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I. Introduction.

Experiments on the deep inelastic scattering of high energy
Ny
electrons on protons 71,2/ have resulted in an essential progress
in understanding the photon—hadron interactions. Scaling has been

discovered , and it has been shown that in the deep inelastic

)

region, the structure functions are of the order of unity.+

The discovery of scaling stimulated development of a number

of new trends in theoretical investigatinsns: the parton model /4/,

/5/

sutomodel asymptotics in the local field theory , ete.

++) we discuss the results of analysis of all

/1,2,6,7/

In this work
experimental data on the deep inelastic e—/a scattering.
We have used the method of analyasis applied earlier for analysing

/8/

the data on elastic e-/3 acattering and elastic ¢ -

scattering /9/. To determine the structure functions by this method

+)I\ possibility for such a behaviour of the structure functions
73/

was discussed by Markov many years 8go.

++)
Preliminary results were submitted to the XVI Conference on

High Energy Physics at Chicago, Batavia, September 197Z.



it is necessary from the very beginning to parametrize them.
The appropriate parameters are determined directly from the
experimental data by minimizing the functionsl ,f 2 . At the
snalysis of data of various groups we introduced as variable
parameters the norms, which teke into account possible errors
in the cross-section normelizations. This method makes it pos-
3ible to use the whole aet of experimental data for determining
the structure functions.

The nnalysis has revealed that v hé acales for W> 2.3 Gev
( W is the mass of finite hadrons).

Various parametrizations of the ratioF{were conaidered.The
results of analysis indicaste that the available experimental
data do not allow one to drop out those expressions for A
which mean the violation of scaling of the function c2/1h§ in

the range of variables where the function vl%; acales.
If we assume that 'ylté depends on the variable ¢u”

proposed in paper /10/, the experimental data can be described

for W 2 1.8 Gev.

II. Crosa section of the process.
The method of data analysis.

It is well known that the cross section of the process

e 4-/3-—+ € + oo (1)



for unpolerized initisl particles in the ore-photon approxima-

tion has the following general form ( in lab. system):

d—?_
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Here £ and EF~ are the electron initiel and final

energiea, correspondingly; £ - the scsttering angle, and

W and b{t are functions of the ecsalars:
1z

2 (4)

V=-— =F-£’
=& LY A
where AZ and /o are four~momenta of photon and proton ,
correapondingly; M - the proton mess. The functions A{L and

W ~are determined by the hadron part of metrix element. Next,

we have the following relation:
<'/J/></J"5"._cu‘=
Z[<p 1qulprp i ips s o prgpar=
et H
= — —_— h/ 7
@0 b [ (s, Zu_)+ AN /Z?Z%o ,99?
where J s the operator of hadron electromagnet:.c current'
/DI - the total four-momentum of final hedrons.

The total cross sections for absorption of virtuel photons

with transverse snd longitudinal polarizations o~ end o~
Ia N



are related to A/ and W as follows 711/,
4 £

2
O =(@n) e
T 1

——

(6)
2 2 2
o=@ L e LR
Here < £ X E &
A :U_\Z_‘z o = et (7
LM ’ 4
at ?‘i O
-
O“r—-) D}, (8)
CZ - o,
where [s

is the total cross section of absorption of real
photona with an energy

by protona.
It follows from (6) that

1/‘7&\/7 = wrh/ 7+

rve (9)
7 +~ A
where
R o= s (10)
o~
-
and the vsriable (O

is defined in the following way:
LMy

70



As ﬁ, % (o] » then from (9) we find that
7 WV ¢ (12)

To determine VW and A (or v and 2ML/ )
F3 , 2 «
by the method which we use, it is necessary to parametrize
these functions. The correaponding parsmeters sre then determined

from all available data through minimizing the functionsl

2
/)( ZZ '{ (O_E‘Jf "/V o_fﬁeol)- (13)

HoC LK,

coco . . :
Here U~ 7’ is the differential cross section of the process
LA
- / .
at ¢ «th point measured in & -th experiment, A is #n
[

theor.,
o

error of o~ 3 is the cross section at ¢ ~th

e <

»

point celculated by the formule {2) and V. ere the norma-
’ L8

lizing fgctors. Minimization of /(d' 1s achieved through the 1i-
nearization method/lz/app'l ication of which is described in paper/lj{
On the basis of current algebrs Bjorken has shown 714/ that
at yixlu‘—»oo and w =°2—/2)fixed the dimensionlese functions
1’1:/4_ &snd aZ/‘/h/l depend on the variable o only(scaling).
From experiments on deep inelastic e-/D scattering it follows
thet scaling is in an agreement with the experimental data at
7"1 and v of the order of 1 GeV already. We assume,

first, sceling to be valid for »k/& . When paresmetrizing

this function we will take into account the threshold relation



found in works /15,107 which connects a behaviour of vh/ﬁ/ at
W — 1 with that of the magnetic form factor of proton GH (7‘1)
2

at 7 S oo o If we write down:

YAl 2 / (14 )

wW o~ (1~ G D~ T
A w ) ’ # (7 2 (72’)

then

Lot (15)

follows a8 it is shown in /10'15/.

The analysis of elastic e-/o data gives 7. =2. Thus,

from (15) it follows:

/°='3‘ (16)

Further, from the Regge theory it follows that/le'/

XMy
v/ — comol , ——%1 — cwnel . (17)
W — oo w W —> oo

Now let us consider firstly the following expreassion

for y
° 2
+ .3

<
y%:Z QL(/—::) (18)
<
which satisfies eqs. (14), (16) and (17).
The function 2/,  is connected with uh:L and A
through the relation (9). We will consider various expressions

for the ratio A .



III, The results of enalysis.

1. Let ue suppose that

A = ii, (19)

PR

Then as it is seen from (9) the functions éiffh{L and zlhéL

are related as follows:

Ya— Y .
LM f wv / (20)

As it is known this relation emerges in the parton model
for the case when the parton spin is equal to 1/2 /17/. The
same relation holds if the squared absolute values of matrix
elementa of photon absorption with transverse and longitudinel
polarizationa, summed over final states, are equal.

The results of analysis of SLAC-MIT desta 712/ indicate
that for the case (1Y) a satisfactory description of experimen~
tal data is achieved when the mass of final hadrons W > 2.5 GeV.
Note, that the veriable 11/1 relates to 7{ and » in

the folio'ing way:
£ L2
W =My + M~ g (21)

And only the following three parameters in (18)
Clo = C Td,ier o#*
G = 1,00% 0,20
Gk_z -1’93 i:Ca19

(22)



-2
differ from zero.()éi =% , CoL. 5;.5‘% ).

2, It is possible to obtain such a relation between aZHk/l
and vk/’?’ which agrees with experiment in larger range

of the variable W . We suppase that sceling holds both for
/+ R

5
/+ T

ka't and .le/i . This sssumption means that the ratio
depends on (2 only. #e expand this ratio into a series in

and we obtain:

wul o
‘L=7 > éi-/- veer . (23)
AMW, ©w @
The anslysis of experimental data has shown that it is
sufficient to consider the term ey in this expansion.So,

we have that:

d ~1
oth/1 =wuh/&f/ +;‘;) . (24)

By using (24) it is poassible to fit the experimental

data 7122/ gt W 2 2.3 GeV. In the expension (18) it is

sufficient that only ., and are nonzero. We
E3

obtain the following values for parametera:

a_=1.64 * 0.02
a, =-1.50 > 0.02
d = ¢.63 % 0.09



£
( The ratio /}1: 162/150, CoL. =2 3.92).

71,2/ in the region

3. As we see the experimental data
%> 2.3 GeV are well described by mesns of the three parameters
if scaling is assumed to hold both for Vk/& and u?.Hh{L .
However, it is possible to obtain good fit of experimentsl

data with such parametrizations of A which mean the

violation of sceling for o?.HI«/L .

Let us consider the following expressions for ﬁ :
k2
R=c L, (26.1)
/ HL
R =c, 25 (26.2)
= 2 h/& y e
= £ (26.3)
A =c, o>’
AR = conol . (26.4)

The firat three expressions astisfy the condition /4 =@

2
at 7 = O . Here we note that in the Bjorken limit

2 Z s
2 ; _
( ? S o0, V> oo w - fxxed)f:cl;’%,»oo,5-&%-’%@4).
The expressions (26.1) and (26.4) were considered in the work/z/.
The results of snalysis of experimental data /1’_2/ in the

region W > 2.3 GeV are listed in Table I. From Table I one
can see that for satiafactory fit of the experimental data it is

aufficient to comsider only coefficients ao and <« to be
E S



nonzero 1in the expansion (18). Their values ror different
parametrizations of /i coincide within errorsa. Note, theat
the absolute valuea of CLO and ai& are close to each
other and 8igns are opposite., The value for cl , which
we have found, coincides with that obtained in the work /z/by
another method.

At A =const, the description of experimental data
improves essentially if one considers not only @, and a_-SL
but also CLL to be nonzero ,

4, ¥e have also analysed the experimental data 71,2/
paremetrizing the functions uh/i and aZH‘I/l . For vh/k we

took the expression (18). For all/hi- the following expression

s 8. ¢ ; L L*3
inL:w,; . /~;) (27)

was taken. It is obvious that (27) satisfies (17) .

The experimental data can be fitted by means of (18) and
(27). It is sufficient to consider two terms in (18) and three
terms in (27). As a result of analysing the experimental data

in the region W32 2.3 GeV we find:

- + _ +
c, = 1.68 ¥ 0.02 6, =0.72 t 0.14
a =-1,57 ¥ 0.04 6 =1.35 % 0.42 (28)
ES L
6 =-1.84 £ o.31
2

12



2
( fé(—k = 154/148 C.L. = 35.6%)..

The functions vké; and ,Z//kg have to obey the
unequality (12) which is equivalent to the condition ?; 2O .
Here we should note that for the latter case this unequality

is fulfilled at some points within two standard deviations only.

5. Now let us discuss the results of anaslyeis of all
published experimental data on the deep inelastic € 7p scattering.
The results are given in Table II ( W > 2.3 GeV). The three
laat columns list the obtained values of norms: A{t is the
norm for the date of SLAC-MIT ( 153 points ); /Vaz. snd /t;
are those for the data of DESY, 1971 “ {83 points ) and of
DESY, 1969 /6/ ( B1ipoints ), correspondingly.

From the results presented in Table II one mey draw the
conclusion that only the introduction of norms allows one to
describe all available data on the ¢eep inelastic e-/o scatter-
ing. The values of norms at different parametrizations of A
coincide within errors. And deacript;on of all available
experimental data requires a substantial renormalization of
results of paper /7/. A comparison of the results given in

Table I and Table II reveala that the values of parameters

13



found in analysing the data of papers /142/ and of all world

data coincide within errors.

6. Up to now we considered the expression (18) for the
function VV}, . It is possible to fit the experimental data
on deep inelastic e-/o scattering with other parametrizations
of the structure function vk/L , as well. let us consider
the expression

”ML=(&+Q-L [’ * ,z,ié)’ =

where z/ R z‘L and wo‘b are variable parameters, This
expression has been suggesiad in the paper /18/ and is based

on Regge theory. It is obviouas that (29) aatisfies both the
ithreshold relation (14) and asymptotical comdition (17). For A
we have considered the same expressions as before. The results

71,2/ are presented in Table III.

of analysis of data of “‘he papers
{ W2 2.3 GeV). As one can see from this Table, a rather good
fit of the data is achieved for all the five parametrizations
of & y which we have considered, if the expression (29) is
used for DVL . 'A cosparison of the results given in Tables 1
and III showe that parameters of the expressions for A

coincide within errors Tor both parametrizations of vML .

Table IV presents the values of yh/db calculated by formulae



(18) { the second and third columns) and (29) ( forth and fifth
"columns). The second and forth columns give the values of V)ﬁi
at A =c ,3-:' the third snd fifth columns give thoss at
A = const. Figs. 1,2 show the dependence of »hﬂL given
by the formulae (18) and (29,, correspondingly, at various
parametrizations of A in the range of from 1 to 100,
Throughout there were used the values of parameters found in
analysing the experimental data of the papers /1’2/.

Analysing the results of SLAC-IIT/I'Z/ we have seen that
for W > 2.3 qev it is possible to describe all experimen-
tal data in the - whole experimantally investigated region of
71' ( 0.25 < 71 < 19.2(6‘%52)' by using tihree parameters.,The
variable VY changes from 1.87 GeV to 16.28 GeV, and the
variable (o changes from 1.25 to 37.8. The values of cu
higher than 20 correspond to the values of 72'5 1(&%)'}i‘he
quesation on a behaviour of z:h;J at large @ is of a
considerable interest for the theory. We have carried out the
separate analysis of the results of SLAC-MIT choosing the data
with f“z o.S'(Ge%)? 713 1(Ge\/c)-tand 7’1,; 1.5(Geu/c)’:

The values of paraméters found in this analysis sre given in

Tables V and VI.



7. The determination of vh/i allows to calculate the

integrals entering into the sum rulea for this function. Let

us consider firstly the Cellan-Groas sum rule 719/

fuh/; ZZO (30)

& =1
Here Q‘: is the charge of { <-th parton, €V ~the

orobability of finding N partons in a proton. Using the

values of ao and o given in Table I for 4 =comst.
2

we obtain:

.
deo
j 7V S 0,764 + 0.001 - (31)

e
/

If the values of «&_ and @ found for A = —2
2 L

are used, then
(=~}

cleo
v — = 0.158 £ 0.004. (32)
42 w?
7 9
Finally, from the analysis of the data of SLAC-MIT at 7{? 1.5(Gey)
(ol
for A = 0.26 0.4 we obtain:
T oA
I8
o Z5 = 0./66 2 0.002. (33)
2 W

/
Note that within the usual quark model the right hand side

of (3Q) equals 1/3.

For the integral entering into the Gottfried sum rule/20/

2
we have { for A4 =const. all ? ):
so

juh/ T2 - .97+ 0.01.
azw
/

(34)



8. Up to now we have supposed that vl«/& depends on «
only. We have seen that under very different assumptions on R
it ia possible to describe the whole set of data on the deep
inelastic e—/) scattering. In order to estimate to what extent
acaling can be violated, we have snalysed the SLAC-MIT data
assuming that vwi, has the following form:

’ 2
= Za (-2 e e
c

Obviously the second term of this expression vanishes in

the Bjorken limit. We will suppose that the functicns 2/‘/1\/1

and vh/g/ are connected through the relation (24). As a result

h. 4
of snalysing the data of SLAC-MIT 12/ we £ind that withde = 2>C
Xt s99
@ _= 1.65 = 0.02 d = 0.61%0.08 ,
+ + (36)
@,=-1.47  0.02 oA =-0.02 £ 0.01 .

Comparing (36) with (25) we see that an addition . of
the term, which violates scaling, does not change the valuen

of parameters a a and o within errors. The

o ’
parameter oL characterizing the violation of scaling equals

zero within two errors.

9., In the paper /10/ there was proposed the scale variable

‘_ Aty +1T (37)

?&

w

17



which coincides with O at L HV > //2’ « It has been shown

that v W is a function of ¢’ in a larger region of the
2” L]

variable W .

71,2/

We have znalysed the data of the papers parsmetrizing
uh; in the following way:
ul'/ 2:4 (/-j .+d, (39)
where on
v+
w’= —?f ' (39)

7

And here it turns out that immediately beyond the prominent
resonance region ( W > 1.8 GeV) all the present data can be
described ( see Table VII). In the expansion (38) it is sufficient

that only three parameters A , and /E—L &re nonzero.

o L
If one assumes that /?, =const. then for the parameters we
obtain:
- + A - hd

A_ =0.60 * c.08 A =0.91 10,07

A, =l.96 t9.17 A = o0.20 % 0.02 (40)

A =-2,37 £ 0.10

2

2z
( L, = 1692187 ).
)( N . 2 A
In this analysis we have taken the data with 7 > O.S(Ge-//c).
If this limitation is not put, then at W> 1.8 GeV by
using (38) and (39) a satisfactory description of data is possible

when one takes the expressions (26.2) and (26.3) for the ratio

/i , 88 it can be seen from the Table VII.



The values for AL and /6 y which we have obtained,
coincide within errors with those found in the paper /2/.
If one considers that 2/ Wj_ and UWL are related as

follows:

-7
LMW, =w’ul¢‘/L (1= (;-‘3) (41)

and vVJ, is given by (38), then for parameters we obtain

the following values ( W = 1.8 GeV):

= + = *
Ao = 0.50 < 0.08 = 1.03 = 0.09
A, = 2.35 % 0.17 & = 0.33 % 0.07

A =—2.71 % 0.0

%
( /(41 = 251/191, C.L. 11.5%).

To complete this section we would like to note that there
< : 71,2/ .- 5
are seven points in the papera which provide large ( larger
than 9) contributions to _/(’z' at all considered parametrizations.
If these points are not included in the analysis of date, a

description is improved essenticlly for all the cases.

IV. Conclusion.

We have analysed all available data on the deep inelastic
e—/o scattering. The analysis has been carried out separately
for the data of SLAC-IIT/ 1,2/ and for the world experisental

data /1,2,6,7/.



1t has been shown that at k’;; 2.3 GeV the experimental
data are fitted well under the assumption that the function yhgp
depernds on the scale variable <O only. Verious paremetriza-
tions of this function have been considered. We have introduced
a violation of scaling of ’)héL . It has been shown that the
parameter chsracterizing the violation, differs from zeroc by
two standard deviations only.

A number of expressions for the ratio 4 have been dis-
cussed., The data available allow no definite conclusions on 4
and on scaling of‘lffhﬁ . For an unambiguous determination of £
one needs thc data on cross sections of deep inelastic lepton-
proton scattering in the larger region of kinemastical variables.

We have tested in detail the validity of the relation
2ffhi=°DUL£/ following from the parton model for the parton spin=
1/2, If-this relation iz modified through inserting an addition-
al term, the contribution of which vanishes st large
asymptoticelly, then all the data can be fitted well, as the
analysis of data  revesls.

Ir vhﬁlis assumed to be a function of u)’, then all the
data can be described at W3 1.8 GeV.

The authors are very pleased to thenk A.A.Anselm, Z.Kunst
and Ya. A.Smorodinsky for useful discussions of the problems

considered here.
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The results of analysis of SLAC-MIT data/l'z/( parametrization (18))

TABLE I.

a, 8 8, }2/ }— 2
S
R =, ;121 1,59 ¥ o,02 - -1,44 0,02 |c,=0,035%0,004 124/150
L3 + . + +
B =c, 2. 1,61 % 0,02 - -1,47 0,02 [¢,=0,41 0,05 145/150
w .
R =c, 9% |1,63 to,02 - -1,48 £ 0,02 |c5=0,82 0,09 142/150
LMY .
A = comot 1,57 ¥ 0,02 - -1,38 ¥ 0,02 |R =0,27 20,03 181/150
R = conot 1,29 20,06 10,78 *¢,17 | -1,90 % 0,12 {4 =0,23 %o0,02 162/149




TABLE _II.

The resulta of analysis of data /1'2'6’7/(narametrization(18))

1 2
a a. —
[|] 2 Nl ! N.?_ /VJ VA X Z
2 |
R=c 72—4- 1,55%0,02 |-1,42%0,02 |C,=0,038%0,004 |1,041%c,C05 }0,755%0,010 |0,997 %0,053 23
* + 267
AR =c, 7,,21. 1,58%0,02 |-1,45%0,02 [C,=0,47 20,05 [1,039%0,005 l0,763%0,010 [1,027 20,054 ET
< + + + + + 266
R = Cdj_ 1,59%0,02 |-1,46%0,02 | =0,91 0,09 |1,040%0,005 |0,761%0,010 {1,074 0ps7 zes
My -
R = const |1,54%0,02 |-1,37%0,02 |4 =0,91 0,08 |1,039%0,005 |0,759%0,010 {1,147 0,062 3%
€2.31%)
Wyl
M, = 2 |1,61%0,02 |-1,48%,02 |d =0,70 *0,08 |1,038%0,005 |0,765%0,010 1,121 *o,060 | £3°
/- g—-
[¥)
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TABLE 1V.

w A =°'°35,}2 A =0,27 R =o,oasﬁ—% R =0,26
1,324 0,022%0,0005 | 0,024%0,0004 | 0,024%0,0002 | 0,023%0,0002
2,024 | o,161%0,002 | 0,157%0,002 | 0,159%0,001 | 0,157%0,002
3,213 o,29910;ooz 0,303%0,003 | 0,297%0,002 | 0,298%0,003
4,462 | o,a3386%0,002 | 0,345%0,003 | 0,339%Z0,002 | 0,344%0,003
4,680 0,338%0,002 0,348%0,003 | 0,342%0,002 | 0,347%0,003
5,294 | 0,340%0,002 | 0,351%0,003 | 0,352%0,003 | 0,344%0,002
6,637 | 0,335%0,002 | 0,347%0,003 | c¢,350%0,003 | 0,340%0,002
7,805 | 0,327%0,003 | 0,339%0,003 | 0,343%0,003 | 0,330%0,003

19,101 | 0,309%0,008 | 0,322%0,004 | 0,32720,004 | 0,310%0,003
21,206 | 0,25520,005 | 0,26720,006 | 0,27220,005 | 0,247%0,005
33,443 | 0,22620,006 | 0,238%20,007 | 0,245%0,005 | 0,217%0,005

. 26



TABLTE V.

The results of analysis of SLAC-MIT data /1,2/
(parametrization(18) , W22.3 gev)

(~7 L)m‘h?
( Gev/e)? 0,5 1 1,5
+
a, 1,54 T o,02 1,54 L 0,02 1,53 % 0,002
a, -1,34 £ 0,02 -1,32 % 0,03 -1,30 £ 0,03
R 0,26 * 0,03 0,26 < 0,03 5,26 £ 0,04
2
KA
4 IS 145/148 128/141 110/132
2, 1,59 % 0,02 1,59 ¥ 0,02 1,59 ¥ 0,03
a, -1,42 % 0,03 -1,43 % 0,03 -1,44 ¥ 0,04
“Z gl 0,37 % 0,05 0,38 ¥ 0,05 0,37 * 0,05
(ﬁ'zcz_ 7/"/1% ’ ' * ’ ’ '
’ Z
N it 1257148 117/141 107/132
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TABLE VI

The results of analysis of SLAC-MIT data 71,2/

(parametrization(29), W2 2.3 Gev).

(7‘”";2 1,0 1
(Gev/c) 0,5 ’ »5
z, 0,15 ¥ 0,01 0,18 % 0,02 0,21 % 0,03
z,  |os62 0,03 0,56 £ 0,04 0,50 £ 0,06
. lo,72 t 0,08 0,67 * 0,04 0,64 * 0,04
A 0,25 ¥ 0,03 0,26 ¥ 0,03 0,26 £ 0,04
2
S 130/147 116/140 107/131
z, 0,15 £ 0,01 0,18 % 0,02 0,20 ¥ 0,02
z, 0,58 % 0,03 0,52 ¥ 0,04 0,46 ¥ 0,05
2 + + +
w,” Jo,54 % 0,03 0,50 ¥ 0,04 0,46 L 0,04
O
(/chLii) 0,55 £ 0,06 0,54 ¥ 0,06 0,50 ¥ 0,06
2 W
} 3
/‘//73. 112/147 100/140 88/131




TABLE VII

The results of analysis of SLAC-MIT data/l'2/(parametrization(38))

2
A, Ay Ay C1,2,3 A /‘/—2_ C.L.
0,93 20,21 | 1,38 20,28 | -2,18 £ 0,13 | 0,028%0,00¢ | 0,63%0,07 f—%% 0,4%
0,98 0,11 | 1,22 £ 0,28 | -2,06 £ 0,13 | 0,37 0,04 | o0,76%0,07 g_ag_g 2,68%
0,70 £ 0,09 | 1,91 £ 0,19 | -2,48 £ 0,11 | o,61 % 0,07 | 0,65%0,07 %—g% 5,48%
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