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1.INTRODUCTION 
It is well known that experimental data on deep 

inelastic e((J)N -scattering must be corrected for 
electromagnetic effects Л.а/, because of the large 
magnitude of the electromagnetic corrections (EC) 
and high precision of measurements /3,4''. Provided 
the EC are taken into account correctly, one can 
interpret the data in terms of hadron structure 
functions and draw some conclusions about the be
haviour of strong interactions (e.g., scaling vio
lation) , 

Until recently the analysis of data on deep ine
lastic neutrino-nucleon scattering has not yet in
cluded the radiative corrections Л>&/. This was 
justified in the early days of neutrino physics 
when it was specified by poor statistics and•low 
energy of neutrino beams. At present, however, ex
periments on deep inelastic i->(i7)N -scattering are 
specified by rather high statistics (ten thousand 
of events) , and a- neutrino beam energy reaches 
200 GeV »̂,t>/ . present experiments yield more pre
cise results (5+10%) for which the radiative cor
rections should not be neglected. A priopi there 
are no grounds at all to consider the corrections 
to be smaller than the attained precision of mea
surements. The neglect of these corrections was 
caused by difficulties in performing a reliable 
theoretical calculation. Let us discuss this point-
in more detail: When calculating the EC to deep 
inelastic scattering of charged leptonson nucleons 
one can separato a gauge-invariant set of diagrams 
in which an extra real (or virtual) photon couples 

3 



to the lepton line (corrections to the lepton cur
rent) . This part of diagrams may be calculated in 
a model-independent manner as these contain the 
known hadron current. Calculations show that the 
EC to the lepton current are rather larger than 
those due to diagrams in which the photon couples 
to the hadron lines. Therefore the calculation of 
the EC to deep inelastic PN -scattering is reli
able. In neutrino charged current induced reactions 
the electric current flows from leptons to hadrons, 
and therefore the gauge-invariant set includes 
all possible diagrams in which photons are emitted 
both from lepton and hadron lines. A model for 
strong interaction is hence obligatory in the cal
culations of EC to inclusive neutrino reactions, 
and no part of the EC can be evaluated in a model-
independent manner. The model calculations of EC, 
however, cannot be applied to correct the data 
unless some of other experiments will justify the 
validity of the corresponding model. (Information 
of this kind can be gained by measuring the dif
ference of r"N-P~N deep inelastic scattering n / ) . 
Nevertheless, the model calculations of the EC are 
very important indeed as these represent the only 
possibility to estimate the systematic uncertain
ties in extracting the physical information from 
data when the EC are not taken into account. These 
uncertainties should be remembered when interpreting 
the results of neutrino experiments. 

We are aware of two works devoted to the problem 
we discuss here. In ref. л / the EC have been calcu
lated in the framework of the parton model of strong 
interaction and V-A four-fermion theory of weak 
interaction. Recent paper ̂ presents . numerical 
study of the EC based on the parton model calcula
tion of Kiskis / s / , and the computations have been 
done by a Monte Carlo program1 for a wide set of 
kinematic variables and different free parameters. 

Calculations within the V-A theory contain di
vergences, and the finite result has been derived 
by redefining the Fermi constant 

0'-0(1^1»^). (1) 
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where Л is a cut-off parameter, M N the nucleon 
mass, and <i the fine structure constant. Л proce
dure of this type is not justified by exact renor-
malization theory and can produce the result up to 
a constant. Within gauge theory unifying weak and 
electromagnetic interactions one can obtain an 
unambiguous result, and thus this part of calcula
tion 8 should be revised. 

In the present paper we calculate the EC to 
inclusive neutrino reactions induced by weak charged 
currents using the Weinberg-Salam theory 1 0 . In 
view of its recent successes -11' the calculations 
in electroweak sector can be considered аз reliable. 
However ( see above) when studying neutrino reac
tions, one cannot dispense with the model of strong 
interactions. As in ref. 8 , we took a simple 
quark-parton model. The limits of applicability of 
the parton model for calculating the EC have been 
thoroughly discussed in literature 8i11'. In recent 
paper '7' we have considered this problem for the 
EC to the hadron current for deep inelastic I'N -
scattering. In this paper the calculation is made 
under the same assumptions as in ref. ,"li , for this 
reason we shall not consider this question here. 
Let us emphasize once more that the calculation of 
EC in the parton model should be considered only 
as a reliable estimate of the magnitude and gross 
features of the effect. 

In Sec. 2 we present a scheme for calculating 
the contribution to EC from the diagrams with ex
change by virtual particles W, Z, у -bosons, lep-» 
tons and y-quanta (V-contribution). Much attenti
on is paid to define the "semi-weak" interaction 
constant, K, as to remove the uncertainty of the 
result of Klskis /8' . For this purpose we consider 
the one-loop approximation for total probality of 
ц -decay. Then we give a scheme for calculating 
the contributions to the EC from the diagrams with 
real photon emission (R-contribution). 

Sec. 3 lists and discusses numerical results. 
The correction, we have found differs essentially 
in magnitude and behaviour from that one obtained 
by Kiskis / B' . In this context we present our re
sults in a form suitable for their checking and 
reproducing. 



2. INCLUSIVE CROSS SECTION OF THE PROCESS 
IN ORDER g4ot 

The calculation of the inclusive cross sections 
d£(E,x,y)for reaction 

v((v()K -Р(П +hadrons (2) 

to order g4« will be done by the following scheme s 
Find the one-loop approximation of the amplitude 
of the process 

vf >Q, - f + 42 . (3) 

where q5 and q 8 are point particles with arbitrary 
masses and charges Qj=fj6 and Q g^f 8e so that |fj-fg| = 1. 
Define the "semi-weak" interaction constant up to 
one-loop corrections, i.e., calculate the one-loop 
corrections to the relation 

g2 G F 

1 (4) 

with the Fermi constant Gp and W-boson mass M w , 
and derive the finite expression for the differen
tial cross section da v of process (3) in order g4a. 
Calculate the contribution to the cross section (2) 
from the diagrams with real photon emission (dan) 

v + q t -> ( +Q2+y. (5) 

In the sum do v +• йоR replace the initial parton mo
mentum by £P , where P is the target nucleon mo
mentum. Multiply the cross section by the distri
bution function f 4 (£) of i-th kind of partons over 
momenta, integrate over f and sum over all types 
of parton involved in reactions. At the final step 
we average the cross section over proton and neutron 
since neutrino experiments are typically performed 
with the heavy targets having almost the same 
number of neutrons and protons. 
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1. V-Contribution 
The contribution to the amplitude (3) from the 

virtual particle exchange diagrams in the one-loop 
approximation has been calculated in our paper / 1 3 / , 
The calculation was done in the unitary gauge by 
the dimensional regularization method. Renormaliza-
tion was made through counterterm method / 1 9 / . 

The amplitude has been calculated in the appro
ximation 

m? «I«M^, (6) 

where I is an invariant of the amplitudetm=(m,m ,m ) 
is a mass of intial or final particles (m, the 
lepton mass; m ̂  and m„, masses of q. and q par
ticles). The l.h.s. of the inequality is the neces
sary condition for validity of the parton model. 
The r.h.s. is not necessary, however, it essentially 
simplifies final formulae. It is equivalent to the 
inequality 

E, M 
2M, w = 3400 GeV (7) 

(E,, is the lab. neutrino energy) which holds for 
energies of current neutrino experiments. 

Among diagrams 1 to 12 the most difficult to 
calculation are those of type 11, 12 with exchange 
by W and у quanta. Their contribution B W A to the 
amplitude (3) in approximation (6) can be obtained 
from general formulae (5.2i) - (Б.ЗО) of paper /W 
for the VA-exchange diagrams 

^ - ^ с < ( й ' ' - г ( 1 + а Л в ° « ' р -

- 2 0 e e O ^ ( 8 e / 3 + -'jj^.[|f1|.X.p(-k8;p1HfBl-8>(-kB;p2)]PIR+ 

+ о а в о ц •(|fs!-Bg + |f 1|.Bj ,) +^ 1(i+y 6)ek 1(i+y 6).|f 1|.x" 1l. 

(8) 
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Here 

B - ! _ J L 2 , e л! 
g 2 w м | 

,X=-2p1-k2.S-=-8p1-k1.S' -2p a'k 2 

with q a transfer momentum squared 

1 dy 
(i(k,;ka) f - --, 

о 1к 1 У + к2(1-у)Г 
(9) 

_L_.,I_c , in-- M w p P 
I R n-4 2 ц2\, п 

are pole terms representing the ultraviolet and in
frared divergences ( ц is an arbitrary parameter 
with mass dimensionality) 

Mi "'"%„ ..t.. ..V,...?!!)8, ,X.l,„ X l"h„X в; .b,(X)+i.iC-f4in"̂ --ffflii-••"•• !«•-- *1"Л''' 1» Л - Mu'-'m 
1 ! 3 т.п., X M a 2 q 4 -•' » -* •Hi! q'1 in-f 

B „ = b 4_2 Mw mni2 1ь. Sm' li-*"k. 
s 2 3 mm„ S Mi 2 q 4 m s ! 2 q 4 

In 

(10) 
where 

b . » 1 f 3 1 " F b^5' 'W 
13 In (0) C M W (g) is given by formulae (2.3) of paper 

and symbol e means direct product of matrices. In 
this notation, the Born amplitude (diagram I) has 
the form 

M 0(gb С w (е)П(к2)Оаи(к,)й(р2)Опи(р,) =>c (g)0 ae0 a , (11) 

with 

y«<W R>-
In the approximation (6) the Born amplitude is fac-
torized from all diagrams 2 to 12 except the last 
term of (8). 
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Fig. 1. Diagrams for the reaction (3) in order &„a. 

Calculating the interference of this term with 
the Born amplitude 

RellpjO + y,.) ® k l ( l + y 5 ) ] . ( 0 а в 0a)*t = - - | -X|O a eO a | 8 

(12) 

we can factorize the amplitude M * (g) from the sum of 
all diagrams 1 to 12. In the approximation (6) we 
get 

Mi-i S=Ve)-(l +4V F +lr > s- pm>- (13) 

with 

,2 ,2 
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Thi: term represents the genuine infrared diver
gences which cancel out by the contribution of real 
photon emission 

F *V2G,R 'F„ (15) 

Notation in (15) is as follows: !''«.. -1 s a constant 
originating from the diagrams with exchange by W •• 
Z , a n d у 
expression 

bosons; paper 1!i p r o v i d e s H i e f o l l o w i n g 

(i R)i-\. W(0)-W(i) . acv 

R - 3R") 

3 
4R ' 

lnR 
.1 - 'R' 

ЗГ) 
4 

5 R . 2 R V „ ( 0 ) . 
(1 b) 

G.R is a pole contribution repi'f'scmtinq infrared 
divergences which result from ro normal i в a t ion on 
the mass shell of W-boson, the explicit form of 
G [ R being given by formula (3 . H.i) of ref. ; 
F i is a contribution of the diagrams with virtual 
у -quantum exchange; using (7) to (9) and (11) we 
obtain 

F Т Ч Т7 B 1 [ | 1 1 

l fi ' • | l 'u!-lon i V ' 2 ( | - 4 l M • , l n 
M 

Wo 

ad - - -in -—) in --- - 3 in« w . in a Ml 

11 

Ml w 
w 

111 7 ., 
In- - 1 ) . f .,•(-

Mw 4R 
11 
4 i Mw 

( 1 7 ) 

1ЛТг : + | Г 1 И В 1 - 1 ) + | Г * | , В 2 ' 

Now we will show how to remove the remaining 
divergences, G t R . In the amplitude (13) to (17) 
the semi-weak interaction constant is not yet fi
xed. The relation (4) holds only in the tree ap
proximation, while the constant g should be defined 

10 



up to one-loop corrections. For this aim it is ne
cessary to calculate some observable dependent on 
g up to one-loop corrections and to constrain it 
by comparing with the measured value. 

This procedure is easily realized applying to 
(i -d-.cay. Indeed, only two modes of д -decay, 

p. >6iw and ц *em>y , are observed, i.e., the measured 
inverse total lifetime should be equated to the 
calculated sum of probabilities 

Г,i 
(18) 

where W t contains the one-loop corrections to 
H -decay., For the sum (13) we got 

g -m Д 
3.2 И^ 3М* -•

11 + -L-( FW- 2 Gm + Fe«)l Sir V X 
(19) 

with 

F - A. i 9_яа 
W 4R (20) 

and m„ muon mass. 
Defining the physical constant, K F by the equa

tion 

4-ml 
3.2 " . „ S M J 

and inserting the recent data ' 
proton mass N1 p , we obtain 

Д6/ on m^ , TfL 

(21) 

and 

\/2- 8M2 = 10 -5 1.0_2_45_ (22) 

It seems convenient to use just this value of the 
constant in Born amplitudes since the relations (19) 
and (21), (22) represent the simplest way to con
strain the product of two infinite unobservables, 

and G. R , by the observable, gF(r ) . One, of 
11 



course, may use another definition of g F in terms 
of r , e.g., involving the corrections calcula
ted within the four-fermion theory 1 7' which differs 
from (22) by 0.2%. This would shift the numerical 
results listed below by 0.4г. Therefore, one should 
clearly realize what is the constant used in Born 
amplitudes*. 

Writing M0(S) i n < 1 3) i n terms of j; F to order 
Bpa, , we get 

Thus, the divergent contribution G l l t does not enter 
into final expressions if all their parameters 
are written in terms of observables. 

Note that in the amplitude (23) contributions 
of the heavy boson exchar e diagrams, Fyy also can
cel. This results from the approximation (6) (r.h.s. 
inequality) and from similarity of the process (3) 
and /t-decay: up to difference in electric char
ges these are different channels of the same reac
tion. Because of the cancellation of P vy the result
ing correction appears to be independent of some 

q 
parameters of the Weinberg-Salam theory (sin~tfw 

and My)» And what is more, this cancellation 
means that the correction to processes (3) does 
not depend on the gauge model unifying weak and 
electromagnetic interactions. A similar statement 

Relations like (19) were derived also in pa
pers 1 8 . We repeated those calculations within our 
scheme. Paper / 1 й / suggests another method for fixing 
В through considering the total probability 
W t(W .fjî ) f W(VI -. JM,, y), f however, there are no experi
mental data on those decays, therefore we have 
fixed ц via the relation (18) . 
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is valid for ц-decay 2 0 / , too. Due to the above 
noted similarity of two processes it is not sur
prising that it is also valid for the process (3) . 
So, the radiative correction is given just by the 
electromagnetic sector, therefore in what follows 
we shall use the notion of the EC. 

From the relation (23) we obtain the contribu
tion of diagrams I to 12 to the cross section of 
process (3) 

whe re 

dV0"'' K-dXdY-SUP! .к,-к 3) й. mij|, (25) 

F'''1' < F^'-F^ (26) 

with 

BV SN on E л-- • S„ .- -2P.k.. 

and P , the initial nucleon momentum. The form_ 
factor Fj is given by formula (17). To find F'e , 
one should make the change b g >bj(S)and bj(X) > b 2 

in formula (10). 
The V-contribution to the process (2) from the 

i-th parton scattering is obtained from formulae 
(24) to (26) by changing Pj to £P , multiplying 
by the distribution function fj(£) , and integrating 
over f. In usual scaling variables x and у 

8MNi. k l c
 1 0 Ы 

we get 

v° 
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( A Y ) " ' ' 7 . (_1S_S_0..)":" . x<_ <i_ F"-" ,.8. p „ (27) 
dxdy * dxdy i n 2 I R 4=* 

with 
A'„ ''''' IM'; 

< - - * М . гх_ . Т . -x . f (x). (28) 
dxdy ' 0 0 i 

2 . R-Contr ibution 

To calculate the contribution to EC from the 
process (5), diagrams 13 to 16, ono should integrate 
the cross section of (5), d<»R,over the whole phase 
space of photons since in the final state of (5) 
only lepton characteristics are measured.Following 
our procedure we separate the infrared-divergent 
part, d™pR , out of the cross section л-п#-

d"R d « R R , d « R " d " R R 4 R ' d " R - ( 2 9 ) 

where 
12 1R 2 

Г _ 1 .4 A . . 4jr " -T 
dXdY (2*)3 2k о I R dXdY 

mH-m^-m 2 Г X(X . niV-in «-in1") 
, i ,. __J i . . T - V - 1 

s s a 

( 3 0 ) 

13 and Fj R is given by formula (4.0) of paper 
All cumbersome calculations (spuring, subtrac

tion of d3k , reduction of similar terms, and d'k 
-integration) were performed by the analytic calcu-
lation system SCHOONSCHIP <a . Integration was 
made by substitution of obtained expressions. 
Table of the substitutions and final formulae 
for (d a~j!) '('" are given in the Appendix. 
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Now we present the scheme for calculating 
R l j , the infrared part of the contribution («У'' 

to the cross section (2) produced by bremsstrahlung 
(5) at scattering on the i-th parton. In formula 
(30) we make the following change of variables 

X .£XN. S .£.SN. m, .£-MN, (31) 

where X N S N(l-y), then average (30) over the parton 
momentum distribution, and obtain 

uV' { >•,• „ 2 ^ " ,.л 
WM< **•**•*№ ^ ^ z ^ % ^ -

To (32) we add and subtract 

( 3 2 ) 

( ° ) • " • S 
dxdy i n 

m ( 3 3 ) 

where 

1 1 1 !> 1 2 8 1 
Й {SIT) S N • у -J d £ f i ( p a t m 2 ) 

x 
JLL 4 . F 

( Ы 3 2к о 1 R 

( 3 4 ) 

In (34) x i s a r o o t of t h e e q u a t i o n 

V<0 < S N - X N ) £ - Y . t*-m\ -mjj -0 . ( 3 5 ) 

We calculate the infrared-free difference (32)-(33) 
straightforward in the approximation (6) and get 

15 



d B2l R . ' . i? d V * v,ii d a v ,..,. 
(-—?_). ,(-----*-). ..( p ) . .«-Й Ш

 V

T n ' ' ' " .RU.,. dxdy i dxdy ' dxdy ' п и о д i 
(36) 

where 

l Ш 0 - х Г , W 

x £- x 
(37) 

н а - i» i ^ im- - - - - - , irai -̂- -. 2 

о m o 2 V 

C b X 
In-

i(*i? 
m.r 

(33) 

with 

sj}- S N - X N . г = v fmj. m1=.fMN. v -sff-Y. 

To calculate the integral (34), we split it into 
two parts. The first_part is integrated over к 
from О to к , where к is an infinitesimal, the se
cond from к to the kinematic maximum к 
first integral will be denoted by ;IR 0 

The 1ХФ-
the second 

by 8 2 . In S 2 integration over d3k is carried out 
with the use of Table Al, thereby we obtain 

s 2 = Г 
1 S Ny 

K0d£ (39) 

The integral (39) is calculated by making the iden
tity transformation 

1(0 = 1(0 - I(x) • I(x). (40) 
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followed by straightforward calculations 

8 0 I(x)ln - n , a x • i f„i • I-аФ[-г (1-у)|-Ф(1)- -J-In2 ~™£L 
2 km о * г ш-о 

Л-[1п( 1 -y-r„)ln(-%rv(r .х))-Ф(1)|-Ф(-~-угх)|| 

,r%VfflB?. , ,f .Ц',;,.[2.Ф(1). U n B - H x - - l n x . l n - S ^ 

Ф(х) • * 1п~ х|. 

(41) 

w h e r e v.. v! e "mux ' С; 1 ' х 
t h e Spence f u n c t i o n . 

li-l, г -ly-1 and Ф (X) is 

To calculate fit we integrate it over £ with 
the 5-function in that system in which the photon 
emission is isotropic (Q --k j t p t -k 2-0) . With к 
nitesimal, we arrive at the integral 

inf i-

* , R ,9 Г г ^ ( k a 5, =(2n) • ( •,,-- - • \ 
О (2т7Г-2к0 к2-к 

Pi 
1' P i-k 

P2 
Po-k 

-) I V-=0 (42) 

and calculate this divergence by the method of di
mensional regularization in a«manner of paper 2 0 / , 
After rather cumbersome calculations we find 

.IK 
* e ' P « , e t 

5 -I(x)ln-^ . In ----- |1',,|.[Ф(1)+1п — - -1 M w m-ma
 г in. in a 
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m 2 л 0 

-Li^H- . n 111 , S„ 

4 Y 2 

f2 l n _ _ X — ( f | + | f | i | f | . ( ф ( 1 ) + 1 п 3 J__] 
nij-ni ( 4 3 ) 

w i t h 

V » V xo x - X N . n i j xM„ 

3. Derivation of Final Formulae for EC 
The gpa -order contribution to the cross sec

tion of reaction (2) from the scattering processes 
(3) and (5) on the i-th parton is as follows 

d 2 S 
dxdy 

iM- d 2 y v,v 
(-

dxdy 
-) , '— 'On 1\ 

n F 

d 8 2 T R . . , ? „ ^ „,? 

dxdy ' dxdy 
( 4 4 ) 

where Sp-= 6t i S e i ~F and (d £ R) 4' are given in the 
Appendix. 

To obtain the final expressions for total cross 
sections of processes (2) in order Kpa, , one 
should sum (44) over all partons and antipartons 
in the nucleon. In this summation, we take into 
account that the formulae for scattering of neut
rino on quarks are_ the same as for vQ -scattering, 
and those for i/Q -scattering are the same as for 
T'Q -scattering. To simplify the derivation of the 
numerical result, we use the three-quark model and 
ignore the s-quark contribution, i.e., terms with 
sin20c • Based on the general formula (44), the EC 
can be estimated within the model with arbitrary 
number of quarks, however, it is evident that the 
contribution to radiative processes from heavy 
quarks is suppressed due to the large mass. In 
this approximation, the contribution to (2) comes 
only from u-, d-, u- and 3-quarks, therefore 
it is natural to assume the equal masses of all 
final quarks. 
18 



D e f i n e t h e КС a s t h e r a t i o 

„ r , r 
fi iE. x, yj 

с i 
LlX(lV 

u <- n 

dx dy 
( 4 5 ) 

where d~l'n'r and d^l^'1' are the cross sections of pro
cesses (2), resp., in oidei M £ and Kp " summed 
over all partons involved in the reaction and ave
raged ovar the proton and neutron. Inserting (4 •!) 
into (4 5) we get 

xQ(x),5p . 1ц0) • S' (Q) i(l-y)SxQ(x)5piU-y)2R(«)iS'-'(G) 
' ' , y i x|Q(x).<by)cC(x)l 

w h e r e ( n a t a t i o n o f r c f . •aa ' 

«(x) ii v(x)-. d v (x ) . Ss(x). Q(x) 2s(x) 

( f u n c t i o n s S a r e g i v e n i n t h e A p p e n d i x a n d 

- U-y) xQ(x)f/,*(l-yfR(Q)..S ,'(«KxQ(x)fip-'-R(Q)*-S (Q) 
о ( E . x . y ) , ; • • • - "• — M 7 ) 

x|(l--yfQ(x)rQ(x)l 

III. DISCUSSION 

In Figure 2 we show the S-factor for deep ine
lastic scattering of the muon and electron neutrino 
and antineutrino on the isoscalar target at energy 
100 GeV. When drawing the figures, we did not 
approach the kinematic boundaries where the l.h.s. 
inequality (6) may be violated. 

As follows from formulae of Sec.II, the 5-factor 
depends not only on kinematic variables (E, x, y) 
but also on the masses of interacting particles, 
the W-boson mass, and the shape of the parton dis
tribution . 
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Fig.2. Electromagnetic corrections, 5, at a neut
rino energy of 100 GeV calculated with parton dis* 
tributions from paper л ь 1 (solid lines) and/83/(dot
ted lines) for processes a) 
d) vfl -scattering. 

b) vu c) v. 
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Let us discuss the choice of the latter para
meters. The masses of charged leptons were taken 
from experiment ''Ui' , the neutrino masses were put 
zero. The W-bosop mass was calculated within the 
Weinberg-Salam theory from the experimental value 
of siu8flw . For def initeness, we took the interval 

0.15 •. sina(> • 0.40 (48) 
— w *~ 

w h i c h c o v e r s t h e r e c e n t e x p e r i m e n t a l d a t a on sin atf w . 
The i n t e r v a l (40) c o n s t r a i n s t h e M w by 

100GeV_- M w _ 60GeV. (49) 

For the initial quark mass, requiring the kinema
tic relations for processes (2) and (3) to be equal, 
we derive nij - xMN, (<!;MN) . The final quark mass was 
considered as a constant free parameter varied 
within the limits 

O.lGeV vm a < 1.0 GeV. (5o) 

For parton spectra we used the parametrizations 
of papers /23/ and/25/ . 

The mass variation in the limits (49), (50), and 
the dependence of 8 on the parton distributions 
give rise to a spectrum of S values at fixed E, x 
and у. It appears that the spectrum due to the 
mass variation does not drop out of the width of 
solid lines (see Figures 2). The sensitivity to 
the choice of distribution functions is much more 
manifest, especially at small x . so, for 0.1<x<0.9 
and 0.1<y<0.9 the model we consider provides rather 
definite predictions for the correction, beyond 
these limits either the model is not valid or the 
correction is very sensitive to the parameters. 

We studied also the E-dependence of 8 at fixed 
x and у . it appears to be weak (AS < 5%) within 
the total width of neutrino spectra for beams pro
duced ,-it FNAL and SPS accelerators, i.e., the cor
rection can be considered as a constant for the 

ra 
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whole neutrino spectrum and calculated, e.g., for 
the energy of intensity peak. 

As is seen from F'igures 2 the EC is large (es
pecially in ue N -scattering), consequently, it may 
give rise to the observed effects, for instance, to 
some deviations of x and у distributions from par-
ton model predictions, to simulation of the viola
tion of Bjorken scaling, and so on. These large 
values of the EC are not surprising; the correcti
on to PN -scattering at an energy of 100 GeV also 
appears to be 20-30%. For bathi>pN- and PN -scatter
ing there is observed the similar behaviour of the 
correction (growth with increasing у and decreas
ing x ) / 2 / . As in PN -scattering /26'' , an appro
ximate ratio 2 : 1 also is valid for tae correcti
ons to neutrino reactions with final electrons and 
muons. It is interesting to note that for у +0 
the EC for all the four processes, i'p (Pp )N-, P(F)N-
-scattering, coincide within high accuracy. It is 
just that region where the difference in mechanisms 
of these reactions is small.With increasing у the EC 
to PN -scattering are growing rapidly due to the 
one-photon exchange; the EC to i>N- and PN-scatter-
ing for y^O do not coincide because of the diffe
rent helicities of neutrino and antineutrino. It 
is noteworthy to mention a somewhat surprising be
haviour of the EC to PN -scattering for x_0 and y-1. 
The decrease of the EC in this region for other 
processes is not observed. According to (47), in 
the region У -» 1 only the antiquarks contribute 
(function Q(x) ) . From comparison of (46) and (47) 
it follows that for у -> 1 5" differs from d^ only 
by the shape of parton spectrum. An additional cal
culation has shown that Sv computed for two func
tions Q(x) and Q(x) differ from each other, especial 
ly at small x, where maximal contribution comes 
from R(Q) and S(Q) from which the parton distributi
on functions cannot be factorized. As follows from 
calculations, S[Q(x)] _ is smaller than S[Q(x)], 
consequently for у -» 1 Su < 8 v , i.e., the EC do not 
simulate У -anomalies in «"-reactions. 
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In conclusion, we compare our results with those 
obtained in the four-fermion theory (ref."5'' ) . In 
the recent p a p e r ^ one can find the graphs for 8 
calculated with the same parameters and parton 
distributions as ours (Fig.2). The comparison re
veals that the agreement is only in general outline. 
Numerically, the EC differ in magnitude by an or
der of the EC itself (for * < 0.3). For у -. 1 and 
x -* 0 the behaviour of Bv is also different. 

Unfortunately, we cannot compare the analytic 
form of final formulae since in papers Л,в/ it has 
not been obtained and numerical calculations have 
been done using Monte-Carlo integration, while in 
this paper we have derived compact final expres
sions which contain one-dimensional integrals of 
the product of the parton spectrum by the calcula
ted functions that essentially simplifies the pro
gramming for computer. 

As was mentioned in the Introduction, the cal
culation of the EC to the inclusive neutrino re
actions seems to be very important for estimating 
systematic uncertainties in information gained 
from these reactions on properties of strong in
teractions. We think the study we carried out is 
of great interest because of an essential diffe
rence of our results from the estimate available 
in literature. . 

The authors thank S.Bilenky for stimulating 
discussions and N.shumeiko for useful remarks. 

APPENDIX 

FORMULAE FOR FINITE PART OF BREMSSTRAHLUNG CROSS 
SECTION 

1. Table of Integrals 

J M = -- f 8(P I +m I)--~ • к . (A . 1) 
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Z2 m

2 V u* m-jV zu V У у , А у X - V A X 

J[l] У-, A • (X » Y - m 2 ) 2 -.4nia. T, к Y S x -lm^Y 

( A . 2 ) 

Л х - X 3 - 4ma •m'a

1, T - S x - - Y . i n j V . m ~o . 

u - 2pj • k, z --• - 2 k e - k . 

I n t e g r a l s (A.2) a r e d e f i n e d by e x a c t f o r m u l a e , t h e 
s u b s e q u e n t o n e s (A.3) a r e g i v e n i n t h e a p p r o x i m a t i o n 
(6) . 

_, . V.v(X+Y) й т г z . X 2 T . 2 a . V.X-
9.2 1 UB s x * „a S x 2r8 

ч 8 

J i f ] = -~-(Х- l r

u - -!-), F~u - I n - - - - . e = X v - YS, 
S x mjr 

, [ ! ! ] . *1. [x2Fu • 1 4 , A(is„-.M. U 

u SS 2 r 2 

V 2 (S x + 2 m

2 ) x в X 2 V 
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P 2 

t ru, eV XV 7 n v „ 7 , rX 

z r Px 2*x Px 
•?. Formulae for Cross Section 
bsing the Table of Integrals one can calculate 
R for processes 

(A.4) 

and 

^ ql "* Ч 2
Ь "**1 " ? 4 a

y ' (A.5) 
F 

We begin by spl i t t ing up the da R into parts accord
ing to the powers of charges of pa r t i c l e s Qj and q a 

p d ( 7 R = d<7 1 2 + d f f j + d a 2 +d<TQ. ( A . 6 ) 

With the use of the system SCHOONSCHIP/2I!• we obtain 
for processes (A.4) 

d g 12 = K , X . a_| i 2 . S P x

 l f

g [Y-S + 5S a+ 2SY-Y 2 YS(S+Y) + 

dXdY S 2 'it 2 ' 4r X 4 4 S X ~ ддг 

3 S 8 Y 8 S 2 Yv 7 , , . , , , , S ,m,Z e-XY SY о и Y S Yv JT ! i« i i- i S yew» л" ©—XY SY \i 

( A . 7 ) 
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( l S a 0 1 SPv <S8 ~ 
*8„ _ K . J L . J ? _ l | f J . ( _ _ - * _ ! _ . f ) l , ( A . 8 ) dXdY s 2 " r P X 

dXdY S2 J 1 1 » 1 l

 S 2 X 2 X 2 r 2 S x S 8 ' » J 

(A .9 ) 

J.?JL_ К • -1-.. . -°_| J . . * L . f |. (A . 10) 
dXdY s 2 n 2 P x 

For processes (A. 5) the contribution d*"a 1 а сап be 
obtained from (A. 7) by changing S«-.-X, and the re
maining contributions are 

dXdY s d " l p x p x s x s x 

, I r . _ s . _ 2 X _ X e ( i i ) ) t < 

a S x Px 
d a " 2 к l a llf l . ( x V x 2 5 X 2 S , 2 X - S - X 2 . Х ч 1 , д 1 2 ) 

«ЙГ s T ' V ' й' p | A ~ " "£p|" "~2P"X" " I ' u A • x 2 ' 

_*_3L„ к- 1-. «_i_svjf_F _ 1. i K sx(S_tXj, ix:_6X__ _ _sx 

dXdY s 2 * 2P^ A 2 P^ 2Pf 4 P X 4 • ^ • 1 J > 

To c a l c u l a t e t h e c o n t r i b u t i o n t o p r o c e s s (2) f rom 
b r e m s s t r a h l u n g (5) on i - t h p a r t o n s c a t t e r i n g 
(d S R ) t ' , we f o l l o w t h e u s u a l s cheme ( s e e ( 3 D ) 

and o b t a i n 

.a- P v,v 

dxdy , ) t - a 0 . i . 8 (f4 ) ( A . i 4 ) 
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with 

where E''(£)is a sura of terms which result from the 
terms in braces of (A.7) to (A.10) or (A.7) and 
(A.11) with the change (31). 
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