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J1. INTRODUCTION

One of the main goals of the experiments on direct muon pair
production is the :determination of the structure functions of
hadrons. The basis of all known phenomenological analysis- is
the classtcal annihilation model proposed by Drell and Yan/lﬁ
and in some cases — the additional contributions to this anni-
hilation, required by higher order OCD subprocesses; which con-

. tr)bute to the massive lepton pair productlon/Z/

Durlng the last years two experiments at CERN SPS have pub-
lished the highest statistical data on double .differential
cross—section do:/dMdx¢. In the first one — the NA3 experiment
30 000 events jhave been collected with masses 4.5- 8.5 GeV/c
from 400 GeV/c protons hitting Platlnum target/ /. The second
one - NA10 experiment - has ‘ecollected a sample of 155 000 events
with masses higher than 4.07 GeV/c by 194 GeV/c negative plons
hitting Tungsten target/4/.

The aim of the preseht work 1is determination of the quark
densities of nucleon and pion through simultaneous fit of the
shape of the normalized crbss-section, measured in both expe—
riments. The normalizatipn is performed in short mass intervals,
which gives a hope that the estimations are 1ndependent of the
so-called K—fadtor/ 5/ -

[

2. MODEL DESCRIPTION AND PARAMETRIZATION

It is well known that in the framework of the quark—parton
annihilation odei the double d1fferentlal cross—section of

massive muop.palr productlQn may be written as v

do /dMdx, = KM, %) (4ra®/9)- AM VX + 47)-Qy, Xy M), ()
o
with \ e
2, ~— oo
le,xE,M); ? %!qhaul,M)fqh;(xz,M)+ 1 — 2), (2}

where M is the mass of muon pair; X, the Feynman variable;
%X; and X, are the fractional momenta of hadrons carrled by
the quarks of flavour i, € i$ the quark electric charce qh
and qh! are the densities of quarks and antiquarks in had-

“rons, a= 1/137.036, r= x_ - x_and KM, x is a function intro-
£7) ! L

.2.~__,.__._
Bex. cnddt HACTRTYE {7 1
8L .Max L.u wassanaﬂ'

1 R

A

s



duced to describe the differences between the theoretically
predlcted cross—section and the observed one. The argument M

in the quark densities reflects the scaling violation of the
structure functions, a fact which is well established for the
nucleon/through the deep inelastic scattering ‘D.I1.S.) experi-=
ments "”". An indication of gcaling violation for the pion struc-
ture function has been reported in/?

Assuming valldlty of Gross-Llewellym~Smith sum rules 7f the
condition of momentum conservation carried by valence and sea
quarks and taking the parametrization of the quark densities -
proposed by Buras and Gaemers’®/, the relation {2) in the case
of NA3 experiment may be written as
Qxp, %y M = B, M)- 5 &,

M)+ F(x,, M)-S(x,, M) (3)

]

* with

E(x;, M) = 14-U (s, 0) + D7, M)I/9,

P N
F'(xz, M) = {2.199.U o M) /9.

,

o M) + 2.801- Dp(xz, M)+ 10.5-8 (x

In the case of NAIO experiment Q@l,x M) will -be as

m .
Q& x, M=V ® M) G, M)+ H(xz, M)-S"_(xl, M), (4)
with
P
Gy, M) = 1161 - U (x,, M)+ 2.39- D (x,, M)+5-8 “x,, M)1/9,

H(x, M) = {2.208 Up(xz, M) + 2792 D7 (x M)+ 1-5° &, M)1/

In (3) and (4) Up p’ and sP are the distributions of up
and down valence quarks and sea quarks of the nucléon respecti-
vely, V7= D"=U"and 8" are the distributions of valence
quarks and sea quarks of pion. According to the assumptions
mentioned above this distributions can be written as

a (M) B .o0) !
Uz P a0 P /B, B, ),
a. (M) B, M+ 1
pP-x P T a0 P /B(a, B + 2,
11 2.a A D ~a Dl @ry )0 SXP(Mj
-8, - a, a)a—Bp+ -aﬁ(ap+ﬁp+ )-(+y&-(—x /5
M)
viex"" ™ 0P"™ s g vy
m m

aM)=a

and
Yy A0

=1{1 —--gn-‘2-‘aﬂ/(a" + Bﬂ + DA+ yn) (1l -x) /6,

where B@,b)is the Euler Beta function, gp and g, are the frac-
tional momenta-carried by the gluons in the nucledén and the
pion, respectively.

The scaling violation of the structure functions is taken
into account in thé fofm suggested in’3/:

”

/ -
5. BON=B,M )+ B,

with 8 defined as s = In{ln(M 2;/A)/1n(M§»/A2)}where A is the QCD
scale factor. ’

In the formalism described above, the, predicted cross—sec—
tion is fully determined by 16 parameters: g7, u?, pg,
yow, }’{7 [} g [} a(?s Bp, BIP, yOP, ‘ )’p g > /\: M,O,and a&_
ditionally by the ugknown function K(x;, M) ALY of this parame-
ters cannot be determined from the existing data of muon pair
production because of their limited kinematical region or/and
correlation problems.

o M+a, V(M)zyov(Mo)“Lyl',g

3. DETERMINATION OF NUCLEON AND PION
STRUCTURE FUNCTION PARAMETERS ,
It is clear from the model description that the simultaneous
fit to the measured in’3%/double differential cross-section
could improve the accuracy and allows a determination of the
nucleon and pion structure functions totally indepehdent of
D.I.S measurements. However to perform such a determination an
additidnal- assumptions are needed for®the Ksfunction which very
likely may corfrelate ‘with- the s¥ructure function parameters.
In order 'td" avoid ‘this.delicate point, i.e., 'to pelform an
estimatiors which are nearly independent of the K-functien the
minimization (in our case) will be carried out for normalized
cross-section in a short mass intervals (0.4 GeV/c mass step
for NA3 experiment and' 0.57 GeV/c - for NAlO experiment) i.e.,

hl

ax; M ’

We may assume that within such a mads intervals the K-function,
if it exists, 'is mass- and very likely: X;~independent and
will cancel. Such a ‘shape fit in a short mdss interyals will be
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applied for a mogel predictions which include a scaling viola—

Table 17
tion for the nucleon as we11 for the pion structure function.

1)

Results of the fit for model with scaling violation,

The minimization was performed udéing the autoregularlaed ’ in the nucleon and in the p1on. {Fixed: proton Ep = 0.50,
iter4tion processes by Gauss~Newton type ’ Ak; 0. 55, M2 25 GeV /c ; pion g, = 0.47, A= 0.3,
Due to the short kinematical region of the availgble data My = 25 GeV %/c?)

all of the parameters mentioned above cannot be determined. *

We will restrict ourselves only to ag, ,8(7;, }'0 , g, /30, yob _)(Z— values/N.F.

The: evolution of the nucleon structure functiods was taken Pirameters ; Sgg;i::g;g:s H NAS NA1Q@
from neutrino measurement on iron /%’ in' the parametrization N S e - ! -
proposed in/10/; ¢ 1 = -0.16, fB{= 0.77 and yf’= [.5. The pipn oy E. : 16713 2.2/6
evolution was taken>as in’2/ \ | e :&: g:g;:g:g; { os L 16/1% 3.8/6

j = ' 3 114713 S5.4/7
[ ~0.0579~ 0.237 0~ 0.0328 87, B - 0.5150~ 0.0114. 87+ 0.0544. 87 \¥ o & As el 0288 .4 enz e
yl =0, P ] | :- ,11/‘13 2.2/8
“ Die to a very _strong correlation of the fract1ona1 momenta g, p a%ai 2‘2313’?7 : 'E; "fﬂ —';g 29° . 1;;:5 3:?;3 ‘
+ and 8§ with aO and ag, respectively, .they are also fixed. We ; dﬁi; 9:4 +m:7 : _:;5 :z; ¢:13 _:79 .44% 11711 21/8
have used values g, = 0.5 according to CDHS’®/ measuremént and t ! Po19/11 7/8
g8, = 0.47 according to NA3 measuremenps/ /_ The results of the o ' bW
fit together with the correlation coefficients between the pa~ e - : R T 18/ 66768
rameters and the values of the x2 in the mass subintervals for a ’ Total =180 far 176 D.Q.F.
which the cross-section was normalized are, presented in Table, 1. A L - —_—
As can be seen from Table the model gives a good descr1pt1on ‘Wiﬂ |
of the shape of x,-distributions of the normalized cross- sec— :fv
' tion in all mass subintervals of both experlments, exept for $
the one mass bin above the y-resonance for NA]O data. In th1s - Table 2

re01on an anomalous scaling violation has been observed 72/,

/ Results of tHe fit for model with scaling violation

in the nucleon and in the pion. (Fixed: proton gy = 0.365,
A—055 M2—25GeV/c;p10ng=005' A= 0.3,

0
25 (*eV /C )’ Kyas= Kyazo™

- S A

]

4.$LAS$ DEPENDENCE OF THE K -FUNCTION
Next we shall determine the K-function in all mass subin-
tervals using the same model and the extracted valueg” of the

l
N

1

L .
X - values/N.F.

Farameters i Correlation !
pion and nucleon structure funétion parameters. To reproduce v : coefficients H NAZ NA1D
the .absolute cross-section we need a "K-function shown 'in ¢ o i —
Table_ 3. The mean value of this function for ‘NA3 proton data - ! ' _
ig K = 1./940.3 and for NAIO pion data is K= 2.2+0.3 f{the ' P “Q = 0.53+9.@7 ! . ' i:;ig ;'3;2
error bars include the.statistical errors of the sstructure func- ,; G;:;g.;4:g.$9 ; :gg .86 ; 14/15 5:8/j
tion parameters, the correlations between them and the syste- " 1 H &6/12 6.5/7
mgtical uncertainties). We note thdt within the error bars - t : o111z Z2.8/8
the K-function is mass independent in agreement with the cal- P dy = B.73+0.08 ! 567 =-.23 -.46; P71z .3/
culations in r po'; =3.7+0.1 1 .e@ .29 .30 .34 " ii;h 9%;3
It has been ted, out in’%/ that in the next-to-leadin o 8 = 9.3 +0.7 f T-6@ .28 .86 267 ;
a p01n 1 Xt-t ing t [ to19/11 7/8
logarithm aoprox1mat10n the value of fractional momenta carried o ! ! 4/6
by the.gluons in the pion nay change essentially thé estimation n__ —— S ‘ 5,115 47768
of the' K-factor in muon pair production. In the. framework of Total =182 :gr ;76 D.O.F.
v the model applied here we tried to find new structure function ) .
parameférs constralnlng the mean K-factor of both experiments - - T - g -

equal to 1. It is worth stressing that this approach gives 4dn
Y . of
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estimations of g, = 0.05 and gp = .37, and values of the struc-
ture fupction parameters as given in Table 2. We note 'that

the fit in this case 'Is equally good as in the case shown in
Table 1. : :

Table 3
NA3  Ky,,= 1.940.3 NAIO Ky, o= 2.2+0.3
N oM, K, * AK; M, K, *AK,
1 4.5 0.98 0.03 4.01 1.14 0.09
2 .9 0.98 0.03 4.59 1.09 0.13
3 3 0.98 0.05 5.16 .15 0.17
4 5.7 1.03  0.06 5873 1.19 0.21 _
5 6.1 1.06 ~ 0.09 6.31 1.25 0.25
6 6.5 1.07 0.11 6.88 1.25 0.28
7 .9 1.13 0.13 7.45 1.30 0.32
8 7.3 1.18 0.17 10.32 1.62 0.53
9 7.7 1.22 0.19 11.45 1.14 0.42
10 8,1 1.47 0.27
5. CONCLUSION

v

From the simultaneous fit' of the double differential cross-—
section of NA3 proton data and NAIO pion data for high mass
muon pair production, we may conclude;

1) We have determined the structure function parameters
of the nucleon and the pion*independenﬁlyﬁoF‘D.I.S measurements
and independently of the assumption of the * K-factor or K-func-
tion. The values obtaimed' support,the assumption, that the struc-—
ture functions in the muon pair production processes and in the
D.I.S. processes are very likely the same.
4 ii) The data are in favour of mass independent K-function.

iii) The absolute value of the so-called K-factor depends
strongly on the momentum distribution of gluons in hadrons.
There is a good description of the data with K=-1.

In order to precise conclusion of the differences between:
the model predictions and the ddta for the absolute cross sec-
tion ard the K-factor more precise measurements are needed for
the gluon distributions in the hadroms.
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