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The fo!..lowing, comparSson_ of E-8()2 (,R'ef.. Ii):S.ii+ A,u_spectra and' R:QMD, predictions, is based _:

802: data, fr{_m..NovemtSer 1'987',.publisl]ed! in R:efg, 2' andi 3; andi the RQM_D_calL:ulations descnt_ed in!.._
, ' '_ :" ._ tor .........'_l_ei%, 4' and 5,. Ttie data, t_r_esented!t_ere often have been_ binned! di)t:.fErenvly compalied to, Rcl .... 1, "_ '

Facilitate tile. comparison, w.it,ti_ttae' ttaeoeetical: dhta. The. systen.aatic e_:rors6' ar_e'estimated as less tnztn

_+20%.. 'Ftae,RQM@, data, consista:oflistings o1{2(')3'complete events,, alli with_an, incident, kinetic energy

"IT:I{4.5"28, GeV and! an: impact parameter of b=l{ f_rn, Tlie outgut, 1;iStings_cont,ain 4-vectors of al'l'.

out:goin_ partitives, and! l_ave been s 9rted into, specmv of invariant cros,s secti0n_ (_taormalized: pmr event}

v.et:sus transverse mass l:br definite rapidity bins,_ in, ttie same: way as the data.. [ittias: been', assumedl thor

the IP,:QMD,output, obeys POisson statistics,

Tile' RQMD, data differ [atom tile experiment: in: two,important ways, Tile: experimen t_was tri gge.red c,n

hi:gti overall' cllarged _n_tfliipl.icit,y and t:he_:etkg_:e_:ontains. events w,ifli, a distritsution, over cen tral impact

pm,ameters, wtaereas tile theory use,;, but on'e impact parameter (/Itfin,),. "File' incident monnentum_ in the

exl?eriment was, ptm2=28* 14.6.GeV/c; while, tlm RQ:MD, calL:ulhtion_ used! pROl,;,ll:_=15.4"28 GeV/c, i.e. a
di fie re nc e ot!2'2:.4 G e V/c; or 5%.

2, O:v,era l,l' _,lMIipl,iciti:es'

Figm:e 1:shows the apparent multiplicity distribution, as measuredi by the E-Se)2 target mulliplicitv

arra:y I (TM_, filled: squares), for Si.+A.u. "k,ppavent" standS, for the fact t,hat: no, co_Tections ft,w

ac_:eptance; gamma conversions, multitiits, or delta n tys have been_ made. Tlie open squares ._how tilt.'.

. ttat.,C,,["til:Kelsimulated result usin_ ttieRQ_'output, listings and'aGEANT modelling of the"_, beam " ,_

and: taeget:-taolder arrangement,. Only de.lt,'t l,:_yproduction from the beam w.as onfitted in the silnulation.

"Fiat-.average apt?ar,ent' multipliciw for ttie RQMDinput is 2[5 as compared! to.201 for E'8(,)2: While this

7% increase may indeed reflect tile two, major differences between= t,he expeNmental: and theoretical
. unce._tamtac_, involvedi ira theparameters mentioned above, it is barely, significant considering tlm '_ "" " ",'

simulation: and tile systematicmr, ors on: thedata_,

3. S,llectra' ,

[nvarianr spectra (_1/(27zmt))d2n/fdmtdy) versus mt.m_ (,where' y denotes rapidity)_ a_e ' stlown in Fi ,_,'s.

2 and 3, ag aria with fit]ed symbols indicating E-802 data, andi open symbols RQ_ zesults. The E-8{)2
data are fi_o_n tlm rapidity bin, (')'.8<y<[.05 and' all the data' have been, multiplied by [.23, to enforce

agreement: between ttie rt+ E-8(')2 and RQMD, spectra. The RQ_' spectra cover a_slightly brouder
interval? (0:75<y< 1.05. to obtain statistics comparable' to, tlm experiment. The overall' a_eement betxveen

flieory and experiment in, overlapping mtr-mt inte_als is excellent. Some minor differences, can: be

detected:: the' E'802: protons have a_flhtter slope than,do the' RQ_, protons, wtiite the 'latter intercept mt,
m=(')'at<a. laege_ value. Ttae E-802! PC+ are systematically above' the RQM]), points (- one _; level')and! vice

Ng 1?
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4.. R,'atpMi:i3:_ lO:'en:,w,t/ies;

FollOwing, ttie usual. IE-8(0i2analysis, procedure, tile spectra, are fittedi to, an_exponent,ial. _

('17(2_mt))'d2n/(dmtdY) = A(y.)'exI_(-t', " t-ln)/B(y)) (1(),

t!mm whic I:a:It_e'vapidi,ty densityis, devivedi

dn/dy = DrA,,o m/B+ (B2+ mB) (,2),

bv integ_:z:ttic,_n.IEquata_n (2)>t:et?r,esents, an_ex.trap_lation, outside, tt_e acceptance, and is: on fv Ct)freer tO'the'

extent, Eq? (1!)_is, a: true' repr, esentat_on_ The dn/dy Dora: E-8(_)2;,t'otl0w, ing Eqi (.2), are stiown in Figs, 4:
and 5 as lTi+lled,symt_ol:s,, st,itl?t-nuliiplied by * 1,.23. The vapidit.y inte,val!s+ ky, were 0:2 for rce, p 'and K+

and' (),.,_l-'0fK-. "Hie open symbols, in+the figure, s.are t"rom tile RQND_ specm_; f.ttted: acuovding to, Etl. ("1)

in t:lie same acceptance as. the E-8(')2 data, using always./X.,y=(){3:. Fo_ K:e andl p Eq. (2): gives an

excetilent represent:at,ion ot: vhe true dh/dh,, ,a<hich can, also, be obl:ainedl for the modi_.l by counting the

particles in t'he.output 1;isling.For llnl!mt. For g:-_the low mt=-mnise i<s.of course, missed_ zt,;.it::is outside ttie

IE-8()2 ',lCCel)tance andl t_t._e'true RQMD dn/dy is.lltrger by =30%,. varying somewtiat t-',mm:rapidity bin_t{)

tzapidit_¢bin and t.'rom rc+ to. _-.

A's antic it)ated _abt.ove;, the rr-agreen_ent: is good! (!tile _:+ is even better), while RQM)D'unde_,prcxticts
tile K+ yield_ tsy ,=li(,)% on average: and::overpvedicts: the K- yield? by =50%.. The protons, (Fig. 5:)agree

below y= 1.1, wtiet:eas, t;ov larger y, RQM_D' increasingly is at;rove ttte. experimental points, by =50%

towards y=2. 'Ftiu,,;, if tile G-8(')2 dat,a, are im.'reased by 23%,. a, very a¢ceptabl?e, 'though r_ot perfect,

ag_:eernent: is t,blafnedi ,_ithin; tile experirnent.al, acceptance, witti tlse RQMD,' prediction..

5.. Pa,va,_l:el",_fomen,t+_m and, Total, Ener.gy

Tt_e amount of parallel! moment.urn: Pz contained, fi)_ a given tinal: pavt,icte withi,n a+pliase space

acceptance; y t_<y<y2,,mt, l:<mt<mt2, can, be estimated _.om tile-exponentiali fits liEq; {1_)).to.the data as

Pz (Yl ,Y2, total, mt2, PID). =

Y2 mt2

, ,'Xysinli(y)_A(y)c.m/B(Y)' j" (mt)2 e-mt/B'(y)dtnt (3)
Y=Y1: mt, l:

,a,l_et,e'PIiD, is the particle specie, and the integral is elementary. The RQMD numbers were obtainett

direct:IN l-;t_om'tl_e output listings, The. phase' space acceptance. was. chosen, as, a _ectangte in: y.-mt space
(.,iceTable 1:);\vl_ich+avoids most;of, vile low mt extrapolations of the data' as well as the low ml: rise i,'_the

R,QMiD pions, whiile' the v.apidi:ty i.ntevval+ is a:.; wide as atilowed, by, the experimental data. The
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ex.:pe':inlt:nta,,l_eratTies ill t_heta_tblet'la_e been multipl;icd:, by 1_.23,as_i.n t:hmt_revious ptu:agr:qmh, and n_

at.te:'nt_t_t_0,cot_rrect,for rtae too, taigb R,:6_MD_inciden t en m_gy t_as.be.en_made:

TAiB:LE I

Co mpa_:i,ls'o,n,of p_ and E )for E'80;2' a_n,d/R'Q_M/D in, a, Com,man Ai¢cepta'nce a')

tgtlt,rich: y l, r_),3_2 ttT_l,-nz_tc)_m':2-m t_,2117':o,(:pz)_ Rtltl',_,lE)

'rc+ ('),,6,- Ii,,8@ (,):24c Ii.3,°_ 0: 86, 0.87

Tr- {,):6y.2.2{,): {_)_2'4_.. 1'_.35! {0:69' 0.7 l:
K.. (:)!6-. 1_.6(,)_ ():l!(,), (')[941 1'r.2'4 1:.28.

t£- (')_6- 11,8(3,_ (',)!.l;(,)_(0:94' 0,.%¢ ()'.75

P_ {0!6.-2.{,){01 f)_.{_)4'I_-1.83 0:87 {0'.89

Sum: 0:8,¢ {')'.86,

The l'asv line, catl'ed! ":;urn"',. is. evat!uated, on the moment:t (ienergies)_ summedi over the pattie les, (._7.11

(3eV/,: and 81:.82:GeV forE-8(')2 _times 1.23: Ratio.is E-8(_)2/R'QMI).

The tota,l energies. E w.ere evaluated By subst,-itufing ¢osh(y)for sinh(y), in Eq, 63.): Two_ thirds or: the

l,')t_orE is suppl_ied by t.t_eprotons, so _tae surnmedi val'ues in Table I: ar,e close to the proton value. The
lratici),ntnn'_l').er._.;do not, depend strongly on, tile choice, of the mt, interval:.

6, C o,,l_'el.'u,:s'io,nx

RQ'MiD, to, a first conclusion,, gJ.ves, a',good! overa,ll_ ac;coupt, of tile E-8(,)2 data. RQM!D seems to

_ve_rpredicl, the dn/Lty extrapol_u:edl Dona, spectra, by a litde over 2(')%, "Fo,some extent this. may be caused

I>/to_ higt_ a beam, ene_gy in, dim calcul'uions andi a ditTerent-="tri,,,_er"=econdition.. The deviation is .Just
within tl_e cs.t,irnated svstemal_i.c errors, of the experiment. Wid_ regard ro, Pz and: E, rhr theory

overp_Tedicl,s tile experiment bya somewhat lavger amount,, .-=4.._5, reflecting, thai the rna,in discrepancy
betw.een E-8(,)2 and RQ.MiD, is in the forward protons.

Our conclusion, is t,hay there is no drastic disagn'eement bet,wren. E-802' and R.Q:_', nor between lE_

81)2:and_ nltl)rnent_lm: and _energy conservation, tlie discrepancies are essentially witt_in the systematic

e_mors,of t.t_eexperirnent, and. '.the effect,s of ineo_ect: input parameters:of tile theory (beam energy ;.tml

u:igger, condition;), Referent;e 8 asse_ts that transparency in central SMAu collisions mu:;t_be laigh in
ord'er to _econci,le the E-8(')2 data with energy and moment,urn conservat_ion _, Tile _,econciliation is

achievc_d by posmlathag a large number of baryons ar mpidities between: 2.5 and: 3.('): This, on the oltie_,
' • ,i ,'{

tiand', disagrees with_ clara9,10 li_om,E-8 l.i(;):and E-8 1i4, leading to rbe conclus on t,hat E-Sf)2needs till

upvca_Tds._enom-_,ll_.,_ata'_' , "'-' 'i.)n of nearly a, factor 2 for a.llldn/dy. We disagq,ee_ with this conclusion, which,
"" Q

P;trgel,y (_omes about_ becau:;e tile a.uthom; of Ref. 8 used exrrapolations, of f.he E-8(:)z data, and (tid not

compm_e ,_theo_,yand experiment in a consistent manner within rile experimentN, acceptance. Reference 11
st:tces that the "missing" energy-momentum: in E--802 st_ilt, remains a puzzle. The above analv!{is

demonstrate that, the puzzle is of a size comparable to the systematic errors in experiment and in the

theory,
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We aa:e indebledi to, R:. Miamet_o, for a,llowi+ng us the use. o[ttae RQMED;out.put h,sri,n_,_.._and for the
a.sso_:iatedl sot_vare, Tt_iis t_esea_¢:.'t_,was, suppot_ted+ by' t_t_e.U.S.. De'prom,riehl of Ener'gy, DivisiOn, of Ba.,',ic

Energ 3, S.Ciences under ¢onm_et no: D:.E-A;CCOg_-76CHO(0(0>I.+6_

F igwre C'a!p't,ito,n,s+

Fiig. 1;' Con,n.t_amson_of overallll agptwen_ ctaavged pan,Jcle mu.i_iplici¢,y diistriburions, from E-8(0__:lrldi
} _ '7 *

R'QM!D. For detmi,s, see rlae text.

Fig'. 2: I!nva_ia_nt cross, sections rtot,.rna.:li,zed!per, event+ for r_-++{top)+, proton.s: (,middl!e.):; and' rc-
(_bottorn_)_.Fiiffed! symtbolS. _e E-8(')2' data mu:l:tipl_iedby *1_.23:and! open, syml3o[S ar'e R:QMfD,
results, F0v more di:tai+l:s,,see rt_e text.

Fig. 13: [nvarianr cr.oss sect+ions for K+ ftop)_ and. K- (:bom_mi)_ See+also, caprion_ Fig, 2.

Fig, 4:: dn/dy as deducedi l+rom_exponentia,J} f,its, to, t_hespectra, w.ithin_t+he,exper'inmn+raJ: accept,:mce for

p., K+, and E-, displayed as. a function of l'abon.m:_U+rapidit3,. Fulil+symbols ar'e E.-St02 dam.

t,irnes, t,23, open_ symbolvs, fi_t'RQMD.

Fiig, 5.: dn/dy for protons,. See al:so ca pt_on_Fig. 4:..
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mendtlti<m, ar favaring by the 19nite.d Slatt_s f3_wermnm_l or ;uly agenuy ttierenf. "Flit'. views
aral opinmns nf authurs expressed: herein tin nut nt:uusmlrily :;late of retie,ct thuse .f file
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