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Recent results from the NA35 Collaboration are presented for the reactions of 60 and 
200 GeV /nucleon p and 160, and 200 GeV /nucleon 32S with various targets ranging from 
S to Au. Midrapidity transverse energy distributions and forward energy flow, P.L spectra 
and rapidity distributions of hadrons are presented. Two-pion interferometry results are 
discussed. Neutral strange particle yields and P.L distributions are presented. Conclusions 
are drawn from the experimental results . 

1. INTRODUCTION 

While possible formation of a quark-gluon plasma is the underlying motivation for this field 

of physics, a study of the dynamics of the collision processes is of fundamental importance to 

understanding the microscopic structure of hadronic interactions at high densities and the condi­

tions for formation of the plasma. In the following report, highlights of recent results from the 

NA35 Collaboration will be presented. The NA35 experiment will briefly be described, along with 

the physical observables accessible in the experiment. ·Transverse energy distributions and their 

relevence to the degree of nuclear stopping in these collisions will be presented. The primary 



emphasis of this experiment is the study of hadron production in high energy nucleus-nucleus col­

lisions, where rapidity and transverse momentum distributions of hadrons provide information on 

the dynamics of the collision processes. Pion interferometry measurements yield insight into the 

space-time evolution of the reaction and possibly the existence of a quark-gluon plasma phase. 

The abundances of strange particles produced in these collisions can be compared to predictions 

of models based on flavor equilibrium in a plasma phase. All of this information will contribute 

to the understanding of hadronic interactions at high densities and the dynamics of high energy 

nucleus-nucleus reactions, whose understanding is seminal in the determination of whether or not 

a quark-gluon plasma is formed. 

2. EXPERIMENTAL SETUP AND PHYSICAL OBSERVABLE$ 

In this experiment 60 and 200 GeV /nucleon p, 160 and 200 GeV /nucleon 325 beams incident 

on nuclear targets varying in mass from S to Au were studied. The experiment consisted of a 2 x 

1.4 x 0.7 m3 Streamer Cha~ber in a 1.5 Tesla Vertex magnet, followed downstream by combined 

electromagnetic and hadronic calorimeters.1 These consist of the "Veto" calorimeter, measuring 

the leading energy in the projectile fragmentation region (0° < ()lab < 0.3°), a moderate granu­

larity "Ring" calorimeter and high granularity "PPD" electromagnetic calorimeter, measuring the 

transverse energy in the midrapidity region (2.3° < Blab < 12.5°), and an "Intermediate" calorime­

ter in the region .3° < Blab < 2.3°. The Streamer Chamber was read out by two independent 

optical systems: a set of three 70 mm film cameras, each with a high gain 90 mm image inten­

sifier; and a set of three image-intensified charge-coupled device cameras,2 each with one million 

picture elements and 9-bit intensity resolution. The Streamer Chamber provides a measure of 

the multiplicity of charged-particles and their pseudorapidity (TJ), rigidity (momentum/charge) and 

curvature (charge sign). Neutral strange particles were identified by their charged, decay products 

providing a measure of the average abundance of strangeness in the final state. Transverse mo­

mentum (P.L) and pseudorapidity (77) distributions of positively- and negatively-charged particles 

can be measured. Two-particle interferometry measurements can be made to determine the size 

of the emitting source at the time interactions cease (freezeout). 

3. TRANSVERSE ENERGY DISTRIBUTIONS 

A systematic study of transverse energy (E.L) production at midrapidity and energy flow in the 

forward direction for 60 and 200 GeV /nucleon 160-induced interactions from the NA35 Collabo­

ration has been published.3
•
4 One conclusion from that study was that sufficient stopping occurs 

in small im.pact parameter collisions of 160 incident on heavy targets at these energies to pro­

duce energy densities off ~ 2-3 GeV /fm3 . Additional measurements utilising a 32$ beam at 200 

GeV /nucleon have since been completed and analysed. These are displayed in Fig. 1 in terms of a 

correlation between E.1 detected in the region 2.2 < 77 < 3.6 and the energy (EvETo) measured 

in the forward 0° < () < 0.3° (77 > 5.95) fragmentation region for each of four target nuclei used. 

There is a distinct anticorrelation between E.1 and EvETO as expected. In peripheral collisions 
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where values of EvETo are near the total energy of the incident 325 beam (6.4 TeV) there is little 

E.l. produced. At lower values of EvETo, corresponding in a geometrical model to smaller impact 

parameters, < E.l. > increases. For S + S interactions few events are observed for. EvETo values 

near zero, whereas the data extend down to Ev ETa = 0 for the most central S + Au interactions. 

Thus, for the heaviest targets and the most central collisions all of the incident longitudinal energy 

of the projectile has been transformed into transverse degrees of freedom, away from the fragmen­

tation region, leaving EvETO = 0. For S + S interactions there is always some energy remaining 

in the projectile fragmentation region, even in the most central collisions, due to noninteracting 

,, nucleons in the dilute corona of the interacting nuclei. 
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Figure 1. Contour plots of constant cross section as a function of transverse energy E.1 detected 
in the region 2.2 < TJ < 3.6 and energy EvETo measured in the forward 0° < 8 < 0.3° (TJ > 5.95) 

" fragmentation region for reactions of 200 GeV Jn S incident on various targets for a minimum bias 
trigger. · 

Displayed in Fig. 2 are the E.l. distributions for 200 GeV /nucleonS+ S, Cu. RbBr, Ag and Au. 

These E.l. distributions have the characteristic shape3 described by a geometrical convolution of 

E.l. distributions for the impact parameters incident in the interaction. The "tail", or high E.l. end, 

of the E.l distribution extends to larger values of E.l for higher mass targets. If E7a.r is defined 

as the maximum transverse energy possible in 47r solid angle, assuming all the energy is emitted 

isotropically in the center-of-mass of the participants, then there exists an approximate scaling of 
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the distributions of Fig. 2 when plotted as a function of E1./ ETar for the various targets. This 

was observed for the case of 0 + Au.4 Comparing the El. distributions for 200 GeV /nucleon 160 
+ Au and 325 + Au, the extreme values of El. on the tails of the distributions are identical when 

the 160 + Au distribution is scaled by the factor El_'ar(S) / El_'u(O) = 1.77. This is observed 

in Fig. 3. This value is close to the expected geometrical dependence in the high energy limit, 5 

El_'ar ,....., A~6 A¥6
. However, the slope of the "tail" falls off more rapidly for the heavier projectile 

than for the lighter one. The shoulder near the end of the plateau, commonly known as the central 

collision peak, appears to scale with a value larger than 1.77, approximately 2. Therefore, these 

observations do not preclude an explanation of the 325 + Au central collision data in terms of a 

convolution of p + Au interactions which was successful in describing the 160 + Au data.3 
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Figure 2. Transverse energy distributions for reactions of 200 GeV /n 5 on various targets in 
the acceptance 2.2 < 17 < 3.6 for a minimum bias trigger. 

The degree of nuclear stopping can be estimated by considering the average transverse energy 

observed in central collisions. For 200 GeV /n 0 + Au and 5 + Au collisions the average E1. 

•.J 

of the central collision peak is < Eientral > = 100 ± 10 GeV and 205 ± 10 GeV, respectively, " 

for the interval 2.2 :5 17 :5 3.6. (Measuring on the tail of the El. distribution at one percent of 

the cross section we get E~i/ = 150 ± 10 GeV and 275 ± 10 GeV.) Values of < Eientral >::::: 
95 ± 15 GeV and 175 ± 15 GeV (E~il ~ 170 ± 10 GeV and 270 ± 10 GeV) are observed by 

Na34 6
•
7 for 200 GeV /n 0 + W and S + Win the interval -0.1 :5 17 :5 2.9. Assuming negligible 

difference between the Au and W targets and subtracting the transverse energy in the overlap 

region of the two acceptances (taken to be half of the observed NA35 transverse energy), a total 

of < Eientral >~ 145 GeV and 275 GeV (E~il ~ 245 GeV and 405 GeV) transverse energy are 

observed for 200 GeV /n 0 + Au and S + Au, respectively, in the region -0.1 :5 17 :5 3.6. These 
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values correspond to 0.37 and 0.40 (0.63 and 0.59 on the tails) of E'.lar for the 0 + Au and S + 
Au reactions for the interval -0.1 ~ TJ ~ 3.6. They are suggestive of a large degree of stopping at 

200 GeV /n, although the stopping is incomplete. It should be emphasized that for light projectiles 

incident on heavy targets, the transverse energy distributions are dominated by the geometry of 

the collisions. This has enabled the experiments to utilise calorimetry to trigger efficiently on the 

centrality of events. 
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Figure 3. Transverse energy distributions for the reactions of S + Au and 0 + Au at 200 
GeV /n in the acceptance 2.2 < TJ < 3.6 for a minimum bias trigger. The E.1 axis for 0 + Au is 
scaled up by a factor 1.77. 

4. PARTICLE PRODUCTION 

4.1. Rapidity and Transverse Momentum Distributions 

The rapidity distribution of negatively-charged particles in 200 GeV /n S + S collisions is dis­

played in Fig. 4 assuming the particles are pions. An approximate ten percent contamination of this 

sample by kaons is expected. Only the region y < 3 is displayed, since measurements in the forward 

•• region Btab < 2.3° are strongly affected by losses due to the high particle track density. Because 

of the projectile-target symmetry of the S + S system the rapidity distribution is, on the average, 

w reflection symmetric about Ycm = 3. The rapidity distribution peaks at midrapidity with approx­

imately 30 negatively-charged particles per unit rapidity. T~e width of the distribution f:::.YJwhm 

= 3.2 is narrower than that observed for minimum bias 200 GeV p + p interactions (!::.YJwhm = 

3.5)8 but broader than that for emission from an isotropic fireball of temperature T > 100 MeV 

(!::.Yfwhm ::::: 1.8). This is consistent with the geometrical picture of partial stopping observed 

in the E.1 distributions. A study9 of the cross sections and multiplicity distributions of charged 
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particles for 60 and 200 GeV /nucleon 160 projectiles by the NA35 collaboration has shown that the 

interaction cross sections follow a geometrical dependence on the nuclear radii and the multiplicity 

distributions are approximately consistent with a convolution of nucleon-nucleus collisions. 

The mean transverse momentum <Pl. >of produced particles has been proposed 10 as a mea­

sure ofthe temperature11 ofthe system. A complication in this proposition is that the temperatures 

reflected in the P1. spectra for hadrons correspond to the temperature of the freezeout stage of the 

reaction, after hadronization, expansion and cooling. In fact, the Pl. distributions at midrapidity 

of negatively-charged particles from 200 GeV /n 160 + Au central interactions cannot be fitted 

with a thermal distribution assuming a single temperature (x 2 /N = 5.2). 12
•
13 A single temperature 

fit assuming the negatively-charged particles are pions in a thermal Bose-Einstein distribution can 

reproduce the minimum bias 200 GeV p + p data at midrapidity. The temperature T = 135 ± 2 

MeV fits those data well (x 2 fN = 2.2), with only slight deviations at P1. < 0.1 GeV and P1. > 

1.0 GeV. 12 However, a two-temperature fireball parameterization is required to fit the 200 GeV /n 
160 +Au spectra.12•13 The two components are T1 = 153 ± 5 MeV and T2 = 43 ± 6 MeV, with 

relative contributions N2 /N 1 = 0.23 ± 0.07 and x2 /N = 1.8. 
50rn~~~~~~~~~~~~ 

200 GeV/n S + S -> negatives 
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o NA35 DATA 
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Figure 4. Rapidity distribution of negatively-charged particles in central S + S interactions at 
200 GeV /n. Only y < Ycm is displayed for the symmetric S + S reaction. 

Perhaps a more realistic parameterization is that of a radially expanding fireball assuming an 

initial state in thermal equilibrium at fixed temperature with subsequent hydrodynamic expansion 

characterised by a radial flow velocity f3(r) = (r f Rot/311 • The exponent n is a parameter which 

<;-ategorizes the type of expansion and is fit to the data, r is the distance of the particle from the 

center of the system, and {311 is the particle velocity at the surface of freezeout radius R0 . This 

formulation is a generalization of the model of Ref. 14 where n = 1 was assumed for the expansion 

dynamics. A model with n =f. 1 was introduced in Ref. 15 to investigate shapes of pion spectra. 

The authors of Ref. 16 found that the n = 2 parameterization of the expansion fit well the Pl. 
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distribution of 7!'
0 from WA80 17 and the 7!'- distributions of the present experiment. If we fix n 

= 2 and f3~ = 0.78, which are the values of Ref. 16 , and fit the negatively-charged particle data 

assuming pions, then a good fit (x2 /N = l.S6) is obtained with T = 108 MeV. A similar value of 

Twas obtained in Ref. 16. The central 200 GeV /n 0 + Au data on negatively-charged particles 

and the radial expansion fit are displayed in Fig Sa. The data rise above the fit for PJ. < 0.1 

GeV fc. Displayed in Figs. Sb,c and d are the PJ. distributions for K0
, A and A measured in the 

streamer chamber18 in central 200 GeV /n 0 + Au interactions. Superimposed are predictions for 

the spectra using the values n = 2, f3~ = 0.78 and T = 108 MeV which best fit the pion data. 

The calculation for a radially expanding fireball is consistent with the PJ. distribution for K0 's and 

A's, but the prediction for the PJ. distribution of A's has a slightly flatter slope than the data. It 

appears that the model fairly successfully predicts the PJ. distributions for the produced particles 

( 7r's, K0 's and A's) while it has difficulties describing the A spectrum. Since the A will most easily 

be formed from a valence (ud) di-quark and a produced s quark, its spectrum may still have a 

nonthermal component due to the (ud) di-quark. The 7r's, K0 's and A's will be less influenced 

by dynamics of the incident channel. In addition, subtle dynamical effects in the evolution of the 

expanding system for the various produced particles, particularly the strange particles,19 can alter 

their spectra. 

The PJ. distribution for negatively-c~arged particles at 2 < y < 3 in the 200 GeV /n S + S 

system is displayed in Fig. 6a. This distribution is identical, within ·statistical errors, to that of 

the 200 GeV /n 0 + Au data displayed in Fig. ·Sa. This strongly suggests that the observed 

particles, near midrapidity, are not affected by the spectator matter inherently present in the 0 

+ Au reaction. A radial expansion with parameters fitted to Fig. Sa is also displayed in Fig. 6a 

for comparison. Displayed in Fig. 6b is the PJ. distribution of the difference of positively- and 

negatively-charged particles near midrapidity, calculated on the assumption that the difference is 

due to protons. The errors are large because the distribution is derived from the small difference of 

Ia rge numbers. This distribution corresponds to the final distribution of the original ("primordial") 

proton charge in the collision. Predictions of the radial expansion model are superimposed on the 

pion data in Fig.6a. As in the case ofthe PJ. distribution of A's, the radial expansion model predicts 

a slightly flatter slope for the "proton" data than observed. This suggests that the incident charge 

is not completely equilibrated in the collision, although better statistics are necessary to solidify 

• this hypothesis. 

The general features of the PJ. distributions for the produced particles are surprisingly well 

reproduced by the model. However, details of the spectra, although reproduced by this simple 

model, may actually have more complicated origins. Displayed in Figs. 7a and b are ratios 

Ro(p)(PJ.) = (O(p) + Au);:!:::re"f(p + p)~ei~~~:~:" of 0 + Au and p +Au data with respect 

to minimum bias p + p data 20 as a function of PJ.· An enhancement at low and high PJ., i.e. 

PJ. < 0.2 GeV /c and PJ. > 1.0 GeV fc, is observed in both systems. The PJ. distribution for p 

+ Au in central collisions exhibits effects which must have similar origin and interpretations as in 

the 0 + Au data. This effect in the ratios plotted in Figs. 7a and b has also been observed in 
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Figure 5. Transverse momentum distributions for central collisions of 200 GeV /n 0 + Au for a) 
negatively-charged particles (2 < y < 3), b) K0 's (1.7 < y < 2.8), c) A's (1.5 < y < 2.4), and d) A's 
(1.5 < y < 2.4). Also shown are predictions of a radial expansion model (solid curve) fitted to the 
aistribution of negatives in a) and the Lund/Fritiof model ldot-dash curve) as described in the text. 
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very high charged-particle multiplicity (Nc~a) p + p and a+ a events at VSNN = 63 and 31.2 

GeV, respectively.:n These ratios relative to minimum bias data are plotted in Figs. Sa and b for 

intermediate (6 :5 Nch :5 10) and high (Nch ~ 18) multiplicity events. The enhancements at low 

and high P.1 are not observed in the low and intermediate multiplicity data. The structure of the 

ratios for Nc~a ~ 18 events are remarkably similar to those of the central p + Au and 0 + Au data 

in Figs. 7a and b. The marked similarity of central p + Au and 0 + Au collisions to very high 

multiplicity "hard-scattering" p + p and a+ a collisions suggests an explanation may need to be 

found at the quark-parton level. 
103 103 

102 
PRELDliNART 

102 
- Radial Flow tit to " 

a 

10-2 

PREI.DCNART 

o data 

- p Radial Flow. fit to " 
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Figure 6. Transverse momentum distributions for central collisions of 200 GeV /n S + S for a) 

negatively-char~ed particles (2 < y < 3) and b) the difference of positively- and ne~atively-charged 
particles assum1ng they are protons. Also shown are predictions of a radial expans1on model fitted 
to the distribution of negatives in Fig. Sa as described in the text. 

4.2. Two-Pion Interferometry 

Hanbury Brown and Twiss (HBT) correlations22 between negatively-charged pions have been 

measured by NA35 in the 200 GeV /n 0 + Au reaction and the results published. 23 A summary 

of the results are listed in Table 1. The approach involves a Gaussian parameterization24 of the 

pion-emitting source with RT the transverseradius, RL the longitudinal radius and A the chaoticity 

parameter. Also listed are results of fits using another parameterization25 of the source distribution 

which is Lorentz-covariant and incorporates the inside-outside cascade for the collision dynamics . 

The parameters in this model are the source lifetime To, RT and A. A value of A = 1 corresponds 

to chaotic emission from the source. Values of A < 1 correspond to decreasing chaoticity, with 

A = 0 total coherence. As observed in Table 1 pions at 2 < y < 3 near midrapidity in the effective 
160 + Au center-of-mass (Ycm = 2.5) originate from a large (RT ~ 8 fm), relatively chaotic 

(A~ 0.8), long-lived (r0 = 6.4 fm/c) source. This picture suggests the formation of a thermalised 

fireball at midrapidity. These conditions are necessary for the possible formation of a quark-gluon 

plasma. In fact, considering the large number of produced particles, mostly pions, near midrapidity 
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and b) p + Au collisions relative to minimum bias p + p collisions at 200 GeV jn. The dashed 
lines indicate R(pr) = 1. The trigger conditions were a) "forward energy trigger" FET(56) and 
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in central collisions of 0 + Au at 200 GeV /n (approximately 120- 140 per unit rapidity12
•
23

) and 

the 1111 strong interaction cross sections, one predicts a similar size (R ~ 8 fm) for the system of 

pions at the time of their last interaction (freezeout). Preliminary results on HBT correlations for 

negatively-charged pions from central 200 GeV /n S + S collisions are displayed in Table 2 assuming 

a static Gaussian source. The same effect of a large source of midrapidity pions, in this case Ycm 

= 3, is again observed. The errors are still fairly large due to the small data set presently analysed . 

Table 1. Pion source parameters extracted from analysis of the 200 GeV /n 0 + Au -+ 1111 

correlation data for various rapidity intervals . 

Rapidity Gaussian Kolehmainen-Gyulassy 
Interval RT(fm) RL(fm) A RT(fm) ro(fm/c) A 

1<y<4 4.1 ± 0.4 3.1 +0.7 /-0.4 0.31 +0.07 /-0.03 3.6 ± 0.3 2.9 ± 0.7 0.29 ± 0.05 
1<y<2 4.3 ± 0.6 2.6 ± 0.6 0.34 +0.09/-0.06 4.0 ± 0.7 2.5 ± 1.0 0.30 ± 0.12 
2<y<3 8.1 ± 1.6 5.6 +1.2/-0.8 0.77 ± 0.19 7.3 ± 1.6 6.4 ± 1.0 0.84 ± 0.15 

Table 2. Pion source parameters extracted from analysis of the 200 GeV / n S + S -+ 1111 

correlation data for various rapidity intervals. 

Rapidity Gaussian 
Interval RT(fm) RL(fm) A 

1.5 < y < 4.5 5.6 ± 0.8 3.1 ± 0.3 0.47 ± 0.15 
1.5 < y < 2.5 6.2 ± 1.2 1.7 ± 0.8 0.57 ± 0.17 
2.5 < y < 3.5 8.7 ± 2.7 3.6 ± 2.0 0.68 ± 0.25 

Pions over the larger rapidity range reflect a much smaller source (RL ~ 3 fm), with much 

less chaoticity. Away from midrapidity the transverse size is near that of the incident projectile, 

the longitudinal size is small and the chaoticity parameter is low, near that of e+e- and hadron­

hadron collisions. The observation RL < Rr for all rapidity intervals studied. is a result of the 

pion coherence length and the effect of relativistic kinematics. 26 RL is less than RT because of the 

Lorentz contraction of RL away from Ycm whereas RT is unaffected. Furthermore, after unfolding 

the kinematics RL can be used to determine the correlation length l:l.y ~ 1. It has been suggested 26 

that the correlation length in momentum space is related to the QCD string tension. Further 

investigation is necessary to determine the correlation length and ultimately the QCD string tension 

in high energy nucleus-nucleus collisions where large numbers of overlapping strings are expected. 

A suggestion was recently made27
•28 to analyse the 1111 correlation in the em frame in terms of 

the two orthogonal directions transverse to the beam, labelled "outward" (along the direction of 

one of the pions or the momentum vector sum transverse to the beam) and "sideward" (perpendic­

ular to the beam and the outward direction). A measure of the transverse size along the outward 

direction will reflect any prolonged emission or long-lived state such as a quark-gluon plasma state. 

The 200 GeV /n 0 + Au central collision data analysed in Table 1, have been analysed .in these 

parameters near midrapidity (2 < y < 3) and away from midrapidity (1 < y < 2). The results are 

displayed in Table 3. The RL and A parameters were held constant at the best-fit values of Table 
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1 and the RT subdivided into RJ.ut and Rj!de and both allowed to vary. Away from midrapidity 

we find that RJ.ut = Rj!de, whereas near midrapidity RJ.ut = 11.2 ± 2.3 fm and Rj!de = 6.6 ± 
1.8 fm. According to Refs. 27 and 28 these data suggest a long-lived state which prolongs the 

outward emission ·reflecting a larger outward than sideward size in the midrapidity region. Away 

from midrapidity the two sizes are the same as would be expected for a hadron gas. A recent 

paper29 has investigated further the sensitivity of the outward and sideward analysis of 1r1r inter­

ferometry. They conclude that the results described in Tables 1,2,3 are consistent with a range 

of pion source parameters for a hadron gas when additional dynamical effects including higher 

resonances are included in the analysis. It appears that the spacetime evolution of these collisions 

is quite complicated with possible phase changes and subsequent hadronisation and should be a 

source of much future interest and debate. 

Table 3. Pion source parameters extracted from analysis of the 200 GeV/n 0 + Au ___. 1r1r 

correlation data with separation of RT into Rj!de and RJ.ut as suggested in Refs. 27 and 28. Rapidity 
intervals at midrapidity (2 < y < 3) and backward of midrapidity (1 < y < 2) were analysed. 

Rapidity Gaussian 
Interval RT(fm) RL(fm) A 

1 < y < 2 4.3 ± 0.6 2.6 ± 0.6 0.34 +0.09/-0.06 
Rj!de = 4.0 ± 1.0 fm 

, , 

RJ.ut = 4.4 ± 1.0 fm 
, , 

2 < y < 3 8.1 ± 1.6 5.6 +1.2/-0.8 0.77 ± 0.19 
Rj!de = 6.6 ± 1.8 fm , , 

RJ.ut = 11.2 ± 2.3 fm 
, , 

4.3. Neutral Strange Particle Production 

One of the earliest predictions for a signature of the deconfinement transition was an enhance­

ment of s and 5 quarks in a quark-gluon plasma in thermal and chemical equilibrium.30 Most 

calculations predict an enhancement in the observed 5 yield as a signature of plasma formation 

while s quark yields, although enhanced, differ only slightly in a plasma compared to a hadron 

gas. It has recently been noted31 that the actual observation of 5 enhancement after plasma 

formation is severely complicated by the spacetime evolution of the collision process, making it 

diffrcult to discriminate between the hadronisation products of a quark-gluon plasma and those of 

a chemically-equilibrated hadron gas. However, it is highly unlikely that hadronic processes in the 

nonplasma phase are best represented by an equilibrium hadron gas. In any case the dynamics 

complicate, the issue and both the reaction dynamics and the strange particle abundances must be 

understood. 

The streamer chamber can be used to identify the decays of neutral strange particles into 

charged particles. The decay vertex is identified in the streamer chamber and the momenta of the 

positively- and negatively-charged products are measured. Assuming masses corresponding to the 

decays K0 
___. 7r+7r-, A___. p1r-, A___. 1r+p and applying kinematic fitting criteria, unambiguous K0 , 

A, A decays are identified and the strange particle momenta determined. Effrciency corrections are 

-12-

• 

v 

.. 



·0 

applied for obscuration of the decay vertex, problems of identification, measuring and reconstruction 

inefficiencies and the finite chamber geometry. Displayed in Fig. 9a,b and c are ratios of the 

number of strange particles (K0 , A, A) to the number of negatively-charged particles for 60 and 

200 GeV /n 0 + Au, and 200 GeV p + Au in the acceptances measured in the NA35 experiment. 

This acceptance corresponds to fairly high P.L. P.l > 0.7 GeV fc, near mid rapidity. The rapidity 

ranges are given in Fig. 9. The events were selected by triggering with external calorimeters on 

trigger cross sections of 1.14, 0.24 and 0.13 barns for the reactions 200 GeV p + Au, 200 GeV /n 

0 +Au and 60 GeV /n 0 + Au, respectively. These correspond to 0.67, 0.07 and 0.04 of the total 

inelastic cross sections for those reactions. Also shown are ratios for 205 and 360 GeV p + p from 

Refs. 32 and 33 and 200 GeV p + Au from NA35 measured over larger acceptances, P.l > 0.1 

GeV/c and rapidities stated in Fig. 9. At 200 GeV/n the p +Au ratios are identical to those of 

0 + Au measured over the same acceptance. Predictions of the lund/Fritiof model34 taken over 

these acceptances are in agreement with all the data for K0 's and the high P.l A-data for p + Au 

and 0 + Au. However, the lund/Fritiof model underpredicts by approximately a factor of 2 the 

high P.l A-data. More importantly, the lund/Fritiof model appears to overpredict the A and A 
production in the elementary p + p reaction. 
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Figure 9. Ratios of the mean numbers of strange particles a) <N(K0
) >. b) <N(A) >and c) 

<N(A) >to the mean number of negatively-charged particles <N(-)> as a function of incident 
beam momentum. 

The ratios displayed in Fig. 9 are very much dependent upon the P.l region over which they 

are accumulated. Displayed in Fig. 5 along with the P.l distributions of K0 's, A's and A's for 200 

GeV /n 0 + Au are predictions of the lund/Fritiof model. The model underpredicts the slopes of 

the K0 ,A and A data. It's obvious from Fig. 5 that comparisons such as particle ratios or ratios 

of experiment to theory will be strongly influenced by the region of P.l under consideration. With 

the exception of the large acceptance p + p and p + Au data, the discrepancies observed in Fig. 
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9 can be understood from the difference in the slopes of the P.L spectra. The data in Fig. 5 can 

also be fitted with (1/p.L)dufdp.L = Ae-Bm.1.. where A is a normalizati~n parameter, B represents 

the inverse slope of the spectrum and m.1 = Jm2 +pi_ denotes the transverse mass. The best-fit 

values of the slopes of the spectra are listed in Table 4. These values are similar within errors for 

the K0 , A, and A data measured in the 60 and 200 GeV /n 0 +Au and 200 GeV p +Au interactions. 

Table 4. Slope parameters B derived from fits of the form (1/p.L)du/dp.L = Ae-Bm.1.. to the 

transverse momentum distributions for P.L > 0.7 GeV /c. The m.1 = Jm2 +pi_ is the transverse 
mass. 

200 GeV /n 200 GeV /n 60 GeV /n 
p +Au 0 +Au 0 +Au 

Ku 4.9 ± 0.4 4.2 ± 0.4 4.6 ± 0.7 
A 4.7 ± 0.5 4.9 ± 0.3 4.7 ± 0.4 
A 5.8 ± 0.7 3.2 ± 1.4 5.8 ± 1.3 

The ratios of the multiplicities of K0 , A, A and all negatively-charged particles for 0 + Au 

relative to p + Au measured at 200 GeV /n are listed in Table 5. These ratios are close to the 

value 16, which is the ratio of the numbers of incident projectile nucleons. Since the triggers 

correspond to very central 0 + Au (where most of the incident nucleons of the 0 projectile would 

be expected to interact) and relatively inelastic p + Au interactions, it appears that a super­

position of 16 p + Au interactions reproduces the observed 0 + Au particle multiplicities This 

was also the case for the E.1 distributions3 , cross sections and shapes of charged particle mul­

tiplicity distributions.9 Detailed calculation of the ratios in Table 5 will have to include, among 

other geometrical constraints, subtle effects of the difference in the center-of-mass and the various 

penetration depths seen by incident nucleons at impact parameters constrained by the two triggers. 

Table 5. Ratios of K0
, A, A and negatively-charged particle multiplicities measured in central 

0 + Au relative to inelastic p + Au reactions at 200 GeV /n. The ratios are for the high P.L 
acceptance regions in Fig. 9. Also shown are predictions of the Lund/Fritiof model. 

200 GeV /n Data 200 GeV /n Fritiof 
< N Ko >o+Au / < N Ko >p+Au 15.1 ± 3.4 16.5 ± 0.8 

< NA >o+Au / < NA >p+Au 18.6 ± 2.5 20.1 ± 2.1 

< NA >o+Au / < NA >p+Au 16.3 ± 7.0 18.4 ± 3.8 

< N_ >o+Au / < N_ >p+Au 15.9 ± 1.2 16.2 ± 0.3 

Neutral strange particle production in 200 GeV /n S + S interactions has been analysed to 

provide information on the volume dependence of strangeness production. The yields of K0 's and 

A's as a function of event centrality are displayed in Fig. 10. Plotted are the mean numbers of 

K0 's and A's as a function of the mean charged particle multiplicity in the event sample. Details 

of the analysis can be found in Ref. 35. Increasing multiplicities of charged particles correspond to 

smaller impact parameters in a geometrical model. Little spectator matter is expected to remain 

in central collisions of S + S, in differentiation to collisions of 0 + Au. The A yield rises as a 
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function of event centrality to a value more than twice that expected from the Lund/Fritiof model 

or an independent nucleon-nucleon model extrapolated from p + p to the S + S case.35 The K0 

yield also rises above predictions but to a lesser degree than the A's. The dependence of <N{A)> 

on <N( +- )> is steeper than linear, i.e. <N(A)> ....... <N( +- )> 0 where a > 1. Also plotted in Fig. 

10 are predictions of a simple hadron gas model (double line), which lies near the Lund/Fritiof and 

nucleon-nucleon model predictions, and a parton gas model (triple line) which predicts enhanced 

yields35 near those observed. 

3.0 3.0 
a b 

200 GeV/n S + S ->II+ X PRELIMINARY 
2.5 PRELIMINARY 2.5 200 GeV/n S + S ->!(+X 

2.0 2.0 
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Figure 10. For 200 GeV/n S + S interactions, the mean multiplicities of a) A's and b) K0 's as 
a function of the mean charged particle multiplicity in each event sample. The solid lines are pre­
dictions of the Lund/Fritiof model and the dashed lines those of an independent nucleon-nucleon 
model. The double line is the prediction of a hadron gas model for central collisions and the triple 
line that for a parton gas (see Ref. 35). 

5. CONCLUSIONS 

Most of the data presented on transverse energy distributions, forward energy flow, mean 

particle multiplicities, interaction cross sections and rapidity distributions provide information which 

can be interpreted by a geometrical folding of nucleon-nucleus interactions in a nucleus-nucleus 

..., collision geometry. The stopping is incomplete at 200 GeV /n, but at least 40 percent of the 

maximum available transverse eAergy is observed in average central 0 + Au and S + Au collisions 

.,., and at least 60 percent for collisions with a cross section of one percent of that of the average 

central collision. The resultant nucleus-nucleus interactions appear to have sufficient stopping to 

produce energy densities E ~ 2-3 GeV /fm3 in the tails of the distributions. From geometrical 

considerations and the scaling observed in the experiment, the transverse energy of average central 

collisions scales as E1. "" Aproi for Aproi < Atarget· The volume V scales as V "" A~t~i A:f;get· 
Therefore, the 'energy density E = E1. j V "" A~~;· In extrapolating from the measured S + Au 

transverse energy distributions by use of the A~;i scaling for E, the energy densities for Pb + Pb 
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are expected to increase by approximately a factor of 1.8- 1.9 and the volume by 3- 4 over present 

values for 5 + Au. 

A large number of produced particles, mostly pions, is observed at midrapidity in 200 GeV /n 

0 and 5 induced interactions. These are strongly peaked at midrapidity in the rest frame of 

geometrical overlap of the nucleus-nucleus collision. Estimating from the observed charged particle 

multiplicities, approximately 90 - 100 charged and neutral particles per unit rapidity for 5 + 
5 and 120 - 140 particles per unit rapidity for 0 + Au exist in the final state at midrapidity. 

The transverse momentum distributions of negatively-charged particles at midrapidity cannot be 

described in terms of a thermal distribution with a single temperature at midrapidity. A multiple 

temperature parameterisation fits the data. A thermal distribution with superimposed radial flow 

also fits the negatively-charged particle data. Predictions of the radial flow model are also consistent 

with the transverse momentum distributions of heavier produced particles measured in NA35. The 

large source sizes observed in the rrrr interferometry data appear to be consistent with the freezeout 

conditions taking into consideration the large number of hadrons present in the system and the 

rrrr mean-free-path. In addition, the source parameters determined from rrrr interferometry, the 

measured PJ. distributions and the rapidity density of charged particles measured in NA35 can be 

used to constrain the freezeout conditions in the radial expansion model, resulting in an average 

energy density of 1 - 2 GeV /fm3 for central 0 + Au collisions. 16 It should be emphasized that the 

transverse momentum distributions of negatively-charged particles in central collisions of 0 + Au 

and p + Au at 200 GeV /n have enhancements at P.L < 0.1 GeV jc and P.L > 1.0 GeV jc which are 

not present in minimum bias p + p data. These enhancements have been observed in very high 

multiplicity p + p and a+ a events at higher energies suggesting a possible common description 

in terms of the "hard" scattering of partons. A sufficient number of hard parton scatterings might 

occur in central nucleus-nucleus collisions to dissolve the structure of the incident nucleons, thereby 

satisfying a prerequisite for quark-gluon plasma formation. 

Ratios of neutral strange particles to negatively-charged particles measured in NA35 are the 

same for p + Au and 0 + Au at 200 GeV /n. Furthermore, the strange particles and negatively­

charged particles are a factor of 16 more abundant in central 0 + Au than inelastic p + Au. These 

results are entirely consistent with a description of central 0 + Au interactions in terms of 16 

inelastic p + Au interactions. For 200 GeV /n 5 + 5 an enhancement of the A, and to a lesser 

degree, the K0 multiplicity in central interactions relative to peripheral ones has been observed. 

This strong dependence of the strange particle multiplicities as a function of centrality is neither 

reproduced by the Lund/Fritiof model nor by a superposition of nucleon-nucleon interactions. A 

parton gas model appears to be successful in producing the multiplicities observed in the data. 

Further study of this interesting effect for the asymmetric 0 + Au system should aid in under­

standing strange particle production in the two different systems. 
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