}.

A 0.144}
o

~

0
V

0.142}

0.14f

0.138}

..................................
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Behavior of transverse and longitudinal momenta

as function of pion number

2.5 ® <Pza>
O
S ol ® %Rﬁ?ﬁ
]

(D .
A 1.5
alk

Vv

- l_ N

A_ [ ]
[a .
V 0.5} .
....... .:ltlllg:::..’
) R
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Typical behavior of cross sections as function of pion number

D+ Pp—p + p+HTHUHHU+T+, +T

A
OF '
__ -50|
<
N
o L "
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iC
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0 J 5 J 110 I 1l5 }\'
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Bose-Einstein correlations in Pythia
LCubomir Lovas

Faculty of Mathematics, Physics and Informatics,
Comenius University

Involved people: S. Tokar (CU), G. Kozlov, A.N. Sissakian (JINR)
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« Detector CDF
« More realistic simulation: Momentum blurring

» More realistic simulation: Energy cut
» Conclusion of 1%t part |
» Analysis of ALEPH data in frame of Kozlov model

 Conclusion of 2"dpart.
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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,, p2)= ’; (p)H,ZZ) )
P(p,)P(p,

P(p;,p;) - two-particles probability density function
P(p,), P(p,) - single particle probability C,(Q)=N(1+Ax e ey

The construction of correlation function is given by:

is the two-particles four-momentum difference distribution
is the corresponding reference sample.

18. 4. 2007 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.

2

First of all the Qij value is evaluated: Q;; = (p,. +p j)z -4m

And then the shifted Qs founﬂdierls the Vsrolililitvimn to the equation:
Q; 2 Q’; 2
' dQ / Q°dQ
= ,[ C,(Q)

gj, oj\/Q2 +4m? o/ JQ? +4m?

And finally after evaluation of all Q' the original momenta are really shifted. | I

18. 4. 2007 o ‘L.Lovéds
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Pythia simulations

In Pythia collisions at 1.96 TeV (Tevatron CDF) are simulated . |

' . ' 1M1 ref,
Correlation spectrum N(Q) for n*: / Similar spectrum for N*(Q)
- ~ 27
20 E P S -
5 E & T 018 F
= S
10 B~ T 16 [
5 B ~ _-
:_I AR I AN AR S A A I'mﬁ"?ﬁ— 1.4 }
O c.25 0.5 0.75 1Q [GeV] 19 5__H++ .
I +++++ iﬁ
. 1 }' +"+++++++++“’++++1-_+,¢_‘1‘++++++"++*‘+1,+++ ++++++W+HH++H+ f:%
And C, is obtained as: 08 - |
0.6 3 1 1 1 l 1 { | J 1 { | | ] 1 ! I 1 |
0 0.2 0.4 0.6 08

Shape of C, function used to fit our simulated data: I

18.4.2007 : L. Lovas
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Reproduction of

:

Used formula:

Dependence of the output

S

R

»Color spectrum:
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Reproduction of input parameters

<
i
i
SR
5 K < 4
Lo
) MY
S xS

o _ o
F‘j—'.c)fdf'“,kh.(\l
= UG U

o

A sutput
)
Q

&
Ut

Q@
e

o] &
— o La

A/
W
V)

7 slﬁ‘A
M j % //A I’ v- -

s poabr ol

=

hbRing
h

m+unl ke m—unlke

18. 4. 2007 L. Lovas

3
|
Ay - PO A
M v}/ S . . e
g : » ; Ty
i . ; p [YAS A
‘i . L R 8 ¥i AR L N ; N
¥ v . 3 : A R VoS Y T T
S\ \ Y A (YA T N
W K st ' . i 'Y/ \ S A % Y
S v S K /) / LA S A
2 . 3 ] 1 7 ) A A
Y Py Y ooh Y 1 LR LN L s,
i . ] d I " . v Y
e '
b Yol Y L : RYRGTRE ety Lo
N Y 4 4 4 8 W R % i .
3= F; F: % \ L/ A R
J G d bx B h
y ' [y "> 5 Fi : AN H '
. ? . % y
I ; < y
4 Z / i A
\ ¥ / Sy S
‘ . ) / YA
- X Vo
: L} ), f . .
,f i, N 1 W SN N E
/ P ) ; L S R
z, 4 N ; y
o N

AR
¥
L
\\
|
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Used formula:

C, =N (1+ e
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There is no green area! I



The case when correlations are not included.

Cc2(Q)

9I6Y

C2(Q)

c2(Q)

BEC off
2 L ndf _101.2 95 | 2 L Yndf 102,47 95
P~ (]
C o C ) .
5 1.5 - It is expected that correlations
1 ittt i, 1 M disappear when they are not
At i & e R AGIRCIE Rk L L i 1 ¥ - .
E [ included in Pythia
0.5 | J 1 l 1 H 1 1 l 1 1 1 0'5 1 1 1 1 I ] A1 ] l 1 | 1 i
0 0.5 1 1.5 0 0.5 1 1.5
o Q ) Q
T+ C me - C 2mnt
2 l_ ndt 7838 / %5 Lot 2 | /ndt 1574, 95
- e B »
[ A=0.244095 13 C
1.5 - R=0.755511fm 15 |
[+ N=0.862848 N
1 :EE?" - . 1t 1 . st a4 + h"
0'5 C 1 1 1 l m 0‘5 C 1 1 1 i l 1 1 1 1 I 1 | 1 |
0 0.5 1 1.5 1 1.5
_ Q Q
T[O C erm(
2 : ‘ HArdt 1847, [/ S5 @ 2 : X/ndt 4200 / 55
C 1} F A=0.474851
S 15 g gz o
- =0.909258
' ! - . . .
1 2 T There is a problem with 7° I
- - - +
05 : L 1 { 5 l 1 i 1 5 l 1 L] ] \ 0.5 : 1 Il i 1 l 1 i 1 b ' 1 i 1 1
0 0.5 1 1.5 0 0.5 1 1.5
. Q _ Q
n—C 2m—»m.e noC Zunllivc
18. 4. 2007 L. Lovas
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Detector CDF

Central Outer Tracker

. op, ~
Momentum Resolution: —+00.15%p,[GeV™]

Central Calorimeter Hadron
Calorimeter

r
%E: 0.5/VE[GeV]

Energy Resolution:

== But the energy is too small for some pions to
reach hadron calorimeter.

To blur all momenta we used the formulas: Pyy = y t \/— , Iz z tan(G)

Then using this momenta the new energy fo,r,a‘l'rplons was calculated:

/

o ~ - 2 2 2 2
Random number from @w = \/ p,tp, +p,+ D
Gaussian distribution

18. 4. 2007 L. Lovas
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More realistic simulation: Momentum blurring

1.6 1.6
1.5 1.5 |-
e 4 Input parameterS°
1.3 |- 1.3 =
o ‘ - R =1.6fm
1.2 B 1.2 |3 L=0.8
1.1 :%”‘a 1.1 {4& .
_ ot - T, gy
L e s ‘.’ m"‘- % L s e it dijr'—} i
0.9 [ 08
0.8 O: | | 1015 [ N | ; 11 1 e 0.8 O: . |O|5| T R | L1 1 e
' ' ' Data 51mulated with blurrmg on:
+C." - C )"
e T " | The blue ones
s b Bluron R =1.59806fm A =0.148587 - Data simulated with blurring off:
14 £ Blur off R =1.52713fm A =0.262084 The green ones
1.3 E—
1.2 F '\
3%&
‘]_1 L N ~s\_ . .
§+ P, i b .-Tl Fhres e ) .
- % It S AT LTt g e T
T s S - The red curves are
Og — + . Q% : s
- R fitting lines
0.8 'R RN RN NN RN SN SUNN WO (NSO NS SN U NSNS SR NN TS NN SO SRS SN N T §
0 0.2 0.4 0.6 0.8 1 1.2 1.4 gg
T+ C zunﬁke x-‘»‘

18 4 2007
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More realistic simulation: Energy cut

66¢

- Guetwos)

3187 0o
16 183
1.4 7 1.6 I e
12 12 4 - Dependence of the output
. ; E N - parameter R on energy cut
DA 0.8 o ! .
0.5 0.6 3 - and on the input parameter R
U.a 3 0.4 3 - v
© 0.05q4
—r mix TY mi.
17 4 e We can see the importance
= 1.6 3 g ' . .
S 1.5 5 to register low energy particles
4
T2 4 1.0 3
R 1.7 3
1.1 .3
NE 0.9 ]
R 0.8 ]
0

T Lrtike

18. 4. 2007 L. Lovas
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Conclusion of 15 part

*Pythia:
» Parameter R has bounded area of good reproduction
= Parameter A has no area of good reproduction
= There are non vanishing correlations for ©° mesons.

It is important to register low energy particles.

18. 4. 2007 = L. Lovas
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Experinent ALEPH

Yenex
Detector

x | Standafdvparametérization:
oo C,(Q) = N[1+ Lexp(~(RO) )1+ £0+...) |

« Time Projection

e

b szt

“% Chamber

Catarimeter

5 Magnet Cail

g Hadon ~ emission region.

Calotimeter |

meaompee  * A COherence strength factor.
w sy * R 1S Telated to the size of the boson

miz R, (Q)=PelPrP)
The ALEPH Detector P, (P P;)
P (P P;)

- Two-particle correlation function

- Two-particle density distribution

Detector inadequacies, effects introduced by the reference sample

are obtained from MC without BEC: R} = N};" /N

ref

The measured correlation function is given by:

18. 4.2007 ~ L.Lovas

r - e e
1

' More informations in: |
' Eur. Phys. J. C36: 2004, 147
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ALEPH fit

C, function for ALEPH data and different reference samples fitted
with C.(Q)=N(1+re ™ )[1+gQ]

A =0.435 £0.006

"R =0.777 £ 0.008 fm
N =0.939 +0.002
£=8.5.103+3.8.10fm

[ x/ndf 1253. / g4

m-.‘: ) | [3#/ndf__5133 / 84 C”;"'k°>
C, : S AU NG
2 b A=0.362 +0.004 2 |
R=0.528%0.006 fm i
Ty N =0.948 + 0.003 18
# £=7.7.102 £5.10fm )
1.4 ’—_+++
1.2 ;—*‘
We reproduce their results. I
18. 4. 2007

L. Lovas




Kozlov fit

QFT based, Langevin evolution

£0S

The same C, functions versus Kozlov theory |  cquation used.
‘ Ref: arXiv:hep-ph/0304091 v3 ‘
> [x/ndf 8345 / 95 - > v X/ndi__1872. / 97

T o =432 £0.077 Iaryt =328 +0.077
"R=0.827£0.008 fm | i 'R=1.21+0.01 fm

_ L |
SN =0993+0.001 || | E(N) = 0.987 +0.001

't
1.4 B ¥+ 1.4
-y -
™~
[ ™
1.2 ” 1.2 z fitav
b *+_'_ 3
L R = . T s ddads s al 1 e, e R b 4
A g T A A T + - -+
078 LI H ] 1t It I | S l B W | I 1 11 l L1 1 I 1 1 1 l l I 1 0'8 i ' l 1 I I I l I 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Q Q

“The function used to fit ALEPH data: rz(9)=f("’)(“ T +°;)z e

18.4. 2007 L. Lovas
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Modified Kozlov fit

The same C, function versus modified Kozlov C, function.

— 1,7/ndf 4837 / 94,/’21"\_ [ 2/ndf  1334. / g4
S ) N — | S ———
2

-1 o =3.85 % 0.066 2 | o= 2.91%0.06
: R =0.713 % 0.008 fm : R =1.04+0.01 fm
1.8 - a(N) = (0.946 + 0.003 18 :_ g(N) =(.938 + 0.002
J £=7.910"3+5.104fm I £=28.66.103+ 4.10"1an1

1.6

1.4 F
+
+
+
1.2 |
o
2
- -
1B
0.8 ! ! ! ! ! ! Ll l ! o8 Lol ! | P I ! ! Ll
0 02 04 06 08 1 12 14 16 1.8 2 0 02 04 06 08 1 1.2 14 16 1.8 2
Q o

‘quiﬁedfunctionof Kozlov approéch: C,(Q)=4N)| 1 +'( 12{)2_ kS

e SeoEea e e s D i s
.. .

18. 4. 2007 , - L.Lovas



Summary table of our results:

So0s

Aleph C, Kozlov C,

Q) G Q) Q) G Q)
N 0.948 0.939 E(N) 0.946 0.938
A 0.362 0.435 o 3.848 2.918
R (fm) 0.5287 0.7777 R (fm) 0.713 1.043
g (fm) 0.769e-2 0.852¢-2 e (fm) 0.793e-2 0.867e-2
v? / ndf 513 /94 1253 /94 v? / ndf 483.7 /94 1334/ 94

18. 4. 2007 . Lovas
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Conclusions of 2" part.

* Correlation analysis of ALEPH data was done in frame of Kozlov
model

* To explain the increase of C,(Q), modification factor (1+£Q) should be
edit to the theoretical C, function | ,

-+ This factor can be explained by the presencé of the non equilibrium

processes (?) — In Kozlov approach stationary (equilibrium) state is

‘assumed.

18. 4.2007 I.. Lovas
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STRANGENESS CONSERVATION AND PAIR CORRELATIONS OF
NEUTRAL KAONS WITH CLOSE MOMENTA PRODUCED IN
INCLUSIVE MULTIPARTICLE PROCESSES

V.L.Lyuboshitz " and V.V.Lyuboshitz ?

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

E-mail: Viyubosh@sunhe.jinr.ru 2 Valery. Lyuboshitz@jinr.Tu

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 K3K32, K9K9 and the correlations of "mixed" pairs
K2K? at small relative momenta upon the space-time parameters of the generation
region of K° and K°- 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 KJK3 and K} K?,
produced in the same inclusive process, coincide, and the difference between the
correlation functions of the pairs K3K2 and K2K9 is conditioned by the production
of the pairs of non-identical neutral kaons K°K?Y.

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°K° (strangeness S = +2), K°K° (strangeness
S = —2) and K°K° (strangeness S = 0) are produced incoherently. This means that
in the K°-K°- representation the non-diagonal elements of the density matrix between
the states K°K® and K°K?, K°K° and K°K°, K°K® and K°K° are equal to zero.
However, the non-diagonal elements of the two-kaon density matrix between the two
states |KO)®)|KO0)(P2) and |K°)(PI|KO)(P2) with the zero strangeness are not equal to
zero, in general. Here p; and p2 are the momenta of the first and second kaons.

The internal states of K° -meson (S = 1) and K° -meson (S = —1) are the superposi-
tions of the states |[K2) and |K7), where K is the short-lived neutral kaon and K? is the
long-lived one. Neglecting the small effect of C' P non-invariance, the C P-parity of the
state K9 is equal to (+1), and the C P-parity of the state K9 is equal to (—1); in doing
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S0,
K = %m@ LKD), R = %(u@ —IKDY).

It is clear that both the quasistationary states of the neutral kaon have no definite
strangeness.
It is easy to show that

1
|KO)P1) @ | KO)P2) = 5(|Kg>(m) ® |[K2®PD 4 | K9P @ | K9)(P2)

_|_|Kg>(p1) ® |K2)(P2) + |K2)(P1) ® |Kg>(p2)), (1)
_ _ 1
ROED @ [R)E = ~(IKG)E) @ [KYE + [KEE) @ |KE)E)—~

_|Kg>(p1) ® |K2)(P2) _ |K2)(P1) ® |Kg>(p2))_ (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 C'P-parity
of the system K°K° is always positive [2] (the C-parity is (—1)%, the space parity is
P = (=1)L, where L is the orbital momentum).

The system of two non-identical neutral kaons K°K° in the symmetric internal state,
corresponding to even orbital momenta, is decomposed into the schemes |K2)|K3) and
KK 2]

™) =

Sl

(|K°)(P1) ® | K0P 4| KOYP) @ | KO0)(P2)) =

1
= E(IKSW’“ ® |K3)®? — |KD)® @ |K1)P); (3)

meantime, the system K°K° in the antisymmetric internal state, corresponding to odd
orbital momenta, is decomposed into the scheme |K2)|K?) [2]:

lp~) = (|K°)(P1) ® |K0>(p2) |f(0>(p1) ® |K0>(P2)) —

Sl

1
— —\/—Q'_(I‘Kg>(pl) ® |K2>(P2) _ |K2>(p1) ® IK§>(P2’). (4)

The strangeness conservation leads to the fact that all the double inclusive cross-
sections of production of pairs K3K2, K9K? and K2K? (two-particle structure functions)
prove to be symmetric with respect to the permutation of momenta p; and p,:

fss(P1,P2) = fss(P2,P1);  fro(pP1,P2) = fro(p2, P1);

fs1(p1,P2) = fsi(Pa, 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 K?, and vice versa [1]:

1
fss(P1,P2) = fro(p1,p2) = ) [froko(P1, P2) + frogo(P1, P2)+
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1
+froro(P1,P2) + froko(P1,P2)] + > Re pgogo_ goko(P1, P2), (6)
1
fse(P1,P2) = frs(p1,p2) = ] [froxo(P1, P2) + frRogo(P1, P2)+

1
+froro(P1, P2) + frogo(P1, P2)] — 5 Re pgogo_,goxo(P1, P2), (7)

where progo_,goxo(P1, P2) = (PrRoxo_Kkogo(P1, P2))* are the non-diagonal elements of the
two-kaon density matrix. The difference between the two-particle structure functions fss
and fsy, is connected just with the contribution of these non-diagonal elements.

It is evident that the one-particle structure functions for the production of K2 and K¢
are equal to each other. After integrating the relations (6) over the momentum distribution
of neutral kaons one can obtain the mutual equality of the average multiplicities of the
K and K?-states, as well as the mutual equality of the average squares of multiplicities:

(ns) =(n1),  (ng)=(ni). (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 K3K2
and K9K? we obtain the following expressions for the correlation functions Rss, Ry,
(proportional to the structure functions), normalized to unity at large relative momenta:

Rss(k) = Rpr(k) = Agogo [1 + Fgo(2k) + 2 bine (k)] +

+Agogo 1+ Fgo(2k) + 2 by (k)] +
+)\Kof(o [1 + Fyogo (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 Agogo, Agogo and Agogo are the relative fractions of the average numbers of
produced pairs K°K°, K°K® and K°K?", respectively (Agogo + Agogo + Agogo = 1) .
The "formfactors" Fio(2k), Fgo(2k) and Fiozo(2k) appear due to the contribution of
Bose-statistics:

Fgo(2k) = /WKo(r) cos(2kr) d°r, Fzo(2k) = /Wko(r) cos(2kr) d°r

Fyogo(2k) = / Wiogo(r) cos(2kr) d°r. (10)

where Wio(r), Wiro(r) and Wiogo(r) are the probability distributions of distances be-
tween the sources of emission of two K°-mesons, between the sources of emission of two
K°-mesons and between the sources of emission of the K°-meson and K°-meson, respec-
tively, in the c.m. frame of the kaon pair. Meantime, the quantity bi,.(k) describes the
contribution of the S-wave interaction of two K 0-mesons the quantity bmt(k) describes
the contribution of the S-wave interaction of two K °-mesons and the quantity Bj, (k)
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describes the contribution of the S-wave interaction of the K O_meson with the A%-meson.
Due to the C P-invariance, the quantities by, (k) and b, (k) can be expressed by means
of averaging the same function b(k,r) over the different distributions:

bine () :/on(r)b(k, r)d’r, 5int(k) = /Wf(o(r)b(k,r)dsr.
The quantity By, (k) has the structure
Bun(K) = [ Wiogo(r) B(k, r)dr,

where B(k,r) # b(k,r). .

Let us emphasize that when the pair of non-identical neutral kaons K°K? is produced
but the pair of identical quasistationary states K3K3 (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 K3K? the correlation functions at small
relative momenta have the form:

RSL(k) = RLs(k) = Agogo [1 + FKO(2k) + 2bint(k)] +

+Agogo [1+ Firo(2k) + 2 b ()] +

+FAgogo [1 — Fyogo(2K)] . (11)

In accordance with Eq.(11), at the production of the pair of non-identical neutral kaons

K°K? and the registration of the two-particle state K3 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 KK? has odd orbital
momenta [2].

It follows from Egs.(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) + Rrp(k) — Rsp(k) — Rrs(k) =2[Rss(k) — Rsp(k)] =
— 4oz |[Fiogo(2K) + Bue(K)) . (12)

We see that the difference between the correlation functions of the pairs of identical
neutral kaons K3Kg and pairs of non-identical neutral kaons K3K? is conditioned exclu-
sively by the generation of K°K?°-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 bing(k), binc(k) and Binc(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 = 2|k| of two neutral kaons. 1)

1) Let us note that, in principle, the P-wave resonance (¢-meson, M = 1021 MeV/c?, T = 4 MeV)
may influence the K3K? - 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°KY -interaction

The function B(k,r), describing the contribution of the final-state interaction between
K° and K° mesons into the K3K3- correlations and into the difference of the correlation
functions (Rgs(k) — Rsr(k)), may be calculated analytically using the approximation of
the superposition of the plane and spherical waves, if characteristic distances 79 between
sources of K°- and K®mesons are: 7y 3> do, where dy is the radius of action of short-range
forces between the K°-meson and K°- meson (really, already at 7o > do)[4]. In so doing’

(13)

| 1 exp(ikr) coskr
B(k,r) = |AK0,—(o(k)|2;§+gRe (AKoRo(k') p( T) )

where Agogo(k) = Agogo_xogo(k) is the amplitude of the S-wave K°KO-scattering,
k=lkl,r=1r|. _
Now let us take into account the effect of the possible transition K* K~ — K°K°
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° 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) + AB(k,r), where [7]

2 cos? kr + C(kay) sin® kr

AB(k,r) = |A§?)+K——»K°I_(°(k)‘ 2

(14)

Here k = Vk? +2MgAMg 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?,
Mg = (Mgo + Mg+)/2 =~ 495.6 MeV /2,

AMy = Mgo — Mg+ =~ 4 MéV/c?,

a. = 2h?/(Mg+e?) =~ 108.5 Fm is the Bohr radius of the K+ K ~-system,

C(Ea ) . 27'('/‘1;7016
“ 7 1 — exp(—2r/ka.)

is the Coulomb factor corresponding to the attraction of the oppositely charged kaons,
Agz k- _xopo(k) is the effective amplitude of the reaction K+ K~ — K°K?, renormalized
by the Coulomb interaction. %

At k = 0 the modulus of the momentum of the K* (K ~)-meson in the c.m. frame of
the pair K°K° is equal to kg = V2MgAMk = 62.8 MeV/c. As a result, the Coulomb
factor incorporated in Eq.(14) is close to unity:

1 < C(ka,) < C(koac) ~ 1.0934.

23 The S-wave amplitude, determining directly the effective cross-section of the process KT K~ —
K°K?° according to the standard formula

k
Okt k- kogo (k) = 4T |Ags k- gogo (k)| e

is Ag+g-—gogo(k) = \/C(kac) AD, 1o golk).

511



Thus, with the precision of the order of 10% we obtain

Pl (15)

r2

AB(k,r) = |A§§)+K__,K0 z0(K)
It is known that the a.r_nplitudés Agogo_gogo(k) and Ag+x-_,gogo(k) are determined By
the contribution of the sub-threshold S-wave resonances f,(980) (isotopic spin T = ()
and ao(980) (isotopic spin T' = 1) [4,7]:

1 — -
Agogoooro(k) = 5 [AT0 (k) + ATV (k)],

Axei——xogo(k) = 5 [ATO(k) = ATD|(k), (16)
According to Eqgs. (13), (15) and (16), we come to the following approximate relation:
Blk,r) = Bk,x) + AB(k, 1) = [JAT(B) + AT ()] oy +
Re ([A(T=°)(k) ATk exp(ikr) cos(kr)> ‘ (17)
™

4 Summary

1. Tt 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 = Ry and Rs;, = Rps are obtained, which involve the contributions of Bose-
statistics, of the S-wave final-state interaction of two K° (K°)-mesons as well as of a
K% meson with a K®meson, and also the contribution of transitions K*K~ — K°K?©,
and depend upon the relative fractions of produced pairs K°K°, K9K° and K°K?°.

3. It is shown that the production of K°KP-pairs with the zero strangeness leads to
the difference between the correlation functions Rgs and Rg;, of two neutral kaons.

This work is supported by Russian Foundation for Basic Research (Grant No. 05-02-
16674). ’
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