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ABSTRACT 

Dimuon data provided by «N interactions were analysed 
in the framework of the Drell-Yan quark fusion model in order 
to extract the pion and nucléon structure functions. Our 
results are compared to the structure functions obtained in 
other experiments. 

I - INTRODUCTION 

Systematic work on the determination of the nucléon 
structure functions has been done by 3 types of experiments : 
eN, uN, vN. In these cases, one uses a fundamental probe like 
e, v, v to investigate the structure of the nuclcon. The study 
of the reactions : hN-*p u~X (h is an incident hadron) allows 
to determine in principle the structure functions of the 
nucléon (target) and of the incident projectile (ir~, K~, p, 
p). In order to reach this goal, we have performed a series 
of experiments to measure the production of nassive muon 
pairs in hadron-hadron collisions at CERN SPS. From these 
data, one of the aims of our analysis was to obtain the 
structure functions of instable hadrons like w or K, diffi
cult to probe by lepton scattering. The way in which this 
is possible should be the use of the Drell-Yan mechanism of 
quark annihilation. In this paper, detailed results on the 
pion and the nucléon structure functions are presented. 

II - BRIEF EXPERIMENTAL DESCRIPTION 

The general layout of the experiment is shown in 
fig. lu). More details on the apparatus and trigger system, 
together with others results of the dimuon production by 
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kaons, protons and antiprotons are given elsewhere II). 
Nevertheless I have summarized the main features of the 
apparatus : 

. The "LEZARD" is a large acceptance spectrometer espe
cially designed for the study of particles produced at high 
transverse momentum and used in a beam dump configuration. 

. Two targets (one of platinum, the other of liquid hydro-
gen) have been used. 

. The beam dump and secondary hadron absorber is a 1.50 m 
long block of stainless steel situated 40 cm downstream of 
the platinum target. 

. The large acceptance superconducting dipole magnet has 
a vertical field in a cylindrical airgap of horizontal axis 
of 1.6 m diameter (/Bdl - 4.0 Tm). 

: An additional muon filtering is provided by an 1.8 m 
iron wall placed at the end of the apparatus. 

. 31 planes of multiwire proportional chambers are used 
to reconstruct the trajectory and therefore to get the 
momentum of the charge particles. 

. The identification of the incident particle is made by 
a set of 4 Cerenkov counters. 

. The fast trigger is based on a coincidence of three 
(T1, 12, T3) hodoscopes divided for two of them (T2, T3) 
into horizontal strips. The second stage of the trigger is 
provided by a coincidence between two special checker-board 
proportional chambers Ml and M2 which allows to select on 
the transverse momentum of the particles. 
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The over-all acceptance of the apparatus is shown in 
fig. lb) ; for the «ASS resolution see reference [1]. 

Ill - EXPERIMENTAL CONDITIONS 

Fro* .September 1978 to April 1979, we ran with three 
different hadrons beans : 

i) a negative pion bean of 280 GeV/c without any identi
fication (in fact, only a few percent of incident particles 
are not * ' ) • During this run, we had only an 11.1 en long 
platinum target. 

ii) a negative bean of 200 GeV/c with the following con-
position : 96.3 % w~, 3.1 % K~, 0.62 I p. 

m 

iii) a positive bean of 200 GeV/c with 36 » / , 4.6 » I f, 
59.4 I p. 

The particle fluxes were in the range (1 -3)10 
particle/pulse. 

• « * 

In the 200 GeV/c runs(positive and negative), we 
have used a 6 cm long platinum target simultaneously with 
a 30 cm long liquid hydrogen target placed 40 cm upstream 

2 of the platinum target. For dimuon masses above 4 GeV/c , 
the distance between the two targets and between the plati
num target and the beam dump were large enough to allow an 
unambiguous determination of the origin of the event [1]. 

The number of recorded events with a dimuon mass 
greater than 4 GeV/c2 is reported in the following table I : 
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Table I 
Recorded events with M..•..- > 4 CeV/c 

Pinc w" K" P • 
%* P 

Pt 
200 GeV/c 

«2 

5916 
138 

119 54 219S 
47 

215 1304 
24 

280 GeV/c 
only Pt 5700 - - - - -

Two remarks can be Made : 

i) The large statistic of dinuons induced by « and «~ 
allows us to Measure the structure function of the pion. 

ii) Until now the number of diMuons produced by kaons and 
p are not sufficient to obtain the structure functions of 
these particles. Therefore, we are now taking data in order 
to perform such an analysis in the near future. 

In order to analyse the data in the framework of the 
Drcll-Yan mechanism, we have excluded the resonances Mass 
regions (•, *\ T family) to get a clean sample of dimuons 
events. We then are reduced to the following number of event 
in the table II : 

Table II 
Number of events used to measure the structure functions 

Number of events Range in mass cut 

200 GeV/c 
2073 
5607 M v CeV/cz 

280 GoV/c w" 3441 
v v GeV/c2 
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Because of cur worse resolution in mass at 280 GeV/c, due 
to the fact that we had a platinum targeI of 11.1 cm ins
tead of 6 cm at 200 bcV/c, we have made a different cut in 
•ass at low masses. 

IV - DATA ANALYSIS 
A. Drcll-Yan formalism 
The parton-antiparton annihilation model proposed by 

Drell and Yan is described by the now well-known following 
diagram : 

hi 
beam inciden particle 

h 2 

target 

In this graph, one assumes that an antiquark q (or quark q) 
of the hadron hj (incident particle) annihilates with a 
quark q (or antiquark q) of the target h 2 which has the 
same flavour, into a virtual photon which finally decays 
into a muon pair, 

t 

If transverse momentum of the dimuon is neglected, 
the kincmatical variables of the colliding qq pair are 
defined by the muon pair momentum and the invariant mass M 
as : 

x - x, - x 2 \ * V" * / 
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where x« and x 2 are the fractional nouenta of the quarks in 
the beaa and target particle respectively ; x » 2 p£//s", 
where pf is the longitudinal »oacntuM of the diauon in the 
overall C M . system and /s the total energy. 

The Drell-Yan model enables one to express the double 
differential cross section of the produced diauons as a 
factored produce of structure functions refering to the 
bcaa and the target hadrons in the following way : 

-~-T- * "T l "TTf I f i ( X 1 } f i ( X Z } * f ï ( X 1 } f i C x 2 } ' 0 ) 

dx, dx 2 3 i X , x 2 

where o 0 » 4 wo* (tic)2/3s. (o - 1/137). 
and the structure functions f j for quarks of flavour i and 
charge Qj have a valence and a sea contribution 
f i • fiv 4 fi sea • 

Note that the factor of 3 is due to the color hypo
thesis. 

B. Application to pion-nucleon interaction 

In our case, where hj is a pion and h 2 is a nucléon 
(proton or neutron) the definitions and hypothesis for the 
valence and sea functions are the following : 

*) y§i§QS£.£yQÇ.î£9D3 
. For the pion, due to isospin invariance and charge 

conjugaison conservation, we have only one single valence 

function V(xj) defined'by : 
V(x t) • ûj"(xt) - d*"(x,) - uj*(xf) - 3j*(xt) 
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. For the nucléon, due to isospin invariance there 
are only two independent valence functions, that we define 
for the proton as u(x 2) and d(x 2) for the up and down quarks 
respectively : 
u(x 2) - UP(x 2) - d n(x 2) d(x 2) - dP(x 2) - u n(x 2) 

In addition, we have normalized all the valence distribution 
functions to the corresponding lumber of valence quarks i.e. 

1 V(x,) f 1 u(x 2) P d(x 2) 
d X l - , d x 2 . 2 - — dx 2 - 1 

In xi '0 2 '0 2 

The sea distributions are taken to be SU3 symmetric. 
For each flavour, we define S^x?) for the nucléon and 
S (Xj) for the pion. 

The basic idea of the analysis of our data is to 
compare the experimentally determined cross section to the 
one calculated by the Drell-Yan formula using : 

\dx, d x z / e x p \dx f d x 2 / D # Y p 

where K is a scale factor, related either to our experimental 
normalization error or (and) to a multiplicative correction 
factor due to QCD effects. (2, 3). 

We can now give the general /orm of the cross section 
for a pion-nucleon interaction : 

7rk ' " d h <v(x'' «* ' s'(*'} "M ( n 
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where G(x*) and H(x 2) are nucléon functions which can 
be devclopped into terns of the structure functions u(x 2) 
d(x 2) and S N(x 2) of the nucléon as shown in the appendix A. 

For a platinum target (where Z/A - 0.40) these func
tions can be written in the following way : 

G(x 2) - I (1.6 u(x 2) • 2.4 d(x 2) • 5 S N(x 2)) for w* 

6(x 2) - I (0.6 u(x 2) • 0.4 d(x 2) • 5 S N(x 2)) for w* (4) 

H(x 2) • I (2.2 u(x 2) • 2.8 d(x 2) • 12 S N(x 2)) for »* 

The raw data of the experiment come in the form of 
u v~ events for which we know the mass and the longitudinal 
momentum. Prom these we extract values of Xj and x 2 for each 
event and we obtain a two-dimensional plot (fig. 2). 

We have calculated by Monte Carlo method the acceptance 
at each value of x. and x 2, by integrating on the observed 
P t distribution and on the cosO and + distribution [1] 
which was taken to be P(0, •) « (1 • cos 8). The experimental 
errors (Ap/p, multiple scattering) and the Fermi motion of 
the nuclear target distort slightly the distribution of 
events in the (xj, x,J array. The main effects are that the 
Ap/p error produces a AXJ/XJ of about 31 at high Xj, while 
Fermi motion and multiple scattering induces Ax 2/x 2 of about 
101 and 61 respectively. The resulting effects on dN/dXj are 
sizeable only at high Xj or x 2 and in any case do not exceed 
101. 

From the [xj, xJ array, corrected for acceptance, we 
extract the pion and nucléon structure functions by three 
different methods which are discussed in details in the 
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FIG. 2 
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following sections. In the two first methods (called facto
rization and parametrization methods) we only get results 
on the shape of the structure functions. The third one (cal
led projection method) combined with results of the parame
trization method allows us to make an absolute normalization 
of our data and therefore to evaluate the scale factor K as 
defined in equation (2). 

V - EXPERIMENTAL RESULTS 

Before going into the details of the determination of 
the structure functions, we have to calculate our A-depen-
dence of the differential cross section. This result is 
needed in the projection method (see section (Vt D)). 

A. Measurement of the A-dependence 

The analysis of the behaviour of the differential 
cross section do/dM with the atomic number A a is a good way 
to check if the collisions between quarks are hard or not. 
(A is the atomic mass number of the target material, a is a 
constant which may depend on the kinematical region under 
consideration). 

A comparison between our hydrogen and platinum data 
allows us to determine the A-dependence of our Drell-Yan 

and cross section parametrized as A°. Due to the fact that we 
have n and ir" induced dimuons, we are able to correct the 
cross sections for-the I-spin asymmetry of the platinum 
nucleus. This is made in computing the difference between 
the cross sections of dimuons produced by w" and w* incident 
particles. In addition, this method also eliminates sea 
quark effects. 
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We then measure the experimental ratio of («~ - " ) cross 
sections of dimuon production on hydrogen and platinum, 
multiplied by the factor A : 

A V " ' ) Hj + t»Vx . , 5 1 t 0 # 2 g 

°(w"-w*) Pt * ilVx 
If u and d are the up and down quarks- in the proton» we can 
calculât? the expected ratio fro» equation (3) : (see also 
appendix B) 

Ot - *\ •• • -» « _ <4u-d> 
A (» -* ) te + v» X m A1-o ( 5 ) 

Since u » 2d, we have : 
< 4u - d > 
< u • 2d > 

1.75 

This expression has been evaluated at the average x 2 of our 
data because we have to take into account that the ratio of 
jj is dependent of x2< If we use the Field-Feynmann hypothesis 
C4) (see appendix C) where d • I u • (1 - x 2 ) , and a mean 
value of %2 • 0.15 corresponding to our data, we get for C 
the value 1.80. We thus obtain : 

A 1 " 0 - 0.84 • 0.16 

and for the Drell-Yan process, a beco.mes : 

a • 1.03 • 0.03 

This result supports the hypothesis of incoherent proton 
interactions. Previous experiments have measured this para* 
meter (5, 6). 

x Re-internet ions in the 6 cm platinum t.irgct WAS Account for 
(10 • 5)# of the cross section at the J/ij» mass ; we estimate 
this'effect to be * St for the Droll-Ynn data. We do not 
correct for this effect. 
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B. Factorization method 

In this method we perform a first analysis of our w" 
data by assuming that for the range of Xj values explored 
by this experiment» the sea of the pion can be neglected in 
comparison to the valence. In that case, the observed cross 
section for incident w~ can be written as (see equation (3)) 

d 2o 1 
« - 5 — r V(X.) C(X 2) 

d x1 d x 2 A *l 
The technical way in which we use this method is the 

following : in the [Xj, x 2) plane, reduced by the mass cuts 
(see figure 2), the *~ data are binned into rectangular arrays 
of Xj and x 2. We divided the range of Xj (0.1 < Xj < 1.) 
into Nj bins (Nj « 18 in our case), the range of x 2 (0.07 < 
x, < 0.S0) into N 2 bins (N2 * 9). For each bin of given Xj, 
we have an unknown value of V(Xj), for each bin of given x 2, 
we have an unknown value of G(x 2), Ne thus have Nj • N 2 un
knowns and N, . N 2 populated independent cells which are fit
ted to the form of equation (6). We exclude from the analysis 
the cells where the acceptance is less than 31. By minimizing 
the global %*, we obtain the numerical value of the function 
V(X|) for Nj different values of Xj and the numerical value 
of G(x 2) for N 2 values of x 2. 

proton 
his pnra-

iccount for 
c estimate 
do not 

The results of this analysis are shown for the 200 
GeV *~ run in fig. 3a together with results from a similar 
analysis by Newman et al. (7) on their 225 GeV w" data*. The 

x Notice that in the comparison with the results of ref. [7] 
the two sets of data arc arbitrarily normalized. 
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The data points are the result of the factorization method 
(section V,B) applied on.the n~ data at 200 GeV/c. Data 
points from ref. [7] are also plotted with arbitrary relative 
normalization. The shape of the structure functions obtained 
by the parametrization method (section V,C) is also shown. 

FIG. 3a) 
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X 2 of our fit is 95 for 67 degrees of freedom. This value 
of the x 2 indicates that in our kinematical range of the 
variable x« and x 2, the factorization hypothesis may not be 
adequate, whereas it seems to better fit the data of ref. 
[7J in which the range of Xj (0.25 < Xj < 1. ) allows clear
ly to neglect the sea contribution of the pion. 

We can also perform a simultaneous analysis of our 
w~ and « data without any assumptions on the pion sea. In 
fact, the subtraction of the « induced Drell-Yan cross sec
tion from the w~ induced cross section, allows to eliminate 
the terms involving the sea of the pion and those involving 
the sea of the nucléon, which are the same for incident w 
and *~. For the Pt target (Z/A » 0.40), the combination of 
up and down valence quark that we obtain is u • 2d (see 
appendix B) 
/ d 2o \ 1 « 
VdTir/ • * 7T? v ( X l ) * C u ( X z ) + 2 d ( X z ) J 

\dx, dx2/ ( l l - p t ) _ ( i r * p t ) x, x 2 

The analysis was done by subtracting in each Xj, x 2 cell 
the « events from the ir~ events, both normalized to the 
same number of incident pions. This normalization was 
obtained by using the observed number of J/f events and 
the measured equality (within •, 21) of the production cross 
section for J/f on Pt by incident ** and w" (1]. The results 
are presented in fig. 3b. The x' o( this w" - w difference 
fit is 43 for 59 degrees of freedom. In the present analysis 
by the factorization method we have made no attempt of nor
malization of our data, only the shape of the structure 
functions are determined. 
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sation method (section V,C) is also shown. 
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C. Paramctrization method 

We assume the following simple x-dependence for the 
various structure functions [8]. 

V(x) - Axa(l - x ) $ 

S„(x) - B(1 - x ) n 

«(x) « Â  X^O-X)*' 

d(x) - AJ x 0 ,(l - x ) 0 ' * 1 

S^x) - ••(1-x) B* 

The choice of a u - oj and Bj • B u • 1 is the result of theo
retical prejudices [4). 

As explained in section (IV,B), the parameters A, A' f 

Al are fixed in terms of a and B by the normalization condi
tion to the number of valence quarks. 

If we use simultaneously the information from our *~ 
and w data, it is possible to determine the parameter of the 
sea in addition to the valence. In fact the **/«' ratio gives 
the relative importance of the sea and the valence contribu
tion, the variation of this ratio as a function of Xj and x 2 

fixes the relative importance of the pion sea and the nucléon 
sea. 

The results of this global fit, done by a maximum 
likelihood method, on the 200 GeV data are given below 

a > 0.40 • 0.06 a' - 1.02 _• 0.1S 
B - 0.90 • 0.06 6' > 4.04 «, 0.40 
B - 0.09 • 0.06 B» • 0.35 • 0.07 
n - 4.4 • 1.9 n* • 6.0 • 1.3 
A - 0.5S A' - 10.S Ai • 6.31 
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Only the relative normalisation of the w to the w~ data 
(known within • 21) is used in this fitting procedure. The 
absolute normalisation, which is however affected by a 
larger error, will be exploited in the projection Method to 
evaluate the factor K as defined by equation (2). 

Using the parameters obtained from our fit we find : 

MFj - 2 ( V(x,) dx, - 0.34 • 0.07 
MFj - 6 f W d*i -.0-10 • 0.02 

NFy and MF J arc tie fractions of the « Momentum carried res
pectively by the valence and the sea quarks ; these fractions 
agree with general expectation. 

In the table III, we compare our results of the pion 
structure function with previous experiments : 

Table III : Comparison of the results of NA3 
with other experiments (for w 
structure function). 

Valence 
quarks NA3 CIP (ref.[7]) GOLIATH (ref.(tOl) 

°» 0.40 • 0.06 0.S (fixed) O.S (fixed) 

"w 0.90 • 0.06 1.27 • 0.06 1.56 I 0.18 
MFy 0.34 • 0.07 0.40 • 0.07 0.49 

For the nucléon, using the parameters from the same 
fit, we find : 

f (u(x2) • d(x2)) dx 2 • 0.47 • 0.09 
6J S N(x 2) àx2 ' 0.30 £ 0.06 
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Concerning the nucléon structure function (and its 
integral) we find an average momentum carried by valence 
quarks bigger than the one obtained in CDIIS parametrization 
(471 instead of 341) [9J. It should be noticed however that 
in our fit, we are very sensitive to extrapolation of the 
structure function to x 2 > 0 and hence the values given above, 
both for the sea and valence quarks, depend on the choice of 
the analytical representation of P g ^ ) a t 5 " a 1 1 xz ( 5 e e 

section (V,D)). 

D. Projection method 

By projecting the content of the Xj, x 2 array on the 
two axes we get the distribution dN/dXj and dN/dx2. If L is 
the integrated luminosity calculated from trie integrated beam 
intensity and from the useful number of target nucléons assu
ming a linear A-dependence of the cross section, as found in 
section (V,A), we can get from eq. (3) and (4) an expression 
where only the variable Xj appears : 

dN/dx. f J(x,) 1 
T~ "K v ( x , ) * T77T s ' C x i } 

-^ I(x t) l I t x l } ' 

F w ( x 1 } ' Ô " K » V ( X ' } * "~~" S « ( * i } * ( 7 ) 

The quantities I(Xj) and J(x t) are integrals involving G(x 2) 
and H(x2) and the calculated acceptance of the apparatus A(Xj, x 2) 

/

G(x 2) f H(x 2) 

—f- A ( x p x 2)dx 2, J ( x 1 ) - I — j — A(x t,x 2)dx 2 

These integrals have been evaluated in two different ways : 
(i) using for C(x 2) et H(x 2) the results of the fit to our 

data discussed in section (V,C) ; 
(ii) using the results of the CDIIS parametrization 19, 111. 
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The quantity J(X|)/I(xj) is nearly constant (• 71) in the 
relevant Xj range and is «v 1.4 for the *"* data and % 3.7 
for the « data. 

The numerical values of K are obtained from the inte
gration of equation (7). 

/ M » I ) d»! K -
K*1*'' * S s- ( x' }) ta, 

where V(Xj) and S v(Xj) are the normalized valence and the 
sea structure functions as determined in section (V,C). 
The results of the pion structure function are displayed in 
figure 4(a) in the following way : 
i) The solid points correspond to our data as determined by 

the equation : 

3 ZÎ l ( x1> 
X 1 

NA3 where I (Xj) is calculated using our data from the parame-
trization method (section (V,C)). 
ii) The fit corresponding to these points is adjusted to the 
form of equation (7) in which V(Xj) and Sff(xj) are the norma
lized valence and sea structure functions as determined in 
section (V,C). We then got for K a value equal to 1.4 - 1.5. 
ill) Using now the results of CDIIS parametrization we get a 
second set of data corresponding to the open circle points : 

00 I .CDIIS,. . 
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(a) The data points represent F^Xj) as defined by cq. (7), 
using : 
- nucléon structure function of our fit (1) (solid points) 
- nucléon structure function fro» CDHS fit (2) (open circle 

points). 
(i) dashed curves represent the valence structure function 
of the pion obtained fron our fit ; 
(ii) solid curves represent the (valence * sea) pion struc
ture function as defined by eq. (7). 
The curves have been scaled up by a factoT K : 

(K - 1.4 for (1), K • 2.5 for (2)). 

(b) The data points represent F N(x 2), as defined in section 
(V,D) using the pion structure function from our fit : 
- dashed curves represent the valence part of the nucléon 
structure function : 1.6u(>2) • 2.4d(x2) for w~ 

0.4d(x2) • 0.6u(X2) for i* i 

- solid curves represent (valence • sea) nucléon structure 
function as defined in section (VyD). 
The curves have been scaled up by a factor K : 

(K - 1.4 using our fit ; K - 2.5 using CDH5 fit). 

FIG. 4 
i 
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iv) In order to reproduce this new set of points, we compute 
another value of K equal to ubout 2.4 in the same way that ii) 

A procedure similar to the one which leads to equa
tion (7) can be used to derive the nucléon structure function 
using as input the pion structure function from our fit. Only 
one calculation of I(x2) and J(x 2) can be made from our pion 
structure function as determinated in section (V,C). The inte
grals are : 

/V(x,) /V*l) 
(x2) - I — y — A(x l t x 2) dxj J(x2) - I f- A(x,, x 2) 

' X« / Xi 
dx, 

In this case for the w" the valence part is 
1.6u • 2.4d and J/1 t 5.3, for the ir the valence part is 
0.6u • 0.4d and J/I % 4.5. The results are given in fig. 4(b) 

We now have only one set of data : 
(dN/dx2) FN(x2) -

0 0 L If* 1 T r i I(x2> 
x2 

Two values of K can be evaluated, using either our 
structure function for the nucléon (see section (V,C)) or 
CDHS parametrization : 

V*2> 00 L 

K IrNA3f* i • J ( * 2 ) HN A 3rx i \ (dN/dx2) _ yr KNA3 \ Q ( x2> •. IT^y H ( x 2> ) 
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The results for K are summarized in the table IV. -

Tabic IV : K scale factor 

* 
200 GeV/c 200 GeV/c 280 GeV/c 

G(x 2), H(x 2) from this 
experiment (sect. (V,C)) 1.4 1.4 1.S 

G(x 2), H(x 2) fro» CDIIS 
fit 2.4 2.2 2.S 

The different possible sources of errors which 
affected the scale factor K are given in table V. 

Table V : Sources of errors on K 

K obtained using 
for the nucléon 
G(X2) and H(x2) 
from CDIIS 

K obtained using 
for the nucléon 
G(x 2) and H(x 2) 
from our fit 

Luminosity error 
of our experiment • 15% • 15% 

Statistical error • 10% • 15% 

Systematic error 
from the acceptance 
uncertainty 

• 
• 10% • 15% 

CDIIS normalization 
error I 5% -

We estimate an overall error of • 30% on K (from CDIIS fit) 
and 35% on K (from our fit) x. 

In conclusion, the errors are £ 0.5 for K N A 5 and 
1 0.8 for K C D H S . 

x The large acceptance error in the case of the fit with 
our data alone is duo to tho strong dependence of tho 
integral /(F N(x 2)/x 2)dx 2 on the acceptance at small x 2* 
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VI - DISCUSSION AND CONCLUSION 

First we should note that the shape of the pion struc
ture function is rather insensitive to the choice of the nu
cléon structure function used in the projection Method of 
section (V,D). Furthermore, the pion and nucléon valence 
structure function curves obtained froM our fit fall nicely 
on the values obtained fro» the factorization Method (section 
(V,B)), using the (i" - »*) data (fig. 3(b)) ; this checks the 
consistency of the two Methods. The «~ structure function 
which we derive from the factorization Method agrees in shape 
with the result of Newman et al. (7). However the nucléon 
structure functions, derived by the same Methods, are incom-
patible (fig. 3(a)). 

In the parametrization Method, the global fit of our 
w~ and w* data fixes the shape of the structure fractions. 
The shape of the pion structure function is insensitive to 
the choice of the nucléon structure functions. For the nucléon 
shape, it is found to be low at small x 2 with respect to CDHS 
fit, whereas the fractional Momentum of valence and sea quarks 
is higher than the results of CDHS, but we have to dwell again 
on our limited x 2 range. 

An absolute normalization was possible in our projec
tion Method which allows us to determine the scale factor K. 
The assumption of K » 1, i.e. "naive Drell-Yan model" is then 
excluded by the data if CDHS fit is used for the nucléon 
structure functions. 

Instead of the naive quark annihilation model, we now 
consider the introduction of gluon radiative processes in the 

4 
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framework of QCD theory. In this case, the simple Drell-Yan 
formula of equation (1) must be replaced in order to take 
into account the contiibutions (to the cross section) of 
gluons interactions. Their contribution may be calculated 
to be proportional to (ag log Q ) n where o $ is the strong 
coupling constant [3). The Drell-Yan formula remains then 
valid if we replace the structure functions f(x) depending 

2 2 
only on x by new ones f(x, Q ) depending on x and Q (which 
are called " renormalization group improved structure functions"). 
This replacement takes into account the contributions of the 
leading logarithmic terms (i.e. leading order terms in log Q 2). 

2 In addition, these new Drell-Yan structure functions f(x, Q ) 
should be identical to these measured in deep-inelastic elec-
troproduction and neutrino scattering [3]. 

In our analysis, we have taken CDIIS results at Q * 
-20 GeV 2/c 2 because most of our data are closed to this value. 
However the change on a and 6 in the CDHS structure function 
in the range of Q 2 from 20 to 70 GeV 2/c 2 is less than 10 I. 
The log Q dependence of the structure functions on M 2 observed 
in deep inelastic neutrino scattering (ref. 19]) and predicted 

2 2 
by QCD produces only a very small effect in the Q • -M* range 
we explored. In conclusion,, our comment on the scale factor K 
made above remains valid even when we introduce in the naive 

2 Drell-Yan formula the leading terms in log Q . 
We can now do a further step. We take into account the 

contributions to the cross section of the non leading terms 
in log Q 2. These QCD corrections to the Drell-Yan prediction 
are proportional to 1/log Q and are expected even when 
f(x, Q 2) are used. The order of magnitude of the corrections 
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in the case of a reaction h. h 2 •* upX is estimated to intro
duce effects as large as 1001 and of the same shape in the 
T » M /s range of the present experiments f 2, 3]. The inter
pretation of our results on the scale factor K might be 
related to these QCD corrections. 

In order to draw conclusions about K and to settle 
how much of the value of K is due to a multiplicative correc
tion proceeding from QCD effects as discussed above, a more 
precise knowledge of the nucléon structure function is needed. 
Actually, the determinations of a^ and 0 N (a and 0 of the 
nucléon : see section (V,C)) are not precisely known because 
of the lack of sensitivity of the experiments at small x 2 

(for Off) and x 2 close to 1 (for 0^). We hope that our next 
data on p - Nucléon interactions will be relevant to get a 
better determination of the nucléon structure function. 

In conclusion, whether or not our results on the scale 
factor K could be explained either by experimental acceptance 
problems or by the introduction of important QCD corrections 
is still an open question. The data have to be analyzed in 
More details in order to shed more light on the normalization 
problem» 

Acknowledgments : I want to thank Professors G.J. Feldman, 
F.J. Oilman and D.W.G.S. Leith for their kind hosoitality 
during the Summer Institute. I am also particularly indebted 
to D. Decamp for very valuable discussions and judicious 
comments on the present paper* 
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Appendix A 

In order to illustrate how to get the nucléon func
tions G(x 2) and ll(x2) » I give in details the calculation. 
Due to isospin invariance and charge conjugaison conserva
tion, we have the following set of hypothesis (see section 
(IV.B)) : 

For the pion : 

Valence : . V(x,) 5 ûj"(x,) - dj"(x 1) • uj (x,) - aj (x,) 
Sea : . Sw(x,) - S^Xj) 

. s^x,) - u s - d s - s s - s s - a s - $ s 

(US* d S ' *S» "S* **S» *S a r e t n e s e * < l u a r K S ) 

For the nucléon : 

Valence : . u(x 2) - uÇ(x2) • dy(x 2) 
. d(x 2) - dÇ(x2) - uÇ(x 2) 

Sea : . S N(x 2) - 3 N(x 2) 
. S N(x 2) - u s - d s - s s - G s - 3 S - s s 

* 
Notation : p for proton, n for neutron, N for nucléon. 

In order to simplify the notation when no confusion 
is possible, I do not always Mention cxplicityly the Xj or 
x 2 dependence of the structure functions in the relations 
below. 

We now can calculate the different terns of equation 
(1) (section (IV,B)) : 
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F ( x l t x 2 ) s fjCx,) - f j ( x 2 ) • f j (x , ) - f ^ X j ) -

where : u N (x 2 ) - ( u M ) V a l e n c e • ( u N ) S c a - «J • S,, 

d N (x 2 ) - ( d N ) v . l e n c e • ( d N

) s e a - d? • S N 

N N Uy and dy are the valence structure functions of the nucléon 
defined as follows : 

uj - \ uÇ • | uj and dj - f dE • | dj 

where Z, A, B refer to the composition of the target : 
Z protons and (A - Z) • B neutrons. 

Application ; w - Nucléon interaction 

As an example, we can calculate these 6 terns for a 
w~ - nucléon interaction, 

i „*.„»" • i («J • SN)(uJ" • S w) 
• | ûy'CuÇ • S N) • S„(uJ • S N) 
- I °W"(i "Ç * ! -V * V V * uÇ • ? uj • SN) 

Fro* the hypothesis mentioned above, we get : 

• $ « N'« , r ' | V(| u. • J d • S N) • S w ( | u • | d • S N) 

If we play the same game for the other terns, we 
obtain : 

• ? «""""• 5 V | <!•;«• V 
• J V . - * 5 V S - • ï "M'"'• 5 <VSN'»».»,' 
• i »N u"' • i 8. I. H *• ' S S V ' • *» *i 
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7 

Assuming that for a platimm target - * 0.40 and 

- « 0.60, we then obtain : 
F ( x 1 t x 2 ) - V(x,) [^ (1 .6u(x 2 ) • 2 .4d(x 2 ) • 5 S N ( x 2 ) ] 

• S w ( x t ) [ 1 (2 .2u(x 2 ) • 2 .«d(x 2 ) • 12 S N 0c 2 )J 

The same calculation can be made for a » - platinum 
interaction. 

In order to get equation (3) (section IV,B), we define : 

C(x 2) - - [1.6U(X 2) • 2.4d(x2) • 5 S N(x 2)] (for O 

G(x 2) - ̂  (0.6u(x2) • 0.4d(x2) • 5 S N(x 2)| (for **) 

H(x 2) - - [2.2u(x2) • 2.8d(x2) • 12 S N(x 2)] (for w" or »*) 

Appendix B 

The calculation Made in appendix A allows to deter
mine the cross section ratio of equation (S). We have : 

of 1 - o(w* Pt - M V X ) « [V(xt) .G w*(x 2) •SjCx,) *H(x2)] 

of* - o(*' Pt * v*v'X) « [V(xt) •G w"(x 2) •S^x,) 'H(x2)J 
Then, «!* - *?* « V(x,) [fiw"(x2) - G**(x2)J 

« V(x t) I (u • 2d) . 

If we do the same calculation for a hydrogen target, 
where Z - A • 1 and B - 0, we obtain : (see Appendix A) 

AT"2 - oj2 « V(x,) I (4u-d) . 
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Appendix C 

For the u and d quarks, Field and Feyiuaann (ref. [4]) 
assune the following independence of the structure functions 
of the nucléon : 

for x 2 * 1 u(x 2) * (1 - x 2 ) 3 

d(x 2) * (1 - x 2 ) 4 

for x 2 + 0 u(x 2) and d(x 2) -•• /xj 

If we introduce the normalization hypothesis 

u(x 2) rt d(x2) f1 u(x 2) rt 
J9

 x i Jo *i 
dx 2 - 1 

one can calculate the factor A^ and A^ (see section V,C) 

u(x 2) - A u ^ ( 1 - x 2 ) 3 and d(x 2) « AJ /x^ (1 - x 2 ) 4 

We set : A* • — Ai - — • u )6 <* 256 
With these hypothesis, we then obtain : 

à . 1.125 n . , 
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their nucléon structure function which is a conbination 
of (u*d) valence quarks is (u*d) - A ^ d x a»* d (l-x)B"*d. 

In the projection Method, we want to determine the 
noraalization factor K ; therefore we have to evaluate 
the I(x|) and J(Xf) integrals in which the functions 
G(x2) and H(x2) depending on u and d structure functions 
of the nucléon are needed (see appendix A). 

In order to use CDIIS nucléon structure function, we 
have to extract fro» their result the u and d structure 
functions separately. The way in which this is done is 
the following : u and d are parametrized as 

,<*u ( 1 - x ) 0 u and d - A,, x " d ( 1 - x ) B d . We assume the -u - »- -' M 
normalization of the valence distribution functions to 

f (u*d) . • e • I 'a dx 
and 

JQ X JQ X 

the number of valence quarks 
' o x 

dx « 1 ; we now can write [9] 
'© 

W 2 > -.Mu<2> * Md<2> 
W 3 > • Mu< 3> • Md< 3> 

where H f(2) and N£(3) are the second and third moments 
of the structure functions f. The moment of order n of 
the function f is defined as : M f(n) - I x""Z fdx. 

Besides we assume that a u » oj and Bj * 0 U • 1 [4]. 
The resolution of the above system of two equations 
allows to determine a u, a<|, 0 U and Bd from a u > t| and 
6u*d' 

In our case, the choice of the results of CDIIS for 
Q Z - 20 GeV 2/c 2 (justified in section VI), leads to the 
following results : for o u*j * 0.51 and 0u*d • 3.03 (9), 
we obtain o u • o^ • 0.51 and 6„ - 2.8, Bj • 3.8. From 
these values and from the normalization of the valence 
distributions to the number of valence quarks, we get 
A u and Aj. The u and d structure functions determined 
from CDIIS results on (u*d) combination of valence quarks 
•re then used in our fit to get KrnifS' 


