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O rayGokoHeynpyroM 8—p paccesiHHE B O6lacTH o = 1

BrinonHeHHbIA aHaNE3 B 3TOA 06/aCTH MOKA3bIBAET, YTO HEOGXONEMO BBOAGHHE
HapyweHRs ckeftiunra. PaccMorpeHnb nmapamMerpH3ausi (2-3aBHCHMOCTH CTpyK~
TYPHLIX (yHKURHA, OCHOBAHHblE Ha ACHMITOTHYECKH CBOGOAHON TeOpHM mos,
MapTOHHOf MOAENH C HEeTOYeUHHIMH MApTOHAMHE H MAacWTaGHO-HHBApHAHTHOM
napToHHOA momenu. [lokaaano, wro mmeiaumecs B 3Toft 061aCTH NAHHBI® MOryT
GbHITL yROBNETBOPHTENLHO ONMCaHbl BO BCeX Tpex noaxogax. C uedsio NpOBepPKH
coorHowenns [Ipenna-filna npobBefeH COBMeCTHbI AHANH3 AAHHBIX MO ray6OKO-
HEyNpyromMy H yNpyromy €—p -paccesiHuio,

PaGora Brmonuena B Jlaboparopuu snepHmix npobnem OHSIH,

Ipenpant OGBeARNERHOro NECTRTYTA SACDHMX uccnenosansil. JyGua 1978

Oeranbuo uccneayercs ray6okoHeynpyroe €—p paccesanue B obnacTh w= 1.

Bilenkaya S.l., Christova E.Ch, El - 11161
On Deep Inelastic e—p Scattering in the Vicinity of w = 1

In order to distinguish between the different theoretical appro-
aches the deep inelastic e-p scattering data in the regions of w=1
have been analysed, The ‘qg-dependence of the structure functions
arising in asymptotically free field theories, parton models with
pointless partons and scale invariant parton model have been used,
The analysis showed that the considered data cannot favour any
of the discussed thenretical schemes. A combined analysis of the
deep inelastic and elastic ©—P scattering data has been carried out,
The wvalidity of the Drell-Yan relation has been checked,

The investigation has been performed at the Laboratory. of
Nuclear Problems, JINR, )
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I, INTRODUCTION

In recent experiments on deep inelastic €()-N
s cattering performed at Stanford’!’ - and Batavia’?/
rather large deviations from scaling of the struc-
ture functions vW and 2MW, have been observed,
It has been reported 3/ that the q? -dependence
of the structure functions is different for the diffe-
rent regions of the scaling wvariable v, For small
o(w<3), vW, decreases with q2 and for large
values of w(w>9) vW_ is a raising function of q? ,
A similar behaviour of ZMW, has been found too,

A detailed analysis of the q? ~dependence of
the structure functions is necessary for comprehen-
sion of the physical nature of Bjorken scaling. As
is well known, different theoretical approaches
predict different forms of scale breaking,

In this paper we analyse the data in order to
answer the question: can the available experimen-
tal data favour any of the existing theoretical
approaches? In our anaylsis we considered only
the threshold region (w=1)*. Restricting to this
region only we have the following reasons:

*The analysis of the data for « =1 we had began
in ref,’4/. In the present paper the recent data on
the cross sections measured at 50 and 60 degrees
are included, Also, instead of making any predictions
about R , as in ref,’4/, here we shall use para-
metrizations on the two independent structure func-
tions vW, and 2MW, .



i) at © =1, we can use a rather simple form
of w ~dependence for the structure functions:

vW, ~ (1= 2P o omw ~- L)
w 1 W

ii) the threshold behaviour of vW, is connected
with the asymptotic behaviour of the nucleon form
factor Gy at ¢® -~ (the Drell-Yan relation)’®

iif) in the vicinity of @ ~1 in many theoretical
approaches explicit expressions for the q2—depen—
dence of vW, can be obtained,

The cross sections for deep inelastic e—p scat-
tering measured '/ at SLAC at laboratory scatter-
ing angles of 6§ = 26, 34, 50 and 60 degrees
(10<e2 <30 (GeV/c)2 , 5.3 <v< 18,3 (GeV)) have been
used in our analysis. These are the data, which
kinematically cover the region w=1 we are interest-
ed in, In our analysis we restricted ourselves
to w < 1,4 %,

As soon as the threshold region of deep ine-
lastic scattering is connected with the asymptotic
behaviour of the nucleon form factors (i.e,) the
elastic e—p cross sections measured at 6 <qf <
< 25 (GreV/(:)2 /7’ have been included in our ana-
lysis, too, The wvalidity of the Drell-Yan relations
has been checked and information about the scale
breaking parameters arising in the different theore-
tical models is obtained,

The method of analysis we have used is consi-
dered in detail in ref. /8/ According to it the free
parameters in the structure functions and the form
factors are determined through minimization of the
functional form x2 , into which directly measured
in experiment cross sections enter.

Using the results of ref,’8’ y, one can show
that at values of w<1,4 the main contribution to the
expansion of YW2 in powers of (1- m—) comes
from the first term,

II, DIFFERENT SCHEMES OF SCALE
BREAKING

Different theoretical models predict different
forms for the q2-dependence of the structure func-~
tions, In this paper we consider deviations from
scaling in the range of @ =1 arising in the following
theoretical approaches: Y

1) asymptotically free gauge field theories’”,

2) parton model with logarithmic form of scale-
breaking 710/ |

3) parton model with pointless partons

4) scale invariant parton model’/12/

Correspondingly the following expressions for the
structure functions vWg2 and 2MW; at w=~1 and
for the proton form factor Gy, atg® -+« arise /10-13/,

/11/
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As has been pointed out in refs, 3 in all

the models considered above the generalized Drell-
Yan relation holds:

p+1

2 (5)

The check of this relation is an important test of
the constituent models of nucleon, We fit to the
data when both p and r are considered as free
parameters as well as when p and r are related
through eq. (5).

I =

IIl. Results of Analysis

In this section we shall present the results of
our fit of the data, As has been indicated above
we considered the kinematical range w<14 in
inelastic scattering (50 experimental points) and
2 2 . . .
q* > 6 (GeV/c) in elastic e-p scattering (10 expe-
rimental points), We assumed that the scaling rela-

tion C‘M'“pGE between the charged and magnetic

6

form factors holds. The experimental data at high
g2 values are consistent with it/ 14/.

Fits to the data were made for the structure
functions and the form factors given by egs. (1), (2),
(3) (a,b,c,G, etc,, were free parameters)., In searching
for the right scaling wvariable, three approaches to
the study of the deviations from scaling were used:

1) when o is considered a scaling variable

2) when o is replaced by o’

Yo oMy + MZ
'L (6)

M is the nucleon mass, and

’

3) when o is replaced by o’

w0 = 2Mv+a
e ’ (7)

where ¢ is a free parameter,

1, The Scaling Variable .

In the first approach we used w as a scaling
variable, We tried to fit the data assuming exact
scaling and using the following parametrizations for
the structure functions in the threshold region:

VW2 = a.(l—x)p

MW = ba—x)% . (8)

Our analysis showed that these functions provide
very poor fit to the data (x2/x? =278/46). Hence de-
viations from scaling are needed. The fit parameters
for the structure functions and the form factor for
each of the theoretical approaches (1), (2), (3), (4)
are listed in Table 1., When the parametrizations
based on asymptotically free field theories have
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been used, p? has been fixed as follows u2 = 0,25,
1’9, and 5 GeV? , The value of the parameter G
strongly depends on the choice of y2, For p? =

= 0.25 GeV?/!%/ G = 0.66+0.04, which is four times
bigger than G=4/27"1%/ which is expected in a model
with three colour quartet, for p?= 5 GeV? , G=0,18+
+ 0,01, which is close to the wvalue expected by
the theory. Parameter A which characterizes the
anomalous dimensions equals A = 0,82+0,05, This
value is two times bigger than the one obtained in
refs/*17 | The data at W 1.8 GeV? p= 1 GeV?
have been used (W is the invariant mass of the
final hadrons), The parametrizations (1a, 2a, 3a, 4a)
have been fitted to the data at W > 2 GeV and

W > 2,3 GeV too, The values of the parameters
obtained in these cases are consistent within the
error with those given in Table 1. Note that even
in the range W > 2.3 GeV the scaling parametrization
(8) is a poor fit to the data. As is seen from
Table 1, imposing relation (5) on the parameters
the data are fitted well, If we consider P and t as
free parameters, the data are also fitted well, Never-
theless, relation (5), i.e., the Drell-Yan relation, is
fulfilled (within the error) for all cases, but (4).

2, The Scaling Variable o’

We shall present here the results of fitting to
the data when o’ is - chosen as a scaling variable,
An attempt to fit to the data using eq. (8) with
replaced by o’ gave a poor fit

Let us assume that the structure functions are
given by eqs, (la), (2a), (3a) and (4a), in which
is replaced by o’. The results of the analysis of
the data on deep inelastic e-p scattering restricted
tow <14 W > 1.8 GeV (44 points) and the elastic
e—p scattering at ¢2 » 6 (GreV/c)2 are presented in
Table II, As is seen from Table I, in each of the
four forms of scale breaking using the variable o
we can fit the data well both when p and r are
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Table II
The results of analysis of the data’l'7/ (variable w’)

The scale invariant

perton model

The parton model with

pointless partons
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The logarithmic scale
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1.89%0.04

1.75%0.05
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0.25%0.04

0.24%0.04

z

1.22%0.18

1.02%0.16

8.00%0,74

8.13%0.76

0.44%0.06

0.41%0.06

76/46 61/45 56/46 53/45 63/46 57/45

58/45

}'Z(; 62/46

independent free parameters and when they fulfill
eq. (5).

3. Scaling Variable o’

Recently in many analyses o ’= 2M;+a
q

free parameter) has been used as a scaling variable.

Our analysis showed that the data in the threshold

region can be fitted well, when the following para-

metrizations for the structure functions and the

form factors

(a-a

N
vW, =a(l-x ")

.4
2MW, = b(1-x )

G (9

have been used. Here x "= ~1-,—,. The data for o< 1.4
©

(25 points) were used in these fits, The parameters
are reported in Table MI, The second column corres-
ponds to fit to the data when relation (5) is imposed
on p and r , and the third column corresponds to
independent p and r ., In both cases we obtain a
good fit, When p and r are considered as free
parameters they satisfy within the error eq. (5), as
expected by the Drell-Yan relation. The value of q ,
which characterized the threshold behaviour of 2MW;
equals q= 4,39+0.20, This value is consistent with
the results reported in ref,’18:18/

Note that using functions (9) we obtained a good
fit to the data in the region o < 1.4 too. (x2/x2=73/52).
The wvalues of the fit parameters did not change
(q= 4.40+0.11; p = 3.06+0.07; t = 2.02+0,04),

4, Remarks

a) It is well known that the structure functions
2MW, and vW, in the parton model with the only



Table III 1
The results of analysis of the data '

7

/ (variable o )

1 2 3
Q. 0.53%0.12 0.15%0.28
P 3.04%0.08 2.73%1.31
g 4.43?1.10 5.60%2.52

} 4.39%0.20 4.57%0.33

c 0.41%0.03 0.41%0.03

x L%'l 2.02%0.04

o 1.93% 0.22 2.00%0.21

35/29 35/28

spin 1/2  charged constituents obey the Callan-Gross

relation:

2MW1 =va2 .

12

e e o

(10)

In fitting to the data with egs. (1), (2), (3) and (4) we
have assumed that 2MW, and vW, have the same
q? —-dependence, Asa , b ,p and q are free para-
meters, eq. (10) has not been assumed. An important
test of the parton model is the check of the Callan-

Gross relation., Table IV presents the values of the

W
ratio R'zﬂ 2

tions disczulg‘lled (p and r are considered indepen-
dent). As is seen from the Table, the values of R’

in the range ® < 1.4 within the error do not contra-
dict eq. (10), but (1a),

evaluated for the four parametriza-

b) Our analysis showed that in order to obtain
a good fit to the data in the threshold region it is
necessary to introduce scale breaking terms in the
expressions in w and o  as well, The present data
do not allow us to distinguish between the four con-
sidered functional forms. Naturally, the question
arises in what kinematical region shall we be able
to distinguish between them. The answer to this
question is of a special interest in connection with
the planned experiments on deep inelastic scattering
of high energy muons on protons/20/ In Table V
we have listed the cross sections, calculated with
eqs. (1a), (2a), (3a) and (4a) for some values of E
® and g2 | in the intervals 20< E <300 GeV,
30592 < 480 (GeV/c)2 and 1,12 <o < 1.17. The values
of the parameters for eqs. (1a)-(4a) have been fixed
in Table I, Even at Ez 100 GeV the cross sections,
obtained by eqs. (1a){4a) differ strongly.

IV. CONCLUSIONS

A detailed test of scaling based on the threshold
region of deep inelastic e-p scattering is performed,
The w-dependence of the structure functions in this
region is rather simple and one may expect to
obtain information about their g2 ~-dependence, The

13



Table TV behaviour of VW2 at w=1 can be related to the

asymptotic behaviour of the proton form factor at
Value of R’=-—“ﬂ‘2—— near threshold high g2 . The data on deep inelastic €-P scattering
2MW1 for o < 1.4 and elastic e-p scattering for q2 »
> 6 (GeV/c) have been fitted too., There have been
Asymptotically The logarith- The parton The scale used parametrizations of q® —dependence of the struc-
W iheerfes™ Heating  pointless.  parion model ture functions vW, and 2MW; based on:
partons ! 1) asymptotically free gauge theories’?
T oadh.r ot oo o.eAte.sm | 2) parton model with logarithmic scale breaking’!%/

3) parton model with pointless partons/11/
4) scale-invariant parton model’/12/,

The analysis showed that deviations from scaling
1.40 1.3%6%0.20 1.09%0.18 1.16%0.18 1.12%0.18 in © are necessary, However, the avaliable data can
be fitted equally well with either of the considered
parametrizations., The Drell-Yan relation does not
contradict the data too. The scaling variables o’

1.20 0.73%.10 0.94%0.13 0.92%0.13 0.99%0.07

1.30 1.05%0.07 1.01%0,08 1.05%.08 1.03%0.08

Table V ’ and o "=ﬂd-521‘5- (a -~ a fit parameter) have been
The differential cross-sections for inelastic e-p scat- a

used too, Deviations from scaling in o’ are necessary,
as well as in o ., The use of o~ allows one to fit
to the data without introducing any additional 92-de-

tering (in 104%cnf [GeV-sr) calculated by assuming
(18), (2a), (3a) and (42)

pendence, :
A Asymptotically The logarith- The par- The scale in-
£ z,w {roe fuuee breabias son model varient parton 3 We want to express our gratitude to S.M.Bilenky
(cw) (%) g::.‘t‘:}l:" ! for useful remarks, We thank also YuM.,Kazarinov
. and N.B.,Skachkov for some discussions and helpful
20 32 1.12 428.8 448.0 414.0 428.0 ‘ comments
40 64 1.15 89.3 109.1 63.5 89.2 1
60 96 1.16 33.7 43.6 17.2 31.6 ‘
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