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I - INTRODUCTION 

Hadronic production of lepton pairs has become an important field of 
experimental physics since the spectacular discoveries of the J/1J1 meson at 
Brookhaven in 1974 and of the Upsilon family, T, at Fennilab in 1977 . 

13 *t] Several review articles1 * have summarized the different experimental and 
theoretical works of last years. 

These lecture notes are not a complete review : they will give only some 
of the most important experimental results in this field, during the last two 
years. This report is an extended version of what will be printed in the 
Proceedings of the Kupari-Dubrovnik School in which, due to lack of space, 
many details and figures have been withdrawn. 

l.Z - What type of physics is concerned ? 

a) "Bumg_hunting" : the discoveries mentioned abcve have proved that looking 
ac the dilepton invariant mass spectrum is a very powerful method to find 
new [l~i vector mesons. In particular, at a given center-of-mass energy, a 
whole mass spectrum is directly available, without any energy scanning like in 
e e storage rings. However limitations of this method come from several ways : 

- only dileptonic decay modes of [1~] mesons can be seen 
- the mass range is severely limited by the event rate : the spectrum 

falls exponentially as the dilepton mass M„ increases, and even at highest 
ISR energy (vÇ = 62 GeV) no event has been seen above M * 25 GeV/c 2 after two 
years of data taking : obviously this method is not practicable for finding 
the "toponium", if any, 

- the mass resolution is by far poorer than in storage rings : the best 
values in hadronic production are presently about I %. However, the discovery 
of the three first Upsilon states has been done by the C?S collaboration J in 
proton-nucleus interactions. 

b) Dilgp_tgn continuum : since two years, this has become a very interesting 
new field of both experimental and theoretical physics. It turns to be one of 
the best testgrounds of Quantum Chromodynamics, and also a unique way of get
ting the structure functions of unstable particleB. 
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c) Multileptpna final states can be used, as a by-product, to give upper limits 
on the hadronic production of particles carrying the beauty quantum number. 

1.2 - What type of experiments ? 

a) General_features : Production of leptonic pairs has a very small cross 
section with respect to ordinary hadronic cross sections ' the orders of magni
tude are some nanobarns per nucléon for J/I/J, some fractions of picobarn for T 
family. As a consequence, experiments must be optimized to deal with the 
highest possible luminosity. For fixed-target experiments» this leads very 
often to heavy nuclear targets (e.g. tungsten or platinum). Another consequence 
is that almost all experiments detect only the final leptonic pair and not the 
associated hadrons. 

b) e_e final_state : is difficult to detect since it requires a very good 
e/ir rejection (of the order of 10**). Two experiments at CERN ISR detect this 
final state ; one ISR experiment uses very sophisticated techniques (liquid 
Argon calorimeter and transition radiation counter) to separate cleanly the 
electrons. 

c) M_2 final_state : one ^ay use hadron filtering in an iron wall to separate 
cleanly the muons. The CERN SISI collaboration only detects all final state 
particles ; all other experiments absorb the hadrons very quickly and detect 
only muons ; very often the incoming beam is also dumped in an absorber. This 
technique, and the use of heavy targets, allows very high luminosities. For 
instance the Colurabia-Fermilab-Stony Brook (C.F.S.) experiment at Fermilab vsed 
several 1 0 1 2 protons per second in a 10~ 3 acceptance experiment ; NA3 experiment 

f 81 
at CERN used up to 2.1Q9 p.p.s. in a 40 % acceptance apparatus. 

d) Necessit^_of_efficient_triggers. In beam dump experiments, as the final 
state is fairly simple, very powerful triggers may be build in order to elimi-

[8] nate spurious events. For instance in CERN NA3 experiment a two-level 
trigger (hodoscopes, and then cathode read-out chambers giving a trigger on 
high P_ events) gives more than 50 % of good dimuons. This is a specific 
feature of this kind of semi-inclusive experiments, which is almost impossible 
to achieve in exclusive ones. 



II - HIGH MASS VECTOR ŒSONS 

2.1 - J/iJ; family production 

Six years exactly after J/I/I discovery in P-Be experiments , the 

hadronic production mechanism of this hidden charm meson is not yet fully 

understood. 

i) What roechanismg_may_£rgduce_J/i|; ? 

a) First, there are several "direct" mechanisms : 

* Light quark-antiquark fusion : it gives directly a cc pair, but is 

forbidden by Zweig*s rule so its contribution to the cross section 

is certainly small. 

* Fusion of charmed quarks : this involves two charmed "seas" (target 

and beam), which are supposed to be very small ; then here also the 

contribution to the cross section is very small, 

* qq •+• gluon -+ cc : from the following graph. 

where soft gluon emission is 
implied to form colourless 
states 

q ' 

If this graph dominates, it is expected to give very different 

cross sections depending on the nature of the target, since valence 

quarks are involved. In particular a(p) must be much larger than 

o(p). 

Gluon fusion : 

+ related diagrams 
IIHWHHW< 

g' 

On the contrary, this graph must give the same cross section from 

p as from p. 
[Q] 

This graph and the preceding one have been studied by Gluck et al 

b) One should take into account all "cascade" production of J/if> via the 

charmonium x states : 



e.g. 1>* -*• Y + X and X + Y + J/* 

This mechanism is expected to be dominant by several authc :s 

The highest statistics (more than 2.10e events) have been taken by NA3 
collaboration at various energies (150 to 280 GeV) and various incident 

± + ± particles (TT , K", p ) op free protons or on heavy targets. Unfortunately their 
results are not yet fully published. 

a) Total cross section 
In addition to already known excitation curve from protons, recent 

results allow to draw this excitation curve for incident pions (Fig.l). Its 
behaviour is well reproduced by models like Ref. 9. 

For nuclear effects, all experiments agree with a parametrisation of 
cross sections : 

(2.1) 
a - a0 A (A = atomic number of the target) 

a * 0.95 ± 0.05 

This result is very different from Che value a ^ 0,66 found for light 
vector mesons p, u)f $ : this could be due to a low value of the nuclear cross 
section of charmed quarks. 

b) Ratios of cross sections 
From models like Ref. 9 one can predict the s variation of ratios of J/ty 

production from different particles, supposing qq annihilation only or 
qq + gluon fusion. These predictions are compared in Fig. 2 to published data 
from recent experiments ' . Clearly this gives evidence for a substantial 
gluon-gluon contributions, which increases with s (energy). 

From p/p ratio the NA3 collaboration finds at 150 GeV/c a ratio of 
the qq to gg contributions which is 

o 
(2.2) -3- « 5.5 ± 2.2 
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c) Angular decay distributions 
All available data agree to indicate a flat j/̂ i decay. The interpreta

tion of this result is not obvious, since several production mechanisms are 
competing. If light quark annihilation dominates, one expects 1 + cos 20 dis
tribution, which is not the case experimentally. Gluon fusion leads to a flat 
spectrum, and cascade mechanisms via x states give contributions which depend 
on the spin-parity of the intermediate state. 

d) $' production 
Only experiment having a very good mass resolution can separate cleanly 

the ty' from the J/ijf. This is the case for instance for CERN SISI Collabora
tion <fig. 3). As can be seen, the a(3 for if»1 production is only some per 
cents of J/î . Taking into account the dileptonic branching ratios of j/î  and 
ip* (7 % and 0,9 % respectively) this implies that the 0' production is suppres
sed by about a factor 10 with respect to J/d> - perhaps because iji' -*• x •* $> 

cascade mechanism. 

e) Production of J/\p via intermediate x states 
Several models predict that this mechanism should be the dominant 

J/ty production. The experimental situation was very confused up to 1980, mainly 
because evidence for intermediate ifi states comes from peaks in yty invariant 
mass, which is difficult to obtain. Recent results from SISI Collaboration at 

_ [121 
CERN with incident IT at 150 and 195 GeV/c have given the following value 

o (* total) ™ ~ 3 /a 

and they give evidence for both X^cin a n t* XicSe intermediate states. 

2.2 - Upsilon family production 

There are not yet a great number of experimental results on these bb 
quarks bound states. 

i) Digçoyery_and SEggtrgscopy^frqmhadrcniçinteraçtions 

Let us recall that the T was discovered in 1977 by the C.F.S. collabora
tion at Fermilab in proton-tungsten interactions at 400 GeV/c. The experi
mental set-up was a low acceptance bi-spectrometer with a powerful beam dump 
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allowing to deal with several 1 0 1 2 incoming protons per second. 

The good mass resolution of the apparatus (2.2 X upgraded later to 

1.5 Z) and the high statistics obtained at 3 energies have allowed to give 

evidence for 3 different states, and to compute their masses (Fig. 4) : 

M - 9.46 + 0.03 bL f = 10.03 ± 0.03 H-,, = 10.43 ± 0.05 GeV 

These values have been fairly confirmed by e e storage ring results 

from DORIS and CESR. 

ii) 9ther_exgeriments 

Several experiments at CERN ISR (for instance Ref. 6 and 17) have 

detected the production of the T family, but with low statistics (some 10 z 

events) and without resolving the three T states. Only one experiment (NA3 

Collaboration at CEKN ) (Figure 5) has seen the T family in pion-nucleus 

interactions, both from TT and TT . The corresponding cross sections are of the 

order of 1 picobarn per nucléon. 

Figure 6 gives the Upsilon family excitation curves, from protons and 

from pions. The curve from protons is exactly the J/iJ> excitation curve, scaled 
[141 

down by a factor 500. Some predictions from Q.C.D. J are available : they 

give a predicted cross section which is fairly close to available data, as can 

be seen in Fig. 6. 

The T production mechanism should be compatible with that of J/i£, as 

suggested by the excitation curve. The decay angular distribution is found to 

be flat as for J/ty, and the average transverse momentum <p_> is found to be 

substantially larger than that of the continuum. 

iii) Search for heavier_gtates 

Before evidence coming from PETRA storage ring, that no "top" quark 

bound states occurs below 38 GeV/c , hadronic experiment» could only exclude 

any new bound state below about 20 GeV/c 2, both from CFS ai,i from ISR results. 

Even if "toponium" states exist above 40 Ge\fc^> it seems Extremely unlikely 

that they will be seen in hadronic collisions in a near future. Forthcoming 



data with the pp collider at I/B = 540 GeV will perhaps give very high-mass 
dimuons. 

iv) Scaling in vector meson production 

The similarity of the excitation curves of J/t// and T should be extended 
to the production of the 4 meson. This suggests some kind of scaling law, 
which has been derived by Gaisser et al . They relate the production cross 
section of a narrow vector meson of mass M to a universal function of 
T - M //s. This prediction is quite well verified by available data on 4, 
J/$, 0' and T» which is a remarkable result since the cross sections may 
differ from ^ to T by a factor i> 10 6. 

THE HIGH MASS CONTINUUM 

3.1 - Definitions and cross sections 

The "continuum" (spectrum of leptonic pairs outside resonances) is sup
posed to be created by the Drell-Yan mechanism : electromagnetic annihilation 
of a quark-antiquark pair into a virtual photon : 

at center of 
mass energy 

Experimentally, one measures M^ and X = 2 . 

If quark masses and primordial p are neglected, the momentum fractions of the 
quarks x. and x_ may be deduced from the relations : 



Then the d i f f e ren t i a l cross sect ion may be expressed as 

d*o 4TO 2 1 „ Q i 
W ' 1 ' l lv l lv -*V Y « ^ ^ 3Xj,x 2s 3 XjX 2 

f / f x ^ f . / < x z ) + « £ ( x 2 ) f_ X(x •>] 
In this expression : 

* •= is the point-like electromagnetic cross section at the energy x.x 0 

» r is the colour factor 

» the summation £ runs in principle over all quark flavours ; in practice it 

is restricted to light quarks u, d, s. 

« q. is the electric charge of quark i 

f.(x) 
* is the probability for a quark to carry the fraction x of the available 

K & 
energy j - . 

It should be noticed that the so-called structure functions f.<x) are 

the same as in deep inelastic lepton scattering ; of course the space-like 

transfer Q 2 must be changed into the time-like mass squared M 2 for Drell-Yan. 

If a Drell-Yan experiment has both large statistics and large acceptance, 

the structure functions of both beam and target may be extracted simultaneously 

from an overall fit of the x., x„ data. It should be noticed that the experimen

tal data should be taken carefully outside resonances, since vector mesons do 

not behave at all as Drell-Yan events. It is the reason why Drell-Yan events 

are restricted very often to the following mass ranges : 

<M 2> ^ 5 

<M 2> *u 20 

<M 2> > 150 

Almost all experimental results presently available come from region b ) . 

This is an important point since many quantities may depend on M 2 î the data 

a) 2 < M < 2 . 7 

b) 4 . 0 < M < 8 . 5 

c ) M > 11 



- 9 -

do not cover a wide M 2 range. 

Table 1 gives a comparison between recent experiments. 

3.2 - Predictions of Drell-Yan model and comparison with data 

The Drell-Yan model was a simple quark-parton model developed several 
years before the "birth" of Q.C.D. ; of course, one may expect several modifica
tions to the predictions of Drell-Yan model, coming mainly from the existence 
of the gluons. 

In this section we will compare the "naive" Drell-Yan prediction to the 
data, and insist upon Q.C.D. effects. 

a) Scaling_behaviour 

If in Eq. (3.1) the structure functions f.(x) do not depend on M 2, one 
can deduce a simple scaling low which is : 

(3.2) M3 § = f(T) 

where T is the scaling variable M/vÇ. 

Fig. 7 and 8 give a comparison between available data for incident TT or 
p. As can be seen, scaling seems to be very well satisfied within the statis
tical and systematical errors which are about 20 SJ» In Q.C.D., a scaling vio
lation of the structure functions is expected from the Altarelli-Parisi 

[231 evolution equations . But, as in D.I.5., the predicted values are rather 
small ; about 25 % for presently available data. Clearly one needs higher 
statistics at high M 2 (H 2 > 100) to be able to measure sizeable scaling viola
tions . 

b) Nuclear_effeets 

In a quark-parton model, no nuclear effect is expected and the badronic 
production of dileptons is predicted to have a linear dépendance with respect 
to the atomic number of the target A. Table 1 gives the results of a parametri-
sation of the cross section as : a = a c A 



TABLE 1 : COMPARISON OF RECENT EXPERIMENTS ON DILEPTON CONTINUUM 

Experiment 
and reference 

Incident 
particle 

Incident 
energy, or /s V 

acceptance 

Mass 
resolution o(%) 

Dilepton 
mass range 

Number of 
Drell-Yan events 

CERN 1SR (6) 
ABCSY 

P /s" - 62 -0.2 •* 0.2 4 4-1-18 1000 

CERN ISR (17) 
CHFMNP 

P ^ - 62 -0.1 •* 0.5 10 5 •* 25 2500 

CERN SPS (7) 
SIS1 

TT 150 to 195 -0.2 •* 0.8 1.5 3.9 ->• 8.0 1500 

CERH SPS (18) + + -
TT K p,p 40 6 2.0 •* 2.7 ceveral 10 3 

CERN SES (19) 
NA3 

+ +• -
TT~ K p , p 150 to 400 -0.3 •* 1.0 4 

upgrated to 2.5 
4 -» 14 IT" 50000 

IT 2200 
K 1000 
K 150 
p ;20 
p 1300 
(100000 p in 
analysis) 

Fermilab(5,20) 
CFS 

P 200 to 400 -0.1 •* 0.1 2 
upgraded to 1.5 

5 + 20 180 000 

Fermilab (21) 
CIP 

TT 225 0. •+ 1.0 4 4 * 8.5 TT 2Z00 
TT 400 

Fermilab (22) 
MNTW 

P 400 -0.2 ->• 1.0 12 4.5 -> 18 > 1 0 5 

i 
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For the 3 experiments vhich have measured it* Table 4 gives the experi

mental values of a. In spite of the value of 1.12 obtained by the CIP collabo-* 

ration, one can conclude that one obtains the expected linear A dépendance. 

c) Angular^deca^distributions 

The Drell-Yan model predict? an angular distribution which comes simply 

from the virtual photon and should be : 

C 3- 3 ) -3S5S0 ^ 1 * * c o s Z s w i t h A " l 

Available experimental data integrated over all other variables are 

consistent with X - 1, for protons or for pions. 

For incident pions, a model from Berger and Brodsky J predicts a quite 

different behaviour for x. -»• 1. They give an explicit form for the cross 

section which is proportional to the following angular term : 

/ < K ? > 2 K

T 
(3.4) (1-x.) 2 (1 + cos2GJ + £ — — sin 20 + (1-st,) - ~ sin 20 cos 4 

l y H 2 1 JM 

where 0 is the Gottfried-Jackson angle of the dimuon and $ the azimuthal angle 

of one meson in this frame and where <Kj?> is the average of the square of the 

dimuon transverse momentum. Eq. (3.4) contains 1/H2 term which is explicitely 

scsle-braking, and a sin 20 dépendance. The experimental results from C.I.P. 

collaboration (Fig. 9) agree with this predistiou and give a negative value of 

This kind of prediction, which takes into account the so-called "higher-

twist" diagrams, is not supported by other authors vhich predict smoo.h 

variations of \ t always around A = 1. Clearly more experimental results are 

needed, but ^nly experiments having a ',?r, good forward acceptance can check 

the prediction of Berger and Brodsky. Thev 4 results should be available very 

soon from high statistics cf the V\3 experiment at 150 and 280 GeV/c. 



In Eq. (3.1) one has seen tuat the cross section is proportional to the 
square of the quark charges. For incident pions and in the kinemafcical region 
T •*• 1 it is easy to show that, on our isoscalar target. —=• •*• 7 which is the 
ratio of the square of valence quark charges. 

Figure 10 gives the available data, which clearly confirm the expectation 
of the modal, and indicate that resonances are produced from a different mecha
nism (strong interaction instead of electromagnetic interaction). This indica
tes also that there is no important hadronic contribution to the dilepton 
continuum. 

e) ^.distributions 

quark momentum (of the order of 300 MeV/c). The experimental data show clearly 
a very substantial production of events at high P which may be explained in 
the framework of several Q.C.D. diagrams like the following : 

q ( q > -

"S*. gluon 

•mmmr 
gluon -q(q) 

This is certainly one of the best testgrounds of Q.C.D. given by hadronic 
physics, but unfortunately there is presently no simple parametrisation of the 
P distributions. The whole spectrum is a convolution between the P_ dépendance 
coming from the above diagrams, with the intrinsic P distribution of quarks 
within mesons and nucléons* which are largely unknown = no theoretical preju
dices can predict the analytic form of the intrinsic P distribution. 
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[97] 
One simple test given by Q.C.D. J is the prediction of the s variation 

of <P£> 

(3.5) 

Figure 11 gives the data from incident IT , which fit quite well with this 

prediction. It should be noticed that experimentally it is found that : 

r 281 

There has been an attempt by Dokshitzer et al to carry out a pertur-

bative analysis in the framework of Q.C.D. to predict the whole P_ spectrum. [20] ,T 
The results seem promising when compared to C.F.S proton data 

3.3 - Absolute cross sections, "K factor" and structure functions 

a) Generaleçonsidgrations^on structure functions 

i) In the general expression of the Drell-Yan cross section (Eq. 3.1) 

there is no free parameter : if the structure functions fi(x) are known from 

other sources (for instance from Deep Inelastic Scattering, D.I.S.) the cross 

section is predicted exactly. 

It is of course very important to know these structure functions. In 

practice, only p-p or p-p collisions can be used to make a direct comparison 

witii existing data from D.I.S. In the following paragraphs, we will recall 

some definitions and predictions concerning structure functions. 

ii) Valence t_ s ea^and^ gluons 

In the ordinary version of the quark-parton model, the hadron momentum 

comes from the quarks constituting the hadron, from the gluons which ensure 

the binding of the quarks inside the hadron, and also by "sea quarks". These 

last are virtual qq pairs coming from gluons, which are expected to dominate 

at low momentum. 

[29J . . 
From D.I.S. it is known that in the nucléon the gluons carry about 

one-half of the hadron momentum» and that valence quarks dominate over Bea 



T» 

quarks above x ^ 0,3. In Drell-Yan it is expected that ir~, K or p cross 

sections» involving valence quark-antiquark annihilations» will be substantial

ly bigger at large x than p or K cross sections. 

iii) P£^i£tions_for_s^r^ctuje_functions 

Counting rule arguments developed by Brodsky et al J suggest the 

following x -*• 1 behaviours : 

for proton u •+ (1 - x; 3 

for irorK u -*• 1 - x 

At low x, Regge arguments give the following behaviour for proton and 

pion sea : 

S (x> - S (X) * -
P IT X 

Clearly, Drell-Yan events provide a unique way to test these ideas on 

other particles than proton, whose structure functions hive been determined 

from D.I.S. 

T321 
In 1979 the NA3 collaboration has discovered that 

(3 6) d2o- _ R d 2q 
dx.dx„ experimental dx dx. predicted 

with K ^ 2, the predicted cross section being obtained from the most recent 
[291 

results from C.D.H.S. experiment on neutrino-proton scattering. 

Such a large correction was predicted by Q.C.D. calculations from 

Altarelli et al and has been experimentally confirmed further by C.F.S. 

collaboration, CERN SISI and ISR experiment. 

Let now turn to the data and give some details on these different points. 

c ) ££2£2S^§S£Î2ï2£20_^âia_l£25_î3AJ_ëî££Êli5Ênt 

i) Wîj2_Ezi ? 

If proton-proton (or proton-nucleus) interactions are considered only, 
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there is a problem coming from sea quark structure functions. For each quark 

flavour one has 

f, f ^ + f, f t valence - sea + sea - sea 
beam target beam target 

Valence cerras are normalized to the number of quarks in the proton : 

(3.7) /W dx = 2 f £&.*.! 
0 0 

but sea terms have no normalisation constraint and may be different in 

Drell-Yan process, than in D.I.S. 

If antiproton-proton collisions are considered, Eq. (3.1) gives a 

valence-valence term• added to the same valence-sea and sea-sea terms than in 

p-p collision. 

Then, subtracting proton from antiproton data, one obtains only valence-

valence terms which are rid of sea effects. 

ii) Parametriaation^of^structure functions 

There is presently no prediction for the analytic form of the structure 

functions f(x). One uses in general the so-called Buras-Gaemers parametrisa-
„. [34] tion : 

* for valence quarks in the proton : 

f u p(x) = A" x°(l-x) B A" given by / ^ dx = 2 
(3.8) } a B a B J01

 x 

,p, . ,d o„ ,,8+1 A . I dp(x) . , 
^ d r(x) - A n g x (1-x) A o g given by I — ^ - dx = 1 

• for sea quarks : neutrino scattering experiments have proved that the sea 
. [291 ymnetric then : 

-s 6 s 
d s(x) = A (1-x) 

$ +n 
(3.9) < û s(x) = A (1-x) s 

' a 
S S(x) = \ (S s+d s) 
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« for gluons : a normalisation constraint is known from D.I.S. 

(3.10) 
with I g(x)dx « 0. 

*Y1 

iii) N^_result3_with_p^^£_data 

Using an nseparated beam containing 1.5 % p at 150 GeV/c, the NA3 
experiment ias obtained 275 Drell-Yan events (4.1 f H < 8.5 GeV) induced 

uu 
by antiprotons. Subtracting the same luminosity from protons, they obtain the 
valence structure function given by Fig. 12 which may be parametrised with tbe 
coefficients given in Table 2. 

Valence N A .1 CDHS experiment 
structure 
function p - p data v scattering 
parameters <M 2^ = 20 at <Q2> - 20 

ct 0.7 ± 0.3 0.51 ± 0.02 

B 3.3 ± 0.3 2.8 ± 0.1 

TABLE 2 

This gives evidence that the shape of the structure function is the same. 
But the experimental cross section is found substantially larger than expected 
from Eq. M.l) : 

K 2.3 ± 0.3 

This result proves unambiguously that this K factor does not come from 
sea effects. Of course» the limited statistics does not allow to see if K is 
a fuu-v.ion of various kinemat*^al variables (x_, x , M, s...). 
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a ) E£2£22CEE2£22_~£'a 

i) ^-factor 

The NA3 collaboration finds at 200 GeV/c 

K • 2.3 ± 0.3 

The other data (Fermilab CFS or CERN ISR) are not analysed in Hie same way, 

nut give indication of a K factor around 1.8 fo* ISR data, and 1.6 at 

<M > - 6 GeV for CFS data. 

" ) 5Êâ-2EESH£!îïS-îï2££èSS_2Ï_£!!e 2£2£25 

The CFS collaboration1 gives an indication that the u and d quarks 

do not have the same structure function in the proton sea. The best fit to 

their data gives 

s ,. ,3.5 ± 1. 
— = (1-x) 

< 

d - 0.47 (1-x) 7- 6 * °- 8 

S 

This difference was predicted by Feynman and Field . The NA3 statis

tics at 200 GeV are too poor to distinguish between u - d and u * d(l-x) . 

i.l) Gluon str^ctur^^unction_in_the_groton 

In the final analysis of their data, the CFS collaboration attempted a 

global fit of t'ieir data as a function of H , y (rapidity) and ¥ f using for 

the P distribution the Q.C.D. prescriptions from Altarelli and Kajantie. 
- ak 2 

Using a Gaussian primordial P T distribution f(k_) = A T , tbey obtain the 

following results. 

Gluon structure function 

g(x) = 2.55 (1-x) 4- 1 * °- 2 

Cut-off parameter 

Strong coupling constant o - 0.27 ± 0.02 at <Q Z> » 40 
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This remarkable result is also a remarkable success of Q.C.D., since the 

mode 

tribution. 

naive model is unable tc explain the F behaviour and of course the gluon con-

In pion-proton data, there is no available value for the pion structure 

function coming from Deep Inelastic Scattering. The Drell-Yan cross section 

can be written as follows. 

where 6 and H are structure functions of the target which may be extracted 

from the ûi?ta and compared to nucléon structure functions coming from D.I.S. 

This ensures that the pion structure functions V and S are then correctly 

found, 

*- ) E5Eâïï£^EÎSê£i2S-2l-EÎ2S-Sïïy££lî£ê--HS£^i255 

From isospin invariance one has for valence structure functions 

û _ = d _ = u . = d , = V (x) 
IT IT T T + 7T+ IT 

A Buras-Gaemers parametrisation is chosen : , 1 

a B / V (x) 
V (x) = A x * (1-x) * with / - Ï — 

TT TT J X 
0 

(3.12) 
For the sea structure function : 

\s 
. S (x) = B„(l-x) 

ii) Experimental_ results 

Two experiments, NA3 at 200 GeV/c and fi J at 40 GeV/c, have ÏÏ~ 

and Ti data. This allows, by subtracting the cross sections, a direct measure

ment of V (A) which is free from hadronic background. Then, using the norma-

lized nucléon structure functions, one can compute the K factor f.or TT-nucleon 



- 19 -

interactions, and afterwards the pion sea. The results are summarized in 

Table 3. 

Experiment 
and energy 

Beam 
and 

Target 
K factor a* ** »« B 

NA3 
200 GeV 

NA3 
150 GeV 

n 
40 ûeV 

SISI 
150 GeV 

(7I--7I+)Pt 

*~ p t 

lt-H2 

(!t--ïï+)W 

IT" C 

2.2±0.4 

2.4±0.4 

? 4+0.4 

2.22±.24 

2.8±0.6 

0.45±0.1 

0.40+0.1 

0.55±0.1 

not given 

1.04+0.1 

0.90+0.1 

0.9+0.1 

not given 

5.4+0.2 

fixed 

rt 

n 

0.25+0.15 

fixed 

ii 

ii 

it 

TABLE 3 

Fig. 13 gives the pion structure function from NA3 data at 150 GeV. 

Fig. 14 gives the nucléon structure function from the same data : it is impor

tant to see that the same function as in pp interaction is found, which is a 

check of the consistency of the method. 

The value of K found by NA3 on hydrogen from 1000 events at 150 GeV/c 

ensures that the K factor is not a nuclear effect. 

The n - - ir+ data from NA3 and ÎÎ ensure that the K factor cannot come 

from hadronic effects, which are cancelled by the difference of the cross 

sections. 

f) K atruçturg_function 

The NA3 collaboration has obtained at 150 Ge.V/c 700 dimuons with 

M > 4.1 GeV/c z induced by K t simultaneously with ^ 21 000 eventB from IT . 

Neglecting sea contributions which are negligible in the experimental acceptance 

(x > 0.25) they give experimental data for u„-/5 - (fig. 15) which may be com-
c [381 ^ 

pared to theoretical predictions . In particular it can be seen that 
û„-/n - decreases as x •> 1, This is naively expected from simple considerations : 
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if the strange quark is heavier than the u quark, it will carry a larger 
average momentum so the high x region for the u quark in the kaon will be 
depressed. The value of the curve if Martin et al. corresponds to : 

!k - m 
m d " 336 

3.4 - Conclusions on continuum data 

/ Hadronic production of lepton pairs has become a good testground of 
Q.C.D. The large effects predicted in cross sections and in P_ distributions 
are seen and may be one of the good indirect proofs of the existence of gluons. 
Detailed experimental results are available, and clearly it is necessary that 
higher order Q.C.D. corrections should be estimated. 

The K factor is undoubtedly proved experimentally. It is not a nuclear 
effect, since it is seen by p p data at ISR, or by ir H„ data from NA3. It is 
not a hadronic background effect since it remains in ir~ - IT* data which cancel 
this background. It is not an effect of the sea quarks since it has the same 
value in p-p data. But limited statistics and present kinematical range do not 
allow to check its constancy, or its variations with respect to M, x., x , P , 
s. Future higher statistics should bring new results on these points, and also 
eventually on scaling violations of the structure functions which are not yet 
measurable. 

Several successes of recent experiments concerning structure functions 
may be summarized as follows : 

- The shape of the nucléon valence structure function is the same as in 
D.I.S. 

- The sea structure function of the nucléon is not SU2 symmetric 
- The gluon structure function has been measured in nucléon 
- Pion and kaon structure functions are measured. 
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IV - LIKE-SIGN DIMUONS AND MULTIMUONS 

Final states containing like sign dimuons or trimuons are interesting by 
products of v u production, when non-trivial (TT and K decays) : they may be a 
signature for associated production of B mesons. 

4.1 - Interest of B mesons 

As the T, T', T n... mesons are considered as bound states bb of tbe b 
quarks carrying the beauty quantum number, it should exist 6 mesons containing 
a b quark and a light quark. These B mesons should be the analogue for "beauty" 
of what D mesons are for charm, 

T391 The recent discovery» at Cornell CESR storage ring , of a broad r p M r 

state at 10.55 GeV/c2 suggests that this state is just above BB threshold, 
like the t£" (3772) is just above the DD threshold. So the B mass should be 
very likely close to half the T" 1 mass : Mg * 5.25 GeV. 

In 1979 the CERN SISI experiment claimed evidence for a bump at 
5.25 GeV/c2 in several mass combinations of IJIKTT. This decay mode of the B was 

[411 predicted by a model of Fritzsch but the experimental cross section was 
surprisingly high : oB -v 200 nb. 

This signal is now dead and the discovery of B mesons remains to be done. 
We turn now to upper limits given an associated BB production from like-sign 
dimuons, or from trirouons. 

4.2 - Experimental upper limits 

Looking for semileptonic decays of B and B may give events with several 
muons (2 to 4) in the final state, and in general high P muons. Several expe
riments have given upper limits for this associated production : the results 
are summarized in Table 4. The same values of semileptonic branching ratios 
(of course unknown) have been assumed, for instance B -+ u + X ^ 10 %, 

It should be noticed that the experimental limits are quite compatible 
with theoretical predictions, which give o(BB) ^ 1 to 10 nb. 

Evidence for B mesons in exclusive channels will be certainly very 
difficult in hadronic collisions : cross sections are much more smaller than 
for D production, which has been very hard to find in strong interaction expe
riments. 
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Experiment Beam and Channel Upper limit on a(BB) 
and reference energy in nanobarns/nucleon 

SLAC-Pasadena p 400 GeV + - ± 50 
(Fermilab)(41) * V 

Fermilab CIP n" 225 GeV * - ± 
u v v all : 220 

(42) High P T : 8 

CERN NA3 (43) IT" 280 CeV + + 
* M 

25 

TABLE it : UPPER LIMITS ON ASSOCIATED B3 PRODUCTION FROM LIKE 
SIGN DIMUONS, OR TRIWJONS. 
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FIGURE CAPTIONS 

Fig. 1 Excitation curve of J/if from IT" mesons, for x i 0. 
Fig. 2 Predictions of cross section ratios of J/* as a function of E, 

from Ref. 9, compared to experimental data : CERN NA3, ref. 11, 
CERN Si and Fermi lab CIF, ref. 12. 

Fig. 3 Dimuon spectrum from CERN SISl experiment (Ref. 7) showing a clean 
ij/' signal. 

Fig. 4 Evidence for T, T" and T" states from Fermilab C.F.S experiment 
(Ref. 5), the Drell-Yan continuum has been subtracted. Mass resolu-
tion : rn.1,5!, 

Fig. 5 T family production from it* mesons, CERN NA3 experiment (Ref. 13) 
The resolution (o « 4 %) is not good enough to separate the T 
states. 

Fig. 6 Upsilon family excitation curve. Experimental results are compared 
to the predicted curve from Ref. 14. 
ISR data : ref. 6, 17 CFS data ref. 5 
NA3 data : ref. 13 

Fig. 7 Test of scaling in Drell-Yan witii incident protons. Data from ISR, 
ref. 17 and from Fermilab CFS, Ref. 5 and 20. 

Fig. 8 Test of scaling in Drell-Yan with incident TT ; data from CEi!N NA3, 
ref. 19. 

Fig. 9 Data from the Fermilab CIF collaboration, Ref. 25, giving the 
angular distribution parameter X of dimuons 
(-r |T— = 1 + X cos 2 0). The curve is the prediction from Berger 
and Brodsky, Ref. 24. 

Fig. i0 Charge asymmetry in Drell-Yan. Data from CERN NA3 (Ref. 19) at 
200 GeV/c, on platinum and hydrogen targets. 

Fig. 11 Linear variation of <P_,2> for Drell-Yan events as a function of S, 
at a fixed x - 0.275. Data from CERN NA3, Ref. 19 ; Fermilab CIF, 
Ref. 21 ; CERN fi, Ref. 18. 

Fig. 12 Valence structure function of the nucléon obtained by CERN NA3 
(Ref. 35) from p-p data at 150 GeV/c. 

Fig. 13 Pion structure function obtained by CERN NA3 at 150 GeV/c. The 
dashed line gives the valence contribution to the total structure 
function. 

Fig. 14 Nucléon structure function extracted from it . Nucleus interactions, 
by CERN NA3 at 200 GeV/c. 

Fig. 15 Ratio of u structure functions in K and ir , from CERN NA3 at 
150 GeV/c (Ref. 37), compared to predictions of Ref. 38 (Full line : 
F. Martin ; dashed : Chliapnikov ; dotted line : L. Hassouni et al). 
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