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OBSERVATION OF TRANSVERSAL HANDEDNESS 
IN THE DIFFRACTIVE PRODUCTION OF PION TRIPLES 

A. V.Efremov, 1 Yu.I.Ivanshin2
, LG.Tkatchev3

, R.Ya.Zulkarneev2 

A rather large, transversal to the production plane, hand~ness was obseryed in coherent 
production of (1t-1t+1t} triples by 40 GeV 1t--bearn on nuclei. 

Ha6JIIOAeHHe nonepe'IHOii cnupam.uocm DHOHHJ.IX YpOeK 

DpH AHI)p&KilHOHHOM polK,lleHHH 

A.B.Et/Jpe.MOB u op. 

Jl;uiJCOrepeHTHO po::~meHHhiX Ha ll,llpe nHOHHbiX TpOeJC (1t-1t+1t-) 40 f3B 1t--ri)"'ICOM Ha6.mo­
,lleHa 3Ha'IHTC11bHaJI, nonepe'IHaJI IC liJIOCICOCTH po:JmeHHJI, CllHpaJJbHOCTb 3THX TpOeJC. 

Some years ago the concept of jet handedness was introduced as a measure of 
polarization of parent partons (or hadrons) [1]. For strong interaction process, parity 
invariance requires that at least three particles (spinless or spin averaged) in final state or 
the pair of particles and jet direction were measured in order to have a correlation in the 
fragmentation (or decay) distribution with initial helicity. Namely, from three particle 

momenta one can construct a pseudovector nJ.L ex £J.Lvapk ~k ~k P (k = k1 + k2 + k3) which 

gives, when contracted with the initial polarization pseudovector, a scalar component in the 
strong process. Thus measuring the asymmetry (handedness) in some component of n in the 
rest frame of the triple and averaging over the other component can give information on the 
initial polarization in this direction 

N(n . > 0)- N(n . < 0) 
H -- I I AP 

I 1
., 

i N(n .>O)+N(n .<O) 
I I 

1Bogoliubov Laboratory of Theoretical Physics, JINR, Dubna. 
2Laboratory of Particle Physics, JINR, Dubna. 
~aboratory of Nuclear Problems, JINR, Dubna 

(1) 
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providing the analysing power A is large enough. The direction i could be chosen as 
longitudinal (L) with respect to the triple momentum k as transversal ones (Tl or 72) 

perpendicular to the triple production plane or in the plane 1
• It was argued [ 1] that for jet 

fragmentation process the longitudinal and transversal analysing power could be of 
different value while for a three-particle decay they are equal. 

The longitudinal handedness was first probed in e + e- ~ Z ~ qq ~ 2-jet process [5], 
where quarks are longitudinally polarized due to interference of the vector and axial 

+-
coupling. The best resu lt of measurement was Fe = (1.2 ± 0.5)% seen for leading (+ + -) 
and (-- +) pion triples m the p-resonance region of invariant mass of(+ -)-pairs. The SLD 
result [6] obtained with a polarized electron beam is H < 2%. Also the correlation of 
longitudinal handedness in two-jet events was investigated [7] giving a puzzling sign 
contradicting- to the CP-conjugation of the two jets and to factorization of q and q 
fragmentation functions . 

In this paper .we present the first probe for measuring the transversal handedness in the 
diffractive hadron process [8] 

1C +A~ (1t-1t+1C) +A, 

where A is for Be, Si and Pb nuclei. 
The direction of normal to the production plane of the pion triple was defined as 

N = (v37t x vb), 

(2) 

(3) 

where v = k/£ are the velocities of initial1t--beam and final 37t-system in the Lab r.f. The 
direction of normal to the «decay plane>> of the 37t-system was defined as 

n = (v j- v l x (v ~- v l, 
where v fts) or v + arc: the velocitie;; of fast (slow) 1t- or 7t+. 

The handedness (I ) for longitudinal componenf of n 

nL = D·v 31t 

and two transversal components 

nn = n·N and n12 = n·(v37t x N) 

(4) 

(5) 

(6) 

were measured using about I 0000 events for each of the targets. With no cut applied the 
result was as follows 

H ~~ = 10.0 ± 1.0% H ~il = 7 .I ± 1.0% H ~~ = 6.5 ± 1.0% 

H~=-0.6± 1.0% (7) 

H ~e = 0.0 ± 1.0%. 

So, one can see that the only component allowed by parity conservation H n is 
different from zero and large enough. 

1
1n fact an idea similar to the handedness was earlier proposed in works [2]. Its application to a certain heavy 

quark decays was studied in Ref.3 . Similar technique was also studied in the work [4] . 
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The statistics permits one also to break the events into three bins in transversal 
momenta kT of the triples or in fraction of longitudinal momentum XF = kLt / kb of the fast 

1t-. The result of the binding for berillium target is presented in the Figure. It seems that 
some increase of the handedness value H n with increasing kT or J. F is seen. This reminds 
a similar behaviour of A polarization or single spin pion asymmetry produced on a 
polarized target [9]. 

Trying to understand the reason of the phenomena, a cut was pplied selecting events 
with the invariant mass of the triples in the region of a1-resonance and invaruiant mass of 
each of the neutral pair in the region of p-meson. No noticeable c ange of the effect was 
observed after the cuts (H n = 10.6 ± 1.8%), just as for the cut of the neutral pairs invariant 
mass alone. 

For convinction that the observed effect is not a consequence of some kinematics the 
Monte-Carlo events of reaction (2) were generated with a constan t mass spectrum of the 

37t-system in the interval 0.6-2.5 GeV/c2 and with the experimental decrease with 

t' = t- tmin of cross section with the slope 40 (Gev/c)-2
. The same election of events with 

leading 1t- shows no transversal handedness H n within the accuracy of 0.2%. Also no 
noticeable angular dependence of the normal n Expr. (4) was found both in earlier hydrogen 
bubble chamber data of reaction (2) at 4.5 GeV for the proton target and in the Regge pole 
exchange model which provides a reasonable description of that experiment [10]. 

In conclusion, rather large handedness transversal to the production plane was observed 

in the diffractive production of (1t-1t+1t-) triples in the 1t--beam fragmentation region. The 
physical reason for this phenomenon is far from clear. We are going to study the effect in 
more detail using more rich statistics. 

The authors sincerely thank the participants of the Bologna-Dubna-Milan collaboration 
whose data were used in the present work. The work was partially supported by the Russian 
Foundation for Basic Research under the Grants 96-02-17936-a and 96-02-17631-a. 
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0 B03MQ)KHQH DOCTAHOBKE 3KCIIEPHMEHTA 
IIO DOHCKY )J;HEAPHOHHLIX COCTO.HHHH 

B.B.DlaZOJieB, IO.rJia8all08a\ H.E.JlaiJblZUHa, r.MapmuHCKa2
, 

M.C.HuopaiJ3e3
, A.K.KallapaBa3

, E.Ilacmup~aK4, T.Ce.JH.JipllyK5
, 

M.C.XBacmyHoB, ii.Yp6aH2 

Ha OCH08e aHaJIHJa ,!leHtpOH-npoTOHHLIX 83aHMO,!IeHCTBHH 8 100 CM 80JIOpoJIHOH 11)'3blpb­
KOBOH KaMepe JIB3 OIUIH 8Mpa6oTaH 8apHaHT noCTaH08KH 3KcnepHMeHTa no HaMJOJieHHIO 
JIH6apHOHHMX oco6eHHOCTeii 8 3qxpeKTH8HLIX Maccax Jl8yx nporoH08. CneuilaJJLHLIH 8LI6op 
reoMeTpHH fi0380JlJieT H36aBHTbCJI OT 6oJibWOl"O <PoHa K8aJH)'npyrnx CTOJIKH08eHHH. C.lleJiaHbl 
OUeHKH <PoHa H CKOpocTH Ha6opa nOJieJHLIX COObiTHH. 

Pa6oTa 8MnOJIHeHa 8 Jla6opaTOpHH 8MCOKHX 3Heprnii OIUIH. 

About a Possible Experiment on the Research of Dibaryon States 

V. V. Glagolev et al. 

The version of the experimental arrangement is proposed for the search of the dibaryon 
states in effective mass distribution of two protons. It was done on the ground of analysis of 
deuteron-proton interactions on the 100 em hydrogen bubble chamber of the Laboratory of 
High Energies, JINR. The special geometry of experiment permits one to exclude a big 
background of the< quasi-elastic scattering. The background and necessary yield for experiment 
have been estimated. 

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

HecM01'p51 Ha 6onbwoe 'IHCno 3KcnepHMeHTOB, B KOTOpbiX n p o51Bn51nHCb oco6eHHOCTH B 

llOBe,lleHHH .UByx6apHOHHbiX CHCTeM, cpaKT Ha6mo.ueHH51 .UH6apHOHHbiX pe30HaHCOB llOKa He 

JIBnJieTC51 o6menpH3HaHHbiM. Mbi He npecne.uyeM uenu .uaTb nonHbiH nepe'leHb npo~ 

1TexHH'ICCKHii )'HHBCpcHTeT, Kowuue, CIIOBaKHll. 
2YHHBCpcHTCT HM. n .R.lllaljlapH_Ka, Kowuue, CnoBaKHJI. 
)rnCTHJyr ljlHlHKH 8LICOKHX 3Heprnii T611JIHCCKO!"O rOCyJiapCTBeHHOrO )'HHBCpCHTCTa, rpyJHll . 
"HuCTHJYT 3KcnepHMCHTaJJLHOii ljlHJHKH CnoBaUKoii aKaJICMHH HaYK. Kowuu , CII08aKHll. 
5HHCTHJYT liJlCpHLIX HCCIIC,!IOBaHHH, Bapwasa. 



10 rJiaZOJie6 B.B. u op. 0 603.MO>KHOU nocmaH06Ke 

BO.UHBWHXC~ Hccne.uosaHHH, T.K. cywecTBytOT .uocTaTO'IHO nonHbte o6Jopbt E .TaTHmesa [1]. 

IO.A.Tpo~Ha [2], .upyrn x asTopos. Eonbw~ 'laCTb 3KcnepHMeHTOB c Ha6JltO.UeHHeM YJKHX 

(3KcnepHMeHTaJlbH~ WHpHHa OT 1 .uo 20 M3B/c
2

) oco6eHHOCTeH 6hma npose.ueHa s 

o6nacTH npoMe.lKyro'IHbtX 3HeprHH. B 'laCTHOCTH, Ha6ntO.UaJlHCb oco6eHHOCTH: 

- s cneKTpax 3QxPeKTHBHbtX Mace .usyx HYKllOHOB B peaKUH~x dp ~ (pp)n [3,4]. 

dp ~ (pn)p [5], np ~ pf71t- (6], 4
Hep ~ dppn [7], yd ~ pf71t- [8] H .upymx; 

- B CneKTpax He.UOCTatOWHX Mace B peaKUH~X dp ~ p1t+(nn) (5), 3
Hep ~ dX (9); 

- B nose.ueHHH TeHJopHoH aHanHJHpytOmeii cnoco6HOCTH s peaKUHH 
1
H(d, pp)X [10]. 

B yno~HyrbtX Hccne.uosaHH~x npeo6nanana MeTO.UHKa nyJbtpbKOBbiX KaMep, 'lame -

so.uopo.UHbiX (OH.Snt, JUUI<l>, KEK), xapaKTepHJyeM~ xopowHMH TO'IHOCTHbiMH xapaK­

TepHCTHKaMH " noJBOJllltOW~ Bbl.llellHTb oT.uenbHbte peaKUHH. CepbeJHbiH He.uocTaToK 3TOH 

MeTO.UHKH -_6onhw~ TJ)y.uoeMKOCTb o6pa6oTKH H orpaHH'IeHHbte liOJMO.lKHOCTH no Ha6opy 

3KCnepHMeHTaJlbHOrO MaTepHana. 0r.aeJlbHbte 3KCnepHMeHTbl, BbtnOJ!HeHHble 3JleK1'pOHHOH 

MeTO.UHKOH, .cTaBHJlHCb He BCer.ua aneKBaTHO Ja.lla'le nOHCKa .UH6apHOHOB. 

CaMa .lKe Ja,lla'la HHTepecHa H aKTyaJlbHa. 3'fo BH.llHO XOT~ 6bt no cepbeJHOMy OTHO­

WeHHIO TeOpeTHKOB, npHMeH~BWHX H pa3BHBaBWHX pa31lH'IHbie MO.lleJlH .llll~ 06'b~CHeHH~ 

<f>eHOMeHa .UH6apHOHOB. 0630p JHa'IHTeJlbHOH 'laCTH 3THX MO.UeJleH C.UellaH, HanpHMep, B 

pa6oTe [11]. HaH6onee 6nHJKHMH K Ha6ntO.uaeMOMY cneKTpy Mace .UH6apHOHOB oKaJbtBatOT­

Cll MO.UeJlH, paCCMaTpHBatOWHe B036y.lK.lleHH~ WeCTHKBapKOBbiX CHCTeM H KBaJHMepHbie 

CHCTeMbl (!lN. M). noli BJl~IOTCll " HeTpa.uHUHOHHbie no.uxo.ubl [ 12, 13]. 

!13 CKaJaHHOro CJlenyeT BbiBO.ll 0 TOM, 'ITO He06XO.UHM CHCTeMaTH'IeCKHH H UelleHanpaB­

JleHHbiH noHcK .UH6apHOHOB (oco6eHHO YJKHX) B 3KcnepHMeHTax c 6onbWOH CTaTHCTHKOH " 

xopowHM paJpeweHHeM no Macce. 

2. <l>HJH'IeCKHe OCHOBaHH~ nOCTaHOBKH 3KCnepHMeHTa 

Mbl npo.ueMOHCTpHpyeM O.llHY HJ BOJMO.lKHOCTeH nOCTaHOBKH 3KCnepHMeHTa no HCCJle­

.llOBaHHIO CneKl'pa MaCC .llBYX npOTOHOB B dp-B3aHMO.UeHCTBHliX Ha yCKOpHTeJlbHOM KOMnJieK­

ce OH.SUf. B csoHx ou eHKax 6y.ueM ocHOBbiBaTbC~ Ha MaCCHBe OKono 200 TbiC~'I o6pa6o­

TaHHbiX .UeHTpOH-npOTOHHbiX BJaHMO.UeHCTBHH, nOJlYI.JeHHbiX B YCJlOBH~X 41t-reOMe1'pHH Ha 

100 CM BO.UOpO.UHOH nyJblpbKOBOH KaMepe. 

B nepsy10 o'Iepe.ub paccMOTJ>HM peaKUHtO dp ~ ppn. ,UpyrHe peaKUHH 6y.uyr npHBlle'le­

Hbi npH oueHKax ¢oHa. B 6onbWHHCTBe HJsecTHbtx 3KcnepHMeHTOB Hccne.uosanacb o6nacTb 

3QxPeKTHBHbtX Mace .usyx HYKllOHOB s .uHanaJOHe OT 1,88 f3B/c
2 

(cyMMa Mace .usyx HYKJ!O­

HOB) .uo 2,20 f3B/c
2

. Mbt 6y.ueM npH.llep.lKHBaTbC~ 3Toro .lKe .UHanaJoHa. 3Ta o6nacTb xapaK­

TepHa TeM, 'ITO BKJltO'IaeT B ce6~ noporn pO.lK.lleHH~ 1t-MeJOHa H o6paJOBaHH~ d-HJ06apbl 
2 2 

(2mp + mlt = 2,02 f3B/c H mp + mt. = 2, 12 f3B/c ) . EcnH npe.unonO.lKHTb, 'ITO npoueccbt c 

o6paJosaHHeM wecTHKBapKOBbtx CHCTeM H.Uyr Ha ¢oHe BHPTYaJlbHbtX soJ6y.lK.lleHHH .usyx-

6apHOHHbiX CHCTeM (dn, M), TO paUHOHaJlbHO pa6oTaTb npH 3Heprn~X, COOTBeTCTBYIOWHX 

MaKCHMaJlbHOMY Bbtxo.uy HJo6ap, T.e. s o6nacTH HMnynbcos .ueiiTpoHa 3 + 4 f3B/c. B HaweM 

CllYI.Jae, npH Pd = 3,34 f38/c, .llllll KBaJHHYKJIOH-HYKllOHHOrO CTOJlKHOBeHH~ -{.5 = 2,31 f38, 

'ITO HeCKOJlbKO Bbtwe nopora po.lK.lleHHll .11-HJo6apbt, HO nonepe'IHoe ce'leHHe ee o6paJo­

BaHH~ B 3TOH 06JlaCTH .UOCTHraeT MaKCHMYMa ( 14). 
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PHc.2. 3aBHCHMOCTb OTHOWeHIDI BbiXO!lOB npOTOHOB H HeHTpoHOB OT yrna BblJleT3 !lJlll 

peaKUHH dp ~ ppn H 
4
Hep ~ dppn !lJlll X > 0,5 ( •) H x < 0,5 ( o) 

6) 

B peaKUHH dp ~ pjm npH Pd = 3,34 f3B/c 3q,¢eKTbi, cs11Ja Hbte c soJ6)')1(JleHHeM 

BHpT)'aJihHOH HJ06apbl, .UOCT3TOtJHO CHJlhHhl (15). 3-fo MO)J(HO BH,lleTb HJ cpaBHeHH1! cneKT­

poB npOTOHOB H HeHrpOHOB, BhtneTatOlllHX B 33.llHJOJO nonyc<l>epy B CHCTeMe nOK011 ,lleHTpOHa 

(pHC.l). KonHtteCTBeHHhte OUeHKH, C,lleJlaHHbJe Ha OCHOBe HJOTOnHtteCKHX COOTHOWeHHH 

[16], noKaJanH, ttTO B cnyqae, ecnH see co6btTH11 paccMarpHsaeMo - peaKUHH H.llYT ttepeJ 

B036~eHHe BHpTyanhHOH d-HJ06apbl, OTHOWeHHe BhiXO.Ua npOTOHO H HeHrpOHOB .UOJl)J(HO 

6bJTh pasHo n11TH. TeH,lleHUH11 TaKoro nose.ueHH11 BH.UHa HJ pHc.2a [ 17] .un11 6onhWHX JHa­

tteHHH x = T msx/T, r.ue T - KHHeTHtteCK311 3HeprH11. Ha pHc.26 n p Hse.ueHht .uaHHhte .ll1111 

- 4H d -OTHOWeHH11 'iHCJla npOTOHOB H HeHTpOHOB B peaKUHH ep ~ sppn C .UeHTpOHOM-CneKTa-

TOpOM (1~). HaMettaeTC11 3HaJIOrHtJHOe nOBe.UeHHe 3TOrO OTHOWeHH1!. 3aMeTHM, ttTO B yK3-

33HHOH peaKUHH T3K)J(e H36Jlto.UaJIHCh oco6eHHOCTH B pacnpe.ueneHHH no 3q,¢eKTHBHhiM 

MaccaM .usyx npoTOHOB. PeaKUH11 
4
Hep ~ dsppn caMa BhtnOJ1 H11eT ponh <I>H11hrpa, 

OroHpatOlllero «TpeXHYKJlOHHbJe)) B33HMO.UeHCTBH11. 

B peaKUHH )J(e dp ~ ppn no.uaBJ111JOlllHM MexaHHJMOM 11BJ111JOTC11 KBaJHynpyroe pacce-

11HHe H B33HMO.UeHCTBHe B KOHettHOM COCT011HHH 6eJ HJ06apHOrO B036~eHHSI (rpeyro11hH311 
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PHc.4. 3aBHCHMOCTb Ht.tnyn bCOB npoToHos-cneKTaTo­
pos B CHCTeMe nOKOll .UeHTpoHa OT yrna HX BbUJeTa B 
na6opaTOpHOH CHCTeMe KOOp.UHHaT 

.nHarpaMMa) [ 19]. 3TH npouecchi conpo­

BO)KJlaJOTC.II 06bi'IHO BbiJleTOM cneKTaTop­

HbiX H}'KJIOHOB CO cneKTpOM HMnynbCOB, 

XOpOUIO OnHCbJBaeMbiM 6onbUIHHCTBOM 

BOnHOBbiX !f>YHKUHH .neHTpOHa, 6e3 Ja­

MeTHOH BbiCOKOHMnynbCHOH 'laCTH. 

3KcnepHMeHTMbHbJe pacnpe.neneHH.II 

(KpOMe H}'KJIOHa OT.Ila'IH B na6opaTOpHOH 

CHCTeMe KOOp.llHHaT) H3 TaKHX COObiTHH 

HMeJOT rna.nKHH xapaKTep, 6e3 JaMeTHbiX 

oco6eHHOCTeH. 3TH pacnpe.neneHH.II 

noKaJaHbi Ha pHc.3 oT.nenbHO .nn.11 pn­
KOM6HHaUHH H3 KaHana np.IIMOfO pa3Bana 

.neiiYpoHa dp ~ (pn)p (3a) H .nn.11 pp­
KOM6HHaUHH pa3Bana C nepe3ap.ll.llKOH 

dp ~ (pp)n (36). no.n nepe3ap.ll.llKOH no.n­

paJYMeBaJOTC.II C06biTH.II, B KOTOpblX HeH­

TpOH .IIBn.lleTC.II nH.IlHpyiOWeH 'laCTHUeH B 

CHCTeMe noKO.II .neiiYpoHa. BH.IlHO, 'ITO 
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PHc.5. CneKTpbl 3$PeKTHBHbiX Mace ll!lyx np<rroHOB H3 peai<:UHH dp ~ (pp)n npH yCJio­

BIDIX: a) co6biTIDI C HMITYJibCOM cneKTaTopa Bblllle 0,20 faB/c; 6) Co6biTIDI C yrJIOM Bbi­

JieTa KaJK.IlOfO H3 llp<>TOHOB e > 7° 

13 

o6nacTb 6oJibWHx Mpp (puc.36) cywecTBeuuo o6orameua co6biTHjiMH. qT06bi no,uasHTb 

<Pou OT KBa3Hynpyrnx COObiTHH BO MHOrHX 3KCnepHMeHTaX, HanpHMep B [7], HCITOJibJOBa­

JIOCb o6pe3auHe no HMnynLcy cneKTaTopa. ,IJ,ng nocrpoeuug cneKTp B Mpp 6panHCb TOJibKO 

Te COObiTHjl, 8 KOTOpblX HMITYJibC npOTOHa-cneKTaTOpa, T.e. CaMOfO Me,uJieHHOfO H3 HYKJIO­

H08 8 CHCTeMe rrOKOji ,UeHYpOHa, 6biJI 60JibWe HeKOTOpOH 8eJIH'IHHbl, KOTOp~ 8apbHp08a­

JiaCb 8 paJJIH'IHbiX 3KCnepHMeHTaX B ,UHanaJOHe 0,20 + 0,35 f3B/c. 3-ro 803MO)I(H0 C,UeJiaTb 

npu 3KCKJIIOJHBHOH nocTaHOBKe onLITa, Kor,ua 8bl)leJijleTCg peaKuug. Ha puc.4 npe,ucTaBJieuo 

.li8YMepuoe pacnpe,ueJieHHe Ja8HCHMOCTH HMrryJibCa npOTOHa-cneKTaTopa B CHCTeMe rrOKOg 

,lleHTpOHa OT yrna ero 8biJieTa 8 Jia6opaTOpHOH CHCTeMe KOOp,UHHaT ,ung C06biTHH peaKUHH 

dp ~ (pp)n. Crymeuue co6LITHH npH MaJibiX Ps 86JIHJH KHHeMaTH'IecKon rpaHHUbi cooTBet­

CT8YeT K8aJuynpyroMy pacceguu10. BL16up~ co6bJTug c Ps > 0,20 f3B/c, Mbl oT6HpaeM co-

6bJTHg 6onee CJIO)I(HOro Tuna. 3-ro co6LITHg c BHPTYaJibHbiM BOJ6~euueM HJo6apL1, c 

nOTepen HH.liH8H.liYaJibHOCTH OT.UeJibHbiX HYKJIOHOB (6q-MewKH) u T . .u. PeJyJILTaTbi TaKoro 

oroopa noKaJaHbl Ha pHc.5a, r;ue npogBJigeTcg CYpyKTypa cneKTp08 Mpp. COOT8eTCT8YIOIU~ 

ua6JIIO,llaeMbiM ,uu6apHOHHbiM oco6euuocTgM. Bonpoc JaKJIJOqaeTcg 8 TOM, KaK c,uenaTb aua­

nom'IHbiH oroop 8 Jia6opaTOpHOH CHCTeMe KOOp.liHHaT, He 8bl)leJigg KOHKpeTHOH peaKUHH. 
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o6mHH BHA " tteTanbH~ cTpyKTypa 

3Toro pacnpetteneHH~ npaKTH'IeCKH 

COBnattaJOT C H306p3)1(eHHbiMH Ha 

pHc.5a. CttenaHHoe Ha6nJOtteHHe ~B­

JI~eTc~ KJIIO'IeBbiM B HaweM npe.llJIO­

)I(eHHH. Ha ero ocHose BblpHCOBbiBa­

eTc~ cnettyJOlll~ cxeMa onbiTa. 

J1AeanbHOH 6biJI3 6bl KOHqmry­

paUH~ cneKrpoMeTpa, pemcTpH­

PYJOIJ.lero o.uHospeMeHHbiH BbiXOA 

ttsyx npoTOHOB, BbiJieTaJOIJ.lHX B 

nepettHJOIO nonyccpepy, 3a HCKJIIO­

'IeHHeM KOHyca C paCTBOpOM no 

non~pHOMY ymy B 8 = 7° B Cll}"'ae 

HMnyllbCa nattaJOIJ.lHX tteHTpOHOB 

3,34 f3B/c. OpH 3TOM Tpe6yeTc~ H3-

MepeHHe HMnyllbCa npOTOHOB C M3K­

CHM3JibHO B03MO)I(HOH TO'IHOCTbiO C 

UeJibiO YliY'!WeHH~ pa3peweHH~ no 

3cpcpeKTHBHOH M3CCe. 

Eonee peanbHOH Bblrn~HT cxeMa, 

npettcTasneHH~ Ha pHc.6. 31-o -

CHMMeTpH'IHbiH AByxnne'leBOH cneKT­

poMeTp c pemcTpauHeH ABYX npoTo­

HOB K3K B pa3HbiX, T3K H B Ot{HOM 

nne'! e . 

Mo)I(HO o6oiiTHCb H OAHHM nne­

'IOM . B 3TOM cnY'Iae HeCKOJibKo 

CHH)I(3eTCji 3cpcpeKTHBHOCTb perHCT­

paUHH C06biTHH B 06JiaCTH 60llbWHX 

2 
Mace Mpp (2,1 + 2,3 f3B/c ). 

Bo3HHKaeT sonpoc o cpoHe OT 

npyrHx peaKUHH. EcnH orpaHH':IHTbC~ 

PHc.7. CneKTp 3<J$eKTHBHbiX Mace nsyx npoToHoB HJ ttHana30HOM HMnynbCOB BTOpH'IHbiX 

peaKUHH dp -+ ppn, y KOTOpblX yron 9 JJeJKHT B HHTepBa- npOTOHOB OT 1 0 t{O 2 0 f38/c TO 
ne 7 + 30, a HMnynbc - B HHTepsane I + 2 f3B/c. ' ' ' 

3aWTPHXOBaHHllll llfCTOrpaMMa - <tJ<>H npyrnx peaKUHH y6HpaeTC~ cpOH 1t-Me30HOB, HMnyflbC-
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HbiH CIJeKTp KOTOpbiX He npocntpaeTC51 8biWe I,O f::~B/c . HanpHMep, He 8HOCHT 8IUI3,!la 

peaKUHji dp ~ p7t + nn, HMeJOIUa51 6onbwoe nonepetiHoe cetJeHHe. B acnMMeTPHtJHOM O.UHO­
nnetJe80M 8apnanTe noJIHOCTbJO HCIUIJOtJaeTC51 BJIH51HHe ynpyroro dp-pacce5~HHji. 

B KOHKpeTHOM CJiyqae OT6opa nap nOJIO:lKHTeJibHO 3ap51:lKeHHbiX tJaCTHU C HMnyJibCOM 8 
.unana3oHe I ,0 + 2,0 f::~B/c H n01I51pHbiMH ymaMH e OT 7 .uo 30° .umi O.UHOnJietJe8oro 8apnan­
Ta <IJOH08bJe C06bJTH51 npe.UCTaBJieHbl 3aWTpHX08aHHOH rHCTOrpaMMOH Ha pHc.7. 

J1cnOJib3Y51 noJiyqeHHbJe 3KCnepHMeHTaJibHbJe pacnpe.ueJieHHji, MOJKHO npH8eCTH HeKO­
TOpbie OUeHKH no 803MOJKHOH CKOpOCTH Ha6opa CTaTHCTHKH. TaK, .!lJI51 :lKH.UK080.1lOpO.UHOH 

MHWeHH .!lJIHHOH 20 CM H npH nOTOKe .UeHTpOH08 Ha pa6otJyJO o6JiaCTb MHWeHH I 06 8 UHIUie 
ycKopnTeJI51 MOJKHO OJKH.UaTb Ha6opa 6onee 100000 noJie3HbiX co6biTHH 3a I-2 .UH51 pa6o­
Tbi . 3To 03HatJaJIO 6bl y8eJIH'IeHHe CTaTHCTHKH, Ha6paHHOH 8 3KCnepHMeHTax Ha 80.UOpO.U­
HbiX nYJbipbK08biX KaMepax .!lJI51 .UaHHOH 33,!latJH, npnMepHo 8 I 00 pa3. 

CymecTB08aHne .un6apHOHHbiX pe3oHaHC08 npo.uonJKaeT ocTa8aTbC51 8 none 8HHMaHH51 
3KCnepHMeHT3TOp08 H TeOpeTHK08, H3,!leJKHOe HX 06HapYJKeHHe MOJKeT CnOCOOCT808aTb 
.llaJibHeHWeMy npO.U8HJKeHHJO 8 nOHHMaHHH C80HCT8 MaTepHH, TaKHX, HanpHMep, KaK K8ap­
K08a51 CTPYKTYPa 51.UepHbiX o6neKT08, KoH<IJaiiHMeHT. 

J1pe.!lJIOJKeH O.UHH H3 803MO:lKHbiX 8apHaHT08 llOCTaH08Kii 3KCnepHMeHTa no Ha6JIJO­
.UeHHJO .un6apHOHHbiX pe3oHaHC08. OueHKH, npo8e.UeHHbie Ha OCH08e 3KcnepnMeHTaJibHbiX 
):13HHbiX no .UeHTpOH-npOTOHHbiM 83aHMO.UeHCT8Hj!M, C8H.IleTeJibCT8YJOT 0 TOM, 'ITO 3TH HCCJie­
.ll083HHji UeJieC006pa3HO np080.1lHTb Ha .UeHTpOHHbiX nyqKaX YCKOpHTeJibHOfO KOMnJieKCa 
JIB3 011}111 8 o6JiaCTH HMllYllbC08 3 + 4 f::~B/c. 
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CHERENKOV BEAM COUNTER SYSTEM 
OF THE CERES/NA45 SPECTROMETER 
FOR INVESTIGATION WITH 160 GeV/n.LEAD ION 

G.Agakichiev, A.Drees 1, N.S.Moroz, Yu.A.Panebrattsev, 
S. V.Razin, N.Saveljic2

, S.S.Shimansky, G.P.Skoro3
, V.I. Yurevich 

Cherenkov beam counter system of the CERES/NA45 spectrometer was specially designed 
for experiments with 160 GeV/n lead ions of the SPS CERN. The counters provide a beam 
monitoring and a realization of a trigger of nucleus-nucleus collision in a target area. 
Construction scheme and main characteristics of the beam counters and also results of testing 
with lead beam are presented in this paper. · 

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

CucreMa 'lepeHKOBCKHX DY'fKOBJ.IX C'leT'IHKOB 
cneKTpoMeTpa CERES/NA45 wu• HCCJie,lloaauuii 
c 160 P3B/u.uouaMH caun:Qa 

r.AzaKUUlUeB U iJp. 

CncTeMa qepeHKOBCKHX nyqK08biX C'leT'IHK08 cneKTpOMeTpa CERES/NA45 61.ma 
cneUHanbHO pa:!pa60TaHa jLJlll 3KCnepHMeHTOB c 160 r3B/H HOHaMH C8HHUa 8 UEPH. C'leT'IHKH 
06eCne'IH8aiOT MOHHTOpHpo8aHHe nyqKa H peanHJaUHIO rpHrrepa JUtpo-ll.llepHOffi CT011KH0-
8eHHll 8 o6.naCTH MHWeHH. npe.IlCTaBJieHbl KOHCTpYKUHll H OCH08Hble xapaKTepHCTHKH nyqK0-
8biX C'leT'IHK08, a TaKJKe pe3yJibTaTbl TeCTHpo8aHHll Ha nyqKe lU{ep C8HHUa. 

Pa6oTa 8biD011HeHa 8 na6opaTopnn 8b1COKHX 3Hepmif OIUIH. 

1. Introduction 

One of the very important stages of the CERES/NA45 spectrometer modernization, 
with purpose to prepare and organize experiments with 160 GeV/n Ph-beam, was the 
elaboration of the beam counter (BC) system which main functio s are contained in the 
following: 

1. monitoring of the Ph-beam; 
2. selection of the events with nucleus-nucleus collision m the target (interaction 

trigger); 

1University of Heidelberg, Germany 
2University of Montenegro, Yugoslavia 
3JNS «Vinca», Belgrade, Yugoslavia 
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3. time synchronization of trigger signals and readout of information from the slower 
main detectors of the spectrometer such as RICH (Ring Imaging Cherenkov) detectors, 
SIDC (Silicon Drift Chamber) and PC (Pad Chamber); 

4. discrimination of the events with more than one Pb projectile within an active time 
of slower detectors, above mentioned, (before/after protection); 

5. operative control of beam passage. 

CERES is the experiment dedicated to the measurement of e + e- pairs and direct 
photons in nuclear collisions at SPS energies [ l] . From this reason the basic requirement 
from BC system was minimization of the mass of constructive materials in the beam and 
target region, which could be potential source of background in measurements. The second, 
also important, requirement was the stability in the high radiation conditions. 

EstimatiQns had shown that for SPS beam structure and intensity of l 06 nuclei/burst, 
absorption dose for plastic scintillator of BC would be about 4 Mrad for several days of 
working. There is well-known fact that for doses above such a value the light output of the 
scintillator rapidly decreases. 

Therefore, BC system needs to provide good time and pulse height resolution and 

stable worki~g conditions for the long time period (months) for the intensity of n · 106 

nuclei/burst. For realization of these requirements the new system of Cherenkov gaseous 
detectors, with extremely small mass along the beam path, was designed. Description of the 
detectors, construction properties, exploitation characteristics and the results of their testing 
with Pb beam are given bellow. 

2. Method 

In elaboration of the BC system for the CERES/NA45 spectrometer the following 
properties of Cherenkov radiation, induced by an ultrarelativistic lead nucleus passing 
through the gaseous radiator, have been used : 

l. Energy of the Pb nucleus is much above the threshold energy for Cherenkov 
radiation for nitrogen/air radiator, under normal conditions (E

1
h ~ 38 Gev/n); 

2. Cherenkov radiation intensity is proportional to the charge squared of the particle 
and for Pb nucleus (Z = 82) there are many photons created per unit length even under the 
normal pressure; 

3. Radiation propagates within a cone with a small angle relative to the beam axis 
(9max ~ 1.38° for air under normal conditions) that leads to an opportunity to collect 

Cherenkov photons, with high efficiency, on photocathode of photomultiplier tube (PMT) 
even with very small mirror. 

The air at normal conditions has been used as a radiator in beam counters. The number 
of Cherenkov photons per unit length of radiator, within sensitivity range of PMT 
[ 1..1, 1..2], is given by the well-known formula 

dN 2 ( l l ) . 2 di = 27tZ a ~- 1..
2 

· sm e. 
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Pb nucleus produces :::= 2700 photons along 1 em of air radiator m wave length interval 
A= 300- 550 nm and :::= 5700 photons within interval A= 200- 550 nm corresponding to 
domain of maximum sensitivity of PMT XP2020 and XP2020Q, respectively, which have 
been used in BC. Figure 1 shows the mean number of photoelectrons versus photon wave­
length, for these PMT. 

In the case of Pb ion disintegration as a result of its collision with target or surrounding 
medium nucleus, response of the BC is proportional to the sum of charge squared of the 
projectile fragments if the distance between produced fragments i longer than the wave­
length of Cherenkov radiation. 

The layout of beam counters along the beam channel is shown in Fig.2. BC system of 
the CERES experiment consists of three Cherenkov detectors BC1, BC2, and BC3, and 
each of them solves its own functional tasks. To avoid upstream interactions as much as 
possible, a vacuum pipe is used up to the target region. The Cherenkov beam counter, BC 1 
has been installed in the beam pipe, 60 m upstream of the target. It is responsible for beam 
monitoring and start signal production by an incident ion. Detector BC2 is situated behind 
the CERES spectrometer, 6.35 m downstream of the target, and is responsible for detection 
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Fig.2. A layout of trigger detectors at the CERES experiment area 

of projectiles passing through the experimental apparatus.The Cherenkov micro-counter 
BC3 is located right behind the target and its basic function is to establish a fact of nucleus­
nucleus collision with the absence of Pb nucleus after the target. Interactions downstream 
of the target but in front of multiplicity detector (MD) cannot be ignored when triggering 
at low multiplicities. These events can be vetoed by BC3, too. The target is placed at the 
beam focus with the beam spot diameter of < 600 1-1m. 

Good time charac~eristics of C~erenkov radiation and PMT XP2020 allow one to orga­
nize IO-ns coincidence of signals from BCs, for interaction trigger and also other additional 
triggers usefull for analysis of the beam passage and searching for background conditions. 

Signals from BCs come to the fast discriminator (model 4Fll5 LHE, JINR) and 
Ch.ADC (LeCroy VME model 1182). Discrimination thresholds for BCI and BC2, which 
have better amplitude resolution than BC3, are set down on the level of about 80% and for 
BC3 on the level of 50% of the mean pulse heigth of Pb nuclei. After fine adjustment of 
beam and counter operatiOn we have the following condition for coincidence rates 

BCl · BC2 = BC.l · BC3 · BC2 

Interaction trigger was organized by means of coincidence of the logical signal from 
BC 1 and veto signal fro m BC3. 

So, with these three beam counters there were organized four different types of the 
simplest triggers: 

1. beam trigger- BCI; 

2. clear passage of beam ion without disintegration- BCI · BC3 · BC2; 

3. interaction trigger- BCI · BC3; 

4. background interaction behind the target- BCl · BC3 · BC2. 
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Logical signals from BCI, BC2, BC3 and interaction trigger are passed to the inputs of 
TDC (Le Croy VME model 1172) for off-line controle of the time structure of the signals 
and organization of BIA protection. 

3. Beam Counters 

The mirrors of the beam counters were done by vacuum evaporation of 0,999999 AI 
from the tantalum base on 12 1.1 mylar with very small heterogeneity over the thickness. The 
thickness of the settled aluminium layer was 500-800 A. The factor of reflection measured 
for J... = 200 nm was 80%. Construction of Cherenkov counter BC1 is shown in Fig.3 . There 
is no essential difference between the constructions of BCl and BC2. Entrance window of 
BC2 was placed parallel with the mirror plane at. an angle of 45° t the beam axis with the 
aim to minimize a path length scattering in radiator for different lead projectiles. 

Geometry of the target region and construction of BC3 is sh wri in Fig.4 . Cherenkov 
light produced in BC3 radiator by projectile is taken out with 2 m optical cable. Light-guide 
core of the cable has the diameter of 5 mm an~ consists of thin quartz fibre· set with 
wavelength cut in ultra violet region at J... . = 180 nm. One end f the cable enters to the 

mm 

radiator chamber of BC3 at angle of 45° and another one is connected with photocathode 
of PMT XP2020Q. 

Before an installation of BC3 a fine tuning of the mirror position was done with special 
light source producing the light along the BC3 chamber axis. A method of the mirror 
adjustment was based on requirement to obtain light image aro nd the centre of semi­
transparent screen which was placed on the edge of an aluminium tube (entrance of the 

2 3 

b~ ·· ·· · •• 1: ::: : : : : :::::: ... ... .. .. .. ... ...... . 

vacuum 

Fig.3. Construction of Cherenkov counter BCl (I -mylar windows, 2 .:._Che­
renkov chamber walls, 3 - mirror, 4 - photomultiplier XP202 , 5 - soft iron 
tube, 6 - voltage divider) 
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Fig.4. Target area and Cherenkov counter BC3 ( l - optical cable, 2 -
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optical cable into BC3 chamber). The geometry of BC3 was such that a lead nucleus 
passing through the radiator produces Cherenkov light spot on the polished edge of the 
optical cable with the lateral dimension less than the diameter of lightguide area. The basic 

characteristics of beam counters are given in Table 1 and list of constructive materials along 
the beam path is given in Table 2. 

Special investigation has shown that light attenuation factor on the way mirror-optical 

cable-PMT is 7 .5. It leads to the corresponding diminishing in the photoelectrons number 

on photocathode of PMT and as a consequence to the decreasing of the amplitude resolution 

relative to the values obtained with BCI and BC2. The usage of optical cable and PMT with 

A. . ~ 180 nm in BC3 allows one to increase efficiency of Cherenkov radiation detection. rrun 

Although, the length of radiator in BC3 chamber is rather short and light attenuation factor 

is rather high, there are (N )= 400 ± 70 photoelectrons from PMT photocathode created by 
I! 

Pb nucleus passing through the radiator. 
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Table 1 

characteristics BC1 BC2 BC3 

air radiator length (mm) 170 206 43 

beam spot 

x direction ±20 mm <±5 mm < ± 300 ll 

y direction ±5mm <±5mm < ± 300 ll 

mirror 

position from the target 60 m 6.56 m 59 mm 

diameter (mm) 63 55 6 

frame material 3mmAl 3 mmAl 1.5 mm rohacel 

angle to the beam axis 45° 45° 22.5° 

PMT 

type XP2020 XP2020 XP2020Q 

A. range (nm) 300---550 30~550 20~550 

rise time (ns) 1.5 1.5 1.5 

pulse height resolution 7% 7% 7% 

photocathode 0 (mm) 42 42 42 

Table 2 

Beam counter Material Thickness 

BC1 mylar window I 100 ll 

air 270 mm 

mylar mirror 17 ll . 

mylar window 2 IOOJ.L 

BC2 black paper window I 140 ll 

air 240mm 

mylar mirror 17 ll 

black paper window 2 100 ll 

BC3 black paper window I IOOJ.L 

air 50mm 

mylar mirror 13 ll 

black paper window 2 100 ll 



24 Agakichiev G. et a/. Cherenkov Beam Counter System 

BCI and BC2 

K dl d2 d3 d4 d5 d6 d7 d8 d9 diO dll 
dl2 TA OUTPUT 

T 

~~ 56k 150k 56k 51k R R R 
• 1 20k 

I 
-1900V 

BC3 

K dl d2 

-2350V 

R = Slk 

01 BZT03CISO 

02-05 BZT03CI80 

d3 d4 d5 d6 

R = 68k - . 
01. OS . 06 BZT03CISO 

02. 03. 0 4 BZT03CI80 

d7 
":'" 

T lk 

R• 

-900V 
R• =51 

C = 330 pF 

d8 d9 d!O dll "~ .. ~ i I 0 R• 0 R• 
I 

I 
I ,..._, I "'., 

-IOOOV 
R• =51 

C = 330 pF 

Fig.5. Voltage dividers of photomultipliers of the beam counters 

To get a stable operation of PMT for high intensity of beam the voltage for last 
dynodes was created with a chain of diodes BZT03C 150, 180 and additional high voltage 
power supply. Scheme of the voltage divider is shown in Fig.5. Beam counters were sup­
plied from the Le Croy high voltage multichannel system. 

4 . Beam Test 

The first experience of the new BC system application in the level 1 trigger of the 
CERES experiment was performed with 160 GeV/n Pb beam in November/December 1995. 

The intensity of beam was about 5 - 105 ions/burst. 
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4.1. Beam Counter Operation. An analysis of the operation characteristics of the 

counters showed the stable working capabilities of each beam counter during 25 days run. 

Study of the detector responses and the trigger operation during the run '95 was done with. 

the special runs using the two simplest triggers: interaction trigger (trigger 3) and beam 

trigger (trigger 1). Taking into account the ADC and TDC information obtained with beam 

counters one can organize the additional triggers (2) and (4) mentioned above for the 

off-line analysis of clear passage of lead ions and backgrou d interactions. All beam 

counters had good responses for lead ions with the Gaussia shape of peak (relative 

uncertainty of -4% for BCl and BC2 and -14% for BC3). The BC responses for lead ion 

obtained with trigger (2) are presented in Fig.6. 
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Fig.7. The response of the SIDCI for one, two and three lead ions passing the target area without 
interaction within a time interval ± 5 l..lS 

4.2. Before/after Protection. For the main detectors of the CERES spectrometer the 
background contribution to the detector response produced by pile-up of ions was analysed 
using the TDC information on a beam position on a time scaler obtained with beam 
counters. For this purpose trigger (2) was used for selection of the clear passage of lead 
ions through the experimental area. Under this condition, the background response of the 
SIDC is mainly produced by 0-electrons. Some additional number of hits appeared if more 
than one ion has passed through during the active time of the SIDC. The SIDC respon~es 
for three cases (I, 2 and 3 tons within the time interval ± 5 llS) are shown in Fig.? . The 
result is a rise of background with increasing a number of ions per active time of the 
detector. More clear information on the dependence of the number of background hits on 
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the time distance between two ions is presented in Fig.8. One can see that the hits number 
increases from -90 (one ion in the active time of the SIDC) to -1 80 (two ions with a small 
time discrepancy) within the time interval ± 4 J..Ls corresponding to the active time of the 
SIDC. This effect can be the main limitation in a way to work with a high intensity of 
beam. 

4.3. Interaction Trigger. The major purpose of the interaction trigger for the 
CERES/NA45 experiment is an effective selection of Pb-Au collisions in the maximum 
wide region of impact parameter including closed and peripheral nuclear interactions. The 
main trigger function is to discriminate the BC3 signals with th pulse height more than 
threshold value settled as it has been mentioned above. The BC3 and BC2 responses are in 
a strong dependence on the lead ion fragmentation process and correspond to a sum of 
charges squared for fragments passing the radiator within the BC acceptance. 

The Monte Carlo simulation of the perpendicular momentum distribution of lead ion 
fragments was estimated according to approach [2] with approximation of fragment charge 
composition [3]. The simulation results showed that the BC3 acceptance covers all 
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projectile fragmentation region and the BC2 sees all fragments with charge more than 20, 
and some part of low charged fragments is missed. 

The pulse height distributions obtained from the BC3 with two different triggers (2) 
and (3) are shown in Fig.9. The discrimination threshold was settled just before the peak 
produced by Pb and Po-like-nuclei. A contribution of the different sources of lead ion 
disintegration, with a multiple production of charged particles in the target area selected by 
the interaction trigger, was studied by the vertex procedure where the interaction point was 
determined using the information from doublet of tracking devices SIDC 1 and SIDC2. 

The CERES target consisted of 8 disks with a thickness of 25 Jlm each and a diameter 
of 600 flm . They were spaced by 3 mm and a total thickness of target was 200 Jlm of Au. 
There were ~ 95% of beam ions hitting the target. The largest amount of events concen­
trates in the target position (- 3 < z < 0 em) where all 8 microtargets are well seen sepa­
rately as one can see in Fig. 10. This figure demonstrates the MD response (charged particle 
multiplicity) versus z-coordmate of the vertex. The contributions from the interactions with 
mylar window of the vacuum pipe and the entrance window of the BC3 chamber are clearly 
visible at z ~- 5.3 em and 0.5 em, respectively . For the further analysis of Pb-Au collisions 
we select only interactions with the target. In the frame of geometrical picture the 
geometrical cross section as a function of the impact parameter can be obtained by , the 
integration over the overlaped region of the two nuclei. For Pb and Au nuclei the nuclear 
density is about constant and maximum up to radius R ~ 5 fm and then the density falls 
down fast in a range 5 < R < 8 fm with increasing of the radius. So the impact parameter 
b < b0 = 10 fm corresponds to the interaction of two cores having the maximum density 
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acceptance measured with the interaction trigger and predicted by HIJING forb< 10 fm 

which occurs in central and semicentral collisions. The geometrical cross section for these 
collisions can be calculated as 

2 cr =rtb0 =3.14 b. 
c. 

The radius range 5 < r < 8 fm corresponds to a thickness of low density surface of Pb and 
Au nuclei and defines in the first approximation the geometrical cross section of Pb-Au 
peripheral collisions as 

2 2 
O"P = 1t · (bmax- b0) = 4.90 b, 

where b = 2 · r ~ 16 fm. max max 

The experimental study of the trigger efficiency for closed and peripheral Pb-Au 
collisions was performed by analysis of a correlation between two processes, lead ion 
fragmentation (BC3 and BC2 responses) and the multiple production of charged hadrons in 
a midrapidity region corresponding to the maximum yield of secondaries and covered 'by 
the SlDCl (1.85<T}<3.81) and the MD (2.94<T}<4.70). As an illustration the similar 
result on a correlation between the BC2 and the SlDCl data is shown in Fig. ll. The BC2 
data were transferred to the scale of sum of fragment charges squared by a normalization 
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at Pb-ion peak position. The upper limit of the BC2 pulse height was reduced a bit with the 

aim to expel an influence of BC3 threshold. The large response of BC2 can be observed 

only for the SIDC multiplicities less than about 150. For the region of multiplicities more 

than 150, the interaction trigger selects all events without cut. A correspondence between 

the charged multiplicity within the SIDC 1 acceptance and the impact parameter of Pb-Au 
collisions was investigated with the HIJING event generator [4]. A comparison of the 

HIJING model prediction for the collisions at b < 10 fm with the SIDC1 experimental data 

is shown in Fig .12. One can see that the HIJING reproduces well the experimental 

multiplicity data at b < 10 fm. The SIDC1 multiplicity of 150 is produced by the nucleus­

nucleus collision at impact parameter b
0 
~ 10 fm. The bump in the experimental data at low 

multiplicities Ncb< 150 corresponds to nucleus-nucleus collision with b > 10 fm and has a 

clear and simple explanation taking into account a large geometrical cross section of 

peripheral collisions. 
So the interaction trigger works with the efficiency of ~ 100% for semi central and 

central collisions. The big dispersion of the L z~ value in the low multiplicity region due to 
I 

the event-by-event fluctuation of Pb-ion disintegration in the peripheral collisions is obser­

ved and there is a high probability of strong disintegration of Pb nuclei without any high­

charged fragments even in the peripheral collisions. 
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Table 3 

Impact parameter region Zmax 

b< 8 fm < 25-30 

b < 10 fm < 40-50 ~ 0.5Zpb 

b > 10 fm < 0.5ZPb , for the most fraction of events 

The upper limits of fragment charge, Z , for different impact parameter regions 
max 

estimated on the experimental results are given in Table 3. The pulse height distribution 
measured by -the BC2 with the interaction trigger is presented in Fig.13. The measurements 
showed that the threshold of the trigger cuts only a small fraction of the nuclear inelastic 
peripheral collisions. The cross section of peripheral collisions registered can be 
estimated as 

N 
<Jcxp = <J · _p_ = 4.35 b 

P c N , 
c 

where N and N are number of events with N h (SIDCI) < 150 and > 150, respectively. 
p c c 

This experimental value is only a bit less than one obtained above in a frame of geometrical 
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Fig. 14. Experimental distributions of a sum of charges squared of lead fragments (BC2 data) 
for Pb-Au collisions for two impact parameter regions, b > 10 fm (left) and b < 10 fm (right) 
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picture of collision . The :L i experimental distributions obtain d with the BC2 for two 
l 

cases of Pb-Au collisions with impact parameters b > 10 fm (Nch(SIDC1) < 150) and 

b < 10 fm (Nch(SIDC1) > 150) are shown in Fig.14. Here one can see separately the 

fragmentation of Pb ions in closed and peripheral collisions wit Au-nuclei at 160 GeV/n 
energy and that there are no high-charged fragments at semicentral and central collisions. 

We suppose that presented results can be of interest for the trigger design for the 
central and peripheral nucleus-nucleus collisions study as well as for testing of theoretical 

models including the description of the projectile nucleus fragmentation at ultrarelativistic 
energies. 

5. Conclusion 

The system of Cherenkov gaseous beam counters for moniton ng of ultrarelativistic lead 
ions and an interaction trigger design was developed for the CERES/NA45 experiment in 
CERN. Test measurements with the lead beam at 160 GeV/n sh wed that such devices are 
capable to operate for a long term without any changes of their characteristics. The 

installation of the beam counters on a beam line led to a very sm II rise of the background. 
The analysis of detector responses showed the 100% efficiency of the interaction trigger for 
semi-central and central collisions of Pb and Au nuclei with low contribution of background 
interactions with window foils of vacuum pipe and Cherenkov c unter chamber, BC3. We 
intend to continue our work on a development of the beam counter system for the CERES 
experiment and believe it has a good outlook. 
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A PROFILE-BASED GASEOUS DETECTOR WITH CAPACITIVE 
PAD READOUT AS THE PROTOTYPE OF THE SHOWER 
MAXIMUM DETECTOR FOR THE END-CAP ELECTROMAGNETIC 
CALORIMETER FOR THE STAR EXPERIMENT 

G.Averichev, S.Chernenko, E.Matyushevsky, A.Nikiforov, Yu.Panebrattsev, 
E.Platner*, E.Potrebenikova, D.Razin, S.Razin, 'L.Smykov, G.Skoro, 
A.Shabunov, I.Tsvetkov, V.Yurevich, Yu.Zanevskiy 

The results of testing the full-scale prototype of a profile-based shower maximum detector 
with external pick-up pads for the end-cap electromagnetic calorimet r (EMC) for the STAR 
experiment at RHIC are presented. It is shown that the plastic streamer tubes with coverless 
profile operating in proportional mode with low gain are suitable basic unit for shower 
maximum detector. 

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

ralOBhiH AeTeKTOp H8 OCHOBe DpotiJHJIJI C eMKOCTHhiM 

pad•C-tHThiB8HHeM K8K DpoTOTHD AeTeKTOpa M8KCHM)'M8 JIHBHK AJ1K 

Topueaoro :MeKTpoMarHHTHoro KaJiopuMeTpa 3KcnepnMeHTa STAR 

r.Asepuqes u op. 
npe.ii.CTaJIJJeHbl pe3yJJbTaTbl HCDbiTaHHH DOnHOMaClliTa6HOI"O DpoTOTHna )(eTeiCTOpa 

MaJCCHMYMa JIH8Hll Ha OCH08e nJJaCTHIC0801"0 DJXXPH1Ill C eMICOCTHbiM pad-C'IHTbl8aHHeM j(]lJI 

Topue8oro 3JieJCTpOMarHHTHoro JCanopHMeTpa STAR ucnepHMeHTa Ha RHIC. noKaJaHO, 'ITO 
nnaCTHJC08ble CTpHMepHble TPy6KH c OTKpbiTbiM npo$HJJeM, pa6oTaJ0111He 8 nponopuHOHaJJb­
HOM pelKHMe C HH31CHM ycHJJeHHeM, JI8JIJIIOTCJI DO)(XO)(JIIliHM 6aJHCOM j(]lJI neTeKTOpa MaKCHMYMa 
JIH8Hll . 

Pa6oTa 8biDOJJHeHa 8 Jla6opaTOpHH 8biCOICHX 3Hepmii oi-uiH.. 

I. Introduction 

In our previous report [1] we presented the results of Monte Carlo (MC) simulations 
and conceptual design of gaseous Shower Maximum Detector (SMD) with pad (strip) 
readout of signal for end-cap EMC of STAR experiment at RHIC [2]. Two types of 
detectors were proposed: MWPC and profile-based chamber. A possibility of using plastic 
streamer tubes operating in proportional mode with analog readout of external pick-up pads 

*Rice University, Bonner Nuclear Laboratory, Houston, TX77251, USA. 
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(strips) for prel:ise l:oordi nate measurements is attractin: fo r us. Profile-based particle 
detel:tor l:an be as precise a ~ l:on ventional M WPC with pad (strip) reado ut [3], [-+ ]. Detector 

mechanical toleranl:c s arc ~ ignificantl~ relaxed . The ~pace res o luti on would be determined 
by the quality of pad (strip! board and read o ut electronics . 

The shower maximum detel:tor will be placed in thin 25 mm gap in the end-cap EMC. 

The number of y's in the ~ MD acl:eptance is about 1{00 for the central Au-Au collision at 
R H IC energies and the nu m ber of l:harged particles is the same . The showers as well as 

l:harged partil:les will be detel:ted . The size of pads decreases going towards the beam axes 

to resolve ambiguities due to increasing multiplil:ity . The time between bunches at RHIC 
will be about 100 ns . So for high time Ol:l:upancy a readout electronics need have an 

integration time about 50 n ~ . wide dynamil: range. small signal/noise ratio for various pad ' s 
l:apal:itanl:e and as small a ~ possible power dissipation. 

Following the above arguments and reasoning our report [I] we have manufactured a 
full Sl:ale profile-based shower maximum detector prototype with pad capacitive readout. In 
this report we present re~ ults of testing the prototype with a certain suitable readout 
electronil:s . 

., 
Description of P rototype 

/\ sl:hematil: view of the cross section o f the prototype and the layout of measurement 
is shown in Fig . I . The prototype l:onsists of four plastic profile tubes each with 8 cells of 
1) x 1J mm 2 in si;e with I m m thil:k separating walls inserted in a gas-tight plastic envelope. 
The profile used for the prototype was o ne of those made for the DELPHI hadron 

l:alorimeter [ 5] . The inner l:athode surface of profile is coated with resistive carbon paint. 
The l:athode resistivity of the profile is about 200KQ per square . The anode is the gold 

plated tungsten wire of 20 u m diameter strung in each profile cell with tension of 80 g and 

1 I 

[ 

+ 
Sl =-------- 5 

I J. a=: 
-------- 2 

S2 ----------
Pb 

I\ al 

1 Plastic Envelope 
2 Resistive profile 
3 Anode wires 
4 Resistive cover 
5 Pad plain 

Fi ~. l . Hl1l<.:k dia~ram of the test set-up 
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supponed by spacer in the middie point. The gas mixture used is argon + Isobutane in the 
ratio 4: t at normal pressure. 

The size of the prototype is 40 x t 20 cm2
. Both tubes with res istive cover and coverless 

have been used in prototype tests. 

The G I 0 outer pad (strip) board with pads (strips) facing det ctor is placed directly on 
the tube plastic envelope. The sizes of the pads are 4 x 40 mm, 12 x 130 mm and 
12 x 400 mm. Readout electronics is placed on the opposite pad . ide of the board. 

The anode wires in each tube are connected together serving one readout channel. The 
anode signals are used only for tuning of operational high voltage applied to the tube . 

3. Front End Electronics 

Following the results of MC simulation the total electronic channel number of the 
end-cap EMC shower maximum detector should be about 25000 with analog readout of 
anode wires (2000 channels) and cathode pads (23000 channels) . The position of shower or 
the entrance point of minimum ionizing particle (MIP) will be measured. Front End 
Electronics (FEE) is needed for a fast two-dimensional coding of the analog data. 

The spatial resolution achievable by using an interpolation method depends on several 
parameters, in particular on the signal-to-noise ratioS IN. A small noise allows one to reach 
wide dynamic range at lower gas gain and, consequently, to slow down the detector aging. 

The major problem of the FEE design is an extremely limited space (25 mm) given for 
placing the shower maximum detector with the associated electronics and the cable 
communications that imposes the request of as small as possible ower consumption [2]. 

Therefore the main parameters of the FEE are: peaking ti e (T ), dynamic range, 
p 

S I N and power dissipation per channel (P D). 

Peaking time T should be matched to one half of the crossi ng time (the time between 
p 

bunches). At high channel occupancy (up to 100% for Au-Au collisions) the drift time 
should not exceed the value of the crossing time, i.e., I 00 ns. For the typical drift velocity 

of about 20 (ns/mm)- 1 this means that in the final design the profile cell size must be about 
5-6 mm. 

Mean number of particles in shower is about I 00, so a noticeable total charge will be 
collected even at such small peaking time. But for MIP we should increase the gas gain . 

To meet the high count rate (T -50 ns) and the low noise ( < 2000e-aC d- hundreds 
P pa 

pF) a bipolar IC technology is more preferred instead of CMOS . A common emitter chain 
in the first stage of the preamplifire (PA) with resistive feedback, forming a transimpedance 
amplifier, can provide the high gain at acceptable power. To prevent strong the gain and a 
pulse shape degradation at a large input capacitance, the PA should have a high value of 
open loop gain [6]: 

Qin v --ff; 't. out C e nse 
f 
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c 
where C efff = Cf + ~ - effective feedback capacitance, R , C - collector resistor and g R c c 

m c 

capacitance, respectively, and g - transconductance of a bipolar transistor. 
m 

If open loop gain g R is rather large, the sensitivity of PA to C d value is reduced. m c pa 

However it demands higher g -1, i.e., to increase power consumption . Also serial noise 
m c 

must be small at short T . 
p 

To keep good double pulse resolution and high value of S/ N ratio, the PA has to be 
followed by a multi pole shaping amplifier (SA). The shaper should include also I/ t tail 
cancellation and transform input pulse into a near Gaussian shape. From EMC physics 
considerations the dynamic range is requested as large as I 000. This value is more than 
enough for getting needed spatial resolution in interpolation method (- O.I of pad pitch) [7] . 
Concerning the FEE design it is desirable to realize this parameters at low: as possible, 
noise and, hence,. smaller power dissipation. 

After amplifying and shaping, the data from SMD have to be delayed and digitized. 
Since SMD i!i a fast detector, the readout electronics delay circuits have to provide write 
and readout modes simultaneously. The delay of - I J.l.S, needed for level 0 trigger decision, 
can be performed, in principal, by two ways as shown in Fig.2. 

First (Fig.2a), analog is based on Sequential Capacitors Array (SCA) and second 
(Fig.2b), the flash ADC with digital pipeline is used. The solution based on SCA approach 
is cheaper and consumes significantly lower power. The suitable number of pipeline cells 
is IO + 20 . . Application of higher clock frequency (up to 40 MHz) can give a possibility to 
know a channel history and make an amplitude correction. The number of the ADC bits 

~ SCA ADC 

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

... 
0 .. 
"'" 

'--- - --- - - - ------------ - -- - ------~ p • 

FADC 

• • • 
FADC 

•> 

b) 

oa.;atal 
Bull'er 

D ... Ual 

Bull'er 

~ 
0 ... 
;:i .. 

Fig.2. The scheme of different variants of shaped SMD signal delay 
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must be matched to dynamic range. Therefore FEE should use 10-bits linear or 8-bits 
non-linear ADC. 

Following the arguments described above we have designed the multichannel 
electronics based on 32-chip (PASA) [8] developed by D.Dorfan (US, Santa Cruz) for 
testing the SMD prototype. This IC has extremely low power consumption - 2mW / ch. 
Other parameters such as peaking time - 75 ns, lit cancellation and low noise (5 nA, r.m.s) 
are near needed for the prototype. 

Our goals were: 
1) to design electronics for prototype test with a radioactive source and a beam, 
2) to investigate possibilities of a low power consuming chain implementation for 

readout of signals from large pads. 
The arranged scheme of protection diodes at inputs and drivers at outputs to route data 

on cable is sfiown in Fig .3. The output pulses are transferred via 5 m long TWP flat cable 
to 9-bit ADCs. 

Figure 4 shows a general view of the shower maximum detector prototype on the side 
of the pad board. The 32-channel PASA chip has been mounted on individual board. The 
connection with pads was realized via input protection circuits by means of 32-pins 
connectors. Various type pads can be connected by turns to the chip inputs. 

4 . Test Studies of Prototype Performances 

Two types of plastic tubes were used in test studies: with profile closed by resistive 
cover and with coverless profile. The measurements were carried out using electrons (the 

energy up to 3 MeV) from 144Ce radioactive source. The unnecessary substance from upper 
and lower prototype screening boards were removed. The narrow upper collimator (2 mm 
diameter slit) was used to define a narrow beam over pad. 

The electrons with the energy more than 2 MeV are passed through scintillation 
counters S l-S2 (energy loss - 1 MeV) and a plastic tube (energy loss - I MeV). Signals 
from scintillation counters (S 1 and S2 in Fig. l) form the trigger for the ADC gate. 

In experiments with cosmic muons additional large Nal counter was used for the ADC 
gate trigger, too. 

Figure Sa shows the amplitude spectra of an individual pad (4 x 40 mm) at various 
operating voltage. The pedestal peak is well separated from the minimum ionizing signal. 

Measurements data with cosmic muons for six nearby pads at 1725 V operational 
voltage in Fig.Sb shows the same (the ADC's pedestals were subtracted). 

The data for middle 12 x 130 mm and large 12 x 400 mm pads are shown in Fig.6. 
It is seen that at operating voltage value of about 1700 + 1750 V we have well defined 

signal from minimum ionizing particle. The tube operates in the proportional regim~ with 

the gain at the level of 104-IcY. The pulse duration does not exceed - 150 ns at 1/IOth 
of maximum height for different input pad capacitances of readout electronics. The output 
signal amplitude is nearly proportional to the value of pad capacitance that means the 
preamplifier gain doesn't change noteceably . 
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Fig.5a. The amplitude spectra of individual 4 x 40 mm pad at various operation voltage. Measurements 

with radioactive source 44Ce 

The amplitude spectra for a tube with coverless profile for four nearby 4 x 40 mm pads 
is shown in Fig.7. 

To investigate the position resolution we have measured a distribution of charge 
induced on the six nearby pads. The measurements with the tubes with profile closed by 
resistive cover have been made using cosmic muons. In experiments with the tubes with 
coverless profile the collimated radioactive source was used. The events with maximum 
charge on the middle (third) pad were selected. 
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Fig.5b. The same as Fig.5a at 1725 V operation voltage. Measurements with cosmic muons for six 
nearby pads 

In Fig.8 the distributions of charge over six 4 x 40 mm nearby pads for a tube with 

coverless profile and for a tube with profile closed by the resistive cover are shown, 

It is seen that the distribution for the tube with coverless profile is narrow enough so 

it will be possible to separate particles in high multiplicity collisions. 
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Fig.6. The amplitude spectra for two nearby 12 x 130 mm (top) and 12 X 400 mm (bottom) pads. 
Attenuation is 5 (top) and 10 (bottom) 

In Ref.9 the detector of electromagnetic shower on the basis of plastic streamer tubes 
has been investigated but there the tubes operated in high saturated mode with worse spatial 
resolution and lower rate capability. 

The spatial resolution of detectors on the base of plastic streamer tubes with capacitive 
readout has been investigated ' in [3,4, 1 0]. It was found that non uniformity of cathode 
resistivity significantly impairs the spatial resolution and to use the tube with very high 
cathode resistivity ( > lOM.Q) or with low resistivity and coverles profile is preferable. 
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Fig.7. The amplitude spectra for 4 x 40 mm four nearby pads for a tube with open profile 

5 . Conclusion 

The test investigations of the prototype based on the plastic streamer tubes show that 

the coverless tubes with capacitive readout operating in proportional mode with low gain 

are suitable basic unit for the end-cap EMC shower maximum detector. The uniformity of 



Averichev G. et al. A Profile-Based Gaseous Detector 

10 

10000 

0000 

0000 

4000 

2000 

10 

pacl 

Fig.8. Charge distribution on six nearby 40 x 40 mm pads for a tube with opened 
(top) and closed (bottom) profile 

45 

the cathode resistivity has a major influence for spatial resolution. The tubes with coverless 
profile and low resistivity are more preferable. 

The readout electronics based on the 32-channel chip PASA [8] can be used for the 

detector with the 9 x 9 mm2 cell plastic tubes. 
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WHAT DELPHI CAN GET WITH AN UPGRADED POSITION 
FOR THE VERY SMALL ANGLE TAGGER 

S.Almehedl, G.]arlskog~ F.Kapusta2
, U.Mjornmark 1

, 

l.A.Tyapkin3, N.I.Zimin 

A rather large profit can be obtained for two-photon physics studies with an upgrade of the 
DELPHI very small angle tagger position. Results have been obtained by using FASTSIM 
simulation both for double tagged and single tagged modes of yy interactions, and for Bhabha 
events used for the luminosity measurements. • · 

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

qyo .IJ.EJI~H MOJKeT BbiHrpaTb 

npH H3MeHeHHH DOJIOJKeHHJI ,!(eTeKTOpa MeiJeHHJI 

DO,!( OIJeHb MaJibiMH yrJiaMH 

C.A.n.Mexeo u op. 

JlOBOJibHO 60Jibll!OH Bb!Hrpbllll MOJKeT 6b1Tb nOJI)"'eH npH H3MeHeHHH nOJIOJKeHHll )leTeKTOpa 
MeqeHHll noA oqeHb MaJibiMH yrnaMH ycTaHOBKH ,UEJI<l>H. OpHBeAeHHbie pe3yJihTaTbi 6biJJH 
noJI)"'eHbi c noMOll!biO nporpaMMbi MOAeJIHposaHHll FASTSIM AJill AByx¢loTOHHbiX B3aHMO­
AeHCTBHH C OAHHM H ABYMJI MeqeHbiMH aneKTPOHaMH H AJill npouecca pacceli HHll Ea6a, HCnOJib-
3yeMOfO AJill H3MepeHHll CBeTHMOCTH. 

Pa6oTa BbinOJIHeHa B Jla6opaTOpHH BbiCOKHX ::meprnii 0115111. 

1. Introduction 

It was mentioned in the recently published report of the Workshop on Physics at LEP2 
[ 1] that very interesting resutls can be obtained from studying Yf events if one or both 
photons are tagged by the observation of an electron and a positron in the Very Small 
Angle Tagger (VSA T) detectors. The DELPHI collaboration (see the detailed description of 
the detector [2]) has already obtained some new results ·studying the ingle tag events in the 
VSAT [3]. Following DELPHI, similar detectors are currently being used in OPAL or are 
a part of upgrades in ALEPH and L3. The interest in such studie · is mainly due to the 
opportunity they provide to obtain new results in two attractive regio s, on the total Yf cross 

1Dept. of Physics, University of Lund, Sweden. 
2LPNHE, Paris, France. 
3JINR, Dubna. 
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section a'[J
1 

and on the so-called P 2 dependence of the photon structure function 

F2Y(x, Q 2, P 2). The measurement of a'[J
1 

requires both the scattered electron and the posi­

tron to be detected by the VSA T while the measurement of the P 2 dependence is possible 
when one of the scattered leptons is detected by the Small angle Tile Calorimeter (STIC) 
and another by the VSAT. So in both cases the double tagged mode provides the best 
possible information about the process, due to the opportunity given to measure both the 
produced hadronic system and the absolute momentum transfer squared for both photons. 
The main disadvantage of the double tag mode is limited statistics, due to the small accep­
tance of detectors used for tag measurements. As a consequence there are some limitations 
on how to get results with high enough accuracy. In this note we propose the upgrade of 
the small part of the LEP beam pipe at the VSAT modules which would increase the 
statistics up to 3.5 times for the VSAT double tags. 

2. Apparatus 

The VSA T itself is already instrumented to accomodate the larger acceptance. The 
present scheme of VSA T modules and a simplified geometry of the LEP beam pipe are 
shown in Fig.l. The VSAT detectors are situated at ~ 7.7 m from the interaction point, 
behind the superconducting quadrupole magnets which produce the final focus. These mag­
nets deflect the scattered electrons and positrons from the direction of the beam pipe, and 
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Fig. I . Arrangement of the DELPHI VSA T modules 
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thus permit measurements at very small E 

polar angles. At the modules there is a ~ 
small elliptical section (:::::: 60 em length) of 
beam pipe providing a thin window in front 
of the calorimeters. The instrumented area 
of the VSAT modules is not large, only 
5 em high and 3 em wide for the x-position 
measurements (the active area for the calo-

rimeter is 5 x 5 cm2
). But currently, due to 

the present construction of the beam pipe, 
the area used is even smaller, i.e., 2 em in 
x-direction, because for the outer range in 

2 

0 

-2 

5 6 

49 

X and Y measured by VSAT 

7 8 9 
X em 

x of the modules there is a dead zone (see 
Fig.1) due to a flange in the beam pipe 
about 70 em in front of the detectors (see 
Fig.2). Thus, if a new part of the beam pipe 
is made with a 1 em smaller radius in 
x-direction, the VSA T modules can be 
moved 1 em closer to the beam line. This 
would make the full volume of the detector 

Fig.2. The profile of x a d y coordinates measured 
by the VSA T module in current position 

active allowing us to benefit greatly from the increase in corresponding cross sections, for 
Yf single and double tag measurements, and for the Bhabha scattering processes. 

3. Models 

Is was shown in our previous study [3] that there is reasonable agreement between 
DELPHI data and simulation if a so-called QCD-RPC (Resolved Photon Contribution) 
model is added to the more traditional GVDM and QPM models. The same three-com­
ponent model is used to obtain an estimate of possible profit for t e Yf process from the 
upgrade proposed in LEP2. The standard DELPHI generator is used to simulate Bhabha 
events. The FASTSIM package together with the standard VSDST program is used to 
simulate the trajectories of scattered electrons and positrons throughout the DELPHI mag­
netic field and superconducting quadrupole magnets and to give the response of the VSAT 
detectors together with all the necessary corrections. 

4. Results 

When we study the virtuality of the photon structure function F
2
Y(x, Q 2, P 2

), the P 2 

is measured by the VSAT only (as a single tagged case), while the Q 2 is measured by the 
STIC. In the table both the cross sections of single tagged and double tagged modes are 
estimated. The results are obtained for a LEP2 beam energy of 175 Ge V and a 1 em smaller 
radius for the LEP beam pipe. Standard criteria to select Yf events were applied. Charged 
particles were accepted if the following criteria were met: 
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• polar angle from 15° to 165°; 

• momentum greater than 0.4 GeV/c. 

The event was accepted if the number of charged particles was greater than or equal to 
3 with an invariant mass greater than 6 GeV. 

One can see that for the double tagged events the statistics available can be increased 
by a factor 3.5. This is illustrated in Fig.3, where the momentum transfer squared is shown 
for both the current and new displacements of the VSAT modules. The fact that for the new 
position the maximum of the distribution is shifted to a lower range can help us also to 

Table 

Single tagged case 

Models . VDM QPM QCD-GS Total 

Current beam pipe 67 pb 9 pb 37 pb 110 pb 

Upgrad~_ ~~J>i(>C 
- -

lll'b 15 pb 63 pb 190 pb 

Double tagged case 

Models VDM 

Current beam pipe 0.96 pb 

Upgraded beam pipe 3.67 pb 
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Fig.3. Momentum transfer squared measured by 
the VSAT detector, in the current position (open 
circles) and after the upgrade (black circles) 

QPM QCD-GS Total 

0.11 pb 0.61 pb 1.68 pb 

0.42 pb 1.79 pb 5.88 pb 

~ 80 

t 
yy doubl~ tatt~d event.r 

>-- ++ E,_ = 175 G<V 
60 

40' + +t 
+ + ++ 20 t-. + 

r<r -+-~~~~~ 
0 

0 20 40 60 
W GeV 

ldfiCd 

Fig.4. Invariant mass distributions in the current 
position (open circles) and after the upgrade (black 
circles) 
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compare results from LEP1 with those from LEP2. It will be possible to find ranges with 

an overlap of Q 2
. Figure 4 shows the invariant mass distribution for both situations. Again 

it is interesting to note that with the upgrade the statistics can be increased in the higher 
(more interesting) range of W. Finally, the result for Bhabha events is shown in Fig.5. Here 
the statistics can also be seen to rise (by a factor of ~ 2.5) together with the angular 
acceptance ranges in both cases. We believe that the smaller dime sion of the beam pipe 
does not dramatically increase the background of off-momentum electrons. However, it 
remains to be checked whether such a beam pipe would limit the LEP aperture during 
injection. If for some reasons a 1 em smaller radius in x-direction of the LEP beam pipe is 
unacceptable, the possible profit in statistics for smaller displacement of the VSA T modules 
(a ratio to the current cross section at 6 em) is shown in Fig.6. One c n see that even 0.5 em 
smaller radius arises the statistics for double tagged events by a factor of 2. 

5. Conclusions 

We have studied hadronic events in simulated two-photon collisions at LEP2 for two 
positions of the VSAT modules, for the current set-up, and for the ew one 1 em closer to 
the beam pipe, after a simple upgrade of the LEP beam pipe. It is shown that there will be 
a considerable increase in statistics with the upgrade proposed. 
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ESTIMATION OF THE RADIATION ENVIRONMENT 
AND THE SHIELDING ASPECT FOR THE POINT2 AREA 
OFTHELHC* 

G.Shabratova, L.Leistam** 

The estimation of the radiation environment for the PdiNT2 of the LfiC, where it is 
planned to locate the ALICE detector, is presented. The dose level and neutron fluences have 
been studied in the FLUKA-95 and FLUKA-96 framework. The radiation levels have boen 
investigated in the experimental cavern UX25 region, in the machine by-pass areas UL24, 
US25, UL26 and in the area of the counting rooms PX24. The radiation environment has been 
studied for two points of accidental beam losses. The dose level in the region of the counting 
rooms is lower than the recommended CERN limit 50mSv. The radiation level behind the 
access shielding at the air-duct chicane is not higher than lOmSv that is also appropriated for 
the use of this area as a public area. A more complicated situation is in e machine by-pass 
region UL24. The dose level in the tunnel is a few hundreds of mSv as a consequence of a 
rather small thickness of the separating wall between the shaft and the tunnel (near lm). The 
decrease of the radiation level in this region could be achieved by increasing the wall or the 
beam pipe shielding thicknesses. The latter is more preferable as a cheaper variant. 

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

01.lCHK3 pa,a;H3J.lHOHHOH o6CT3HOBKH B 06JI3CTH nepeceqeuHJI2 

LHC u acneKTbi JamHTbi 

r.ma6pamo8a, JIJleucma.M 

llposeneHa oueHKa panHauHOHHoii o6cTaHOBKH B paiioHe nepece'leHIDI 2 LHC, MecTe npen­
nOJiaraeMoro pacnonoxeHIDI 3KcnepHMeHTaJJbHoii ycTaHOBKH ALICE. B paMKax Mo­
JteJJHPYJOlliHX naJCeros FLUKA-95 H FLUKA-96 HccnenosaHbi Jt03bi panHaUHH H HeiiTpoHHbie 
noroKH. 3TH xapaKTepHCTHKH onpeJteJJJIJIHCb l1JlJI 3KcnepHMeHTaJJbHOii 30Hbi UX25, o6nacTeii 
o6BOJtHbiX MarnHHHbiX KaHaJJOB UL24, US25, UL26 H paiioHa pacnOJIOJICeHIDI HJMepHTeJJbHbiX 
KOMHaT PX24. AsapHiiHaJI BbiCaJtJCa nyqKa Ha 3JieMeHTbi BbiBOJta paccMaTPHBaJJHCb KaK 
HCTO'IHHK MaJCCHMaJJbHO B03MOJICHOii panHaUHH. PanHaUHOHHaJI o6cTaHOBKa 6bma HccnenosaHa 
l1JlJI JtByx MeCT TaKHX aBapHHHbiX CHryaUHH. Haii)teHO, 'ITO ypoBeHb )t03 B paiioHe H3MepHTeJJb­
HbiX ICOMHaT He npeBbllllaeT yCTaHOBJJeHHOro B IJ,EPHe JtOnyCTHMOro npenena 50 mSv. Ypo-

*This work was supported by Engineering Support and Technologies Division of CERN under contract between 
European Laboratory for Particle Physics and Joint Institute for Nuclear Research. 

**European Laboratory for Particle Physics, Geneva, Switzerland 
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BeHb pallHauHH 38 33WHTOH llOCT)'Il8, paCDQ/IOJCCHHOH pli.IIOM C BOlii}'XOnpoBOllllmHM JCaHaJJOM 

o6nacnt US25, He n peawmae-r 10 mSv, 'ITO nooiiOIUeT HCDQ/IJ.lo&an. 31)' o6naCTJ.ll1IJI cB06on­

Horo llOCT)'Ila nepcOHana.. lionee CIIOJCHU CHl}'auHJI Ha6monae-rcll a yYHHCIIe uHana UL24. 
3llCCb ll038 COCTllB/IlleT COTHH mSv, 'ITO liBIIlleTCll CllellCTBHCM MaJJOH T01lmHHW CTCHW, p83lle­

JJJIJOmeii WU.'I)' OCHOBHOIU llOCT)'Il8 H yYHHCIIb. CHHJCCHHC p8llH8UHOHHOIU ypoBHll B :noii 

OOnaCTH MOJCCT 6wn. llOCTHntyi'O )'IICIIH'ICHHCM T01lmHHW JIH6o 3TOH CTCHW JIHOO lamHTbl, 

Oltp)'JCaJOmeii HOHOnpoBOll awaona JI}"'Jta. nOCIICllHee npellDO'ITHTCIILHee JCaJt 6Mee neweawii 

BapHaHT. 

Pa6oTa awnMHeHa B Jla6oparopHH awcoJtHX 3Heplllii OH$1H. 

1. Introduction 

The natut.e of the world and, in particular, the structure of the matter have disturbed the 
inquisitive part of mankind for a long time. This curiosity initiates the preparation of more 
complicated .. and . expensive experiments. Nowadays the scientific community hopes that 
some attractive ideas of high energy physics can be tested with the help of such an 
experimental faCility as a multi-TeV collider. Among these hopes are the discovery of 
Higgs bosons· in p-p interactions and the registration of Quark Gluon Plasma marks in 
nuclei-nuclei interactions. The creation of large Hadron Collider (LHC) in CERN can be 
considered as a next effort to provide the first look into the matter at mass scale of 1 TeV. 

But the operation of such collider at luminosities of 1034 cm-2s-1 will be confronted by the 
radiation problems never met before. It is obvious that a thorough understanding of the 
radiation environment around experiments is required to guide the design of detectors and 
radiation shieldings. 

The human safety is conditioned by the shielding strategy. The investigation of this 
strategy for the ion-ion experiment at LHC (ALICE) is the main task of the present report. 

2. Machine Parameters 

The main goal of the ALICE experiment is to study strongly interacting matter at 
extreme energy densities (QCD thermodynamics) which can be achieved in high-energy 
heavy-ion collisions. The scientific programme is based on the investigations of central 
collisions of such heavy nuclei like lead. In addition to the heavy (PbPb) system, the 
collaboration is plaiming to study the collisions of lower-mass ions and protons (both pp­
and p-nucleus), which provide reference data for nucleus-nucleus collisions [1]. 

The LHC has been designed to be able to operate as a proton-proton and ion-ion 
collider. The energy per charge unit can be maintained at 7 TeV, giving for lead ions 

E/ A= 2.76 TeV. The luminosity for these nuclei can reach 1.95 x 1027 cm-2s-1
, i.e., almost 

seven orders of magnitude lower than for p- p beams, 1034 cm-2s-1 (see the table in Fig.2. 
with the LHC parameters recommended for radiation calculations [2,3]. 

The Pb-Pb cross section and average multiplicity are by factors of 35 and 200 larger 
than the pp ones and both factors decrease the difference between the pp and Pb-Pb 
radiation background up to three orders of magnitude. On the other hand the maximum 
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LHC layout l 
Fig.1. Layout of the LHC machine 

Energy per charge E I Q 

Energy per nucleon E I A 

Peak luminosity LPP 

PbPb luminosity LpbPb 

Number of: 

protons per bunch N '/f 

ions per bunch N ~on 

7 (TeV) 

2.76 (TeV) 

1034 (em - 2s- t ) 

(.85- 1.95)·1027 (em -2s- 1) 

4.7·1014 

(6.3- 9.4)·107 

Fig.2. The LHC parameters 

55 



56 Shabratova G., Leistam L Estimation of the Radiation 

luminosity of proton-proton collisions planned for use in the ALICE experiment is about 

1030 em-\ -I. that is four orders of magnitude lower than in the highest luminosity case, too. 
These LHC parameters are very important to estimate a detector radiation load. But for 

the evaluation of the shielding [4] the accidental loss of a single proton beam is the limiting 
case. 

3. Geometry of the ALICE Location Area 

The LHC will be installed in the existing LEP tunnel after the decommisioning of 
LEP2. A schematic layout of the LHC is shown in Fig. l [2] . 

The allocation of the ALICE is planned to be in the second octant of LHC in the region 
of the so-called ·Point2 (see Fig.1). This allocation is ideally suited for the detector. As the 
Point2 experimental area has been designed for the L3 experiment, no significant 
modifications will be needed for the experimental cavern or the surface zone. Two views 
of Point2 are shown in Fig.3 and Fig.4. The main access shaft, 23 m in diameter (PX24), 
has counting_ rooms. These rooms are separated from the experimental cavern 21.4 m in 
diameter (UX25) by a large concrete plug 2.4 m in thickness and a concrete screen 1.6 m 
thick (see Fig.3). 

The more severe radiation environment of the LHC requires the reinforcement of the 
radiation shielding and a modification of a present access situation. A variant of this 
modification is presented in Fig.4. There are a concrete shielding 1.4 m in thickness 

E 
ITI 
r-.: 

laoo~~t; R!D15 I 

Fig.3. A yz view of the access shaft and the experimental cavern 
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Fig.4. A XZ view of the experimental area and the machine by-pass region 

surrounding the beam pipe section on the left side from the L3 magnet and concrete 
screens, called access shielding in Fig.4, at the air-duct chicane communicating the 
experimental area UX25 and the machine by-pass region (US25) in this modification. 

In addition to the described regions there are two tunnels: a left tunnel in the UL24 area 
and a right one in the UL26 region in Fig.4. 

4. Simulation Method 

The multipurpose simulation tool named FLUKA (FLUctuating KAskade) [5,6] has 
been chosen as the most adequate model for the estimation of the radiation environment at 
LHC. 

The cascade propagation through media is developed by this simulation package at a 
high accuracy level. In the FLUKA Monte-Carlo code [5] high energy interactions are 
simulated in the framework of the Dual Parton formalism [7]. Interactions at intermediate 
energies are treated by two distinct models: the resonance production and decay model 
covers an energy region (1.2-5.0) GeV and the sophisticated pre-equilibrium cascade is 
developed at energies below 1.3 GeV [8]. The evaporation module uses available nuclear 
mass and level density tabulations. 
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The Combinatorial Geometry package allows the accurate tracing of charged particles 
and Monte-Carlo transport calculations for neutrons and photons. The electromagnetic 
cascading is prepared by the EMF (Electro Magnetic Fluka) [6] where electrons, positrons 
and photons can be reliably transported to energies as low as 1-10 Ke V. The neutron 
transport is based on multigroup transport theory using a 72 or 37 group structure [9] and 
is extended down to thermal energies. 

A very accuracy multiple scattering algorithm [ 1 0] combined with magnetic field, the 
photoelectric effect, Compton and Rayleigh inelastic scattering, the pair production, 
bremsstrahlung, polarization and photonuclear interactions are taken into account in this 
simulating package. 

The benchmark experiments [11,12] have shown that FLUKA is accurate within some 
tens of percent for dose and fluence estimation. For example, the energy and momentum 
are exactly conserved within the precision set by a computer (an internal check is set at 

10-•<) . 

The important and unique feature of FLUKA is the possibility to use it as a fully analog 
code, in which . case all correlations are presented, or to use any of powerfu~l variance 
reduction tecQniques that are essential for deep penetration studies. The latter can be applied 
to improve · the convergence in some regions of phase space at the cost of others. There are 
available several techniques: region importance biasing, Russian roulette/splitting in 
hadronic interactions, leading particles biasing in electromagnetic interactions, non-analog 
absorption of low energy neutrons and decay length biasing [8]. 

4.1. Simulation Conditions. The geometry of Point2, shown in Figs.3 and 4 is described 
in terms of FLUKA Combinatorial Geometry. Only L3 magnet has been inserted into the 
FLUKA geomerty in order to maximize the radiation load of the investigated areas. The 
main geometric dimensions are shown in Figs.3,4. The sizes of the shielding plug and 
screen, thickness of tl}e beam pipe .shielding are quoted above. In addition to these values, 
the thickness of each access shielding is chosen to be equal to 80 em. Thus the total number 
of volumes used in the FLUKA geometry is equal to 463, and the number of regions- to 995. 

As the accidental loss of a single proton beam gives a maximum radiation load of the 
given regions in our case two points of the proton beam crash have been studied. It is 

considered in this investigation that ~nly one bunch of 4.7·1014 protons at 7000 GeV (see 
the table in Fig.2) can initiate such a crash of the LHC machine. 

These points are: 
-Point A is the bunch interaction at z = -3035 em from the meet point of two beams 

with an iron target I m long and 2 em in radius. This target was placed in the middle of 
the beam quadrupole; 

- Point B is an analogous interaction point at z = 2100 em. 
The FLUKA95 and FLUKA96 codes were used to simulate the hadronic and 

electromagnetic cascades generated by primary bunch-target events. These events were 
simulated in the framework of the DTU JET generator inside the FLUKAS code. 

The low limit of kinetic energy for the transport of all produced particles was equal to 
10 MeV except antineutrinos and neutral kaons. Thier kinetic energy cut-off was 50 MeV. 

The transport of the neutrons of the 72 group structure was switched on, but a detailed 
transport of electrons, positrons and photons (EMF) was not used. The latter could lead to 
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Fig.S. The dose level map for the point A in the XZ lane 

a catastrophic CPU time as the FLUKA geometry of our sample has a huge number of 
regions mainly connected with dense media. On the other hand we are interested in the dose 
and neutron fluence in the regions far away from the interac tion point, where main 
contributions are formed by charged hadron and neutron mu ltiplication during their 
propagation through the matter. 

The influence of the L3 magnet field (0.2 1) on a radiation load in the regions of our 
interest is rather weak, but switching on this field during the simulation could lead to a 
huge increase of the CPU time. For this reason we did not take int account the field of the 
L3 magnet. 

In order to obtain statistically significant results in the investigated areas the following 
non-analog techniques were used: region importance biasing and Russian roulette/splitting 
in hadronic interactions. The volumes were divided into subregio s or slices with different 
importance factors proportional to the hadronic mean free path f r different regions. The 
importance increases in the direction of the investigated regions and decreases in the other 
directions. 

The total energy deposition, neutron fluence and track-length were stored. As the main 
goal of this study is to understand the human safety aspect, t e dose result should be 
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Fig.6. The dose !~vel map for the point B in the XZ plane 

presented in dose equivalent units of Sv. The dose equivalent is the absorbed dose weight 
by the quality factor which is adjusted to reproduce the damage caused in tissue by a given 
type of radiation. The track-length and energy deposition were weighed by the particle- and 
energy-dependent fluence to dose conversion factors [13,14]. 

5. Results 

5.1. Dose Levels. The dose maps in the XZ plane for both points A and B can be found 
in Figs.5 and 6. 

We shall analyse the radiation environment in the public areas, only. 
The most serious situation is observed for the UL24 tunnel. Here the dose level is high 

as a sequence of rather a small thickness of the separating wall between the shaft and the 
tunnel (near 1 m). Fig.7 presents a zoom picture of the dose level in this region and Fig.8 
shows the dose as a function of the shaft sideway distance inside the UL24 tunnel. It is 
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Fig. tO. The dose level map for the air-duct chicane region at point B in the XZ plane 

rather a high dose level, which is equal to a few hundreds of mSv in the tunnel. At the point 
very close to the shaft wall, the dose is a little bit smaller than a thousand mSv. In our 
earlier report [15], we have shown that a softer situation could be attained by increasing the 
beam shielding thickness, see Fig.9, where a dose-depth dependence for an infinite wall 
thichness is presented at a beam shielding thickness of 2.3 m. 

The radiation load in the US25 air-duct chicane region behind access shielding is 
roughly the same for both points (A and B) and does not exceed 10 mSv. The zoom picture 
for point B is presented in Fig.IO. It is obvious, that this area could be used as a public area 
because the dose is lower than recommended CERN safety limit equal to 50 mSv. 

It is seen from Figs.5,6 that the most serious radiation load in the shaft region is 
observed for point A. The dose level in this area is roughly ten times higher than for point 
B case. 

Following this conclusion, we present the dose level map in the XZ plane only for point 
A in Fig. II. A zoom picture of the area of the most interest, the region of the counting 
rooms, is depicted in Fig.l2. The dose dependences on the plug surface distance for it are 
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in Fig.l3. The dependence for the area above the plug is in Fig.13(a) and for the region 

above the air-duct chicane is in Fig.l3(b ). It is seen that the do e level in the area of the 

counting rooms does not exceed the recommended CERN limit, except the regions very 

close to the chicane. The additional shielding perpendicular t the plug surface (Fig.3) 
would have to decrease the dose level in this area to a safety level of 50 mSv. 

5.2. Neutron Fluences. The fluence maps of the neutrons wi th kinetic energies greater 

than 100 KeY are shown in Figs.l4-16. 
The YZ view (Fig.l4) is given only for point A as a map with a greater neutron load. 

One can see that neutron fluence in the region of the counting rooms does not exceed 

1012 neutrons per cm2
. 

The XZ views (Figs.l5-16) are presented for the regions of the most interest. The 

maximum fluence observed in the UL24 tunnel for point A (Fig.l5) is about 5.0·1012 
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(em) 

neutrons per cm2
. The public area behind the access shielding in the UX25 region for point 

B (Fig.16) has neutron load per cm2 a little bit greater than 1012
. 

6. Conclusion 

1. It has been found that the dose level in the region of the co nting rooms PX24 does 
not exceed the recommended CERN limit. 

2. The radiation level behind the US25 access shielding at th air-duct chicane is not 
higher than 10 mSv that is also appropriated for the use of this area as a public area. 

3. A more complicated situation is in the machine by-pass region of the UL24 tunnel. 
The dose level in this region is a few hundreds of mSv. The decrease of the radiation load 
in this region could be achieved by increasing the shaft wall or the beam pipe shielding 
thickness. The latter is more preferable as a cheaper variant. 

4. The fluences of neutron at kinetic energy greater 100 KeY in the public areas do not 

exceed 1013 neutrons per cm2. 



66 Shabratova G .. Leis tam L Estimation of the Radiation 

(cm)r---~~--------~~======================~~~ -1000 

-1200 

-1400 

-1600 

-1800 

-2000 

-2200 

-2400 

-3000 -2000 -1000 0 1000 (em) 

neutrons/cm2 

Fig. IS. The neutron fluence map for the machine by-pass region, point A 

(cm)r---'\~------~~====================~===r-n -1000 L 

-1200 

-1400 

-1600 

-1 800 

-2000 

-2200 

-2400 

-3000 -2000 -1000 0 1000 (cm)2000 

5. 

neutrons/cm2 

Fig.l6. The neutron fluence map for the machine by-pass region, point B 



Shabratova G., Leis tam L. Estimation of the Radiation 67 

Acknowledgements 

We would like to thank M.Huhtinen, K.Potter, S.Rollet and G.Stevenson for their help 
and prolific discussions, A. Vodopianov for constant interest in this work. 

References 

1. ALICE TP CERNILHCC 95-71 LHCC/P3. 
2. The LHC Study Group, The Large Hadron Collider, Conceptual Design, 

CERN/AC/95-05(LHC), ed. P.Lefevre and T.Petterson (1995). 
3. Hofert M., Potter K., Stevenson G. - CERN/TIS-RP/IR/95- 19 (1995). 

Potter K., Stevenson G. - CERN/TIS-RP/IR/95-05. 
Potter K., Stevenson G. - CERN/TIS-RP/IR/95-11. 
Potter K., Stevenson G.- CERN/TIS-RP/IR/95-16. 

4. Stevenson G., Hoefert M.- CERN/TIS-RP/IR/94'-18. 
5. Fasso A. , Ferrari A., Ranft J ., Sala P.R. - Proc. IV Int. Conf. on Calorimetry in High 

Energy Physics, La Biodola (Is. d'Eiba), Sep . 20-25 19 3, ed. A.Menzione and 
A.Scribano, World Scientific, p.493. 

6. Aarnio P. et al. - MC93 Int. Conf. on Monte Carlo Simulation in High Energy and 
Nuclear Physics, p.88, ed. P.Dragowitscj, S.Linn and M.Burbank, World Scientific, 
1994. 

7. Capella A., Tran Thanh Van J. - Phys. Lett., 1980, v.93B, p.146. 
8. Fasso A., Ferrari A., Ranft J., Sala P. - Specialists' Meeting on Shielding Aspects of 

Accelerators, Target and Irradiation Facilities, Arlington, Texas, April 28-20, 1994. 
9. Ferrari A., Sala P., R.Guaraldi R., Padoani F. - Nucl. Instr. and Meth., 1992, v.B71 , 

p.412 . 
10. Ferrari A., Sala P. -Nucl. Instr. and Meth., 1992, v.B71, p.4 12. 
11. Fasso A. et al. - Nucl. Instr. and Meth., 1993, v.A332, p.459. 
12. Birattari C. et al. - Nucl. lnstr. and Meth. , 1994, v.A338, p.534. 
13. IRCU Report 40 (1986) and ICRP Publication 60, Pergamo Press (1991). 
14. Sannikov A.V., Savitskaya E.N. - CERN/TIS-RP/93-14 (1 993) . 
15. Chabratova G., Klempt W., Leistam L., Slavin N. - ALICE/95/41 , Internal Note. 

Received on April 18, 1997. 



. Kpamx.ue coo6~HUJI OHJIH !/!3[83]-97 JINR Rapid Communications No.3[83]-97 

YAK 539.18 

THE ORTHOPOSITRONIUM DECAY PUZZLE 

I.B.Khriplovich•, I.N.Meshkov, A.I.Milstein• 

1be -uisagreement between theoretical and experimental values of the orthopositronium 
decay rate (the lifetime) is described, and possible reasons of its existence are discussed. The 
new experiment setting-up promising to improve significantly the measurement precision is 
briefly· presented. 

1be investigation has been performed at the Laboratory of Nuclear Problems, JINR. 

]81'8JlK8 p8CD8Jl8 Op1'0D03HTpOHH• 

H.JJ.XpulliiOBU'I, H.H.Meu11coB, A.H.MUJJliUtmeflH 

0nHCWII8CTCll cywCCTII)'IOIUCC p8CXOJ(JleHHe TeopeTH'leci:Oro H 31:CnepHMetrr81lbHOro 3H8-

'ICHHH apeweHH liCHlHH OpTOUOltrrpoHHll, o6cyliC.aaJOTC!f BOlMOliCHWe npH'IHHW 3TOro p83JIH'1Hll . 

Kpmo npe.!ICTlllllleHo npc:anollteHHe HOBOH nOCTaHouH 3.:cnepHMeHTOB, noJBOJJJIJOIUeii 

3H8'1HTeJJbHO DOIWCIITb TO'IHOC'l'b H3NepeHHH. 

Pa6oTa awnanHeHa 1 Jla6oparopHH liJlepHwx npo6new OIDIH. 

The strong disagreement between theoretical and experimental values of the 
orthopositronium decay rate continues to be a «puzzle» of the modern quantum 
electrodynamics. The theoretical value is [ 1] 

[ 

2 
6 2 2 2 

t-1 = a me 2
(1t -

9) 1 - 10.2866(6).!!-~ ln a - 1 + B (.!! ) 
ortho 1f 91t 1t 3 1t 

3a3 l - 2n (In a-1)2 .. . = 

= 7 .038236(10) J.1S - 1
' (1) 

where numerical coefficient B is still under calculation (it requires taking into account 
numerous two-loop virtual corrections, which is a hard task). 

The experimental situation here is not exactly clear. The experiments performed by the 
University of Michigan group in 1987-90 [2-4], gave the results (see the Table), which 
exceed essentially the theoretical value. On the other hand, the very recent result of the 
Tokyo University group [5,6] is consistent, within the experimental accuracy, with the 
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theoretical value. Clearly, both the theoretical and experimental results are to be examined 
more carefully. 

Table. The theoretical and experimental values of the orthoposit ronium decay rate 

Reference . -1 
Decay rate, flS Precision, 10-4 Difference from [ 1], ms-1 

Theory 

[I] . 1992 7.03824(1) O.Ql -

[8,10] 1994 7.04126(12) 0.17 3.02 

Experiment 

[2) 1987 7.0516(13) 1.8 13.36± 1.3 

[3] 1989 7.0514(14) 1.8 13.16±1.4 

[4] 1990 7.0482(16) 2.3 9.96 ± 1.6 

[5] 1994 7.0348(80) 5.7 -3.4 ± 8.0 

[6] 19'15 7.0398(80) 5.7 1.6 ± 8.0 

The theoretical uncertainty of the positronium lifetime is related to the coefficient B in 
formula (1). The problem is that of large second-order corrections. One class of large 
second-order corrections arises as follows [7]. The large, about -10, factor at the a.l1t 
correction to the decay rate (see (1)) means that the factor at the a. I 1t correction to the 
decay amplitude is roughly -5. Correspondingly, this correction s uared contributes about 

25(a.l1t)2 to the decay rate. Indeed, numerical calculations [8, ] give factor 28.86 at 

(a. I 1t)2 in the contribution. 
There is one more class of potentially large contributions to the positronium decay rate. 

This is relativistic corrections. A simple argument in their favour 1s that the corresponding 

parameter (vI c)2
- a.2 is not suppressed, as distinct from that of usual second-order 

radiative corrections, (a.l1t)2, by the small factor (ll7t)2 - 1110. The relativistic 
corrections to the positronium decay rate were obtained in [10]. This problem had been 
addressed previously in [11,12] with different results. The origin of the disagreements was 
elucidated in [10,13]. The result of the recent paper [14] agrees wtth [10]. 

As to the relativistic correction to the parapositronium decay rate, also obtained in 
Ref.10, its calculation was started by the authors as a warm-up exercise for the much more 
complicated orthopositronium problem. However, the correction in the singlet case also 
turns out large, quite close to the sensitivity of the recent experiment [15]. 

Though the theoretical results indicate that the a.2 correction i very large indeed, it is 
not sufficiently large to reconcile the theory and experiment [2--4]. As to the experimental 
result [5,6], its accuracy is still insufficient. 

The main limitation of the precision of the experiments is the systematic errors related 
to the traditional method of positronium generation: positrons are stopped in a target and 
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recombine then with atomic electrons. New experimental approach will become feasible 
with the realization of the proposal of the orthopositronium generation, using special 
storage ring [ 16, 17], and experimental set-up with the fine dericted orthopositronium flux 

[ 18]. The proposed scheme promises to obtain the flux of intensity of 104 atoms/s with 
velocity about 0.3 of the speed of light and with very low angular spread - of the order 

of 1 mrad and the velocity spread of the order of 10-4 or less. The peculiarity of the scheme 

is to use an electron beam, which provides cooling of positrons and, in e-e +-recombination, 
the positronium generation. Thus, the pure vacuum conditions at generation place and in the 
positronium flux drift channel permit one to reach very low background level. Using 
Lyman photons as a start signal and y-quanta from positronium decay as the stop one, we 
can provide very high precision of the measurements of the orthopositronium lifetime in­
flight. One should mention that the velocity spread can limit the measurement accuracy 
(due to the Loreritz-factor spread) by the value 

At_ -(~2 Av s; 3·10-6, when~- 0.2. 
t v (2) 

This is -two orders of magnitude lower of the accuracy level achieved up to now. 
Very similar situation takes place in the problem of the parapositronium lifetime. One 

shoud point out that the proposed scheme with orthopositronium directed flux permits one 
to perform the experiments on p-Ps lifetime measurement with high precision also. For this 
purpose one can use conversion of trPs in p-Ps mode in external static magnetic or RF­
electromangetic field (see details in [ 18]). 
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