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ABSTRACT 

First a review of the present status of theory and experiment as 
discussed at the workshop is given. The need for data from intense 
TT+ beams is stressed and a possible subtraction procedure of the 
proton background in the TT+ data is described. The interest in more 
p and p induced data is presented together with a comparison of the 
competition from different accelerators. Finally new projects for 
the measurement of photons produced in association with lepton pairs 
are discussed. 

1. PREDICTIONS OF THE BASIC MODEL 

In 1970Drell and Yan ^ proposed antiquark-quark annihilation as the mechanism respon

sible for the hadronic production of lepton pairs. 

In this model an antiquark q with fractional longitudinal momentum x^ annihilates with a 

quark q with fractional momentum x producing a massive, virtual photon which materializes 
2] 

as a pair of leptons. From this simple Drell and Yan mechanism one predicts : 
1 - The cross section m 3 da / dm = F(T) depends only on the scaling variable T = m 2 / s = 

X 1 ' V 
2 - The magnitude and shape of F(T) are determined by the D.I.S. structure functions. 

3 - The structure functions of incident photons, pions, kaons or antiprotons can be deter

mined . 

4 - The transverse momentum, p^, of the lepton pair should be small (^300 - 500 MeV/c). 

(The model ignores p t in its predictions). 

5 - In the rest system of the pair, the angular distribution is 1 + Xcos 29, where S is 

measured relative to the hadronic collision axis, and X = 1. 

6 - The cross section ratios on isoscalar targets and on hydrogen should reach the limits 

given by the ratio of the squares of the electric charges of the interacting quarks : 

a (TT* C) ^ _1. a (TT+ p) ^ _[ 

a (IT- C) 4 a (TT~ p) 8 

7 - The A dependence of the production cross section should be proportional to A with a= 1. 

Agreement between data and these predictions has been remarkably good, with three 

major exceptions : 

a) there is a K factor, i.e. the observed cross section is approximately twice the expected 

theoretical cross section using as input structure functions measured in D.I.S. 

b) the p of the lepton pair is large and increases with s. 
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c) there is an experimental controversy about the very high x^ region in TT -nucleus inter

actions. One experiment has observed an angular distribution with X = 0 for high x^. 

2. NEW THEORETICAL DEVELOPMENTS 

These departures from the basic D.Y. model lead to the inclusion of QCD effects. 

The question of anomalies in the angular distributions (point c) was not discussed 

at this workshop. An extensive discussion can be found in the proceedings of the Workshop 
3] 

of Drell-Yan Processes at Fermilab 

Theoreticians presented calculations concerning point a (K factor) and point b (p t 

dependence). 

2.1 K factor and structure function predictions 

P. Chiapetta and J.L. Meunier (see appendix 1) presented QCD calculations for the 

evolution of the K factor and of the TÍ or p structure functions in the variables Q 2 (= m 2 ) 

and y = y In (x^/x^), y is the rapidity of the lepton pair. Because uncertainties in the 

gluon structure function have a strong influence on the calculated cross section, they 

felt it necessary to eliminate the Compton diagram contributions. 

Thus, their calculations are presented for the cross section differences a (anti-particle)-

O (particle). The need to have a "clean" theoretical prediction to test is a strong 

argument for measuring both anti-particle and particle cross sections. The difference can 

then be compared with theory. 

Soft gluon emission can be calculated in any order of the perturbation theory. 

In the leading log approximation the K factor is equal to one. Including the TT2 term 

in the first order the K factor becomes 1.7. Including soft gluon emission the K factor 

becomes a function of Q 2 , y and A (the scale parameter in the strong coupling constant). 

K = f (Q 2, y, A) 
Figure 1 shows the variation of the K factor ratio K(y, Q 2 , A ) / K (0, Q 2 , A ) as a 

function of y for the pp case ( A = 200 M e V ) . The Q dependence of the K factor is also 

observed in the S.G.E. predictions for the Q 2 variation of the Buras Gaemers parameters 

a , ß of the structure functions. 

u (x, Q 2 ) = A ( Q 2 ) a ( Q 2 ) ,. , 8(Q 2) x (1-x) 
Figure 2 displays the variation of A a(Q ) = a(Q ) - oto for the (TT - TT ) case. 
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Figure 3 shows the variation of A 3(Q 2) = ß(Q 2) - ßo again for TT - T T + . In both cases 

the S.G.E. model yields a much stronger variation with Q 2 than expected from the leading 

log or first order calculations. Clearly more data are needed to check these predictions. 

2.2 p t predictions 

41 . . . . . 

M. Greco presented calculations concerning the p^ distributions. The lepton pair p ( 

distribution can be divided into 3 regions : 

1 - The region where p 2 is of the order of Q 2 ; here the perturbation theory makes sense. 

But there is as yet little data to compare with. It would be interesting to extrapolate 

the cross section with its structure functions determined by the data in the low p t region 

into the high p t region and to compare there with the data. 

2 - In the region A2 « p 2 « Q 2 the perturbation theory breaks down. QCD in °(oi g ) and 
0(a 2 ) does not reproduce the data in a satisfactory way. s 
3 - The region with p 2 SA2 is dominated by the primordial transverse momentum of the 

partons. Here non-perturbative effects are expected to be important. 

As discussed in the previous section the comparison between data and theory is much 

easier for the non-singlet (IT - TT+) cross sections. On the other hand a measurement of 

singlet and non-singlet cross sections would allow a separation of the Compton distribu

tion. 

M. Greco did the calculation in the so called Double Leading Logarithmic Approximation 

(DLLA) for the soft gluon emission and what he called exact kinematics, i.e. transverse 

momentum conservation is required in the impact parameter space. 

The result is compared to ir N data from NA3 ̂  in Figure 4a, b, c. <p 2> . . . = 
r t intrinsic 

.4GeV2/c2 and A = .25 GeV (or A= .15 GeV for the dashed line) were used as parameters. The 

low mass region data (Figure 4a) and the s-dependence of the mean p 2 (Figure 4b) are des

cribed quite well by the soft gluon mechanism. Figure 4c shows some inconsistencies in the 

dependence of < V t . > as a function of and s. Clearly more high p^ data are needed at 

different values of s. 

3. EXISTING AND FUTURE DILEPTON EXPERIMENTS 

Much experimentation has occured since the pioneering work of L. Ledermann et al. ^ 

at BNL. While experiments searching for new vector mesons used incident protons, experiments 

studying the continuum structure preferred incident pions or antiprotons where valence-

valence interactions dominate. 

After the first series of large acceptance experiments using ir-beams at Fermilab 

(E331 / 444) and the SPS (fi, WA11 and NA3) both laboratories installed high intensity beams 

in order to increase the luminosity by one or two orders of magnitude. 

Even after the start up of the Tevatron at the end of 1983, the SPS North Area high 

intensity facility will compare well with the high intensity area Proton West, Fermilab. 

With the Tevatron operating at 1000 GeV/c the PW secondary beams will gain in produc

tion cross section but they will also lose with respect to the SPS in the following points : 
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a loss of a factor 5 due to the longer repetition rate, a factor 2 loss because there will 

be less protons available at PW ^ and a loss of a factor 1.5 due to the lower beam accep

tance. At a momentum of 250 GeV/c the IT flux/min. will be the same for both high intensity 

areas, i.e. 1 0 1 0 IT /min.. At 300 GeV/c (for the moment the maximum secondary momentum in PW) 

the flux will be 7.5 x 1 0 9 TT /min. in PW against 4 x 10 s i /min. in NAHIF (the SPS opera

ting at 450 GeV/c). Therefore the SPS Tt-beam in NAHIF remains very competitive for the 

coming years. 

In 1982 three experiments (E326, E537, E615) collected data in the high intensity area 

at Fermilab. E326 collected 14000 y-pairs with masses above the J/lb at a TT momentum of 

225 GeV/c. E 537 ran in a tertiary beam with incident antiprotons and piminus at 125 GeV/c, 

collecting 416 antiprotons and 1257 piminus induced events with m > 4 GeV/c 2. E615 instal

led their apparatus in order to study dimuons in the very forward region and collected 

^ 5 % of their final data sample. 

E605, an experiment which has high resolution, was installed in a direct proton beam 

in the Meson Lab. at FNAL. 

At CERN NA10 was the only fixed target experiment collecting dimuon data in 1982. 

L. Kluberg presented these data, which were obtained with 200 GeV/c incident IT on a W 

target. Although the proton flux on the primary target was lower than requested, the ave

rage intensity of (1 - 2) x 10 9 TT /burst was quite high compared to previous experiments. 

When combined with the as proposed performance of the detector, this resulted in a very 

large event sample. 

A feature of this spectrometer is the high mass resolution, — = 2.5% - 3.5%, 
m 

obtained for the 2/3 of the events where both muons traverse the air sectors of the toroi

dal magnet. The remaining 1/3 of the events have medium resolution of ^ = 10%. Table 1 

shows the number of events obtained. Half of the high resolution event sample is displayed 

in a x.| - x^ scatter plot in Figure 5. Also shown in this figure are the hyperbolae 

corresponding to constant mass. The data cover a large kinematical region, and the high 

statistics will allow for a differential analysis of the different physics questions. If 

for example the mass region between 4.5 GeV/c 2 á m ¿ 8.5 GeV/c 2 is divided into 3 mass bins 

and a determination of the pion structure function is carried out separately in each bin, 

then the statistical error Aa, Aß of the Buras Gaemers parameters of the pion will vary 

between 4% and 8%. 

4. DATA FROM INTENSE Tf+ BEAMS 

Why do we need T T + data ? As noted before the theoretical calculations presented in the 

previous sections were all done for the particle - antiparticle differences. Only in this 

case the Compton diagram contribution cancels. Therefore the subtracted TT - Tf+ data allow 

a better confrontation with theory. Having both TT and IT , then allows one to determine 

the remaining contributions, eg. the Compton terms and to study both the pion sea and gluon 

terms. Lastly contributions from the double semi-leptonic decay of charm - anticharm or 

beauty - antibeauty meson pairs are also eliminated in the difference (see Reference 8 for 

more details on the possible importance of such terms). 
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Until now, high statistics have been obtained only with incident IT . The corresponding 

number of TT+ induced events is rather small. At present, the highest TT+ statistics have 

been collected by the NA3 experiment in a tagged positive beam with intensities I á few x 

10 7/burst. Using a Pt target they found 118 events in the interval 4.1 GeV/c 2 á m ú 8.5 GeV/c 2 

(as compared to 21600 IT induced events). At 200 GeV/c they obtained 1750 TT+ events in the 

same interval (and 4970 TT induced events). 

In order to reach the level of the IT statistics the data must be collected with high 

intensity TT+ beams. Positive beams contain protons, TT+ and a few percent of K + . Clearly 

with intensities i l O V s e c no tagging is possible. Therefore two questions were discussed : 

1 - Is it possible to enrich the TT+ content in a positive beam ? 

2 - Is it possible to subtract the background of proton induced events ? 

H. Atherton studied point 1 for the NAHIF beam. Figure 6 displays the relative Ti+ 

content in this beam as a function of the secondary beam momentum. The TT+ content decreases 

for momenta of interest from 69% at 100 GeV/c down to a few percent at the maximum positive 

momentum of 300 GeV/c. Since this ratio depends on the fractional secondary momentum 
Ps econdarv "t" X, , = -r—-. — one can immediately evaluate the gain in the TT /total ratio for the Lab Pprimary ^+ 

positive beams at the Tevatron. The r ratio of 27% at 200 GeV/c 
total 

( X S P S « If - • 4 4 ) W i l 1 *° «P to 69% <Wr0I1 = fg = - 22). 

In contrast, the gain which can be obtained from enriching the TT ratio via a low A 

absorber is rather limited. Decreasing the flux with such an absorber by a factor ten and 
TT+ 

with a perfect separation of elastic and inelastic secondaries one may get t o t a ^ = 36% 

instead of 27% at 200 GeV/c. However the accompanying u-flux (a source of background for 

such experiments) remains the same as for the original high intensity beam. Thus the best 
± 

method of increasing of this ratio is obtained by performing TT experiments at a lower 

\ a b -
Next the question of the subtraction of the proton induced dilepton events must be 

9] 
addressed. With our present knowledge of the structure functions it is possible to predict 
the cross section 4~ and its error for TT+ and p induced events, dm 

Figure 7 displays the cross section ratio induced by incident protons divided by the 
TT+ induced one each multiplied by the relative flux F_ + 

e 3 P , TT g (p) . Fp 
- as the function of the dilepton mass m for 3 different beams. The error bars 
d / 

s ( 1 T } • V 
for each point reflect the uncertainty of the presently known structure functions. 

7T"^ + For the normal (27% =- content) 200 GeV/c beam the p/ir event ratio is rather high total 
for low dilepton masses. The proton background falls below 30% for m i 9 GeV/c 2 with an 

uncertainty on this ratio of á 5%. Enriching the beam to 36% (again at 200 GeV/c) the 

p/ir+ event ratio is shifted slightly to lower dilepton masses. In this case the proton 

background can be subtracted with a Ú 5% error for m ^ 8 GeV/c 2. For the normal beam at 

120 GeV/c the proton contribution can be subtracted with a á 5% uncertainty for masses 

above m i 4.3 GeV/c 2. 
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In conclusion, it seems possible to subtract the proton induced background at a momen

tum of 120 GeV/c in the usual mass interval and to obtain together with TT data taken at 

the same momentum high statistics for the cross section difference O ( T Í ) - a ( T f + ) . 

5. THE INTEREST IN p AND p INDUCED DATA 

The basic assumptions of the D.Y. model that the magnitude and shape of the cross 

section is determined by the D.I.S. structure functions can best be verified with anti-

protons. The cross section difference — (p) - 4~ (p) contains only valence-valence contri-
dm dm 

butions. By charge conjugation invariance, the p and p structure functions are identical. 

Thus the number of parameters to be determined is much smaller than for the other Drell-

Yan processes and is completely predicted using D.I.S. structure functions. A possible p^ 

dependence of the nucleón structure function can be studied in the D.Y. reaction while 

the large (non intrinsic) p t effects are integrated over in the inclusive D.I.S. experiments. 

The p world statistics are very small. NA3 obtained 275 events with m > 4 GeV/c 2 from 

p's at 150 GeV/c and 32 events from p's with equal luminosity. E537 got 416 events from 

p's at 125 GeV/c and no proton data in a rather short data taking period. 

How can we increase these statistics ? 

Four possibilities were studied : 

a) p's from A decays at 120 GeV/c in NAHIF. Here tagging is necessary for both p and p 

induced data. 

b) p's from the antiproton accumulator (AA) via stochastic SPS extraction at 300-400 GeV/c. 

Here p and p data are easy to get because direct p's and p's can be used. 

c) p interactions with the internal gas jet during pp collider operation at 270 GeV/c (UA6 

experiment). A p run needs rebuilding of UA6. 

d) p's from A decays of the Tevatron. Since PW will be limited to S 300 GeV/c no corres

ponding data with direct p's can be taken. 

N. Doble compared the luminosities to be expected for the first three possibilities 

based on the present performance of the pp collider. They are shown in Table 2. 

According to this estimation the luminosity with the upgraded NAHIF beam at 120 GeV/c 

on a hydrogen target compares well with the one of the hydrogen gas jet experiment in the 

collider. The extracted p scheme yields a ten times higher luminosity. In addition, the 

luminosity for experiments on nuclear targets is even more favorable in the case of the 

extraction scheme. This is especially true since fixed target experiments can run simul

taneously on a hydrogen target and a heavy target while according to B. Jeanneret (UA6) 

an absorber has to be installed in the gas jet experiment when running with a heavy gas. 

Table 3 gives some event numbers for 2000 h of running for NA10 or equivalently NA3 

using half of the available p's (5 x 10 x op's/day). Since the instantaneous fluxes are low 

and there is no U halo accompanying the extracted p beam the acceptance could be improved. 

In the case of the extracted p scheme the corresponding proton data are obtained very 

rapidly. For example NA10 did a test run in 1982 with 4 x 10 9 p's/burst encountering no 

special problem. 

While the extraction scheme can deliver p's only to 3 experiments in the North area 

and one in the West area the gas jet experiment will run parasitically with the collider 
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experiments. In this mode UA6 will obtain 3100 events f o r 1 0 3 l c m - 2 s e c - l a n d 155 events 

if "£.= 5 x 1 0 2 9 c m ~ 2 s e c - 1 (again in 2000 h and 3.8 GeV S m á 8.5 GeV). If they can use a 

ten times denser jet for 10% of the time their event numbers may double. In the case of a 

luminosity of í¿= 5 x 1 0 2 s c m - 2 s e c - l t h e s e event numbers are the same or even smaller than 

what can be obtained by the ISR dilepton experiments ^ ^ in 1983 with pp and much lower 

than the event rates for fixed target experiments. 

How does this compare with the tertiary p beam at the Tevatron ? 

Figure 8 shows the p yield for primary protons of 400 GeV/c and 1000 GeV/c in the 

Fermilab high intensity area PW. Again the large gain in production cross section is reduced 

by factors mentioned previously : repetition rate, etc... For 2.5 x 10 l 2protons of 1000 GeV/c 
10 - -

on target PW gets 1.15 x 10 p's/day. Here both the p data as well as the corresponding p 

data must be obtained in a tagged beam. 

Given both the physics interest and the favorable comparison with Fermilab, the CERN 

dilepton experiments reiterate their interest in extracted p beams. 

6. ASSOCIATED PRODUCTION OF PHOTONS AND HADRONS WITH LEPTON PAIRS 

P. Sonderegger reviewed the associated production of hadrons and photons with lepton 

pairs. Existing data come from the R209 experiment at the ISR and the WA11 experiment at 

the SPS. 

The main results are that the average charge of the forward hadronic system depends 

on the charge of the spectator quark in the incident particle. Secondly a large fraction 

of the J/^ comes from the decay of x states. 

Three x states with m = 3.415, 3.510 and 3.555 GeV have been observed. Their branching 1 ,¿, 5 
ratios into J/ip + y are : 

r (Xo -*- M : T ( x i * I|IY> : r ( x 2 ( * Y ) ) = -03 : .31 : .15 
12] 

Definite predictions exist for the production mechanism of these x~states : 

a(gg •*• Xo) : cr(gg -»• x i ) : o(gg -> X2) = 3 : 0 : 4 
a(qq •* Xo) : o(qq -»• X i ) : a(q<î * X2) = 0 : 4 : 1 

WA11 observed the X i a n < * X2 states via the y conversion in the target with very good 

resolution but small (1%) acceptance. In order to resolve X i a n d X2 the energy resolution 

on the y must be a S 7% i/Ê and good space and time resolution is also required. 

P. Sonderegger proposed to use an electromagnetic calorimeter for the Y detection. He 

showed first promising results from a sandwich of bundled scintillating optical fibers and 

Pb plates. A resolution of a = 7.3% i/E was obtained. Installed in a large acceptance spec-
E 

trometer like fi' or NA3 interesting data could be taken. 
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7. CONCLUSIONS 

D.Y. physics remains very competitive at the SPS for IT beams up to 300 GeV. Data from 

intense I T + beams (hopefully enriched) are possible and needed, p and p data allow the best 

confrontation with theory. The SPS extraction is competitive. Interesting new physics can 

be obtained with the measurement of y's associated to lepton pairs with high resolution. 
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TABLE 1 

SUMMARY OF NA10 DATA 

Target M 5.6 cm H 12 cm U total 

J/+, total 1.42x10* 3.43x10« 4.85x10« 

J/*, high resolution 0.94x10« 2.27x10« 3.21x10« 

m > 4GeV/c*, total 92700 222500 315200 

m > 4GeV/c z, high resolution 61100 " 146700 207800 

y, total 1100 2500 3600 

Y, high resolution 700 1800 2500 

TABLE 2 

Possible SPS p facilities Cbased on present performance) 

SPS mode of operation: : Proton fixed target 
(tagged p beams) 

Collider 

PP 

p fixed target SPS mode of operation: : 

Secondary 
(Flux limited 
to 2x10'/pr) 

Tertiary : A-»p/ 

H2 

5x10' zp 
(450 GeV/c) 

H10' 

Collider 

PP Internal 
H. Gas jet 

UA6 
Extracted 
Z all branch 

Lab. momentum of P (GeV/c) 
C M . energy (GeV/e) 

200 
20 

120 
16 

120 
16 

270 
540 

270 
22.5 

300-400 
24-28 

p flux : average/day 
=p flux/pulse 
x no. of pulses/day 

n" flux/pulse 
u,-/mz/pulse 

1x10' 
2x10 s 

2x10' 
= 10 s 

4x10« 
8x10' 
5000 
2x10 5 

= 10 3 

L S x I O 1 0 

3x10« 
2x10' 
«10* 

3 x 1 0 " 
1 

3x10'° 
1 

1x 1 0 " 
= 10' 
= 100 

Average luminosity 
(cm~ z s" 1) on p beam 

-on H tgt d m L H 2 / 
H 2 gas jet 

-on Nuclear target 
5 x 1 0 " 
IxlO" 

2 x 1 0 " 
4 x 1 0 " 

8 x 1 0 " 
1.5x10 3' 

5 x 1 0 " 
5 x 1 0 " 
5x10 3" 

5x10 3° 
1 x 1 0 " 

TABLE 3 

Target / length 
(cm] 

D 2/100 

Fe/20 

0 2/100 

P momentum Number of events 

[GeV/cl in 3.8 GeV/c z <m< 8.6 GeV/c z 

120 >220 

120 >1370 

300/400 >2160/2780 
Fe/20 300/400 M3650/17610 
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Figure 2 
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Figure 3 
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Figure 4a 
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Figure 4b 
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Figure 5 
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RATIO OF PI+/TÜTAL 458 GEV/C PROTONS 
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Figure 6 
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Figure 7 

The errors bars are due to the present uncertainties in the 
structure functions. 
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Figure 8 
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APPENDIX 1 : THE ROLE OF SOFT GLUONS ON THE K FACTOR IN DILEPTON PRODUCTION + ^ 

P. Chiappettá 
Centre de Physique Théorique, CNRS Marseille. 

**) 
J.L. Meunxer 

Laboratoire de Physique Théorique, Université de Nice. 

ABSTRACT 
We discuss the Q (lepton pair mass) and y (rapidity) dependence on 
the K factor. Ways to detect soft gluon presence are also given. 

More than ten years ago. Drei] and Yan^(D.Y.) proposed a parton model., based on a quark 

antiquark annihilation into a photon, for the production of a lepton pair of mass Q at 

rapidity y. The cross section reads : 

= J S | S ? ^ | ? H . M ) ^ W+1 « I - 1 Í ] (1) 

(UMy "g*1 

where S is the center of mass squared energy, x. =SFS e y (resp. x 9 =VF e ' y ) are the 
2 

fractional, quark (resp. antiquark) momenta, t = Q / S is the scaling variable. The 
qA(x) are the quark of type i distribution functions in the hadron H , to be extracted 

2 ) 

from deep inelastic scattering measurements. The experiments came out with a big surpri

se : the observed cross section was found roughly two times bigger than expected in the 

D.Y. model, the ratio being called the K factor. 
- j ) 

Since the work of Poltizer and Sachrajda it has been possible to reinterpret the 

D.Y. picture in the framework of perturbative QCD. First calculations were performed for 

and later more detailed calculations for À v / À t p à X ç and cW/dGfety 5 ) . To 

first order in two kinds of graphs contribute : quark-antiquark annihilation with 

real and virtual emission of one gluon and Compton diagrams due to the interaction between 

an initial gluon and a quark. If Xj and x^ are the quark fractional momenta just before 

annihilation (as defined above) and and the initial quark fractional momenta be

fore emitting a gluon, the cross section can be put into the form : 

where Q" is the hard cross section. 

The infrared singularities of the annihilation cross section cancel out by the well 

known Block-Nordsiek mechanism while the mass singularities encountered in the calculations 

can be absorbed into the bare structure functions via the mass singularities factorization 

+) In collaboration with Y. Gabellini, T. Grandou and M. Le Bellac 
! ;) Boursier C E . A . 
**) ERA 1 2 8 , CNRS, Pare Valrose, 06034 NICE CEDEX 
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theorem^. Equation (2) reads 

(3) 

2/ 2 
where J*- is the renormalization mass and the M. are the factorization masses. Finally 

2 2 2 1 

in the leadinglog framework (M^ = M 2 = Q ) , one gets : 

that is we recover the partonic result with evoluted structure functions. 

When next to leading first order corrections are included one finds, for qq annihilation 

+ 1 0 % remaining terms . (5) 

where = 4/3 and l/( l - z ) + is the usual principal, value distribution. The first or
der correction is then found roughly as large as the Born term (eq.(l)) with A =0.5 GeV. 
Compton graphs give a smaller contribution which must be taken into account for pp orït +p 
reactions. 

This theoretical result appears to be in good qualitative agreement with experiment and 
is considered as a QCD success. However since the O(eis) term is of the same order of ma
gnitude as the Born term, we cannot really trust the first order calculation before we have 
shown that part of these important first order corrections is understood as the first terms 
of series which could be resummed and factorized. 

This can be done only for annihilation graphs and is therefore valid only for non sin
glet cross sections like ( ï t - ^ N or (p-p)N. First answers were given for Á<FJáC^f by 

7 ) 8 ) 
Parisi and Curci-Greco . The ir results¡are the following : the exponentiation modifies 
the first order result only in the largeT-region. In Figure 1 we have plotted the factor 
K 1 defined as : 

_ (d^/dQ )exponentiated ^ 
(dir/dQ 2)leading order 

versus ^ . The important rise predicted for t ^ 0.8 cannot unfortunately be experimen

tally seen, due to the too rapid fall off of the cross section. 

If we now consider the differential cross section (eq.f1))) the situation 
is more promising as will be shown later. 

The first term of eq.(5), called the term, gives the main part of the contribution 
in the present experimental range. It originates from the virtual gluon contribution. More 

2 
precisely it comes from the analytic continuation of the quark form factor F^(q ) 
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An other way to test this mass sensitivity of the K factor shape is to consider the 
12) 

scaling violations of the structure functions extracted from Drell Yan data . Let us t 
more explicit by considering the reaction (n~-T^)Ft. The experimental cross section reads 
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•tor. - U,<x,Q 2) . í ^ ' ( l - * ) * ' 2 ' . (12) 
2 

l^exp jj ej n„ assumed flat, the scaling violations can be given in terms of the Q dependence 
of and ßthe Buras Gaemers parameters of the pion structure function (eq.( 12)), since 
the proton structure function is assumed known from deep inelastic scattering measure-

12) 
ments and evoluted at leading order. If we now take for the left side of eq.(ll) the 
various theoretical frameworks we obtain different predictions for the quantities : 

Ad= o/(fi£) (13) 

M-.fw - f t s î ) ( 1 4 ) 

with Q 2
e < ~ 20 G e V 2 . 

We have plotted in Figure 4 Aol. It is clearly predicted to be negative in the lea
ding log and first order cases while SGE predicts an unambiguous positive ti o( . Aß is 
shown in Figure 5- The presence of soft gluons leads to a faster /\ß increase with Q 
than in the L.O. and NTL cases. So soft gluon presence leads to a faster evolution than in 
deep inelastic case. 

In conclusion, non singlet cross sections (like (1t"-j{)ti), in which initial gluons and sea 
quark effects are avoided, provide a clear quantitative test of QCD. Scaling violations, which have 
not been clearly observed due'to the lack of precise absolute normalization, are also ex
pected. They could be seen either by measuring the rapidity dependence of K factor at several 
masses or by the determination of the pion structure function. On the other hand singlet 
cross sections (likefN and It* N) are also needed in order to estimate the Compton graphs 
which have been computed only at first QCD order and depend on the gluon distribution func
tion. 

# -» 
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Fig. 1 : The factor K' defined in eq.(6) as a function of 
the scaling variable Z forjr-p collisions at = 30 GeV. 

2 . 

1 

K ( y l Q
2 ) 

1.5 

1 
.1. 0 1. 

Fig. 2 : The rapidity dependence of the K factor defined in eq.(9) 
for Q = 5 GeV and A = 100 MeV for (JC"-7t*)Pt collisions at 
p-j_ b = 280 GeV/c. The full line represents the SGE predic
tion and the dashed one the NTL prediction. 
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Fig. 3 : The ratio R defined in eq.(10) for the pp reaction at Ys* = 22.5GeV. 
The full line represents the prediction for Q = 4 GeV, the dashed 
one for Q = 6 GeV and the dotted dashed for Q = 8 GeV. 
Fig. 3a: NTL prediction - Fig. 3b : SGE prediction. 
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Ac* A 

Fig. 4 : The quantity ¿ \ o l defined in eq . ( l 3 ) as a function 
of the lepton mass for (ic~-JC*)Pt collisions at 
p, , = 28O GeV/C. Full line : SGË 1 prediction with 
/ka= 200 MeV. Dashed line : SGE prediction with 
A = 100 MeV. Crossed-dashed line : leading order 

prediction with A = 200 MeV. Dotted dashedline : 
NTL prediction with A = 200 MeV. 

A ß A 

Fig. 5 : The same as Fig. 4 for the quantity A p defined 
in e q . ( l 4 ) . 


