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TRANSVERSE ENERGY DI9TRIBUTION, CHARGED PARTICLE
MULTIPLICITIES AND SPECTRA IN 100- NUCLEUS COLLISIONS

The HELIOS Col.faborationl

Pronnted by J.W. Sunier$

1. INTRODUC’TION

The HEL1OS (High Energy Lepton and Ion Spectrometa) experiment,installedat the CERN
Super Protoa Synchrotrons, piopaa to axam.ino in detailm tht physical propertid of a otate of hi~h
energy creatd in nuclei by drwrelativistic nucleu-ndeus collisions. It u generally t.)elievd that,
-t high domitia w tampcratura, ● ph- trauitiomto● phsnm d quark ud EIUOM will occur. The
dynunic of tho upancion C4such s plssrm ud its rnlmequont condonutkm kto a hadroxr ges should
rn~hadty ded tho compodkm and mommtum distribution d tho em-g puticla and photons.
Tha FIELIOS upaimontd setmpl thawf- combiBa 4s cakirnotric coverazc with mauminente
cd incbive partkba OPUQ * nuticle comolstionq low and high meu lapton @m and photocu.
Tho ●mphti u plscd OE ~ em- flow (G) measammenta with good enqy resolution,
Md the ability to trigg- tho uqtiticm cd data in s vukty of & ranga, thmeby nlocting the
impact paramotu m h tik,ca d tho Collbions.

Thb short nti pcae~ti HEL1OS radte, fm th. mat put stillprelirni.n~,on 100- nucletu
col.bcms d tho incidad tn~ cd 00 and 200 &V per nuclaon. ‘h ET d.istdmtioM from Al, Ag
md W tar@s2 m dbcn.ad and compsrsd to tho~idod chqed particle multiphcities from W.
Chqeci particle and (con-cd) photon spectra mcasamd with thoextarae.1m~etic spect-omotcr
ue compsred hx 100 + W and p + W collisions M 2tX GtV per naclaon.

2. TRANSVERSE ENER(3Y DISTRIBUTIONS

Tho target qion u mmoundecl by a box d c&mirn .ta modula that cover tho pseudorspidity
intarval –0,1 < q < 2.9. The fcwward region m c- by ● ham cakmim~er placed further
downstreun. Tha ~annluity of this cdorirnti * ut.ensiom of tho & meuumment to the
i.ntervul 2.9 < q < 4.9. Tho ~ trigger is formed from appropriately -ight.d en- mums in the
r~ion -0.1 < q < 2.9, wherw the G -Imtion m dG/Er = 29%& (GoV), and tho ~ cc&
h- s qst.ematic urr-rttity of 7%. Data mm mcdd with W, Ag and Al tugot.a. Runs with
empCy tqd.e werw *J

P
mnod fortho pmrpom c4 bxhgroand tubtrutionq amounting to < 1%

for ~ > 50 QaV. Tim 60 compornont d tho boun, 94% of tho A/Z = 2 putklo mixture hitting
thm targati, W- isolatod by dE/dx mouarwmonts. Dats Mts W@N obtaintcl at tho ●va.ihblo be-
tnrrgiat of 60 and ~ CJeV P nucbcm.

The tra.nsv~ tnqy ~mctione du/dfi are ~twl in Figure 1. FIx d targets uId
beam onergia, tho main feature d the dktribations u ● plstom region folhcd by s ttoeply
falling slope, Thie behaviour it chmscturiatic of tho geometrical ~-tion plottod u s function
of the overlap i:tigrd oveT the arod nriclmn dm.siti- of th~ t= collidina ntrcloi. Lrrthin picture, the
pl~teau region corrupods to @pheral cd.ii&mo and the “knee’ to the onM of cantrsl collkion~,
where th~ ovc:lap im compl.te. To compara !ho di~orent c--tioms, WQd.ilno “~”’rd” u the
value of & whgrn the ~~tion reach- a frxtkm of the platiau value. The fraction b chwn
to be f=O.5 ud tha platam vdu~ b defined u the ~~tion for which tha rata of chugs versus
ET u minimum. Figurs 2 givm tb~ bourr erwqy ad A dep~ndenc. of ~T’’’”~. Fit- to the form
A’ ue shown, with z := 0.48 + 0.02 d XX ClaV pa Pucloon ~d z - 0.49 + 0.02 at 60 CeV per
nucleon, At bot6 incident beam enqies, J5$m’rd incrwuu futer thu th. A1t3 relation one might
.— ——. —

t The nun- of th. Ccdlrnboration mcmben ue o}nitted due to Id of spu..
$ La Alma National L~bor*tory, Physics Divieion, Loo Alamo., Naw Mexico.



●xpat from the target nuckus thickna. The fact that the c~cection continues to riM iudicatas
that the colliaiotu procedc in an energy regime welf abcm the one where the projectile would fully
stop in the target, even at 60 GeV per nucleon.

TIM similarity of the geometrical ~section to the o~al & dtitnbutions sugg-t-s s
dtiption of the data iB tams d independent nurkm-n~ckon Colliaionx.s An eilective number of
coil.hkms B! is obttied by mmltiptying th~ g-metrical overlap integral with the inelastic nuckon-
nucleon Cron-bection. Aauming that the total & u Gau.aian-diatnbutd with L mean of Nco and
a varianco wN~, wham ~ and w ua adjustsbla parametas, one obtaina axcellent fits to the data,’
u indicated in Figura 1. TIM va.fua of co ara - 1 GeV and cornpm well with the mean transwm
energy of m 1.4 GeV m,oud in pp colliaio~ at @ = 20 G,V.

3, CHARGED PARTICLE MULTKPLIC1TIE9

The charged particlo mnltiplicitiaw ham bean measured with s d.icon pad and s silicon ring
detector. T%. pad d~’ector haa 4CKI~enti, k 9 cm behind the targ+, xnd coverm the region
2.5 < q < 5.0. The ring detectoc b 9 cm downstream from the tuget and, with 384 segments
forming 32 rings ●pproximatdy equally WUad in ~udmapidity, covara tha r@m 0.9 c q <2.8.
Th~ multipfkity incmasa Iinaarly with &. Anuming that 55% of A!% is produced by charged
parti+ ax h’d from pp col.liaiom =d HIJEH’, ono calculata tho avermge ~ par charged
partick plotted u ● fumctk cd& in Figure 3. Tho data indic~ an wcr40 ~ d -340 hfeV, snd
tugg- a slight (7%) incmw with &. The charged ptiicle multipfkity dixtnbution u ● function
cd Psamdor+idity u ahowm in Figurs 4, to@har with tha mo~ured distribution of d&/dq, for
central collkiom at 2CHIGaV par nuckon. The multiplicity data complement the & moam.rernents,
particularly iB tho region q > 2.9, wham tha granuk-ity d the calorimeter u wry coame. The
expaimontal rapidity diatnbatiom poa.k at a valm of q ck to q (cm) = 2.45 chuacteri.stic of s
system d 16 Oxygen nuclaons interacting with 50 nucleonm d the targ.t, axuming full stoppi.r~g.
W. nota that tho highut & measured in ‘a O-W collhicmul at 2(HI GeV pur nucleon cornoponda to
m70% of tho hinomatic limit of ruch a systam. AlmJ shown in Figura 4 are the d&/dq predictions
based on tho dual part.cn modal IR19.b T!M qautitativa ~ment with tho measured dFm/dq u
quite good, with mm. pmiblo tmd~tim~ion in th~ region q < 1. The multiplicity distribution
also pe& ●t a Icnmr va.luo of q thaa tho IRIS generated ci&/dv.

4. EXTERNAL SPECTROMETER RESULTS

The extarnal tpcctromoti vti tha targat through a am-row dit in the cdorirnetu WAII,re-
vering tha ~udor~pidity intarvall 0.9 < q < 2.0. A m~et with m~ hick of m 70 MeV/c and two
high ~lution (150 pm) driftchmhan provido the mornetium m~aaurdment of charged ptiiclez.
Partick identification u Akvad by ● combination of tirm d flizh and Chamnhov counkra. Figure
s shcnm a comparison d th- PT clk~ribution of ncgativo tr=b (W-) from 100- W and p - W colli-
sions at 2CMIGoV par nuckm. Over four orders of magnitudo th-~ rnp.actrs are idezticd, aud show
tho canonical dopa charutitic of pp cof.lisiona. The dsttaning high momentnm td.1oftho spectra
hu not yot bwn corrocd for finita -Iution oUacto nor for partick dwayt btw~n tho two drib
chambers of tho spoctromti. In Fi urs 6, - show th~ avar40 pr for identified protons and r u

t
● function of &, for tho mdion ‘ O - W d XXI QoV paT nucleon. } rnomonicinl cut of p- < 2
GeV/c has bon apphd to ●void p, w conftuions ad minimisa th~ elkt of the fistbackground
atwibuted to particlo docmy. Th~ data m- wolf with the raulis of Figure 4 and ●ttribute to
protons the obrvcd rim d c pT > with G. Wc no~a that th~ data am not yet corrected fcr the
-lightly diffurwnt spectrometer acceptance for paitive tid neg~tive particles. This is reflected by
the difleront VdUU for M+ and x- data.



4.2. Photon sptctra

A converter, 5% in radiation length, u placed directly uptreun from the 6.rstdriftchmber oi

the spectrometer, to df~ the measurement of photom by trding the converted ●kctron-pmitrol,
p~. TWO pIMa of mu]tiw~ proportional counw bracket the converter and localise the con-
vemion point. In Figure 7, we ce-mi,- the ~ disttibutiotu of photow from the 100 - W and p -
W reutiotuat M) GeV per nucleon. Here again, the two mpectra am identical within ●rrom. The
direct photon conu-ibutlon to th~ spectra will be extracted after subtraction cf the dominant K.
contnbtttion, proc~ thst will rquire a very ~ise determination of the charged pion mpectrs.

5. CONCLUSION

The data ~nted c- largely be explained by convolution of multiple independent nuclecn-
nucleon collisions. The & distributions indicate a pm-tial stoppinc regime. The chsrgai particle
multiplicity increua linearly with &. A slight increua of the aveu-age charged puticle < ~ >
with & is obarved. Pu-tKla identikl spectra atmibute thti rim to protons. The ~ discnbutiot?s

lee-w ~xt~u, with ~aentd mtcertaintk9.of piom uid photom are the same for pW ~d
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