acta phys. slov. 39 (1989), No. 5

GLUON MULTIPLE SCATTERING AND THE
TRANSVERSE MOMENTUM DEPENDENCE
OF J/y PRODUCTION IN NUCLEUS-NUCLEUS
COLLISIONS - *)

HUFNER J.') KURIHARA Y.7) PIRNER H. 1. Heidelberg

A J/w meson is mainly formed by gluon fusion for 200 GeV pp collisions. In

reactions with nuclei the gluons'(g) scatter off other nucleons (N) before fusing to a

4/, vhich then shows an additional transverse momentum p. Fitting the value of the

parameter owz@wvi to describe the gluon multiple scattering effect in proton-nucleus

data, we can reproduce the pr distribution of the J/y production in 200 GeV/A

nucleus-nucleus collisions. The origin of the p; distribution is traced to soft gluon

radiation.

The J/y (or simply y) suppression observed {1] in nucleus-nucleus collisions
$ compared to nucleon-nucleon (NN) collisions is usually interpreted as an
ffect of the final state. After being produced in one of the NN collisions the v
1eson collides with other nucleons and produced hadrons on ints way out of the
Uteraction zone and “disappears”, i.e., is converted into a state which does not
ecay into a y* u~ with mg.,- = m}. Indeed, this effect has been proposed as
signal about the properties of a quark-gluon plasma produced in a nucleus-
ucleus collision [2]. If a quark-gluon plasma is formed, the flux of the ys is
educed significantly. Up to now the observed ratio of the ¥ production relative
> continuum muon pairs as a function of the associated transverse hadronic
nergy E; has not yet found a satisfactory, i.e., a parameter free explanation
3—12]. We would like to draw the attention to the additional available data [1]
or the y production as a function of its transverse momentum p,. The ratio

\< H
R (p,; EY, Ef) = Nelor ED) ()
Ze\@ﬂ. mﬂv
ompares the number N, (p;, Ef) of the y events (i.e. muon pairs in the mass
ange 2.7GeV/c> <m,, < 3.5GeV/c?) with a given p, and a high associated
1adronic energy E¥ to the number N, (pr, EF) with the same p, but a low energy
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EL, .ﬂ.:m variable £, is a way to select the impact parameter of a nucleus-nucleus
collision. Central collisions are related-totigh values of E;. For E}' > EE the
data [1] for R from €q. (1) show a monotonic rise in pr by about a factor 2
from Pr= Otop,=2 GeV/c. Several authors [3,4,6,9—12] have explained this
Uo:mSOE as a geometrical effect of the final state. A w with a larger p, can leave
the interaction zone more quickly and is therefore less absorbed. The theories
vmmma on plasma formation are usually formulated in terms of the formation
time of the y and the lifetime of the plasma. With the adjustment of a few
parameters the data can be reproduced.

In this paper we propose an alternative explanation in that we attribute the
Pr amv.n:amzom of the ratio eq. (1) to initial state interactions: gluon multiple
momwﬂn::.m before the y production, Fig. 1. This effect must be present because
a <<._a.o:5m of the p, distribution is already observed in proton-nucleus (pA4)
collisions as compared with pp collisions, both for the y production [13} and the
UR.:-<m: process [14]. The latter has been investigated theoretically by
O:_mnnan et al. {15], whose reasoning we follow in this paper. At the
same time as a preprint of our work was ready, we received the preprints of two
other groups, Gavin et al. [17] and Blaizot et al. (18], who independently
came to the same conclusions. All three papers will appear in Phys. Lett. B.

Projectile

C
A RL

Target Nucleons

ﬂ__m_:m_,_“ mo:mam:o.aomqnmn:_maoz of the gluon multiple scattering before the ¢é production. A
gluon from the projectile proton collides with various target nucleons exchanging transverse
momentum at each vertex and then leading to ¢¢ by gluon “fusion™. )

At 200 GeV _mvoamﬂod\ energy the y production in pp collisions is dominated
by the gluon fusion (88 — ¢¢), while the quark annihilation (99 — ¢¢) contri-
UE.& o.:_v\ 10 % to the cross section [13]. In a p4 collision a gluon from the
Ua.eoo:_o proton may scatter off one or several target nucleons before fusing
with some target gluon to produce the y. The mean squared transverse momen-
tum {p?>_(x) of the observed ¥ is a function of the history of the projectile
gluon and therefore depends on the point x = (b, z) of fusion

z

A\uWVQAuu Nv = A\»W \,uv + AEWVNZ ) Q.h2|‘n

dz'g,(b, 2°). 2)

M:m Eo_mo.:_a gluon moves at the impact parameter bm_,o:m the z direction. The
Ist term in eq. (2) is the contribution from the ¢¢ production vertex in an
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isolated pp collision, while the second term arises from the gluon multiple
scattering before the fusion, z* < z, cf. Fig. 1. The rescattering term depends on
the gluon-nucleon (gN) cross section O,v. On the mean squared transverse
momentum {p;),y acquired in one gN collision and on the nucleon number
density o,(x) normalized to the total nucleon number 4. The effect of multiple
scattering is controlled by one parameter g,y - {p7Yens Which we will obtain
from the experiment. With the help of Qwv%kv from eq. (2) and assuming a
Gaussian p; dependence [13] the differential cross section for'pA4 — wX can be
written as

do™™¥ . exp (—pi/<pD (%)) Nk \
— =" d'xe,(x) n == . exp(—oyn ,_. dz"g,(b. 27).
dpr % PPy v e
3)

The y can be formed at any point x of the nucleus, but depending on x it is
formed with a different Aﬁwv%kv. Also the absorption in the final state described
by the last factor in the integral depends on the point x of the production, o2
being the absorption cross section of a y on a nucleon [5]. The effect of gluon
rescattering is completely described as soon as {p,(x) is known. We use the

experimental result {13]
PP — <pPY, = 0.34 + 0.06 (GeV/c): 4)

for the p; distribution of a y produced in pPt and pp collisions to fix the crucial
parameter

Oen {PPen = (0.39 £ 0.08) fm? (GeV/c). ()]

Then the shape of the p, distribution is completely determined while the ab-
solute normalization has been adjusted. Fig. 2 shows the comparison with the
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Figure 2: The ratio of pp > w to pPt—> y 05
production cross section as a function of trans-
verse momentum. The data are from Badier
et al., [13] the solid line represents our calcula- 00 1 A .
tion which has been normalized to the data at 0 10 20 30

pr=15GeV/c. Pr Ammiv
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experiment, a satisfactory agreement is obtained for Pr<2GeV/c. At larger
<.m_:om of p; the growing discrepancy may be due to the Gaussian approxima-
tion. .

Now, we turn to nucleus-nucleus collisions. There both, projectile and target
m_:nz.m, can scatter before they fuse to form a c@ pair. The mean squared
additional momentum of the v acquired via the gluon multiple scattering
aongam on the total length L, the sum of the projectile and the target gluon
trajectories. This length is a function of the impact parameter or equivalently of
the transverse energy Er. The ratio eq. (1) R(p,, EY, E}) of the events with a
given pr but different transverse energies £, can be written in terms of the
different lengths L(Ey) of gluon trajectories. As described in ref. [5] we use for
the experimental data [1] under consideration O+ U)

4 m, ; = EL
LEy =R, +W W Er = By
4 6.5 fm; E; = E¥.

For sulphur as projectile we replace the radius R, of oxygen by the one for
m.::vrcﬁ Except for an overall normalization no parameter enters our calcula-
tion. The shapes of the experimental data are reasonably well reproduced, cf.
Fig. 3. Therefore we conclude that the shape of the pr distribution of s
produced in nucleus-nucleus collisions is well (i.e. parameter free) described by
the initial state interactions, but that the final state interactions are responsible

(6)

initial state interactions also predicts that the ratio R(p;) in Fig. 3 should grow
above one, while the final state theories always predict a saturation, R(p;) = 1
forall p, > pi. Unfortunately, the data are not yet conclusive. The data of ref.
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T.m::u 3: ,:.,a ratio R(p,) of the number of events with large values of £, 1o the number of events
with small £, for muon pairs in the mass range 2.7 < M, . . <35 GeV/c as a function of the
lransverse momentum for oxygen-uranium and sulphur-uranium collisions at 200 GeV/A. The data

are from Abreu et al {13, the solid line is our calculation, with an overall factor adjusted at
pr=0.
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{1] for p,-distributions in pU collisions have too poor statistics to draw any
conclusions.

Only one parameter, Con va“z, enters our calculation. It is determined from
experiment and permits to describe the p. dependence of the y production in pA
and nucleus-nucleus collisions. We note that a similar analysis of the Drell-Yan
process in nuclei can be done where the quantity corresponding to €q. (7) has
been measured for the 74 — u* u~ (DY) reaction [15]

{piyoy — pEEY = (0.17 + 0.03 + 0.02) (GeV/c). (7
From this result we deduce that
1
QAZ@WVQZ = M WZQWth : AWV

Itis not clear, however, at which kinematical variables the two sides have to be
taken. The data of ref. [1] on the p,-dependence of the continuum have an
insufficient statistical accuracy to obtain a value for O P on-

Finally we analyse the values {p.nand {p7>,n from a QCD point of view.
We assume that the mechanism to produce transverse momentum in gN colli-
sions (gN — gX) is the same as in the ¢ creation (gg — c¢), except for possibly

different mass scales § = X, - Xys in the multiple scattering process compared to

Q ~ Ew?a the c¢ creation. For § ~ Q% and since two gluons are involved in the
¢c creation and only one in the multiple scattering, we have

; ]
QWVWZ = M@WV\%

If the kinematic conditions are such that €q. (13) holds, we may use the
experimental value [13] pp¥, =123 (GeV/c) to calculate PPy =
= 0.62 (GeV/c)’ and from eq. (5) Gpn = 6mb. Can {p7>,, be understood from
QCD? The contribution of the radiated soft gluons to the p, distribution can be
estimated by a resummation technique in the leading double logarithmic ap-
proximation (Altarelli et al. [16]), and we find for the momentum distribu-

tion mmm of the parton j (gluon or quark) in analogy to ref. [15]

dp;

; ipp-b 556-0Y
Ly, 0 = [dtbe™ ver”
dpr 10
Gm 2 2 2
d a, 3
S(b, 0%) = & 1y bgy) — 1) 241 ? 2. -v.
0 4qr n g; 2

The quantity S;(b, Q) is the Sudakov formfactor, the factor W which is missing
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in ref. ;& arises from the fact that one deals with one parton only. The function
Si(b, Q%) depends on the type j of the parton via the colour factor ¢;, which
mnc&.m 3 .moﬁ a gluon and 4/3 for a quark. The integral gets its am—:msmsﬁ
ooi:c::osm. from small values of ¢, and therefore S,(8%, Q)ack’- £(Q?) is a
good approxiamtion. Then the colour factor ¢ %83#:8 &89\_« the ratio of
mean squared momenta for the gluon and the quark (for the same value of on)

@0 =2 oh, 09, (1)

Is this the origin of the factor of two in €q. (8)? We have also evaluated the Q?
dependence of (p2) from eq. (10)

oD, = 0.5

for 02=9
1.1 w (2]

for 92 =25

(all units are (GeV/c)). The case 02=9is appropriate for the ¢¢ production and

M”ooznﬁm_o:_mﬁna value oY = 2P, = 1(GeV/c)* agrees well with the experi-

on the partonic level, i.e. as gluon multiple scattering. Is it also possible to work
on the .\S&Eiq level, i.e. to consider the PP asa consequence of the multiple
scattering of the incident hadron as a whole (for pA4 collisions)? We think that
the comparison of the :co_om.n ¥ production (74 — y) via the gluon fusion and

>ow=.o€_aama8m=ﬁ One of the authors of this paper (J. H.) thanks the
organizers of the conference for their invitation and wonderful hospitality.
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TMIOOHHOE MHOT'OKPATHOE PACCESHUE M 3ABUCHUMOCT b
IIONEPEYHOI'O MOMEHTA NPH J/y NMPOAYKIIUHA ITPU COYIAPEHMAX
THUIIA AAPO-SIAPO

J/y-Me30H B OCHOBHOM GOPMHPYETCS CHHTE3OM TJTIOOHOB B pp-coynapenuax npu 200 GeV. B
PeaKiiix ¢ SAPOM IIIOOHBI PACCCHBAIOTCS HA HYKIIOHAX, Npexze Yem o6pa3oBaTs J/y, xoTopsiii
BIIOCIENCTBUM 061aNaeT ONONHUTENLHBIM OMEPEYHEIM MOMEHTOM Pr- Toaronss 3navenus nap-
aMeTPa O,y {PF),y C UETBIO OMACATH IPPeKT MHOTOKPATHOTO DAacCEHBAHHUA [JIIOOHOB HA OCHOBE
AGHHBIX U3 NPOTOHANEPHBIX PCAKIMH, MBI MOKEM BOCIIPOM3IBECTH POXIeHHE J/ ¥ B COyRapeHHsax
THna Aapo-aapo npu 200 GeV/A. Ipupona p, pacnpefeneHus CBA3AHA ¢ MATKHM TJIFOOHHBIM

H3JTyHCHUEM.
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