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In this paper we consider the parity violating (PV)rrNNver
tex parametrized in the usual way 

PV 2 <rr-p[.f{ [n>,iGm
17

A "- u u , (I) 
rr 'Prr p n 

where HPV is the effective Hamiltonian of the PV hadron-had
ron interactions. Interest in the constant Arr sterns from the 
fact that it determines the long-range (r- 1.4 frn) part of 
the PV NN potential with 6.1 = 1. These properties enable A17 to 
be separated, for instance, from the experiments on observa
tion of PV in the electromagnetic nuclear transitions. Taking 
into account the theoretical uncertainties while extracting 
from experiments, the value of Aexp is in the interval 

/1/ 1T (1.5, 2.5) . 
The theoretical evaluation of A17 is difficult because the 

Harni 1 tonian J( PV is formulated in terms of the quark opera-
tors. For the local hamiltonian J{PV the structure of the ver
tex (I) is shown in the figure. Two different methods are usu
ally used to calculate Arr . The first one is based on the PCAC 
and SU(3)/2/ and expresses a part of the amplitude (1), defi
ned by the equal time commutator (ETC) in the standard tech
nique of soft pions, A~ Tc. through the ETC-parts of s -wave 
amplitudes of the decays Ao .... rr-P and S-:..rr-A0 with 6-S=l. 
However, this method can be appl~~d just to the part HX~=O 
which has the SU(J) partner in Ht,s,1 . According to the esti
mates of ref / 31 A~TC.:::. 1. 

The second method~•31 allows one to calculate the part of 
the amplitude ( 1) which corresponds to the factorizing (F) diag
rams (d) of the figure,AF. The method assumes factorization of ---- " n p 

(a) (b) (C) {d) 

Quark structure of the PV rr NN vertex V). The 
circle denotes the effective hamiltonian H V; (a)-(c) 
are nonfactoriting (NF) and (d) factorizing (F) diagrams. 
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the amplitude (I) and applicability of free equations of mo
tion to the quark fields.As a result,in ~ there appears a fac
tor _f77 /(m0 -tmd) which amount·s to -I 0, if one uses the parameters 
of the chiral symmetry breaking mu +ID d- I 0 MeV 151 as quark 
masses. The obtained value of A; is in the interval (1.5, 
3.5)./31and may pretend to the explanation of A;xp.: 

However, these methods of calculation of A
17 

have the 
following unclear points: ETC 

i) interpretation of A17 in terms of the diagrams of 
the figure; ETC PV 

ii) calculation of A17 for the tota~ hamiltonian J{ 
in the standard electroweak model SU(2)L ® U(1) (SEWM); 

iii) dependence of the observab~e A
17 

on the nonobservab~e 
. parameters m0 and m d.We now proceed to consider these po1nts. 

1 I. Using PCAC, within the field-theoretical approach 61 , 
one can show that the ETC-part of the amplitude (I) describes 
the nonfactorizing (NF) diagrams (a), (b) of the figure with 
k17-•0, whereas the NF dia~ram (c) vanishes in this limit. Thus, 
A17 .. A~F+A! , v1here AN,AETc,, The same can be referred to 
any amplitude <~rB'JJ{PVJB>; in particular to A(A':_) and A(i:C).: 
This conclusion justifies the arguments of papers17 ,8/ and 
is proved in the Appendix. 

II. From point I and ref~121 it follows that if the effec-
tive hamiltonian J{ PV can be represented as 

PV 8 
J{ =CI'J.S=t(J I'J.S=t,I'J.I=l/2+ 

8 
c I'J.s;=o (J I'J.s=o. I'J.r = 1 

8 
, (Jk E 8, (2) 

then 

NF jf_ CI'J.S=O NF 0 NF';::/') A =·- -'-~-{2A (A )-A (- ) , 
" 3 ci'J.S=t -. -

(3) 

where 

A NF (H)"'A exp(H)-AF (H). 

Let us now show that owing to the penguin contributions/4/ 
to the effective hamiltonian J{ PV in the SEWM®QCD, the matrix 
elements<77B'JJ{PVJB>NFin the valence quark approximation sa
tisfy condition (2). In the SEWMeQCD in part of J{ P v under con
sideration has the form/4,3/ 

J{Pv=·v2G~(c27(J27 +csd +cA(JA+c6(J6 +.c5(J5\ (4) 

Here k takes two values k=(I'J.S=1)and k=(I'J.S=O, I'J.I=l); cr are the nu
merical coefficients, depending on the structure of weak and 
quark-gluon interactions; (Jr are the local .operators: 

2 

't 

..... ~,. 

{27!: 

l~l: 

where 

(J:7 = ddd s +S s d's +d s d d +d.sss -2 ( du ii S+ d su u + 
L>S=1 

+ii''sdu+u'uds) + h.c .• : 

fJX~=o,tJ.r=t =: (uuuu-dddd-uuss-ssuu+ddss+ssdd),-

-u'ssu +dssd +h.c:; .• 

~~:q 1 1 1 1 
(J (J\k, 1) 

(J c(Ak ,1) (J -1 1 -1 1 

(J 61 1 o· -1 o (J (1, A k) 

0
5

1 k l 0 1 0 -1 (Jc (l,Ak) 

q1q2q3q4=:q1iYI.J5q2i q3jyllq4j ., t'l(A,B)= 

=:Qiyi.J5AqiqjyllBqj :. t'lc(A,B)=:q.y y
5

Aq .q. fBqi : • 
I jl J J 

the summation is assumed over the colour indices i and j;~=A6 
at k=(Ll8=1) and Ak= 1/2As at k=(LlS=O, tJ.l=l). The SU(3) properties 
of the operators are denoted in the braces. The typical va
lues of the coefficients cr are given in the table. We should 
lik~ to recall that without the penguin contribut1ons c~S=l = 
= ci'J.S=f' o. Therefore, thanks to penguins eaah operator (JA 6. 
in (4) acquires the SU(3) partner (')~S=l ! S=O, 1=1 

LlS 

I 

0 

Table 

Numerical values of the coefficient functions cr at 
sintlc=0.23,sin 20w=0.23, a

8
(mc)/a

8
(Mw) = 2.45, 

a (R -1 ) I a (m ) = 3. 71 / 9/. 
8 c 8 c 

if7 cs CA c6 c5 

-0.014 ·o.oo49 0.15 0.0020 -0.012 

0.029 -0.027 0.46 -0.029 -0.081 
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In the valence quark approximation for the matrix elements 
<778'-ll:Jr I 8>NF the following relations hold: 

, tC\27.. NF , ,c$, NF /10/ , 5 NF 6 NF 
<778 I u IB> =<778 fu 18::> =0, and <778 I (9 18> =-<778'j (9 18> 

owing to antisymmetry of the quark wave functions in baryons; 
<77-P ll:lt"S=o ~1= 1 1ri>:.:o as l:lRS=jl,~I=t contains the s -quark ope
rators, and consequently, ~~A~l does not contribute to the 
right-hand side of relation (3). 

Thus, we have shown that the sum rule (3) can be applied 
to the total effective hamiltonian (4) with 

c~S=o (c6-c5)~S=O ---·= ~65 ___ . 
c ~S=t (c -c ) ~S=l 

(5) 

III. Finally, we consider the factorizing parts of the am
plitudes 

F 4 6 5 f77 
A =·-·--(c +3C )A ---·71 17 3 uS=O m +m n 

Ao -· u d f ( MA -M ) F 2 . 27 S 17 P 
A ( -) =y-(-8c +4C +2<!) -· + =-· 3 ~S=t m2 M M 

...... _, 17 E- A 
(6) 

4 6 5 f 17 TIA 
+ -(c +3c ) -- ( ) 

3 ~S=l mu +md TIE 

Here, we choose the value T/ 0 =.<pliidln> ... 0.5, TiA=<plusiA~ ... o.6, 
T/==<A0 i'ii-s1E-:> ... o.a(that is in agreement within the factor 2 
with other estimates 14•31 ), and concentrate our attention on 
the factor f77 /(mu+md ) .. Thi1!_factor appears in the calculation 
of the matrix element <77-ldy5 ul0>. using the free equations· of 
motion (i ylla

11 
-~)q =0, Q=U, d and the assumption that the form 

of these equat~ons does not change in the presence of strong 
interactions 141• There arises a question: "What meaning should 
be attributed to the masses mq ?" 

If the quarks were really free, the use of current masses 
m 0 

- 5 MeV would be justified. The situation is different 
wh~n the quarks are confined. In this case the role of mq is 
played by the effective mass m~, which bears the information 
on the quark confinement11 11. The mass m~ is not a universal 
characteristic of the quark q and depends on the problem un-
der consideration. At that m~- R~ 1 • where R0 is the radius 
of confinement, which is characteristic of this problem. Here 
are two examples of calculation of m~ in the simplest ver
sion of the MIT bag with m~ .. oll2/ 

4 
.. 

(~ 

I •' 

1~~ 

,(~ 
\ ~ 

i . .J.l -·1 d IO / -·1 d I 2 w R- 1 m* =-·-a- < 17 · y y u > <17 ·Y u 0> "" -· 
q 2 11 5 5 3(w-1) 17 

i · 11 -· · - · · 2w 2 -1 m*----a .<pfu·y y dfn>/.<pfuy5 d!n> ... ---RN • 
q 2 11 5 4w- 3 

where w ..... 2.04. ·We note that in both the cases the coefficients 
at R~ 1 do not differ strongl~ from unity. Hence, it follows 
that for the calculation of A , in (6) it is reasonable to 
choose m_~ = md"" 200 MeV that corresponds to R 0 =·I fm. In 
this case f 77 /(mu <t-md)=l/2~R0 .. 0.23 and A~ practically vani-
shes. 

Now we can calculate the amplitude A77 .: Substituting the 
values of cr from the table into formulae (6), (5) and (3), 
we get 

NF F NF 
A17 = A 17 +A17 ""A 77 .. 3.5. 

The obtained A77 is I. 5-2 times as large as the average value 
of A;xp./S/, that is, in our opinion, due to the approximati
ons ;· 4 •9(which have been adopted in the calculation of the 
coefficient functions cr of the effective hamiltonian J( P~ The 
coefficients c_3.S= 1 and clS=i , which are determined by the be
haviour of the QCD running constant a

8
(1J.) at .IJ..$ m

0 
( m c is 

the mass of c -quark), are especially sensitive to such appro
ximations. Thus,. the amplitude A77 may serve as a "touch
stone" for the study of the quark-gluon interactions at large 
distances. 
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APPENDIX 

Here we give the field-theoretical description of the am
plitude <778' !KP18> (part A) and show that the ETC-part of this 
amplitude corresponds to the diagrams (a) and (b) of the fi
gure with k 77 ... Q (part B). 

A. We write down the effective hamiltonian J(PV in the 
form 

J( PV -• MN tC\MN 
=y2G 2. c u 

M,N 
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'"MN - - • . h ( . where u =-:qMqqNq:, M and N are the matr~ces ~n t e sp~-
nor) ®(flavour) ®(colour) space, and consider the matrix ele
ments G'=.<1rB'-I t)MNI B>~Using the reduction formula and PCAC,we 
get 

i(-k2+ni:) 4 ik x 'll _ MN 
(f= __ _z;:__!L_ r d xe 1T <B, I a T(: q(x) p q(x):, ® (9 (0))-

f m2 ll 
'1T 1T 

MN 
- 8(x0 H;:q'(x) P

0 
q (x):, 0 (0)]1 B >, 

(AI) 

where P =y y5-
2
A-, A is the matrix ~efining the pion isotopic 

~ ll 
propert~es. 

Expand the T-product and commutator in (AI) according to 
the Wick theorem 

ll _, '"MN a T(:q(x)P
11 

q(x):,u (O))=T
9
(x)+T

6
(x)+T6(x)+T

3
(x), (A2) 

T 9 (x) =i: q(x)P q (x) q(O)M q (0) q(O)N q (0): , (a) 

-· c -· c fq' (b) 'I!;(x) =: [ q(O)MS (-x) Pq(x)+q(x)PS (x)Mq(O) q(O)Nq(O): + (M .. N I. 

4 -· - ]-' I (c) T~ (x) =-8 (x): [q(O)My
0
P

0 
q (X)+ q(x)y

0 
~Mq(O) q (O)Nq(O):+ l M ... N: · 

T3 (x)= /[ Sp(S c ( -x )P11 S c (x)M): q (O)N q (0):-: q(O)MSc ( -x)P
11 

Sc(x)Nq(O)ff+) 

+ lM.-. Nl; 
. MN 

[ :(}(x)P0 q(x):, 0 (O)].C
6

(x)+ C
3

(x), (A3) 

C6 (x) = -i: [ q (x)P0 S (x) ·-Mq(O)-q(O)MS( -:x)P 
0

q(x)] q'(O)Nq (0): + l M -N I. (a) 

C3 (x) .. { Sp(S+(x) MS -( -x) P
0
)- Sp(S +( -x) P

0 
s- (x)M)]: q'(O)Nq(O): + (b) 

+: q(O)[ MS+(-x)P0 S- (x)N -MS-'(-x)P
0

s+ (x)N] q(O): + (M ..... N I. 

where the fol~owing notation is used: P =y 5 lm~·1-1: S 0 (x)= 

=i<OIT(q(x),q(O))IO>; s13:(x)=i<Oiqa(O)q6x)l0>, Sa-~(X)= 
= i <0 I qa (x) q~(O) I 0> , S (x),.S+ (x) +8-(x) . 

The subscripts of the operators T(x) and C(x) denote their ope
rator dimensions. 

We introduce the matrices Q and R through the Fierz trans
formation 

6 
"l 

,, 
~ ,~' .. 

'I ' ( I 
~} 

!. 
., 

. . 

) 

I 
'I 

~ . I . 
~ 
f 
I. 

,1) 

! 
l 

M AB ® NCD = QAD ® RCB · 

Then from (AI), (A2d), (A3b) and relations 

<0 I T(:q(x) P q(x):,: q'(O)L q(O):) IO> =Sp (Sc (-x) P S c(x )L ), 
ll ll 

-· + -<0 I [ :q(x) P0 q (x) : , : q(O)Lq(O):] I 0> .. Sp (S (x) LS ( -x)P 
0 
)-

+ -- Sp (S ( -x) P0 S (x)L), L = M,N ,Q,R, 

we find 

~~-k,!\m!) r d\e ik7Tx .<B, 1 T3(X)-B(xo)c3 (x) I B>:"' 
f m2 · 

1T 1T 

=<rr I :q(O)Mq(O): \O>:<B' I: q(O)Nq(O): IB>-.<rrl :q(Q)Qq(O):JO>.<B'I:q(O)Rq{O):JB>+ 

+ l M++N, Q...,. R }. · 

Noting now that from S(x) I 0 ,. :iy0 83(x)it follows 
X =0 

4 i~x 
I d xe <B'IT6(x)-o(x0 )C

6
(x)JB> =0, 

we get the final expression 

i(-k2 +m 2 ) 4 ilt,.:a: F 
<f.,~" 2 "-Jd xe .<B'\T9 (x)+T6 (x)IB> + (f 

(A4) 

(AS) 

(A6) 

f17 m17 F' 
where the factorizing part of the amplitude (f , (f is defined 
by expression (A4). 

The comparison of (A2a,b) and (A6) with the diagrams of 
the figure shows that the matrix element of the operator T

9 
corresponds to the diagram (c), and the matrix element of T

6 to the diagrams (a) and (b). As is seen from (A2a), the mat
rix element of the operator T 9 vanishes at k

77
-> 0, and consequent

ly, the diagrams (a) and (b) dominate in the nonfactorizing 
part of the amplitude (f , (fN~ 

d f
. . . ,..,ETC r.> 

B. By e ~n~t~on u =lim u. 
~->0 

According to the canonical current algebra 

ETC i( -k;+ m;) 4 ik17x 
(f =- ------~-Jd xe 8(x")<B'IC (x)JB> I 

f 17 m ~ 6 k
17 

... o 
(A7) 

7 



It should be mentioned now that as k -+ 0 
ik17x 

11 

fd
4xe <B'IT6(x)+T6(x)IB> -+0 

Hence and from relations (A7) and (AS), we get immediately 
ETC 

(j i(-k7r+m2
17) --f m 2_, 

4 ik I r d X e 1T < B, IT 6 (x) I B >I 
kiT-+0 

ETC 11 11 

i.e.,(j corresponds to the diagrams (a) and (b) with k~-+ Q, 
(b) in this limit valishes, (jETS(j l . 

kiT -+0 
and since the diagram 
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HOBbl>i B3rllRA Ha HCCOXpdHCH~e 4eTHOCT~ B nNN eepw~He 
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PaccMOTpeHa Hapywa~aR 4CTHOCTb aMnn~TYAa A,. A(o .,.-pJ. B paMKax 
TcopeT~Ko-noneeoro nOAXOAa noKaaaHo, 4TO KaHOH~4~CKDR ETC-4BCTb A,. 
COOTBCTCTByeT HC$dKTOp~Jd4~0H'<biM (NF) A~JrpaMMBM, A~F MOlKCT 6b1Tb Bb14~C
l"CHB AJ'R nonHero 3¢Cl>eKT~e.,oro raMHObTOHHa'ia H<>P~H SU(~J L l!l U(l) e SU(3J c 
c noMOUihiO SUf"l.) npae~r,a cyMH H OKaa:..:eacrcR o4CHb 4YBCTB~ renbHOIA K naBCACH~IO 
GerylliCH KOHCTdHTbl (;;CD as(li) np~ I' ::. .., " I m c - Mile,.( oJ c -KeapKa/. nPHBCAC'
Hbl apryMeHTb, cornacHo KOTOpbiM BKnaA ¢aKTOPH3B4HOHHbiX A~arpaMM B A" npe
He6pe>K~MC "'BJI, 

Pa6ora BblnonHeHa B na6oparop~~ reopeT~4(CI<Oi< Cl>I-13~KI-1 Ol1R11. 
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A,.-A(n .,-p) parity-violating amplituoc i'i con r,odcrc~. w,t,..,n the 
field-theoretical approact, it is sho>tn t.,at cu·1on <.al fTC-part of A,., cor-
responds to nonfactorizong (NF) dia1ram~. A~~ way be calculateel for 
the total eFfective tiani ltonia'l or SU(2JL <!! U(l) " SU(3)C" t'lcory via the 
SU(3) suM ru'e and is very sensitive to t'lc bd•avio~o• of rur·ning QCD con-
stant · a,{sz) at ll-· me ( m, is f'lilss of c -quark). It •~ Jr<;;~ot'J that tre con
tributior, of •actorizong d ugrams 1nto An is ncqlogiblc. 
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