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I.  Introduction

The following compurison of E-§02 (Ref.. 1) Si + Au spectra. and RQMID predictions i Imscd“{}ﬂ the
802" data from: November 1987, published in Refs. 2'and' 3, and: the RQOMD caleulations desceribed in
Refs. 4 and' 3. The data presented: liere often huve been: binned' differently. compared to: Refy, 1, 2 v
facilitate the comparison: with: the' theoretical data. The systematic errors® are estimated as less than™
T20%.. The RQMID duta consists of listings off 208 complete-events, all with anincident kinetic energy
T=14.5%28 GeV and an impact parameter of b=1 fim.  The output listings contain 4-vectors of alll
outgoing particles, undihave been sorted into spectra of invariant cross section: (normalized: per event)
versus ransverse mass for definite rapidity bing, in'the same: way- as: the data. It has beenassumed that
the ROMD output obeys Poisson statistics.

The ROMD: data differ from:the experiment in: twoimportant ways.. The experiment was triggered on
high overall charged multiplicity and theretore contains. events with a distribution over central impact
purameters, whereas the theory uses but one impact parameter (1 fm): The incident momentumyin the
experiment was pgo2=28%14.6.GeV/¢, while the RQMD: calculation: used promp=13.4*28 Ge V/e, Le
difference of 22.4' GeV/e; or 5%.

2. Owerall NMultiplicities

Figure | shows the apparent multiplicity distribution as measured by the E-802 target muhiplicity
array! (TMA, filled squares) for Si+Au. "Apparent” stands. for the fact that no corrections for
acceptance, gamma conversions, multihits or delta rays have been made. The open squares show the
simulated result using the RYMD outpur listings and'as GEANT medelling of the TMA, beam e, turgel
and target-holder arrangement.. Only delta ray production from the beam was omitted in the simulation.
The average appurent multiplicity for the RQMID input is 215 as compared to 201 for E-802. While this
7% increase may indeed reflect the rwo mujor differences between the experimental and theoretical
purameters. mentioned above, it is barely significant considering the uncertaintes invelved in the
simulation:and the systematic errors on: the data.

3. Spectra

Invariant spectra: (1/(2mmy))d?n/(dmdy) versus m-m (where'y denotes rapidity) ane' shown in Figs.
2 and 3, again with filled symbols. indicating E-802 duta and open symbols RQMD results. The E-802
data are from. the rapidity bin 0:8<y<1.05 and all the' data have been multiplied by [.23, to enforce
agreement between the T+ E-802 and ROMD spectra. The RQMID: spectra cover a slightly brouder
interval 0.75<y<1.05 to obtain statistics comparable torthe experiment. The overall' agreement between
theory and experiment in overlapping my-m intervals is excellent. Some minor differences can be
detected:. the E-802 protons have a flatter slope than do the RQMD: protons, while the latter intercept my-
m=0at a larger value. The E-802 K+ are systematically above the RQMID points (~ one ¢ level) and vice
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versa fon K. The trends for y=0:9 are wypicali of alll interviis. near midrapidity and. are reflected in the
integrals discussed below.. [t is. worth: neting that the RQMID Tt spectna outside the E-802 acceptance, at
veny low mp-m (low p)curve upe The RQMD:! m-spectra cannot be well fitted by asingle exponental:
they require tworcomponents,. i steepy one at low my-miand ene' that would' agree with E-802 above m-m
~ (12 GeV. The steep RQMD pion component can: be raced: back to delta decayy.”

4. Rapidity Densities:

Following the usual E-802 analysis. procedure, the spestra are fittedi to am exponential
(l/2mmy)d2ndmgdy) = Aly)expl-ur-mi/B) (1)

from which. the rapidity. density is.derived,

dn/dy = A em/B (B2 4 mp) ()

by integration. Equation (2)irepresents. amextrapolation. outside the acceptance, and is-only correct to-the

extent Eq. (1) is @ true representation. The dn/dy from: E-802, following Eg, (2), are shown in Figs. 4
and' 3 as filled: symbols, stll multiplied by *1.23. The rapidity inte, vals Ay were 0:2 for ©=, p and K+
and 0:3 for K-, The open symbols.in: the figures. are from the RQMID spectra, fitted according o Eq. ¢1)
in the same acceptance as the E-802 data, using always Ay=013. For K* andip. Eq. (2) gives an
excellent representation of the true dn/dy, which can also be obtained: for the model by counting the
particles in the output listing for all m. For ¥ the low mp-m rise is of course:missed as itis outside the
[E-802 acceptance and: the true RQMD dn/dy is larger by =30%, varying somewhat from rapidity bin:to
rapidity bin and fromtt o -,

As anticipated above, the T agreement is good (the m+ is even better), while RQMD underpredicts
the K+ vield by =10% on average and overpredicts: the K- yield by =50%.. The protons.(Fig. 5) agree
below y=1.1, whereas for larger y, RQMID increasingly is above the experimental points, by =507,
owards y=2. Thus, if the E-802 data are increased by 23%, a very acueptable, though not perfeet,
agreement is obtained within the experimental aceeptance, with the RQMD: prediction.

5. Parallel Momentum and Total Energy

The amount of parallel momentum p;, contained, for a given final purticle within @ phase spuce
acceprance, y<y<ys, myp<m<myg, can be estimated from the exponential fits (Eq. (1)) to-the data as

Pz (.\‘Yl Yo My, Mo, PID) =

y2 m2
2, Ay sinfi(y) A(y) em/B(y) f (m)? e-MYB(y) ding 3
Y=Y, my|

where PID:is the particle specie, and the integral is elementary. The RQMD numbers were abtiined
directly from the output listings, The phase spuce acceptance was chosen:as. 2 rectangle in y-my space
(see Table 1) which avoids mostof the low my exmapolations of the data as well as the low myrise in the
ROMD' pions, while the rapidity interval is as wide as allowed by the experimental data. The

moow v I T N LREARE U T

RIRT

o



experimental entries in the table have been multiplied by 123 as in the previous paragraph, and no
attempt torconrect for the too hight RQMID incident energy. has been made.

TABLE I

Comparison of py and E for E-802 and ROMD in @ Common Acceptance®)

Particle N Lo V2 - Lo M2 -im Rario (p..): Rario(£)
nt 0.6~ 1.8 24~ 1,32 (0:%6: (.87
T ():.6-2.20 0:24- 1.32 (.69 071
K+ (016-1, 60 O L0- (9 124 .28
K- 0:6- 11,80 D110 )94 374 075
P (01 6-2.00): MOFL-1,83 (.87 (.89

Sumy (.84 0.86:

The last line, called "sum”, is-evaluated on the momenta (energies) summed over the particles, 67.11
GeV/e and 81.82 GeV for E-802 times 1.23. Ratio is E-802/RQMD.

The total energies. E were evaluated by substtuting cosh(y) for sinh(y) in Eq. (3). Twa thirds of the
pror E is supplied by the protons, so the summed values in Table I are close to the proton value. The
ationumbers do not depend strongly on the choice of the my interval.

6. Conclusions

ROMD, tora first conclusion, gives a good overall account of the E-802 dar. ROMD seems to
overpredict the dn/dy extrapolated from spectra by a little over 20%. To some extent this- may be caused
by too high a beam enengy inthe calculations and'a different "trigger” condition. The deviation is just
within the estimated systematic errors. of the experiment.  With regard 1o p, and E. the theory
overpredicts the experiment by 4 somewhat langer amount, =45%, reflecting tha the main discrepancy
between E-802 and RQMD is in the forward protons.

Ourconclusion is that there is no dragtic disagreement berween E-802 and RQMD;, nor between E-
Q02 and momentum and energy conservation, the discrepancies are essentially within the systematic
errors of the experiment and the effects of incorrect input purameters of the theory (beam- energy and
rigger condition), Reference 8 usserts that transparency in central Si+Au collisions must be high in
order to reconcile the E-802 data with energy and momenturn conservation.  The reconciliation is
achieved by postulating a large number of baryons at rapidifies between 2.5 and 3.0, This, on the other
hand: disagrees with data™ 10 from E-810 and E-814, leading to the conclusion® that E-802 needs an
upwarnds renormalization ot nearly a factor 2 for all dn/dy. We disagree with this conclusion, which.
lirgely comes about because the authors of Ref. 8 used extrapolations. of the E-802 darta, and did not
compare theory and experiment in @ consistent manner within the experimental acceptance. Reference 11
staces that the "missing” energy-momentum in E-802 still remains a puzzle. The above analysis
demonstrate that the puzzle is of u size comparable to the systematic errors in experiment and in the
theary.
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We are indebted to R, Mattiello for allowing us the use of the RQMD output listings. and for the
associated! yotiware, This reseanch was, supported by the U.S.. Departiment of Energy, Division of Basic
Energy Sciences under contract no. DE-ACOZ-76CHOOOL6.

Figure Cuaptions

Fig. @ Compurison: of overall appurent charged particle multiplicity distributions from E-802 and
ROMD: For details, see the text.

Fig. 2v Invariant cross. sections normalized' per event for ©* (top), protons (middle), and n-
(hottom). Filled symbols. are E-8O2 duta multiplied by *1.23 and: open symbols are: RQMD:
results. For more details, see the text.
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Invariant cross sections for K+ (top) und K- (bottom):. See-also capuon: Fig, 2.
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dn/dy as deduced from exponential fits. to the spectra within. the experimental acceptance for
pt, K+, and K-, displayed as.a function of [uboratory rapidity. Full symbels are E-802 data
times. 123, opensymbols for RQMD:

Fig, 5 dn/dy for protons. See also caption Fig. 4.
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DISCLAIMER

This report was prepared as an account of work sponsored’ by, ansagency. oft the United, States
Government.  Neither the Uaited States Government nor any agency tiereaf, nor any oft their
employees, makes any warranty, express or implied; or assumes any legal Hability or responsi.
bility for the accuracy, completeness, or usefulness of any informution, apparatus, praduet, or
process disclosed; or represents that its use would: not infringe privately owned cights, Refer-
ence herein to any specific commercial product, pracess, or service by trade name, trademaork,
munufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Govermment or any agency thiercof. The views
and- opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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