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INTRODUCTION

A reviev of the very many experiments dealing with "hard ele< romagnetic
processes" goes far beyond this talk. I will, instead, use the most . -cent data
and focus on quantitative test of QCD. More specifically, I will retain two
items :

- hadroproduction of direct phetons,

- Drell-Yan.

In addition, I will briefly discuss a recent analysis of ISR data o tained
with AFS '(Axial Field Spectrometer) vhich sheds a new light on the e/n uzzle
at low PT'

Readers interested can find extensive revievs on Drell-Yan and ¢ -ect

photons in ref. 1.

HADROPRODUCTION OF DIRECT PHOTONS

Recent data

Let me first describe the data collected recently and recall the basic

experimental limitations.

1. Fixed target

Fixed target experiments at SPS have accumulated large luminosities wvith
highly segmented calorimetry (Table I). They obtain clear prompt y signals with
good rejection against n®,n backgrounds dominant at low PT' They also can
efficiently reject the muon halo background, mostly relevant at large PT’ using
timing and angular measurement.

In spite of the high quality of these data, the systematical errors are
still of order 20 to 30 ZX. They are due to well known limitations which T
briefly recall :

- the background substraction which gives a source of 10 to 20 X. A detailed

simulation is used to reproduce experimental distributions. However, given the



numerous effects involved (materialization of .photons, coalescence for
energetic n°, n contribution, ete...) experimentalist take a conservative
attitude in their estimates,

-~ the energy scale can be precisely calibrated to within 1 X using the n®
and n mass distributions. With the very steep slope in PT of the photan
distribution, a 1 X uncertainty corresponds to about 10 ¥ error on the cross
section, ’

- an additional 10 X uncertainty is added to take into account luminosity

monitoring and various inefficiences.

TABLE I. Fixed target (hydrogen) experiments

Lab Photon Radron
Experiment Beam Sensit}vity energy detection detection
pb~ GeV
n 1.3
. Prop. tubes 9X° Segmented
NA24 " 0.2 300 pp/scint. 16%° bad. cal.
p 0.45
n 3.5 A . i
VA70 ot 1.3 280 Pb/%lqmd seint. Q spectrometer
24X° in 3 segments
P 5.2
uaé P 0.5 315 Pb/prop. tubes Magnet

24X° in 3 segments spectrometer

Vhen considering the XF distributions, say at fixed PT' one should also
realize that they usually correspond to a vast dynamical range in the photon
energy. Additional systematical errors can then occur vwhich are due to
linearity problems o:c to rapid changes in background contributions. In
comparing data and predictions, I will therefore privilege PT distributions
vhich are less affected by these uncertainties.

2. Colliders

Since the first results coming from ISR, it has been realized that the
prompt photon signal is cleaner at high energies for a given Xp. As will be
shown shartly, these data complement very well the kinematical domain covered
by the fixed target results.

Up to nov, no fine grain calorimetry with lacrge solid angle coverage could
be designed : at ISR, 88062 vas using highly segmented liquid argon calorimeter
vith @ = ,2str while R1103, VAl and UA2”, which use a cruder calorimetry,
request an- isolated electromagntic cluster with additional criteria based on

distinct shower patterns for photons and r°® (table II). -



TABLE II. Collider experiments

Experiment SensiE?vity :2:;2:0r Method
pb -
IR (5 = 63 GeV) - -
NaI(6X°)+ Direct +
AFS 17 U calorimeter isolatiaon
' Pb Glass Cluster shape
R110 230 + MWPC + isolation
Pb/liq. Argon Direct
R8O 50 finely segmented
Spps (J§ = 630 GeV)
Pb/scint. 4 samplings Longitudinal
UAl 0.57 + had. cal. sampling
+ isolation
Preshower 1.4 X° Conversion
vaz 0.31 - Pb/scint. + had. cal. probability

+ 1solation

As an example, let me sketch the method used in UAl to extract the prompt
photon signal. Firstly they can make full use of the isolation criteria with
both charged and neutral particles. Second they use the longitudinal sampling

of the electromagnetic shover to discriminate between direct photons and jets
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FIGURE 1
Figure (a) and (b) display the energy distribution a:ound the cluster observed
for photon candidates in the two rapidity regions. Curves are expectations
for n® (ISAJET) and photons (minimum bias). Figure {c) and (d) shov the
distribution of the energy fraction deposited in the first sampling of the UAl
calorimeter with the corresponding expectations for n° and y.



consisting of one or several n® or n. The background is simulated using ISAJET
vhile the sjgnal is generated assuming isolated photons plus particles coming
from the so called minimum bias contribution. Plots shown in figure 1 illus-
trate the various distributions obtained and the quality of the separation.
This type of procedure carries obviously. more uncertainties than the
classical method used for fixed target. UAl estimates, in addition, an error of

3 X on the absolute energy and a 15 X uncertainty on the luminosity.

Theory

Before comparing data and predictions based on perfurbative QCD, it seems
necessary to summatize the problems encountered so far and to discuss, in a
somevhat simplistic way, some recent theoretical developments triggered by

these problems.

1. Basic processes

At lowest order, hadroproduction of prompt photons {s explained by tvo
processes involving a gluon (Fig. 2). The annihilation diagram is dominant for

9 g 9 ’ q9 a 9
COMPTON ANNIHILATION

FIGURE 2
Basic processes, at O(hs), contributing to hadroproduction
of direct photons

pp and N'p processes at large ¥; where a valence antiquark U from the projec-
tile annihilates with a valence quark v from the target. In n‘p, vhere the
valence antiguark d from the projectile has a small electromagnetic coupling
ard in pp, vhere no valence antiguark is available, the Compton diagram domi-
nates. This is also the case in pp for collider data at low X...

At order a:, very .cemplex calculations were performed’. Contogouris et
a1.7 give an approximate formula based on the dominance of the soft gluon

contribution. Each of the two basic processes gets multiplied by a "K facter",



terminology inherited from Drell-Yan, of the form :

« (0%)
K=1+-""c¢cn?
2n
vhere KCnmpton ~ 1.8 and Kanniﬁilation ~ 1.3

The large o? appearing in QCD perturhativé calculations is not unambiguously
related to the kinematics of the reaction.In a very comprehensive'revleu of the
data recently given by J.F. Ovensa, it is found that with @° ~'c PTz. where c
varies typically between 1/2 and 4 depending on the reactidn, one can reptoduce
reasonably well the data with the perturbative QCD calculations at leading
order. To lllustrate the impact of this uncecrtainty, let me take the reaction
PP * vX at x = 0.4, vhere the annihilation term dominates. With the two extreme
possibilities previously defined, o varies by - 40 % vhile the structure
function Fz(x), vhich appears quadratically in this process, varies by - 25 X.
From this example, one simply understands why such ambiguities introduce an
uncertainty of a factor_z or more in these calculations. As rightly commented
in ref. 8, ;his ambiguity is more important than the approximate K factor
effect previously mentioned ! ,

Exact order a; calculations improve the situation, as discussed in vef. 9
contributed to this conrference. W¥hen we change the definition of 07 the
variation in the Born term is compensated to order a; by a variation in the

H.0. term, such that :

o @' - o) (0h) + o)
This cancellation brings down the uncertainty to about 50 X.

A further improvement is still necessary to cope with the present exﬁeri—
mental accuracy. a

Tvo criteria have been proposed. Stevenson10 and Politzer]1 remark that the
o’ dependence-disappears vhén the cross section is computed at all orders so
that do/dQ” = 0. They propose to use this criterion to define, at a given
order, the effective value of Q° : ngt. Grunberg12 has proposed to use a
definition of 0° which cancels the higher order (H.0.) correction 1o insure a
fast convergence of perturbative calculation.

In ref. 9, these two methods are applied using the full H.0. calculation
and give similar results. o (Oop!) is small in the relevant physical region
(Pp> 3 GeV, for fixed target) implying that this approach {s meaningful and
that the convergence is fast. It is thus vteasonable to expect small O(ai)
contributions, presumably below 20 X. Other sources of uncertainty, thatrl

will discuss in the next §, could, in this new context, become more important.
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3.1 Intrinsic KT smearing

Ve’ knows. from Drell-Yan processes, that the intrinsic transverse momentum
given to the partons. is of order 500 MeV vhen H.0. terms, like real gluon
emission, are included. One can thus expect modest corrections due to this
effect. Unfortunately there 1is no standard way te perform this calculation
vhich is quite model dependentB.

3.2 Higher twist

E.L. Bergerl3 has shovn how higher twist effects can be estimated (figure 3)

q

FIGURE 3
Example of higher twist process contri-
buting to pi-production of direct
photons ’

in np + yX processes. He concludes that, except at large XF vhere they might

become noticeable, higher tvist corrections are at the per cent level.

3.3 Bremsstrahlung

Quarks can radiate . photons in the varjous. parton sub-processes (c.g.

figure 4). These processes are of order u;: since the photon fragmentation

function 1is proportional to u/as. the resulting contribution is gflzxdel
’

(L comparable to the Compton and annihilation processes. From theory and

q

FIGURE 4
Example of quark bremsstvahlung
effect in a parton sub-process



from experimentls, one estimates a 20 X contribution from this mechanism at
ISR. Larger effects are estimated at the SppS collider but they are strongly
reduced by the isolation cut used in the analysis. These small corrections have
been included in the optimisation procedure and one concludes that this effact

is well under control,

3.4 Structure functions.

Ve will be using structure functions determined by Duke and Owens from DIS,
Drell-Yan and ¥ hadroproduclion16'17. As wvell knowr, the DIS and Drell-Yan data
provide poor knowledge about the gluon structure function . In particular, one
finds a strong correl;tion between A and the gluon distribution function. This
has 1led Duke and Owens to propose two sets of solutions compatible with the
available data. DOI structure functjons correspond to a soft gluon structure
function and Aﬁ§ = 200 MeV, while DOII has Aﬂg = 400 HeV and a hard gluon
function.

It is clear that the situation is now evolving with the advent of more
precise datale. Nev sets of distribution functions should be tried in the nem
future.

Let me finally remark that I will not include in my presentation data on

nuclei, thus avoiding any reference to the EMC type effect

From the previous discussion, one may conclude that the main uncertainties
in QCD caleulations come from Aﬂ? and the gluon structure function,

Novhere else did we find a major uncertainty which prevents us from hoping
that these calculations are at a 20 % level. Only through a detailed comparison

betveen theory and experiment can we reach a final verdict

Experiment versus theory

I will first discuss reactions dominated by the annihilation process for
which the structure functions are well measured. They will give a direct
determination of oy OF equivalently AHS' Given the preliminary status of some
of these data, I will discuss the determination at a semi-quantitative level,
indicating the general trend. Unless explicitly stated, the theoretical

predictions come from ref. 9.

1. Annihilation dominhted reactions

1.1 For pp + vX, in the XT domain covered by UA619. the annihilation term

represents about 80 % of the cross section. Since the proton structure function
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is simply related to DIS, this process is ideally suited for determining .
In figure 5, the two DO parametrizations wvith Aﬁg = 200 MeV and Aﬂ§ = 400 HeV
are clearly diseriminated by the data in favor of the former. In figure 6
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FIGURE 5 FIGURE 6
Preliminary results from UAé on Same data as in figure S where one
PP - vX at [§ = 24 GeV. Set 1 and 2 displays the ratio data’/prediction,
curves correspond to DOI and DOII using DOI. Errors are statistical
ceferred in the text. only.
I display the ratio data/prediction with Aﬂg = 200 MeV. If one changes Mg to

100 MeV, this ratio moves
draving any definite conclusion, one
systematical errors, ‘not
order.

1.2 In 1np,
the cross section comes from annihilation. The
data from NA@&ZO and VA7021 on figure 7.

up by 25 %, giving an improved agreement. Before

should hovever remember that the

yet given in this prelimipary data, are of the same

vhere the n gluon structure function is harder, about 60 X of

comparison is done including

The consistency between the two sets

of data and the agreement vith theory are impressive. Aﬁ§ = 200 MeV seems

preferred to Aﬂg = 100 MeV.

access to the

Vith the high statistics

annjhilation

available on n*p + yX in WA70, one

terms by plotting

can directly

the difference m~ - ' » vX.



Figure 8 confirms, vith rather large statistical errors, that Aﬁ§ = 200 MeV is

the preferred value.
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FIGURE 7 FIGURE 8
Results from NA24 and WA70 on n p+yX Results from Vé70 on the
vhere the ratio data/prediction difference m - n' -~ yX. The
is obtained wusing DOI. Experimental curve uses DOI.

errors(] ]) are obtained by adding
quadratically statistical and sys-
tematical errors.

2. Compton dominated reaction

L
Assuming that Age is fixed to 200 MeV, a valve compatible both with p and m”
.data, one can nov use Gompton dominated processes to extract information on the

gluen structure function.

2.2 pp data

In figure 9, the WA7OZZ pp data, at [§ = 23 GeV, are in good agreement with
the prediction of Aurenche et a19 using DOI structure functions. DOII structure
functions are rejected for tvo reasons. Firstly, there a factor of about 3 in
normalisation coming from o {~ x 1.5) and from G(x) (~ x 2) the gluon struc-
ture function. Second, one can observe a difference in slope which originates
from the different dependence in x :

xcLL (x) ~ {1-x)*

at Q° - 4 Gev’
3
xG]I(x) -~ (1-x)

NA24 data confirm this conclusion.
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FIGURE 9

Results from WA70 on pp -+ vX selécting
|X.| < 0.45. The dashed curve corres-
ponds to DOII, the full curve to DOI.

The collider data, which cover the low XT region, are dominated by the
Compton contribution. As mentioned previously, UAl14 has measured the process
pp * X for isolated photons. In figure 10 the data are shown in the central
region (pseudo rapidity < (.8} and in the forwvard reglon (pseudo rapidity
betveen 0.8 and 1.4). The dashed curves give the total rate of direct y vhile
the full curves correspond to a theoretical es[imat923 of the direct y with
isolation criterion. Both sets of curves differ at low Py vhere the effect of
bremsstrahlung 1is quite substantial. In figure 11, data from UAl are compared
to data from UA2, shoving ébod agreement. .

These data are not very sensitive to the choice of the gluon structure
function. At large 0%, as discussed in ref. 8 , both sets turn out to be quite
similar since scale breaking effects will act differently on the soft and hard
gluon distributions.

At ISR, the direct photon signal is extracted using either the standard
method (RB06) or some "shover pattern methods plus isolation criteria. The

agreement, as shown is figure 12, is reasonable, bul certainly not at the level
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Preliminary results from UA}
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Comparison hetween the ISR data for

pp * vX¥.

The

data from R110 are pre-

liminary. Errors are statistical only.
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one would need for an accurate test of QCD. In their preliminary version, the
recently analysed data from R110, with very high statistics, are well above the
old R108 data but also do not agree too well with the RB06 data. For the time
being, I vill use the latter for comparison with QCD.

Figure 13 shows the overall comparison using DOI. Given the systematical
errors, one can be content with no further adjustments. It is hovever tempting
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FIGURE 13 FIGURE 14

Results from pp + yX from fixed target Results from NA24 and WA70 on n'p-vX
and ISR (RB06) vhere the ratio data/ vhere the ratio data/prediction is
prediction is obtained using DOI. UAl  obtained using DOI.

data, at low XT' are also included. The

dashed line Ccorresponds to an increase

of 0.5 in the pover lav of xG(x)~(1-x).

to move slightly the x dependence in GI(x) to improve the agreement with theory
at large XT' Vith ch = +0.5 in xG(x} ~ (l-x)nc, one finds indeed a better
adjustement. The corresponding displacement at large Xr shows the high degree
of sensitivity of this reaction to small changes in ;. One can for instance
easily exclude the much steeper dependence suggested by a recent analysis of
DIs dataw. One should hovever stress that the DIS analysis only concerns the

lov x region, vhile our conclusion mainly concerns the region above x = 0.3.

2.2 1 p data

The data from NAZ4 and WA70 at [§ = 23 GeV are vell adjusted by the DOI set
(figure 14). To eliminate, at first order, the effect of @, one usually plots
the ratio n"/n*. This is shovn in figure 1% for both experiments.



-1 -

b}
WAI0

o(n'p —~YX)
o(n'p — yX)
w

2 2
1 N
0 I —_ 1 1
3 4 5 6 7
Pr (Gevic) Pr (Gevic)
FIGURE 15

Heasured n/n* ratio for NA24(a) and WA70(b)., Full curves are
predictions using DOI. Dashed ecurve in P is for DOII.
Predictions from Contogouris et alf are shown on a wit’
their uncertainty (hatched area) and on b (dashed dotted
curve)
The full curve, corresponding to Owens I choice, is in good agreement with the
data. Owens JI set gives very similar results as shown in figure 15b. This
result is readily understaod if one recalls tha(17 :
X6 (x) = 0.9 (10> 1 (La6x)

2

at 0% = 4 GeV?

X6y (x) = 0.8 1-0%8% (1.6%)

One may also notice that no spectacular rise of the ratio is observed

between P, = 4 and PT = 6 GeV. This behavior is due to the large contribution

T
of the Compton term in this range. Such should not be the case in comparing
pp and pp at large XT’ vhen pp data from VA6 vill become available.

Predictions from Contogouris et al.zav also shown on figure 15, are in

reasonable agreement with the data but indicate a faster rise of the ratio

“nt i .
n/n with PT
Associated particles

1. AFS analysis

At TSR energy one expects, assuming that the Compton diagram is dominant, a
jet recoiling against the photon. By measuring the pseudo-rapidity YJ of this
jet (or equivalently its direction) one fixes entirely the kinematics of the

subprocess, avoiding any integration on Bjorken x.
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almost equal :

d PT dY 4y

In AFS data“”, one requites that [YJ| < 0.4, such that the tvo x's are
do
J

5n aa (Q%) G(x,0°) F, (x.Q7)
3

2 /2
X" s

In this expression Fz(x,Oz), known from DIS, depends weakly on 0% in the
relevant region vhere x ~ Q,2. Such is not the case for «_ and G(x, 02).
2

]
Takirs, arbitrarily, Q° « 4/3 P;, one can extract G(x, 0)) as shown in
figure 16. The result clearly disagrees with the usual G(x) distriburion.
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FIGURE 16
XxG(x) measurement from AFS analysis
using the jet

information. The
curve, deduced from CDHS data, is
similar to DOI.
Aurenche et al. 6 have questioned this procedure and shown that, using the
optimized value for Q° deduced from the study of inclusive
conclusion is ruled out. As shown in figure 17b, the fast variation of oy
not properly accounted for i

processes, this
in AFS analysis, is

responsible

for this
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FIGURE 17
Figure (a) is a comparison betveen o xG(x) directly deduced
from AFS analysis and a computation26 (full curve) using the
optimised Q defi?ition andEDOI. The dashed dotted line uses
the definition Q° = 4/3 PT . Figure (b) shows the corres-
ponding variation of uS/n.

behavior. The authors of ref. 26 remark that their procedure is not complete
since the optimization should be carried on the y-jet cross section. Therefore
no definite conclusion can be reached about G(x).

It remains that this example illustrates very well the importance of a

correct definition of Q°.

2. wA70

At SPS energy, the jet associated to the direct y is difficult to define.
One may hovever use the leading particle, charged or neutral, wvhich has a
sufficient Pg to be separated from the beam and target fragments. One also
assumes, as in the previous example, that the Born diagram is dominant. This
procedure 1s applied by UA7027, based on an excellent coverage Lor charged (Q
spectrometer) and neutral particles. It is checked by a Monte Carlo generator
using the Born topology plus fragmentation functions given by LUND®".
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For pp data ve expect up Jjets to dominate, coming from the Compton sub-
process. This is, to a lesser extent, also true for n‘p. In # p, there should
be a majerity of events with a gluon jet,

One firstly expects a softer fragmentation function for gluons, as indicated
expzrimentally””. The predictions are shown in figure 18a from the LUND gene-

rator. To define the fraction Z, carried by the leading particle, one uses :

2= By ogap’Pr v
vhich assumes a perfect balance betwveen the jet and the y (Born term vith no
intrinsic KT effect) to avold the painful estimate of the jet momentum.

The three reactions give the fragmentation functions shown on figure 18.
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FIGURE 18

Shapes of the fragmentation function for the leading
hadron, for quarks (dark " line) and gluons (light
line) given by the LUND model (a). Experimental
distributions from WA70 are adjusted for np (b), n+p
{c) and pp (d4) channels.

The fraction of glue versus quark is freely adjusted giving 70 + 4 % in the
case of np and 30 + 20 X in the case of pp. The statistics on n'p are too
scarce to reach any guantitative conclusion. Let us finally note that if one
uses the gquark fragmentation function for n'p, the fit is poor wvith a

X increasing to 2.5 per degree of freedom.
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Secondly, one expects a significant excess of positive charges in pp and n*p
for the leading particles, due to the up quarks, vhile n"p should shov a much
veaker effect. This effect should increase vith Z, since very leading hadrons
are likely to contain the first generation quark.

Figure 19 shovs spectacularly these expected effects. It is also remarkable
to notice that the beam fragments, vhich vould be dominantly negative in the

+ ¥p
+ w0
s |

+ e

3,
D)/ Dr(2) [—

4
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Tttt

FIGURE 19
The ratio of fragmentation function
for positive and negative leading
particles measured in WA70 in n'p,
n p and pp

case of n"p, do not seem to play any significant part since the n p data give a
positive charge even at lov 2.

These very nice data deserve the effort of a more quantitative analysis,
using the complete QCD calculations, to confirm the agreement betveen
experiment and the complicated cocktail of diagrams involved in the H.O.

calculations.
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Summary and conclusions on direct photons

The recent direct photon data which have been presented are well reproduced
by perfturbative QCD calculations over a large energy domain. A fitting proce-
dure should give precise informations an o and G(x). Annihilation daminated
processes indicate that Mgz = 200 MeV is compatible both with the np and the
pp data. Assuming this value, one can deduce {rom pp duis < sluon =tructure
function slightly softer [xG(x) ~ (l-x)s's], at x > 0.3, than DDI.

Associated hadrons confirm, in a semi quantitative vay, the underlying
mechanisms of direct photon production.

Various improvements can be expected in the near future. Better proton
structure function will come from the precise DIS data shown at this confe-
rence. Using high statistics pp and pp data, which will be available from UA6
with the advent of ACOL, one should measure precisely Aﬁ§ and G(x).

VUAl, with an upgraded calorimeter, should also obtain much better data.

At FNAL, two fixed target experiments are planned, E705 and E706, which will

cover the XT region corresponding to the ISR data.

DRELL-YAN

General picture

At zeroth order, hadroproduction of lepton pairs is described by a quark
anti-quark annihilation process (figure 20). If one assumes KT = 0 for q and
q, the lepton pair has a transverse momentum QT = 0. In the lepton pair rest

A |+

E=1

B -
FIGURE 20
Basic subprocess in Drell-Yan.

frame system, in which hadron A and B have the same direction, the polar angle
of the Iepton with respect to this direction follows a 1 + cos’0 distribution.

Knowing the stucture function from B (a proton for instance), one can
extract the structure function from A. As well known, this has been the unique
method to measure the mesonic structure functions. One can as well measure the
proton sea quark structure functions in the pp process, also accessible from

DIS experiments.
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There are large corrections to this zero order behavior which are well
explained by perturbative QCD. The cross section is multiplied by a K factor of
about 2 which has been calculated at order o, In spite of this very large
correction, the validity of the perturbative approach is maintained bv summing
at all orders the largest part of this correction (exponentiation of the "saft
gluon" terms). At the moment the full O(a;) calculations are not available.

QT distributions can also be comput§g using soft gluon summation methods.
This technique, used by Altarelli et al.” ., successfully describes the W and 2
transverse momentum distributions., As another example, the ISR data from
r1103%

illustrate the wvalicdity of this description in a large energy domain, one can

vhich has recently completed its analysis, are shoun in figure 2!. Te

plot <0T>' the average of the distribution, versus |5, QCD predicts that

?
4,-/5

2 2 H N
(QT > = as(O ) s F{(t,¢n @¢°) + C with 1=M e

Provided <t remains constant and given ths small variations due to 02, achp

predicts a linear variation with s.

2
Figure 22 shows that this description works gquite uel]“z.
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How accuyately do ve knov K ?

High statistics Drell-Yan expetiments like NALO for n'W = p*p’ or 6053 for
pCu » v'u”, provide very precise data which are challenging at an “nprecedented
level QCD predictions. NALQ data35 are remarkably wvell reproduced up to
2 0. by QCD calculations. In a recent paper, Aurenche and Chiappetta36
have included the optimization technique discussed for direct photon
(O2 definition is also ambiguous 1in D.Y.) in the usual calculation. From
figure 23 one would conclude that precise Drell-Yan data can provide a valid
measur~ment of Aﬁg. For higher values of 11/: (figure 24), however, there is a
signiticant 1is a significant disagreement with the data, which rasts serious
doubts on the vhole procedure. A possihle way aut, discussed in next §, is to

incriminate nuclear effects.
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regions. Data have been corrected
for Fermi motion. Predictions®®
are for Aﬂﬁ = 2D0 MeV(full curve)
and Aﬁg =100 HeV(dashed curve).



Nuclear effects

1. K Factor

Nuclear effects are directly observed in NAIQ by comparing data at 194 GeV
and 286 GeV taken simultaneously on tungsten and deuterium37. Recently
Chiappetta and Pirner38 have included nuclear effects in the Drell-Yan calecu-
lation using two approaches which are consistent with the DIS data. The results

are shown in figure 25 together with the NA1O data. At large T and low XF.

STV < .tD

etV <2

d0/d¥T dxgink!

da/4VT dxglnb)

0z 0 . . . ! : . L 06 98
Xf

FIGURE 25
Pgedictions for Drell-Yan cross sections with no EMC effect (dashed),
Q rescaling model (full curve) and x rescaling model (dashed dotted),
from ref. 38. The dotted curve corresponds to the zero order predic-
tion. Data are from NA1Q experiment .

vhich corresponds to the large Bjorken x part of the target structure function,
the nuclear effect is well observad. The agreement with the data is signifi-

¥ at 2B6 GeV confirm the same trend.

cantly improved although not perfect. Data
At this -stage, it seems fair to conclude that nuclear effects are not well
controlled enough to allow a very precise test of QCD through the Drell-Yan

mechanism.



2. Qp distribution

Taking the ratio of deuterium and tungsten data, NAIOI‘0 obtains the curves

given in figure 26. Nuclear effects induce a large increase of the cross
section at large OT. This effect is less marked at high energy. Since the
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FIGURE 26
Ratio of «c¢ross sections measured on tungsten and on deuterium in
NAID versus transverse momentum. Figure (a) is at 286 GeV, (b) at
140 GeV. Curves are from ref. 38.

integtated cross section shows no shadoving effect, the enhancement at
lacge A is compensated at small OT as indicated by the data below 1 GeV. In
ref. 38, this behavior 1is attributed to a multiple scattering effect of the
incoming parton inside the nucleus. Parametrizing the quacrk-nuclear cross
section o N a5 a function of the virtvality Q° of the quark, the authors of
ref. 38 can reproduce the data of NA1O (curves in figure 26). In the present
case, the effect is beneficial since it helps us in understanding the virtual

quark cross section on a nucleus.

Angular distribution

Vhen OT differs from 0, the definition given in the introduction is not
unique since ?A and FB are not collinear. Collins and Soper[‘1 (C.5.) have pro-
posed to take the external bisector of these two directions.

This choice will balance, on average, the effect of intrinsic KT contri-
hutions from parton A and parton B. The angular distribution of the lepton

follows the general formAZ H

do
d cos8 dé

« 1+ X cos’® + u sin2® cos$ -+ —;— sin’@ cosz$

U = 0 from perturbative QCD. This result js not altered by intrinsic KT effects
in the C€.S. frame provided that, on average, KT from the target and from the

projectile are equal.



In perturbative QCD, A deviates from 1, while v is correlated to A though a
Callan-Gross type relation : A =1 - 2v.

In a paper submitted to this conference, the NA1Q collaboration presents a
new analysis of their dataAB. While the previous paperAA vas only taking into
account the hard component of QCD valid at large Qs the present interpretation
considers the soft gluon contribution terms which are dominant in the Q‘l‘ domain

covered by NALQ. This is shown in figure 27 from ref. 45 where, although not
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FIGURE 27

Distribution of transverse momenta for
tvo mass regions measured in NA10. Full
curves are deduced from ref. 30. Dashed
curves take into account the first order
calculation with no soft gluon summation.

perfect, the theoretical predictions based on soft gluon summation techniques
give the right order of magnitude for the QT distribution. In the same figure,
one can observe that the hard component term is too low by an order of

magnitdde.



Figure 28 shows the NA1Q data at three energles. The prediction from ref.45

agree reasonably well for A and u, vhile there are significant deviations

140 GeV/c 194 GeV/c 286 Gev/c

szt - e n et
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FIGURE 28

Xu and v (defined in the text) versus Q. al three energies using NA1D
data. The C.S. frame is used. The large Bjorken x region (> 0.7) is
excluded for the projectile. The dashed curves are from ref. 45

observed for v at large QT' This disagreement cannct be blamed on higher
twist effectl‘6 since ' the high Bjorken x region for the projectile has been
excluded from these data. The Callan-Gross type relation previously mentioned
is evidently broken.

This would suggest a non perturbative origin for the effect. In this
prospect, it seems however surprising to observe an increase of the deviation

vith QT'

Summary and conclusions on Drell-Yan

The bulk of Drell-Yan data is well reproguced by perturbative QCD. High
statistics data from NA1O show, however, significant deviations which can be
partly attributed to nuclear effects. In this respect one may conclude that
high accuracy tests of QCD are difficult with nuclear targets. One may
alternatively point out that Drell-Yan, a well understood mechanism, can be

used as a probe to understand quark-nuclear mechanisms.



The angular decay distributions at SFS energy are not well understood.
Theory would be in trouble 1if this behavior persists at high energy. For
instance, one may hope to gather a sufficiently large lot of W/Z in the near
future to check for such deviations.

LOW PT ELECTRONS

The ratio e/nr, measured at ISR, i1s not understood at lov PT from classical
sources. This well known puzzle is illustrated by figure 29 vhere the various
results obtained at ISR are represented. At Jlow PT’ the dominant source of
leptons comes from virtual bremsstrahlung originating from the final hadrons.
1t is of course legitimate to consider, at a previous stage, the "parton soup"
which boils dowvn into these hadrons. This plcture vas proposed a long time ago
by Bjorken and !-leisherg"7 vho suggested that leptun pairs are simply produced
by annihilating quarks anu antiquarks present in this soup.

As pointed by a group from Bratislavaag, such mechanism should shov a very
specific correlation with the fipal state multiplicity m. While Drell-Yan

process is independent of m and bremsstrahlung increases 1linearly with m,
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parton annihilations vary like the product of quark and antiguark density and

thus increase quadratically with m :

du dN aNLY’
P ilation ~ = (@ — (@) ~ |—
annihilation 9y av oY
dN dNrl
Since — (q) ~—
d dq
AFS49 measures the rtate of direct positrons (electrons are avoided since

they can originate Erom Compton scattering on atomic electrons) in correlation
vith dN/dY, the hadron demsity or, equivalently, with ET the transverse energy
measured  in the central calorimeter. They use a poverful electron
identification, combining Cerenkov, time of flight, dE/dX and electromagnetic
calorimetry (NaI). They reject and control very efficiently the conversion and
Dalitz pair background by using, in particular, a low field configuration which
allows a pair reconstruction down to 2 MeV.

The correlation is shown on figure 30 vhere on» observes a linear increase
of e/n wvith respect to the mean charged multiplicity (or to ET) as expected in
the Bjorken mechanism. A flat distribution, expected in the bremsstrahlung
case, would give a confidence level of 0.7 Z%.

Are these positrons produced in pairs, as one would expect in the quark
antiquark mechanism ? Hadroproduction of pairs at low mass has been studied at
low energy by various experiments. These results were also not guantitatively
understood from classical sources. AFS has extended50 these study reaching
masses below 100 MeV. Figure 31 summarizes the presently available data. The
cross section derived by AFS depends strongly on acceptance corrections vhich,
in turn, depend on the momentum distributions assumed in the Monte Carlo
generat‘on. With this caveat, one can compare AFS data to a calculation of the
Bratislava group (dashed curve in figure 31) to a mere 1/M’ extrapolation given
by the lov energy results.

The multiplicity eorrelation is also clearly observed as shown on figure 32.
Since the rate of measured pairs at lov masses is sufficient to saturate
e/n at low PT' one may conclude that a consistent picture for this phenomenon
is finally emerging from AFS measurements.

One cannot however turn this into a success of theory, since the quark-
antiquark annihilation process under consideration is working in a kinematical

region carefully avoided by all perturbative QCD experts !
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AFS has also measured the rate of real y as described in ref. 51 submitted
to this conference. They observe a rather weak signal but which appears consis-
tent with the lov energy results. Let me recall that Chliapnikov et a1.52, at
Js = 12 GeV, had observed in K*p + v, at PT below 100 MeV, a large y signal in
excess of the standard bremsstrahlung expectations.

AFS and 1low energy data are shown on figure 33. Let me now explain further
this complicated plot. On general groundsso, virtual bremsstrahlung should be
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FIGURE 33
Direct photon data and low mass pair
results from AFS are compared as explained
in the text.

« times real bremsstrahlung. The authors of ref. 50 have tried accordingly te

compare both sets of results. Kinematically, a small "bricolage" is necessary

to relate PT to the mass and transverse momentum of the pairs. This is done
Y H

through the usual concept of transverse mass, i.e. m o= n s PT . As a result,

ve see on figure 33 that direct vy data compare reasonably well to pair data

and are sitting largely above the bremsstrahlung curve (dotted and dashed

curves).
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Summary and conclusions on low P, electrons

AFS results are providing a very interesting clue to understand the e/n
puzzle. It seems, from the phenomenological point of view, that the data can be
reproduced via final state partons electromagnetic interactions. These
processes, as already mentioned, are very soft and one is clearly leaving the
safe domain where the concepts of perturbative QCD, discussed so far, are
valid.

As rightly stressed in ref. 4%, a clear understanding of the phenomenon is
necessary in view of the guark-gluon plasma studies, where one expects real and

virtual phntons to provide the most readable information.

CONCLUSIONS

For each of the three themes discussed in this report, I have given my
conclusions. At this point, 1 can only stress once more that recent and near
future data on direct photons should allow a precise determination of o and
G(x). One may also note that photoproduction at large transverse momentum. not
covered here since no new data were presented at this conference, is providing
very healthy information on the same processes and that the field should
develop with the advent of HERA.

For what concerns Drell-Yan, future prospects appear also very good with the
large samples of W/Z expected from pp ccllider data. A very precise test of QCD
seems possible at SPS but would require high statistics on deuterium to avoid

the uncertainties coming from nuclear effects.
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DISCUSSION

Vill there be further improvement at high X. in the direct v production from
NA24 and WA70 before the data from FNAL are available ?

NA24 has stopped taking data, WA70 is still running and will increase
significantly its statistics on R p. You should however remember that
systematic errors are already limiting these data.

M.N. Kienzle, Geneva University

VA70 data from 1986 (not included in the present analysis) vill improve the
high P »p + yX statistics by a factor ~3. The systematic errors may also go
down to 15-20%, with further analysis.



