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2.	 DERIVATlON OF THE FORMULAE 
FOR CC AND NC DEEP-lNELASTIC vN -SCATTERlNG 

. ..	 . 2 voei/o)
The calcu1at10n of the 1nclus1ve cross-sect10ns d a ~ ~/dxdy 

(x and y are usual scaling variables) for the reactions 

v (;; ) + N... e (f) + X, ve(;e ) +N -+ ve(;e ) +X (4 ) 
~ f 

up to one-loop electroweak radiative corrections was carried 
out in the following way /2/: 

- Within the unique renormalization scheme calculate, up to 
one-looG_corrections, the differential cross-section 

[d2a v f ve) l , for scattering of v" (v n ) off an individual 
CC(NC) 1	 {. r, 

quark "i" 

v,; (~n ) (k ) + q (p ) ~ f(l') (k ) + q (p ) 
~~ 1 i1 2 t2 (5) 

V n (;:;n )(k ) + q (p ) ... V (;:;n)(k ) + q (p ). 
~.	 r, 1 i 1 r, 

o 
~ 2 t 2 

The expressions for d 2u were obtained in the extreme
1's

relativistic regime, i.e., alI masses were neglected in 
comparison with amplitude invariants s,t,u except in the 
10garithmic terms. 

- In the expressions for d2u 
i's 

replace the initial partop 
momentum by the following quantity 

P(1) -+ çp • (6 ) 
1 N 

where ç is the fraction of nucleon 44momentum PN carried 
by i-th quark. 
Multiply the cross-section by the parton distribution 
functions f i (Ç") of the i-th kind of quark , integrate over 
ç and sum incoherently cross sections for alI types 

of quarks involved in reaction .(4). 
- Average the cross sections over the proton and neutron 

to obtain the cross sections for scattering off an iso
scalar nucleon. 

2 Vt (ve )
The derived d o CC(NC) is a resul t of a complete treat

ment of the 10west order electroweak radiative corrections 
within the quark-parton model. This result is therefore model
dependent, due to the model assumed, parton distributions 
(structure functions) used, and due to the dependence of the 
one-Ioop formulae on initial and final quark masses. 

As far as the structure functions are concerned, the model 
dependence caused by them can be minimized if they are taken 
from the experimento lf the str4cture functions wi~l be changed 

OblteÀh'd~'úHhiÜ KHCT.."TyY I 
fiI!pH~X Htc~elOBIUg~ 
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sizebly after application of the radiative correction pro
cedure, the latter can be repeated iteratively. Moreover, usnal
ly the influençe of the structure functions on the radiative 
correction defined as 

(- )ve (ii e.) [ d2 o,vf tt / dx dy] lf 
__C_~ _ (7)oCC(NC) (E, x, y) - 1 
[d2 o vi (~f) /dxd ] of 

CC(NC) y 
(H means calculated up to "one-doop ", Of means "zero-loop" 
or Born approximation) is reduced substantially due to cance~
lation of the dependence on structure functions in the cross 
section ratio (7). 

.Indeed, a comparison of the c?rr~ction to d 2uC C /dxdy computed 
uS1ng the recent CDHS parametrizat10n of the structure func
tions / 20 /with the corrections computed with Barger-Phillips / 2 l l 

structure functions shows that the dependence on the input 
functions is rathe;r weak. 

Radiative corrections are known to depend on the masses 
of particles involved. CQntrary to the lepton masses, the 
choice of quark masses is quite arbitrary, leading to some 
uncertainties in the cor~ections. The most natural choice of 
the initial quark mass is 

m1 = çM N ·	 (3) 

The variation of the final quark masses between ] MeV and 1 GeV 
changes the corrections in absolute values 1ess than hy one 
per cent and, moreover, only at extreme x (x ""0 and x « 1) . 

So, our main conclusion is that the radiative corrections 
obtained are almost model-independent, i.e., this dependence 
is small in comparison with the correction it~elf and'with 
the experimental errors. 

3. IRE LIST OF FORMUL~ FOR CC NEUTRINO-QUARK SCATTERING 

3.1. vi +qi -+ f . +qr (vi +<ii -+ e+ + <Ir) 

(p.) 2 2
 
ti2 li [G F ] S!Kír I a C C a 1 C C
 u--- '-----l~fi (x)(l + -- O i ) + -	 J def (e).-f i(e)c1l i dxdy 17 

17 7T x	 (9) 
1 

+ !!--"r de(e - x)-l [eCo (e-H,. (~, x) - xC. (x) li (x, x j}] . 
17	 1 1 1 

X 

Here S = 2E v· MN , wi th E being the ini tial Lab , v J.I. energyv
 
~ 82
 

r.1 (~, x) = --"--ln -..!-- - 2 +
 
4 e-y(e-x) rm~
 

8 U y(~ _ x) 82 U 2 r	 r-+- Ci [2ln_- _ 2 + l., ln__ ] + C~(ln-- - 2) 
rBu e - y(e-, x) rIh~ 1 rm~ 

with Kij - corresponding Kobayshi-Maskawa matrix element, m, 
final lepton mass, ml - initial quark mass (set equal to x.M~ 
or ç.MN in integraIs over ~), til 2 - final quark mas s , U =8·Y·i; , 

r=Sy(ç-x)+m~,. Sr",,8[(-y(ç-x)], Su=Sç(l-y), li(x, x ) = 
= l l·(e = x,x), wíth ml = xM N, { 2/3 f 11"" k+ or a up quar s 

. . . . _ (u ;c , t)
fi 1S the 1n1t1al quark charge - 1/3 f 11 "d" k - or a own quar s 

(d,s,b) 

CC Sy(1-x) 3 7 Sq Sq 1.-9Sq ,,2 3 Sqo. = I. (x, x) ln---- + - +(- -ln-) ln- - -lll" -- + - - -ln- + 
11 m2 4 4 rol m22 m2 22M 2 

2 t 2 2 Z 

3 Sq 7 3	 Q2 2 Q2 "2 3 Sq(1-y)
+ -ln- + fi [- + (- + 21n(1 - y» ln- -ln - + -- - -ln-·,·---- 

4 ma 4 2	 m2 m2 22M2 
r	 2 2 Z 

2 7 Q2 .çf- 1 2 Q2 3 Q2-lnyln(1-y)]+C [-1+(- -ln-)ln-.- --ln - +-ln-'], 
i 4 m2 m2 ? m2 4 m2 

1 2 2 1 

wi th S = Sx and Q2 = Sxy, 
. q 

2	 2 
C C 2 Q2 m 1 3	 J: S

<I> i (Ç) = (l + f.) -(1- _::.2.) + - + -y- L[ 1 + --~---] ln_T _ + 
1	 4 r T 4 4 2 ç _y (ç_x) rm2 

l 
2 

Y(Sr X S.n 1 x 
+ f. [2 - _-:'_-ln-- + y(y ...2 - y-)ln--+-(- + y) --] + 

1 e-y(e-x) rm2 ç TS 2 ç
l	 u 

2 x X2 U2 Y Y 2 x 3 y Y 2 x 2
 
+f.[2-(1 +- + -)ln- + (2-- + --)- + (- - - - -)-L
 

1 2~ 2~ 2 Tm2 2 4 ç 2 2 4 ç2 
1 

These formulae as well as the corresponding set for the v 
case presented below are essentia1ly the saroe as in ref. / 21 

They are corrected only in the following two points: 
i) they are rewritten using the renormalization scheme 

discussed in the Introduction~ 

ii) some terms of the order m2 / T2 improperly omitted in / 2 1 

are re-established here. 2 

Within the given renormalization framework alI genuine weak 
loops are essential1y absorbed into G(~) . Neve~theless, terms 
containing mS /M~are to some ext~n~ connected with the uni
fication of inter~ction ( Mz can be considered as a correct 
cut-off following from SU(2)L ~ U(l)). This is the reflection 
of a theorem prove~ in ref. 14/. 
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sizebLy after application of the radiative correction pro
cedure, the latter can be repeated iteratively. Moreover, usual
ly the influençe of the structure functions on the radiative 
correction defined as 

[d2aVe (ií) /dxdy] lfVf (iI e.) 
~C(NC)- 1 (7)aCC(NC) (E,x,y) 

[d2 a vf (;;f) /dxd ]oe 
CC(NC) y 

(lf means calculated 'up to "one-loop", Df me ans "zero-loop" 
or Born approximation) is reduced substantially due to cancel
lation of the dependence on structure functions in the cross 
section ratio (7). 

Indeed, a comparison of the correction to d 2ac c/dxdY computed 
using the recent CDH8 parametrization of the structure func
tions/20/with the corrections computed with Barger-Phillips/21/ 
structure functions shows that the dependence on the input 
functions is rather weak. 

Radiative corrections are known to depend on the masses 
of particles involved. Contrary to the lepton masses, the 
choice of quark masses is quite arbitrary, leading to some 
uncertainties in the corrections. The most natural choice of 
the initial quark mass is 

(8)fi 1 = çM N · 

The variation of the final quark masses between 1 MeV and 1 GeV 
changes the corrections in absolute values less than by one 
per cent and, moreover, only at extreme x (x « O and x « 1) • 

80, our main conclusion is that the radiative corrections 
obtained are almost model-independent, i.e., this dependence 
is small in comparison with the correction itself and with 
ihe experimental errors. . 

3. THE tIST OF FORMUL~ FOR CC NEUTRINO-QUARK SCATTERING 

3. 1. v + q i ... e· + q t (iIe + qi ... e+ + qr ) e 
(#1-) 2 2
 

d2 a 1f [a ] SIK. I cc 1 cc
 
--- . F Ir Ix f i (x)(l + ~- Si) + ~ rd~f i (~)<lI i (~). + 
dxdy TT 

TT TT x (9) 

• 1 1 
+~ r d~(~-x)- [ef.(e)l. (ç,x) -xf.(x)I. (x,x)ll. 

TT I I I I 
X 

Here 8 = 2E . M , wi th E being the ini t ial Lab , v energy
v N v #J. 

82~ r. «(", x) = --"'--ln _T_ -2 +
 
I e- y(ç-x) Tm2
 

4 e 

8 U y (~ _ x) 82 U 2 r-+- fi [2ln_- - 2 + ç, ln_r_ ] + f~(ln-- - 2) 
. 18u f-y(e-x) r1tl~ 1 Tm~ 

with K ij - corresponding Kobayshi-Maskawa matrix element, mt 
final lepton mass, ml - initial quark mass (set equal to x.M~ 
or f·M N in integraIs over ~), m2' - final quark mas s , U =8 ·Y·l;, 

r=Sy(~-x)+m:,. 8 r =- S[ f - y (ç - x ) ], Su==Sf(1-y), Ii(x, x) = 
= I I·(f = x,x), wíth ml = xM N, { 2/3 f 11"" k+ or a up quar s 

. . . . _ (u,c, t ) 
f i 1S the 1n1 t a l quark charge _. 1/3 f 11 "d" kí - or a own quar s 

(d,s,b) 

cc Sy(l-x) 3 7 Sq Sq 1 _pSq ,,2 3 Sq
S. = I. (x, x) ln----- + - +(- -ln-Hn- - -111"' -- +- - -ln-+ 

I I m2 4 4 ml m22 m2 22M2 
2 l 2 2 Z 

3 Sq 7 3 Q2 2Q2 11'2 3 8q(1 - y ) 
+ -ln~ + fi [- + (- + 21n(1 - y» ln- -In - + -- - -ln~···_----

4 ma 4 2 m 2 m2 22M2
 
f 2 2 Z 

2 7 Q2 çj- 1 2 Q2 3 Q2
-lnyln(l-y)] + f. [-1 + (- -ln-)ln- - -ln - + -ln-' ], 

14m2 m22m2 4 m2 
1 2' 2 1 

with Sq =Sx and Q2 = Sxy , 

2 2 
CC 2 Q2 m 1 3 ~ 8 r_ +<li i (Ç) = (1 + f.) -(1- _=.2.) + - + -y- L[ 1 + -~----] 1n_

I 4 r T 4 4 2 f _y (ç_x) T m2 
t 

Yf s,2 
x 8 TU 1 x 

+ f. [2 - ----10-- + y(y - 2 - y-)ln--+ (- + y) --] + 
I ç-y(f-x) rm2 f 7S 2 f

f U 

2 x x2 U2 Y Y2 x 3 y Y 2 x2 
+f.[2-(1+-+-)In-+(2-- +--)-+(--- --)-]. 

I 2~ 2e 2 Tm2 2 4 f 2 2 4 f2 
1 

These formulae as well as the corresponding set for the v 
case presented below are essentially the same as in ref./2 / 

They are corrected only in the following two points: 
i) they are rewritten using the renormalization scherne 

discussed in the Introduction, 
ii) some terms of the order m2 / T2 improperly omitted in/2/ 

are re-established here. 2 

Within the given renormalization framework alI genuine weak 
loops are essentially absorbed into G(~) . Nevertheless, terms 
containing In8 /M~are to some ext~n1 connected with the uni
fication of inter~ction ( Mz can be considered as a correct 
cut-off following from SU(2) 0 U(l». This is the reflection 
of a theorem proved in ref. L/4/. 
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For this reason the radíative corrections to the charge cur
rent v -reactions are in practice "a lmos t QED tI corre c t i ons , The 
usage of structure functions requires some comments. 

Into the formulae presented in the Appendix the quark dis
tributions fi (x) (or fi(~) ) should enter, strictly speaking, in 
the ,scaling approximation because these formulae are integrated 
over the photon phase space at fixed ç. 

Some people / 10I,in an attempt to take into account the scaling 
violation, replace 

f i (Ç) -+ f i (ç, Q 2) (10) 

in the above integrands (Q2=Sxy). We also did the saroe in our 
programs. 

Actually, this is only partially correct. It is true for 
diagrams with emission of y~s from quark legs where W(Z) pro
bes the nuclear structure with fixed Q2.But for the diagram 

Cl f 
W probes the nuclear structure with Q 2 1= Q 2 = Sxy. And Q~ is 
equal to Q2 onll if ç=x when the emit~d photon has zero ener
gy, otherwise Q h is a function of photon kinematical variables 
and instead of replacement (lO) we should have 

fi(ç) ---+ fi(ç,Q
-2 i . (I 1) 

where Q2 is some average value. 
Bu t ; due to the weak dependence of f i (ç ,Q2) on Q2 and due 

to t he- weak dependence of a~s on f.(~,Q2) we expect that the 
bias introduced by the partially cdrrect replacement (10) will 
be an effect of t.he second order. For the NC v -reaction we 
obviously do not face with this problem because no protons 
~an be emitted from the leptonic current. 

In the scaling approximation eq.(9) can be integrated ana
lytically over x yielding the simpler formula for the y -dis
tribution: 

dO' 1f (IJ.) ] 2 IK 12 i: a ( 1) ) ] 
__i~ __ [O F S· ir I r d . . f (x) [ 1 + _ a. (x, y , (I2)-----, x X i 'TT 1dy  TT o 

6 

where 

(1) 1 5 2 3 Sq 3 Sq 1
ô. (x, y) = - + -TT + --In- - -ln- - -<lJ(l-y) -2<IJ(y) 

1 2 124 2 M2 2m2
f Z
 

1 9 1 1 Sq 5 1 Sq
 
- -ln~ y - -In2 (1 - y) - -In(l - y) ln- + y(- - -ln-) +
 

2 2 2 rnl 4 2 rnf
 

7 y Sq 3 Sq
+ (- - + - + ln-)lny -+ (1 -y)ln(l-y) + f. [3 - -ln- + 

42 m2 12M2 
e z 

2 23 17 2 2 Q2 5 1 2]
+ <IJ(l-y) -'<IJ(y)] + f. [- - - - ~In- - -y -I: -y , 

1 72 63 m2 12 24 

Y In \1 ti 1 ' 
and <IJ(y) = - f -~tis the Spence function. We t e s t ed that 

o t 

a~l) (x,y) coincides analytically at fi = -1/3 with gV(y;S) from 
Appendix F of ref. 181 if one subtracts from the latter quantity 
the following constant 

3 
Mw 1 

C = In-- + -, (I 3) 
11M 2 4 

z 
which reflects the choice of the MS renormalization scheme. 

At last, expression (12) can be integrated analytically 
over y yielding the simple result of ref. / 51 for the correc
tion to the total cross section . 

[0(Il)J 2S[K . 12 1Ir -a 3 s,O' 1f 
i

r dx-x- f" (x) [I + --[(3 - -In-HI + f.) + 
17 o 1 17 2 M2 1 

Z 
(14 )

2 19 rr2 2 Sq
+·f. (- - - - --In-)]I 

1 24 63m2 '
 
1
 

which confirms not only the correct shape of distributions but 
also the correct normalization to O(IJ.) within the chosen renor
malization framework. F 

From Eq.(I2) there follows trivially the y-distribution 
for purely leptonic inverse Il-de c ay : v + e -+ IJ. - + v e . One 
should only set fi = -1, Sq= S e=2rn e E ,JL Q2=SY and delete the 
integration over x and factors IK"r 12 and x· f" (x). In this case 

1 1 
the term In siM 2z drops out . 

Finally, we tested numerically for several incident energies 
and different values of y that: 

d O' ~f 1 d 2 O' ~f 
-_:- = r dx__2...._ . (15) 
dy o dxdy 

7 



This chain of comprehensive tests convinced us that we did 
not make mistakes either in formulae derivation (which was 
done with the aid of the analytic manipulations system 
SCHOONSCHlp / 221 or in their programming. 

At last, in our programs we have neglected the charmed sea ~~ . 
contributions, replaced the KM matrix by the simple Cabibbo ., ' 

matrix and neglected the effects of the charm excitation );' 

thresholcl (çc - operator in / 101. AlI these effects are ex
pected to be also a second-order effect for 8, as affecting .1' 
both the numerator and denominator in (7). We have examined· 
the effect of the charm threshold on the radiative correction J
and we have seen that it is very small indeed. 

- + 
3.2. v r + q i ~ r + q r (v f + q i f + q r4 

For this case we present only the full Iist of formulae, 
alI comments made in Sect.3.1 being valido 

2 - Ir [(p.) 2 I2	 1
daI G F 1 S[K 1t 2 a - C C a -C C 
-- = --- ((l-y) xf.(x)(l + -8. ) +- Jdtfi($cIJ. (Ç)+
dxdy 17 1 17 1 17 X 1 

1 -1 -	 a 2	 (16)+ -(1 - y) r dç(ç - x) [çf (ç) I. (ç ,x) - xf . (x) I. (x, x j] 1 , 
17	 . i 1 1 1
 

X
 

-
I i	 (ç, x) I. (ç,x)1 r. -+-r 

1 1 i 

-CC - Sy(l-x) 7 S Sq 1 2 Sq 172 3 Sq
8 ::! 1. (x,x) ln - 1 + (~ -ln-Cl.)ln- - -In - + - + -ln- + 

c 1 rn 2 4 rn2 fi 2 2 rn 2 2 4 rn 2
2 r 2 2 f 

7 3 Q2 2 Q2 172 3 Sq
+ f j [ - -(-+2In(1-y» ln- + ln - - -. - -ln- + lnyln(l-y)] +

4 2 rn2 m2 22M2 
2 2	 Z 

2 7 Q2 Q2 1 2 Q2 3 (j 
+ f. [-1 + (- - ln-)ln-- - --ln - + -In-], 

1 4 me rn 2 2 rn 2 4 rn 2 
1 2 2 1 

-CC 2 Q2 rn2 2 1 1 2 
~. (~= (l-f) -(l--)(l-y) - -y+~1-y) + 

1 i 4r r 4 4 
I, 
11 

Y	 2 ç 1 ç2 
-+	 -[1 + 2(1 -y) -7(1 -y) ] +y(l-y)[- -2(1-y)]----:;..- 

4 ç-y(ç-x) [ç_y(ç_x)]22	 ,:
.	 2 2 

3' 2 ç3 1 2 ç Ç] S r	 .,;
---y(l-y) ---..----+-y(l-y) ~---[l+---ln-+ 

I2 [ç_y.(~_x)]3 2 [ç-y(f-x )]2 ç-y(ç-x) rrn~ 

+r.I- 1- -(1-y) _.!_<l_y)2 +(_ ..l+y)~_ + 2...y(1 _y)2 __f_+.LY(1-y)2 ç 2 + 
1	 2 2 2 ç 2 ç -y(ç-x) 2 [ ç_y(ç_x)]2 

8 

2 ç S~ 2 . 2 2 X X 2 U2 
+ y(l- y) ln- ~+ f .12(1 -y) - (1 -y) (1 + - +-)ln- 1

ç-y(ç-x) rml 1 2ç 2ç 2 rrn[ 

2
1 7 2 x 1 3 2 x+[- + -(1- y) ] - + [- - + (1- y) + -(1- y) ] -I . 
4 4 ç 4 4 ç-2 

For y -distributions one has 
- Ir [(p.)] 2 2 

da i	 G F S IK 1f I 1 2 a -(1) 
-- = ~- .r dx-x ..fi (x) [(1-y) + -8 i (x, y)] , (17)
dy 17	 17 

O 

where 

-(1) 5 2 ~ 2 2 
8. (x,y)=--+y+(l-y) -2 -2(1-y) <IJ(y)-(l-y)~(l-y)-

1 4 

_ ..L(1_y)2 1n2y _ (l_y)2ln2(1_y) +(1-y)2ln--L-ln~ +
 
2 1 -y rn2
 

r 

+ (_ L + É... y _ y2}ln-L- + (1.. - L)ln~ +
 
4 2 1-y 4 2 rn 2
 

r 
1 5 7 2 3 2 Sq(1-y) 2

+f.I-- - -y + -y --(l-y) In +(1-y) ['<})(y) -<lJ(l-y)]1 + 
1	 2 2 .. 2 M2 

Z
 

2[ 23 . 2 172 2 2 Q2 2 1 2
+f - -(l-y) - --(l-y) ln-- - -y - -y ].
i	 72 6 3 rn2 9 18 

1 
Again, it was tested numerically that 

1d~~ d 2 ;; 1.e 
1 J dx_~i (18 ) 

dy o dxdy 

an2 it was tested that ã(1)(X,f) at fi = +2/3 coincides with 
s" (x,S) from r e f , 161 if from the La t t er one sub t r ac t s (1 - y)2C, 
wi th C given by eq , (13). 

4.	 THE LIST OF FORMULAE 
FOR NC NEUTRINO-QUARK SCATTERING 

The NC neutrino-fermion scattering cross-section is repre
sented following ref. 1231 in terms of t he induced p(Q 2) and 
K(Q2) factors and the QED correction (see also rej./141 for the 
case of eLas t i,c vI! e -scattering). 

9 



4. 1. ve + q i --t v e + q C (~ + qi --t ;;e + qC) 

2d!2 ale (~) (Ve; ri) (Q )]2 (ve; ri) 2)] 2 + , 
i I G F P NC xf 1(x) IIg L (Q 

dxdy rr 1 
J 

(v 'C )	 2m2 y d QED (I9) 

li+ [g e' i (Q 2)] 2 (1 _ y) 2 __1_ g g I + ~_ 
R S L R dxdy

q 
(Il) 2	 ,.da ~ED 

1 [G F ] Sa 2{[ 2 2 (1 _ y) 2][ Ô~C X f .(x) +
----fi gL+gR 1 1 

dxdy rr 2 

1	 1 
+ rdç(ç-x) -1 (çf. (ç)I(?) (ç,x) -xt . (x) {O) (x,x))] + rdçf.(Ç)[ g 2H (Ç) + g2 H (ç)] L 

~ 11 1 1 ~ 1 LL RR
 
Here
 

g = _!.. + If. Isin 2e , g = If .I'sin2 e 
L 2 1 W RI W 

g(Ve; Ci )(Q 2 ) = _.!... + 1f.1 sin2 e(vf;C i)(Q2) 
L 2 ~ W ' 

(Ve; c ,) 2 2 (v n ;C.) 
g R 1 (Q ) If.1 sin e L I(Q2) 

1 W ' 

with 

. 2 (vê; r i) 2 ( 'C) 2 2	 M~ 
ve' i (Q ) sin W	 I --.sm e (Q) K	 e 2 ew	 sin W = - M2 

Z 

In the above expres s í on p(vf ,C i \ Q2 ) and K (Ve ;(i) (Q2) are some 

quantities induced by weak loops, i.e., 

(Ve ; Ci) 2 a (ve; C i) 2 
p (~ ) = I + -;; P 1 (Q ), 

(Ve;C.) 2 (Ve;C i ) 2 
K 1 (Q) = 1 + !!:-K 1 (Q ). 

rr 
_1/0. 

The explicit expressions for p 1 and K will be preserit~d below,1 libut we start with alI quantities in the QED cross section	 I 
\.d2aiQE~: 

(O) U 2 m~
I .	 (ç, x) = In-- - 1 - - 

I 1'm2 r 
1 

10 

NC (O) Sy(l-x) Q~ Q2 3 Q2 1 2 Q2
Ô = I (x,x) In , + In-(1 -ln-) + -ln-- -l--ln 

i i m2' m2 m22m m 2 m2 
2 2 1 1 2 2 

m2 Q2 3Q2 x x 2 U 2 
H ($ = 1- _2 (1+-" +-)ln- + 

L 4 r 2 41' 2ç 2ç 2 rm2
 
1
 

1 2 7 x 1 2 3 x2 
+ [ - (l - y) + - ]-- + [- - (1 - y) + (l - y) + -] 

4 4 ç 4	 4 ç2 ' 
m2Q 2 3Q2 x x 2 U2 2 

H (Ç) = [1- _2_ - - -(1+ - + --Hn-](l-y) + 
R 41' 2 41' 2ç 2ç'2 1'm; 

1 7 2 ] x [ 1 3 2] x 2+ [- + --(1- y) -F + - -- + (l - y) + -(1- y) --. 
4 4 ç 4 4 ç2 

The cross section (19) can be integrated over x, and the re

sult reads
 

1f [(IJ.) ]	 •
dO'. GF S 1 (v' C) 2 2 (v . C ) 
_1_ = Jdx[p e' i (Q )] xf.(x){[g e' i (Q2)]2+ (20) 

dy rr o NC 1 L 

(v;f.)	 2m2 y do~ED 
+ [g e 1 (Q2)] 2(1 _ y)2 l_g g I + __I __
 

R S L R . dy
 
q 

where
 
(IJ.) 2
 

du,?ED [G ] Sa 1
 
1 F 2 2 (1) 2 (1)

- = -----f. rdx-x-f . (x) [ g h (x, y) + g h (x, y)] ,


dy 17 2 1 ~ 1 L L R R
 
(21) 

(1) 1 1 1 2 2 ~ rr 2 
h (x, y) = - - + -(1 - y) + -(1 -y) - -"ln- - -- ,
 

L 18 3 243m2 6
 
1 

2(1) 1 ( 2 1 1 2 2 çp. ( 2 rr
h R (x, y) = - 18 l-y) + t< 1- y) +'24 - 3(l-y) In 2 - 1-y) -6' 

m
1 

with Q2 =Sxy and m 1 = xM . 
The integrand of (21f as a function of y coincides comp

letely with the expressions of ref!14: for the case of elastic 
vlJ.e -scattering. When integrated over y, eq. (21) leads to the 
simple result of ref. /4/ for the QED part of the correction 
to the total cross section:
 

(IJ.) 2
 
QE D [ G F ] Sa 2 1 . 19
 -» 2 Sq 

a . = -----f, rdx-x-f , (x) [g (- - - -ln--) + 
I rr 2 1 1 L 24 

1 (22)
2 

o	 63 m2 

+ g2.!:... (43 _ !!-. _ ~_ In~ )] .
 
R3 24 63 2
m

1 
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4.2. vf + q i ~ Vf + q (V f + q i ... v f + q() 

For this case alI tbe expressions of Sect.4.1 are valid with 
the simp!e replacement 

(Vf ;l i ) (Vt;(i) 

gL ~ gR' g L (Q 2) ~ g R (Q2). (23) 

4.3. The explicit expression for /vf:(i) (Q2) 
and K ~f ; (i ) (Q2 ) 1 

The form factors p (rt ;( i )(Q2) and ,/Vf;( i) (Q2) induced by 
loops are slightly different from those presented in ref. 714 / 
for v /-le-elastic scattering 

(Vf;(i) 2 1 3 lnR 9 3 lnr H Z ln(R/rH Z) 
p (Q ) = 1- -- + - + ]+ -rH Z [ 

1 4(1-R) 4 l-R 4 4 R(l-r )H Z R- r HZ 
(24) 

- -3 ( 1 +8.) -.-:::-'):3 [ 1 - -2(1-R) 1f. I+4(1-R) 2 f.2] +
2 1 2R 1 2 1 1 

m2 
+ 3_t [.!...1 (Q2 m2 m2) -I (Q2 m-2 0) ] l 

M2 2 o ' t' t 1 't '
 

W M2 M2
 
W H 

R = -----, -- Si=fi/\fil.
M 2 

f H Z .
=

M2 
Z * .. Z • (v; e) . /14/At fi ~ -1(24) c01nc1des w1th p g1ven by eq.(ll) of ref. 

(v .( ) 1 R 
K f' i (Q 2) = { __EZ (-1) _ W(-1) + Z \-1) _ Wt (-1)] + 

1 
4(1- R) 1 -R 

3 C) 3 [ 1 I 2 2]+-(1+8.) -5-.:t-.R + --li - -3(1-R)lf. +4(1-R) f. + (25)
2 1 3 2R 2 1 1 

+ 41 (Q2. m~, m~) + 7' C ([8(1 - R)Q~ - 21Q( 1l13\Q2, m~, m~) 1• 3 

The ~uantities Z(-I),W(-I),Zt(-I),Wt(-I) and li are presented in 
ref / 4/. At f -I expression (25) coincides wi th (12) for the

4 
= 

v e - case /1 ~\.Je tested that at fi = -l,m = O (24) and (25) reprot 
!uce numerically Tables 1 and 2 from ref/23/. We tested also 

*With our method of derivation of cross sections within the 
QPM we use p and K for indivfdual quarks of the i -th kind 
r.ather t han quanti ties like p v ,h) used in ref. /4/. 

12 

that mt -terms coincide analytically with those given in 
ref./17! if in the latter a simple misprint is corrected in for
mula (I. 10) (fact~r (4~ sj/c~ -li in the f r s t line should beí 

replaced by (4/3 s () - L) ). At last, we tested that our form fac
tors p and K completely reproduce Table 2 frorn ref ./17/ for the 
dependence on m

t 
of sin 2 ()w extracted from the NC/CC neutrino 

cross sections ratio. 
So, we see that any part of NC and CC cross s ec t í.oris do 11 /dy 

coincides either analytically or numerically at least with one 
of the other-authors independent calculations. Hence, we may 
conclude that our expressions for q20"12/dXdY presented here for 
the first time within the Sirlin framework are tested so comp
rehensively that we may claim them to be correct. 

5. FINAL REMARKS 

The presented formulae were realized in three FORTRAN prog
rams available ar CERN and J/NR
 

I) NUDIS 1 calculates dO" ,1: /dy
 
2) NUDIS2 calculates d2a 12 /dx.dy
 
3) NUDIST checks numerically that
 

1 2da li f dx d '0" lf 
(26)

dy o dxdy 

which provi.des an add í tional test .of the correctness of FORTRAN 
codes in our programs. 

The abbreviation "NUDIS" stands for NeUtrino Deep \nelastic 
Scattering, "I" and "2" means do andd20" and "T:' means Test. 

AlI these programs take an average of cross sections for 
protons and neutro~s (the isoscalar target). As the indivi
dual cross sections for scattering off the i-th type of quark 
are abailable there too, it iS'easy to obtain corrections for 
an arbitrary mixture of protons and·neutrons. Comments in the 
body of the program should make this task easy. 

l As an example of numerical results derived with the aid
 
i
 of these programs we present in the table the radiative cor

rections to~ 
I v 

UNC'l V 
R ;:; --- (27)v 

~ 1 O" cc
l 

" and caused by them shifts in sin 2()W estimated by the formula 

.!... _sín 2() + ~sin 4 e 
. 2 2 w 27 W N C C C 

Ô,8m ()w = --~----------(aR + aR ), (28)40 . 2 v v 
1 - -.SlO ()w

27 

13 



where 8R~,c + 8R ~o is the total electroweak radiative correction 
to Rv' In the numerical calculation we use the following pa
rameters: <Ev>= 80 GeV, Eb>IO GeV, Mz= 93.8 GeV, MH = 100 GeV, 
sin 2(Jw = 0.227. 

ToFle 
NC 

on m of 8R v and fisin
t 	

2 ew 

mt , GeV BR NC %" . BR ce 
v • % fisin 2ew 

30 0.12 -0.0099 

45 0.31 -0.0090 

60 0.46 -0.0083 

90 0.05 -2.23 -0.0102 

120 -0.12 -0.0110 

180 -0.21 -0.0114 

240 -0.18 -0.0113 
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tiP~H A.b., AokyqaeBs B.A. 
d ~~anuoH~ nonpaBK&i'
K ~ftY5dkoHeynpyrOMy pacceB~m HeDTpkHo 

E2-86-200 

npeAcT8anea e~ Hs66p ~pMyn ~ paAHa~HoM~ nortpa
BDk K Af;8~tJii;epeitn;HaJt"H!.JI.i ceqelfl,iirM r.iri(')oKolteynpyroro 
p,~cce~HhR H~ATPk~o B ~sHanax gaPKEe~HOrO (Cd) H HeATParthHoro 
~O) .Toko~. B~Rcri~HHRri~bBeheHa B p~kax npocTdAKBapk~
riapToaUoft MOA~k B cxeM~ nepeaopMkpbBok Ma Macco~d~ rtosepx
~dCTk. ndKa9aMo~ QTO 3TH ~PMYnH; ~YAyqH ripo~Hter~kPd~8~ AO 
~liHdkVa+ao~d ceqeMU* dO/d, ~ Ad nonH~ro CeqehHR SbcttPOH9BO
~f M~orHe c~ecTBy~e ~ nUT&psType pe~Yn~TaTY. 

ra60Ta B~ohHeHa B rt~50paTbpHH TeO~eT"qeCKbA ~sHKa 
d~". 

c~_c! d6t.wmetiHdrO ~1iA~ JictneAOiiaHitI. ~ tCj~6
""', '-"'<',. '.~. '~'" • - , - .' . ".,'-, ' ., - " .'.. " 

.~.~::: 

B~tdih tl.fu;;Dokuchaeva V.A. E2-M:"'26b 
nn th~ kaMi4tive Corrections 
to the Neutrino Deep ineiastic sc~tteting 

AUrlique ~et of formuiaeis presehted for th~ radtative 
cottetti8ris to th~ dbuble differehtt~l.cross $~ctitirlof CC 
aha~C a~ep!h~iAst!c neutrino ~cattetirig ~ithih ~§i~le 
~Uatkpift5n ~baei~ It is shb~ that th~se ~tti~sije~tidrt8
.Hi!h Deilig Uitegrated up to the ~tie-i:HmethHoniH dhtt"ibution 
with tiHjtl~d: to 'I or t,ip tb Hie. tdhldij~s l3ection repl:!lduce 
~iriy results ~~t~tihg in the 1itetatur~. 

. the tijvestltatibrl bas been performed at the Laboratory 
of THeotetical ~liysics, jiNR. 
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