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Low pr phenomnena observed in high energy nuclear collisions

Jehanue Simou-Gillo ®

2 Physics Division, MS D456, Los Alamos National Lab, L.os Alamos, NM 87545

IYor several decades, experiimments have reported an enhanceinent in the pion invariant
cross section at low pr ( < 300 McV/e) when compared to a therual fit or mininmm bias
pp results. Experimental results from pp reactions at the ISR to heavy ion collisions at
CERN will be reviewed then compared to extract trends. Several theoretical explanations

will be discussed. Au eimpliasis will be placed on the role of resonaiices and a comparison
of data to models will be presented.

1. INTRODUCTION

Au excess of pions at low pr was first observed at the ISR when high multiplicity
events froin pp and ca collisions were compared to minimum bias pp distributions [1].
Low pp euhancement was later scen in cosinic ray data (2], pA (Fermilab, CERN) [3--6]

and AA results (AGS. CERN) [5-12]. A list of experiments which have studied low pr-
behavior are listed in Pable 1.

Table 1
Fxperiments thnt have studied low pr behavior

Experiment Projectile Target ~Rapidity

CERN-Heidelberg-Lund (1SR) [1) Py P, a

Atwater ot al., (2] coMnic Ag, Br

Garbutt ct al,, (Ferinilab) [4] P oW

Chaney et al., (Fenmilah) [3) n Be, AL, Cu, Su, 'b

NA34 [5] 0,08 W L0<y <1y

NAIS [6) R Au, S 0.6 <y <30

EMUS (24, 12) S Ph 1O <y <40

NAA4 [25. L] Py S Ph i<y <4l

FR10 (7] Si Au, Cu 22< y <20

802/ 1850/ 1866 [9, 29, 30] Si, Au Au, Ph 06<y<la
B4 8, "._‘.'___ﬂl _ p,Si Ph, Al 28 <y <6

Several intrigning explanations have attempted to dencribe this behavior, including
exutic behmvior in dense hadronic matter [13 -16]) and the deeay of quark matter droplots
[17]. "The exeess of low pp purticles conld nlso be a result of colleetive effects [2, 18] or n



reflection of the dynandes of the hot collision zone in the reaction, such as baryonic and
mesonic resonances 10, 19-21].

2. EXPERIMENTAL RESULTS

The CERN-Heidelberg-Lund Collaboration studied o and pp collisions at the ISR
(1] Where previous ISR experiments fonnd that the inclusive cross sections either turned
over or were well described by an exponential in my (22, 23], they observed an excess
of low pyp particles with inereasing muitiplicity when they compared high multiplicity to
minimmn bias events. "Chis excess is small compared to that observed in pA and AA
collisions and may be dae to a different phenomenon, Low pp enhancement was also seen
in pA collisions at Fermilab [3, 4] and in high nultiplicity cosinie rays in einulsion [2).

There are four CERN heavy ion experiiments that have studied single hadron distri-
butions at low pp in a varicty of rapidity ranges: NAJL (5], NA3S (6], EMUS [24, 12,
and NA44 (25, 1], NA3A studied 200GeV/e central (high Fp) pA and AA collisions
(1.0 < y < 19). At CERN. the mid-rapidity is at 3 and ben rapidity is at 6. The
resulting uegative hadron cross sectious, corrected for electron contamination, are shown
in figure 1; o parameterization of the wininmm bias pp results are also included for comn-
parison. The magnitude of the culianccment at low ppin pA is similar to that observed
in the AA collisions. Ratios of cross seetions from various reactions indicate a weak
dependence on projectile and no dependence on centrality in the rapidity range covered
(5).

Figure 2 shows negative hadron spectra measured by NA3S in different rapidity re-
gious; pAn data show a similar magnitude of enhancement (12, 6], These data have been
corrected for electron contamination. The low pr behavior shows a dependence on rapid.
ity [12]. New NASS results also show o strong rapidity dependence and an enhancement
i pA collisions [206].

EMUDS measures negative hadrons in the rapidity range of 1.0 to 4.0 and historically,
has claimed no low pp enhanecement in their data [24]. However, when their data is
plotted with NA3S results, one sees good agreement [12). There exists a discrepancy
between NAS and EMUDS at the most. buekwards rapidity region of overlap which may
be an indication of the rapidity dependence of the low pp behavior. The NA3M low py
acceptanee iy concentrated near rapidity of 1.0, while the EMUS data are distributed
within the 1.0 2.5 rapidity rauge [27].

NA-H wmeasures identified pions in pA and AA collisions near mid rapidity, eliminnting
cleetron contmmination ouline with a gas cherenkov conmter 26, 11]. Figure 3 shows p’b
and pBe eross sections ad the ratio pPh/pBe (3.1 < y < 4.1). A sl enhancemnent is
indicated at low ppoand is estimated to be < 7%. The SPh/pBe shows an enhancement
sitnilar in magnitude. NAEL observes no difference between the shupes of the ot nnd #
distributions, no strong depandence on centrality, and uo enhaneement in kaon specten
ut low pp |11, 28]

There are three AGS experiments thint have measured hndron spectra ot low ppe. FESHO
measnred negative indrons i AA at 14.6GeV /e in the mpidity range of 2.2.2.6. At the
AGS, wid- rapidity is & 1.7 aud bean rnpidity is & 3.4, The spectrn nre well deseribed
by a sum of two exponentinls andd they estinmated thnt npproximutely 30% of the pions
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are contaired in the low temperature exponential 7).

£802/E359/1866 has studied low pp pions in the rapidity range 1.2-1.4. Prelininary
studies from 19802 indicate that there may be a slight low pr enhancemment in new data
sets which measure to py =~ 200MeV/c in Si+A reactions [29, 30). E866 is the third
generation F802 experiment and stuc.es An+An reactions at 11.6GeV/c. They report
an enliancement at low mp which sceins to show a difference between the 7t and the 7~
spectra; only the 7~ distributions show an enhancement. There is no strong dependence
on y. It has been estimated that approximately 25% of the negative pions are contained
in the low temperature exponential [9].

Fxperinent ESE measures identified pions at 14.6CGeV/c in the rapidity range 2.8-3.6.
An enhancement is seen in the diata when compared to Boltzmann and gy expounential
lits. The data show no strong dependence on target or rapidity [8, 32]. They also
report no enhancement i pA results [31] and no difference between their 74 and #-
distributions [32].

In comparing the CERN and ACS results, several interesting experimental trends can
be extracted. Both the CERN and AGS hadron spectra show a low py enhancement when
comparcd to pp mininmmn bias results, g expouentials, or a thermal fit. pA collisions
stuclied at CERN show an enhancement similar in magnitude to the AA results, There
iy a weak dependence on target and projectile, B, Jacak has fit the CERN results with
asum of two exponentials in mp to estimate the fraction of soft pions contained in the
low pr region [20]. Althongh the choice of a fitting procedure can influence the absolute
resulty, this exercise shows i general trend; the magnitnde of the enhancement. of soft
pr hadrous at CERN energies compared to mininnnn bias pp results is strongest at
backwards rapiditics. F366 sces arise in their negative but not positive pion spectra.
ES 14 and NA44 see no dilference between ot and 77 results, NA34 and NALL report
no strong dependence on centrality. While there is no strong dependence on rapidity at
AGS cnergies. the CERN data show an obvions dependence, with the low pr enhancenent
more significant at backwiads rapidities [12, 20].

3. THEORETICAL POSSIBILITIES

Several intrigiing explimatians have been proposed Lo expliain the low pp behavior.
Lees Hetnz [18), and Atwater [2] have suggested that this could be due to collective elfeets;
transverse How coubd lead to iceoacave shaped eross section, Lee and Heinz compared
NABCSHS data (mid-rapidity) toa global fit of 4 thermal model that included radial
collective llow, “Fhey Tonnd good agrecment exeept at very low pp. However, this theory
does not explain why the enhaneement at CERN in pA & AN or why the CERN data
show a rapidity depemdence.

Vaullove suggested we cuald be observing the decay of siall plasina droplets into pions
[17]. As intrigning as this sonnds, this is an effect that wonld be peked at mid rapidity,
contrary to the CERN results,

Several theorists have sngpested thnt the system could be ont ol el mical equilibrimm.
Natajn and Runskanen state that the experimental ppospectrn enn be deseribed by
thermal distribntion i one assmnes that there is nostrong excess of pions with respect
to chemical equilibriam at Treezeont; a positive chewieal potential would lead to the



production of more pions [14]. Gavin and Ruuskanen further claim that the system
may only be in partial thermal equilibrium due to a longitudinal expansion leading
to additional soft pions [15]. Barz et al., have calculated a monte carlo solution of a
Boltzmann equation for a meson gas including resonances and incomplete thermalization;
they find good agreement with NA35 mid-rapidity O+Au results [16]. These theories
ignore the inflnence of the baryons in the system and do not attempt to explain low pr
behavior other than at inid-rapidity. Nor do they predict. a similar enhancement in pA
and AA collisions.

Shuryak proposed that we could be observing a modification of the pion dispersion
relation [13]. Attractive interactions between constitnents could forni a surface making
it difficult for constitnents to leave the systemn, trapping the low py pious in a potential
well. A scarch for this effect at LAMPFEF indicated its absence, at least in the relatively
cold nuclear matter present in pA collisions [33]. It is certain that this incan field effect as
proposed by Shuryak inust exist at some level; the question is whether it is large enough
to expliaiz the observed features in the data. Koch and Bertsch have found collective
mean ficlds wsuflicient to explain the magnitude of the observed enhancement unless
there is an extrenmicly slow adiabatic expansion which they find unrealistic [36).

Sullivan and Siinon-Gillo have studied secondary pion production in the target. Geant
was uscd to track particles generated from RQMD calenlations (200GeV /A S+Pb and
14.6GeV/A Si+Pb) and the secondaries created in the target throngh varions target
thicknesses[34, 35]. The ealenlation indicated that thick targets could lead to a significant
low ppr enhancement peaked at backwards rapidities both at CERN and the AGS (figure
4). However, the experiments either used thin targets or studied a rapidity region where
a thick target had negligible effect.

Many theorists and experimentalists (Heinz, Brown, Cole, Jacak, Koch, Sollfrank,
Stachel, and Welke) have recognized the influence of resonances on the pp distribution
of hadrons {19, 21, 10, 20). RQMD calenlations and experimental results indicate that
wesonic resotiwees dominate at mid-rapidity at CERN, while AGS collisions producee a
more baryonie envirouent.

4. COMPARISON OF DATA TO MODELS

Figure H5a (top) shows RQMD caleulations at CERN and AGS encrgies to illustrate
the contribution of pions Irom varions resonances, «  arising from primnary collisions,
strings and ropes are sannned together; RQMD ropes ave interactions between  irings
[#5]. Tu this caleulation, the resonances are grouped as follows: baryounie: A, N* A%
strange: KU AL M mesonie: g, ', wi pions from p's are kept separately. Most ¢f the
pions at wid-rapidity at CERN energies are from p's and primary collisions, while the
baryonic resonanees play a more important role nenr target vapidity. ‘The mesonic nnd
strange resottances pliwy a comparable role and peak at mid- rapidity. AL AGS energies,
the baryonie resonances dominate at all rapidities. Figure Hb (bottom) shows rupidity
density plots for pions with pp o« 300 MeV/e from RQMD. At CERN energies, baryonie
resonniees dominnte at target rapidity, The other conttibations become comparnble
and penk nt mid rapidity. Thia plot expluins how a rapidity dependence of the low py
enhancement at CERN could exist, The shupe of the mpidity density at the AGS does
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uot change significantly for low pr pions alone; the baryonic resonances still dominate at
all rapidities. Cousequently, one might expect a weak dependence of low pr enhancement
on rapidity at AGS energies.

Several experimental groups have compared to models that incorporate resonance con-
tributions. E810 and ES14 pion pr spectra are well described by RQMD and/or ARC
resilts [8, 37]. 814 also compared reconstructed A’s to RQMD predictions and found
good agreement [8]. NA44 S+Pb pion spectra (3.1 < y < 4.1) are also well described by
RQMD. The comparison of an RQMD O+Au calculation to NA34 is shown in figure 1
and the comparison to NA3JS is in figure 2. (The K, and A are included in both of these
data sets and therefore allowed to decay in RQMD.) The RQMD results are scaled in
order to compare to the data which are presented here in arbitrary units. It is interesting,

however, that RQMD doces not reproduce the magnitude of the low py enhancement at
backwards rapidities.

5. CONCLUSION

Low pr enhancement has been observed in AGS and CERN hecavy ion results. At
CERN a similar behavior is observed in pA and AA collisions. The CERN results show
a strong rapidity dependence which is reflected in the rapidity distribution of pions fromn
resorances. ‘The AGS results are well described by models incorporating resonances;
these data, as well as the distributions of the pions from the contributing resonances,
do not show a strong rapidity dependence. RQMD results do not fully reproduce the
magnitiide of the enhancement backwards of nid-rapidity at CERN, leaving room for
further speculation. hi order to understand the CERN results, theoretical models should
incorporate the influence of resonances, address the fact that the pA = AA results, and
explain the rapidity dependence ohserved in the data.
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