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At the present time there is no doubt in the importance 
of the effect of quantum chromodynamics (QCD) at the inter
mediate distances x > m~1 while considering weak nonleptonic 
interactions. First of all this concerns fiS = 1 decays 111 • 

As for weak N-N interactions, the region x > m-1 was taken 
into account in the framework of QCD for parity~violating NNrr 
vertex, and this yielded great enhancement of the correspon
ding coupling constant f" /p.f • However, this great enhan
cement was mainly due to the appearance of masses of current 
u , d -quarks in the denominator of relevant expression rather 

than to the logarithmic factor characteristic of the asymp
totically free fie'ld theories. 

Here we consider the gluon corrections to parity - vio
lating NNV vertices for different x (also for x > m-1 ) . The 
obtained results are used to estimate the values of bircular 
y -quanta polarization P y in the reaction of radiative cap
ture of thermal neutrons by protons, np-+ dy and of asymmetry 
parameter A in elastic scattering of polarized protons on 

~ pp 
protons, PP -+ pp • 

In the standard model of electro-weak interactions with 
four flavours q =(CUdS) 131 , a nonleptonic part of the ef
fective weak Hamiltonian conserving strangeness can be writ
ten in the form (we do not consider Higgs scalar exchange 14) 

(1) 

Here D(x,MW(Z)) is the propagator of W(Z) boson, 

(2) 
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0 0 -s c 1 0 0 0 
0 0 c s 

1 0 1 0 0 c+~c 1 + iC2 ~ 0 0 0 0 cs~-
0 0-1 0 ,(2) 2 

0 0 0 0 0 0 0 -1 

s~ = sin 2 0w=0.23, s = sinfJc = )1-c2 = o.23, and we mean 
summation over colour index i = 1,2,3. 

Let us consider the parity-violating part of Eq. (1). T
product in Eq.(l) can be written with the help of Wilson's 
expansion, then 

(3) 

We confine ourselves to the four-quark operators 0 r (m) 141 , 
which are linear combinations of the operators O(M, N) = 
=:Q:y y5Mqijy11Nq:, q being quarks with masses m < m and 
M, N being matrices in flavour and colour spaces. q-

The introduction of the quark-gluon interaction leaves 
Eq. (3} practically unchanged in the region x .:$ M -l (region 
I) , whereas in the region x > · M V/ leads to modil'ication of 

the Hamiltonian. The gluon corrections in the one-loop ap
proximation in the region M-;1< m~1 <x :s;m;1 modify H(m

1
) 

in the following way /1,5/ 

Here d r are (matrices of) anomalous dimensions of the 
opera tors 0' (m 2) ; a 

8 
(m) ~ 6rr [ (33 - 2n(m)) In ..!!L ] -I 

A 

(4) 

is the effective coupling constant of the quark-gluon in
teraction, n(m) is the number of flavours with m 4 m , A is 
the mass scale QCD parameter, and minimal rn 2 is d~fined by 
as (m 2 ) = 1 (more detailed discussion of the choice of the 
minimal ~ 2 can be found in /5/} . 
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In the region m-1 < x < m -1 it is convenient to choose 
1 - 2 

as Or in Eq. (4) the operators transforming along irreducible 
representations (IR) of the group of flavours SU { n) : 
0S(m 2), OA(m2), OJ (m 2)and O'(m 2)with n~n(m) and 

S ~..!.n2(n+1)2-n2, A~.!...n2(n-1)2-n2, ,J~n2-1 and 1 
4 4 

being dimensions of the corresponding IR . In 
141 (matrices 

of) anomalous dimensions of such operators were found 

6 d d ~-2d 
s' 

(5) 
s A 33- 2n 

0 1 0 
9 O(P, 1) 
2 

0 
12n-85 

16 
15 O(Pt•,t•) 

6 2 
d ~- 1 

J 33-2n 11 ,o J~ • (6) 

0 
2 

0 0 0(1, P) 

16 41 
0 2:7 O(t•,Pt•) 

6 2 

1 • ( 0 

16 (

0( 1,1) ) o'-
- O(t•,t •J ' (?) 33 -2n 

ta being Gell-mann's matrices in the colour space, and we 
mean summation over a = 1, ..• , 8, P being diagonal matrix in 
the flavour space, e.g., P = C 3 for n = 4 and P = .\ 3 , .\ 8 
for n = 3, where A·3,8 are Gell-Mann's matrices. 

In earlier calculations of gluon corrections to the weak 
NNV -vertex, a region M;t: x < m-1 was considered {region 

/6 7/ - c 
II) ' . Here n(mc) = 4 and the index r runs the values 
S = 84, A = 20, J = 15 and 1 . The corresponding operators 

are 141
: 

84 2[ 1 l 0 cc, • c i) ~ 3 occ, .c,)- 200(1,1) + (8) 

+: [O(c, t,".c,t•J- 2~ oct•,t'Jl, 
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o20 cc,. c,) ~! [occ,.c,) + 
1
; 0(1,1) l

-{-[O(C; t", C; t")+ :
2

0(t",t")l, 
(8) 

and 0 15 (mc), 0 1(mc) as well as dr are defined by Eqs. (5)
(7) at n = 4. The coefficients br (M w> are 

82 
b 84(Mw) ~ b 20 (Mw) ~ 1, b 15 (Mw) ~- -f-<1 0 0 0), 

3 -2s~ 
b 1 (M w) ~ (1 6) . 

180 

At M \V ~ 88. 6 GeV, 
a (m J 

s c is equal 
a,(M wl r 

form b (M wl into 

84 b (m
0

) ~ 0.79, 

me= 1.2 Gev, A= 0.1 GeV the ratio 

to 2.73 and the gluon corrections trans

b' (m ) according to Eq. (4): c 
20 b (m

0
)-1.62, 

s\ 
~- -3-(1.07 -0.015 0.008 -0.24) . 

(9) 

3- 2sw c-2.78 
( 10) 

180 
5.88) . 

a (m ) 
s c = 4 and 10 we arrive at br (m ) derived in 171 • 

a,(M wl c 
Let us consider now the region m-1 < x < /l-1 c -

(region III). 

At 

With our 
(4) runs 
0 27 (~) 

choice of A J1 = 0. 2 GeV and n (fJ.) ~, index r in 
the values S = 27, J = A 8 and 1. The operator 
is defined by the formula 

o 27 (~)~~(ai +f3,)0(A;•\ )+y[O(A
3

,A 8 )+0(A 8 ,A 3 )], 
1 ( 11) 

1 
a =--a 1 ,2,3 3 4,5,6, 7 

1 1 1 ~-a ~-(--+c2-s2) 9 ·8 60 4 w ' 
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1 1 =---y=--(c2 -2s 2 ) - 20 w' y3 
(11) 

and of, 0 1 are defined by Eqs. (6-7) at n = 3, P = .~ 3 being for isospin value I = 1, while P = A.., for I = 0. 
Omitting c quarks from the Hamiltonian H!S=-=0 (m c)• one 
can rewrite it through new operators with the following coef
ficients: 

b27 (m 
c )=0.79, bg(mc) = (~.19 0.15 -0.17 0.15) ' 

b~ (m c ) = (~.13 0.056 -0.09 0.065) ' ( 12) 

b I (m c ) = (-0.025 0.08) 

The quark-gluon interactions in the region m-1<x < 11-1 modify c -r the Hamilton~an according to Eq. {4), and for our choice of' 
a ,(p) 1 r parameters = --·- = 3. 56 and b (/1) are a
5
(mc) a

9 
(me) 

27 ) b (p = 0.59' 8 
b 0 (p) = (-0.34 0.23 -0.30 0.27) ' 

b ~ (p.) = (~.21 0.076 ~.14 0 .15) ' (13) 

b I (p) = (~.09 0.098) . 

Note, that the gluon corrections suppress the contributions 
of symmetric operators 0 S and enhance those of antisyrrnnetric 
ones QA. The same is valid for the (anti)symmetric parts of 
0 r and 0 1 . 

Taking into account gluon corrections let us estimate now 
y -polarization Py in the reaction np .... dy and asymmetry 

parameter APP in the reaction l)p...., pp . The effective parity
violating Hamiltonian of the weak NNV -interaction reads 

( 14) 

5 



(14) 

ri being the Pauli matrices, r± =..!.(r 1 ±ir 2 ) and ' = 2V3e= 
D 2 

= 0.4 at --- = 0.65. The coefficients a, b, c, c', d are 
D+F 

defined by the coefficients b r and by matrix elements 

<N'VIOr IN>. Using for estimations of the latter, the 
method proposed in 18/, we obtain 

_g_ 1& ft-<1-8s2 +12s~) 1 8 8 ) + b 1 a va (bt,1 + bt,s 3 9 1 

.!_ R fs-(1+12s
2 -23s~) ...1.....(8 8 1 

( 15) 
b _bl2+bl4)+b2 

3 9 y'3 • • 

d ~ R b3-4s•-4s~ b27 
3 9 15 ]..() 

c=c'= ~6[b~.l+b~.s +!(bi~2+bJ~4 )+ :o<c"-2s!)b27JI=1 

In the region I, x < M-1 (no quark gluon interactions) , one 
has - w 

a =c•- ...!..(1-2s 2 ) b=-_g_c2+2._(1-2s 2) 
6. W' 3 3 W 

( 16) 

-I 
In the region x > M w a, b, c, c ', d can be found from 
Eqs. {10),(13) and are given in Table 
and APP let us use parametrizations 

1. To estimate now P 
of refs. 191 and /!O/. Yin 

our notation for the Kishi-Sawada-Watari 

-8 
Py =(1. 38a -1.86 b + 1.68,d) x 10 , 

potential 

APP (50 MeV) =-[4.28(b+(c) +4.47(c'+(d)] x1o-8 

while for that of Harnada-Jonhston 

Py =(3.18a -1.29b + 1.29(d) x10 - 8 , 

APP (50 MeV) =-[4.63(b+(c). + 4.68(c' +(d)] x 10-8 
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Table 1 

X a b C==:C' d 

I 0.86 0.63 -0.20 0.81 

II 0. 92 0.99 -0.15 -0.16 

III !. 19 !. 73 -0.13 -1.46 

Our results are set into 
Table 2 for various regions 
of X and are conformed to 
those of Ref. 161 and Ref/ 71, 
if we correct Eq. (38) of the 
latter. We see that gluon 
corrections give large 
negative contributions 
either to Py or to A 
( p K-s-w even change~P a 
sigh) , changing uncorrected 
results several times for P y 
and by a factor of 1.5 for 

a (m ) A • Reasonable variations of the ratio s 2 PP a8(m1) 
do not 

influence strongly ntunerical values of p and A . It is important however to note, that our calcJlations ~re performed in the one-loop approximation and we perhaps meet the same problem as say in the calculations of charmonitun decays where 
glUon corrections are also of the same order of magnitude as the first approximation. 

Table 2 

X pK·S·W x108 p~·J X 10 8 AK·S·W x10 8 AH·J 10 8 y 
PP PP X 

I 6.56 2.34 -2.85 -3.13 
II -0.68 1.57 -2.93 -3.30 

III -2.56 0.80 -3.82 -4.43 

Nevertheless the values obtained for pth remain 1.5- 2 order of magnitude as small as P ~xp = (-f3o + 45) x 10-8 1111, while the values obtained for A~f are smaller than A~~ (45 MeV) = (-3.2 :':. 1.1) x o-7 1121 by a factor of 8 + 10. 

The reason of these discrepancies, in our opinion, is' 
either in the difficulties in calculating the matrix elements <N"VIOriN> (see, e.g., ref. 1131 ) or/and in our unsatisfactory knowledge of strong potential~ at short distances. 
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