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J/¥ and v’ production cross sections are studied for several proton induced reactior -
and in 5-U collisions. in the NA3S8 experiment, by measuring the resonances’ decays in t...
muon pair channel. Whereas in p-A interactions the w'/J/y ratio remains constant goin .
from p-p and p-d collisions to p-W and p-U ones. with a mean value of 1.76% + 0.0
in the 5-U data it exhibits half of this value and it decreases as centrality of the collisic -
increases. Also studied are the differences between the v/7° ratio yields correlated wit
the .//¢ mass range and other dimuon masses; no significant effect is seen.



1. INTRODUCTION

The NA38 experiment uses the SPS accelerator at CERN and detects muons produced
in p-A and S-U collisions at different energies. It triggers on muon pairs and is also able to
measure neutral transverse energy, £%, and charged particle multiplicities, n.,, correlated
with the dimuon mass, M,,,,. '

As NA38 deals with high intensity beams, ¥’ statistics could be accumulated for differ-
ent p-A systems and for S-U interactions.

The motivation of such a study relies on the different theoretical predictions concerning
the %' behaviour in the Quark-Gluon Plasma (QGP) framework and in hadronic rescat-
tering models [1]. Our first aim in this report is to study the %’ evolution, as compared
to J/¥, from p-A to S-U collisions.

On the other hand, NA38 has also measured J/1 suppression [2] and ¢ enhancement
(3] in S-U interactions at 200 GeV/nucleon. These observations are in agreement with
standard QGP predictions. Such predictions imply, for central collisions, that J /% channel
emphasizes non-plasma events, as it survives better in a non-QGP environment; and that
¢ channel favours events with QGP formation, as chemical equilibrium allows strangeness
abundances to increase. In this context, we may ask if ¢ events radiate more than J/
ones. Our second goal is the study of direct photon emission in correlation with ¢ and

J /¢ signals.

2. EXPERIMENTAL SETUPS

The NA3S detector [4] consists mainly of a muon spectrometer, an electromagnetic
calorimeter which measures the neutral transverse energy released in the interaction,
and an active target formed by several subtargets and a set of cylindrical scintillators
surrounding them, from which we obtain the interaction point and a measure of the
charged particle multiplicity.

Different layouts are used. The setup dealing with sulphur beams is described in detail
elsewhere [4]. Here we focus on the proton-nucleus special configuration setups. In order
to obtain reasonable statistics with different systems covering a wide mass number range:
Hy, Dy, C, Al, Cu and W, proton intensities were almost an order of magnitude greater
than ion ones (10%/burst in p-A as compared to 1.8 - 108 in S-U). This is is only possible
using SPS primary beams at 450 GeV/c.

Also, the usual 20% interaction length uranium targets, used in sulphur induced re-
actions, were replaced by targets having a factor of three more. Nevertheless, in some
systems (p-Cu and p-W) two target thicknesses allowed us to control results’ quality,
namely mass resolution differences, which extend from 74 to 38 MeV at the J/+, and
secondary interaction rates. found to he negligible.

The experimental layout for the proton induced interactions impinging on H, and D,
was specially designed for other physical purposes (NA51 Collaboration - Study of the
isospin symmetry breaking in the light quark sea of the nucleon from the Drell-Yan pro-
cess) [3]. J/ur and ©’ analysis is thus a by-product of our NAS51 data. For these systems,
due to the long targets used. .//¢ mass resolution is 175 MeV.

In p-A interactions the number of nucleon-nucleon collisions inside the target nucleus
is small and thus subject to large fluctuations, whatever the impact parameter of the



reaction may be. Due to this, the neutral transverse energy E% is very weakly correlated
to the geometry of the interaction. As a consequence, the electromagnetic calorimeter,
made of scintillating fibres embedded in lead in a 1:2 volume ratio, was replaced by a BeQ
absorber which, while fighting background at the same level, improves mass resolution.

3. DATA ANALYSIS

On the reconstruction of the experimental data events, selection criteria concerning
track quality and chamber’s fiducial volumes are applied. In view of the background
subtraction, one imposes the same u* and u~ acceptances by applying an additional
cut, which rejects each track whose opposite charge image track would fell out of the
spectrometer’s acceptance. NAJ8 background comes from 7 and K decays into muons.
The background yield is deduced from the like-sign distributions in each dimuon mass bin
and as a function of the magnetic field sign (which is reversed frequently) with the usual
expression

N7 =2-R-(\JNI*N;= + /NF*Nz-) | (1)

where /V subscripts stand for the magnetic field signs and R is a factor depending on the
collision type. For p-A interactions, R was measured with the help of two extreme setup
configurations, in what concerns the amount of absorbers used. Combining these results,
knowing that the dimuon signal should be the same in both, whereas the background
should be less in the larger absorber setup, one obtains R P4 = 1.25 + 0.04 = 0.06, in
accordance with our Fritiof based Monte-Carlo simulations. For S-U interactions, one
relies on the simulation value and use RSY = 1. In fact, the background extraction
expression with £.= 1 is rigorous for independent and poissonian like-sign distributions,
which is the case for S-U, with EZ > 13 GeV, but not for p-A, where multiplicities are
small.

In this way, background is subtracted from the data, prior to any comparison with our
Monte-Carlo simulations.

In the dimuon mass region of interest for this analysis the physical ingredients are
the J/4¢ and ¥’ resonances, the Drell-Yan and DD distributions. As beyond M,, > 2.9
GeV/c? DD becomes negligible, only the first three contributions are generated, using the
NA38 Monte-Carlo simulation program. For Drell-Yan, GRV(HO) [6] structure functions
parametrization is used. and one takes isospin into account (s2Y # 5OV # olY # o2F)
in the o3} generation. J/v% and v masses and widths are generated according to their
nominal values.

Each kind of simulated events, that is, Drell-Yan, J/¢ and ¥, is separately recon-
structed with the NA38 program used also to reconstruct real data. Analytical functions
are used to smooth each kind of reconstructed events. Finally, to fit the experimental
data, we use a superposition of the three component’s analytical functions:

dNsiomal AN ANV dNDY
& Cyr + Cpy - 2
M, ML, T, T I (2)

Figures 1 and 2 show the V7" distributions, for p-Cu collisions at 450 GeV/nucleon
and 5-U interactions at 200 GeV/nucleon, where the generated contributions have been



superimposed. One sees that both fits are good, the x?/ndf being 1.62 and 1.16, respec-
tively.
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Figure 1. Signal dimuon mass distribution =~ Figure 2. Signal dimuon mass distribution
in p-Cu collisions. in S-U collisions.

4. RESULTS ON v'/J/y CROSS SECTION MEASUREMENTS

4.1. Study of p-A interactions

For all p-A systems at 450 GeV/nucleon, our analysis is performed in the following
kinematical domain: cms rapidity region of —0.5 < y.m < 0.7 and scattering angle region,
in the Collins-Sopper frame, of —0.5 < cos §* < 0.5 . Table 1 shows the number of %', J/%
and signal events for A, > 1.5 GeV/c?, for the analysis of proton induced interactions.

Table 1
Number of events in p-A collisions

System Nstgnal NYTY N¥
(target length, cm) M, > 1.5 GeV/c?
p— H, (120.0) 484509 441969 10152
p— D, (120.0) 490417 454077 10802
p—C (30.0) 16568 14966 399
p— Al (20.0) 2135 1862 30
p—Cu (10.1) 18327 16544 383
p—Cu ( 2.0) 2313 2083 43
p=W ( 5.6) 13082 11579 247
p—W ( 1.3) 2202 1907 49




In order to extract cross sections, %’ and J/4 are corrected for acceptance. The analysis -
of ¥'/J/v¢ cross section ratio in the uu channel (Byoy/By0osy) is performed as a
function of the target mass number A and of the particle mean path in the target nucleus
L. L is calculated within a geometrical model [7].

To compare our results at 450 GeV/c with our previous ones, p-W and p-U data at
200 GeV/nucleon, which were presented at QM’93 (8], we perform the energy rescaling
of the ratio Byoy /By . For this, we use the so-called Craigie parametrization

= C;-ezp(—14.7 M;/\/s), where i = ¢’, J/1, x and we take into account %’ and both
X deca.ys into J/:

01/1.0(\/5) = a'ﬁd.‘r(\/g) + %'-w(\/g) + Ux.p,p(\/;) .

That is, values of the ratio at energy /57 are obtained from those at energy ,/3; using

( Byay ) _ owlVs2)/a4u(\/52) ( Byay )
Bipwous) s Ve

aw(v/s1)/oau(V/s1) \ Biwoiw
Table 2 shows such rescaling applied to our data. As corrections are small, of the order
of 10%, the question concerning the quality of the used parametrization is not important.
Also shown are four other experiment’s values [9].

Table 2
Rescaling of the ratio By oy /B0y from 450 to 200 GeV/c

Experiment Interaction Byoy/Byyosy  correction  Byioy/Biyo sy (%)
(Pras, GeV/c) (%) after correction
R702 p—p(\/s = 63) 1.9+£0.7 0.811+0.013 1.54+0.60
E705 p(300) — Lz 1.88+0.31 0.945+0.004 1.78+0.30
E288 p(400) — Be 1.7£0.5 0.914+0.006 1.55+0.47
E444 p(225) - C 1.6£0.9 0.98240.001 1.57+0.88
NAS1 p(450) — ['{2 1.97+0.06 0.902£0.006 1.78+£0.07
NAS51 p(450) — 2.03£0.06 0.902+0.006 1.83+0.07
NA3S p(450) — C 2.07£0.26 0.902+0.006 1.87+£0.25
NA3S8 p(450) — Al 1.24£0.32 0.902+£0.006 1.1240.30
NA3S p(450) — Cu 1.76£0.15 0.902+£0.006 1.59+£0.15
NA38 p(200) — 1.77£0.11 1 1.77£0.11
NA3S8 p(450) — H/ 1.70£0.18 0.902£0.006 1.53£0.17
NA38 p(200) — 2.01+£0.46 1 2.014£0.46

Figure 3 shows the trends of the ratio Byay/By/y04y as a function of the target mass
number A for all our p-A systems at (or rescaled to) 200 GeV/c, together with the other
experiment’s resuits. A linear fit gives a slope of —0.048% =+ 0.055%, with v?/ndf = 0.9,
which is consistent with no evolution against A. Thus, the ratio has a mean value of
1.76% + 0.04%.



4.2. Study of S-U interactions .

Our report refers to the last data taking period with sulphur beam (1992). An average
with the previous ¥'/J/4 cross section values, relative to the 1987-1991 periods (40% of
NAS3S8 final statistics), is performed.

The cos 6 kinematical domain is again —0.5 < cos 8* < 0.5 but, to ensure the same
muon paths in all absorbers, the S-U analysis is confined to the rapidity domain of —0.5 <
Yem < 0.5 . Events were split in four equipopulated E% regions. Table 3 shows the number
of ¥', J/¢ and signal events, for M, > 2.0 GeV/c? for the analysis of S-U interactions.

Table 3

Number of events in S-U collisions, 1992 period

E% regions Nignal NI N¥

M,, > 2.0 GeV/c?

1 22396 18233 252
2nd 36697 29570 329
3rd 40723 32322 226
4th 40795 31983 220

To extract cross sections, ¢’ and J/v are again corrected for acceptance. In order to
put together our systems, that is, all p-A and S-U results, we also used the variable L,
the particle mean path in the target nucleus, which is, as £%, a measure of the collision
centrality.

Table 4 shows the trends of the ratio Byoy/Bj/y0/y as a function ES (and L) for
the whole NA38 statistics, that is, putting together the results of the 1987, 90, 91 and 92
data taking periods.

Table 4

Ratio Byoy/Bjsy04sy as a function of £% and L for S-U collisions

E%. region (GeV) <E$> (GeV) L(fm) Byoy [ Biyoiy
13 - 34 23.7 6.7 1.11 £0.12
34 - 56 44.6 7.8 0.97 £0.10
56 - 75 65.1 9.0 0.68 £ 0.09
75 -110 36.9 10.2 0.62 £0.09
>13 35.7 8.5 0.83 = 0.06

In igure 4 we show the evolution of the ratio Byay/Byo,y for all p-A and S-U
results, as a function of L. One clearly sees that, while in p-A data the ratio is flat
against L, i.e., ¥’ has the same behaviour as .J/v, S-U results show a clear departure:
¥’ becomes more and more suppressed with respect to .//v as L increases. Thus, 1’
behaviour, as compared to .//v, is different when passing from p-A interactions to S-U
collisions. Nevertheless, if we perform a global linear fit to our data points we obtain a
slope of —0.116 £ 0.008 with a bad \*/ndf: 3.4 .
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5. STUDY OF DIRECT PHOTON EMISSION

5.1. Principle of the method

Our aim is to investigate the v/7° yields correlated with the dimuon mass M,,., namely
with J/v and ¢, using our S-U data. The study is performed in the pseudorapidity range
of 1.7 < map < 4.2

The electromagnetic calorimeter measures E%, which is mainly due to photons, either
originating from hadron decays (essentially 7°) or, very rarely, directly produced. One
has, thus, E% ~ EF° + E7. .

The target cylindrical hodoscope measures n.,, which gives the number of charged
particles (mostly minimum ionizing pions), i.e., oy ~ 2 - nyo .

Assuming thermal ~, 13} = [37’5, one derives the v to 7° ratio:

ny _ (Ef/Pr —na/2)

MNpo Tlch/?.

3

with small statistical errors, but larger systematic errors (~ 20%) than the expected effect
(~ 1%).

For this reason we prefer to study ratio differences, e.g. n.,/nyo(¢) — Ny [Nmo(J[9)
which are meaningful as systematic errors largely cancel.

5.2. Data correction

Assuming multiparticle production limited to pions and direct gammas, the calorimeter
yields EF™* = PX(ngo + funiies) + Pin,, where fon,« weights the contribution due to
charged pions, and the target hodoscope yields a signal proportional to a multiplicity,



Nen = [Rat + fy(2nne + n,)], with f, being the fraction of additional charges due to v
induced electron pair creation in subtargets. A Monte-Carlo is used to extract these f
quantities.

In order to have a perfectly linear correlation between the two variables E2 and E$,
which are derived from the previous measured quantities, we perform some data correc-
tions, such as equalizing E7™** and n. resolutions and normalizing the n., mean on the
one of 2- E3™**, These correction factors are established on the whole sample of dimuon
data (opposite and like-sign) and over the mass range of 0.5 < M, < 3.5 GeV/c? (38K

events). One obtains:
E% = Pr - (nro + 0.66n%")
EF =Pr-(nes +0.22-n%) = Pr (2 np +0.22-n%7) |

Figure 5 shows such a correlation between these two derived variables.

5.3. Results

Now, defining the averaged transverse energy £$ = 1/3 - (E% + E*), we can express
the relative excess of neutral transverse energy by: A = (E% —0.5- E$*)/E%®, from which
we extract: ;= = 5 =1.81-4A.

In order to minimize systematic errors, we study ratio differences AS~7/¥ = AS — AJ/¥
or, in another way, < X >3 — < = >J/¥=1.81-AS~9/¥ S stands for each of the dimuon
mass regions that are compared to the J/v one: p +w, ¢ and continuum (defined as
1.25 < M, < 2.70 GeV/c?). The fraction of main signal in each mass region is: p + w:
80%, @: 78%, continuum: 98% and J/+%: 96%. Figures 6, 7 and 8 show such differences for
S-U collisions (with AS=//¥ on the left vertical scale and < 2 >5=J/% on the right one)
as a function of £%*. No direct photon enhancement correlated with any particular mass
region, as compared to the .J/¢ one, is found. The broken lines concern the < v/7° >
variable and they indicate a 3between low mass channels and the J/v .

In Table 5 are shown integrated values for two most central £%” bins representing 80%
and 35% most central dimuon trigger events. The fraction of corresponding minimum
bias events are estimated to be 25% and 8%, respectively.

Table 5

v/m° differences for near head-on S-U collisions

centrality A=Y NO=ITT ACont-=IT%
25% 0.6 £0.7 0.4 £0.7 0.0+1.3
8% 1.2+ 1.0 -04 £ 1.0 0.8 +1.8

We notice that no significant differences within £2% (90 — 95% CL) on the v/7° ratio
between the p + w, ®, or continuum channels and the .J/¢ one are seen in central S-U

interactions.

These result holds as far as all channels (.//¥, ¢, ...) have the same hadronic structure.
A complete simulation using a more realistic picture of emitted particles and strangeness
enhancement, rather than our only pion assumptions, will be undertaken to precise these

results.
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6. CONCLUSIONS

In p-A interactions the Bycy//Bj/y0y ratio remains constant going from p-p and
p-d collisions to p-W and p-U ones, with a mean value of 1.76% =+ 0.04%. In the S-U
interactions the Byoy /B0y ratio has value of 0.83% =+ 0.06% when integrated in
- E%, and it decreases by almost a factor of two as centrality increases. These results imply
that, while %' and J/% behave in the same way in p-A, %’ is more suppressed than J/v

in S-U collisions.

Concerning direct photon production, our results, if confirmed, shed some doubts on
the picture of stochastically occuring QGP, where ¢ events tag QGP reactions while J/9

ones survive when QGP is not formed.
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