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0 PA3BHTHH HH~OPMAIJ;HOHHO-BLJliHCJIHTEJILHOH 
HH~PACTPYKTYPLIOHRH 

B.B.KopeHb1W6, B.B.Mulfbl1l, K.CIJ.OKpauneq, 
P.F.llo1e, M.IO.llono6 

PaCCMOTpeHbl OCHOBHble Te!meHI.IHH pa3BHTHJI CHCTeM CBli3H, HH<jJOp!Vai.IHOHHO!"O H Bbi'IHC­
JIHTeJ!bHOro o6ecne'leHHJI B 0115111 . OcsemaeTcll TeKymee nonoJKeHHe B ::noli o6naCTH H YKa-
3biBaiOTCll npHOpHTeTHble HanpaBJJeHHJI pa3BHTHJI . 

Pa6oTa BblllOJIHeHa B Jla6opaTOpHH Bbi'IHCJIHTeJ!bHOH TeJHHKH H aBTOMatH3ai.IHH 0115111. 

JINR Informational and Computing Framework 
Development 

V. V.Korenkov et al. 

Computing facilities, various information services setups, their integration with the world's 
sceintific community, remote resource sharing and utilization, Internet connectivity are revie­
wed. Current state of affairs is described and the mainstream directions for further activities 
are outlined. 

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

1. HoBbie TeHAeHI.HHI 

B Te'leHHe HecKOJibKHX noCJieAHHX neT B npHKJia,n:HoH HHQ>opMaTHKe, oco6eHHO B TOH 

ee '!aCTH, KOTOpru! HMeeT l!;eJIO C rJI06aJibHbiMH TeJieKOMM)'HHKaJ..IH51MH, pacnpel!;eJieHHbiMH 

Bbi'IHCJieHH51MH, MOl!;eJI51MH B3aRMOl!;eHCTBH51 npHIImtceHHH, OCHO aHHbiMH Ha napa,n:HIMe 

KJIHeHT - cepsep, npOHCXOl!;HT 3aMeAJ~eHHbiH , HO BllOJIHe HarJI51l!;H biH B3pbiB. 

B oco6eHHOCTH 3TO cTaHOBHTC51 o'!eBHAHbiM npH aHaJIH3e ceMei:icTsa npoTOKOJIOB 

TCP/IP, npHJIO)[(eHHH, opHeHTHposaHHbiX Ha 3To ceMeHCTBO, H rno 6anbHOH KOMnbiOTepHoH 

CeTH l1HTepHeT, llOCTpOeHHOH Ha 3THX npOTOKOJiaX. l1HTepHeT - «CeTb CeTeH» - npel!;­

CTaBJI51eT C060H np03pa'IHOe AJ151 npHKJia.D:HbiX nporpaMM 06oel!;HHeHHe npH6JIH3HTeJibHO 

30 TbiC. CeTeH CaMbiX pa3.1IH'IHbiX TeXHOJIOrHH HH3Wero ypOBH51 C 'IHCJIOM nOJib30BaTeJieH 

nOpMKa 25 MJIH 'leJIOBeK. C MOMeHTa CBOero po)[(ll:eHH» B cepel!;H He 80-x roli:OB l1HTepHeT 

HCnbiTbiBaeT 3KcnoHeHUHaJibHbiH poeT, YABaHBru!Cb Ka)[(ll:biH roll:. 

3-fo OrpOMHOe KOMllbiOTepHOe npOCTpaHCTBO C HeH36e)[(HOCTbiO npeBpamaeTC51 B cpeli:­

CTBO xpaHeHH51 H Cpel!;CTBO l!;OCTyna K npaKTH'IeCKH HeorpaHH'IeHHbiM HHQ>OpMaJ..IHOHHbiM 

pecypcaM H, 'ITO He MeHee Ba)[(HO, B cpeACTBO COTPYAHH'IeCTBa HCCJiel!;oBaTeJibCKHx rpynn 
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pa3.llH'IHbiX opra.HHJaUHH, c-rpaH H KOHTHHeHTOB. 3-J-oMy 8 60nbWOH CTeneHH cnoco6cTByeT 

OTKpblTall apXHTeKrypa CeTH 8 UenOM, OTKpblTble cneUH<}>HKaUHH npOTOKOnOB H HanH4He 

cso6o.uHo-pacnoc-rpaHBeMo ro nporpaMMHOro o6ecne'leHHB, peanHJytOIUero He TOnbKO 

T}Ja.llHUHOHHbiH CeTeBOH ce pBHC (HanpHMep, TepMHHanbHbiH .llOCTyn HnH Teneo6pa6onca), HO 

H TaKHe HOBble BOJMO)J(HOCTH, KaK ay.UHO- H BH,IleOKOH<}>epeHUHH. flo OUeHKaM 3KCnepTOB 

[I]. oKono 80% YtfeHbiX B paJBHTbiX c-rpaHax aKTHBHO HcnonbJYIOT l1HTepHeT B csoeii AeB­

TenbHOCTH. 

8 3TOM COOOIUeHHH aBTOpbl XOTenH 6bt OOOOlUHTb onbiT, 80 MHOrOM HOCBIUHH YHHKanb­

HbiH .unB PoccHH xapaKTep, noc-rpoeHHB noKanbHOH HH<}>opMaUHOHHOH CTPYKTYPbi, BKni0-

4eHHB 3TOH CT}JyKrypbl 8 rno6anbHOe HH<}>OMaUHOHHOe npOCTpaHCTBO H OnbiT HCnOnbJO­

BaHHSI rno6anbHbiX KOMMYHHKaUHH ,llnSI OpraHHJauHH pacnpe.ueneHHbiX Bbi4HCneHHH. 

Internet 

. non-USA growng more rapidly 

. projec~d crossover In 1996 

PHc. I . Pocr 'lHCJia ce-reii B 11HrepHer 

NetwOf'ks• .-z:. 
a.- 13) r ~ONI 

PHc .2 . CrpyKTypa 11HrepHer 

Net\wrks 

Rtnarch (Jnducina 
COIN'Ml'dll) 
~% 

Commtrea.l 
~% 
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2.. CBR3b 

I1CXO)J.HbiM H KJliO'IeBbiM MOMeHTOM )lJIR BCero nocne,nyiOll.lero RBnReTCR CBR3b, Ha;J.e:lKHrui 

H ycTOH'IHBrui. B HarneM cnyqae rpynna COTPY.LIHHKOB Jla6opaTopH Bbi'IHCnHTenbHOH Tex­

HHKH H aBTOMaTH3aUHH, B3aHMO.LieiircTBYR c repMaHCKOiir Hccne.LIOBaTenbcKoiir ceTbiO DFN H 

qmpMOH «Eurodata», ycTaHOBHna B HIOne 1994 r. CBH3b C l1HTepHeT, )J.OCT3TO'IHYIO )lJIR 

perneHHR rnHpoKoro Knacca 3a;J.a'l Mo.nenHposaHHR, o6pa6oTKH H rpacpwiecKoro npe,ncTaB­

neHHR HHcpOpMaUHH. 

<l>H3H'IeCKHH yposeHb KaHana Jl:y6Ha - OoTC.LiaM npe.LICTasnReT co6oiir coe,nHHeHHe 

TO'IKa - TO'!Ka, HCnOnb3Y!Qll.lee KOCMH'IeCKYIO CBR3b H yttaCTOK Bbi)J.eneHHOH 4-npO_BO,LIHOH 

nHHHH OT MeCTa pa3Mell.leHHR CnYTHHKOBOH aHTeHHbl B Jl:y6He )].0 KOMnbiOTepa-MapillpYTH-

3aTOpa. 

Ha 6onee BbiCOKOM nomqecKoM ypoBHe KaHan BKniO'IaeT B ce6H: 

• nporpaMMHYIO peanH3aUHIO PPP-npoToKona Ha.D. cpH3H'IeCK M ypoBHeM, HecymHM 

HDLC-cppeiirMbi; 

• MaprnpYTH3HPYIOlllYIO nporpaMMY GateD, peanH3YIOlllYIO np TOKOnbi IP [2]. OSPF 

[3], BGP [4]; 

• nporpaMMY NameD, o6ecne'IHBaiOll.lYIO aBTOpHTeTHbiH (ocpHu HanbHO 3apemcTp11po­

BaHHbiH MHpOBbiMH CeTeBbiMH KOOp,LIHHaUHOHHbiMH UeHTpaMH) cepBHC HMeH, a,npe­

COB H CeTeBbiX ycnyr )lJIH 30H «dubna.SU» H <~inr.dubna.SU» , 'ITO HBnHeTCH HenpeMeHHblM 

ycnOBHeM pa60Tbl 60nbillHHCTBa CeTeBbiX nporpaMM, HanpHMep, sneKTPOHHOH nO'ITbi; 

• pa3pa6oTaHHYIO B 0115111 CHCTeMy KOHTpOnH KaHana H c6opa CTaTHCTHKH, HMeiOlllYIO 

X Window System H WWW HHTepcpeiircbi nom3oBaTenH/onepaTopa [8]. 
TaKOBbi BKpaTue npe.nnocbinKH, 6a3HC .urr» ,L~anbHeiirrnero pa3BHTHH. 

Sun SS2 

Dubna 

PHc.3. CxeMa CBli3H 

Internet 

Space 
Equip 

Sun SSlO 

Potsdam 
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3. HH<PopMaUHOH HbiH cepsuc 

0CHOBOH .WUI KOOnepauHOHHbiX CBSIJeH Mex.tzy pa6o'IHMH rpynnaMH HCCJie.UOBaTeJieH, 

KaK BHYTPH 01-UIH, TaK H B paMKaX. Me)KJJ,YHapo.UHbiX KOJIJia6opauHH, CJI)')KHT crpyKTypa 

WWW-cepsepoB, WWW , World Wide Web, The WEB W3, «BceMHpH~ nayruHa» [5,6]-
3TO cHcTeMa pacnpe.ueJieHHbiX rnnepreKCTOBbiX .UOKJMeHTOB, CTPYKTypuposaHHbiX oco6LIM 

o6paJOM H CDOCOOHbiX BKJIIO'IaTb B ce6S~ COBpeMeHHble cpe.UCTBa npe3eHTauHH o6DeKTOB, 

TaKHe, KaK rpa<PuKa, 3BYK H aHHMaUHSI. Ey.uyqu H3Ha'lanbHO pa3pa6oTaHHbiM B O.UHOM H3 

KpynHeHWHX MHpOBbiX ueHrpOB jl,llepHbiX HCCJie.UOBaHHH (CERN) .llJISI Hy)KJJ. <!>H3HKOB, W3 

CCH'IaC HMeeT MHOJKCCTBO npHMCHCHHH pewHTeJibHO BO BCeX 06JiaCTSIX "'eJIOBe"'ecKOH .UeSJ­

Te.TibHOCTH. 

nepBbiH HMDYJibC K pacnpocrpaHeHHIO 3TOH CHCTeMbl B OH.SIH 6biJI .uaH B Ha'lane 

1994 r. O.UHOH H3 nepBOH B POCCHH HHCTaJIJISJUHH, BKJIIO'IaBWeH B ce6SJ nopT MaToo6ecne­

'leHHj( .llJISJ cepsepa H HCCKOJibKHX KJIHeHTOB B ConvexOS H <l>opMHpOBaHHe 6aJOBOH rnnep­

TeKCTOBOH CTPYKTYPLI, npe.ucTaBnSJIOIUHX CBe.ueHHB o6 OH.SIH, ero na6opaTopHBX, :>Kcne­

pHMeHTaJibHbiX ycraHOBKax H o6nacTS~x HayqHoii .ueBTeJibHOCTH. 

B HaCTOS~IUee BpeMS~ BHYTPH HHcrHTyra HaC'IHTbJBaeTcSJ 5 cepBepos, npe.uocTaBnSIIOlUHX 

.UOCT)'D K 6oJibWOMY KOJIH'IeCTBY .UOKJMeHTOB (COOOIUeHHSI 0 KOH<I>epeHUHSIX, CTaTbH, .UOKy­

MeHTauHH CERN Compu ting & Networks Division, PYKOBO.UCTBa no nporpaMMHbiM naKe­

TaM, onepauHOHHbiM Cpe,l.\aM H T.,ll.) H 1Wll03bl K paJJIH"'HbiM CeTeBbiM ycnyraM. 

WNN Serve~ 3500 

1993 1994 
--------------------4-----------~~---+3000 

:u------+ 2500 

---------------------+--------~--------+2000 

--------------------~----~--------~ 1500 

--------------------~~~----------~1000 

------------------~-+~====~~=-----~500 

~--~---+----~--~--~--~~--~--~---+0 
n~D -....... laAof.D LOot.D zr.-.a ,.__. ,.-... ...,._.. ,..__ • ......_.. 

PHc.4. Pocr "'Hcna WWW-cepsepos 
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B3awMo.neiicTBHe W3 w 6a3 .naHHbiX .sJBJilleTCll aKTYaribHOH 6nacTbiO wccne.nosaHHH 

(eM., Hanp., [9]). 
llo BCeH BH,LIHMOCTH, OCHOBHbiM HHCTpYMeHTOM ,LIOCTyna nOnb3 BaTeneH HCCne,LIOBaTenb­

CKHX ueHTpos K HHcl>opMauww B 6nw)l(aiiume HeCKOnbKO neT CT HeT NCSA Mosaic -

W3 - KnHeHT .Linll pa3nH'IHbiX onepauwoHHbiX nnaTcl>opM c rpact>wqecKHM HHTepcl>eiicoM, 

npo3BaHHbiM «Internet killer application» 3a senwKonenHbie B03MO)I(HOCTH w umpoKoe pac­

npocTPaHeHwe. 

PaBHbiM o6pa30M WWW CTaHeT OCHOBHbiM MeTO,LIOM npe,LICTaBneHH.II HHcl>OpMaUHH, 

Ha'IHHall OT KOHCTPYKTopcKoii .noKyMeHTauww w 3aKaH'IHBall 3neKTp HHbiMH ny6nwKaUHliMH. 

4. Pacnpe.neneHHbie Bbi'IHcneHH.II 

Eme O.LIHH acneKT .nocTyna K rno6aTibHbiM pecypcaM - opraHH3aUHll y.narieHHbiX H pac­

npe.neneHHbiX Bbl'mcneHHH, HanpwMep, pa3pa6oTaHHall ~ YHwsepcHTe:,re unaTa BwcKOHCHH 

CHCTeMa Condor [7]. KaK H3BeCTHO, so MHOrHX Bbi'IHCnHTenbHbiX ueHTpax onpe.neneHHall 

qacTb pecypcos 3a,LieHCTBOBaHa He B nonHOH Mepe. llpoeKT Condor npe.ncTaBJilleT co6oii 

pacnpe.neneHHYIO CHCTeMy aBTOMaTH'IeCKOH (bath) o6pa60TKH, B KOTOpOH pa60'IHe CTaHUHH 

so seeM MHpe (ceiiqac 3TO 400 DEC, HP H Spare 10) B3aHMo.neiicTBYIOT, npe.nocTaBJillll 

npoueccopHOe BpeMll H HHbie pecypCbl .LipyrHM yqaCTHHKaM BO BpeMll CBOeH He,L103arpy3KH. 

EcTeCTBeHHO, a,LIMHHHCTpaTop Ka)I(.[IOH H3 cTaHUHH HMeeT nonHyiO B03MO)I(HOCTb cct>opMy­

nHposaTb CBOe C06CTBeHHOe llOHHMaHHe «3arpy)l(eHHOCTH». 

B pe3ynbTaTe, yqaCTHHKH 3TOH LJ.HHaMH'IHO pa3BHBaiOli)eHCll CHCTeMbl, He Tepllll HH'Iero, 

npHo6peTaiOT B03M0)1(H0CTb pe3KO YCKOpHTb o6pa60TKY CBOHX Ll.aHHbiX, KOfLJ.a 3TO CTaHO­

BHTCll Heo6xoLJ.HMbiM. B HaCTOliiiJee speMll B CHCTeMe Condor .Linll cl>H3HKOB l1HCTHTyra 

noTeHUHaribHO LJ.OCTynbi cneLJ.yiOIIJHe Bbi'IHcnHTenbHbJe nnaTcl>opMbi : 

flnaT!jlopMa NIKHEF Wisconsin University 

SPARC/SUNOS41 27 

sun4rn/SUNOS41 10 84 

HPPAR/HPUX9 49 

ALPHNOSFI 12 

MIPS/UL TRIX4.3 64 

R6000/AIX32 

Bcero .nocTynHbi oKono 250 pa6o'IHX cTaHUHH. 

Ha pHc.5 npeLJ.CTaBneHa apxwTeKTypa CHCTeMbi Condor, KOTOpall wcnonh3yeTCll .Linll pac­

'IeToB B cl>H3HKe Bb!COKHX 3HeprHH. 

B Ol151l1 HHCTaTinHposaHo H Hcnonb3yeTcll MaTeMaTH'IeCKOe o6ecnetJeHHe Condor, 

ct>opMHpyeTCSI rpynna llOLJ.LJ.ep)I(KH H pa3BHTHll npoeKTa H 6yLJ.YT npeLJ.npHHHMaTbC.II ,Liarib­

HeHIIIHe WarH no HHTerpauHH CeTeBOfO, HHcl>OpMaUHOHHOf'O H Bbi 'IHCnHTenbHOfO KOMnneK­

COB C aHariOfH'IHbiMH CTYKTypaMH HCCneLJ.OBaTenbCKHX opraHH3aUHJi BO BCeM MHpe. 
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CERN SMC 

30 Sparcatationa 

CS M•di•on UW 

2.50 workatationa 

DEC. Spare, HP, SGI, R6000 

P11c.S. HEP Condor 

JhtTepaTypa 
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6. Bemes-Lee T. - Protocol for Retrieval and Manipulation of Textual and Hygermedia 
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THE HOLE SPECTRAL FUNCTION AND THE RELATIONSHIP 
BETWEEN OVERLAP FUNCTIONS, NATURAL ORBITALS 

AND THE ONE-BODY DENSITY MATRIX IN NUCLEI1 

A.N.Antonov2, M. V.Stoitsov2, M.K.Gaidarov2, 

S.S.Dimitrova2, P.E.Hodgson3 

A method to calculated the hole spectral function in the discrete part of the spectrum is 
suggested within the natural orbital representation of the one-body density matrix of A-nucleon 
system using its relationship with the overlap functions of the eigen tates in the (A - I)­
nucleon system. 
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MeiK,lly ciJJHKQHJIMH nepeKpLITHJI, H3yYp3JILHLIMH op6 HT3JIJIMH 

H 0JlH01.J3CTII':IHOH M3TpHQeH DJIOTHOCTH JIJlep 

A.H.Anmonos u iJp. 

OpellJlOJKeH MeTO)l Jl]lll 8hi'IHCI!eHIIJI AhlpO'IHOH cneKTpaJibHOH !jlyHK I.lHH W1ll AHCKpeTHOH 
'!aCTH cneKTpa. HcnOJJb3YeTCll npencTaBJJeHHe HaTYPaJibHbiX op6HTaneii OJlHO'IaCTH'IHOH MaT­
pHI.lbi nJJOTHOCTH A-HYKJJOHHOH CHCTeMbl H ee C8ll3b C !jlyHKI.llfJIMH nepeKpbiTIIJI W1ll COCTOliHHH 
(A - I )-HYKJJOHHoro liJlpa. 

Pa6oTa 8binOJJHeHa 8 I-UII-UI3 (6onrap11J1) 8 COTPYAHH'IecTBe c Jla6opaTOpHeii TeopeTH'Iec­
KOH !jJH3HKH HM .H.H.6oromo6083 0!-UIH. 

1. Introduction 

The cross-section of direct nucleon removal processes is determined by the spectral 
function which contains the information on the nuclear structure and is interpreted as the 
probability for the removal of a nucleon with given momentum and energy from the target 
nucleus with A nucleons [1-16]. In particular, in the plane-wave impulse approximation 
the cross-section for the direct knock-out process is proportional to the diagonal element 
S (k, k, E)= S (k, E) of the hole spectral function (or matrix) i the momentum repre­
sentation : 

1This work is partially supported by the Bulgarian National Science Foundation under the Contracts No.<I>-32 
and <I>-406 

2Institute of Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, Sofia 1784, Bulgaria 
3Nuclear Physics Laboratory, Department of Physics, University of Oxford, Ox ford OXI-3RH, U.K. 
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S (k, k'; E)= ( '1'01a\k') o (E + H- EA~ a(k)l '1'0 ), (1) 

where 1'1' 
0 

) is the ground state wave function of the target nucleus with A nucleons, 

a +(k') and a(k) are creation and annihilation operators for a nucleon with momentum k' and 
" k, respectively, His the Hamiltonian of the system with (A- I)-nucleons and EA0 is the 

ground state energy of the target nucleus. If the lattxr has a total spin and parity J 1t = o+, 
then introducing a complete set of eigenstates of H for the system of (A - I)-nucleons 
1'1'

1
) (where the state 1'1'

1
) is characterized by the energy E

1 
with both discrete and con-

tinuous values and by other discrete and continuous quantum numbers) the hole spectral 
function can be written in the form : 

where 

S (k, k', E) = ( 'I' 0 Ia +(k')l'l'f) ('I'! la(k)l'l' 0 ) 0 (E + Ef- E A0), 

= 4>; (k') 4>! (k) 0 (E + Ef- EA
0
), 

4>
1 

(k) = ( '1'
1 

la(k)l 'I' 0 ) 

is the overlap f)Jnction in the momentum representation [17-19] . 

(2) 

(3) 

(4) 

The methods used to calculated the spectral function are reviewed, e.g., in [7,14,16]. 
The use of the independent-particle shell model (when the overlap function (4) is equal to 
the single-particle wave function of the occupied state) cannot explain the fragmentation or 
spreading of the hole strength. This is because, due to the residual interaction, the hole state 
in the target nucleus is not an eigenstate of the (A - I)-nucleon system and its strength is 
distributed over several states of the final system. The structure of the spectral function has 
been studied in the framework of the Green function method [1,20] . The detailed analyses 
have been carried out. by expanding the mass operator into a perturbation series [1,3,4, 
20,21] . Calculations using continuum shell model with residual interactions were given in 
[5,22] . The nucleon-nucleon correlation effects on the spectral functions were studied with 
the Green function method in [23- 27,13]. It was shown that the overlap functions can be 
determined by a Schr&linger type equation in the discrete [8, 12] and continuous [ 12] spect­
rum of the Hamiltonian for the (A - I )-body residual nucleus. The deep-hole nuclear levels 
and their large widths established from (e, e', p) and (p, 2p) reactions have been considered 
within the many-body field theory without any model approaches in [26] . The Ha.rtree-Fock 
method using Skyrme forces has been applied to calculate the proton hole-spectral func­
tion in [28]. 

In this work we use the natural orbital representation of the one-body density matrix 
(OBDM) in A-nucleon system [29] . In this representation the OBDM is diagonalized by the 
so-called natural orbitals (NO) which form a complete orthonormal set of functions . An 
expansion of the overlap functions (4) in the basis of the natural orbitals is used. We 
suggest a method to calculate the hole spectral functions using essentially the NO and 
overlap functions and their relationship with the OBDM. The following two reasons can 
justify the use of the method: 

1) Recently the diagonalization of the realistic one-body density matrix of the cor­
related nuclear ground state obtained by various correlation methods [16], such as the 
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Jastrow method [30-32], as well as the generator coordinate method [16,33,34] and the 
coherent density fluctuation model [16,34,35] gave reliable information on the natural orbi­
tals and occupation numbers in nuclei. These quantities correspond to the realistic be­
haviour of nuclear characteristics which are sensitive to the short-range . nucleon-nucleon 
correlations, such as the nucleon and cluster momentum distributions, the mean kinetic and 
removal energies, radii and others. The natural orbitals in nuclei, as well as those in other 

fermion systems, such as 3He liquid drops [36], are strongly localized. and quite different 
from the overlap functions and from the mean-field type orbitals [30,34,36,37]. Thus, it is 
of importance to apply the natural orbitals corresponding to reali tic OBDM obtained in 
correlation theoretical methods to calculate the hole spectral function S (k, k', E). 

2) The basic quantity which is necessary to calculate the spectral function (3) is the 
overlap function (4). We show in this paper that the hole spectral function in the discrete 
part of the spectrum can be calculated by using the general relationship [37] which connects 
the asymptotic behaviour of the one-body density matrix with the overlap functions of the 
(A - I)-particle system eigenstates. This relationship is- of genera l importance because it 
enables one to obtain quantities connected with the bound eigenstates of the (A - I)-particle 
system (such as overlap functions, spectroscopic factors and separation energies) by means 
of the exact OBDM (or by a realistic one obtained in a given correlation method) of the 
ground state of the A-particle system. In this way, the hole spectral function in the discrete 
part of the spectrum can be, in principle, calculated on the basis of the OBDM of the 
A-particle system. 

In Section 2 we introduce the necessary quantities which ar used in the theoretical 
method to calculate the hole spectral function. The method is give in Section 3. 

2 . The Hole Spectral Function 
and the Natural Orbital Representation in Nuclei 

The one-body density matrix (OBDM) of the ground state 1'1' 0 ) of the A-nucleon sys­

tem has the form 

p (x, x') = ( 'I' 
0 

Ia +(x) a(x')l 'I' 
0 

), (5) 

where x = { rcr't} labels spatial, spin and isospin coordinates and a+ (x), a(x') are the creation 
and annihilation operators. 

The natural orbitals (NO) <pa(x) are defined [29] as the com Jete orthonormal set of 

single-particle wave functions which diagonalize the OBDM: 

p (x, x') = ~ N <p*(x) <p (x'). ~ a a a (6) 

The eigenvalues N (0 ~ N ~ 1, ~ N =aA) are the natural occupation numbers. We note a a ~ a 
a 

that the sum (6) is over the discrete states determined by the finite-range NO <p (k). 
a 

The OBDM (5) can be presented also in the form : 
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p (x, x') == ~ 4>;(x) 4>1 (x'), (7) 

I 
where 4>

1 
(x) == ( '¥

1 
la(x)l'¥ 

0 
) is the overlap function in the coordinate representation. 

The overlap functions can be expanded in the basis of the natural orbitals (e.g., in 
momentum space) : 

4>1 (k) ::: L ( <p al4>1) <p a(k). (8) 
a 

The hole spectral function is then given by the expression: 

S (k, k', E)::: L <p:(k') <pb(k) ~ ( 4>) <pa) ( <pbl4>1 ) 0 (E + E1 - EA
0
) = 

a,b I 

= :L <~> :(k'> <~>b<k> s ab<E>. <9> 
where a.b 

Sab(e) = ~ ( 4>1 l<pa) ( <pbltt>1 ) o (E + E1 - EA
0
). (10) 

, I 
The quantity (for which different notations exist, e.g., [ 14, 15]): 

eaj= sa~2 = ( <paltt>l) (11 ) 

from (8) and (9) is the amplitude for the contribution of the orbital a to the overlap function 
for the eigenstate 1'¥

1 
). We mention that the quantity (11) determines both the spectroscopic 

factor of the state 1'¥
1

) [ 19] 

A-l · ( ) ·~ 2 ~ ~ 2 s1 = 4>1 14>1 == L 19ajl == L Sa!== L I( <paltt>1 )1 ( 12) 

a a a 

and the occupation probability of the orbital a: 

Na == ~ leal==~ Sal==~ I( <pal4>1)12. (13) 

I I I 
In general, for a given orbital a, only a limited subset of states f of the residt1al nucleus 
contribute to the sums (1 0) and (13). 

The function Sab(E) (given by Eq .(IO) and often called also «spectral function») can be 

rewritten [5] introducing the different states 1'¥
1

) of the residual nucleus: i) the bound states 

I'P£ ) with energy E and degeneracy quantum number a, and ii) the continuum states , a v 
v 

I'P£ ) with energy E
1 

and the channel index c which specifies the channel where there is , .c 
an incoming wave (all other channels contain only outgoing waves), as well as all dege­
neracies like spin projections, etc. Then Eq.(I O) becomes: 

sab(E) ::: L ( <I>va1<1>a) ( <pbi<I>va) 0 (E + Ev- EA
0
) + 

v, a 
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(14) 

where <l> and <l>E are the overlap functions associated with the bound and continuum va 
1

,c 

eigenstates of the residual nucleus and E~~I is the threshold for particle decay of this 

nucleus. If the latter is a nucleon threshold, then E ;~~ = E A0_2, where E L2 is the ground­

state energy of the nucleus with A - 2 nucleons [5] . The hole-spectral function (14) con­

tains two parts: i) the spectral function in the discrete part of the spectrum sa~s. (E), and ii) 

the spectral function in the continuum of the hole spectrum sa~s. (E) withE$; EA
0

- EL2· 

3. The Theoretical Method 

The hole spectral function (Eqs. (9) and ( 14)) is essentially connected with the natural 
orbitals { <p) and the overlap functions <1>

1 
and their relationship with the OBDM. Firstly, 

we shall outline briefly this relationship. 
In the case of spherical symmetry the overlap functions have the form: 

<l>(q) (x) = <l>(qlJ) (r) Y . (Q cr) 
f f l]m ' ' (15) 

where <t>/qiJ) (r) is the radial part, Yljm (Q, 0") is the spin-angular function, q denotes the 

nature (proton and neutron) of the overlap function and l, j are angular and total momentum 
quantum numbers. Substituting Eq. (15) in Eq. (7), the OBDM can be written as: 

P <x. x') = L. p<qlj) <r. r') L. rl;m <n. cr) rljm <0 '· cr). (16) 

qlj m 

where the radial part of the OBDM is: 

p(qlj) (r, r') = ~ <t>/qlj) (r) <t>/qiJ) (r') . (17) 

f 
It is known [ 19] that the overlap functions associated with t e bound states of the 

(A - 1)-and (A + I)-nucleon systems are eigenstates of a single-particle SchrCldinger equa­
tion in which the mass operator plays the role of a potential. Due to the finite range of the 
mass operator, the asymptotic behaviour of the radial part of the neutron overlap functions 
for bound states v (labeled by v = 0, 1, ... with increasing energy) of the (A - I)-nucleon 
system is given by [17,18,37]: 

(18) 

where 
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k (qlj) =! [2m (E (qlJ)- E ~] 11 2. 
v ~ q v A 

(19) 

For protons some mathematical complications arise due to an additional long-range part 
originating from the Coulomb interaction [ 18], though everything from the neutron case 
remains valid. It is assumed in [37] that Eq. (18) is also valid for the overlap functions 
corresponding to the (A - 1) continuum. 

The asymptotic form of the overlap functions (Eqs. (18) and (19)) determines the 
asymptotic behaviour of the radial part of the OBDM [37] . Since higher excited states have 
faster decay, at large values of r' =a ~ oo one gets: 

p(qiJ) (r, a) ~ <fJ
0
(qlJ) (r) c

0
(qlj) exp (- k~qlJ)ay a. (20) 

The normalization coefficient c
0
(qlj) can be obtained from the asymptotic form of the dia­

gonal part of the radial OBDM: 

p(qiJ) (a, a) ~ IC~q11V exp (- 2k~q111ay a2. (21) 

By means of Eqs. (20) and (21) one can derive the lowest bound state overlap function 

(qlj) ( ) 
<fJ

0
(qlJ) (r) = . pr, a . • (22) 

ccJql.J) exp (- k~ql.J>ay a 

as well as the separation energy 
2 

E~qiJ) = t? k~qlJ) I 2m q (23) 

and the spectroscopic factor 

so(qlj) = < <fJo(qlj)l <fJo(qlj) ). (24) 

As shown in [37]. the overlap functions for all~und states of the (A - I)-nucleon 
system can be constructed from the OBDM repeating the 'above procedure. For instance, the 
overlap function for the next bound state is: 

p(qiJ) (r, a) - <fJ (qlJ) (r) <fJ (qlJ) (a) 
(f) (qlJ) (r) = o o 

1 C/qiJ) exp (- k~qlj)ay a <25 ) 

In the case of the continuum contributions to the OBDM one can calculate the parti­

cular sum over the scattering channels c: ""' [<IJ (qlJ) (r, E) C (E)] . but not the o~erlap func-,t.., c c 
c 

tion for each channel [37] . 
The method for calculating of the hole spectral function in the discrete part of the 

spectrum (for non-degenerate states v): 

S d.s.(k, k', E) = L <p: (k') <pb(k) L ( <IJ)<p
0 

) ( <pbl(f)v ) 0 (E + Ev - EA0) (26) 
a,b v 

from a given theoretical correlation method, consists in the following procedure: 
I) By diagonalizing the one-body density matrix of the A-particle system ground state 

one obtains the natural orbitals {<p (k)} (e.g., as in [30-35,16]) ; 
a 
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2) The bound-state overlap functions <l>v and separation energies Ev are calculated on 

the basis of the one-body density matrix following the approximate ethod described above 
(Eqs.(20)-(25)). 

3) The amplitudes of the contribution of the natural orbital a to the overlap function 
( <p 1<1> ) are calculated and the results substituted in Eq.(26). a v 

It can be seen from Eqs.(l) and (5) that the energy integral of the hole spectral function 
(I) defines the one-body density matrix in the momentum representation 

EF 

f (27) 
dES (k, k', E) = p (k, k'), 

where E;; is a negative quantity whose absolute value is equal to the separation energy of 

the A-nucleon system [19]. 
We emphasize that the method described above ena~l~s one to ob.tain the hole spectral 

function in the discrete part of the spectrtum (i.e., the integrand f the left-hand side of 

Eq .(27) in the energy interval between EA0
- EL2 and E;;) on the basis of the one-body 

density matrix calculated in a given correlation method. The knowledge of p (k, k') can 
give some information on the remaining part of the integrand in the left-hand side of 
Eq.(27), namely the hole spectral function in the continuum part of the spectrum in the 

energy interval between- oo and EA0
- EL

2
. 

In this paper we suggest a new theoretical method to obtain t e hole spectral function 
in the discrete part of the spectrum. The method is based on the natural orbital repre­
sentation in nuclear theory and uses essentially both the natural orbitals and overlap func­
tions as well as their relationship with the OBDM. Thus the theoret ical point of the method 
consists in the possibility of using the OBDM which is related to the properties of the 
A-nucleon system to calculate the hole spectral function which determines the cross-section 
of the nucleon removal processes and gives information on the tructure of the (A - I)­
nucleon system. The applications of the method can serve also as a test of the predictions 
of the correlated methods concerning the OBDM of the correlated ground state of the 
A-nucleon system. 

Our program to apply the suggested method includes two stages: i) calculations of 
overlap functions on the basis of realistic OBDM from a given correlation method and 
studies of their properties, and ii) calculations of hole spectral func tions in the discrete part 
of the spectrum and comparison with available experimental data. The results from the 
fulfilment of this program will be given elsewhere. 
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THE MEASUREMENTS OF SPIN CORRELATION 
IN THE REACTION dp -7 pd (PROPOSAL) 

l.M.Sitnik, L.S.Azhgirey, V.M.Grebenyuk, 
A.D.Kirillov, V.P.Ladygin, A.A.Lukhanin, N.M.Piskunov, 
M.P.Rekalo 1

, V.PunjabF, C.F.Perdrisat3 

Recent measurements of the polarization observables in the reacti n dp --+ pd at Dubna and 
Saclay are reviewed. It is shown that new polarization observables need to be measured. 
Effects due to the polarization of the interacting particles are considerad. It is shown that a 
previously unobserved polarization characteristic: namely the spin correlation due to the trans­
verse polarization of beam and target particles is sensitive to possible P-wave components in 
the deuteron. We propose to carry out the measurements of this spin-correlation observable in 
Dubna. It will be an important step in the completion of a program to obtain all independent 
polarization observables in backward elastic scattering. 

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

lhMepeHHJI CDHHOBOH KOppeJI.HUHH B dp ~ pd peaKUHH (npoeKT) 

H.M. Cumnwc u op. 
L(aH 0630p He)l.aBHHX H3MepeHHH nOnllpH3aUHOHHbiX xapaKTepHCTHK peaKUHH dp --t pd B 

L(y6He H CaKJie. OoKaJaHa Heo6xo)I,HMOCTb H3MepeHHJI HOBbiX nonllpH3aUHOHHbiX xapaKTepHc­
THK 3TOH peaKUHH. B JTOH CBJI3H paCCMOTpeHbl 3cpcpeKTbl, CBJI3aHHbie C UMllpH3aUHeH o6eHX 
Ha'lanbHbiX 'laCTHU. llOKa3aHO, 'ITO He H3MepliBtuaJICJI paHee llMllp113aUHOHHaJI XapaKTepHC­
THKa, a HMeHHO CUHHOBaJI KOppenliUHJI npH nonepe'lHOH BeKTOpHOH nOnllpH3aUHH o6eHX Ha­
'lanbHbiX 'laCTHU, 'lYBCTBHTenbHa K B03MOJKHOMY cytueCTBOBaHHIO P-BOflHOBbiX KOMUOHeHT B 
)l.eHTpOHe. PaCCMOTpeHa B03MOJKHOCTb npOBe)l,eHHJI TaKHX H3MepeHHH B L(y6He. 3-fo 6y.D.eT BaJK­
HbiH war s BbmOnHeHHH nporpaMMbi nonHoro JKcnepHMeHTa )l.flJI peaKUHH ynpyroro dp-pacce­
JIHHJI Ha3a)l.. 

Pa6oTa BhmonHeHa s Jla6opaTopHH BbiCOKHx 3Heprni1 OH5IH. 

1. Introduction 

The dp backward elastic scattering (BES) is one of the classic reactions to obtain 
infromation about the deuteron structure. The matter is in the framework of the Impulse 
Approximation (IA), there is one-to-one connection between the only kinematical parameter 
of this reaction, s, and the argument of the deuteron wave function (DWF) in the momen-

1National Science Center- Kharkov Institute of Physics and Technology, 3 10108 Kharkov, Ukraine 
2Norfolk State University, Norfolk, USA 
3College William & Mary, Williamsburg, USA 
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d p d p 

p d p d 

a) b) 

Fig. I . The lA diagrams for the p (d, p) d reaction: a) exchange by the neutron ; 
b) exchange by the antineutron 

tum space, when the deuteron is implied as two-nucleon system. That is a serious advantage 
of this reaction (and of the deuteron electrodisintegration also) in comparison with ed 
elastic scattering, where observables are connected with argument of the DWF through 
integral. 

The differential cross section and the tensor analysing power T20 were measured in the 

GeV range at SATURNE II a long time ago (see Ref.(l] and Refs. therein, and [2], respec­
tively). 

Usualiy this reaction is considered as the one-neutron-exchange (ONE) process 
(Fig.1a), which is a particular case of the lA . 

Of course, one does not expect that such a simple approach is valid at large internal 
momenta, when the 6-q rather than the two-nucleon picture of the deuteron structure is 
relevant. Therefore investigation of this reaction up to the maximal energy available is of 
central importance to the ~tudy of the d_euteron structure at small distances. 

2 . Status of Investig ations of BES 

The momentum densities extracted from electro-disintegration data [3] and from the dp 
backward scattering [1] using an approach [4] (Fig.2) demonstrate a good agreement with 
one another, in spite of a substantial discrepancy with the lA predictions usiqg standard 
DWF. This agreement between electron and proton data constitutes a solid foundation, 
indicating that BES pd is a reliable source of information about the deuteron structure. 
Therefore the study of polarization ob.servables of this reaction seems to be very attractive 
because of much more counting rate in comparison with the investigation of the same 
problem using electron probe. 

The polarization observables of BES T
20 

and the deuteron to proton polarization trans­

fer coefficient K
0 

have simple expressions in the lA approach when written in terms of the 

DWF components u(k) (S-wave) and w(k) (D-wave) [5,6,8]; for T20 the relation is: 

2 2 1 _ 1 ..fSuw - w = _ -{2 \ - , 
T20 - T2 i + w2 x + 2 

(l) 
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where x = 1 + b(kY a(k), a(k) = u(k) + w(kY fi and b(k) = - 3w(kY fi, k is internal mo­
mentum of nucleons in the deuteron. 

For the polarization transfer coefficient it is: 

i- w2
- uwlfi 3x 

(2) K = ----
O i+w2 x2 +2. 

It was shown in [7] that one can eliminate u and w and obtain a co nection between Ka and 

T
20 

which does not depend upon the particular DWF: 
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Fig.2 . The momentum distributions of nucleons 
extracted from the dp backward scattering [I) 
and electrodisintegration data [3] · 
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( 1 f-2. ~ + Tzo + 2T2 - 8 . (3) 

The Virginia-Dubna-Saclay collaboration was conceived in 1991 to measure the polari­
zation observables T20 and K

0 
in the dp ~ pd reaction and the data were obtained in Saclay 

in 1992-93 [10]. The measurement of the tensor analysing power T
20 

was continued to 

larger energies in Dubna [9]. The combined T
20 

data are shown in Fig.3a, and the Saclay 

data for KQ are presented in Fig.3b. 

The principal contradiction of the data [10] with the circle (3) in a (T20 - KQ) cor­

relation plot (Fig.4) demonstrates that at least one of two main assumptions (namely that 
the ONE diagram dominates, and the DWF contains S- and D-wave only) is not correct 
[10]. In Ref. [7] it is shown that similar correlation and deviation from the lA circle (3) 
takes place for the p (d, p) X reaction. To say more let us try to consider the dp backward 
elastic scattering in a model independent approach. 

3. General Analysi s of BES 

In general, dp elastic scattering can be described by 12 complex amplitudes. That 
means one needs to measure at least 23 polarization observables [12] to reconstruct all 
amplitudes. Due to P-invariance of strong interaction and total helicity conservation BES 
(as well as 0° scattering) can be described by only four independent complex amplitudes 

' ' 
for the following transition A.d' \ ~ A.d' A.P, 

F O+ ~ O+ = g2(s), 

F ++ ~ ++ = g1(s) + g4(s), 

F_ + ~ _ + = g1(s)- gis), 

FO+ ~ + _ =- -f'igis), 

where FA A ~A, A, are helicity and g1 - g4 are the so-called scalar amplitudes, which 
d' p J' p 

are complex in the general case. Therefore only 7 polarization observables mu~t be mea­
sured to reconstruct ail of them. 

The general spin structure of this reaction can be written in the following form [5] 

M= X~ Px1• F =A+ ia·B, 

A= g1(s ) [U1u;- (nU1) (nU;)] + gz<s) (nU1) (nU2*), 

B = g3(s) [U l Xu;- n (nUl Xu;)]+ g4(s) n (nUl Xu;), (4) 

where U 1 (U2) is the initial (final) deuteron spin vector, x
1 

(X
2
) is the two-component 

spinor of the initial (final) proton, a are the Pauli matrices, s is the Mandelstam's variable 
(squared total energy) . The parametrization (4) is valid for any mechanism of the discussed 
reaction. 
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For any form of the Impulse Approximation (ONE + exchange of any number of nuc­
leon resonances with arbitrary spin and space parity) the scalar amplitudes remain real 
functions of s. On the other hand, such additional mechanisms to t e lA, as those described 
in Ref.[l3] lead unavoidably to complex amplitudes for this reaction. 

Any polarization observable can be calculated in terms of these scalar amplitudes . In 
particular, the observables mentioned above can be expressed via the following combina­
tions of them : 

(5) 

(6) 

In the lA approach, when the deuteron is considered to contain two nucleons in S- and 
D-states, only two real independent amplitudes are sufficient to describe the dp ~ pd 
process. In this case we have [5] 

2 
84 = 81• 83 = 8(82• 

2 2 2 
g! =a ' g2=a ·.r, 

D = (2g 1 + g2) = a2 (l- + 2), 

where a and x are defined in (1) . 

(7) 

But as is shown in the previous section, this approach break down at smaller s than 
one expects a 6-q description of the deuteron to come into the picture. 

A number of more complicated deuteron models and more complicated reaction mecha­
nisms could pretend to explain the revealed effects. In terms of general approach, the next 
natural step must be an attempt to describe this process by four but sitll real amplitudes. 
This approach can be justified in generalized version of the lA with the deuteron as super­
position with additional ?-states (Fig. I b). Such components are inevitable when a relati­
vistic description of the deuteron [14] is used: they also emerge i models based on quark 

counting [ 15], when tile 6-q states are projected on two-nucleon systems such as NN *. In 
this case the process is described by the same diagram as in Fig . Ia , with neutron replaced 

by anN*. 
If the assumption about reality of amplitudes is valid, only 3 independent polarization 

observables must be measured to reconstruct all of them. 

4 . What to Measure 

New polarization observables can be obtained using a polarized proton target. The 
simplest polarization observable in this case is the asymmetry of the cross section due to 
mutual spin orientation of initial protons and deuterons. Here we mention the expressions 
for transversal spin correlation effect in general case 
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2Re [g3-(g 1 + g2 - g/1 
A = 2 r D 

(8) 

and (using simplification (7)) in the ONE approach: 

4 4 2 2 2 2 -"' 3 A = ~ u - 2w + 3u w .- uw (5u - 2w y ,-2 = __1£_ 
r 9 (i + w2)2 (i + 2)2 . 

(9) 

The case with additional P-waves is considered in detail in Ref. [5]. As is seen from Fig.5, 
the new observable is very sensitive to the contribution of possible P-states in the deuteron. 

The combined analysis of new observable, A, , together with those measured earlier, 

will allow one to reconstruct all amplitudes of the dp -t pd process if th<::Y are purely real. 
We mention for reference that another polarization observable, polarization transfer 

from the deuteron to the deuteron, is proposed to be measured by a Virginia-Japan-Saclay­
Dubna collaboration at KEK (spokesman is C.F.Perdrisat). The general expression for this 
observable is 

2 
,
0 

2Re (g 1g2 + lg31 ) 
Ky. = __ _;;_...;::__...;::__ (10) 

y,O D 2 

One can see that it is a new independent polarization observable. In the ONE approach we 
have I 

K y',O = ~ [ u2 
- w

2 
- uw/ {'2 r = 4i 

y,O 3 i + w2 (i + 2)2 . 
(II) 

0.5 

CN,N,Q,O 

0.0 

-0.5 ~ . " ' ' l 0,0 I I 1 

0.2 0.4 0.6 
k, GeV/c 

0.8 1.0 

Fig.5. Spin correlation parameter CN.N.O.O calcu­

lated for standard DWF [II ] (solid line) and for 
DWF with additional P-wave components [14] 
(dashed line) 

Comparing latter expression with (2) it IS 

easy to see that in the ONE approach there 
is simple relation between expressions for 
polarization transfer coefficients to the pro­
ton and to the deuteron : 

K y',O = ± JC 
y,O 9 0. (12) 

As is mentioned above, only additional 
to lA mechanisms of the reactipn generate 
non-zero imaginary parts in the amplitudes 
describing this process. All of the polariza­
tion observables mentioned above contain 
combinations of the amplitudes such as 

lg P and/or Re (g. gk*). Assuming that the 
I I 

imaginary parts remain small, then they 
play a role in second order only . In this case 
any essential deviation from predictions can 
be interpreted as a non-adequateness of the 
deuteron model rather than of the reaction 
mechanism. 
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To be more sensitive to imaginary parts of the amplitudes it is necessary to measure 

polarization observables containing the Im (g(g;) contributions. Needed combinations 

appear for only T-odd combinations of the particle polarization vectors and the unit vector 
along the beam direction (all observables! mentioned above, are T- even). 

Here we followed to denotations accepted in Ref. [5]. More accepted denotation for 
observable suggested to be measured is CN,N,O,o =At' 

5. How to Measure 

We are planning to measure spin correlation parameter CN,N,O,O using the Synchro­

phasotron (Nuclotron) polarized deuteron beam and the Moveable Polarized Target which 
now is installed at Dubna. 

There are two possible ways to select events for BES. Having '180° scattering in the 
CM system, in Lab system both the final deuteron and the proton go in the forward direc­
tion. So, we can select either fast protons or slow deuterons. Our group have an experience 
in measuring T

20 
in BES selecting protons. Even having moment m resolution as good as 

!J.p/ p ~ 0.2% we had the very hard situation to separate elastic events from the 

d + p ~ p + (n + p) 

reaction with a small excitation of the (n + p) system comparing with the deuteron mass 
(Fig.6). 
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Fig.6. The momentum distributions of protons in 
Lab system 

100.00 

arbitrary 
units 

80.00 

60.00 

40.00 

20.00 

-0.05 

·----- 1.5 GeV/c 
--- 6.0 GeV/c 
-- t.p/p=1ll; 

0.00 
t.p/p 

0.05 0.10 

Fig.7. Contributions of quasi-elastic process on 
nucleon of the target t the primary beam momen­
tum of 1.5 and 6.0 GeV/c 



26 Sitnik I.M. et al. The Measurements of Spin Correlation 

In case of the MPT the situation will be worse, because the target material contains 
only ~ 15% of hydrogen: the backward quasi-elastic scattering on the other nuclei in the 
target will increase the background under the elastic peak considerably. 

Selecting of slow deuterons (which we are choosing). gives us the following 
advantages: 

• no problem to distinguish the deuteron from (n + p) system; 
• momentum resolution ~ 1% is sufficient to have a good suppression of quasi-elastic 

events (see Fig.7); 
• no problem to distinguish BES from d + p ~ p + d + 1t reaction: in latter case the 

deuteron momentum will be larger (depending on the primary beam energy) as much 
as 5%-15% (because of opposite directions of the secondary deuteron momentum 
in the CM and Lab systems, it increases in the Lab while decreasing in the CM). 

Unfortunately, we will have disadvantages also. The unfavourable Jacobian (depending 
on energy 10--30 times worse than in case of selecting of protons) necessitates a large 
acceptance spectrometer not very far from the target. As a consequence, the space separa­
tion between the secondary zero angle deuterons and the primary beam using dipoles is 
more difficult. 

The suggested scheme of the experiment is shown in Fig.8. The last chambers have 

1.4 x 1 m2 and are situated at the distance of 10 m from the target. The solid angle is 
1 o-2 rad. That ,is 25 times larger than the solid angle for protons during our measurements 
of T

20 
[9] and it almost compensates for the unfavourable Jacobian. So, we can evaluate 

beam time necessary for this experiment from our experience with measurements of T
20 

at 

Dubna. 
The first stage of separation of the primary and secondary beams will take place in the 

holding magnet of the MPT. The SP-57 dipole will be used for second stage of separation 
and the SP-40 dipole will be used both as separating and analysing magnet. 

PPT 

II I I I ---+---- 1 \;1' .t I I lr1\ :LJ . 

Fig.8. Layout of the spectrometer. PPT - polarized proton target; SP-57, SP-40 -
dipoles; boxes - blocks of proportional chambers; dashed lines - TOF hodoscopes 
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The distance of about 3 m between proportional chambers downstream and one cham­

ber 0.3 x 0.3 n? upstream the SP-40 dipole will allow reconstruction of the deuteron mo­
mentum with an accuracy of 1% (we assume ~ 100 mrad bending angle and the accuracy 
of track detection with proportional chambers of 0.5 mm). 

We intend to investigate BES in the region of primary beam of 2.0-6.5 GeV/c. This 
corresponds to internal momenta of 0.33-0.85 GeV/c wili be covered. The secondary 
deuterons will have momenta of 0.55-1.1 GeV/c. One can see that the ratio between 
momenta of primary and secondary beams changes from ~ 3 at lowest energy up to ~ 6 at 
highest one. The main task will be to adjust the currents in the dipoles in such a way as to 
bring the primary beam into a rather narrow gap between the ole and the yoke of the 
SP-40 dipole. The trajectory of the secondary deuteron beam will change depending on the 
energy of the primary beam. So, the system of proportional chambers must be moveable in 
a direction transversal to the beam. 

The deuterons of interest will be accompanied by huge background, mostly pions and 
protons of the same momenta; therefore we need to qave a hig r~solution time of flight 
(TOF) system. Besides, we expect high flux (especially through the first chamber) of for­
ward elastically scattered deuterons and of protons of half of the primary beam momentum. 
There will be no problem to distinguish such events from the desired ones, but too high 
flux of other particles will require the following measures: 

• instead of simple TOF counters overlapping proportional chambers we need to install 
two hodoscopes. In this case we will have rough position f tracks due to the hodo­
scopes which will prompt us to choose relevant tracks in proportional chambers 
where we expect as a rule many tracks situation; 

• unambiguous identification of the good track in the first and last blocks of propor­
tional chambers (thanks to hodoscopes) and condition of straight line in the y-plane 
will help us find the relevant tracks in the first chamber block downstream of the 
magnet. 

6. Conclusion 

'I'he analysis of polarization observables such as T20 and polarization transfer coef­

ficient both in the p (d, p) d and A (d, p) X (zero angle) reactions obtained at Saclay and 
Dubna shows deviation from the IA based on a DWF with S-D-components only. New 
independent polarization characteristics must be measured to check whether we are dealing 
with more complex reaction mechanisms or with more than two-component DWF. 

We suggest here to measure new polarization observable for the backward elastic dp 
scattering, namely, the spin correlation parameter, when both i itial deuteron and proton 
have the transversal (parallel or antiparallel) polarization. Such an observable of this reac­
tion has never been measured. Firstly this observable was considered in Ref. [5] where it is 
shown that this observable is most sensitive to any deviations oft e deuteron structure from 
the commonly accepted picture, in particular, respectively pos ible existing of P-wave. 
Such measurements are an important step in the realization of t)le complete experiment for 
this reaction. 

The internal momentum region of '0.33-0.85 GeV/c will be covered, when changing 
the primary beam momentum from 2.0 up to 6.5 GeV/c. We intend to measure 10 points 
inside pointed out region with the error bars about± 0.03. The beam times request is about 
15 days (for data taking only). 
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A total of about 300,000$ is needed to assemble a spectrometer for this experiment; this 
spectrometer can also be used for other experiments using polarized target in the future [ 16, 17]. 
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WHAT SHOULD BE MEASURED IN DEUTERON BREAKUP 
WITH POLARIZED PROTON TARGET 

E.A.Strokovsky 

At present, two different approaches are used for interpretatio of inclusive data on 
deuteron breakup with emission of proton-fragments at zero degree by hadrons. According to 
one of them the observe:! characteristics of this reaction (cross sections, polarization observ­
ables) are determined by the reaction mechanism and the. deuteron structllre at short distances 
(in the commonly accepted sense) plays a minor role. According to the other approach it is the 
deuteron structure at short distances which determines the observed trend of the data. Neither 
of these approaches can describe the data even qualitatively in the w ole investigated region 
of kinematical variables, having particular success for some narrow region corresponding to 
long distances. Installation of the polarized proton target at LHE JINR opens an opportunity 
to perform a rather simple experiment which could discriminate o e of these completing 
approaches. The idea of this experiment is discussed in the present paper. Measurement of the 
observable suggested here is a particular example of a general problem of a search for spin 
correlations in inelastic reactions between particles separated well i 4-velocity or rapidity 
spaces. In our particular case correlations of spin degrees of freedom between particles, one of 
which is in the target fragmentation region and the other belongs to the projectile 
fragmentation region, are discussed. 

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

qTO CJie.z.yer H3MepHTh 8 peaKQHH HHKJII03HBHOfO 33B3JI3 

.z.eifTpOHa DOJIHpH30B3HHhiMH DpOTOH3MH 

E.A.CntpOK06CKUU 

8 HaCTOJIWee BpeMJI cywecTByKJT ABa OCHOBHbiX flOAXOAa K HHTepnpeTai.IHH HHKJII03HBHbiX 
AaHHbiX o pa3oane AeiiTpoHa aApoHaMH c BbUieTOM npoTOHOB-<flparMeHTOB «Bnepe.D;». Co macHo 
OAHOMY H3 HIIX xapaKTepHCTHKH ::lTOH peaKI.IHH (ce'!eHHJI H nonllpH3ai.IHOHHble Ha6nKJAaeMble) 
onpeAenliiOTCll B nepByiO O'lepeAb MeXaHH3MOM peaKI.IHH, a CTpyKTy a AeHTpOHa Ha MaTibiX 
paCCTOJIHHJIX, OOHHMaeMaJI B o6wenpi!HliTOM CMbiCne, HrpaeT BTOpOCTeneHHYKJ pOnb. 8 ApyroM 
flOAXOAe C'IHTaeTCJI, HanpOTHB, '!TO HMeHHO CTpyKTypa AeHTpoHa Ha MaJibiX paCCTOJIHHJIX onpe­
AenlleT, B OCHOBHOM, Ha6n10AaeMOe nOBeAeHHe AaHHbiX. HH OAHH H3 3THX flOAXOAOB He MOJKeT 
o6ecne'IHTb OOHCaHHe AaHHbiX BO BCeH HCCfleAOBaHHOH o6naCTH KHHeMaTH'!ecKHX nepeMeHHbiX 
AaJKe Ka'leCTBeHHO, XO"!"ll B OOOHX AOCTHraeTCJI Hermoxoe OOHCaHHe AaHHblX B HeKOTOpoH 
o6naCTH, OTBe'laiOweii cpaBHHTenbHO 6onhiiiHM paccTOliHHJIM. YcTaHOBKa nompH30BaHHOH 
npoTOHHOH MHIIIeHH B TIB3 OIUIH OTKpbiBaeT B03MOJKHOCTb BbinMHHTb cpaBHHTenbHO npo­
CTOH 3KCnepHMeHT, KOTOpblH MOr 6bl AaTb OCHOBY Anll BblOOpa MeJKAy 3THMH KOH­
KypHpyiO!llHMH TO'!KaMH 3peHHll. 8 AaHHOH pa6oTe 06cyJI(AaeTCJI I{Aell TaKOfO OflbiTa. i13Me­
peHHJI Ha6n10AaeMOH, npel!JIOJKeHHble B 3TOH pa6oTe, npeACTaBnliiOT C060H '!aCTHblH cnyqaii 
o6weH npo6neMbl OOHCKa KOppenlii.IHH MeJKAy COHHaMH '!aCtHI.l, XOpOIIIO pa3AeneHHbiX B npo­
CTpaHCTBe 4-cKopocTeii HnH 6hiCTpOT. B 'laCTHOM cnyqae, paccMOTpeHHOM 3AeCb, o6cyJKAaeTCll 
KOppenlii.IHJI MeJKAY COHHOBbiMH CTeneHJIMH CB060Abl '!aCTHI.l, OAHa H3 KOTOpblX npHHa.D;neJKHT 
o6naCTH ¢parMeHTai.IHH MHIIIeHH, a APYraJI - CHapJIAa. 

Pa6oTa BbinOnHeHa B na6opaTOpHH BbiCOKHX 3Heprnii OIUIH. 
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1. Why an Additional Polarization Observable is Necessary 

Reaction d + (p, A) --+ p +X of inclusive deuteron breakup when proton is emitted at 
zero degree with momentum p > p d I 2 is under study about 15 or more years. Here p d is 

the momentum of the initial deuteron. Data of high quality are obtained on differential cross 
sections [1], tensor analysing power T

20 
[2] and spin transfer coefficient K

0 
from the deu-

teron to the proton-fragment [3]. The main goal of these efforts was to get information 
about deuteron structure at short distances where its nucleons-constituents can hardly be 
treated as separate objects and quark-gluon effects should be revealed. Of course, such kind 
of information can be obtained from experiments with electromagnetic probes as well; a 
wide-spread belief is that it is the best way. But use of hadron probes has some advantages 
before electromagnetic ones: apart from higher cross sections disintegration of deuterons by 
hadrons is sensitive not only to charged (quark) constituents of deuteron but to its gluonic 
component as well. The expression «deuteron structure» is used here in a commonly 
accepted sense, i.e., it can be represented in terms of deuteron structure functions or its 
wave function, which can be found as a solution of some set of equations with boundary 
conditions corresponding to the problem of the stable bound system with the deuteron 
quantum numbets. 

Generally speaking, in the experiments mentioned above the polarization observables 
were measured in the projectile fragmentation region and correlations of spin degrees of 
freedom between incident deuteron and its proton-fragment were studied when these par­
ticles are more-or-less close to each other in the 4-velocity or rapidity spaces, i.e., the close 
correlations were studied. 

The motivation of experiments on hadro-disintegration of deuteron is based on implicit 
assumption that the matrix element of. this reaction can be factorized on two parts: the one 
part is determined by deuteron wave function (DWF}, the other one describes interaction of 
the deuteron constituents with target, i.e., represents a particular reaction mechanism. The 
assumption, or a belief we are talking about, is that the 2nd part of the matrix element, i.e., 
a particular mechanism of the breakup reaction, has comparatively weak influence on the 
behaviour of the measurable quantities (the cross sections, polarization observables) which 
are determined mostly by the DWF. This assumption can be expressed in other words as an 
assumption of absence of significant spin correlations between target and projeetile frag­
mentation regions when 4-velocity or rapidity spaces are considered. There are evidences 
in favor of this (see, for examples, Refs . [4,5]). Still, this is not proven neither 
experimentally nor theoret ically so far : Therefore there is no commonly accepted inter­
pretation of the data mentioned a~ove . 

According to one point of view, the discrepancies between the data and theoretical 
model calculations [5] are a signal about necessity to make various modifications of the 
DWF, according to the others [6], it is the reaction mechanism which is responsible for 
these discrepancies. 

Recently it was shown that if the DWF has commonly accepted 2-component structure 
with S and D waves at distances where nucleons can be treated as the separate entities, and 
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if the reaction mechanism does not change 
the spin state of the detected protons, then 
the two polarization observables, T20 and P 

K
0 

must be related and fill a circle on the 

T20 - Ka plane [7]. The experimental data 

show that it is not so: at least one of these 
conditions is not fulfilled [ 4, 7] . The pre~ 
sent state of theory and the experimental 
data base cannot provide a basis for a defi-
nite conclusion which of two possible rea-

d 
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X 

p' 

sons is responsible for the deviation of the 
experimental data from theoretical expec­
tations. 

Fig. Inclusive breakup of deuteron in IA-like appro-

In all the experiments on the hadro­
disintegration performed so far only unpo-

ximation 

larized targets were used. We would like to stress here that the breakup of unpolarized 
deuterons on polarized protons can help much in finding of definite conclusion about the 
relative importance of the reaction mechanism. 

Indeed, if one takes the assumption that the reaction mechanism does not change the 
spin state of the detected proton, i.e., this state is determine by its spin state in the 
deuteron before it was broken (at distances where it has a sense to talk about spin state of 
proton in deuteron), then the polarization of protons P from breakup of unpolarized deu-

P 
terons on polarized target must be zero. It is evident from the simplest IA-like graph of the 
Figure widely used for interpretation of the breakup data. In other words: there must be no 
correlation between P and polarization P of the target, i.e., between spin degrees of 

p t 

freedom when one considers particles separated far in the 4-veloctty or rapidity spaces. This 

correlation parameter is denoted here as KJ where lower indices refer to the initial par-,y 

ticles (projectile and target) and upper index refers to the detected particle; this notation is 
constructed in analogy with notations used in Ref. [8] where elastic backward deuteron­
proton scattering (BES) was analysed. 

On the other hand, if the reaction mechanism does change the spin state of the detected 

proton, then there could be sizeable correlation between P and P . This is evident, for 
p t 

example, if configurations with at least 3 nucleons (2 from deuteron + 1 from target) with 
relative distances less than -0.5 Fm in the coordinate space play significant role in the 
process of the deuteron breakup with emission of a hard proton with momentum 

p >pdf 2. 

Therefore the measurement of the spin transfer from polarized proton target to the 

proton-fragment, i.e., KJ in breakup of unpolarized deuterons could give an almost 
,y 

definite answer to the key questions: what we are studying in the deuteron breakup: a 
mechanism of this reaction or the deuteron structure (if they can i deed be disentangled and 
this question makes sense). 
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2. Some Details of the Experiment 

The experiment can be performed at LHE JINR using Moveable Polarized Proton Tar­
get which has been installed in the Laboratory. 

In order to reach the main goal formulated above it would be enough to measure KJ 
,y 

up to k of 300--400 MeV/c, where large discrepancies are observed between data and 
almost all theoretical models. Here k is the light-cone variable (see [1, 2, 3, 5] for example). 
In this kinematical region the breakup cross sections are rather big [1] and problem of 
particle identification is not so difficult as it was in the previous experiments [2, 3], where 
data were taken at k close to the kinematical limit. 

Because of low conte:lt of polarized protons in the target working material used now, 
it would be better to replace it by irradiated NH

3 
which has two main advantages for this 

experiment: 
• all the scattering centers are polarized because the nitrogen nuclei are polarizable as 

well as protons; 
• the upper acceptable level of intensity of the primary beam is much higher with 

irradiated ammonia. 

Another advantage of measuring KJ,y in this experiment (as well as K
0
0: in BES) in 

comparison with measurements of JC0 or spin-spin correlation C in the deuteron breakup 
y,y 

or BES [9] is that intensity of unpolarized deuteron beam at the Synchrophasotron or the 
Nuclotron is much higher than the intensity of polarized deuteron beam. Therefore the data 
taking rates will be limited by the setup capacity only. 

The magnetic spectrometer with momentum resolution of -0.3-0.5% placed down­
stream the target must include a proton polarimeter like the POMME polarimeter [10] 
working at SA TURNE or a new polarimeter to be built at LHE. 

3. Conclusion 

Measurement of the spin transfer coefficient K~ from polarized proton target to the 
,y 

hard proton-fragment in reaction of inclusive deuteron breakup at zero degree is ,suggested 
to be performed at the ex_tracted beam of unpclarized deuterons of the Synchrophasotron or 
the Nuclotron . If this coefficient will be small and close to zero up to k- 300--400 MeV/c, 
it will be a strong experimental argument that the breakup of deuteron by hadrons probes 

the deuteron structure at short distances. If the coefficient K
0
Y will deviate significantly 
,y 

from zero at k - 300--400 MeV /c, it will be an unambigious argument in favour of alter­
native approaches like those where reaction mechanism contains strong final state inter­
action and intermediate isobars and mesons play a decisive role or those where some system 
of 9 quarks or 3 correlated nucleons appears in the intermediate state. 

Of course, other possible spin observables should be examined (first of all theore­
tically) as well: the coefficient of tensor-to-vector spin transfer from tensorially polarized 
deuteron to proton and the triple spin correlations (polarized deuteron, polarized target 
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proton and polarized final proton-fragment). Some of them co ld be unsignificant within 
IA-like models where graphs like on the Figure are dominant, but could be essentially 
non-zero in alternative approaches. 

In our particular case a particular correlation of spin degrees of freedom between 
particles belogning to target and projectile fragmentation regions was discussed. In this 
sense the measurements of observable suggested here give a particu!ar example of more 
general problem of a search for spin correlations in inelastic reactions between particles 
separated well in 4-velocity or rapidity spaces. 
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Recent data on 12C + 12C and 12C + 181Ta interactions at 4.2 A GeV/c from the 2 m JINR 
propane bubble chamber exposed at the Dubna Synchrophasotron are presented. The analysis 
of the flow angle distributions shows the «side-splash» effect in reactions with tantalum and 
carbon targets for high multiplicity events though for the latter case it is much less pronounced. 

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

Ha6JIIo,ZJ;euue KOJVIeKTHBHhiX noTOKOB 

B coy,ZJ;apeHHJIX TJIJKeJihiX HOHOB npu 4.2 A r3B/c 

A.ll. qen.llalws u i>p. 

npellCTaBJieHbi .11aHHbie no sJaHMO.!IeiicTBHJIM 12C + 12C " 12C + 181Ta npH 4.2 A fllB/c, 
nOJiy'leHHble npH OMyqeHHH .!IByxMeTJ>OBOH nponaHOBOH nYJblpbKOBOH KaMepbl Ha CHH>.po$a­
JOTPOHe JIB3 OHSIH. AHanHJ pacnpe,11eneHHH no ymy noroiCa noKaJbiBaeT HanHqHe «side­
splash» 3<P<I>eKTa B COyJlapeHHliX C TaHTanOBOH H ymepO,!IHOH MHmeHliMH B C06b1THJIX C 60Jib­
WOH MHOlKeCTBeHHOCTbiO. B TO JKe BpeMll 3$<PeKT .!t1lJI ymepo.!IHOH MHWeHH BblpaJKeH MeHee 
JaMeTHO. 

PaOOTa BblnOJIHeHa 8 Jla6opaTOpHH CBepXBbiCOKHX 3Hepmii H Jla6opaTOpHH BbiCOKHX 
3Hepmii OHSIH. 

1. Introduction 

High energy nucleus-nucleus interactions have been of growing interest in the recent 
years. This is mainly due to the fact that these collisions offer a unique opportunity to study 
properties of nuclear matter at extremely high densities and temperatures, where the phase 

10n leave of absence from Institute of Physics, Azerbaijan Academy of Sciences, 370143 Baku, Azerbaijan 



36 Cheplakov A.P. et al. An Evidence for Collective 

transition of hadron gas to quark-gluon plasma and other novel phenomena may exist. In 
this context the main features of particle production and general properties of the intra­
nuclear medium are to be studied covering both low and high energy regions in order not 
to miss a signal of exotics. 

One of the most significant experimeRtal results in this field was the observation of the 
collective flow of nuclear matter in the region of relatively low energies (around 1 GeV per 
nucleon) which was considered as the most important signai.ure for the compression effects 
proposed by an equation of state. In the experiments with Plastic Ball [1] and later on with 
the streamer chamber [2] (both at the BEV ALAC, Berkeley) the existence of the twofold 
collective effect was established: the «side-splash» of the participants and the «bounce-off» 
in the fragmentation region. Further investigations in the energy range around 1 Ge V have 
confirmed the effect [3-5]. At higher energies (about a few GeV per nucleon) nuclei still 
exhibit a rather large stopping power [6], and so the collective flow might well exist in this 
energy region and its nature should be similar to that at low energies. However there was 
no experimental evidence for (or against) the stopping power [6], and so the collective flow 
might well exist in this energy region and its nature should be similar to that at low 
energies. However there was no experimental evidence for (or against) the existence of 
nucleonic collective flows at medium energies. 

We searched for a possible manifestation of the nontrivial collective phenomena in 
collisions of carbon nuclei with carbon and tantalum ones at 4.2 GeV/c per nucleon . The 
experimental results are compared with the Monte-Carlo calculations according to the 
Dubna version of the cascade model (DCM} [7] . 

2 . Experimental Details 

The experiment was carried out with the 2 m propane bubble chamber exposed to the 

beams of d, 4He and 12C nuclei at the incident momentum of 4.2 GeV/c per nucleon from 
the Dubna Synchrophasotron . Three tantalum plates each 1 mm thick were placed inside the 
chamber volume. Events were recorded in the target plates as well as in propane. The 

statistics is -2000 for 12C + 181Ta interactions and -7000 for the 12C + 12C case. Protons 
were well separated from pions in the momentum range of 150 < p < 900 MeV/c, by ioniza-

tion density . The contamination of misidentified 1t+ mesons was about 8% of the number of 
fast positively charged particles with p > 1 GeV/c which were mainly fast protons [8]. The 
charges of fragments heavier than proton were determined by ionization density and also 
by means of counting 8 electrons in the case of carbon exposure [9] . The contamination of 
such fragments was about 7% of the number pf positive tracks in the momentum range from 
1 to 2 GeV/c [8] . The experimental setup and the data handling procedure are described in 
more detail in refs. [ 10-- 2] . 

For the analysis presented below we used the number of participant protons, i.e., 
protons which took part in the interaction, defined as 

N = n - n - - n + - nF- nF 
part c 1t 1t P T ' (1) 
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where n is the number of charged particles in an event, n -(n +) is the number of 1t-(1t+) c n n 

mesons and n~ (n~) is the number of spectator fragments of the projectile nucleus (target 

nucleus). The value of n~ is determined by the number of spectator fragments of the pro­

jectile (or stripping particles) with pi Z > 3 GeV/c and with the emission angle< 4°. Protons 
with plab < 450 MeV/c were considered as spectator fragments of the target the most part of 

which was absorbed by the tantalum plate. This boundary obtained in a special methodic 
analysis is rather nominal, however the charge of its absolute value within the limits of 
reasonable physical estimates does not affect the results of the xperimental analysis pre­
sented below. 

For the sake of proper comparison of the DCM predictions with the data, we have 
filtered the simulated events through the program which imitates the main features of the 
whole chain of the data taking and processing procedures. A good agreement of the 
inclusive single-particle spectra from simulated events· with the data· is a combined success 
of both the DCM and the filtering [8]. 

3. Event Shape Analysis and Collective Flow 

Search for experimental evidence of collective effects in our experiment has been 
carried out by means of the events shape analysis based on t e diagonalization of the 
kinetic energy flow tensor [ 13]. 

p.(v)p.(v) 
K =L. I J 

ij 2m(v) (2) 
v 

This sphericity tensor with the weight factor 112m(v) was determined and diagonalized for 
each individual event. For C + C collisions this procedure was performed in the center-of­
mass system while for asymmetric C + Ta collisions we used two different reference frames 
as described below. In the event shape analysis we c.lso used the flow angle, eFL' as a key 

variable. It is defined as the angle between the beam axis and t e major axis of the flow 
ellipsoid obtained after the diagonalization of the K .. tensor. In order to reveal the nontrivial 

I) 

collective nucleons flow (the «Side-splash» effect), the eFL distributions for c + Ta and 

C + C collisions were obtained for different multiplicity selection , and the comparison with 
those calculated from the DCM was made. 

The distributions of the flow angle eFL in the nucleon-nucleon center-of-mass system 

(NN c.s.s.) for all protons produced in C + Ta interactions at 4.2 GeV/c per nucleon for 
different intervals of multiplicity n are shown in Fig. l (a). The corresponding distributions c 

obtained from the DCM-simulated and appropriately filtered events are also presented on 
the right of this picture (Fig.l (b)). As is seen from Fig.l (a), the eFL distributions for all 

protons (spectators and participants) do not show any peculiarities at nonzero e FL' i.e., we 

do not see any «side-splash» of protons. Similarly the DCM also produces smooth distri­
butions. 
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Fig. I. Flow. angle distributions for C + Ta collisions in different multiplicity ' 
intervals for all protons in the NN c.m.s. 

It should be noted here that as the data presented in Fig.l (a) include also the spec­

tators, the sidewards flow can be seen only if it is significant enough since the effect must 

be masked by spectator protons from the projectile which are mainly peaked at small angles 

(9FL < 10°). This has been realized previously in the experiments at the BEVALAC [1 ,2] . 

Another point is that the NN c.m.s. is not quite meaningful when the masses of the colliding 

nuclei are not equal. Much closer to the proper c.m.s . of the interacting matter is the 

center-of-mass system of participant nucleons (p.c.m.s), in which ~ p
1
* (v) = 0, where v k.i ong 
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runs over the participant nucleons. Thus, in order to reveal a signal of collective «side­

splash» (if any), we have also obtained the 9FL distributions for articipant protons in the 

p.c.m.s., i.e. , in their own rest system. From the distributions presented in Fig.2 (a) it is 

seen that there is a distinct peak near eFL- 12° for the 15 s; n c < 35 charged multiplicity bin. 

The distributions obtained from the DCM, which does not comprise collective effects, are 

also shown in the same figure. These distributions demonstrate a r ther smooth fall towards 

large 9FL angles (Fig.2 (b)) . 
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Figure 3 presents an inclusive momentum configuration of participant protons and 

spectator protons of colliding nuclei for C + Ta interactions. For each event the longitudinal 

momenta of particles were Lorentz-transformed into the rest frame of participant protons. 

The plane containing the major axes of the K .. tensor and the beam axis (reaction plane) 
IJ 

was determined for each event and rotated by azimuthal angle <p in such a way that the 

individual reaction planes coincided with the x- z plane, where the z-axis is the beam one. 

In other words, the reaction planes were superposed for all events. For better visualization 

only the particles having small momentum components transversal to the flow plane 
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(p~u1 <0.2 GeV/c) are shown. It is seen that our criteria for separation of the spectators 

work well since we do not observe any significant presence of nucleons from the 
fragmentation regions of colliding nuclei in Fig.3a. Analogous distributions from the 
cascade model are presented in Fig.4. The comparison of Figs.3 and 4 shows that the DCM 
describes qualitatively quite well the dynamics of collision at our energy. So, any 
significant deviation from the experiment can be considered as possible signal of a 
collective phenomenon because there is no collective mechanism in ut in the DCM. 

The above analysis shows that there is a finite deflection angle for a mid-multiplicity 
interval in C + Ta interactions. The same analysis was made for C + C interactions in our 
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experiment. As in the case of C + Ta interactions, the 9 FL distributions of all protons in the 

c.m.s. of colliding nuclei were obtained for interactions of incoming carbon nucleus with 
carbon from propane (C + C interactions, Fig.5 (a)). Analogous 9FL distributions of filtered 

events from DCM calculations are presented in the same figure (Fig.5 (b)). There is no 
structure seen in Figs.5 (a,b): the eFL distributions are smooth and fall down steeply. The 

flow angle distributions for C + C data, where only participant protons were included in the 
analysis, along with the DCM calculations are shown in Figs.6 (a,b). As is seen from Fig.6, 
the comparison of the experimental data with the cascade model calculations shows the 
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presence of a nonzero peak for the experimental data in the last tw intervals of multiplicity 
while the flow angle distributions for the DCM calculations are peaked at 0°. 

Thus, the performed analysis allows us to draw a conclusion that there is experimental 
evidence of the collective flow of nucleons: the «side-splash» of participants in the 
collisions of carbon nuclei with tantalum and carbon. It is worth mentioning that in our 
experiment the flow angle distributions are peaked around 10°- 12° for mid- and high 
multiplicity bins while in the experiments at the BEY ALAC energies the finite deflection 
angle reached considerably larger values. This fact confirms the results obtained earlier at 
the BEY ALAC where for different colliding heavy nuclei the decrease of the «side-splash» 
effect was observed with increasing energy [ 14]. 
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4. Conclusion 

Results from the global event shape analysis of the C + Ta and C + C data from the 2 m 
propane bubble chamber are presented. The investigation was made to search for collective 
motion of nucleons. For this purpose the flow angle distributions were analyzed. We com­
pared the experimental results with the Dubna cascade model calculations. As the collective 
phenomena are not taken into account by this cascade model, it can serve as a good back­
ground for extracting co llective effects from the experiment. 

From the analysis of the experimental data it was deduced that the collective effect -
«side-splash» of participants - is observed and is prominent for C + Ta data in a 
15 < n < 35 multiplicity interval. In C + C this effect is still observable for medium and 

c 

high multiplicities but less pronounced. It is necessary to note here that the data presented 
above are the first experimental evidence of the collective effect of this kind in nucleus­
nucleus collisions at energy essentially higher than 1 GeV/c per nucleon. The finite def­
lection angle increases with increasing multiplicity in our experiment as well as at the 
BEY ALAC energies, but this dependence is different for symmetric (C +C) and asym­
metric (C + Ta) collisions. 

The comparison of the eFL distributions in our experiment with those obtained at the 

BEVALAC sho'ws that finite deflection angle decreases with increasing energy . This fact is 
in line with previous experiments at Berkeley. Further investigations of the «side-splash» 
effect are required to understand the nature of this phenomenon better. 
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MC SIMULATION 
OF ZERO DEGREE CALORIMETER 
FOR INVESTIGATION OF Pb-Pb INTERACTION 
AT 160 GeVINUCLEON IN WA-98 EXPERIMENT 

R.Eremeev, A.Fedunov, A.Maximov, G.Shabratova, 
N.Slavin, A. Vodopianov, V.Genchev* 

The characteristics of the lead Zero Degree Calorimeter have been investigated in the 
framework of Geant package. This calorimeter is used like the major trigger device of nucleus­
nucleus central collisions. The simulation of nuclear interaction of projectile and it's fragments 
with calorimeter media has been done. The calorimeter resolution as a function of projectile 
energy is evaluated. The scintillation light absorption in light drivers and the fluctuation of 
photocathode electrons have been taken into account. The resolution was equal to: 

RES = (49.2 ± 1)%>/E EB (1.89 ± 0.34)%. 

The maximal radiation load for scintillator tile and light drivers has been estimated. It is 
equal to 2.31 Mrad for single scintillators tile and 164 krad for sing! driver at intensity of 

106 Pb nuclei per spill for 4 runs by 30 days . 
The investigation has been performed at the Laboratory of High Energies, JINR. 

MoJJ:eJIHposauue nepeJJ;nero K8JiopnMeTpa 3KcnepnMeHTa W A -98 
DO HCCJieJJ;OB8HHIO B38HMOJJ;eHCTBHH JIJJ;ep CBHHU8 CO CBHHUOM 

npH 3HeprHH 160 r3B Ha HYKJIOH 

P.EpeMeeB u op. 

B paMKaX MOAeJIHPYJOII.Iero naKera GEANT HCCJieAOBaHbi xap&KTepHCTHKH aApouuoro 
CBHHI.{OBOro KaJIOpHMeTPa, KOTOpblH HCOOJlb3YeTCll .!lJlJl BbUleJieHHll l.{e TPaJibHbiX liApD-liAep­
HblX B3aHMOAeHCTBHH. npe,!JJIOJKeH MeTOA MOAeJIHpOBaHHll l[AepHbiX npoueCCOB npH npOXOJK­
)IeHHII llApa H ero !jlparneHTOB qepe3 semeCTBO KaJIOpHMeTPa. Que eHO pa3peweHHe Ka­
JlOpHMeTPa C yqeTOM OOrJlOWeHHll CBeTa, HCnyll.leHHOro B CUHHTIIJUillTOpe, B CBeTOBO)Iax, a 
TaKJKe !jJ.rlyKryauHll 3JieKTpoHOB C KaTO)Ia tPoTOYMHOJKHTCJlll. 3aBHCHMOCTb pa3peWeHHll OT :mep­
rHH CHapllAa MOJKeT 6LITb npeACTaBJ1eHa B BRAe 

RES= (49,2 + 1,0)%>/E EB (1,89 + 0,34)%. 

*Institute of Nuclear Research and Nuclear Energetics, Sofia, Bulgaria 
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HaiiJleHO, 'ITO MUCHMaJILHaJI paD.HllUHOHHaJI Jarpy:uca CUHHTKJUIJITOpoB np11 HHTCHCHBHOCTH 

ll)"'Ka ll.l{Cp CBHI>Ua 106 
33 c6poc B TC'ICHHC 4 CeaHCOB nO 30 llHCH COCTaBHT 2,31 MpaD., a 

MUCHMaJJLHaJI larpYJKa CB<;TOBOllOB - 164 KplUJ.. 

Pa6on swnonueua B Jla6opaTOpHH BLICOKHX 3Heprnii OHSIH. 

The interest of a scientific community to an investigation of nucleus-nucleus collisions 
at high energies was manifested in earring out of copious experiments at high energy 
nuclear beams in last ten years. The selection of collisions with small impact parameters 
(central collisions) is an important task in such investigations. 

The large acceptance experiment of WA-98 was started in 1994 at CERN SPS. The 
study of Pb-Pb collisions at 40, 80 and 160 GeV with high statistics of hadrons and photons 
was planned in it. The Zero Degree Hadronic Calorimeter (ZDC) measured a forward 
energy flux is used like a major triggering device of central collisions. According to this 
aim main requirements to the calorimeter are: 

• high resolution of deposited energy measurements; 
• high radiation resistance of. the calorimeter. 
The MC study of the Zero Degree Calorimeter has been done in the framework of 

GEANT [ 1] code. It was carried out in acco~dance with the above requirements: 
• optimization of ZDC geometry; 
• estimation of the calorimeter resolution; 
• estimation of radiation loads for the calorimeter sensitive elements. 

1. The Calorimeter Geometry 

The main purpose of a calorimeter usage in an experiment is a measurement of in­
coming particle energy. wtth good resolution. This means that the geometry of calorimeter 
should provide minimal lateral and longitudinal leakages. There is an additional require­
ment in the case of a hadron calorimeter. The calorimeter response to hadron and electro­
magnetic showers should be very close, i.e., compensation should be full. The ZDC geo­
metry has been chosen in accordance with requirements mentioned above. The calorimeter 

consists of a 35 modules of 15 x 15 cm2 with a cross section of 105 x 75 cm2 in the plane 
perpendicular to the beam direction. It has about 9.4 interaction legth along the beam 
direction with division of each module into 158 layers of 1 em lead tile and. 0.25 em 
polystyrene scintillator tile. Four steel plates have been inserted among these layers for 
mechanical rigidity of the module. The ratio of the thicknesses of lead and scintillator tiles 
was chosed to be equal to 4 in order to provide full compensation of the calorimeter [2]. 
Wave length shifters (WLS) were used like drivers of the scintillator light to photo 
multipliers. 

2. The Calculatio n Method 

The goals of our MC study were to simulate calorimeter features as close to a reality 
as possible. The detailed consideration is needed, partially, for the description of relativistic 
nuclei interaction with the calorimeter media and an evaluation of scintillator gamma losses 
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during it passes through the WLS matter. Before the starting of thi consideration we shall 
discuss some GEANT parameters used in our calculation. First of all, the possible in 
GEANT frame-work secondary .prosses were switch on: 

photoelectric effect, compton scattering, 
pair production, bremsstrahlung, 
Raleigh effect, &-ray production, 
positron annihilation, nuclear fission by photon, 
decay in flight, hadron interaction, 
muon-nucleon interaction, multiple scattering. 

The hadron interactions were simulated with the help of the FLUKA package. The 
values of the energy threshold from which the process of given particle is started have been 
taken equal to 1 MeV for gamma, electron, hadron, muon and 5 MeV for neutrals. The 
energy conservation of the primary protons was the main criterion in the choice of these 
CUT values. · 

2.1. The Interaction of the Fast Nuclei with the ZDC Matter. In our case fast Pb nuclei 
and their fragments pass through the calorimeter media. They create a huge number of 
hadrons and fragmentate into nuclei with smaller atomic numbers in the same time. In order 
to simulate this rather complicated process we combined the following: 

with 

here 

• the GEANT estimation of nucleus ionization losses during it's passage through 
media; 

• the VENUS [3] calulations of the number and kinematical characteristics of partic­
les, produced in an overlapping area of colliding nuclei; 

• the generation of the projectile nucleus fragmentation characteristics according to the 
EXPERIMENTal distributions. 

The main algorithm was the following : 
• the interaction point of a projectile with target nucleus was generated according to 

the nucleus-nucleus cross section 

d,nel = 71 (alnel)0.29 B0.68( b) 
BA pA m , (l) 

(2) 

• the degree of projectile fragmentation and it's charge composition were generated 
according to approximation of experimental distributions for the summary charge of 

fragments (Q = L Zfrag) and their charge composition [ 4] ( ee Fig.l ); 

• the perpendicular momentum of the fragment was generated due to parabolic law [5] 

dcr/ dP .l = exp(- P }.1 2cr), (3) 

(4) 

with the Fermi momentum P F = 221 MeV /c, A - atomic number of projectile and F -

fragment atomic number. There are two simplifications in simulation: the hadron interaction 
of projectiles and their fragments was switched on only for Pb and Fe targets; the fragment 
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Fig.2. The scheme of the Pb nuclei fragmentation along it's pass through the ZDC. 
The values in the square brackets lire the numbers of produced particles 

with F < 3 were returned to FLUKA as protons with the momentum of 160 GeV/c times 

their atomic numbers. 
One can find in Fig.2 the example of the fragmentation of the Pb nuclei during their 

pass through the ZDC matter. 

2.2. The Attenuation of the Scintillator Light. The losses of the scintillation photons 
along their light way and the fluctuations of photoelectron have been taken into account. 
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The number of photons emitted at a given point of a polystyrene tile is equal to: 

N=E . IE, y scm 
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(5) 

where E . is the energy deposited in polystyrene and realised into scintillations, scm 
E = h ( v ) - average frequency of emitted light. The spectrum of light emitted by the 
polystyrene is shown in Fig.3 . The influence f the tile transparency to the light collection 
(N~ has been done in accordance to the empi c al function shown in Fig.4. The scintillator 

tile was exposed by the radioisotope source and masking then with the black paper. We 
have used the empirical function for radiation dose equal to 5 Mrad. After this the N~as 

been corrected to the light absorbtion in the wave length shifter medium: 

- z/ L 
N"= N' e wu TJ 

y y trans ' (6) 

where z is the distance from light creation point to photomultiplier (PM) entrance, LWLS is 

the light absorbtion length in WLS and Tltrans is a transition coefficient including an effi­

ciency of light reemission by the WLS (see Fig.3) and the geometrical efficiency of light 
transition from the creation point to PM entrance. 

A convolution of the spectra of photocathode emission and light emission of WLS -
(see Fig.3) has been done in order to take int account the photoelectron fluctuation. 

3. Results 

3.1. The General Characteristics of the Calorimeter. The geometrical characteristics of 
the ZDC as a device with almost full deposit of incoming particle energy can be illustrated 
by the data shown on Fig.5. We see that the huge part of the initial energy is absorbed in 
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Fig.5 . The lateral development of showers initiated by Pb nuclei in ZDC at 160A GeV (a); the 
longitudinal development of these showers (b) 
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Fig.6. The spectra of the energy deposited in scintillators and WLSs in ZDC at 160 GeV elec­
trons and 160 GeV protons (a) ; thee/ h ratio as a function of initial energy (b) 

two central modules of our calorimeter (Fig.5a) both for incoming protons 

(82.505 ± 0.007)% and for Pb nuclei (84.4 ± 0.7)%. In fact there is no lateral leakage, 

practically, in our case (Fig .5a). The punch through is not larger than 0.6% for the initial 

proton and 0.4 % for the nucleus beam (Fig .5b) . The e/h ratios for ZDC are shown in Fig.6. 
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3.2. The Energy Resolution. The energy resolution of the calorimeter has been esti­

mated fot the initial protons. Five beam energies were taken: 10, 20, 40, 80 and 160 GeV. 

Absorbtion length of the WLS matter varied from 2 up to 10 m. The value of transition 

coeffisient of Tltr from (4) has been taken equal to 0.01 in the s mi-emperical way. The 
ans 

results of simulation are shown in the table and Fig.7. 

The approximation of the mentioned above resolutions in the form · 

(7) 

gives the values of coefficients of a= (49.2 ± 1.0)% and b = (1.89 ± 0.34)% for LWLS = 

= 10m. The variation of the WLS absorbtion length does not change stochastic term of a, 
practically. The constant term of b is varied from (3.15 ± 0.20)% at LWLS = 5m to 

(1.89 ± 0.34)% at LWLS = 10m. 

Einit (GeV) 

RES(%) 

Table. Calorimeter resolution at LwLS = 10m 
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Let us estimate an expected accuracy of energy measurement for central collision 
events (CC) and for minimum bias events (MB ), using the energy resolution at 
LwLS = 10m. The average values of full energy deposited in scintillation tiles and WLS at 

160 GeV/n are: 

E = 3.784 ± 0.0002 GeV for p + ZDC (1000 events), 

E = 1192.0 ± 7.0 GeV for Pb + ZDC (37 events). 

Thus the deposited energies will be: 

in CC case- 3.784 GeV x 207 = 783.3 GeV ± 20.2 GeV, 

in MB case- 1192 GeV ± 28 GeV. 

One can see that the selection of central collision events in ZDC can be done with high 
degree of reliability . 

3.3. Radiation Load. The knowledge of the distribution of deposited energy in single 
scintillator tile and in WLS lets us to estimate radiation load of sensitive parts of our 
calorimeter in the case of initial Pb nuclei. This value is expected to be rather overestimated 
as we consider the case when 100% of the beam consist from the Pb nuclei. In the experi­
ment the content of the particles incoming into the ZDC will be spread from Pb nuclei up 
to single protons. The distributions of the deposited energy for the single tile and single 
WLS of the central modules as a function of the plane number (longitudinal development 
of showers) are shown in Fig.8. The areas of maximal energy deposit are hatched. The 
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maximal value for scintillator tile per event is equal to 13.67 GeV, for part of WLS with 
the equivalent volume- 0.971 GeV. 

The maximal radiation loads suitable to these values for intensity of 106 Pb per spill 
for 4 runs by 30 days are equal to: 

for single scintillate plate 2.31 Mrad, 

for single WLS 164 krad. 

As the radiation load of sensitive parts of ZDC is rather large we have given a trial of 
an emergency variant to use the lead block in front of the ZDC entrance in order to 

attenuate the beam intensity. The lead block 2 x 2 x 18 cm3 was placed at the entrance of 
the central ZDC module. The radiation loads were decreased in this case. The scintillator 
tile, for instance, is loaded up to 1.9 Mrad. The energy resolution is degraded, naturally, 
and at LWI.S = 1Om is equal tc: 

RES= (52.73 ± 0.49%/ ..fE EB (4.24 ± 0.29)%. (8) 

The average deposited energy, in case of MB events, is equal to (1053 ± 48) GeV and 
to (782.5 ± 36.3) GeV for CC interactions. One can see that the selection of MB and CC 
events can be done, in this emergency varnant, with sufficient accuracy, too. 

4 . Conclusion 

I . The selection of central collision events can be done with high degree of reliability 
by means of ZDC measurements. 

2. The detector parts of ZDC will have a large radiation load during their exposition in 
Pb nuclei beam. The degradation of ZDC energy resolution as a result of this load can be 
compensated by the placing of attenuation block in front of ZDC entrance, or by using any 
semi-peripheral modules like a central. 
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AN ALGORITHM FORIDENTIFYING EVENTS 
IN THE EXPERIMENT DISTO 

M.P.Bussa*, LFava*, LFerrero*, A.Grasso*, V. V.lvanov, I. V.Kisel, 
E. V.Konotopskaya, G.B.Pontecorvo 

An algorithm for identifying useful events in the experiment DISTO is proposed. It is 
based on the identification of kaons among the secondary charged particles using the measure­
ments of their velocities (with the help of a Cherenkov detector) and deflection algles in the 
magnetic field. It must be pointed out that within this approach an event can be fully classified 
by identification of all the detected secondaries. 

The investigation has been performed at the Laboratory of Computing Techniques and 
Automation and Laboratory of Nuclear Problems, JINR within DISTO Collaboration . 

A.1JropHTM H,ZJ;eHTH4JHK3QHH C06LITHH B 3KCnepHMeHTe )J;HCTQ 

M.II.Eycca u op. 

flpe,lliiOJKeH anropHTM HJieHTH!pHKaUHH nOJie3HbiX co6b!THH 8 3KcnepliMeHTe JlHCTO. OH 
OCH08aH Ha 8buteJieHHH cpe,!IH 8TOpH'1HbiX 3aplllKeHHbiX 'laCTHL{ KaOH08 no H3MepeHHliM HX 
CKOpOCTH (c llOMOlllbiO qepeHK08CKOfO C'leT'IHKa) H yrno8 OTKJIOHeHHll 8 MalliHTHOM nOJie. B 
paMKaX 3TOfO llO.!IXO,!Ia 803MOJKHa 'leTKall KJiaCCH!pHKaL{Hll pernCTpHpyeMbiX C06biTHH llYTeM 
HJieHTHcjJHKaL{HH 8CeX 8TOpH'1HbiX 3aplllKeHHbiX 'laCTHL{. 

Pa6oTa 8blllOnHeHa 8 na6opaTOpHH 8bi'IHCRHTeJibHOH TeXHHKH H a8TOMaTH3aL{HH H na6opa­
TOpHH ll,!lepHblX npo6neM 0115111 8 paMKaX KOnna6opaUHH JlHCTO. 

Introduction 

At present an experiment is being prepared by the DISTO (Dubna- Indiana - Sac­
lay- Torino) [1] collaboration for studying spin effects in the reaction 

ipp~pK+Y 

with the polarized proton beam of Saturne (Saclay, France). The aim is to carry out a 

detailed study of the reactions pp ~ pK+ A 0, pp ~ pK+}.: 0 and pp ~ pp 4>0. For selection of 
the indicated events (signal events) in the presence of a dominant background, mainly due 

*INFN, Torino, Italy 
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to pp ~ pp 1t+1t- events, advantage is taken of the fact that signal events are characterized 
by the presence of a secondary vertex. Earlier, in ref. [2] algorithms for the selection of 
signal events, based on the identification of secondary vertices, were investigated. 

In this paper a new approach to the classification of signal reactions is proposed. 
Advantage is taken, here, of another feature of the indicated reactions and of the possibility 
of measuring velocities of detected particles utilizing Cherenkov counters. 

1. Experiment 

The DISTO spectrometer has a cylindrical geometry and consists of two arms situated 
symmetrically about the beam direction. In each arm there are 5 detectors: 2 scintillation 
fibre chambers, 2 multiwire proportional chambers (MWPC) and an outer detector, which 
consists of 2 planes, vertical and horizontal, of scintillation hodoscope counters. At present 
the possibility of placing Cherenkov counters behind the scintillation hodoscope is inves­
tigated. They cover a scattering angle of 45° in the horizontal plane and a dip angle of 
± 20°. The detectors and the liquid-hydrogen target are situated in the magnetic field, which 
is perpendicular to the incident beam. 

The layout of the DISTO experiment is presented in Fig. I. 
For effective on-line selection of signal events and rejection of back-ground events, a 

BCAU SCIIm\.U.TOR 

HOOOSCOPE 

Fig. I. The layout of the DISTO experiment 

two-level trigger will be used. The first­
level trigger is for selection of events 
by their multiplicity: only four-prong 
events are selected. For producing the 
trigger pulse the signals from the 
scintillation fibre chambers and from 
the scintillation hodoscopes are used 
(see details in the workshop 
Proceedings [3]). Events accepted by 
the first-level trigger are examined for 
the presence of a secondary vertex. At 
present, two different approaches to 
searching for the secondary vertex, 
based on RISC-processors, are under 
development: 

1) the dual algorithm [4], 

2) the method of invariant moment 
variables together with application of a 
multilayer perceptron [2]. 

Utilization in the detecting part of 
DISTO of Cberenkov counters (see, for 
instance, Ref. [7]) permitting measure­
ment of the velocities of detected 
particles opens up a new possibility for 
the second-level trigger. 
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2. Algorithm for Identifying Secondary Particles 

In all the processes of interest there will be charged K-meson s detected in the final 
state. Therefore, when the selection of events by multiplicities is completed (at the stage 
of the I-level trigger) and the technique of cellular automata is applied for revealing the 
curved tracks in the horizontal plane, it will be necessary to identify the detected 
particles . 

To this end we shall first try to reconstruct the momentum of a charged particle by the 
angle of its deviation in the inhomogeneous magnetic field . The drawing presented in Fig.2 
illustrates how the tangent of the deviation angle <p of a charged particle in the magnetic 
field is determined from the coordinates of «hits» in the fibre chambers (chambers 1 and 2) 
and in the MWPC chambers (chambers 3 and 4): 

where 
x

2 
-x

1 k =--· 
1 z - z ' 

2 I 

The distribution of random values 

x4 -x3 
k =--

2 z - z 
4 3 

Cm=tan<p P, 

where P is the momentum of the particle being considered, is presented in Fig.3. From 
this picture the conclusion can be made that for reconstruction of a great majority of the 

detected particles (p , K±, and 7t±) one can actually consider the field to be homo­
geneous, i.e., the particle momenta may be determined from the following relation : 

c m p -
c tan<p' 

where C is the most probable value of va-
m 

riable C . The distribution of random values 
m 

llP = P - P characterizing the reconstruction c 
accuracy of momenta for secondary particles 
with momenta between 0 and 3 Ge V /c is 
given in Fig.4; the distribution of random va-

lues ~ exhibits a spread amounting to "" 5%. 

Fig.2. Deviation angle <p of a charged particle in 
magnetic field determined by the coordinates of 
<<hits>> in the fibre and MWPC chambers 

X 

z, z 4 z (beam) 
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Fig.3. Distribution of random variable 
Cm =tan '{JP: P is a charged particle 

momentum and '{> is its deviation angle in 
the magnetic field 
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Fig.4. Distribution of random value 
l!J' = P - P c characterizing the accuracy of 

momentum reconstruction for secondary par­
ticles 

Taking advantage of the signal heights from the Cherenkov counter and of the re­
constructed momenta of the secondary particles, one can select the events of interest by the 

presence of K ±-meson among the secondaries. 

3. Results of Monte-Carlo Simulation 

For simulating operation of th"e experimental apparatus and studying the processes of 
interest a computer program termed LACYL and based on the GEANT software package 
[6] has been used . Generation of the primary interaction is done with the aid of the 
GENBOD code [7], wh ich permits Monte-Carlo simulation of multiparticle events in ac­
cordance with the Lorentz invariant Fermi phase space. Each secondary particle (reaction 
product) is tracked through the known magnetic field, in which it undergoes deflection 
depending on its charge and momentum, and then through all the detectors taking into 
account multiple scattering and energy losses occurring in the materials traversed: Unstable 
particles are allowed to decay in accordance with their lifetimes and branching ratios , and 
the decay products are also tracked through the apparatus. 

In Fig.5. a two-dimensional distribution of the variable «P vs ~» is represented. In the 
example we use the quantity ~=PIE, where E is the particle energy. The value of ~. 
obtained from the expression presented above is supplemented with an error equal to ~~. 
generated in accordance with the Gaussian distribution N(0,0.03), which corresponds to an 
== 5% error* for the whole range of ~ values . From the Figure it can be ' seen that the 

secondary p, 1t+, and K + are quite well separated. 

*Estimation reveals that the experimental error should not exceed this value 
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Fig.5 . Two-dimensional distri- p 
bution of variables P vs 13: 
13 = PIE, where E is the par­
ticle energy 
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As a non-linear classifier permitting identification of the particle under consideration in 
the space of the indicated random variables one can utilize a multi-layer neural network of 
the feedforward type from the JETNET 2.0 package [8]. In Fig.6 the distribution is pre­
sented of the output signals from a neural network trained, also, for identification of kaons: 

• the empty histogram corresponds to tracks of p and 1t; 

• the dark histogram corresponds to tracks of K+. 
The probability of identifying kaons amounted to 89%. The efficiency of kaon iden­

tification may be increased approximately to the level of 95-97%, if the particle examined 
is first tested as a proton and then, alternatively, as a pion or a kaon (the order is irrelevant). 

Conclusion 

An algorithm for identifying signal events in the experiment DISTO is proposed. It is 
based on the recognition of kaons among the secondary charged particles. It must be poin­
ted out that within this approach an event can be fully classified by identification of all the 
detected secondaries. 
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OllPE)lEJIEHHE IIPOCTPAHCTBEHHOrO llOJIO:IKEHIDI 
CHrHAJibHhiX HHTEH B )lPEH«J)OBLIX TPYEKAX 
C llOMO~biO rryqKA PEHTrEHOBCKHX KBAHTOB 

H.P.Eoiuco, Jl.C.BepmozpaooB, B.H.J(ooonoB, 
B.B.)f(ypaB.n.eB, M.A.HznameHKo, 3.B.KpyMwmeim, 
M.IO.HuKo.n.eHKO, r.A.IDe.n.KOB 

HcCJICJlOBaHbl ~sa MeTO~a onpene.neHHll npocrpaHcTBeHHOro nOJioJKe Hll cHrnanbHbiX npo­
BO.iiO'IeJC B aJIIOMHHHeBbiX ~peii!j>oBbiX -rpy6KaX npH CJCaHHpoBaHHH HX ll)"'ICOM peHTreHOBCICHX 
ICBaHTOB. llOJCaJaHO, 'ITO llOJIOJKeHHe npoB01IO'IICH MOJKHO Onpe,neJIHTb C TO'IHOCThiO Jly<IWe 
1 MJCM no KOOp~HHare ee TeHH. Apyroii Mero~. ocHOBaHHhlii Ha Haxo~eHHH 11eH-rpa TliJKeCTH 
B 3aBHCHMOCTH CICOpoCTH C'leTa CaMOH Tpy6JCH, paOOTaiOlll!<H B pelKHMe nponOpl.lHOHaJibHOI"O 
C'leT'IHJCa, OT. ICOOp~HHaTbl llOJIOJKeHHll ll)"'JCa, TaJCJKe ~aeT BbiCOIC)'IO TO'IHOCTb. llpH CICaHH­
poBaHHH C War<>M 50 MKM llOJiy<leHa TO'IHOCTb - 3 MICM. CymecTBeHHoe YJiy<IWeHHe B COOTHO­
lileHHH cHrnan-<PoH y~anocb nOJiyqHTb nYTeM ~o6aBJieHHll JC ymeJCHCJIOMY raJy 16% 0 2. 

Pa6oTa BbinOJIHeHa B Jia6oparopHH JIJiepHb!X npo6JieM OH51H. 

Determination of the Spatial Position of the Sensitive Wires 
in the Drift Tubes with an X-Rays Beam 

l.R.Boyko et al. 

The two methods of finding of the sensitive wires positions in the aluminium drift tubes 
were tested using an X-rays beam. The wire positions can be determined with precision better 
than 1 J.lm from its shadow coordmate. Another method based on the determination of the 
center of gravity in the count rate dependence on the beam position also gives a high precision. 
With a beam step 50 J.lm the precision of wire position at the level of 3 J.lm was obtained. An 
essential improving in the signal-to-background ratio was obtained by adding 16% of oxygen 
to the C02. 

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

1. Bse.neHwe 

O.nHwM wJ BIDKHbiX sonpocos npowJso.ncTsa Mo.nyneii: .npeii:ciJo sbiX Tpy6oK MSI yHwsep­

CaJibHoro .neTeKTOpa ATJIAC [1] SIBJISieTCSI nposepKa MexaHW'IecK oii: TO'IHOCTW ycTaHOBKW 

CWrHaJibHbiX HWTeH BH)'TpH Tpy6oK, a TaK)[(e HX B3aWMHOro paCIIOJI )[(eHHSI BH)'TpW MO.IlyJieii:. 

,I{JISI 3TOH l.{eJIW B [2) 6biJIO npe.llJIO)[(eHO CKaHWpOBaTb KOJIJIHMWpOBaHHbiM II}"'KOM peHTre­

HOBCKHX KBaHTOB MIOOHHble MO.IlYJIH H perWCTpWpOBaTb C IIOMOil.{biO )leTeKTOpa raMMa-KBllli­

TOB IIOJIO)[(eHwe TeHeii: OT HWTeH (naCCWBHbiH MeTOA). 3TOT MeTO.Il OCHOBaH Ha pa3JIW'IHOH 
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110rJIOlllaiOllleH CI10C06HOCTH a.rJIOMHHHeBblX CTeHOK Tpy60K H BOJibcppaMOBblX HHTeH H, KaK 

6blJIO 110Ka3aHO B (3 ], MO><eT o6ecne'IHTb BbiCOKYIO TO'IHOCTb Onpe,neJieHH51 npOCTpaHCTBeH­

HOfO pacnOJIO)l(eHH51 HHTe H. 0,n;HaKO naCCHBHbiH MeTO.n; HMeeT CYllleCTBeHHblH He,nOCTaTOK. 

npH CKaHHpOBaHHH MO.n;yn eif 60J.bWHX pa3MepOB He06XO,nHMO KOHTpOI1HpOBaTb C BblCOKOH 

TO'IHOCTbiO npOCTpaHCTBeHHOe 110JlQ)l(eHHe 11YtfKa, KOTOpoe Ja,naeTC51 BJaHMHblM paCnOJIO­

)l(eHHeM KOJIJIHMaTOpOS, HaxO.n;51lllHXC51 Bnepe.n;H H C3a.n;H TeCTHpyeMOfO MO,nyJI51, Ha npOT51-

)l(eHHH BCeH JIJIHHbl CKaHHpOBaHH51, 'ITO 51BJI51eTC51 .n;OCTaTO'IHO CJIQ)l(HQH TeXHH'IeCKOH Ja,na­

'leH. 

npyroif CI10C06 HaXO)l(,neHH51 110JIO)l(eHH51 npOBOJIO'IeK BHyrpH Tpy60K 6a3HpyeTC51 Ha 

pa3JIH'IHOH cpOTOI10rJIOllla iOllleH CI10C06HOCTH npOBOJIO'IKH H raJa BHyrpH Tpy6KH (aKTHB­

HblH MeTO.n;). Kor,na 11YtfOK peHTreHOBCKHX KBaHTOB nona,naeT Ha HHTb, 60JibWOe KOJIH'IeCTBO 

po)l(,naiOlllHXC51 B HHTH cpOT03JieKTpOHOB BbiXO.n;HT B raJOBbiH 06beM Tpy6KH H MO)l(eT 6biTb 

3aperHCTpHpOBaHO, eCJIH Tpy6Ka pa6oTaeT KaK, HanpHMep, 06bi'IHblH nponopUHOHa.rJbHbiH 

C'leT'IHK. 8 ( 4] nyreM HaXO)l(,neHH51 UeHTpa T5l)l(eCTH B JaBHCHMOCTH CKOpOCTH C'leTa Tpy6KH 

OT 110JIO)l(eHH51 11YtfKa peHTreHOBCKHX KBaHTOB y,na.rJOCb BOCCTaHOBHTb C BblCOKOH TO'IHOCTbiO 

KOOp.n;HHaTbl 11pOBOJIO'Ie!.. B JiaBCaHOBblX Tpy6KaX, HanOJIHeHHbiX CMeCbiO 70%Xe + 
+ 20%CF

4 
+ IO%C0

2
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2. AnnapaTypa 

CxeMa HJMepeHHH nono)l(eHHSI nposono"'eK BHyTpH ):(peiicpo biX Tpy6oK npHBe):(eHa Ha 

pHc . 1 . B naccHBHOM MeTo):(e TPH enoS! anJOMHHHeBbiX Tpy6oK c BHelliHHM ):(HaMeTpoM 3 CM 

H C TOflll.lHHOH CTeHOK 0,5 MM C HaTSIHyTbiMH BHyTpH HHX BOnbcppaMOBbiMH HHTSIMH ):(HaMeT­

pOM 50 MKM 6biJIH nOMemeHbl Me)l():(y ):(BYMSI TaHTanOBbiMH KOflfl HMaTOpaMH, pacnOflO)I(eH­

HbiMH Ha paCCTOSIHHH 20 CM . illHpHHa menej;j COCTaBnSina 50 MKM . 11HTeHCHBHOCTb npOllle):(­

Wero anJOMHHHeBble Tpy6KH nyqKa peHTreHOBCKHX KBaHTOB H3Mep 51ntiCh C nOMOll.lbiO CUHH­

THflflSIUHOHHOrO C"'eT"'HKa C KpHCTanflOM NaJ(TJ) ):(HaMeTpOM 15 MM H BbiCOTOH 30 MM, 

KOTOpblH pa3MemanCSI Henocpe):(CTBeHHO Ja BTOpblM KOflflHMaTOp M. 

B aKTHBHOM MeTO):(e ny"'oK peHTreHOBCKHX KBaHTOB TaK)I(e cpopMHposancSI ):(BYMSI KOn­

nHMaTopaMH lliHpHHOH 50 MKM, pacnOflO)I(eHHbiMH Ha paCCTOSIHH H 15 CM ):(pyr OT ):(pyra. 8 
3TOM cnyqae onpe):(enSiflOCh llOflO)I(eHHe CHrHanhHOH npOBOflO"'KH TOflhKO B O):(HOH Tpy6Ke . 

CUHHTHflflSIUHOHHbiH C"'eT"'HK npH 3TOM HCllOflh30BanCSI KaK MOHHTOp HHTeHCHBHOCTH npo­

llle):(lllero qepe3 ):(peiicposyJO Tpy6Ky nyqKa. TecTHpye~hie Tpy6KH p;t6oTanH B nponopuHo­

HanhHOM pe)I(HMe. CHrHan c nposono"'KH ycHnHsancSI TOKOBhiM ycM HTeneM c K03cpcpHUHeH­

TOM ycMeHHSI 70 H no):(asancSI Ha ):(HCKpHMHHaTop c noporoM 7 M B/50 OM. 

llpeiicpoBbie Tpy6KH pacnonaranHCb Ha no):(BH)I(HOH nnaTcpopM e , KOTOpaSI Morna nepeMe­

maTbCSI nonepeK nyqKa Ha paCCTOSIHHe 18 MM C TO"'HOCThiO 5 MKM . 

B Ka"'eCTBe HCTO"'HHKa peHTreHOBCKHX KBaHTOB HcnonhJo nanacb Tpy6Ka ECB- 21 c 

sonbcppaMOBbiM aHO):(OM . PaJMep 3neKTpOHHoro nSITHa Ha HO):(e 3TOH Tpy6KH -

0,2 x 8 MM
2

. Pa6o"'ee HanpSI)I(eHHe Ha peHTreHOBCKOH Tpy6Ke 6biJIO oKono 20 KB . Ha pHc .2 

npe):(CTaBneH 3HepreTH"'eCKHH CneKTp nyqKa cpOTOHOB, npOllle):(lllerO CflOH anJOMHHHSI 
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P11c. 2. 3HepreTwJeCKHH cneKTp peHTreHoBcKoro n)"lKa nocJie amo­
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CKOH Tpy6Ke- 15 KB. 
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TOJJU{HHOH 0,5 MM, HJMepeHHbiH C nOMOU{biO CUHHTHJlJlliUHOHHOro C'leT'IHKa C KpHCTaJI.IIOM 

NaJ(Tl), Koma Hanpll)l{eHn e Ha peHTreHOBCKOH TPy6Ke 6b1Jlo 15 KB. Kann6poBKa aMnJJHTYJl 

CHnlaJIOB CO C'leT'IHKa npOHJBO}lHJJaCb C nOMOU{biO Ha6opa oOpaJUOBbiX raMMa-HCTO'IHHKOB, 

HcnycKaJOU{HX <t><rroHbl B peHTreHOBCKOM }lHanaJOHe. BHJlHO, 'ITO OCHOBHall 'laCTb HH3K0-

3HepreTH'IeCKHX cpoTOHOB nornmuanacb B aHo}le CaMOH peHTreHOBCKOH TPY6Kn H aJIIOMH­

HHeBoH CTeHKe HCCJJe}lyeMOH TPy6KH. Cl>aKTH'IeCKH CKaHHpOBaHHe npOHJBO}lHJJOCb nyqKOM 

cpOTOHOB C :mepreTH'IeCKHM pa36pOCOM - 25%. 

3 . PeJynbTaTbl HJM e peHHH 

a) nacCHBHbiH MeTO}l 

) 
Ha pHC.3 rtOKaJaHa CKOpoCTb C'leTa CUHHTHJlJlliUHOHHOro C'leT'IHKa B JaBHCHMOCTH OT 

nOJJO)I{eHHll nyqKa peHTreHOBCKHX cpOTOHOB npH CKaHHpOBaHHH C UlaroM 20 MKM Tpex CJJO­

eB JlpeiicpoBbiX TPy60K. TeHH OT TPex HHTeH, pacnonarasmnxcll B paJJJH'IHbiX cnollx TPy60K, 

OT'IeTJJHBO BHJlHbi. To'IHOCTb onpeJleJieHHll noJJO)I{eHHll TeHH npn }laHHOH cTaTHCTHKe MeHb­

me 1 MKM H onpeJleJJlleTCll TO'IHOCTbiO mara CKaHHpOBaHHll . YBeJIH'IeHHe UIHpHHbl IQeJJeM 

KOJJJJHMaTOpOB npHBO}lHT K yxyJlUieHHIO COOTHOIIIeHHll CHrnaJI-cpOH. TaK, JlJlll KOJJJJHMaTOpOB 

UIHpHHOH 50 MKM 3TO OTHOUieHHe - 10%, a }lJlll KOJlJJHMaTOpOB CO memiMH 100 MKM OHO 

COCTaBJJlleT ~e - 35%. 
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6) AKTHBHbiH MeTO.D: 

Ocuosuoii 3a,naqeif Bbi6opa pa6oqHx ycnoBHH B aKTHBHOM MeTO.D:e 51BJI51eTC51 ycHneuHe 

OTKJIHKa Tpy6KH Ha B3aHMO.D:eHCTBHe peHTreHOBCKOfO Il)"'Ka C CHrHaJibHOH npOBOJIOtjKOH H 

ocna6neuHe cqeTa oT B3aHMO.D:eHCTBH51 nyqKa co cTeHKaMH H ra30M Tpy6KH. Ha pHc.4a 

IIpHBe.D:eHbl 3aBHCHMOCTH CKOpOCTeH cqeTa MOHHTOpa H .D:peif¢OBOH Tpy6KH C BHYTpeHHHM 

.D:HaMeTpOM 6 MM H TOJII.UHHOH CHrHaJibHOH BOJib¢paMOBOH IIpOBOJIOtfKH 20 MKM, HaiiOJIHeH­

HOH ra30BOH CMeChiO Ar + 30% C0
2

, oT IIOJIO)J(eHH51 peuTreHOBCKo ro I)yqKa. CqeT Tpy6KH 

HenpepbiBHO B03pacTan nponopUHOHaJibHO KOJIHqecTBy raJa Ha IIYTH nyqKa npH npH6JIH­

)J(eHHH K l..(eHTpy. 3¢¢eKTOB OT B3aHMO.D:eHCTBH51 nyqKa C BOJib¢paMOBOH HHTbiO HJIH 

C aJIIOMHHHeBOH CTeHKOH He 6b!JIO BH.D:HO. 3TO 06'b51CH51eTCll 3HaqHTeJibHbiM ceqeHHeM ¢oTO-
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(CIDIOlliHall JIHHHll) B 3aBHCHMOCTH OT IIOJIOJKeHHll peHTreHOBCKOfO Ily'!Ka 



66 50UICO H. P. u op. Onpeoe.JieHue npocmpaHcmseHHOZO nOJIOJICeHUJI 

OOrJJOIUeHIDI peHTreHOBCKHX KBaHTOB C 3HepntliMH MeHbWe 20 K3B aTOMaMH aproHa [5) . 
003TOMY B JlaJlbHeHWeM HCnOnb30BaJIHCb TMbKO ra30Bble CMeCH, He COJlep)l(aiUHe aproHa. 

Ha pHc. 46 npHBeAeHbl p e3ynbTaTbl H3MepeHHH npH HanonHeHHH Apeii¢osoii TPY6KH yr­

neKHCnbiM ra30M. BHAHO, 'ITO Ha tPOHe WHpOKOro MaKCHMYMa, CBll3aHHOro C B3aHMOJ{eHCT­

BHeM nyqKa C ra30M, OT'IeTnHBO npOliBJllleTCll OHK, Bbi3BaHHbiH B3aHMOJ{eHCTBHeM nyqKa 

C CHntaJibHOH npOBOnO'IK OH. 

C UenbiO ynyqweHHll COOTHOWeHHll CHntaJI-tPOH K yrneKHCnOMY ra3y 6bln0 Jl06aBJJeHO 

10% ¢peoHa (13 B
1
). <l>peoH OTHOCHTCll K 3neKTpOOTPHUaTenbHbiM ra3aM, KOTOpble o6-

n3,llaK>T COOC06HOcTbiO 3aXBaTbiBaTb CB060JlHble MeKTPOHbl, o6pa3yiOIUHeCll B pe3yJlbTaTe 

npOXO)I(JleHHll HOHH3HpyK>IUero H3JlyqeHHll. Pe3yJlbTaTbl H3MepeHHH npHBeJ{eHbl Ha pHC.48. 

,llo6asKa K C02 1 0% ¢peoHa npHBena K cymecTBeHHOMY yMeHbWeHHIO c'leTa Tpy6KH, KOrAa 

OY'fOK npOXOJlHT BJ{aJIH OT CHnlaJlbHOH HHTH. 0HKH, CBll3aHHble C B3aHMOJ{eHCTBHeM nyqKa 

C ra30M H HHTbiO, CnHnHCb B OJlHH, WHpHHa KOTOpOrO COCTaBHna 1,2 MM. 

3Ha'IHTenbHO 60JlbWHM Ce'leHHCM 3aXBaTa CB060J{HbiX 3JleKTPOHOB o6na.naeT KHCJlOpOJl . 

Ha pHc.S npeACTaBJJeHbl c KopocTH C'leTa MOHHTopa H Apeii¢osoii TPY6KH AHaMeTpoM 30 MM 

C BMb¢paMOBOH npOBMOKOH JlHaMeTPOM 50 MKM B 3aBHCHMOCTH OT OOJlO)I(eHHll KOJlJlHMH­

poBaHHOro nyqKa ¢oTOHOB npH HanonHeHHH Tpy6KH yrneKHCJlbiM ra30M H CMec&K> C02 " 

16% KHcnopoJta. B 3THX H3MepeHHliX TPy6Ka nepeABHranacb c waroM 0,5 MM, a B o6nacTH 
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6niDKe K HHTH war 6bUI 50 MKM. )lo6aBJieHHe 16% KHCROpOAa npHBOAHT K noqTH llORHOH 

nOTepe acpcpeKTHBHOCTH TPY6KOH BAaRH OT aHOAHOH HHTH, H TOR KO B o6naCTH paAHYCOM 

- 2 MM BOKpyr npOBOnoqKH 3aMeTeH acpcpeKT B3aHMOAeHCTBH.ll cp TOHOB B ra3e. TipH 3TOM 

3cpcpeKT pernCTpauHH cpOT03ReKTpOHOB, o6pa30BaBWHXC.ll Ha npo OnoqKe, O~eTRHBO npo­

.liBJI.lleTC.ll Ha cpoHe acpcpeKTa OT B3aHMOAeiiCTBH.ll B raJe. CooTHorneHHe cHrnan-cpoH ynyq­

rnunocb 6onee, qeM B 15 pa3. <f>HTHpOBaHHe llHKOB, Bbi3BaHHbiX B3aHMOAeHCTBHeM nyqKa C 

HHTbiO, pacnpeAeneHHeM faycca AaRO OWH6Ky B bnpeAeneHHH llOROXef!H.ll QeHTpa T.liXecTH 

- 3 MKM. BapbHpOBaHHe KOHQeHTpauHH KHCROpOAa B CMeCH C B npeAenax OT 10 AO 50% He 

npHBeno K KaKOMy-nH60 ynyqrneHHIO B COOTHOliieHHH CHrHan-cpOH . 

3 . 3aKniOqeHHe 

B 3aKniOqeHHe cpaBHHM npeHMymecTBa H HeAOCTaTKH o6oHx MeTOAOB M.ll X-TOMorpa­

cpHH MIOOHHbiX MOAyneu. TiaCCHBHbiH MeTOA 6onee npOCT B peanH3auHH CKaHHpOBaHH.ll He-

60RbliiHX no pa3Mepy MOAyneu. CooTHorneHHe cHrnan-cpoH B aTOM MeToAe 3Haq»TenbHO 

nyqrne. HeT He06XOAHMOCTH llOMepXHBaTb CHCTeMbl cqHTbiBaHH.ll HHcpOpMaQHH H ra30BOfO 

o6ecneqeHH.ll. 0AHaKo ocymecTBJI.liTb KOHTponh nonoxeHH.ll Y3Koro nyqKa c TOqHOCTbiO He­

CKORbKO MHKpOH Ha 6a3e HeCKORbKHX MeTPOB - HaH6onee CROX Ha.ll TeXHHqecKa.ll 3aAaqa 

npH peanH3aQHH 3TOfO MeTOAa. AKTHBHbiH MeTOA CKaHHpOBaHH.ll TaKXe llOKa3an CBOIO 

acpcpeKTHBHOCTb H BbiCOKYIO ToqHoCTb. OH no3BOmieT npOH3BOAHTb KOMHMal.IHIO peHTreHOB­

CKOro nyqKa 6onee npocTbiM cnoco6oM H, B npHHQHne, He TPe6yeT nepeM.emeHH.ll peHTre­

HOBCKoro HCTOqHHKa (CKaHHpOBaHHe MOXeT OCYll.leCTBJI.liTbC.ll 3a C eT llOBOpOTa peHTreHOB­

CKOfO nyqKa). 06a HCCReAOBaHHbiX MeTOAa MOryT HaUTH npHMeHeHHe M.ll TOMOrpacpHH 

MIOOHHMx MOAyneu ycTaHOBKH ATJIAC. 
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