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1., ). INTRODUCTION/ 

,,,. pne of the ~in goals of the experiments' on direct muon pair 
I 

p~oduction is the·determination of ~he structure functions of'" 
hadr~ns. The basis of all known phenomenological analysis, is),r 
,the classical annihilation model proposed by Drell and Yan / 1/, 

• <' 
.fy'i and in some cases - the additional contributions to this anni

" hilation, required by higher order QCD subprocesses; which'con

"
 A ll' \',.
 trjbute to the massive lepfon pair production / 21 
" 

Durtng the last years two expeYiments at CERN SPS have pub
~ '. lished the highest sta~istical data bn double ,differential

" 
" 

,15 ~4 
t

~ross-section du:ldMdxf. In the first one - the NA3 experimen~ 

30 000 events Jhave been collected with masses 4.5-~.5 GeV/c
{" 

" 
/ 3 / from 400 GeV/c protons hitting Platinum target , The second"\ V 

,<1~.I one ~ NAIO experiment - has 'collected a ,sample of 155 000 events 

". 
~,', ,with masses higher than 4.07 GeV/c by 194 G~V/c negative pions 

hi tting Tungsten target14/.' ,
.\ 

The aim of the preseht; 'work is determinat'idn o{ the quark 
,dei\sities of nucleon and pion through s imul t aneous fit of ther 

" ,.(', shape of the normalized cross-section, measured in both expe
riments. The normatizatipn is performed in short mass intervals, 

I' .. 
" 

... .u I ... •• ~, ,/ ..., .( which gives a hope that the ,estimaiions are independent of thet 
so <cal Led K-fac'tor 151 'I·~; ,

u 
f! " 1 '

.> ( 2. ~ODEL DESCRIPTION AIID PARM1ETRIZATION
II, 

~ 

It is w~ll kno~n that in the framework of the quark-parton 
annihila~ion ~odei the double difl~rential cross-;ection of ' 

"\ f massive muop.pair PfoductiQn may be written as • 
,2' 3 , •k"'tl
 

f (I )
,I.
' 
~. do / dMd x K(M, ,~f)' f47T(l /9]. (11M VXr + 4r).Q(xl'X 2.M).If.' 1 "

,r I 0 ?r with 
2' '- , 

I '~II .OJ Q(\. X2' M);=. ~ e Iqh
1 

M) "qh~(X2' M) + (1 -+ 2)\, (2)t 1(x 1," I} 
where M is the rna ss of muon plli~; ,xf' the Feynman variable;I 
Xl and are the fractional momen t a of hadrons carri,ed by ,x2 -, 
the quarks of flavour ). e j is the quark electric charge.,qh~f • ,and qhJ are the densi ties of quarks and a~tiquat:ks ~n h~d- ~.~

I. 
"'~ , ,,' rons, a = 1/137.036, r T X . x and K(M." X ) 1S a f unc t i.on t n t r o-: ·",~",...:r""""'v"~·'""""·';"F"" cq '_'"i"''''-~'-----'--''-'''''''''- ,\' , ".. l,~. , :..-.L:"© 06r.~ellBllll\'HHCTHTYT JmepHwx,"ccne:i:to~aJia:A .!tY6u'.' i.9~5 ' 

~. \ --" .. .' <10 ' • 'i. " \ 1;
• /" I;i' ~~" • , " Ot. }... -, ...·......;il t:;lCTi;TyY 1" ' 1 

J ~ ! ~ feZ-" ,~,;iX lltr.~~a33au~' ~ \ r 
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'" 
duced to describe the differences between the theoretically 
predicted cross-section and the observed one. The argument M 
in the quark den~ities reflects the scaling violation of the 
structure functions, a fact which is well established for the 
nucleon through the deep inelastic scattering ~D.I.S.) experi~ 

151 A . d i . fl' . 1 . f h .ment s . n an i ca t i.on a sea i.ng V10 at1on. or t e p i on s t ruc-: 
in / 2/ ture function has been reported . 

Assuming validity of Gro s s -Ll.ewe l l yirv Smi t h sum rules 17/, the 
condition of momentum conservation carried by valence and sea 
quarks and taking the parametrization of the quark densities 
proposed by Buras and 'Gaemers 18/, the relation ~2) in, the case 
of NA3 experiment may be written as 

Q(X 1, x 2' M) ~ E(x , M)· S (x M) -+ F(x M)· S(x , ~1) '(3 )1 2' 2, 1

with 

P·.· P IE(x 1, M) = I4· U (xl' M) + 0 (Xl' M) :19, 

. \P	 P p.
F(x 2, M)= 12.199·U (x2' M)+2.801·D (x2' M)+10.5·S (x

2,·M)lJ9. 

In the case of NAIO experiment Q(x , X , M) will 'be as 
1	 2 

Q (Xl' X M) = V "ex , M)· G (X , M) + H (x , M)· S 17(X , M), (4 ) 
2, 1 2 2 . 1 

with 

P	 P P 
G(x2 , M} = 11.61· U (x 2' M)+ 2.39·0 (x

2' 
M)+ 5·S (x2' ~)1/9, 

p	 p p
H(x 2, M) = 12.208· U (x2' M) + 2.792·0 (x ' M)+ 11·S (x M)l:I9.

2 2' 

In (3) and (4) UP, oP .a~d S,p a r e the distributions of up 
and down valence quarks.and sea quarks of the nucleon respecti 
vely, V 17 = 0" = Ii 17 and S17 are the distributions of valence 
quarks and sea quarks of pion. According to the assumptions 
mentioned above this d i s t r i bu t i-ons can be writte~ as 

! 
ap(M) (3p(M) 

, I u"= 2 . x . (1 - x) :lB (a ,(.l + 1), 
. p ""'p 

a (M) (3 (M)+ 1
 
DP x P (l-x) p JB(a,{3 +2),


p p 

,p .. - . /p(M) 
S = 11 - g - 2 . a I( a + (3 + 1) - a :Ie a + (3 + 2) I· (1 + Y ). (1- X) 15 

p P ,p P P P P P 

17 a 17 (M) p 17(M)
 
.V= X • (1 - x) IB(a ,(3 + 1)


.1717 
2' 

and 
17 ~~ 

S = 11-g -2:a I(a + (.l + 1) I . (1 + y ). (1 -' x) :16
TT 1T 7{ f-Jn 1T	 ' .' 

where B(a, b)is the Euler Beta func.t i on , gp and!? 17 are the frac-
tional momenta ··car'ried by the gluons in the nucleon and theI.. 
pion, respective17. ' 

The scaling·violation of the structu~e functions is taken 
in / 8 / into account .i.n the f o rm suggested : 

- ,__ 
,a(M)=ao(Mo)+a -s , (3(M) = {3o(M -s , y(M)=y (M )+y ·s. 

1 I o)+{3 1 0 0 1 

withs defined as ~=lnlln(M2:1A)/ln(M~/A2)lwhere A is 'the QCD 
scale factor. 

In the formalism described above, the. predicted cross-sec
tion is fully determined by 16 parameters:' a;, ({7r, p", {3", 

17 17 P P a P (.l P p. P • 1 0 d J
Yo' Y 1 ' g 17' a 0' a l' ,.... 0' fJ 1 ' yo' Y i ' g) , 1\, M. 0' ana 
ditionally by the unknown function K(X f, M). Ali of this parame
ters canno~ be determined from the existing data of muon pair 
production because of their limited kinematical region or/and 
correlation problems. 

3.	 DETERMINATION OF NUCLEON AND PIaU
 
STRUCTURE FUNCTION PlL~lETERS
 

It	 is clear from the model pescription that the simultaneous 
fit to the measured in/3,4/double d i.f f e r en.t i a-I cross-section 
could improve the accuracy and a l l ows a de t c rmina t i.on of the 
nucleon and pion structure functions total Iv inde~ehQent of 

I' •• ' 
D.I.S measurements. However to perform such Cl. determ1nat1on an 
add i t i ona I. as sump t i ons are needed for" the' K,function wh'i c h very 
1 ikely may cor'te1,:ate 'wit:h" the' structure function parameter's. > 

In order '1:6' avoid 'this -d e Licat e point, Le., 'to' perform an 
estimat'iorrs which are nearly independent of the K-f~ncticm the 
minimization (in our case) will be ~arried out for normalized 
cross-section in a short mass interv~ls ~0.4 GeV/c mass step 
for NA3 experiment and' 0.57 GeV/c - for NAJO experiment} i.e., 

(, -_..Q.Q:_	
~ ,

aXf aM jt 
a (x f . M j ) = -----;:--  j - fixed. 

i". J 

1 ---- 
i aXf aMj J 

i 

We may assume that within such a rna's intervals the K-function, 
if it exists, 'is mass- and very likely' x f-independent and 
will cancel. Such a 'shape fit in a short mass intervals will be 

3.. 
~,. 
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Table ]!app~ied for a mo~el predictions which ipclude a scaling vi;la l," '~ 

tion for the nucleon as well for the pion structure function. Resu Lt s of the fit for model wit'h scaling violation, 
The minimization was p~rformed using 'the autoregularized in the nuc l eori and in the pion. (Fixed: proton gp = 0.50, 

iteration pr<;>cesses by Gauss-Newton type /9/ " ! , 2=A = 0'.55, M0 25 GeV 2/c 2; p i'on g17 =' 0.47, 'A=. 0.3,
2 2 2	 ' Due to the short kinematical region of the availgble data Mo. = 25 GeV Ic )


all of the parameters mentioned above cannot be determined.
 '/ 
-----~-------------~-----------------------------------------------

'1 • 11 . . 1 1 17 P. 17 17 ' P p. P P,'e Wl. r e s t r i c t ourse ves on y to a o" I-'(J' Yo, a o ' 1-'0' Yo'	 J(2.
Parameters Correlation - value./N.P.

The, evolution Df the nucleon structure functions was taken coe,fficients 'NA3 NA1 121
 
from neutrino measurement on iron /6/ in the parametrization l _
 

p"ropos:d in/1o/: a~ = -?16, f3f= 0.77 and yf = 1.5. The p i on	 

_~ 

. lr 

~ 

: ' 
p c4, ~ 121.37+121. f115 16/13 2.2/6evolotl.on was taken'as l.n/ 2/ : ~ 

".Ir= 121.95+121.07 .25	 16/13 3.5/6 
Ir _'17 17	 a ~ -r-. 4. 3 + 1. III .28 .83 '14/13 5.417 \.a 1 = ;0.0579 - 0.237 0 a 17 - 0.0328 f3 17, f3 ~ 0.5150 _ 0 0114, p. 7+ 0 0544, p' 17	 ,

D 0 1 I-' O· 1-'1 ' 'n .	 6112 6.617
0 

" Y = O.	 .11/'12 2.2/8
t" ",1	 I J tJ..t' = 121.63+121,.1217 .84 -.20 -.1121	 7/12 8.6/9Due to a ver~ strong correlation of the fractional moclenta g17 f!,/' = 3.6 +121.1 .20 .13 .1216 .29" 10/12 9.1/9and gp with a~ and a8: respectively, ,they are also fixed. We 

'	 . /6/ '. ' ~{' = 9.4 +121.7 -.75 .26,.13-.70 ,,44 llill 208have used values gp = 0.'5 accord i ng to CDHS measurement and	 19/11 7/8, .	 /5/
g17 = 0.47 accord i ng to NA3 measurements ,The resul ts of the 4/6
 

fit 'together with the correlation coefficients between the pa-:
 
rameters and the values of the X2 in the mass subi~tervals {or
 

Total
whi ch the cross-s~ction was normalized are, pre'sent ed in Table, I. 

------------~-------"----------------------------------------------As can be' seen from Table, the model g i ve s a, good descr i p t i on
 
of' the shape of oX f -dis,tributions of the normalized cross-'sec

tion in all mass subintervals of both experiments, exept for
 
the one mass bin above the x-reso~ance for NAio data. In tqis
 Table 2
regio~ an anomalous scaling violation has been observed /2/ 

i	 :; 

I Re.suLts of t.lie f it for mode l with scaling vioiation 
in the nucleoh and in the pion. (Fi~ed: proton gp = 0.365,

l'	 2 2 24. '!1AS~ DEPENpENCE OF THE K-FUNCTION' A= 0.55, M.J)= 25 GeV Ic ; pion g = 0.05', A= Q.3, 
I 2 ~ 2 ' 17 '
 

Mo = 25 GeV Ie }, KNA3=KNA10= 1.
 
Next we shall determine the K-function in all mass subin
 ___________':.- :...-t.'_-;""'I"'	 I -; -'1- _ul'

p

,	 ~ . t.tervalsusing t~e same model a~d' the extracted valu~s o~ the 
Parameters : Correlation : X - values/N.P.pion and nucleon structure funttion parameters. To reproduce ., : coefficients : 'NA3 NAlli!l' 

,i	 Ithe ,absolute crDss-section we need a 'K-function sbown lin 
------------ 1 -------------------'---------__ ~ _Table,3. The mean value of this function for ,NA3 proton data :>ris OK = 1.'9+0.3 and for NAJa pion data is K= 2.2+0.3 {the ° p c4, = 121. 55+1?J. 1217 16/13 2.3/6 

error .ba r s Include the" statistical errors of the -s t ruc tur e func-: i p/'=t. 121.94+121.1219 .49 16/1.3 3.7/6, 
-o 5"/, = 3.5 +121.7 .22 .86 14/13 5.8/7

tioI\ parameters, tpe correlations between them and the syste
'n 6/12 6.517 

m¥:i,cal uncertainties). He note that ,within the error bars - I .I 11/12 2.8/8 
toe K-function is mass independent in agreement with the cal~ P 4 = 121.73+121.1218 .67 -.23 -.,46'- 7/12 9.3/9 
culations in'!111 ' r 3.7 +0.1 .'6121 .1219 .3121 .34 11/12 9.7/ft 

in / 2
o t/ =	 

~ 

o &t = 9.3 +121. 7 -.6121 .28 .46 -.69 .40: 11/11 20/8It h~s been pointed, out / that in the next-~o-lead~ng ,~,'~ \	 19/11 7/8
~	 11 tlogarithm approximation the value of fract10nal momenta carried	 ,

a , 4/6
by the,gluo~s in the pion may' change essentially the ~stimation n ~ ; : 115/115 67~68 I'~:~.of the' ~-factor iq muon pair production. In the. framework of 

Total =182 for .176 D.D.F.the model applied here we tried to find new structure function 
________~ ~ __ M .. __ ~-----------_--------,--~'---7--------param~ters constraining the mean K-factor of both experiments	 ''I 

I",, ' 1:1/
equal to I. It i~ worth stressing that this approach gives an 

","'1 ,!> 

,	 . , 4	 'Ii'/' .'J 
l~ 

__- j~l~ &~..I~~~~
5 



j 

estimations of g'TT = 0,05 and gp = 0.37, and values of t he struc
ture fUDction parameters as glven in Table 2. We note 'that 
the fit in this ca'se 'is equally good as in the case shown in. 
Table I. 

' 

Table 3 

NA3 1.9~0.3 NAIO = 2.2~0.3KN A 3 = KN A t O 

N Mi K j ± t>K i Mi 
K,

1 ± t> K i 

4.5 b.98 0.03 4.01 I. 14 0.09 

2 4.9 0.98 0.03 4.59 1.09 0.13 

3 5.3 0.98 0.05 5.16 I. 15 0.17 

4 5.7 1.03 0.06 5$13 I. 19 0.21 

5 6. I 1.06 0.09 6.31 1 ..25 0.25 

6 6.5 1.07 0.11 6.88 I. 25 0.28 

7 6.9 I. 13 0.13 7 ./~5 1.30 0.32 

8 7.3 I. 18 0.17 10.32 I. 62 0.53 

9 7.7 I. 22 0.19 11.45 1 . 1{I 0.42 

10 8 1 I I. 47 0.27 
~ 

5. CONCLUSION 

From the simultaneous fit, of the double c if f erent i a l cross
sec t.i.on of NA3 proton data and llAIO pion data for high mass 
muon pair production, we rna y conc Lud ej 

i ) He have. determined the s t ru c t ure function .par arnet e r s 
of ~he' nuc Ieon and the pioJ;l'independen,tlY,.ol'·D.I.S measurements 
and independently of the assumption of the' K-factor or K-Eunc
tion. The values obtained' support, the assumption.. that t he struc
ture functions in the JTluon pair production processes and in the 
D.I.S. processes are very likely the same. 

( 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 mOJTIentum distribution of giuons in hadrons.
 
There is a good description of the data wi t h K = ,1.
 

In order to precise conclusion of the differences b~tween' 

the /nodel predictions and the d!l.ta for the absolute cross sec
tion arid the K-factor more precise measurements are needed fer 

,r Ithe gluon ,distrib~trons in the hadrons. 
i 11'1; 

I 
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8 061:.eAI1HeHHOM 11HCTI1TYTe RAePHbiX 11CC11eAOBaHI1~ Ha1.1a11 
Bb1XOAI1Tb c6opH11K "Kpam'}(ue coo61J.1eHu.R OH.f!H". B HeM 
6YAYT noMe~aTbCR CTaTbl1, COAep~a~l1e OpHr11Ha11bHble Hayi.IHble, 
Hay4HO-TeXHI11.1eCKI1e, MeTOAHI.IeCKI1e 11 npKKJlaAHble pe3y11bTaTW, 
Tpe6y101J4He cpo4Ho~ ny61111Ka~I1H, 6YAY411 4aCTbiO 11 Coo6~eH11H 
011SIH

11
, cTaTbH, BOWeAWI1e B c6opH11K, 11MeJOT, KaK 11 APYrl1e 

113AaH11R OWSIH, cTaTyc 0$11~Ha11bHbiX ny61111Ka~111:t, 

C6opH11K 
11

KpaTK11e coo6~eH11R OHSIW• 6yAeT Bb1XOAI1Tb 
pery11RPHO, 

The Joint Institute for ~uclear Research begins publi
shing a collection of papers entitled JINR Rapid Communi
cations which is a section of the JINR Communications 
and is intended for the accelerated publication of impor
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods~ 
Accelerators. 
Cryogenics . 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condensed matter. 
Applied researches. 

Being a part of the JINR Communications, the articles 
of new collection like all other publications of 
the Joint Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Communications will be issued regularly. 

c:[ 

BeTeB B., BypHJIKO_B ,U., MaBpop;He.B C. IU. 
CTPYK'l'YPHbie ¢YHK~HH IIHOHa H HYKJ10H4\ 
113 poJKp;eHHH T·HlKeJibiX MIOOHH,b!X nap 

E2-85-312 

nony'leHbl CTPYKTYPHb!e_ cPY,HKti;HH pacnpep;eneH'HH KBapKOB 
B HYKJIOHe H IIHOHe Ha OCH.OBe OIIHCaHHH c!>opMbl ,ll;BOHHOrO Allc!>¢e

da>' 
peH~HanbHoro cetieHHH , H3Mepemmro B NA3 3KcnepHMeHTe 

a Max r 
B peaK~HH -rrpoToH-rrna THHa rrp11 400 f3B/ c 11 NAI () 3.KCne.pHMeHTe 
B peaKL(HH rr--BOJ1b¢j)aM IIPH 194 r3B/c. 

Pa6oTa BbiiiOJ1I;IeHa B Jla6opaTopHH Teo'peTH'!ecKoii ¢H311KH OIDIH 

,._i" 

" f"' ~f}\:i!C 
I' ~:.' ~ i: .. 

• ! 

/':, ,, 

Betev B., Bourilkov D., Mavrodiev S.Cht. 
Structure Functions of Pion and Nucleon 
Determined from High Hass Huon Pair Production 

We. present results on quark densities of nucLeon and 
pion estimated from the shape of double differential cross-

section da measured in NA3 experiment by 400 GeV /c pro
aMaxr 

tons on Platinum and NAIO experiment by 194 GeV/c negative 
pions on Tungsten. 

The inve,stip,ation has been perfo·rmed at the Laboratory 
of Theoretical Physics, JINR. 
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