
ISSN 0234-536 

KPATKME COO&W.EHMSI OMSI 

JINR RAPID COMMUNICATION 

4(96)-9 

Measurements of the Total Cross Section 0 
Difference L'.lcri{np) 

at 1. 59, 1. 79, and 2.20 GeV 

To the Estimation of Angular Distributions 0 
of Double Charged Spectator 

Fragments in Nucleus-Nucleus Interaction 
at Superhigh Energies 

Simulation dE/dx Analysis Results 0 
for Silicon Inner Tracking System 

of ALICE Set-Up at LHC Accelerator 
High-Multiplicity Processes 0 

Triggering of High-Multiplicity Events 0 
Using Calorimetry 

ORBIT-3.0 - a Computer Code for Simulation 0 
and Correction of the Closed Orbit 

and First Turn in Synchrotrons 

OnpeAeneHMe xapaKTepMCTMK naMRTM 0 

AY6HA 

JINR Publishing Department DUBNA 



06'beAMHeHHbiM MHCTMTYT HAepHbiX MCCneAOBaHMM 
Joint Institute for Nuclear Research 

4[96]-99 

KPATKME COO&~EHM~ OM~M 

JINR RAPID COMMUNICATIONS 

Ay6Ha 1999 



OrJIABJIEHHE 
CONTENTS 

V.I. Sharov, S .A.Zaporozhets, B .P.Adiasevich, N. G .Anischenko, V. G .Antonenko, 
L.S.Azhgirey, V.D.Bartenev, N.A.Bazhanov, N.A.Blinov, N.S.Borisov, S.B.Borzakov, 
Yu.T.Borzunov, L.V.Budkin, V.F.Burinov, Yu.P.Bushuev, L.P.Chemenko, E.V.Chemykh, 
S.A.Dolgii, V.M.Drobin, G.Durand, A.P.Dzyubak, A.N.Fedorov, V.V.Fimushkin, 
M.Finger, M.Finger,Jr., L.B.Golovanov, G.M.Gurevich, A.Janata, A.V. arpunin, 
B.A.Khachaturov, A.D.Kirillov, A.D.Kovalenko, A.I.Kovalev, V.G.Kolomiets, 
A.A.Kochetkov, E.S.Kuzmin,V.P.Ladygin, A.B.Lazarev, F.Lehar, A. de Lesquen, 
A.A.Lukhanin, P.K.Maniakov, V.N.Matafonov, A.B.Neganov, M.S.Nikitina, 
G.P.Nikolaevsky, A.A.Nomofilov, Tz.Panteleev, Yu.K.Pilipenko, I.L.Pisarev, 
N.M.Piskunov, Yu.A.Plis, Yu.P.Polunin, A.N.Prokofiev, P.A.Rukoyatkin, 
O.N.Shchevelev, V.A.Shchedrov,S.N.Shilov, Yu.A.Shishov, V.B.Shuto , 
M.Slunecka,V.Sluneckova, A.Yu.Starikov, G.D.Stoletov, L.N.Strunov, A.L.Svetov, 
A.P.Tsvinev, Yu.A.Usov, V.I.Volkov, V.P.Yershov, A.A.Zhdanov, V.N.Zhmyrov 
Measurements of the Total Cross Section Difference D..a L (np) 
at 1.59, 1.79, and 2.20 GeV 
B.l1.lllapos, C.A.3anopo)l(eu, 6.TI.ALJ.hHCeBH'l, H.f.AHHllleHKO, B.f.AHTOHeHKO, 
Jl.C.A)I(mpei1, B . .[(.6apTeHeB, H.A.oa)l(aHoB, H.A.6JIHHOB, H.C.6op11cos, C.6.Eop3aKos, 
IO.T.6opJyuos, Jl.B.6yLJ.KHH, B.<D.6ypHHOB, IO.TI.6yrnyes, JI.TI.l-lepueuKo, E.B.qepuhrx, 
C.A..[(onmi1, B.M . .[(po6HH, )I( . .[(JOpaH, A.TI . .[(JJ06aK, A.H.<DeLJ.opos, B.B.<DHMYlliKHH, 
M.<DHHrep, M.<DHHrep, MJI., Jl.6.foJIOBaHOB, r.M.rypeBHlJ, A..51uaTa, A.B.Kapnymm, 
6.A.Xaqarypos, A . .[(.KHpHJIJIOB, A..[(.KosaneHKO, A.l1.Kosanes, B.f.KonoMHeu, 
A.A.Ko'leTKOB, E.C.KylhMHH, B.TI.JlaLJ.birHH, A.E.Jla3apes, <D.Jlerap, A. LJ.e JlecKeH, 
A.A.JlyxaHHH, TI.K.MaHhHKOB, B.H.MaTa<t>ouoB, A.E.Herauos, M.C.HHKHTHHa, 
r .TI .HHKOJiaeBCKHH, A.A.HoMO<!>HJIOB, U,.TiaHTeJieeB, IO.K.TIHJIHneHKO, l1.Jl.TIHcapeB, 
H.M.TIHcKyHoB, IO.A.TinHc, IO.TI.TionyHHH, A.H .TipoKo<!>heB, TI .A.PyKOHTKHH, 
O.H.Ulesenes, B.A.UleLJ.pOB, C.H.lliHJIOB, IO.A.lliHlliOB, B.E.lliyTOB, M.CnyHelJKa, 
B.CJiyHelJKOBa, A.lO.CTapHKOB, r . .[(.CToJieTOB, Jl .H.CTpyHOB~ A.Jl.CBeTOB, A.TI.U,BHHeB, 
IO.A.Ycos, B.l1.8oJIKOB, B.TI.Eprnos, A.A.}KLJ.aHoB, B.H.)I(Mhipos 

HJMepeHHH paJHOCTH noJIHbiX ce'leuuit D..a L (np) 
npu 1,59, 1,79 u 2,20 fJB .................................... 5 

A. I. Bondarenko, V. V. U zhinskii 
To the Estimation of Angular Distributions of Double Charged Spectator 
Fragments in Nucleus-Nucleus Interaction at Superhigh Energies 
A.l1.6oHLJ.apeHKO, B.B. Y)I(HHCKHH 
K oueuKe ymoBhiX pacnpeLJ.eJieuuit LJ.ByxJapHLJ.HhiX cneKTaTopHbiX ljlparMeHTOB 
B HLJ.pO-HLJ.epHbiX BJaHMOLJ.eHCTBHHX npH CBepXBbiCOKHX 3HeprHHX . ........... 24 



Batyunya B. 
Simulation dE/dx Analysis Results for Silicon Inner Tracking System 
of ALICE Set-Up at L HC Accelerator 
E.B.oaT!OIDI 
PeJyJlbTaTbi dE/dx auaJiuJa MO~eJiupouauubiX co6LITHH 
~JIB CHJIHKououoii BHYTpeuueii 
TpeKouoii cucTeMbi ycTauoBKH ALICE ycKopnTeJlB LHC ................. 28 

G.Chelkov, J.Manjavidze, A.Sissakian 
High-Multiplicity Processes 
r .UleJIKOB, H.MaH.LVKaBI1~3e, A.CwcalOIH 
flpOIJeCCbl C 60JlbWOH MHO)KeCTBeHHOCTbiO 

G.Chelkov, M.Gostkin, J.Manjavidze, A.Sissakian, S.Tapprogge 
Triggering of High-Multiplicity Events Using Calorimetry 
r.UleJIKOB, M.lOCTKI1H, H.MaH.LVKaBlU{Je, A.CHCalOIH, C.Tannpor 
Tpurruposauue co6LITHH c 6oJILwou MHO)KeCTBeHHOCTbiO 

.............. 35 

C HCDOJlbJOBaHHeM KaJlOpHMeTpHH. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 

D.Dinev 
ORBIT-3.0- a Computer Code for Simulation and Correction of the 
Closed Orbit and First Turn in Synchrotrons 
)J..)J.HHeB 
ORBIT-3.0- KOMDbiOTepuaB nporpaMMa ~JIB MO~eJiuposauuH u 
KOppeKIJHH JaMKHYTOH op6HTbl H nepBoro o6opoTa B CHHXpOTpOHaX . . . . ...... 51 

il.M.lonhi'I 
Onpe~eJienue xapaK-reo ucTHK naMHTH 
P.M.Gopych 
Determination of Memory Performance .......................... 61 



KpamKue coo6~eHUJI OHJ/Ji N!!4{96]-99 JINR Rapid Communications No.4{96]-99 

YAK 539.171.115 

MEASUREMENTS OF THE TOTAL CROSS SECTION DIFFERENCE 
llaL(np) AT 1.59, 1.79, AND 2.20 GeV 

V.I.Sharov\ S.A.Zaporozhets\ B.P.Adiasevich 2 
, N.G.Anischenko\ 

V.G.Antonenko 2, L.S.Azhgirey3, V.D.Bartenev\ N.A.Bazhanov4, 

N.A.Blinov\ N.S.Borisov3, S.B.Borzakov5, Yu. T.Borzunov\ 'I L-. ..:...V.-.B-u_d_k-in....,f, 
V.F.Burinov 3, Yu.P.Bushuev\ L.P.Chernenko5, E. V.Chernykh\ 
S.A. Dolgii\ V.M.Drobin\ G.Durand, 6 A.P.Dzyubat7, A.N.Fedorov8

, 

V. V.Fimushkin\ M.Finger3•9, M.Fin er Jr. 3 L.B.Golovaizov\ 
G.M.Gurevich 10

, A.]anata3·u, A. V.Karpunin \ B.A.Khachaturov3
, 

A.D.Kirillov1
, A.D.Kovalenko\ A.I.Kovalev4

, V.G.Kolomiets3
, 

A.A.Kochetkov12
, E.S.Kuzmin3

, V.P.Ladygin\ A.B.Lazarev3
, F.Lehar6

, 

A. de Lesquen6, A.A.Lukhanin 7, P.K.Maniakov\ V.N. Matafonov3, 

A.B.Neganov3
, M.S.Nikitina 12

, G.P.Nikolaevsky\ A.A.Nomofilov\ 
Tz.Panteleev5•13, Yu.K.Pilipenko\ I.L.Pisarev3, N.M.Piskunov\ Yu.A.Plis 3, 

Yu.P.Polunin 2
, A.N.Prokofiev4

, P.A.Rukoyatkin 1
, O.N.Shchevelev3, 

V.A.Shchedrov 4,S.N.Shilov3, Yu.A.Shishov\ V.B.Shutov\ M.Slunecka3•9, 

V.SluneckovtP, A. Yu.Starikov\ G.D.Stoletov3
, L.N.Strunov\ A.L.Svetov\ 

A.P.Tsvinev\ Yu.A.Usov3, V.I. Volkov\ V.P.Yershov\ A.A.Zhdanov4, 

V.N.Zhmyrov3 

New results for the np spin-dependent total cross section difference l1cn ( np) at 

neutron beam kinetic energies of 1.59, 1.79, and 2.20 GeV are pres nted. Measurements 

of the C1a L ( np) energy dependence were carried out at the Synchrophasotron of the 

1 Laboratory of High Energies, JINR. 141980 Dubna, Moscow region, Russia. 
2 Scientific Centre "Kurchatov Institute", 123182 Moscow, Russia. 
3 Laboratory of Nuclear Problems, JINR, 141980 Dubna, Moscow region, Rus. ia. 
4 Petersburg Nuclear Physics Institute, High Energy Physics Division, 188350 Gatchina, Russia. 
5 Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Moscow region, Russia. 
6 DAPNIA, CEA/Saclay, 91191 Gif-sur-Yvette Cedex, France. 
7 Kharkov Institute of Physics and Technology, 310108 Kharkov, Ukraine. 
8 Laboratory of Particle Physics, JINR, ·I41980 Dubna, Moscow region, Russia. 
9 Charles University, Faculty of Mathematics and Physics, V Holesovickach 2, 18000 Praha 8, Czech Republic. 
10 Russian Academy of Sciences, Institute for Nuclear Research, 117312 Moscow, Russia. 
11 Academy of Sciences of the Czech Republic, Nuclear Research Institute, 25068 Rei, Czech Republic . 
12 Moscow State University, Faculty of Physics, 119899 Moscow, Russia. 
13 Bulgarian Academy of Sciences, Institute for Nuclear Research and Nuclear Energy, Tsarigradsko shaussee 

boulevard 72, 1784 Sofia, Bulgaria 



6 Sharov V.I. et al. Measurements of the Total Cross Section Difference !laL(np) 

Laboratory of High Energies of the Joint Institute for Nuclear Research in Dubna. 
A quasi-monochromatic neutron beam was produced by break-up of accelerated and 
extracted polarized deuterons. The neutrons were transmitted through a large proton 
polarized target. The values of flaL were measured as a difference between the np total 
cross sections for parallel and antiparallel beam and target polarizations, both oriented 
along the beam momentum. The results at the two higher energies were obtained using 
four combinations of two opposite polarization directions for both the beam and the 
target. Only one target polarization direction was available at 1.59 GeV. A fast decrease 
of fla L ( np) with increasing energy above 1.1 Ge V, as it was first seen from our previous 
data, was confirmed. The new results are also compared with model predictions and 
with the phase shift analysis fits . The flaL quantities for isosinglet state 1=0, deduced 
from the measured values of flaL(np) and known flaL(pp) data, are given. 

The investigat ion has been performed at the Laboratory of High Energies, JINR. 

ll3MepeHHH p a 3HOCTH UOJIHbiX CC'ICHHH /).a L ( np) 
npu 1,59, 1,79 u 2,20 P3B 

B.H.illapos u dp. 

npellCTaBJJeHbl HOBble pe3yllbTaTbl no cmtH-3aBI1CI1MOH pa3HOCTI1 nOJJHbiX np-celJeH11H 
flaL(np) np11 KI1HeTI1'1eCKI1X 3HeprHliX nyqKa HeiiTpOHOB 1,59, 1,79 11 2,20 f38 . H3-
MepeHI1ll 3HepreTI1'1eCKOH 3aB11CI1MOCTI1 fla L( np) BbinOJJHeHbl Ha CI1HXpo<jJa30TpOHe Jla-
6opaTOp1111 BbiCOKI1X JHepmii OH5IH. Kila311MOHoxpoMaTI1'1eCKI1H nyqoK HeiiTpOHOB 
C03llaBaJJCll nYTeM pa3BaJJa ycKopeHHbiX 11 BbiBelleHHbiX nOllllp1130BaHHbiX lleHTpOHOB. 
H3Mepl!nocb nponycKaHI1e HeiiTpOHHoro nyqKa 6onbwoii nonllp1130BaHHOii npoTOHHoii 
MI1WeHb!O. 3HalJeHI1ll fla L onpelleJJlllli1Cb KaK pa3HOCTb nOJJHbiX np-CelJeHI1H llllll napan­
JleJJbHO 11 aHTI1napanJJellbHO HanpaBJJeHHbiX nOllllp113aU11H nyqKa 11 MI1WeHI1, Op11eHT11p0-
BaHHbiX BllOJlb HanpaBJJeHI1ll 11MnyJJbCa nyqKa. PeJyllbTaTbl np11 llBYX Bb!CWI1X 3HeprHliX 
6btJJI1 nonyqeHbl ·npu 11CnOllb30BiiHI111 Bcex 'leTblpex KOM611HaU11H HanpaBJJeHI1H nonllp11-
JaU11H nyqKa 11 MI1WeHI1 . np11 3HeprH11 I ,59 f38 113MepeHI1ll BbinOJJHeHbl TOJlbKO C Oll· 
HI1M HanpaBJJeHI1eM nOllllp113aU1111 M11WeHI1. nollTBeplK!leHO 6biCTpoe nalleHI1e fla L ( np) 
c pocToM 3Hepm11 BbiWe I , I fJB, JaMe'!eHHoe BnepBble no HaW 11M npellbll1Yllii1M pe­
JYJJ bTaTaM. HOBble llaHHble cpaBHI1BaiOTCll C npellCKa3aHI1eM TeopeTI1'1eCKI1X MOlleneii 11 C 
noCJJellHI1MI1 peweH ,(liM11 <jJaJOBOrO aHaJJI13a. npellCTaBJJeHbl TaKJKe 3HalJeHI1ll 6.a L llllll 
1130CI1HrneTHoro I = 0 np-coCTOliHI1ll, nonyqeHHble 113 113MepeHHbiX BeJJI1'111H flaL(np) 
11 113BeCTHbiX 6.a L (pp) llaHHbiX. 

Pa6on BbinOJJHeHa B Jla6opaTop1111 BbiCOKI1X JHepmii OH51H 

Dedicated to the 275th anniversary of the 
Russian Academy of Sciences. 

1. INTRODUCTION 

This paper presents new results for the spin-dependent neutron-proton total cross section 
difference flcrL(np) obtained in 1997 with a quasi-monochromatic polarized neutron beam 
and a polarized proton target (PPT). The values of flcrL(np) were measured at neutron beam 
kinetic energies of 1.59, 1.79, and 2.20 GeV. 
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The free polarized neutron beam was produced by break-up of polarized deuterons ac­
celerated and extracted at the Synchrophasotron of the Laboratory of High Energies (LHE) 
of the Joint Institute for Nuclear Research (JINR) in Dubna. This accelerator provides the 
highest energy polarized neutron beam, which can be reached now (3.7 GeV). 

The spin-dependent observables t:l.aL(np) and t:l.ar(np) are defined as a difference in 
the np total cross sections for antiparallel and parallel beam and target polarizations. oriented 
longitudinally L and transverse T to the beam direction. Transmission measurements of the 
t:l.aL(np) and t:l.ar(np) energy dependences over 1.2-3.7 GeV have been proposed [1,2] and 
started [3,4,5] in Dubna. The main aim of this experimental program is to extend studies of 
the fundamental nucleo·n-nucleon (NN) interaction over a new highest energy region of free 
polarized neutron beams. 

To implement the proposed f:l.aL ,r(np) experimental program, a large Argonne-Saclay 
polarized proton target (PPT) was reconstructed in Dubna [6,7], and a new polarized neutron 
beam line with suitable parameters was constructed and tested [8 ,9]. A set of necessary 
neutron detectors with corresponding electronics, an enough modern data acquisition system 
[10] and other needed equipment were also prepared, tut'led and te. ted. Early in 1995, first 
three t:l.aL(np) data points were successfully measured at neutron beam energies of 1.19, 
2.49, and 3.65 GeV [3,4,5). 

A new PPT polarizing solenoid [ 11] was constructed and tested at the JINR LHE for 
the purpose of continuing the t:l.aL ,r(np) measurements . In 1997, the presented values of 
t:l.aL(np) were measured at 1.79 and 2.20 GeV using four combinations of two opposite 
polarization directions for both the beam and the target. Only one target polarization direction 
was available at 1.59 GeV . The preliminary results of this run were reported [12]. 

The NN total cross section differences f:l.aL and t:l.ar together with the spin-independent 
total cross section aotot are linearly related to three nonvanishing imaginary parts of the NN 
forward scattering amplitudes via optical theorems. They are used for absolute normaliza­
tion in any theoretical or phenomenological analysis . . The f:l.aL ,T ata check predictions of 
available dynamic models of strong interactions and provide an im ortant contribution to a 
database of phase-shift analyses (PSA) . 

The observables aotot in pp and np interactions have been measured in the last fifty 
years over a very large energy region. The np spin-dependent total cross section data are 
rare for lack of polarized neutron beams. All the observables are measured in pure inclusive 
transmission experiments. 

The f:l.aL ,r(np) data at the same energy allow a direct determination of the imaginary 
parts of the spin dependent np forward scattering amplitudes. It is also possible to deduce 
the t:l.aL ,T nucleon-nucleon isosinglet (1 = 0) parts using the measured np quantities and the 
existing pp (isotriplet I = 1) results. 

The total cross section differences for pp scattering were first measured at the ANL-ZGS 
and then at TRIUMF, PSI, LAMPF, and SATURNE II. The results cover an energy range from 
0.2 to 12 GeV. Other data points were measured at 200 GeV at FERMILAB for pp and pp 
interactions [ 13] . Measurements with incident charged particles need a different experimental 
set-up than neutron-proton experiments due to the contribution of electromagnetic interactions. 
The existing results are discussed in review [ 14] and references therein . 

For the first time, the f:l.aL(pn) results from 0.51 to 5.1 GeV were deduced from the 
t:l.aL(pd) and t:l.aL(pp) measurement at the ANL-ZGS in 1981 [1 5]. Taking a simple dif­
ference between the pd and pp results, corrected only for Coulomb-nuclear rescattering and 
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deuteron break-up, yields data in qualitative agreement with free np results. The correction 
for Glauber-type rescattering including 3-body state final interactions [16] provides a dis­
agreement [14]. For these reasons, the ANL-ZGS pn results were omitted in the majority of 
existing PSA solutions. 

The tl.ar and tl.a L results using free polarized neutrons, were first obtained at SAT­
URNE II in 1987. These measurements yielded four points with relatively large errors [ 17]. 
These results have been completed by new accurate measurements at 9 to I 0 energies, between 
0.31 and 1.10 GeV for each observable [18,19]. The Saclay results were soon followed by 
PSI measurements [20] at 7 energy bins from 0.180 to 0.537 GeV using a continuous neutron 
energy spectrum. The PSI and Saclay sets allowed orie to deduce the imaginary parts of np 
and I = 0 spin-dependent forward scattering amplitudes .[ 14, 19] . 

The tl.aL(np) was also measured at five energies between 0.484 and 0.788 GeV at 
LAMPF [21]. A quasi-monoenergetic polarized neutron beam was produced in the p + d => 
n + X scattering of longitudinally polarized protons. Large neutron counter hodoscopes had 
to be used because of a !.mall neutron beam intensity. 

At low energies, the tl.aL(np) at 66 MeV was measured at the PSI injector [22] and at 
16.2 MeV in Prague [23]. The tl.ar(np) was determined at 9 energies between 3.65 and 
11.6 MeV [24] in TUNL and at 16.2 MeV in Prague [25] . Recently in TUNL, the tl.aL(np) 
was measured at 6 energies between 4.98 and 19.7 MeV and tl.ar(np) at 3 other energies 
between 10.7 and 17.1 MeV. The latter results are still unpublished, and we refer to the 
George Washington University and Virginia Polytechnic Institute (GWNPI) PSA database 
[26] (SAID SP99) . 

All JINR results are smoothly connected with the existing tl.aL(np) data at lower energies 
and show a fast decrease to zero between 1.1 and 2.0 Ge V. They are compared with model 
predictions and the PSA fits. The values of the I = 0 part of tl.aL are also presented. The 
tl.aL(I = 0) and tl.aL(I = 1) energy dependences and hence a behaviour of spin dependent 
NN-amplitudes, are d!fferent over t~e measured energy range. 

We give a brief determination of the measured observables in Section 2. Section 3 
describes the method of the measurement. Essential details concerning the beams, the po­
larimeters, the experimental set-up and PPT are treated in Section 4. The data acquisition and 
analysis are described in Section 5. The results and discussion are presented in Section 6. 

2. DETERMINATION OF OBSERV ABLES 

In this paper, we use the NN formalism and the notations for elastic nucleon-nucleon 
scattering observables from [27] . 

The general express on of the total cross section for a polarized nucleon beam transmit­
ted through a PPT, with arbitrary directions of beam and target polarizations, Pa and Pr, 
respectively, was first deduced in Refs . 28,29. Taking into account fundamental conservation 
laws, it is written in the form : 

a tot = aotot + altot ( Pa , Pr) + a2tot ( Pa , k) ( Pr , k), (2.1) 

where k is a unit vector in the beam momentum direction . The term aotot is the total cross 
section for unpolarized particles, and the altot. a 2tot are the spin-dependent contributions. 



Sharov V.I. et al. Measurements of the Total Cross Section Difference LJ.cn(np) 

They are related to the measurable observables D.aT and D.aL by : 

-D.aL = 2(auot + aztot), 

9 

(2.2) 

(2.3) 

called "total cross section differences". The negative signs for the !:!.aT and D.aL in Eqs.(2.2) 
and (2.3) correspond to a usual, although unjustified, convention in the literature. The -D.aT 
and -D.aL are measured as the differences of total nucleon-nucleon cross sections for parallel 
and antiparallel beam a,nd target polarization directions. Polarization vectors are transversely 
oriented with respect to k for -D.aT measurements and longitudinally oriented for -D.aL 
experiments. 

The total cross section differences are determined by an arbitrary pair of one parallel and 
one antiparallel beam and target polarization directions. For PB an PT, both oriented along 
k, we obtain four total cross sections : 

a(=*)= aotot + IP: Pjl (alto~+ aztot), 

a(i=•) = aotot -IP8Pil (altot + aztot), 

a(P) = aotot- IP:Pil (altot +aztot), 

a(*=) = aotot + IPs Pi I (auot + aztot)· 

(2.4a) 

(2.4b) 

(2.4c) 

(2.4d) 

In principle, an arbitrary pair of one parallel and one antiparallel beam and target polarization 
direction determines D.a£ . Using two independent pairs, we also remove an instrumental 
asymmetry. 

Bellow, we consider the neutron beam and the proton target. Since the PB direction 
at the Synchrophasotron could be reversed every cycle of the accelerator, it is preferable to 
calculate l::!.aL from measurements for IP: I and IPs I pairs with the same PT orientation. 
The values of IPi I and IPi I are considered to be well-known as functions of time. Taking 
the difference of the total cross sections for the pair of IP: I and IPs 1. the spin-independent 
term drops out, and one can obtain: 

2 [a(=*) - a (±::t)] 
-l::!.aL(Pj) = 2 (altot + aztot)+ = ----'-:--'---'----'-';-

(IP:I +IPs I) IPil' 

-!:!.a (P-)- 2(a a )- - 2 [a(*=)- a(t=±)] 
L T - ltot + 2tot - (IP:I +IPs I) IPil 

A left-right asymmetry, proportional to the mean value of the beam polarization 

1 
IPBI = -(IP:I +IPs I) 

2 

is continuously monitored by a beam polarimeter. 

(2.5a) 

(2.5b) 

(2.6) 

The instrumental asymmetry cancels out giving the final results as a simple average 

1 
-D.aL = -[(-D.aL(Pj)) + (-l::!.aL(Pi)) ]. 

2 
(2.7) 
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This is discussed in detail in Section 4 . The aotot. !:l.ar, and !:l.aL are linearly related to the 
imaginary parts of the three independent forward scattering invariant amplitudes a + b, c and 
d via optical theorems : 

ao tot = (27r / K) ~m [a(O) + b(O)], 

-!:l.ar = (47r/K) ~m [c(O) + d(O)], 

-!:l.aL = (47r/K) ~m [c(O)- d(O)], 

(2.8) 

(2.9) 

(2.10) 

where K is the CM momentum of the incident nucleon. Relations (2.9) and (2.1 0) allow 
one to extract the imaginary parts of the spin-dependent invariant amplitudes c(O) and d(O) 
at an angle of (} = 0° from the measured values of !:l.aL and !:l.ay. Note that the optical 
theorems provide the absolute amplitudes. These amplitudes are also determined by the 
PSA at any scattering angle. Using a direct reconstruction of the scattering amplitudes 
(DRSA), the absolute amplitudes are determined at (} = 0° only, whereas one common phase 
remains undetermined at any other angle. The PSA and DRSA approaches are complementary 
phenomenological analyses, as discussed in [30,31 ]. 

Using the measured values of !:l.a(np) and the existing !:l.a(pp) data at the same energy, 
one can deduce !:l.aL ,r( I = 0) as : 

!:l.aL,r(I = 0) = 2!:l.aL ,r(np)- !:l.aL ,r(pp) . (2 .11) 

3. METHOD OF MEASUREMENT 

If Nin is the number of neutrons entering the target and Nout the number of neutrons 
transmitted by the target into solid angle n subtended by a transmission detector from the 
center of the target, then the total cross section a(f!) is related to the measured quantities: · 

No"ut = Nin exp[- a(f!)nx], (3 .1) 

where n is the number of target atoms per cm3 , x is the target thickness (em) and Nout/Nin 
is the transmission ratio. The extrapolation of a(f!) towards n = 0 gives the unpolarized 
total cross section O"tot · 

The number of polarizable hydrogen atoms nH is only important in the !:l.aL ,r(r!) 
measurements. The !:l.aL,r(r!) depends also on the polarizations P: and P.f as shown in 
Eqs.(2.5) . Summing over the events taken with one fixed target polarization P.j: or Pi 
and using Eqs.(2 .5a) or (2.5b), we can obtain a double transmission ratio corresponding to a 
difference of two values of a(f!) for P"B and YJ 

R± (Nout/Nin)- [A (") p p± J 
= (Nout/Nin)+ = exp ua H B T nHX (3.2) 

with the average PB from Eq.(2.6). Since the measured monitor counts M are proportional 
to primary neutron flux N in entering the PPT and the counts of the transmission detectors T 
are proportional to transmitted neutron intensity Nout . the neutron detector efficiencies drop 
down in Eq .(3 .2) . To determine the !:l.aL ,r(r!), we have 

± 1 ± !:l.aL(n, Pr) = ± lnR(Pr ). 
PB .Pr .nH.X 

(3 .3) 
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Fig. I. Experimental set-up for the t:.aL,r(np) measurements. Layout of the set-up in the Experimental 
Hall. VP I - beam line of extracted, polarized deuterons; IV - beam line of polarized neutrons; BT -
neutron production target; IC - ionization chamber for monitoring of deuteron beam intensity; PIC 1-3, 
9-16 - multiwire proportional/ionization chambers for measurements of the deuteron beam profiles; CM 
- sweeping magnet; C I-C4 - set of neutron beam collimators; SRM - neutron spin rotating dipole; PPT 
- polarized proton target; and NP - neutron beam profilometer 

We can neglect the extrapolation of .t:.uL(O) towards a zero solid angle (0 --+ 0) due to 
the chosen sizes of the transmission detectors and their distances from the PPT [3,4,5]. The 
Saclay-Geneva (SG) PSA [31] at 1.1 Ge V shows that the resulting value of .t:.u L decreases 
at most by 0.04 mb for the angles covered by our detectors. This possible error seems to 
decrease with increasing energy as the PSA calculations at 1.0 GeY have shown. 

The ratio of nH to other target nuclei depends on the target material. The presence 
of carbon in the PPT beads adds the terms O'tot(C) in Eqs.(2.4). These terms are spin­
independent, and their contribution drops out in differences (2.5). T e same occurs for 160 
and 4 He in the target. However, there are small contributions fro m 13C and 3 He, which 
may be slightly polarized. This contribution was estimated to be ± 0 .3 %. Uncertainties in 
the determination of PB, Pr and nH .x are discussed in Section 4. 

4. EXPERIMENTAL SET -UP 

The experimental set-up (see Figs.l ,2) for the .t:.u L,r(np) measurements is described in 
[3,4,5]. We mention here only essential items important for the data analysis and results, as 
well as modifications and improvements of the apparatus and experimental conditions. 

Both polarized deuteron and polarized free neutron beam Jines [8 ,9], the two polarimeters 
[32,33], the neutron production target BT, collimators C J-C4, the spi rotation magnet SRM, 
the polarized proton target PPT [ 6, 7,34], neutron beam monitors M I, M2, transmission 
detectors T 1-T3 and the apparatus for monitoring the neutron beam profiles NP are shown 
in Figs.l ,2. The associated electronics and the data acquisition system are also described in 
[3,4,5, I 0]. 

Deuterons were extracted at energies of 3.20, 3.60, and 4.40 GeV for the .t:.uL(np) 
measurements, as well as at 1.60 GeV for the polarimetry purposes. The beam momenta Pd 



12 Sharov V.I. et al. Measurements of the Total Cross Section Difference D.uL(np) 

were known with a relat ive accuracy of '""" ±1 %. The intensity of the primary polarized 
deuteron beam increased by a factor of '""" 3 to 4 with respect to the 1995 run. The average 
deuteron intensity over the run was '"""2 x 109 d/cycle. It was continuously monitored using 
two calibrated ionization chambers placed in the focal points F3 and F4 of the deuteron beam 
line before the neutron production target BT. In the 1997 run, different characteristics of the 
accelerated and extracted deuteron beam and the status of the used beam lines were in part 
available on the Laboratory Ethernet (cycle by cycle). 

The beam of free quasi-monochromatic polarized neutrons was obtained by break-up 
of vector polarized deuterons at 0° in the BT. Neglecting the BT thickness, the laboratory 
momentum of neutrons Pn = Pd/2 with a momentum spread of FWHM ::::: 5% [35]. The BT 
contained 20 em Be with a cross section of 8 x 8 cm2

• The passage of deuterons through air, 
windows and production target matter provided a deuteron beam energy decrease by 20 MeV 
in the BT centre, and the mean neutron energy decreased by 10 MeV [4] . The energies and 
laboratory momenta in the BT centre are quoted for the ~aL results and the extracted beam 
energies are used for the beam polarization measurements . 

The dimensions and positions of iron and brass collimators C I-C4 (Fig. I) were the same 
as those described in [3,4,5]. An accurate measurement of the collimated neutron beam profiles 
was made in a dedicated run using nuclear photoemulsions. During the data acquisition, the 
position and X-,Y -profiles of the neutron beam were continuously monitored by a neutron 
profilometer NP with multiwire proportional chambers closely placed downstream the last 
transmission detector (see Figs. ! ,2). 

The value and direction of proton beam polarization P8 (p) after deuteron break-up at 0° 

and for Pp = Pd/2 are the same as the vector polarization P8 (d) of the incident deuteron 

beam [36,37] . Assuming identical break-up conditions for neutrons, we have P8 (n) ::::: 

PB(P) ::::: PB(d). Then, one can measure PB(d) in order to know PB(n) . During the run, 
the polarization PB(d) and hence the neutron beam polarization P8 (n) were reversed every 
cycle, as requested. · 

The prepared neutron beam has the same vertical orientation of P8 ( n) as the accelerated 
and extracted deuteron beam. Such a neutron beam is suitable for the ~ar(np) measurements. 
For the purpose of the ~aL(np) measurements, we have to turn the neutron spins from the 
vertical to the longitudinal direction. This was done by the spin-rotating magnet SRM in the 
neutron beam line (Figs.! ,2) . The SRM magnetic field was continuously monitored by a Hall 
probe. The SRM setting and inhomogeneity of the magnetic field integral within the neutron 
beam tube can provide an additional systematic error of ±0.2 %. 

The measureme~t of PB(d) was carried out by the four-arm beam line polarimeter [32]. 
It consists of a liquid hydrogen target, situated at focus F5 of the extracted beam line VP I 
(Fig.!), and two pairs of detector arms with recoil proton detection and magnetic analysis 
of scattered deuterons . The polarimeter can use a high intensity of deuterons. It determined 
the elastic dp scattering asymmetries at the kinetic energy of incident deuterons Tkin(d) = 
1.60 GeV and at a square of the 4-momentum transfer t = - 0.15(GeV / c) 2 . At this value of 
Tkin (d), the analyzing powers of this reaction are well known [38], and the chosen t-value 
is close to the maximum values of the analyzing powers. In principle, the P8 (d) needs to 
be determined at one energy only since no depolarizing resonance exists [32] . On the other 
hand, the measurement requires to change the deuteron energy and to extract the beam in 
another beam line, what is a time-consuming operation . This polarimeter was used only 
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once before data acquisition and gave an average IPB(d)l of 0.524 ± 0.010 for positive and 
negative signs of the vector polarization . The possible systematic error of this measurement 
was ±0.010. The admixture of the tensor components of the deuteron beam polarization, 
measured simultaneously by this polarimeter, was negligible. 

The value of PB (p) was continuously monitored by another four-arm beam polarime­
ter [33] with a small acceptance of 7.1 x 10-4 sr during the data acquisition. The deuteron 
beam, considered as a beam of quasi-free protons and neutrons, collided with a CH2 target, 
and quasi-free protons, scattered at 14° lab., were detected in coincidence with the protons 
detected by recoil arms. This polarimeter measured the pp left-right asymmetry on hydro­
gen and carbon at Tkin.(P) = Tkin(d)/2 = 0.80 GeV. A simultaneo s measurement together 
with the dp polarimeter gave the asymmetry t(CH2 ) = 0.2572 ± 0.0071. Subtracting the 
carbon and inelastic contributions, we obtained the following pp asymmetry on hydrogen 
t(pp) = 0.2661 ± 0.0073. 

The pp analyzing power Aoono was taken from the energy fixed GW NPI-PSA [26] (SP99, 
solution 0.800 GeV) as well as from the SG-PSA [31] (solution 0.795 GeV). The values of 
Aoono(PP) at 0.80 GeV were 0.4872 ± 0.0034 for the GWNPI-PSA and 0.4821 ± 0.0009 for 
the SG-PSA. A mean value of 0.4846 ± 0.0017 provided PB(P) = PB(d) = 0.549 ± 0.015. 

The weighted average of both independent results from the two polarimeters, used for 
the calculations of the present results, was IPB(d)l = 0.532 ± 0.008. This is in excellent 
agreement with the value of IPB(d)l = IPB(n)l = 0.533 ± 0.009 measured previously with 
the dp polarimeter at Tk;n(d) = 1.662 GeV and used in [3,4,5]. 

In 1995, the pp polarimeter provided only t(CH2 ) = 0.246 ± 0.016 at 0.831 GeV. If 
we apply the present ratio of t(pp)/c(CH2 ) = 1.0346, we have E(pp) = 0.255 ± 0.017. 
The discrete energy Aaono(PP) predictions from the GWNPI-PSA [26] (solution 0.850 GeV) 
and from the SG-PSA [31] (solution 0.834 GeV) give the mean value of 0.4824 ± 0.0048. 
We obtain PB(P) = PB(d) = 0.528 ± 0.035 again in agreement with the dp polarimeter 
measurement. 

Note that we have used the discrete energy PSA for the pp analyzing power calculations. 
Both PSA are locally energy-dependent and describe the measured observables at their own 
energies. The energy dependent PSA is not an adequate tool for the polarimetry purpose since 
the Aaono fit at a given energy may be smeared by all other fitted observables over a wide 
energy range. 

We observed that IPb(d)l decreased for the running time tm (hours) as 

Pd(tm) = Pd(tm = 0) (1 - 0.00154 · tm) . ( 4.1) 

The error of the linear term is ± 0.00013. Due to an unknown effect in the ion source, this 
decrease was independent of beam energy and was taken into ace unt for the results. The 
global relative systematic error of IPb(d)l from all sources was estimated as ±1.7 %. 

The frozen-spin polarized proton target, reconstructed to a movable device [6,7,11,34], 
was used. The target material was 1,2-propanediol (C3 H8 0 2 ) with a paramagnetic Crv 
impurity having a spin concentration of 1.5 x 1020 cm- 3 [39]. The propanediol beads were 
loaded into the thin wall teflon container 200 mm long and 30 mm m diameter placed inside 
the dilution refrigerator. 

The weight of the propanediol beads for the completely filled container is 94.88 g. A 
uniform neutron intensity distribution over the target diameter is due to the collimator sizes. 
The target container, covering the neutron beam, was aligned along the beam axis. 



14 

n 

Sharov V.I. et al. Measurements of the Total Cross Section Difference ~aL(np) 

C4 Ml M2 PPT 

A Sl S2 

------- -- -~r~-.. __ _ 
~ CoHo~ 

025 mm 030 mm 
L 60 mm 

1.l5. 

030 mm 
L 200 mm 

6.55 m 

T1 T2 T3 NP 

PC 
A Sl{2 ~· Sl i: S2 S3 S4 . 

-- - ·~- - ~~- 1- ----1--H 
I \ 1/ ; . 
~ ~,_; 
090 mm092 mm 096 rrm 
L 60 mm 

120•120 
L 120 mm 

440 1 250 1 250 1 

Fig. 2. Experimental set-up for the ~O"L ,r(np) measurements. Layout of the detectors for the neutron 
transmission measurement. Ml, M2- monitor neutron detector modules; Tl-T3- neutron transmission 
detector modules; CH2 - converters; A,Sl-S4 - scintillation counters; PC - multiwire proportional 
chambers X, Y 

In this experiment, the target was incompletely filled, and the measured weight of the 
beads was (73.25 + 0.80 , - 0.20) g. This represents a ratio Q of 0.772 which decreases the 
number of hydrogen atoms per cm2 for the target container completely filled in diameter 
over thickness x ' = Q · x . We have nH · x = 8.878 x 1023 /cm2 for full target filling and 
Q · nH · x = nH · x ' = 6.854 x 1023 /cm2 for the target filled over thickness x' . An additional 
effect on the number of hydrogen atoms per cm2 is provided by a configuration of the beads 
in the target container. For the same weight of the beads, the effective number of hydrogen 
atoms per cm2 is mimimal for incomplete filling with the horizontal plane of the beads. This 
kind of filling occured in our experiment. In this case, we have an effective value of the 
number of hydrogen atoms per cm2 

(nH · x)eff = Q · f · nH · x = (6.405 ± 0.19) 1023 /cm2
, 

where the factor f includes all corrections for the configuration of propanediol beads inside 
the target container. The error contains uncertainties of all contributions. 

The Pr measurements were carried out using a computer-controlled NMR system. The 
values of negative proton polarization were -0.772 at the beginning of data taking and -0.70 I 
at the end (after 64 hours). The positive values of Pr were 0.728 and 0.710 after 34 hours, 
respectively . This corresponds to relaxation times of 1358 hours for P;j: and 663 hours for 
Pi. The relative uncertainty of the measured Pr values was estimated to be ±5 %. This 
error includes uniformity measurements using the NMR data from three coils . 

Neutron detector location and the associated electronics are described in [3,4,5]. The 
detector configuration is shown in Fig.2. The two neutron intensity monitors are denoted by 
M 1 and M2, the three transmission detectors by T I, T2 and T3. Each detector M or T consists 
of a veto counter, a CH2 radiator for a neutron produced charge-exchange reaction and two 
counters in coincidence. A stable power supply system was used for the photomultipliers. 

The result of D.aL ,T is independent of neutron beam intensity if the probability of quasi­
simultaneous detection of two neutrons in one transmission detector can be neglected. For 
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this reason, the efficiency of each detector must be relatively small, and each of the detectors 
must be independent of one another [ 4]. 

Dedicated tests were performed during an additional run with a high intensity unpolarized 
deuteron beam. Using the same transmission set-up, the neutron-carbon total cross section 
(1tot(nC) was determined at Tkin(n) = 1.5 GeV. For this purpose, a number of carbon targets 
of different thicknesses were inserted in the neutron beam line instead of the PPT. The 
measured value of (}"tot ( nC) agrees with the data from compilation 140]. 

5. DATA ANALYSIS 

The following main information was recorded and displayed by the data acquisition 
system for each accelerator cycle: 

labels of the beam polarization signs, 
rates of the two calibrated ionization chambers used as primary deuteron beam intensity 

monitors, 
rates of two neutron detectors M I and M2 used as intensity moni tors of the neutron beam 

incident on the PPT, . 
rates of three neutron transmission detectors Tl, T2, and T3, 
rates of the accidental coincidences for all neutron detectors M I, M2, TJ , T2, T3, 
rates of the left and right arms of the pp beam polarimeter. 
Statistics at 2.2 and 1.8 GeV with Pi were recorded at the begmning of the run. Then, 

the data were taken at 2.20, 1.79 GeV, and 1.59 GeV with Pj: . The results with Pi could 
not be obtained for the last energy. 

The recorded data were then analysed in two steps. "Bad" files , as well as "empty" cycles 
and cycles with incorrect labels of the Pa signs, were removed in the first step. The number 
of "bad" cycles for the cumulated statistics represented a few tenth. of a percent. The total 
statistics over the run obtained after the first step of the data analysi~ are shown in Table I. 

Since the statistics listed in one row were taken simultaneously, we see their monotonous 
decrease as a function of detector position. The global target tra smission ratio ~T/~M 
increases with decreasing energy. 

The second step of the data analysis used the previously selected statistics in order to 
check the stability of the neutron detectors, to determine the parameters of the statistical 
distribution and to obtain the final results . The ratios of monitor and transmission detector 

Table 1. Total statistics over the run for each neutron detector Ml, M2, T l-T3 at different neutron 
beam energies and Pr signs. The count numbers for each detector are given in 106 units. Here, 
f:T/f:M = 2 · (Tl + T2 + T3)/3 · (Ml + M2). The energy in the BT centre is given 

Tkin Pr Statistics of detectors ~Tt2:M 
(GeY) sign M1 M2 T1 T2 T3 

1.59 + 10.0 9.89 8.80 8.45 7.94 0.844 
1.79 + 15.63 15.32 13.43 12 .88 2.19 0.829 
1.79 24.53 24.04 20.71 20.16 18.95 0.821 
2.10 + 32.02 31 .09 26.81 24.80 24.32 0.802 
2.10 35.81 34.74 29.44 28.26 27.24 0.803 
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rates as functions of time were obtained and analysed for each neutron energy and the Pr 
sign. No significant time dependence of the checked values was observed. 

The results were extracted using two relations (2.5a) and (2.5b). Each of them contains a 
hidden contribution from the instrumental asymmetry (lA) due to counter misalignments and 
the perpendicular components in the beam polarization. The () and <P symmetries of beam 
neutron charge-exchange reactions in the radiators and scintillators can be strongly violated. 
On the other hand, the instrumental asymmetry contributions provided by the PPT are fairly 
negligible due to a large distance from the transmission modules . Assuming that only the 
measured values of D.aL,T depend on the Pr direction, the D.aL ,T and IA effects are either 
added or subtracted in Eqs.(2.5a,b). For this reason, the half-sum from Eq.(2.7), i.e ., a simple 
average, provides D.aL,T whereas the half-difference gives the value of IA , as discussed in 
[41]. Using such a manner of obtaining the final D.aL ,T results, the lA contribution could be 
hardly suppressed. 

Due to the longitudinal PB direction and full axial symmetry, the IA is usually small for 
the D.uL experiment. It can be very large for the D.ar measurement, where no symmetry 
exists. One can see that the results strongly depend on the detector stabilities and their fixed 
positions over the data acquisition with both Pr signs. For stable detectors, a pure D.aL,T 
effect is expected to be time-independent and equal for each transmission detector, within 
statistical errors. In contrast, the value of lA depends on each individual neutron detector, 
including the monitors. 

The -D.aL(np) values for both signs of Pr, their half differences and haif-sums are 
l.isted in Table 2. All the results were obtained using common statistics from both monitors 
M I and M2. Abreviation T I ,2,3 signifies that the entire statistics from all the T -detectors 
were taken into account. 

One can see that the lA was much smaller for modules Tl and T3 than for module T2. 
The lA values change their sign for almost all modules between 1.79 and 2.20 GeV. Since 

Table 2. The measured - ~u L( np) values at different energies in the PPT centre for the two 
opposite target polarizations, for individual transmission detectors and for the cumulated statistics. 
Instrumental asymmetry (l A) and the averaged - ~uL(np) data are deduced. The quoted errors 
are statistical only 

Tkin Transm. -~uL(P¢) -~uL(Pi) lA Average 
(GeV) detectors (mb) (mb) (mb) - ~UL (mb) 

1.59 Tl +4.70 ± 3.85 +4.70 ± 3.85 
T2 +5.45 ± 3.90 +5.45 ± 3.90 
T3 +1.96 ± 3.99 +1.96 ± 3.99 

Tl,2,3 +4.07 ± 2.85 +4.07 ± 2.85 
1.79 Tl +0.71 ± 3.03 +2.52 ± 2.29 -0.90 ± 1.90 +1.62 ± 1.90 

T2 -4.17 ± 3.07 +0.22 ± 2.31 -2.20 ± 1.92 - 1.97 ± 1.92 
T3 -0.93 ± 3.13 -0.28 ± 2.36 -0.32 ± 1.96 -0.60 ± 1.96 

Tl,2,3 -1.45 ± 2.24 +0.85 ± 1.68 -1.15 ± 1.40 - 0.30 ± 1.40 
2.20 Tl +3.43 ± 2.07 +2.00 ± 1.82 +0.72 ± 1.38 +2.71 ± 1.38 

T2 +4.05 ± 2.13 -2.02 ± 1.85 +3.03 ± 1.41 +1.01 ± 1.41 
T3 -0.07 ± 2.14 +0.35 ± 1.88 -0.21 ± 1.42 +0.14 ± 1.42 

Tl,2,3 +2.50 ± 1.53 +0.13 ± 1.34 +1.19 ± 1.02 +1.31 ± 1.02 
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the elements of the detectors were not moved during the run, we ssume that the residual 
perpendicular components in PB were opposite. 

Relative normalization and systematic errors from different sources are summarized as 
follows : 

Beam polarization including time dependence . . . . . . . . . . . . . . . . . ............. ± 1. 7 % 
Target polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . ... . .... . ± 5.0 % 
Number of the polarizable hydrogen atoms including a filling mode .. . .. . ... . ± 1.5 % 
Neutron spin rotator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... .... ± 0.2 % 
Polarization of other atoms . ... . ... . .. .. . . .. . . . . . . . .. . . .. .. . . ... .. .... . . ... ± 0.3 % 
Inefficiencies of veto counters .... .. ... . .... . ... . .. . . .. . .. .. . . .......... . . . ± 0.1 % 
Total of relative systematic errors . . ... . .... . .. . .... ... . .... . . ..... . ....... . ± 5.5 % 
Absolute error due to the extrapolation of the - 6.u L( np) 
results towards n = 0 . . ..... . ..... .. .... . ....... . . .. . . . . ... . . ... . ... . .. < 0.04 mb 

6. RESULTS AND DISCUSSION 

The final - 6.CJL(np) values are presented in Table 3 and Fig 3. The statistical and 
systematic errors are quoted. The total errors are the quadratic sums of both uncertainties. 
As the measurement at 1.59 GeV was carried out with one sign of Pt only, the instrumental 
¢-asymmetry could not be removed using Eq.(2.7). For this energy, we added the weighted 
average of the absolute IA values at 1.79 and 2.20 GeV (± 1.18 mb) in quadrature to the 
overall systematic error. 

The results from Refs.3,4,5 together with the existing 6.CJ L(np) data [ 17-21], obtained 
with free polarized neutrons at lower energies, are also shown in Fig. 3. We can see that the 
new results are smoothly connected with the lower energy data and confirm a fast decrease 
to zero within a 1.2-2.0 GeV energy region, observed previously [3 ,4,5] . 

The solid curves show the last energy-dependent GW NPI-PSA [26] fits (SAID FX98 
and SP99 solutions) of this observable over the interval from 0.1 t 1.3 GeV. Note that the 
present GWNPI-PSA np database contains the JINR 6.uL(np) result at 1.2 GeV [3,4,5] . 
Above 1.1 GeV (SATURNE II), the np database is insufficient and a high energy part of the 
.t.uL(np) predictions [26] still disagrees with the measured data. Note that no extrapolation is 
allowed out of the region of the PSA validity . Concerning pp elastic scattering, the GWNPI­
PSA covers an energy range of up to 2.55 GeV and the SG-PSA up to 2.7 GeV . Both PSA 
contain almost all existing NN data . Data of the ANL-ZGS scatten ng experiments together 

Table 3. The final - .t.u L( np) results. The total errors are quadratic urns of the statistical and 
systematic ones. The energy and laboratory momenta of the neutro beam correspond to the 
production target centre 

Tkin Plab - .t.uL(np) Stat is. System. Total 
(GeY) (GeY/c) (mb) error error error 

(mb) (mb) (mb) 

1.59 2.35 +4.07 ±2 .85 ±1.20 ±3. 10 
1.79 2.56 -0.30 ± 1.40 ± 0.02 ±1.40 
2.20 2.99 +1.31 ±1.02 ±0.07 ±1.02 
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Fig. 3. Energy dependence of the -f:!.uL(np) observable obtained with free neutron polarized beams. 
The curves are explained in the text 

Table 4. The - f:!.uL(I = 0) values deduced from the present f:!.uL(np) results and existing f:!.uL(pp) 
data. The energies of f:!.u L (pp) data and corresponding references are also listed 

Tkin(np) nin(PP) -f:!.uL(pp) Ref. -f:!.uL(I = 0) 
(GeV) (GeY) (mb) pp (mb) 

L59 1.594· +4.93 ± 0.30 [47] +3.2 ± 6.2 
1.79 1.798 +3.39 ± 0.10 [47] -4.0 ± 2.8 
2.20 2.176 +2.28 ± 0.10 [43] +0.3 ± 2.0 

with the 6.uL(pp) resul t-; [42,43,44] allowed one to perform the fixed energy PSA at 6 and 
12 GeV/c [45,46] . 

Using Eq.(2.12), one can deduce the values of 6.uL(I = 0) from the obtained 6.uL(np) 
results and the existing 6.uL(pp) data. For this purpose, we used the ANL-ZGS [43] and 
SATURNE II [47] 6.uL(pp) data. The results are given in Table 4 and in Fig. 4. Since 
the pp data are accurate, the values of -6.uL(I = 0) have roughly two times larger errors 
than the obtained np resu lts. For this reason, an improved accuracy of np measurements is 
important. 

The values of - 6.uL(I = 0) from [3,4,5] together with the ones using the 6.uL(np) data 
sets [ 17-21] are also plotted in Fig. 4. All the results are compatible and suggest a shoulder 
or a maximum over a region of 1.2-1.6 GeV followed by a rapid decrease with increasing 
energy. The solid curves represent the recent GW IVPI-PSA [26] (SAID FX98 and SP99) 
energy-dependent predictions for -6.uL(I = 0). In addition, the -6.uL(I = 1) fit SAID 
SP99 is also shown. It should be noted that the 6.u L(pp) data set is richer in the energy 
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region of interest and the continuation of the flaL(np) measurements in Dubna is highly 
desirable to obtain the flaL(I = 0) quantities at energies corresponding to the pp data. 

A number of dynamic models have predicted the flaL,T energy behaviour for np and pp 
interactions. Below 2.0 GeV, a usual meson exchange theory of NN scattering [48] gives the 
flaL(np) energy dependence as shown by the dotted curve in Fig. 3. It can be seen that this 
model provides a qualitative description only. 

Another dynamic model prediction for the flaL(np) energy dependence was discussed in 
[3,4,5]. This prediction concerns a contribution to the flaL(np) value from nonperturbative 
flavour-dependent interaction between quarks, induced by a strong fluctuation of vacuum 
gluon fields, i.e., instantons (see, for example [ 49,50,51 ]). An anomalous energy dependence 
of the instanton-induced interaction near 2n and 2n + 77 thresholds leads to large contributions 
of this mechanism to spin-dependent cross sections. A qualitatively estimated contribution of 
the instanton-induced interaction to the flaL(np) energy dependence is shown in Fig.3 by a 
dashed line. 

The investigated energy region corresponds to a possible generation of heavy dibaryons 
with masses M > 2.4 GeV (see review [52]). For example, the model [53,54] predicts the 
formation of a heavy dibaryon state with a colour octet-octet structure. 

A possible manifestation of exotic dibaryons in the energy dependence of different pp 
and np observables was predicted by another model [55-59]. The authors used the Cloudy 
Bag Model and R matrix to connect a long-range meson-exchange force region with a short­
range region of asymptotically free quarks. The model gives the lowest lying exotic six­
quark configurations in the isosinglet and spin-triplet state 3 S 1 with M = 2.63 GeV (Tkin = 
1.81 GeV). The 3 S 1 partial wave is expected to be predominant for the I= 0 state. The 
measurements of the flaL ,T observables for np and the determinati n of the flaL,T(I = 0) 
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quantities can provide a significant check for the predicted dibaryon. Since b.O"r for an 
arbitrary isospin state contains no uncoupled spin-triplet, a possible dibaryon resonance effect 
in 3 S 1 can be less diluted. Moreover, the spin-singlet contribution vanishes in the difference 
of both quantities . 

The three optical theorems determine the imaginary parts of the nonvanishing forward 
amplitudes as shown in Eqs.(2 .8) to (2.1 0). A maximum in the I = 0 amplitudes or their 
combinations dominanted by a spin triplet, is a necessary condition for the predicted resonance. 
A sufficient condition can be provided by real parts. For np scattering, they can be determined 
by measuring observables in the experimentally accessible backward direction, as shown in 
[60]. 

The I = 0 spin-dependent total cross sections represent a considerable advantage for 
studies of possible resonances . This is in contrast with the I = 1 system where the lowest 
lying exotic six-quark configuration corresponds to the spin-singlet state 1 S0 . This state is 
not dominant, and it is hard to separate it in the forward direction. Scattering data directly 
related with the spin-singlet amplitude at other angles are preferable to be measured. 

7. CONCLUSIONS 

The new results are presented for the transmission measurements of the -b.O"L(np) energy 
dependence in the Dubna Synchrophasotron energy region below 3.7 GeY . The measured 
values of -b.O"L(np) are compatible with the existing np results, using free neutrons . A rapid 
decrease of the - b.O" L( np) values from 1.1 to 2.0 Ge V is confirmed. 

The - b.O"L(I = 0) quantities, deduced from the measured values of -b.O"L(np) and the 
existing b.O"L(pp) data are also presented. They indicate a shoulder or a maximum over a 
region of 1.2- 1.6 GeV followed by -a rapid decrease with energy. 

The obtained results are compared with the dynamic models predictions and the recent 
GWNPI-PSA fits . The necessity of further b.O"L(np) measurements and new D.ur(np) data 
over a kinetic energy region above 1.1 GeY is emphasized. 
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TO THE ESTIMATION OF ANGULAR DISTRIBUTIONS OF DOUBLE 
CHARGED SPECTATOR FRAGMENTS IN NUCLEUS-NUCLEUS 
INTERACTION AT SUPERHIGH ENERGIES 

A.l.Bondarenko\ V. V. Uzhinskii2 

The pseudo-rapidity distributions of double charged spectator fragments produced in 
the interactions of 12 C, 22 Ne, 24 Mn, 28 Si (4,5 GeV/c/nucleon), and 56Fe (2,5 GeV/c/nuc­
leon) with nuclear photoemulsion are studied experimentally. It is shown that the width 
of the distribution does not depend practically on the mass number of fragmenting 
nucleus and beam energy. The centre of the distribution is correlated with beam energy. 
All this allows one to estimate the angular distributions of fragments in superhigh energy 
nuclear collisions. 

The investigation has been performed at the Laboratory of Computing Techniques 
and Automation , JJNR. 

K ou.euKe yrJioBLIX pacnpe)leJieuuii JlByx:3apHJlHhiX 

CDeKT3TOpHbiX ciJparneHTOB B B)lpO·JI)lepHbiX B33HMO)leHCTBHJIX 

npu CBepXBbiCOKHX 3HeprHBX 

A.H.EonoapenKo, B.B."YJKuncKuii 

3KcnepHMeHTaJihHO HcCJlenyroTcll ncesno6blcTpOTHhie pacnpene.rreHHll nsyxJapllllHhiX 
cneKTaTOpHbiX cpparMeHTOB, poJKLlaJOLUHXCll BO BJaHMOneiicTBHJIX 12C, 22 Ne, 24 Mn, 28 Si 
(4,5 f38/c/H)'KJIOH) H 56fe (2,5 f38/c/H)'KJIOH) C llllpaMH cpOT03MYJibCHH. noKaJaHO, 'JTO 
ll!HpHHa pacnpene.rreHHll npaKTH'JeCKH He JaBHCHT OT MaCChi cpparMeHTHpy!OLUHX llllep H 
OT 3HeprHH OYlJKa. noJIO)I(eHHe UeHTpa pacnpeneJJeHHll KOppenHpyeT C 3HeprHeii nYlJKa. 
Bee 3TO noJBOJJlleT oueHIHh yrnosbre pacnpene.rreHHll cpparMeHTOB npH csepxsbrcoKHX 
3Hepmllx. 

Pa6oTa BhlnOJJ HeHa B Jla6opaTopHH Bbl'lHCJIHTeJJbHOH TeXHHKH 11 asToMaTHJaUHH 
mum. 

To study nucleus-nucleus interactions at superhigh energies, it is assumed to use different 
detectors of singly charged relativistic particles. The possibility of multi-charged nuclear 
fragment penetration through such a detector and its response are not usually considered. It 
is supposed that the nuc lear fragments will fly at small angles to the beam direction and will 

1 INP, Tashkent , Uzbekistan 
2E-mail : UZHI @CV.JINR.DUBNA .SU 
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Fig. I. Pseudo-rapidity distributions of double charged fragments in 12C, 24 Mg, 28 Si +Em interactions 

not enter the designed installations. Our paper is aimed to give the possibility to check up 
the hypothesis . 

It is clear that one needs to know the distributions of nuclear fragments on kinematic 
variables in order to check the hypothesis. The kinematic characteristics of the fragments 
are studied thoroughly at low and intermediate energies. Though, these data cannot be used 
because there is a strong overlap of fragmentation regions of colliding nuclei at such energies. 

At high energies (E /A > 1 GeV), there is only a restricted set of experimental data 
(see, e.g., [I, 2)). The needed data can be obtained from emulsion experiments. Such 
data were presented in Ref. 3 for gold interactions with emulsion nuclei at an energy of 
I 0.6 GeV /nucleon. According to Ref. 3, the widths of the pseudo-rapidity distributions for 
double-charged, light (3 ::::; Z ::::; 5) and heavy (Z :2: 6) fragments are equal to 1, 1, and 3, 
respectively. The distribution characteristics in other interactions are unknown . 

Below, we present the main characteristics of double-charged fragment pseudo-rapidity 
distributions in the interactions of 12C, 24 Mg, 28 Si at an energy of 3.7 GeV/nucleon, 14N 
at an energy of 2.1 GeV/nucleon, and 56Fe at an energy of 1.7 GeV/nucleon with nuclear 
photoemulsion. The data were obtained in the experiments identical in development selection 
and identification of spectator fragments of projectile nuclei (see Ret\. 4-8). 

Figure I shows the pseudo-rapidity distributions of double-charged fragments in 12C, 
24 Mg, 28 Si +Em interactions. Here ry = - In tg 8/2, where 8 is the polar angle of a fragment 
measured from the beam direction. 

As one can see, the distributions for different fragmenting system~ are alike . Such quanti­
tative characteristics of the distributions as the standard deviation (D = J < ry 2 > - < ry >2 ), 

mean value of pseudo-rapidity ( < ry > ), and multiplicity of double-charged fragments are 
given in the Table. 

According to the Table, the characteristics of the distributions depend on interaction 
energy, the type of projectile and target nuclei. The distributions differ from the gaussian 
ones (see the solid curves calculated using the data presented in the Table). Only in a rough 
approximation, one can assume that the width of the distributions is the same as the mean 
values of pseudo-rapidity at a fixed interaction energy. 
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Fig. 2. Mean value of double charged fragment pseudo-rapidity distribution as a function of beam 
rapidity 

One can understand !>Orne specific features of the distributions assuming that the rapidities 
of the fragments (y) are equal to the rapidity of the incident nucleus. Then at high energies 
one gets 

1 E + Pz m 2 

y = - In E p -::= TJ - 22' 
2 - z Pr 

where m, E, Pz, and py are the mass, energy, longitudinal and transversal momentum of 
the fragment, respectivel y. As far as we know, the transversal momentum distributions of 
fragments depend weakly on energy, so < TJ > must be in straightline proportion to the 
rapidity of projectile nucleus. The data of Fig. 2 are not contradictory to this conclusion. 

Tabh! . Main characteristics of the pseudo-rapidity distributions 

Ensemble po, GeV /c/nucleon (no) (1Jo) a(7Ja) 

12C- Em 4.5 0.68 ± .02 5.29 ± .02 .81 ± .02 
24 Mg- Em 4.5 0.99 ± .02 5.21 ± .02 .77 ± .01 
28Si- Em 4.5 1.08 ± .02 5.09 ± .01 .74 ± .01 

56Fe- H 2.5 1.29 ± .06 4.34 ± .02 .64 ± .02 
56 Fe- CNO 2.5 1.64 ± .07 4.27 ± .02 .73 ± .02 
56Fe- AgBr 2.5 1.75 ± .05 4.15 ± .02 .75 ± .01 

22 Ne- Em 4.2 0 .82 ± .02 5.06 ± .01 .77 ± .01 
14N- Em 2.9 0.74 ± .03 4.79 ± .03 .84 ± .02 

56Fe- Em 2.5 1.65 ± .04 4.22 ± .01 .74 ± .01 
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Fig . 3. Pseudo-rapidity distributions of double charged fragments in nucleus-nucleus interactions at 
superhigh energies 

The mentioned properties of the distributions allow one to make predictions for superhigh 
energies. Figure 3 gives the calculated distributions of double-charged fragments in 12 C + 12C 
interactions at J s N N = 200 and 5000 Ge V. In principle, they can be checked up with 
extracted beams of superhigh energy nuclei. 

The authors are thankful to P.G. Zarubin for stimulating discuss iOn. 
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SIMULATION dE j dx ANALYSIS RESULTS FOR SILICON INNER 
TRACKING SYSTEM OF ALICE SET-UP AT LHC ACCELERATOR 

B.Batyunya 

The particle identification by using dE I dx analysis in the ALICE silicon Inner Track­

ing System (ITS) w as studied by simulations. Correction procedures were considered 

and used to improve charge collection and resolution. Particle identification efficiencies 

and contamination rates depending on the function of momentum were obtained by the 

probability weight calculation for each particle species (1r±, K± , pip). 

The investigation has been performed at the Laboratory of High Energies, JINR. 

PeJyJILTaTLI dE / dx aHaJIHJa Mo~eJiupouaHHhiX co6biTHH 
~JI CHJIHKOHODOH BnyTpeHHeH TpeKOBOH CHCTeMhl 
ycTaHOBKH ALICE ycKopmeJIJI LHC 

E.B.EamwHJl 

C OOMOlUbiO MOlleJIHpOBaHHll HCCJJeDOBaHa B03MOJKHOCTb HlleHTHlPHKaUHH '!aCTHU no 

noTepliM :mepmH B CHliHKOHe (H3 dE I dx aHaJJHJa) liJlll CHJIHKOHOBOH BHyrpeHHeH Tpe­

KOBOH cHcTeMbl ycTaHOBKH ALICE. PaccMoTpeHbl HeKoTopble npouenypbl KoppeKUHH 

OOTCpb 3apllna, 0_03BOJlliiOLUHC Yl!Y'JlliHTb pa3pelliCHHe 00 3apliDY H HH!lJOpMaUHIO 0 OOJJ­

HOM Japllne, o6pa3YJOLUCMCll npH npoxoJKneHHH 'laCTHU Yepe3 cHJIHKOHOBble CJJOH . Onpe­

neJJeHbl 3lPlPeKTHBHOCTH HDCHTH!lJHKaUHH '!aCTHU H DOJJH npHMeCH (KaK lPYHKUHH HM­

nyJJbCa '!aCTHU) nocpeDCTBOM Bbi'IHCJICHHll BCpOliTHOCTHbiX BCCOB Mll '!aCTHU KaJKnOfO 

copra ( 1r±, K ±, pip). 

Pa6oTa BbJOOJJHeHa B Jla6opaTopHH BbiCOKHX 3HeprHH 0115111. 

1. INTRODUCTION 

The mesurement of the energy loss in thin silicon detectors can be used for particle 
identification (PID) in the nonrelativistic ( 11(32 ) region . This ionization information may be 
combined with the TPC one and with the TOF measurements to improve the quality and the 
range over which the PID can be done. Besides, this information is unique in the ALICE 
ITS for the slow tracks which do not reach the outer detectors because of decays, energy loss 
or curling but the tracking and momentum resolution is possible with six silicon layers of 
the ITS. Some simulation of PID for the ALICE ITS has been presented in the ALICE TP 
(see Section 11.4.1 in [I ]). In this note more detailed simulation analyses were carried out 
and the separation power was defined for charged hadrons (pions, kaons, protons) in different 
momentum regions with the aid of PID weights obtained for each particle. 
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2. DETECTOR SIMULATION 

The detailed simulation model (in the frame of GEANT) is escribed in Refs. 2,3 . 
Some detector parameters have been modified with respect to the ALICE TP (see Sect. 2.1 
of [ 1 ]). The two pixel layers were not considered since they are digital devices, for the 
dEi dx analysis . We considered two layers of silicon drift detectors (SDD) with anode pitch 
of 210 J-Lm, and a drift direction transverse to the beam line; and tw layers of double-sided 
microstrip detectors (SSD) with a strip pitch of 95 J-Lm and a stereo angle of 30 mrad. Some 
details for the mechanical support and cooling systems and the beam pipe were included also 
in the simulation . The overall matter budget was 5.5%(XI X 0 ) and consisted of: 

• 0.28 %(X I X 0 ) for the beam pipe, 
• 1.50%(XI X 0 ) for two pixel layers, 
• 1.66%(XI Xo) for two SDD layers, 
• 1.42%(X I X 0 ) for two double-sided strip layers, 
• 0.72%(X I X 0 ) for outer shell. 

3. CHARGE COLLECTION AND ANALYSIS 

The GEANT procedure generates charge (energy loss) Landau di. tribution for each single 
hit and, in general, this charge is collected in a number of anodes/strips (i.e., a cluster is 
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produced) [3]). In thi <> case a variable fraction of the charge can be lost below a noise 
threshold if zero suppressed data.are used. The charge loss depending on the cluster size 
is most important for the SDD and very small for the SSD. In Ref. 3, a special correction 
function was suggested that is used in the present analysis. The second problem relates to 
the fact that the charge value depends not only on particle kind and momentum but also on 
the path length inside the silicon (depending on the angle of particle) . A correction for this 
effect has been done in addition. 

Figs.! a and b show (for the SDD) the charge distributions generated with the GEANT 
package (solid lines), those obtained from the cluster analysis with due account of the noise 
but without the correction (dashed lines), and after the correction function using (dotted 
lines). The charge unit is taken as minimum particle ionization (I mip is 20500 e- ). The 
distributions have been obtained for 7r+ and K+ in the momentum region of 470-;-530 MeV/c 
(2000 particles of each kind have been generated) . The same distribution but for K+ and 
protons at the momenta of 830-;-930 MeV/c is shown in Figs.2a and b. A strong influence 
of the charge threshold cut and a satisfactory result of the correction procedure is observed. 
It should be noted that a pessimistic noise value with CTno ise = 500 e- was used for the 
simulation (the threshold was taken of 3 x cr11 0 ; 5e), and in some realistic case, for example for 
OLA electronics, the equivalent noise charge was measured to be ~ 230 e - ( [4]) and the 
shift of the charge distributions in Figs.! (a , b) and Figs.2(a, b may be decreased by a factor of 
nearly 1.4. On the other hand, a real experimental test of the charge collection is under study 
now. For example, the analysis of the nonzero-suppressed data leads to the independence of 
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the collected charge of the drift time for the SDD (see Fig. 4.5 i Ref. 4 ), i.e., from the 
cluster size. Fig. I c and Fig.2 c show the charge distributions for particle pairs 1r,K and K,p 
in the same narrow momentum regions (for each pairs oT particles) considered before. It is 
seen that Landau distributions are strongly overlapping. 

To improve the situation the truncated mean method using the m lowest of n measure­
ments was applied. Only measurements with four or three hits in t e ITS were selected (:::: 
90% from all hits, see Sect. 11.4.1 of Ref. I ), and the truncated mean was constructed using 
two out of four or two out of three hits, respectively. The results ar shown, for example, in 
Fig. I d and Fig.2 d (see also Sect. 11.4.1 of Ref. I and Ref.3 ). One can see that the charge 
distributions become nearly gaussian (the curves are results of the gaussian fit) and particle 
separation possibility is much better. 

Figure 3 shows charge-momentum scatter plot for the charge (dE I dx) obtained after 
the corrections and truncated mean procedure for five central Pb-Pb events generated by the 
HIJlNG code [5] with a mean rapidity density of charge particle · dNi dy:::: 6000 at y = 
0 (gamma conversions and other secondary particle production ha e been included). Well 
separated densities are clearly seen for the different particle species. 

4. PARTICLE IDENTIFICATION 

It is seen from Fig.3 that there are wide enough momentum regions where particles may be 
separated by simple cuts in the charge, but some additional probabili ty method is necessary if 
the deposited charges of the different particle kinds are rather similar.To study the situation in 
more detail the samples of 2000 one-particle-events were generated in subsequent momentum 
intervals . The intervals were chosen to correspond to ±3a of the TPC proton momentum 
resolution (see Fig.ll .9 of [I]), i.e. track reconstruction in the TPC was supposed. At the 
next step, the charge cuts were chosen if the simple separation is pos ·ible or, otherwise, mean 
charge values ( < q >) and gaussian fit sigmas (aq) were obtained tor the next procedure of 
probability weights (PID weights) calculation. 

Table I presents the simple charge cut values and information about the PID weights 
calculation for different momentum regions. "No PID" means that the charge distributions of 
pions and kaons are practically identical and the particle identification is impossible. Table 2 
presents the < q > and aq values for kaons and protons in the momentum intervals where 



32 Batyunya B. Simulation dE/ dx Analysis Results 

PID weights were calculated. For pions these values are equal to 1.0 mip and 0.12 mip, 
respectively for all these momentum intervals. 

Table 1. Simple charge cut values and information about a need of PID weights calculation for the 
different momentum intervals 

Momentum Charge cut (mip) 
(MeV/c) 1f K p 
507120 all 
1207200 <6 ~6 
2007300 < 3.5 3.579 >9 
3007410 < 1.9 1.974 >4 
4107470 PID weights > 3.5 
4707530 -II- > 3.0 
5307590 no PID > 2.7 
5907650 - II - > 2.5 
6507730 -II- > 2.0 
7307830 -II- PID weights 
8307930 -II- -II-

93071030 - II - -II -

Table 2. Mean charge values and sigmas of charge distributions for kaons and protons in the 
different momentum intervals 

Momentum < q(K)> aq(K) < q(p) > !Tq(p) 
MeV/c (mip) 

4 107470 1.98 0.17 
4707530 1.75 0.16 
7307830 1.25 0.13 2.14 0.20 
8307930 1.18 0.125 1.88 0.18 

93071030 1.13 0.12 1.68 0.155 

The PID weights were calculated as follows: 
The charge distributions for 1r± and K± are compared in the momentum regions of 

(410-.;-470) and (470+-530) MeV/c and a charge cut equal to a chosen number of aq(K) is 
applied to the left from < q(K) > (for example, such a cut is shown by the arrow in Fig.2d 
for K and p) . All particles are considered as pions if the charges are below the cut value, 
otherwise, the PID weights WK and w., are calculated from the equations: 

w.,lw K = R., K, W-rr + w K = I (the normalization), 
where R-rr K is defined as a ratio of 1r and K rates limited by the cut value in the respective 
charge distributions (the smaller particle rates are taken). As a results, the weights are 
calculated as: 

WK = 1/(1 + R-rrK). W-rr = I -WK. 

The weights for protons in the narrow momentum intervals (see Table I from 730 MeV/c) 
are calculated in the same way(1r and K are not separated from each other at these momenta). 
It should be noted that the proton charge distributions have been compared only with the kaon 
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ones, since they are always nearer than the pion charge distributio s, i.e., the mean proton 
PID weight is slightly underestimated. 

5. RESULTS AND DISCUSSION 

The PID procedure described in Sect.3 has been applied for 6 fu ll SHAKER ( [6]) events 
with a charged particle rapidity density of dN/dy = 8000 (at y = 0). All primary particles 
were generated in polar angle range of 45° ..;-135° and at the momenta of (0.03..;-IO.O)GeV /c. 
The PID weight was obtained for each particle and each momentum interval according to 
Table I. 

The results are shown in Figs.4(a - d) where the generated momentum spectra (the 
solid lines) of pions( a), kaons(b) and protons(c, d) are compared with the ones obtained after 
detector simulation taking into account the PID weights (the dashed lines). Note, that the 
track reconstruction efficiency was not included, i.e. , the particle losses due to interactions, 
decays, hit numbers smaller than 3 (see Sect.3), and the PID inefficiency due to contamination 
(the dotted lines in Fig.4) were considered. The first three factors are the most important 
at the smallest momenta, where significant losses of kaons and pr tons are observed. The 
PID inefficiency (the contamination) manifests itself in the regions , where the PID weight 
calculation is necessary . A cut of -I O"q(K) has been chosen for 1r- K separation (see Sect.3) 
resulting in a total 7r± contamination of K± of 2%. Figures 4c and d show the results of 



34 Batyunya B. Simulation dE/ dx Analysis Results 

proton separation at two cuts of -1 aq(p) (cut-1) and - 1.5aq(p) (cut-2), respectively. The 
corresponding contamination over the full momentum range, by 1r/K are 3.5% and 5.8%. It is 
seen, of course, that when the cut value decreases, both the efficiency of the proton separation 
and the contamination, increase. The value of the cut applied has to be optimized with respect 
to the specific physics requirements. 

It is necessary to emphasize that the TPC tracking information has been included to this 
analysis, and that the dE/dx information of the TPC may also be combined to the one of the 
ITS . The low energy tracking possibility, using the ITS only, is under study now and the 
corresponding ITS dE I dx analysis will be done in the near future. 

6. CONCLUSIONS 

The simulation of the particle identification dE I dx analysis in the ALICE ITS has been 
done, and the particle separation power (PID efficiency and contamination) has been obtained 
for pions, kaons and protons in narrow momentum intervals between 0.05 and 1.03 GeY /c. 
The total contamination rates did not exceed 2% for kaons (in the range 150...;-530 MeY/c), 
and (476)% for protons (in the range 200-;- 1030 MeY/c). 
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HIGH-MULTIPLICITY PROCESSES 

G.Chelkov, ].Manjavidze\ A.Sissakian 
We wish to demonstrate that investigation of asymptotically high multiplicity (AHM) 

hadron reactions may solve, or at least clear up, a number of problems unsolvable by 
other ways. We would lean upon the idea: (i) the reactions fina l state entropy is 
proportional to multiplicity and, by this reason, just in the AHM domain one may 
expect the equilibrium final state and (ii) the AHM final state is cold because of the 
energy-momentum conservation laws. This means that the collective phenomena may 
become important in the AHM domain. The possibility of hard processes dominance 
is considered also. 

The investigation has been performed at the Laboratory of Nuclear Problems, JINR. 

Upouecc&I c 6oJI&woit MHOJKecTueuuocTLIO 

r.IlleJJKOB, H.MaHO»eaBuihe, A.CucaK.JIH 

Mbl XOTHM noKaJaTb, 'lTO HCCJlellOBaHHe peaKUHH po)l(lleHHll aCHMnTOTH'leCKH 60JJb­
WOH MHOJKecTBeHHOCTH (AI:iM) allpOHOB MOJKeT peWHTb HJJH, no Kpai1HeH Mepe, npo­
liCHHTb, HeKoTopbie npo6neMbl, HepaJpewHMble llpyrHM o6paJoM. Mbi co6HpaeMCll CJJe­
llOBaTb Hllee: (i) 3HTpOnHll KOHe'lHOfO COCTOliHHll nponopUHOHaJJbHa MHOJKeCTBeHHOCTH, 
H nOJTOMY HMeHHO B o6JJaCTH AI:iM MOJKHO OlKHllaTb o6pa30BaHHll paBHOBeCHOro CO­
CTOliHHll, (ii) KOHe'lHOe COCTOliHHe C AI:iM llOJilKHO 6b1Tb XOJIOllHbiM B CHJJY COXpaHeHHll 
3HeprHH-HMnyJJbCa. noCJJellHee MOJKeT OJHa'laTb, 'lTO B 06JJaCTH AI:iM KOJJJJeKTHBHble 
liBJJeHHll MOryT 6h1Tb cywecTBeHHbl. PaccMaTpHsaeTcll TaKJKe BKJJall JKeCTKHX npoueccoB 
npH pO)I(lleHHH COCTOliHHll C AI:iM. 

Pa6oTa BbinOJJHeHa B Jla6opaTopHH llllepHblx npo6neM OltliH. 

1. INTRODUCTION 

The interest to multiple production processes noticeably falls down during last decades 
and this trend is understandable. Indeed, it is hard to expect a new physics if (a) the 
processes are too complicated because of a large number of involved degrees of freedom and 
(b) there is not quantitative hadrons theory to describe the nonperturbative effect of color 
charge confinement. 

It may be surprising at first glance that the asymptotically high multiplicity (AHM) 
processes are simple at least from theoretical point of view [I ]2• Nevertheless this is so and 

1 Permanent address: lnst. of Physics, Tbilisi, Georgia 
2 The AHM triggering problem will not be considered. It will be considered in subsequent paper, see also [2). 
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our aim is to demonstrate this suggestion. This follows from expectation that the fluctuations 
(quantum as well) are small considering AHM final states creation3 . 

We wish to note fi rstly that the AHM final states are equilibrium since the corresponding 
entropy reach a maximum in the AHM region [3]. Then a comparatively small number of 
simplest parameters should be needed for AHM states description because of the correlations 
relaxation principle of Bogoliubov4

. 

Besides, the AHM processes may become hard and, therefore, we may neglect (with 
exponential accuracy) the background low-pt nonperturbative channel of hadrons production. 
Intuitively this suggestion is evident noting that in all soft Regge-like theories, with interaction 
radii of hadrons ,....., v'ills, one cannot 'stir' in the disk of area ,....., Ins arbitrary number of 
partons, since the high-Pt cutoff. Then the Regge-like theories are unable to describe the 
multiplicities n > ln2 s , if each parton in the disk is a source of ,....., In s hadrons. At high 
energies the AHM domain is sufficiently wide (ln2 s < < nmax ,....., JS) and, therefore, should 
be 'occupied' by hard processes [1] . Indeed, the mean transfer momentum of created particle 
grows with n c, see [4] . 

So, the interest to AHM processes seems evident, since: (a) being hard, the experimental 
investigation of them may help to clear up .the structure of fundamental Lagrangian, and 
(b) the theoretical predictions in this field are more or less clear in the asymptotically free 
theories. 

It seems constructive to start investigation of hadron dynamics from AHM domain and, 
experienced in this fie ld, go to the moderate multiplicities . The to-day experimental status of 
AHM is following. There is experimental data at TeVatron energies up to n c ~ 5nc(s ) [4) . 
The cross section O'nc ~ 10- 50'to t at this values of charged particles multiplicity n c. The 
events with higher multiplicity are unknown, if the odd cosmic data is not taken into account. 
The main experimental problem to observe AHM is smallness of corresponding cross sections 
and impossibility to formulate experimentally the 'naive' trigger tagging the AHM events by 
charged particles m_ultiplicity5 . W. e think that this question is very important since otherwise 
the AHM problem stay pure academic. 

In Sec.2 we will give the physical interpretation of possible asymptotics over n. In Sec.3 
the hard Pomerons contribution in AHM domain is discussed. In Sec.4 we will describe the 
QGP formation signal at AHM . 

2. CLASSIFICATION OF ASYMPTOTICS OVER n 

It is better to start from pure theoretical problem assuming that the incident total CM 
energy E = JS is arbitrarily high and to consider asymptotics over the total multiplicity n, 
assuming nevertheless that n < < n 111 ax = JS/m, where m ~ 0.2 Gev is the characteristic 

3The space density of colored constituents becomes large and 'cold ' in the AHM domain. 
4 In this case, followi ng the ergodic hypothesis, one may restrict oneself by event-by-event mea~urements, i.e. 

it is sufficient to have a smal l number of AHM events . This seems important from experimental point of view since 
the cross sections in the AHM domain are assumed extremely small. 

5 We suggest to reject tagging the event by the multiplicity noting that it is enough to have the ' cold' final 
state in the AHM domain [2] . Moreover, formulating the theory we would try to generalize ordinary inclusive 
approach [5] . 
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hadron mass, to exclude the influence of phase space boundaries. Last one means that in the 
sum 

nmax 

3max(z, s) = L ZnO'n(s) 
n=l 

we should choose the real positive z so small that upper boundary is not important and we 
can sum up to infinity: 

00 

3(z, s) = L ZnO'n(s). (2.1) 
n=l 

This trick allows one to introduce classification of O'n asymptotics counting the singularities 
of 3(z, s) over z [1]. So, if Zc is the solution of equation: 

n = z :z 1n3(z, s), (2.2) 

then in the AHM region 
(2.3) 

To do further step we will use the connection with statistical phy ics [6]. By definition 

O'n(s) = J dwn(q)l5(pa +Pb- tq;)IAnl 2
, 

i=l 

(2.4) 

where An is the a+ b --+ ( n hadrons) transition amplitude and dwn ( q) IS the n particles phase 
space element. There is a well-known in the particle physics trick [7] a this (3n)-dimensional 
integrals may be calculated. For this purpose one should use the Fourier transformation of 
the energy-momentum conservation 15-function. Then, in the CM frame, if n is large, 

-J df3 {JE O'n(s) -
2

11' e Pn(/3), (2.5) 

where 

Pn(/3) = J dwn(q) IT e-{J€;1Anl 2
, 

i=l 

(2.6) 

and Ei is the i-th particles energy. 
Obviously this trick is used to avoid the constraints from the energy-momentum conser­

vation 15-function. But it has more deep consequence. So, if we consider interacting particles 
a and b in the black-body environment, then we should use the occupation number next 

instead of 'Boltzmann factor' e-{3€,. For bosons 

(2.7) 

In result, replacing e-{3€, by next. 

(2.8) 
n 
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would coincide identically with big partition function of relativistic statistical physics, where 
/3 is the inverse temperature 1/T and z is the activity : the chemical potential J..L = TIn z [8]. 

We may use this S -matrix interpretation of statistical physics and consider :=:(z, s) as the 
energy representation of the partition function . Then, following Lee and Yang [9], :=:(z, s) 
should be regular function of z, for practically arbitrary interaction potentials, in the interior 
of unite circle. This means, using estimation (2.3), that 

O"n(s) < 0(1 / n), (2.9) 

i.e., an(s) should decrease faster than any power of 1/n. 
First singularity may locate at z = 1. It is evident from definition (2.1) that :=:( z, s) would 

be singular at z = 1 iff 
O"n(s) > O(e-n) , (2.1 0) 

i.e., in this case O"n ( s) should decrease slower than any power of e-n. It follows from 
estimation (2.3), in this case zc (n , s) should be the decreasing function of n . Note that such 
solution is, at first glance, impossible. Indeed, by definition (2 .1 ), :=:(z , s) should be increasing 
function of z since all O"n are positive. Then the solution of Eq.(2 .2) should be increasing 
function of n. But, nevertheless , such possibility exists . 

Remember for this purpose connection of z with chemical potential, Zc ( n , s ) defines the 
work needed for creation of additional particle. So, Z c ( n , s ) may be the decreasing function 
of n iff the vacuum is unstable and the transition from false, free from colorless particles 
(or being chiral invariant, etc .), vacuum to the true one means colorless particles (or of the 
chiral-invariance broken states , etc.) creation. Just this case corresponds to the first order 
phase transition [9, I 0] 

This phenomenon describes expansion of the domain of new phase with accelerating 
expansion of the new phase domains boundary, if the radius of domain is larger than some 
critical value [II]. So, zc (n , s) should decrease with n since z is conjugate to physical 
particles number in ·the domain of new phase. 

The following singularity in the equilibrium statistics may locate at z = oo only . This is 
the general conclusion and means, as follows from (2 .3), that 

O"n( s ) < O(e-"). (2. 11) 

In this case an(s) should fall down faster than any power of e-" . Note, investigation of the 
Regge-like theories gives just this prediction [ 12] . 

But considering the process of particles creation it is too hard to restrict oneself by 
equilibrium statistics. The final state may be equilibrium, as is expected in the AHM domain, 
but generally we consider the process of incident (kinetic) energy dissipation into particles 
mass. At very high energies having the AHM final state we investigate the process of highly 
nonequilibrium states relaxation into equilibrium one. 

Such processes have interesting property readily seen in the following well-known model. 
So, at the very beginn ing of this century couple P. and T.Euhrenfest had offered a model to 
visualize Boltzmann's interpretation of irreversibility phenomena in statistics [ 13] . The model 
is extremely simple and fruitful. It considers two boxes with 2N numerated balls . Choosing 
number l = 1, 2, ... , 2N randomly one must take the ball with label l from one box and 
put it to another one. Starting from the highly ' nonequilibrium ' state with all balls in one 



Chelkov G. et al. High-Multiplicity Processes 39 

box it is seen a tendency to equalization of balls number in the boxes. So, there is seen 
irreversible flow toward preferable (equilibrium) state. One can hope that this model reflects 
a physical reality of nonequilibrium processes with initial state very far from equilibrium. 
A theory of such processes with (nonequilibrium) flow toward a state with maximal entropy 
should be sufficiently simple to give definite theoretical predictions since there is not statistical 
fluctuation of this flaw. 

Following this model one can expect total dissipation of incident energy into particle 
masses. In this case the mean multiplicity n should be ':::::' nmax [3] . But it is well known 
that experimentally n < < nmax· Explanation of this phenomena is hidden in the constraints 
connected with the conservation laws of Yang-Mills field theory . It is oticeable also that this 
constraints are not so rigid as in integrable systems, where there is o thermalization [ 14]. 
In the AHM domain we expect the free from above constraints dynamics. So, the AHM 
state may be the result of dissipation process governed by 'free' (from QCD constraints) 
irreversible flow. 

The best candidates for such processes are stationary Markovian ones. They will be 
described by the so-called logistic equation [ 15] and lead to" inverse bino~ial distribution with 
generating function 

_ {z5 (s) - 1 }-y 
.::.(z , s) = O'tot(s) z.(s) _ z , I > 0. (2.12) 

The normalization condition &ln:=:(z , s)/&zlz=l = n1(s) determines the singularity position: 

Note, z5 (s) --t 1 at s --t oo since n1(s) should be increasing function of s. 
Mostly probable values of z tend to Zs from below with rising n : 

1 1 
zc (n , s)'::::'zs-1/n=1+r(-:--() --). 

n1 s n 

(2.13) 

(2.14) 

This means that the vacuum of corresponding field theory should be ~table. It is evident that 
O'n decrease in this case as the O(e-n): 

(2.15) 

The singular solutions of (2.12) type arise in the field theory, whe the s-channel cascades 
(jets) are described [16] . By definition :=:(z , s) coincide with total cross section at z = 1. 
Therefore, nearness of Zc to one defines the significance of corresponding processes. It follows 
from (2.14) that both s and n should be high enough to expect the jets creation. But the 
necessary condition is closeness to one of Z 5 , i.e ., the high energies are necessary, and high n 

simplifies only their creation. Note the importance of jet creation processes in early Universe, 
when the energy density is extremely high. 

Expressing the 'logistic grows law' the singular structure (2.12) leads to the following 
interesting consequence [ 15]. The energy conservation law shifts the singularity to the right. 

For instance, the singularity associated with two-jets creation is located at z~2l (s) = zc(s/4) > 
zc( s ). Therefore, the multi-jet events will be suppressed with exp nential accuracy in the 
AHM domain if the energy is high enough, since at 'low' energies even the exponential 
accuracy may be insufficient for such conclusion [I] . One may assu e that there should be 
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the critical value of incident energy at which this phenomena may realized. So the AHM 
are able to 'reveal' the jet structure iff the energies are high enough. In this sense the AHM 
domain is equivalent of asymptotic energies. 

Summarizing above estimations we may conclude that 

O(e-n) :=; O"n < 0(1/n) , (2.16) 

i.e., the soft Regge-like channel of hadron creation is suppressed in the AHM region in the 
high energy events with exponential accuracy. 

3. HARD POMERON 

During last 50 years the contribution (Pomeron) which governs the s-asymptotics of the 
total cross section O"tot ( s) is to stay unsolved. The efforts in ~he pQCD frame show that the 
t-channel ladder diagrams from dressed gluons may be considered as the dynamical model of 
the Pomeron [ 17]. 

The BFKL Pomeron arises in result of summation, at least in the LLA, of ladder gluon 
diagrams in which the virtualities of space-like gluons rise to the middle of the ladder. To use 
the LLA these virtuali ties should be high enough. Noting that the 'cross-beams' (time-like 
gluons) of the ladder are the sources of jets it is natural that in the AHM domain the jet 
masses qf are large enough and one can apply the LLA. 

Consideration of Pomeron as the t-channel localized object allows one to conclude that 
the multi-Pomeron contribution is "' 1/ k! if k is the number of Pomerons. This becomes 
evident noting that in the t channel the distribution over k localized uncorrelated 'particles ' 
should be Poissonian . This factorial damping should be taken into account in the AHM 
domain. 

Following our above derived ·conclusion, number of 'cross-beams ' (jets) should decrease 
with increasing n, and therefore, in the AHM domain the BFKL Pomeron, with exponential 
accuracy, should degenerate into ladder with two 'cross-beams' only . The virtuality of time­
like gluons becomes in this case "' y's. So, the bare gluons are involved at high energies at 
the AHM . This solution is in agreement with our general proposition that in the AHM domain 
the particles creation process should be stationary Markovian. 

We conclude that he AHM processes gave unique possibility to understand as the BFKL 
Pomeron is built up. But there is the problem, connected with masslessness of gluons. So, 
the vertices of time-like gluons emission are singular at the qf = 0. It is the well-known 
low-x problem. In the BFKL Pomeron this singularity is canceled by attendant diagrams of 
the 'real' soft gluons emission. However, this mechanism should be destroyed when number 
of created particles (i.e ., of gluons) is fixed. Note, the solution of this problem is unknown. 

We hope to avoid this problem noting that the heavy jets creation dominates in the AHM 
domain. This idea reminds the way as the infrared problem is solved in the QED (The 
emission of photons with wave length much better than the dimension of measuring device 
is summed up to zero.) The quantitative realization of this possibility for QCD is in progress 
now. 
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4. QUARK GLUON PLASMA 

There is a question: can we simulate in the terrestrial conditions the early Universe? The 
hot, dense, pure from colorless particles quark-gluon plasma (QGP) is the best candidate for 
investigation of this fundamental problem [18]. 

In our opinion [5] the plasma is a state of unbounded charges. The 'state ' assumes 
presence of some parameters characterizing the collective of charges and the 'unbounded' 
assumes that the state is not locally, in some scale, neutral (we discuss the globally neutral 
plasma). 

The ordinary QED plasma assumes that the mean energies of charged particles are 
sufficiently high (higher than the energy of particles acceptance), i.e., the QED plasma is 
'hot'. The QCD plasma in opposite is not 'hot'(in corresponding energy scale) since the 
thermal motion moves apart the color charges. This leads to sufficient polarization and 
further 'boiling ' of vacuum, with creation of qij pairs . So, the QCD plasma should be dense 
and at the same time 'cold' enough. 

There is two principal possibilities to create such state. Mostly p~pular is QGP plasma 
formation in the heavy ion-ion collisions at high energies. It is believed that at the central 
(head-on) collisions one can observe the QGP in the CM central region of rapidities. But 
there are not in to-day situation the unambiguous (experimental) signals of QGP formation 
(number of the theoretical possibilities are discussed in literature). 

Other possibility opens the AHM region : since in this region the ard channel of particles 
creation is favourable dynamically (at high energies), one can try to consider the collective 
of color charges on preconfinement stage as the plasma state. Becau ·e of energy-momentum 
conservation this state would be 'cold'. We should underline that possible cold QGP (CQGP) 
formation is just the dynamical, nonkinematical, effect: the estimation (2.16) means that the 
sufficient polarization of vacuum and its 'boiling' effects are insufficient, are frozen, at the 
AHM . So, considered CQGP remains relativistic. This solves the problem of unbounded 
charges formation 6 . 

But the question - may we consider the collective of colored charges created in the AHM 
events as the 'state' - remains open. To-day situation in theory is unable to give answer 
to this question (even in the QCD frame, this will be discussed). Bu~ we can show the 
experimentally controlled condition when the same parameters may be used to characterize 
this collective. 

For instance, we may examine in what conditions the mean energy of colored particles 
may be considered as such parameter. Let us return to the definitio (2.5) for this purpose. 
To calculate the integral over {3 we will use the stationary phase method. Mostly probable 
values of {3 are defined by equation of state: 

E = 8Inp({3, z)/ 8{3 . (4.17) 

It is well known that this equation has positive real solution !3c- Then, as was noted above, 
f3c coincides with inverse temperature 1/ T and this definition of T is obvious in the micro­
canonical formalism of statistical physics. 

6To amplify this effect it seems rea,onable to create AHM in the ion-ion collisions 
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The parameter f3c is 'good', i.e., has a physical meaning, iff the fluctuations near it are 
Gaussian (It should be underlined that the value of fluctuations may be arbitrary, but the 
distribution should be Gaussian). This is so if, for instance, 

p(3) p (2) p(l) (p(l)) 3 
- - 3 +2--::::;0, (4.18) 

p p p 

where, for identical particles, 

(k ) ((3 ) = ak p(f3c, z) -
P Cl Z - a(3~ -

8 j k ( - z Bz)k dwn(q) IT E(qi )fk(Ql , ... , Qk; f3c, z) 
i = l 

(4.19) 

and fk ( q1 , . . . , Qk; f3c, z = 1) is the k-particle inclusive cross section. Therefore, the (4.18) 
condition requires smallness of energy correlation functions. It is the obvious in statistics 
energy correlations relaxation condition near the equilibrium. One can find easily the same 
condition for higher correlation functions. 

This conditions establish the equilibrium, when knowledge of one parameter (f3c in con­
sidered case) is enough for whole systems description . The analogous conditions would arise 
if other parameters are considered. For instance, the (baryon, lepton, etc .) charge correlations 
relaxation condition means the 'chemical' equilibrium. The quantitative expression of this 
phenomena is smallness of corresponding correlation functions . 

This conditions are controllable experimentally. But it is hard to expect that at finite 
values of n, where the cross sections are not too small, above derived conditions are hold, 
even in the AHM region. Later we will find more useable from experimental point of view 
conditions making more accurate analyses. 

5. CONCLUSION 

The AHM events offer interesting possibility of investigating the phase transition phe­
nomena. Noting that the system has a tendency to become equilibrium in the AHM domain 
and noting that the Gibbs free energy is "' In:=:, we can compare the heat capacity in the 
hadrons and photons (or leptons) systems in the AHM domain. This will be the direct 
measurement of phase transition . 
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TRIGGERING OF HIGH-MULTIPLICITY EVENTS USING 
CALORIMETRY 

G.Chelkov, M.Gostkin, ].Manjavidzel, A.Sissakian, S.Tapprogge2 

The experimental investigation of asymptotically high multiplici ty hadron reactions 
is discussed for the LHC, making use of calorimetry. The first investigation concerning 
the triggering of such events with calorimeter information only is described. 

The investigation has been performed at the Laborat?ry of Nuclear J:>roblems, JINR. 

Tpurrupouauue co6LITHH c 6onLwoH: MHOJKecTueuuocTLJO 
C HCDOJib30B3HHeM KaJIOpHMeTpHH 

r.meJlKo6 u op. 

06cYJKJlaeTcll ::~KcnepHMeHTanbHoe HCCJJellOBaHHe Ha LHC aupoHH bJX peaKUHH c acHM­
nTOTH'!eCKH 6onbwoli MHOJKecTBeHHOCTbJO npH HcnoJJb30BaHHH KanopHMeTpHH. OnHcaHo 
nepsoe HcCJJellOBaHHe, KacaJOweecll TpHrmposaHHll TaKHX co6biTHH c noMO!llbJO TOJJbKO 
KanopHMeTpH'!eCKOH HH<lJOpMaUHH. 

Pa6oTa BbJnOJJHeHa B Jla6opaTopHH llllepHbJX npo6neM 0115111. 

1. INTRODUCTION 

We believe now that the principle of elementary particle theory is known. It should 
be built on the basis of non-Abelian gauge theories, adding Lorentz covariantness and a 
renormalizability condition and, maybe, duality. There are only two fundamental questions: 
(A) the problem of mass hierarchies and (B) the problem of Grand Unification. Other 
questions, like confinement and so on, are more of a technical character. 

An experiment may only give an answer to the above questions by searching for the 
(heavy) superparticles, for the 'desert', and for the vacuum structure (Higgs bosons, topolog­
ical defects, and so on). It is useful to be able to separate experimentally background effects 
from multiparticle processes. 

The asymptotically high multiplicity (AHM) processes with n » n(s), where the mean 
multiplicity n(s) introduces the natural scale for n, seem to be of interest just by this 
reason [ 1]. First of all, hadron processes become hard in the AHM domain. This means that 

1 Permanent address: Inst. of Physics, Tbilisi, Georgia 
2 EP Division, CERN, Geneva 
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during the process of AHM production nonperturbative effects are 'frozen' and perturbative 
QCD predictions are available. Note also the expected enhancement of heavy particles in 
such processes: the initial energy would be spent mostly on the creation of particle mass. 

We have every reason to believe that AHM states are in equilibrium since the corre­
sponding entropy reaches a maximum in the AHM region [3] . Therefore, secondly, the 
final states of AHM processes are close to equilibrium and a few parameters only are 
important for the description of such states. Indeed, the asymptotic estimation shows that 
-!n{an f atod/n = p (n) + 0(1/n) in the AHM domain, where p(n) is the chemical po­
tential. Note, that the cold equilibrium state is the best arena for collective phenomena to 
occur. 

AHM processes may also be used for the creation of a dense, practically pure, cold 
quark-gluon plasma (CQGP) [2] . To describe this state the collective parameters (temperature, 
chemical potential) would be sufficient enough. So we hope, that the observation of high­
multiplicity processes will allow one to investigate the following topics [I]: 

I. The creation of (super)heavy particles and gluon jets with extremely high E1. (since 
the AHM processes are hard), 

2. Collective phenomena in the colored system (since the final state of AHM is near 
the equilibrium). We want to emphasize that this information is unreachable in other type of 
experiments. 

It is expected that at LHC energies the total mean multiplicity is fi "'. 100. At the 
same time, the maximal value of the multiplicity is nmax = JS/m ~ 70 000, where m is 
the characteristic hadron mass scale m "' 0.2 GeY. So, the AHM domain includes events 
containing of the order of 10 000 particles in the final state. 

Studies of AHM phenomena are at the very beginning and the aim of this paper is to 
discuss a possible way for an experimental selection of these events, which could be used 
as a trigger at LHC conditions. This question seems to be the most important since (i) the 
cross sections an in_ the AHM dm;nain are extremely small, i.e., an « 10-6

atot and it is very 
difficult to measure such small cross sections in the environment of high luminosity at the 
LHC for events without a clear signature (such as, e.g., a high p 1. lepton) . Moreover, (ii) we 
wish to consider n as the total multiplicity, including neutral particles (by triggering on the 
charged particle multiplicity - which in itself presents a huge challenge in the environment of 
the LHC - we might ~uppress the creation of neutral particles in the AHM domain). A more 
detailed discussion on the physics of the AHM domain will be given in subsequent papers. 

Our main idea is that in the AHM domain it is unimportant to know the strict value 
of the multiplicity. Therefore it may be sufficient to define n with certain, but controllable 
accuracy. For this purpose we want to try to use information coming from calorimetry only. 
We will show that a measurement of the total energy deposition in the calorimeter, (having a 
reasonable acceptance) allows one to fix the region of values n » n(s). 

2. MONTE CARLO SIMULATION 

A sample of 107 events for proton-proton collisions at JS = 14 TeY was generated 
with PYTHIA 5.7 [4] . Hard scattering (QCD high-pJ.) processes for the initial parton states 
qq, qg and gg (PYTHIA subprocesses II, 12, 13,28,53,68), and additionally low-pJ. production 
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Fig. I. Charged multiplicity distribution at 540 GeV [6], the solid J.ine shows the prediction of the Monte 
Carlo calculation 

(PYTHIA subprocess 95) were considered. In addition the framework of the Multiple­
Interaction Model was used, with a variable impact parameter and an verlap of the hadronic 
matter being consistent with a double Gaussian matter distribution [5]. This model was 
chosen, since it is (at moderate multiplicities) in quite good agreement with the available 
experimental data [6] at 540 GeV and predicts a long tail in the AHM domain, as can be seen 
in Fig. I. The latter provides large enough statistics for events with a very high multiplicty 
(the correctness of the cross section was not important at this stage). 
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Fig. 3. Dependence oft estrange particle 
fraction < nstr > /n on the total multi­
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As mentioned above, we expect that for high energies and high multiplicities the particle 
creation processes would have a tendency to become hard [2]. Due tot is, the mean transverse 
momentum of all particles and the mean strange particle multiplicity s ould rise with growing 
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total multiplicities. Figures 2 and 3 show the dependence of the average transverse momentum 
(PJ.)/n per particle and of the yield of strange particles on the total multiplicity n as obtained 
from PYTHIA 5.7. One can see that the average transverse momentum and the yield of 
strange particles slightly grow with the total multiplicity in the model used. 

Next we want to understand the effect of not being able to measure the particles them­
selves, but only to measure their energy deposition in a calorimeter. For this purpose, first a 
model of an ideal calorimeter was used. It is supposed to have a realistic angular acceptance 
with perfect energy resolution. In addition no lower cut-off on the momentum of the particles 
was required. In other words, all particles with pseudorapidities TJ < 4.9 (corresponding to 
the acceptance of the ATLAS calorimetry [7]) were considered as being detected. 

Using this assumption, the total multiplicity (including neutral particles) distribution n 
was compared to the total energy deposition in the calorimeter, as shown in Fig. 4. A clear 
correlation between the two quantities is found. The mean value of the total multiplicity (n) 
is shown in Fig. 5 as a function of the energy deposition in the calorimeter Eprime· One can 
see that (n) increases with increasing Eprime· 
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Fig. 4. Correlation between the multiplic­
ity n and the total energy Eprime within 

I7JI < 4.9 

<n> 
800 

600 

400 

200 

000 

800 

600 

400 

200 

.-

·' 
_ ........... · 

l!f,,,t·.,, 
~~~l!l!j~ I 

........ ! •• ... ... 

0 0 2000 4000 6000 8000 10000 

Eprime(GeV) 

Fig. 5. Correlation between the average 
multiplicity < n > and the total energy 
Eprime (for I7JI < 4.9) 

Finally, a few hundred events were simulated with the ATLSIM/DICE package [7], which 
contains a detailed simulation of the ATLAS detector response. This takes into account the 
effect of the magnetic solenoidal magnetic field on the detection of low momentum particles. 
In Fig. 6 one can see the same behavior for (n) = f(Ecalo), where Ecalo is the energy 
deposited in the ATLAS calorimeters, as obtained from the A TLSIM/DICE simulation. Two 
fits of a linear dependence of (n) on Ecalo are shown: the dotted line corresponds to the 
case of a 'real' ATLAS calorimeter; the solid line, to an ideal calorimeter with the same 
angular acceptance. The energy deposition in the case of the ATLAS calorimeter is about 
20% smaller than for the ideal one. 
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Fig. 6. Correlation between the average multiplicity < n > and the total energy E calo within 1171 < 4.9. 
The circles are using the real calorimeter, and the dotted line is the corresponding fit. The squares are 
PYTHIA without detector simulation, the solid line is the fit to the latter points. 

3. CONCLUSION 

We conclude from this first study that asymptotically high multiplicity events can be 
triggered using the measurement of the total deposited energy in a calorimeter. This result 
is important since it opens the possibility to enlarge the experimental investigations in a 
domain where one may expect new physical phenomena. Further studies are needed to refine 
the selection criteria and on the other hand to quantify the knowledge on the value of the 
multiplicity from a calorimetric measurement (and to assess the capabilities of the tracking 
detectors to measure the charged component of the total multiplicity). 
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ORBIT -3.0- A COMPUTER CODE FOR SIMULATION 
AND CORRECTION OF THE CLOSED ORBIT 
AND FIRST TURN IN SYNCHROTRONS 

D.Dinev1 

A new computer program ORBIT-3.0 for simulation and correction of the closed 
orbit and first tum in synchrotrons is described. The program works under WINDOWS 
95/98/NT and is a full object oriented application. It has an interactive interface, en­
hanced graphical capabilities and on-line printing. The original algorithms DINAM -
for closed orbit correction and FfURN - for first tum steering are described as well. 

The investigation has been performed at the Institute for Nuclear Research and 
Nuclear Energy, Bulgaria. 

ORBIT -3.0 - KOMDLIOTepua.a nporpaMMa 
WI.H MO./leJIHpOB3HHJI H KOppeKUHH 33MKHYfOH op6HTbl 
u nepooro o6opoTa o cuuxpoTpouax 

OnHcaHa KOMnbJOTepHlUI nporpaMMa ORBIT-3.0 llJ!ll MOlleJJHposaHHll H KoppeKUHH 
JaMKHyTOH op6HTbl H nepsoro o6opoTa B CHHxpoTpoHax. nporpaMMa pa6oTaeT non 
WINDOWS 95/98/NT H noJJHbiM Ha6opoM opHeHTHposaHHbiX npHJJOJKeHHH. 0Ha npen­
CTaBJJlleT C060H HHTepaKTHBHbiH HHTepcpeHC, llOflOJJHeHHblH rpacpH'!eCKHMH BOJMOJKHO­
CTJIMH c oH-JJaHH pacne'!aTKOH. TaKJKe onHcaHbl nepsoHa'laJJbHbte anropHTMbl DINAM 
- llJ!ll JaMKHyTOH op6HTbl H FfURN - llJ!ll ynpaBJJeHHll nepBbiM o6opOTOM. 

Pa6oTa BbinOJJHeHa s HHcTHTyTe llnepHbiX HcCJJenosaHHH H llnepHoH 3HeprHH, Eon­
rapHll . 

1. INTRODUCTION 

One of the major tacks of the optimum operation of a cyclic charged particle accelerator 
of synchrotron type is the control and the correction of the equilibrium closed orbit. Due to 
the errors in the dipole magnetic fields, random transversal displacements of the quadrupoles 
from the reference orbit, random tilts of the dipole magnets around the longitudinal axis, 
stray magnetic fields and ground movements the real closed orbit is distorted. The maximum 

1Institute for Nuclear Research and Nuclear Energy, 72 Tzarigradsko chaussee, 1784, Bulgaria 
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deviations of the distorted orbit from the reference orbit may reach some ten millimetres . 
Such large deviations do not allow one to use effectively the accelerator aperture and destroy 
the optimum work of the injection and extraction systems. For these reasons synchrotrons 
have special magnetic systems for correcting the closed orbit. 

Special orbit correction algorithms have been developed in order to set the proper strengths 
of the orbit correctors [I]. Each of these algorithms has its specific advantages and disadvan­
tages. 

One of the major tacks at the design time of any synchrotron is to assess the most 
probable mean orbit deviation and the orbit amplitude as well. Several approximate analytical 
estimations have been found [2], but the computer simulations still remain a safer approach. 
Knowing these estimations helps us to design an adequate orbit correcting system. 

A special problem is the first turn steering. 
During the assembling and initial tuning of the accelerator much bigger errors than 

the usual random field and alignment errors may occur. Sometimes they are caused by 
unpredictable mistake), and there are several such cases in the accelerator practice. In the 
presence of big linear errors the centre of charge trajectory does not follow any more the orbit 
and can have big dev iations from it. Even more, the beam can hit somewhere the vacuum 
chamber not being able to make a complete turn around the machine. Another case is when 
the first turn doesn't close onto the second. Along with the launch errors during injection this 
may cause harmful coherent oscillations of the beam. 

Many of the widespread computer codes created for general accelerator design - MAD 
[3], DIMAD [4], PETROC [5] and others- possess features for calculating the closed orbit 
under the influence of random errors and incorporate one of the orbit correction methods. 
However these programs have no build-in capability for making statistics both of orbit and of 
its correction over an ensemble of some hundred or some thousand random machines. Such 
feature is very helpful during the accelerator design . 

It is also advisable to compare different correction algorithms by means of computer 
simulations before io make your choice in favour of one of them. 

In addition the problem of first turn threading and closing lies beyond the scope of interest 
of the above-mentioned general purpose programs. Specialized computer codes have been 
developed for first turn steering [6,7] . 

Last but not least is the old fashion interface of all these programs. Designed as a rule 
in the 70s for the mo nstrous old computers and gradually improved in the time these general 
accelerator design programs are not interactive and have limited graphical capabilities (usually 
a sort of off-line graphics). They are far from the now standard Windows-type interface as 
well. 

In 1991, I developed the computer code ORBIT-2.0, especially intended for closed 
orbit simulation and correction . The computer code was created for the needs of the COler 
SYnchrotron COSY -Julich [7]. ORBIT-2.0 was written in C and runs on PCs under MS DOS. 
This is a menu driven program with enhanced graphical capabilities. A UNIX version with 
off-line graphics and printing was developed as well. Now a full MS WINDOWS 95/98/NT 
computer code ORBIT -3.0 for simulation and correction of both closed orbit and first turn is 
available. 
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Fig. I . Computer code ORBIT-3.0 

2. COMPUTER CODE ORBIT -3.0 

2.1. General Description. The computer code ORBIT-3 .0 is a full MS WINDOWS 
95/98/NT application. It is written in C++ and uses all the advantages of the object oriented 
programming. As a windows application ORBIT-3.0 has access to the big collection of 
WINDOWS resources and especially on-line printing , of both text and graphics on all the 
installed printers. The program has an interactive interface and enhanced graphical capabilities. 

2.2. Main Options. The ORBIT-3.0 options are grouped in four groups: closed orbit 
simulation and statistics; processing of real orbit measurement data in order to produce some 
kind of additional information; correction of the measured or simulated orbits; first turn 
steering (Fig.!). 

2.3. Orbit Simulation. As is well known the equation of transverse particle motion under 
linear perturbations can be put in the form of a forced oscillation equation by proper choice 
of the variables [ 1]. The 21r-periodic solution, i.e., the closed orbit can be represented by the 
formula: 

Q 
T/ = -----=-

2 sin 1rQ 

¢+211" 

j f(t) cosQ(</> + 1r- t)dt. 
¢ 

(1) 
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Fig. 2. Grap~ical represenlation of the closed orbet 

In (1) f(t) is a function which describes the linear perturbations, Q is the tune and: 

s 

X J d 
TJ= -.flJW' ¢= Q/3~s)' 

0 

(2) 

{3(s) being the Tw.iss' s amplitude function, x - the transverse and s - the longitudinal 
coordinates. It is very important to obtain a realistic predictions about the closed orbit 
behaviour in the future machine during the design period. The aperture of the vacuum chamber 
and the maximum strengths of the orbit correctors are determined on the base of the rms and 
maximum orbit deviations from the reference orbit. Knowing from the magnet measurements 
the dipole field errors b.B and from the geodesy the expected transverse misalignments b.x 
and b.z and tilts 6.0 of the elements one can calculate the statistical characteristics of the 
future orbit. In ORBIT-3.0 this is done either analytically applying the formulae obtained in 
[2] or by means of computer simulations. In [2] the variance of the maximum orbit amplitude 
is calculated taking into account only the major four orbit harmonics. ORBIT -3.0 calculates 
the value of the maximum orbit amplitude that will not be exceeded by 98% probability, the 
mean and the maximum rms deviations, and the rms orbit amplitude. 
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Fig . 3. Histograms of the simulated closed orbit 

Another approach used for making orbit statistics is the simulation. An ensemble of iden­
tical machines with errors generated by a random number generator with Gaussian distribution 
is investigated. Closed orbits in each machine are represented either by tables of orbit devi­
ations in beam position monitors (BPM) and structure elements or graphically (Fig.2). The 
results of orbit statistics are shown as histograms of maximum orb t amplitude distribution 
over the ensemble (Fig .3). 

The Fourier spectrum of the simulated orbit is calculated through the well-known relation 
between harmonics of the perturbations fk, gk and orbit Uk. vk: 

(3) 

2.4. Orbit Information. This group of options embraces feature~ for processing the data 
of real orbit measurements in order to produce some sort of additional information. 

First of all it is possible for the picture of the measured orbit al ng the machine circum­
ference to be shown on the screen and printed in a selected printer. 

A task that one frequently faces in the practice is to calculate the rbit deviations between 
BPMs. ORBIT-3 .0 offers two possibilities. In local interpolation mode the orbit deviations in 
some number of points along the circumference are calculated apply ng several interpolation 
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methods. In general interpolation mode, the orbit in all the structure elements of the machine 
is restored on the base of BPMs measurements . 

Finally the Fourier spectrum of the measured orbit could be calculated trough FFT and 
shown on the screen. 

2.5. Orbit Correction. ORBIT-3.0 includes six algorithms for orbit correction: har­
monic correction, beam-bump, least-squares (LSQ), singular value decomposition (SVD), 
Bacconier's method and DINAM. More information about these and other correction methods 
can be found in the review paper [ 1 ]. 

Harmonic correction is realised with the opportunity to set individual weights for each 
harmonic. 

Beam-bump correctiOn is coded for the case of arbitrary deployed correctors and monitors. 
LSQ correction uses either LU matrix decomposition or Gauss-Jordan elimination methods 

for response matrix inversion . 
SVD correction makes use of the singular value decomposition of the response matrix A: 

A=UWVr, (4) 

where U and V are unitary matrix and W is the diagonal matrix of the singular values w; 

[9]. 
Obtaining the above decomposition of the response matrix, the vector of the corrections 

lis calculated through : 
J = - V[diag (1/w;)]UT ij, (5) 

if being the vector of orbit deviations in BPMs. It should be emphasised that in case of some 
W i , s equal to zero or very small (singular or ilconditioned response matrix), the corresponding 
diagonal elements (1/wi) in (5) must be replaced by zero (oo-+ 0!) . 

In Bacconier's correction method the goal function is: 

N K 

q = -y ~:::>; + (1- -y) L 8]-=:;. Min , (6) 
n=l j=l 

where T/i are the orbit deviations in BPMs, Oj are the corrector strengths and -y is a parameter, 
0 < -y < l. 

As (6) reads, both the orbit deviations in BPMs and the strengths of the correctors are 
restricted thus reducing the influence of the remaining uncorrected higher harmonics of the 
correction. 

DINAM is an original algorithm for orbit correction developed by the author and it will 
be described wider in the next chapter. 

2.6. First Turn Steering. As we have mentioned in the introduction the first turn 
correction is a separate problem which frequently arises during the machine commitioning. 

First of all we should thread the beam making it to perform a full turn around the 
accelerator. Having corrected the centre of charge trajectory so that the beam goes entire turn 
around the ring we should close this trajectory, i.e ., make the second turn to coincide with 
the first one. 

ORBIT-3.0 includes options for both first turn threading and first turn closing. The 
algorithm applied for th is in ORBIT-3.0 will be described in the last chapter of this paper. 
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3. THE DINAM CORRECTION ALGORITHM 

While the other orbit correction algorithms, described in detail in [1], strive to compensate 
the orbit deviations only in the points where BPMs are situated, the D1 NAM algorithm corrects 
the orbit over the whole accelerator ring. For that reason the criterion of correction quality is 

27r 

defined as the functional q = (1/2n) J 7]2(¢)d¢ [10], where 7J is the orbit and¢ is machine 
0 

azimuth. 
As the orbit 77( ¢) is a random function of the azimuth we should improve this criterion 

by taking the mathematical expectation of the functional: 

27r 

q = M[(2~ J 7J2(¢)d¢. (7) 
0 

With this choice of the correction quality we exclude the cases when the corrected orbit 
has approximately zero deviations in BPMs and relatively .big deviations in between. 

It is shown that the quality criterion can be put in the following form [ 10]: 

(8) 

where 7J is the orbit, 7J is the corrector strength, N is number of BPMs and K is the number 
of orbit correctors. The coefficients Apq and Bqr in (8) describe the ptical parameters of the 
correction system and depend on </Jp, the azimuths of the BPMs and </Jq, </Jr. the azimuths of 
the correctors: 

2 ( n/2-1 N N ) 
Apq = N co+ 2 2.:: Ck cos k(</Jp- </Jq) + cN;2 cos -</Jp cos -</Jq , 

k=l 2 2 
(9) 

2 00 

Co "" 2 Bqr = 2 + L..., Ck COS k(</Jq- </Jr), (10) 
k=! 

where: 
2 sin nQ 

Ck = n2(Q2- k2). (II) 

The strengths of the orbit correctors are determined by the condition of minimum of q to 
occur. This leads to the following matrix equation for the correction vector 8: 

g = R7J. (12) 

The matrix 

(13) 

where A= {Apq} and B = {Bpq}. 
The matrix depends only on the azimuths of the BPMs and of the correctors and for the 

given accelerator can be calculated prior to the correction. 
Figure 4 shows an example of DINAM orbit correction. 
The DINAM correction algorithm is relatively fast. It works reliably. It was used in the 

COSY -Julich and JINR-Nuclotron synchrotrons. 
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Fig. 4. DINAM closed orbit correction 

4. FlRST TURN STEERING 

In order to thread the beam entire turn around the accelerator ring and make the centre 
of charge trajectory to follow the injection orbit as close as possible an original first turn 
steering algorithm has been developed for ORBIT-3 .0. 

The algorithm uses the least squares approach but allows for constraints on the corrector 
kicks to be set. 

The first turn correction is closely related to the beam line steering. In fact before closing 
the first turn onto the second the magnetic structure of a circular accelerator can be look at 
as a beam line. The BPMs «see» only those correctors which are deployed in front of them. 

Applying the superposition principle one can write for the orbit deviation produced by 
the correctors in the i-th BPM: 

where: 

k 

'f/; = L:a;JEj , 
j= l 

a;J = sinQ(¢fPAI- ¢f )e(¢fPAI - ¢f), 

( 14) 

( 15) 
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k being the number of used correctors and e - the Heaviside step function 

€*=~, (16) 

E being the corrector kick. 
Our algorithm follows the least squares approach. 
In practice very often the available corrector strengths are not big enough for the ex­

act correction to be realized. For that reason we have added parameter constraints to our 
algorithm. We used the penalty function method for that. 

The goal function·chosen is: 

(17) 

In ( 17) ryfes denotes the desired centre of charge trajectory ; n and k are the current 
numbers of used monitors and correctors. In the case when we have lost the beam before a 
full turn to be carried out the current number of used monitors n is less than the total number 
of monitors and the current number of switched on correctors k is less than the total number 
of available correctors K . 

We should look for the minimum of (17) to occur under the following constrains on the 
corrector kicks : 

lt:jl < ~, j = 1, ... , k . (18) 

Thus we face a constrained optimization problem [II]. 
In order to solve this problem we apply the penalty function method. According to this 

method we reduce the constrained optimization problem to a series of unconstrained problems 
by adding to the goal function (17) the so-called penalty function a( E*) : 

where J.J-k > 0, k = 1, 2, 3 ... are parameters and: 

lim J.J-k = oo. 
k -+oo 

(19) 

(20) 

The penalty function a( E*) must «punish» the function Ill ( E*) if the constraints ( 18) are 
broken and in ORBIT-3.0 we have chosen that: 

k 

a(Ej) = L max(O, E?- ~]), (21) 
j = l 

(22) 

Let Ejk, k = 1,2 , 3, .. . be the consecutive points of minimum of ll!t(Ej,J.J-k). It can be 
proved [II] that: 

(23) 
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and: 
lim [min 'llt(€j , J.tk)] = 'll(€jopt), 

k--+oo 
(24) 

where €j opt be the m1mmum of the goal function (17) under the constraints (18) . After 
threading the beam entire turn around the accelerator we should ensure that the beam closes 
itself , i.e., that the second (and the following turns) coincide with the first turn. To perform 
the closing we need information about the first and second turn deviations in the first two 
BPMs. This information can be provided by these monitors if they work in a single turn 
mode. The beam closing in ORBIT-3.0 is achieved by appropriate tuning of the last two 
correctors in the ring. 
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OllPE.UEJIEHIIE XAPAKTEPIICTIIK llAMRTll 

Ha OCHOBe TeOp1111 nposepK11 CTaTI1CTI1'!eCKI1X rHTIOTe3 npe.llJIOJKeHhl MO.lleJ!hHOe 

onpeneneHI1e 11 KOMTibiOTepHbiH MeTOD Bhi'II1CIIeHI1ll xapaKTep11CTI1 K naMliTI1 (BepOliTHO­

CTeH CB060.llHOfO BCTIOMI1HaHI1ll, BCTIOMI1HaHI1ll C TIO.llCKa3KOH, Y3HaBaH11ll), onpeneneHI1e 

11 cnoco6 Bhi'II1CIIeHI1ll 11HTeHCI1BHOCTeH TIO.llCKa30K, 11CTIOJih3YeMbiX np11 TeCT11pOBaHI111 

naMliTI1 '!eJIOBeKa. npe.!LIIOJKeHbl MO.lleJII1 aKTI1BHhiX 11 naCCI1BHhiX Clle.llOB naMliTI1 11 ycra­

HOBJieHO COOTHOllleHI1e MeJKDy HI1MI1 . noKa3aHO, 'ITO ll'!eHKy aBTOaCCOU11aTI1BHOH naMJ~TI1 

B BHDe KOpOTKOH DBYXCIIOHHOH 11CKYCCTBeHHOH HeHpOHHOH ceTI1 C nospeJKDeHI1liMI1 (HJI11 

6e3 TIOBpeJKDeH11H) MOJKHO 11CTIOJih30BaTb .!Lilli MO.lleJ!hHOfO OTII1CaHI1ll xapaKTep11CTI1K na­

MliTI1 11CnhiTyeMbiX C '!aCTI1'IHO TIOBpeJKDeHHhiM (HJI11 3.110p0Bb!M) M03fOM. 

Determination of Memory Performance 

P.M.Gopych 

Within the scope of testing statistical hypotheses theory a m odel definition and 

a computer method for model calculation of widely used in neuropsychology human 

memory performance (free recall, cued recall, and recognition probabilities), a model 

definition and a computer method for model calculation of intensities of cues used 

in experiments for testing human memory quality are proposed. M odels for active and 

passive traces of memory and their relations are found. It was shown that autoassociative 

memory unit in the form of short two-layer artificial neural network with (or without) 

damages can be used for model description of memory performance in subjects with (or 

without) local brain lesions. 

1. BBE.llEHIIE 

BaJKHeiiweii 3a;:J.a'Ieii coapeMeHHOii Heiipo6Hononnl liBJUieTcl! BbtliBJieHHe MexaHH3MOB KO­

.llHposaHHll HHQlOpM3UHH B HeHpOHHbiX CTpYJCTypax M03ra 'leJIOBeKa H JI(HBOTHbiX. 113-33 

MelK.llHCUHTIJIHHapHOCTH npo6JieMbl cymecTBeHHble pe3yJibT3Tbl npH ee HCCJie.llOB3HHH 'l3CTO 

nonyqaiOT, HCnOJib3Y51 MeTO.llbl CMeJI(HbiX .llHCUHnJIHH: 3BpHCTH'leCKOro MO.lleiiHpOB3HHll [1]. 
M3TpHl!HOro HC'lHCJieHHll [2), TepMO.llHH3MHKH [3), TeOpHH HHQlOpMaUHH [4). 

1 XapbKOBCKHii rocyaapcTBeHHhlli YHHBepcHTeT, YKpaHHa; e-mail: pmg@pmg.kharkov .com 
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B HaCT051lUeH pa6oTe Ha OCHOBe CTaTHCTH'·IeCKOH TeOpHH npHH~TIDI peweHHH - BbJ6opa 

rwnoTeJ (eM., HanpwMep, [5]) npe.llJIO))(eHbi MOJieJibHoe onpeJieJieHwe w cnoco6 KOMnbloTep­

Horo Bbi'IHCJieHH~ HeKOTOpblX KOJIH'IeCTBeHHbiX xapaKTepHCTHK naM~TH - O)lHOH 113 Ba))(­

HeHUIHX KOrHHTHBHbiX cpyHKUHH MOJra. Ha Ba))(HOCTb yYeTa npoueccos npHH~TH~ peweHHH 

npw onwcaHHH cpyHKUHOHHposaHH~ naM~TH YKaJbiBaJIOCb eme B [6]. OcHosoii npe.ll.TlaraeMbiX 

pe3yJibTaTOB CTaJIH 3KCnep HMeHTaJibHbie .UaHHbie (7] 0 xapaKTepHCTHKaX 3pHTeJibHOH CHCTeMbl 

'leJIOBeKa-onepaTopa, H.lle HTHcpHUHpyiOIUero (pacnOJHaiOIUero) O)lHHO'IHbie nHKH Ha CJiyYaH­

HOM a)l)lHTHBHOM cpoHe B JIHHeH'IaTbiX cneKTpaX H3JlyYeHH~ (3TO O)lHH H3 OCHOBHbiX THnOB 

nepBH'IHbiX 3KCnepHMeHTaJibHbiX )laHHbiX B COBpeMeHHOM ecTeCTB03HaHHI1), 11 MeTO)l (8] HX 

nOJIHOfO KOJIH'IeCTBeHHOfO OnHCaHH~ C HCnOJib30BaHHeM TeOpHH HCKyCCTBeHHbiX HeHpOHHbiX 

CeTeH (CM., HanpHMep, (9, 10]). 
,UJI~ npHMeHeHH~ CTaTHCTH'IeCKOH TeOpHH npHH~TH~ peweHHH He06XO)li1MO B ~BHOM BH)le 

onpeJieJIHTb cTaTHCTH'IeCKHe CBOHCTBa HCcJieJiyeMoro o6beKTa. B paMKax HacTo~weii pa60Tbi 

npe.unonaraeM, 'ITO CaM ::m eMeHT (~'leHKa) naM~TH 3a.uaeTC~ )leTepMHHHpOBaHHO, a CTaTHCTH'Ie­

CKHe CBOHCTBa CB~3aHHOfO C HHM ~BJieHH~ naM~TH o6ycJIOBJieHbl CTaTHCTH'IeCKHMH CBOHCTBaMH 

o6pa6aTbiBaeMbiX 11M CHfHaJIOB. 003TOMY Onpe.ueJIHM BHa'laJie npOCTeHWYIO HeHpOCeTeByiO MO­

)leJib ~'leHKH naM~TH H MO)leJIH o6cJI~HBaiOIUHX ee CHrHaJIOB. 

2. UOCT AHOBKA 3A.IlA qu 

PaccMOTpHM .usyxcno iiHyro HCKyccTBeHHYIO HeiipoHHYIO ceTb (l1HC) c OJIHHaKOBbiM '111-

cnoM N BXO)lHbiX H BbiXO)lHbiX HeHpOHOB, C CHHanTH'IeCKHMH CB~3~MI1, KOf)la Ka))(JlbiH HeHpOH 

BXO)lHOfO CJIO~ CB~3aH CO BCeMH HeHpOHaMH BbiXO)lHOfO CJIO~, CO CTyneH'IaTOH OTBeTHOH cpyHK­

UHeH HeHpOHOB H HyJieBbiM noporOM HX cpa6aTbiBaHH~. OonaraeM, 'ITO MO.UeJibHbie HeHpOHbl 

6HHapHbie, T.e. HX BXO)lHbie H BbiXO.llHbie CHrHaJibl npHHHMaiOT TOJibKO O)lHO 113 JIBYX )lHCKpeT­

HbiX JHa'leHwii: -1 HJIH + I (MO))(HO nonaraTb, 'ITO 3TO MOJieJibHoe npeJicTaBJieHHe HepBHbiX 

HMnyJibCOB, nocTynaiOUlHX Ha BXO)l .COOTBeTCTBeHHO TOpM03HbiX 11 B036y))(JlaiOIUHX CHHanCOB 

))(HBbiX HeHpOHOB). 

0pOH3BOJibHbiH Ha6op CHfHaJIOB Ha BXO)le (BbiXOJie) paCCMaTpHBaeMOH l1HC 6yJieM 3anH­

CbiBaTh B BH.lle BeKTopos X B opToroHaJibHOM npocTpaHCTBe pa3MepHOCTH N, see KOMnoHeHTbi 

(npoeKUHH) KOTOpbiX MOryT npHHHMaTb 3Ha'leHH~ TOJibKO -J HJIH + J. Tor.ua COBOKynHOCTb 

BXO.llHbiX CHfHaJIOB CeTH - 3TO ee BXO.UHOH BeKTOp Xj 11 , a COBOKynHOCTb BbiXO)lHbiX CHrHa­

JIOB CeTH - 3TO ee BbiXO)lHOH BeKTOp Xout· nocKOJibKY Xin. Xout ~BJI~IOTC~ 6HHapHbiMI1 

seKTopaMH OJIHHaKosoii p a3MepHOCTH N, TO onHcaHH~ l1HC npeJicTasn~eT co6oi1 ~'IeMKY 

asToaccouwaTHBHOH [2, 4] naM~TH eMKOCTbiO N 6wT. 

TiycTb X 0 - npOH3BOnhHbiH BeKTOp, 3Ha'leHH~ npoeKUHH KOToporo HeCYT 3anoMHHaeMyiO 

paCCMaTpHBaeMOH CeTbiO (~'leHKOH aBTOaCCOUHaTHBHOH naM~TH) HHcpOpMaUHIO. oy)leM Ha3bi­

BaTb X0 BeKTopoM-3TaJIOHOM. OpaBHJIO, onpeJieJI~IOIUee ::meMeHTbi CHHanTH'IeCKOH MaTpHUbi 

l1HC npw 3anoMHHaHHH e 10 3TaJIOHHoro seKTopa, Bbi6epeM, cneJiy~ XoncpHIIJIY [3], B sw.ue 

Wij = XoiXoj/N, (I) 

r.ue Xoi - i-~ KOMnOHe HTa BXO)lHOfO BeKTOpa (BXOJIHOH CHfHaJI i-ro HeHpOHa BXO)lHOfO 

cno~ ceTw); X 01 - j-~ KOMnOHeHTa BbiXOJIHoro seKTopa (BbiXO.UHOH CHrHaJI j-ro HeiipoHa 

BbiXO)lHOfO CJIO~ ceTH). T aKHM o6pa30M, B (I) npe)lnonaraeM, 'ITO Xin = Xout = Xo. no 
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3TOH npH'IHHe Xoi = X 01 npH i = j (i - HOMep sxo.uHoro He.:ipoHa, j - HOMep BhiXO.UHOro 

He.:ipoHa). BH.!lHO, 'ITO Me:li<He.:ipoHHhJe CBj!JH Wij· Heo6xo.uHMhJe ,llJijl JanoMHHaHID! ceThJO 

seKTopa X0 , cOOTHOWeHHeM (1) onpe.uenj!JOTCji O.UHOJHalJHO, T.e . .ueTepMHHHposaHHO (J.uech 

H .uanee MHO)I(HTenh 1/N HecywecTBeHeH, nosToMy B .uanhHe.:iweM ero onycKaeM). 

J1HC C Me)I(HeHpOHHhiMH CBjiJjiMH (1), onpe.uenjieMbiMH JanOMHeHHhiM 3TanOHHhiM BeK­

TOpOM X 0 , 6y.ueM Ha3hJBaTh o6yqeHHOH ceThJO H, cne.uyjl [8], 6y.ueM paccMaTpHBaTh npas~-~no 

(1) BhllJHCneHHji Wij COBMeCTHO C Onpe.uenjieMbiMH HH)I(e npaBHnaMH .(2)-(3) npeo6pa30Ba­

HHji KOMnoHeHT sxo.uHoro seKTOpa KaK anropHTM pacnoJHaBaHHjl seKTopa X 0 . EcnH nocne 

npeo6pa30BaHHjl o6yq~HHOH ceThJO npoHJBOnhHoro sxo.uHoro seKTOpa X;n Ha ee Bhlxo.ue B03-

HHKaeT seKTOp Xout = Xo, TO C'IHTaeM, 'ITO ceTh HJleHTHcpHUHposana (yJHana) JanoMHeHHhiH 

e10 STanoH Xo. 
npeo6pa3oBaHHe BXOJlHOro BeKTOpa X;n B BhiXO.UHOH BeKTOp Xout npoHCXO.UHT no TaKHM 

npasHnaM (eM. [3, 8]). 
BwmcneHHe BXO.UHOfO CHrHana ,llJiji j-rO HeHpOHa BhiXO.UHOro cnOji CeTH: 

(2) 

r.ue CYMMHpOBaHHe no i = 1, ... N; V;- BhiXO.UHOH CHrHan i-ro HeH OHa BXO.UHOro CnOji CeTH; 

Sj - CTOpOHHHH CHrHan (3.UeCb Sj = 0). 
8hi4HCneHHe BhiXO.UHOfO CHrHana VJ j-ro HeHpOHa BhlXOJlHOro CnOji CeTH (j-H KOMnO­

HeHThl BhJXOJlHOro seKTopa X 0): 

V. = { +1, ecnH 
1 -1, ecnH 

(3) 

nonar~ Hi paBHbiM i-H KOMnOHeHTe BXO.UHOro BeKTOpa X;n, c OMOWhiO (3) HaXO)lj!T H 

BbiXO.UHOH CHfHan V; )lJlji i-rO HeHpOHa BXO.UHOfO cnOji CeTH. 

Ope.unonaraeM, 'ITO pacnOJHaBaeMblH BeKTOp-3TanOH MO)I(eT 6h1Th OO.UBep)l(eH cnyqaHHhiM 

HCKa)l(eHHj!M. Tor.ua )lJljl KOnH4eCTBeHHoro omtcaHHjl 3THX HCKa)l(e HH Ha.uo onpe.uenHTh no­

HliTHe rnyMa H npaBHnO, onpe.uenjiJOWee, KaK 3TOT WYM MO)I(eT HCKa)l(aTb 3TanOH. 

B paMKax paccMaTpHsaeMoro no.uxona npoeKUHH scex seKTop B MOryT npHHHMaTh 3Ha-

4eHHll TOnbKO -I HnH +I, no3TOMY onpe.uemtM cnyqaHHbJH seKTop, nH " wYM", Xs KaK seK­

Top, 3Ha4eHHji KOMOOHeHT KOTOporo -I HflH +I pacnpeneneHbl cny4 aHHO H paBHOBepOjiTHO. 

Onpe.uemtM TaK)I(e HCKa)l(eHHbJH 3TanOHHbiH BeKTOp X(d) KaK seKTo p X 0 , HCKa)l(eHHhJH (co 

cTeneHbJO HCKa)l(eHHjl d) WYMOM X 8 : 

sign(Xoi) = sign(Xsi) 
sign(Xoi) f:- sign(Xsi), 

(4) 

r.ue x .i (d), Xoi, Xsi - i-e npoeKUHH HCKa)l(eHHOro BeKTOpa-3Tan Ha, BeKTOpa-3TanOHa H 

WYMOBOro BeKTOpa; i = 1, ... N; Ui- npH3HaKH, 3Ha4eHHll KOTOpbl X "0" HflH "I" Bbi6HpaeM 

cny4aHHO H paBHOBepOHHO C C06nJO.UeHHeM ycnOBHji HOpMHpOBKH 

(5) 

51CHO, 4TO 0 ~ d ~ 1, X(O) = Xo, X(l) = X 8 • 
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B c11ny npas11na (I) ( eM. TaK)Ke [3, 8]) np11 a1-1an113e ceTbiO seKTOpa X 0 Ha ee SbiXO)le 

o6JJ3aTenbHO so3HI1KaeT TOT )Ke seKTOp X 0, T.e. o6)"'eHHall ceTb yJHaeT JanoMHeHHbiH e10 

seKTop-::nanoH c sepOllTHOCTbiO 1. Dp11 a1-1an113e ceTbiO cn)"'aHHOro seKTOpa Xs (T.e. WYMa) 

JanoMHeHHbiH e10 ::nanoH X0 MO)KeT so3HI1KHYTb Ha SbiXOJle o6)"'eHHOH YIHC TOnhKO cny­

'!aHHO. Cne)losaTenbHO, sepollTHOCTb a cn)"'aHHOH 11HTepnpeTaUI111 WYMa s Ka'leCTse :nanoHa 

ecTb a < 1. Dp11 a1-1an113e ceTbiO seKTopa X( d) pean113yeTCll npoMe)KYTO'IHall CI1TyaU11ll 11 

Ha SbiXOJle o6)"'eHHOH YIH C ::nanoHHbiH seKTOp X 0 so3HI1KaeT c sepollTHOCTbiO P(d), Jlnll 

KOTopoii, no HaJsaHHbiM n p11'111HaM, 11MeeM: a::::; P(d)::::; 1, P(l) =a, P(O) = 1. 
J111Heii'laTbie cneKTpbi 113n)"'eHI1ll (6onee o6m11ii cn)"'aH - pe3ynhTaT umpposoro cKaHI1-

posaHI1ll np0113SOnbHbiX lliTp11XOSbiX 11306pa)KeH11H) MO)KHO npeo6pa30SaTb S Ha6op SeKTOpOS 

C KOMnOHeHTaMI1 113 nOJ10)1(11TenbHbiX 11n11 OTp11UaTenbHbiX e)li1H11U 6e3 nOTep11 11HQlOpMaU1111, 

cymeCTseHHOH Jlnll pacno3HasaH11ll s 1-111x o6pa3os HeiipoceTeSbiMI1 anrop11TMaMI1 [8]. Dp11 Ta­

KOM npeo6pa30SaHI111 (no npaSI1JlaM 113 (8]) )"'aCTKI1 cneKTpa C XOpOlliO Sbipa)KeHHbiM ni1KOM 

npeo6pa3yJOTCll s ::nanoHHbiH seKTop X 0, )"'aCTKI1 cneKTpa co cna6o Sbipa)KeHHbiM ni1KOM - s 

11CKa)KeHHbiH ::nanOHHbiH SeKTOp X(d), CO CTeneHbiO 11CKa)KeHI1ll d, 3aSI1ClllUeH OT OTHOllleHI1ll 

Cl1rHanfWYM )lnll ::noro n 11Ka, a )"'aCTKI1 cneKTpa 6e3 ni1KOS (QlOH) - S OJlHY 113 CJl)"'aHHbiX 

pean113au11ii seKTopa X 8 • TaKI1M o6pa30M, onpe)leneHHbie SbiWe seKTOp-::nanoH, 11CKa)KeHHbiH 

seKTOp-3TanoH 11 seKTop WYMa )leHCTSI1TenbHO peani13YJOTCll np11 HeiipoceTesoM a1-1an113e llll1-

poKo pacnpocTpaHeHHbiX peanbHbiX CTaTI1CTI14eCKI1X )laHHbiX 11, 6onee TOro, see S03M0)1(Hbie 

sap11aHTbi 11CKa)KeHHbiX 3TanOHHbiX seKTopos X(d) 11C4epnbisaJOT see s03MO)I(HbJe sap11aHTbJ 

SXOJlHbJX seKTopos X; 11 ( HanOMHI1M, X 0 , Xs llSnlliOTCll 4aCTHbJMI1 cny4aJJMI1 X(d)) . Cne)losa­

TenbHO, ecn11 )lanee sMeCTo X; 11 SCIOLIY 11cnonb3osaTb X(d), TO o6mHOCTI1 paccMoTpeHI1ll 3TO 

He orpaHI1411SaeT. 

3. PE3YJih T A Thl U OliCYJK)lEHUE 

. . 
Anrop11TM pacn03Hasa HI1ll ( 1 )-(3) aHanl1311pyeT SXOJlHbJe )laHHbie CTaTI1CTI1'JecKoro xapaK-

Tepa, n03TOMy 11HTepnpeT11pyeM ero KaK HeKI1H CTaTI1CTI1'1eCK11H Kp11Tep11H nposepK11 npOCTblX 

anbTepHaTI1SHbiX rHnOTe3 (5, 8). 
DonO)KI1M, 'ITO HyJleSall rHnOTe3a Ho COCTOI1T S TOM, 'ITO aHanl1311pyeMblH CeTbiO SXO)lHOH 

seKTOp X;n = X( d) ecTb cn)"'aHHbJH seKTOp X 8 • Tor)la anbTepHaTI1SHall mnoTe3a H1 cocTOI1T 

s TOM, 'ITO X(d) ecTb 3Tan OHHbJH seKTOp X 0 (xOTll 11 11CKa)KeHHbJH Jli1CKpeTHbJM 6111-1apHbJM 

WYMOM X 8 ) . 

BepollTHOCTb OTJ3ePrHYTb H0 ecTb yposeHb 3Ha411MOCTI1 Kp11Tep11ll a [5], TaK KaK co­

macHo np11se)leHHOMY SbJ W e onpeJleneHI110 sxOLIHOH seKTOp X s 11HTepnpeT11pyeTCll ceTbiO KaK 

3TanOHHbiH c sepollTHOCTbiO a. Cn)"'aHHbJH seKTOp Xs (T.e. wyM) He COJlep)K11T KaKOH-nl16o 

11HcpopMaU1111 o6 X 0 11, cn e)losaTenbHO, a ecTb Jlnll o6)"'eHHOH ceTI1 sepoliTHOCTb "scnoMHI1Tb" 

JanoMHeHHbiH e10 seKTop- 3TanoJ-J 6e3 no)lcKa3KI1. Ponb wyMosoro seKTopa Xs cocTOI1T 3JleCb 

TOJlbKO S TOM, 'ITO OH 11 H11U1111pyeT 3TO SCnOMI1J-JaHI1e . TaKI1M o6pa30M, Q eCTb S OLIJ-10 11 

TO )Ke speMll yposeHb 3Ha 411MOCTI1 Kp11Tep11ll, sepOllTHOCTb Ollii16KI1 nepsoro pOJla, ycnOSHall 

sepOllTHOCTb nO)KJ-JOfO 0 6 Hapy)KeHI1ll (sepOllTHOCTb JlO)KJ-IOH TpesorH) 11 sepOllTHOCTb SCnO­

MHI1Tb 3anOMHeHHYIO 11HQlOpMaU1110 6e3 nO)lCKa3KI1 (sepOllTHOCTb CS060)lHOro SCnOMI1J-JaJ-JI1ll 

113 naMllT11). 

nycTb sepOllTHOCTb OTSeprHYTb Ht, KOr)la OHa sepHa, eCTb (3, T.e . (3 - 3TO sepOllT· 

HOCTb ow116K11 sToporo p oJla [5] . BepoliTHOCTb np11Hl1Tb mnOTe3y H 1 np11 3TOM )Ke ycnos1111 
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ecTb MOIUHOCTb KpHTepmt M = 1 - {3, npw-teM M = P(d), Ta K KaK comacHo npHBC.LICH­

HOMY BbllliC onpe,LICJlCHHIO npH aHamne BXO,LIHOro BCKTOpa X(d) Ha BbiXO,LIC l1HC 3TaJ10HHbiH 

seKTop X 0 B03HHKaeT c sepo.IITHOCTbJO P(d). l1cKa)I(CHHbiH 3TarrOHHbiH seKTop X(d) co­

nep)I(HT HeKyJO HHQJOpMaUHJO o6 X0 (TeM 6orrblliYJO, "'eM MeHbllle ri), H 3Ta HHQJOpMaUH.II 

"HanoMHHaeT" HHC o JanOMHCHHOM e10 3TarrOHHOM seKTOpe HIT H, npymMH crrosaMH, crr~HT 

" noncKa3Koii" npH scnoMHHaHHH o6Y4eHHOH ceTbJO 3TarroHa X 0 . CrrenosaTerrbHO, P ecTb 

sepo.IITHOCTb scnoMHHaHH.II ceTbJO 3TarroHa X 0 npH HarrH"'HH noncKa3K.H. l1HTCHCHBHOCTb 3TOH 

llO,LICKa3KH q onpe,LICJlHM KaK q = 1 - d. 3TO npOCTCHlliCC onp e,LICJlCHHC q, .LIJl.ll KOTOporo 

BbinOJlH.IICTC.II ,LIBOHHOC HepaBCHCTBO 0 ::::; q :S: 1 H q( d) MOHOTOHHO paCTCT C YMCHblliCHHCM 

d so seeM nonycTHMO~ .L1Hana3oHe 3Ha"'eHHH 0 :S: d :S: 1 (eM. Bbi w e) . TaKHM o6pa30M, P(d) 
HJlH P(q) = P(1 -d) CCTb B O,LIHO H TO )I(C BpCM.II MOIUHOCTb CTaTHCTH"'CCKOfO KpHTCpH.II 

npOBCpKH fHllOTC3, yciTOBHa.ll BCpO.IITHOCTb HCTHHHOfO 06Hap~CHH.II HCKa)I(CHHOro BCKTOpa-

3TaJlOHa H BCpO.IITHOCTb BCllOMHHTb HaXO.LI.IIlllYIOC.II B naM.IITH HHQJOpMaUHIO npH CTCllCHH CC 

HCKa)I(CHH.II d HJlH npH HHTCHCHBHOCTH llO,LICKa3KH q. P(O) CCTb n p H TaKOM paCCMOTpCHHH BC­

pO.IITHOCTb y3HasaHH.II 3anOMHCHHoro B naM.IITH 3TarroHa, P(1)- s epG.IITHOCTb ero cso6onHoro 

scnoMHHaHH.II (3.LICCb H narree .LIJl.ll onpenerreHHOCTH norraraeM P = P(d)). 
TaKHM o6pa30M, o6bi"'HO onpenerr.lleMbiC [II] B HeiiponcHxorrom"'eCKHX onbiTax KOITH­

"'CCTBCHHbie xapaKTepHCTHKH Ka"'eCTBa naM.IITH "'erroseKa - y 3HasaHHe, cso6onHoe scno­

MHHaHHe H BCllOMHHaHHC C llO,LICKa3KOH - npHo6peTaiOT B paMKaX H3J10)1(CHHOfO llO,LIXO,Lia 

CTpOrHH KOJlH"'CCTBCHHbiH CMbiCJl. CTpOrHH KOJlH"'CCTBCHHbiH CMbiCJl npHo6peTaeT H 06bi"'HO 

Hcnorrb3yeMoe [II] B TaKHX onbiTax noH.IITHe noncKa3KH. CrrenosaTerrbHO, .LIJl.ll npoH3BOJlbHOro 

3JlCMCHTa naM.IITH, HC3aBHCHMO OT TOro, npHHa.LIJlC)I(HT OH )I(HBOMY opraHH3MY HJlH MalliHHC, 

MOJKHO onpenerrHTb ( " H3MepHTb") xapaKTepH3YIOIUHe ero Ka"'eCTBO sepo.IITHOCTH P(O), P(1) H 

P( d) npH 0 :S: d :S: 1. Un.11 3Toro Ha.LIO TCCTHposaTb naM.IITb 6orrbWIIM KOITH"'CCTBOM JanoMHCH­

HbiX B HCH o6pa30B C pa3llH"'HOH CTCllCHbiO HX HCKa)I(CHH.II d. 8 [7) npHBC,LICHbl pe3yJlbTaTbl 

TaKOfO TCCTHpOBaHH.II 3pHTCJlbHOH CHCTCMbl "'CJlOBCKa-onepaTOpa rpacpH"'CCKHMH H306pa)I(CHH­

.IIMH KOpOTKHX cpparMCHTOB JlHHCH"'aTbiX CllCKTpOB C nHKaMH H 6 e 3 llHKOB, B [8) npHBC,LICHbl 

pe3yllbTaTbl TaKOfO lKC TCCTHpOBaHH.II OllHCaHHbiX BbiWC l1HC n p H aHaJIH3C HMH TaKHX )I(C, 

KaK B [7), cneKTpOB, HO B UHQJpOBOH cpopMe . MeTO,LIHKa BbinOJlHCHH.II ynOM.IIHYTbiX TCCTOB C 

llOMOIUbiO KOMllbiOTCpHOfO MO,LICllHpOBaHH.II llO.Lip06HO OnHCaHa B [1 2) . 
0TMCTHM, "'TO OllHCaHHa.ll MO,LICJlb naM.IITH npennorraraeT opra HH"'HOC COCYlllCCTBOBaHHC 

nsyx cpopM KOITH"'CCTBCHHoro onHcaHH.II cnenos naM.IITH : I) B BHUC CHHanTH"'CCKOH MaTpHUbi 

(I), MO.LICITHpyiOIUCH CllCUHQJH"'CCKOC pacnpeneneHHC CHJlbl MClKHe ii pOHHbiX CB.II3CH B o6naCTH 

M03ra, OTBCTCTBCHHOH 3a xpaHCHHC 3anOMHCHHOH HHQJOpMaUHH ( naCCHBHbiH CJlC.LI naM.IITH), 

2) B BH.LIC BXOl\HbiX H BbiXO,LIHbiX 6HHapHbiX BCKTOpOB, .IIBJl.IIIOlllHXC.II MO,LICJl.IIMH COBOKynHOCTH 

HCpBHbiX HMnyrrbCOB, llOCTynaiOIUHX Ha BXO.LI HJlH B03HHKaJOIUHX a BbiXO,LIC TOH )I(C 06ITaCTH 

M03ra (aKTHBHbiH CllC.LI naM.IITH) . MaTpHUa CHHanTH"'CCKHX CB.II 3CH (naCCHBHbiH CJlC!l naM.II­

TH) - 3TO MOl\Cllb C06CTBCHHO 3anOMHHaHH.II (xpaHCHH.II) HHQJOpMaUHH , npH"'CM BCCbMa Ha­

l\ClKHOfO, TaK KaK "!aCTO na)I(C HaJIH"'HC CHJlbHbiX llOBpC)I(.LIC~IHH o6y"'CHHOH CCTH HC HCKJliO"'aCT 

llOJlHOro H3BJ1C"'CHH.II 3anOMHCHHOH B HCH HHQJOpMaUHH (CM . HH)I(C) . EHHapHbiC BCKTOpbl (aK­

THBHbiC CJlC,Libl naM.IITH) MOl\CllHPYIOT BCC BH.Libl nepena"'H H o6pa6 T KH 3anOMHCHHOH HHQJOp­

MaUHH. DpH"'CM TOT cpaKT, "'TO 3TH BCKTOpbl HMCHHO 6HHapHbiC, 0 3Ha"'aCT, "'TO Bbi"'HCJlCHH.II 

(o6pa60TKa HHQJOpMaUHH) B HCpBHbiX TKaH.IIX lKHBOTHbiX H "'CJlOBC Ka BbinOJlH.IIIOTC.II, COrJiaCHO 

paCCMaTpHBaCMOH MO,LICJlH, B l\BOH"'HOH apHQJMCTHKC . 

Ha pHCYHKe npHBC.LICHbi pe3yrrbTaTbi KOJlH"'CCTBCHHOro HccnenosaHH.II Ka"'eCTBa onHcaHHOH 

Bbillle 3JleMeHTapHoi1 .II"'CHKH asToaccouHaTHBHOH naM.IITH c noMOUlbiO seKTopos X(d), reHe-
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p 
2,3 

Standard 

O.If- I I I I I 
I I I I 

" h 4 

5 
"noise" 

I I 
I 

I 
I 

I 
I I 

0.0 1 .____.____.__.___.___.__"--_.____.__.___.___.___, 
0 0.2 0.4 0.6 

d 

0.8 1.0 

BepoliTHOCTH P(d) scnoMHHaHHJI (yJHaBaHHJI npH d = 0) ceTbJO c N = 9 JanoMHeHHoro e10 3TaJJOHHoro 

BeKTOpa CO CTeneHbiO ero HCKa)l(eHHJI d; KpHBble - pe3yJibTaT HHTepnOJIJII.IHH Bbi'!HCJieHHbiX 3HalJeHHH 

(pa3JIHlJHble 3HalJKH). CJiesa CXeMaTHlJeCKH noKa3aHbl 3TaJlOHHblH (Standard) H npHMep CJIYlJaHHOfO 

("noise") BeKTOpOB: 'lepTOlJKH f!_Bepx H BHH3 03HalJaJOT COOTBeTCTBeHHO KOMfiOHeHTbl 3THX BeKTOpOB CO 

3HalJeHHJIMH +I H -J . ilpyme flOJICHeHHJI B TeKCTe 

pMpyeMbiX flO npaBHJiaM (4), (5) npH onpe)leJieHHbiX (H3BeCTHblX) 3Ha'leHHJIX d )liiJI npHMepa 

ceTM c N = 9. TaKoe .N Bbi6pauo, 'lT06hi o6ner'lHTb cpasHeHHe npHBOJlMMbiX H npe)lwecTBYIO­

LUHX (8] pe3yJibTaTOB H npo )leMOHCTpHpOBaTb, 'lTO )la)l(e npH CTOJib Ma.JIOM 'lHCJie aCCOI.IHaTHB­

HbiX HeiipoHOB onHcaHHYIO HHC MO)I(HO HCriOJibJOBaTb )lJIJI KOJlH'leCTBeHHoro MO)lellHpoBaHHJI 

cpyHKUHOHa.JibHbiX CBOHCTB )I(HBOfO MOJra (B OTJlH'lHe OT 3TOro B [ 4] yTBep)I(JlaeTCJI, 'lTO TaKOe 

MO)lellHpOBaHHe B03M0)1(H 0 JIHWb C HCilOJib30BaHHeM JlBYXCJlOHI·IbiX HeHpOHHbiX ceTeH, CO)lep­

)l(aWHX He MeHee 106- 107 
aCCOUMaTHBHbiX :!lJleMeHTOB C 'lHCJlOM CHHariCOB Ha Ka)l()lOM H3 HHX 

"' 105-106
) . Ha pHCYHKe noKa3aHbi JaBHCHMOCTH P(d) .Will uenospe)I(JleHHOH (KpHBall 1) H 

nospe)l()leHHbiX (KpHBbie 2-5) HHC c N = 9. 3JleCb P(d) = n0 (d) / n(d), r)le n(d)- 'lHCJlO 

pa3HbiX reHepMpyeMbiX KOMribiOTepOM BXO)lHblX BeKTOpOB X(d) CO CTelleHbiO HCKa)l(eHHJI d 
BeKTOpa-3Ta.JIOHa, no(d) - 'lHCJlO CllYlJaeB, KOr)la B pe3yJJbTaTe aHa.JIH3a CeTbiO BXO)lHOrO BeK­

TOpa X( d) Ha ee BbJXO)le B0 3HHKaeT 3Ta.JIOHHbiH seKTOp X0 . 3Ta.JIOHHbJH seKTop X0 H npHMep 
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cnyt~aHHoro seKTOpa Xs noKaJaHbl Ha pHCYHKe BHHJY cnesa. OpH Bbi6ope BH.lla X0 cne.uosanH 

pa6oTe [8]. BepOHHOCTH P(d) Bbi'IHCJ151J1H, aHanH3Hpy» see BOJMO)((Hble sapHaHTbl BXO.UHbiX 

seKTOpos X( d), TaK KaK npH N = 9 n(d) MO)((eT 6biTb nonHhiM 'IHCJlOM TaKHX sapHaHTOB (oHo 

HesenHKo): n(d) = 2mC'lJ, r.ue d = mjN; m:::; N- '!Hcno JHa'!eHHH ui = 1 B !}JopMyne (5). 
TaK nonyt~aeM TO'IHbie JHa'leHH51 P(d); npH 6onbWHX N MO)((HO HcnonbJOBaTb MeTO.ll MHO­

roKpaTHbiX CTaTHCTH'IeCKHX HCnbiTaHHH, HO TOf.lla pe3yJ1bTaT Bbi'IHCJ1eHH51 3THX Bep051THOCTeH 

('laCTOT) 6y.ueT npH6J1H)((eHHbiM. KpHBa51 1 - P(d) .llJ15l H.HC (»'leHKH. naM.HTH) 6eJ nospe­

)((.lleHHH. KpHBbie 2, 3 - sapHaHTbi P(d) .ll11» H.HC c no-pa3HOMY cnyt~aHHO Bhi6paHHbiMH 

'leTblpbM.H ("-' 44% OT HX o6wero 'IHCJla N = 9) BXO.UHbiMH HeHp OHaMH, KOTOpble norH6J1H 

CO BCeMH CBOHMH Me~HeHpOHHbiMH CB.H3.HMH (B (I) COOTBeTCTBYIOW He Wij = 0). KpHBble 4, 
5- BapHaHTbl P(d) .llJl.H H.HC 6e3 norH6WHX BXO.UHbiX HeHpOHOB, HOC 25 ("-' 31% OT HX 06-

wero '!Hcna N 2 = 81) no-pa3HOMY cnyt~aHHO Bhi6paHHbiMH pa3opsaHHbiMH Me)((HeHpOHHbiMH 

CB.H3.HMH. 

H.J pHcyHKa BH.UHO, 'ITO .llJl.H ceTH 6eJ nospe)((.lleHHH P(1) = 0, 5, a .llJl.H ceTeH c nospe­

)((.lleHH.HMH P(1) < 0, 5, HO TeM He MeHee P(1) > 0. To ecTb c so6o.uHoe (6eJ no.ucKaJKH) 

BCnOMHHaHHe 111060H H3 OnHCaHHbiX CeTeH JanOMHeHHVH B HeH HH!}JOpMaUHH ocyrneCTBJl.H­

eTCll C BepOllTHOCTbiO, KOTOpa51 MeHbWe e.UHHHUbl, H n03TOMy ,!la)((e npH CaMbiX 6naronpH­

llTHbiX ycJlOBHllX TaKOfO BCnOMHHaHHll (CeTb 6e3 nospe)((.UeHHH) e r o HCXO.!l He 06ll3aTeJ1bHO 

nOJ10)((1.-JTeJ1bHbiH. 8 TO )((e BpeMll HaJlH'IHe nospe)((,!leHHH 06yt~eHHOH CeTH He HCKJliO'IaeT 803-

MO)((HOCTH 6e30WH60'IH0f0 H3BJ1e'leHHll JanOMHeHHOH B HeH HH!}JOpMaUHH, a TOJlbKO .uenaeT 

3TY B03MO)((HOCTb MeHee sepol!THOH. TaK, B 'laCTHOCTH, npOllBJllleTCll B npe.llJlaraeMoH Mo.uenH 

cyrneCTBeHHO CTaTHCTH'IeCKHH xapaKTep npouecca H3BJ1e'leHHll HH!}JOpMaUHH H3 naM.HTH. 

l1.3 pHCYHKa TaK)((e cne.uyeT, 'ITO .llJlll Henospe)((.lleHHOH CeTH (KpHBa51 1) H .llJlll CeTeH 

c nospe)((.ueHHllMH (KpHBbie 2-5) sepol!THOCTH P(O) Y3HaBaHHll JanoMHeHHOH HH!}lopMaUHH 

OJlHHaKOBbl H, 6onee TOro, P(O) = 1. OpH 3TOM sepol!THOCTH c so6o.uHoro scnoMHHaHH.H 

?(1) H scnoMHHaHHll c noacKa3KOH P(d), 0 < d < 1, .llJlll ceTeH c nospe)((.lleHHllMH MOryT 

6biTb cywecTBeHHO MeHbrne, 'leM .llJl» Henospe)((.UeHHOH ceTH. B TO )((e speMll no pe3ynbTaTaM 

CHCTeMaTH'IeCKHX 3KcnepHMeHTanbHbiX HccneaosaHHH ycTaHosneH [II], 'ITO no cpaBHeHHIO 

C HOpManbHbiMH KOHTp011bHbiMH HCflbiTyeMbiMH y nauHeHTOB C I.J aCTI1'1HbiM nOBpe)((.lleHHeM 

!}JpOHTaJlbHOH JlOJlH M03ra B HaH60J1bWeH CTeneHH OCJ1a6esaeT cno co6HOCTb K CB060,UHOMY 

scnoMI1HaHI110 CTI1Mynos H B HaHMeHbweJ;i - cnoco6HOCTb 11x yJHa BaHH.H. 3Ta oco6eHHOCTb 

[II] 3Kcnep11MeHTaJlbHbiX .uaHHbiX, nonyt~eHHbiX npH 11ccne.uosaH11H naM.HTH 3.UOpOBbiX JliO.UeH 

11 60J1bHbiX C 'laCT11'1HbiM nospe)((.UeHI1eM !}JpOHTaJlbHbiX .!lOJleH M03fa, nOJlHOCTbiO COOTBeT­

CTByeT YKa3aHHbiM BbiWe CBOHCTBaM 3Ha'leHI1H P(O) 11 P(1) pacc MaTpHsaeMbiX ceTeH 6eJ 

nospe)((.ueHI1H 11 c nospe)((JleHHllMI1. Cne.uosaTeJlbHO, TaKI1e ceTH MO)((HO 11CnOnh30BaTb .llJl.H 

nOJ1ytleHI1ll KOJ111'1eCTBeHHbiX peJyJlhTaTOB np11 MO.Ue1111pOBaHI111 CBOHCTB naMllTH 3.ll0pOBOfO H 

'laCTH'IHO fiOBpe)((,UeHHOfO M03fa, HanpHMep, B CBll311 C TpaBMOH, 6one3Hbl0 11, B03MO)((H0, 

B03paCTOM (npeasapHTeJlbHble pe3yJ1bTaTbl OCHOBaHHOfO Ha TaKOM n O,UXO,Ue MO,UeJlbHOfO OnH­

CaHI1ll csoHCTB y.uaneHHOH naMllTI1 nauHeHTOB c 'laCTI1'1HbiM nosp e)((.lleHI1eM ¢poHTaJlbHbiX 

.uoneJ;i M03ra npHseaeHhi B [13]). 
On11caHHbie H.HC c 3TaJlOHHbiMH seKTopaMI1, np11Mep KOTOpbiX noKa3aH Ha pHCYHKe (eM. 

[8]), llBJllliOTCll TaK)((e OCHOBHbiM 3JleMeHTOM KOMflbiOTepHOH MOJleJ1 11 M03ra 'leJlOBeKa, pac­

fi03HaiOWero npOCTble 3p11TeJ1bHble o6pa3bl B yCJ10BI1llX CTaTHCTI1'1e CKOH HeonpeaeneHHOCTI1 

(nepsoe coo6weHI1e B [ 14 )). 
flpe.llJlO)((eHHblH MeTO.ll KOMnbiOTepHOfO 11CCJ1eJlOBaHI1ll xapaKTep11CTI1K H.HC KaK anro­

pHTMOB pacn03HaBaHI1ll (np11Mep pe3yJ1bTaTOB .llJlll JlBYXCJlOHHbiX CeTeH HOKaJaH Ha p11CYHKe) 
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MO)!(HO HCnOJlb30BaTb }lJUI BblnOJlHeHH.H aHaJlOTH'lHbiX HCCJle)lOBaHHH 3JleMeHTOB naM.HTH J11060H 
npupo.Ubl, B 'laCTHOCTH .llJl.H uccne.uosaHH.H CJlO)!(HbiX HHC co CKpb!TbiMH cno.HMH H pa3HbiM 
'lHCJlOM HeHpOHOB BO BXO)lHOM H BbiXO.llHOM CJlOe. 

B JaKJliO'leHHe Bblpa)!(aiO 6naro.uapHOCTb aKa.ueMHKY H.M.AMocosy Ja BHHMaHHe K nony­
'leHHbiM pe3yllbTaTaM. 
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