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Ay6o8HK B.M., 3aMHpano8 B.C., 3eHKHH C.B. E2 - 12381 
Cna6ble NN- 83aHMOAeHCT8HR 8 npocTeHwHx peaK4HRX. 
1. CocTORHHe npo6neMbl. 06~HH 8HA AanbHOAeHCT8y~ero 
noTeH4Hana, He coxpaHR~ero 4eTHOCTb 

Ha OCH08e TOK08 SU(4) MOAenH BaHH6epra-CanaMa paCCMOTpeHbl 
Hapywa~~He 4eTHOCTb0w- o6MeHHble noTeH4Hanbl. B 3THX paMKax nepecMoT~ 
peHbl H YT04HeHbl HaH6onee pacnpocTpaHeHHble napaMeTpH3a4HH noTeH4Ha­
no8. 04eHeHbl OTHOCHTenbHble 8KnaAbl cenapa6enbHblx H Hecenapa6enbHbiX 
AHarpaMM 8 napaMeTp acHMMeTpHH APP 8 peaK4HH p + p .. p +P H 4HPKYnRp­
HY~ nonRpH3a4H~ y -KBaHT08 8 peaK4HRX n~ p .. d + y H n + d-+ t + y. 
PaccMOTpeHHe npoeeAeHo 8 paanH4Hblx MOAH$HKa4HRx npH6nH~eHHR $aKTOpH­
aa4HH H AnR pa3nH4HbiX CHnbHbiX nOTeH4Ha.no8. 06paUieHO 8HHMaHHe Ha 
OTCYTCT8He 8KnaAa w-Me30Ha 8 cenapa6enbHY~ 4aCTb p y 8 peaK4HH 11 + p .. 
.. d +y. Hecenapa6enbHble BKnaAbl 04eHeHbl 8 npocTOH KanH6p0804HOH MOAenH. 

Pa6oTa 8blnOnHeHa 8 na6opaTOpHH TeopeTH4eCKOH $H3HKH OHRH. 

Coo61UeHHe 06bellHHeHHOrO HHCTHTyTa !!AepHbiX HCCnell088HHR, ily6Ha 1979 
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Weak N-N Interactions in the Simplest Reactions. 
1. State of the Problem. General Form of the Long-Range 
Parity-Violating Potential 

Parity-violating p,w-exchange potentials based on SU(4) 
currents of the Weinberg-Salam model are considered. The conven­
tional parametrizations of weak potentials are revised and specified 
within .SU(4) currents. The relative contributions of separable and 
nonseparable diagrams to the asymmetry parameter APP in the reac-
tion P+P .. P+P and circular y-polarization Py in the reactions 
n+p-+d+ y and n+d-+t+y are evaluated withtn the different 
modifications of the factorization approach and various strong 
potentials. The absence of w -meson contribution to the separable 
part of the Py in the reaction n+p-+d+y is regarded. Non-
separable contributions are also evaluated within the simple 
gauge mode 1 • 
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l. INTRODUCTION 

The Weinberg-Salam model of the unified theory of 
weak and electromagnetic interactions • !/ successfully 
describes lepton-lepton and lepton-hadron interac­
tions with the value of sin28wequal to -0.25 (ref. /2/ ). 
At the same time the hadron-hadron weak interaction 
imposes many problems,'3/. The most serious one is 
that NN-weak interaction effects yield an unexpectedly 
large experimental value of the circular rpolarization 
Py "' (-l. 30±0. 45) xlo-6 in the process n + p 'd 1 y 
(ref . . '4,' ) , which exceeds by l0-100 times the theore­
tical predictions (see reviews /5/ ) . The study of 
the weak NN-interaction is now even more actual, as 
hjgh-precision experiments are planned to measure the 
weak correlation effects in the processes n +P • d+y, 

y t d ' 11 r p , e + d , e 1 n 1- p , as well as the spin 
precession of the cold neutrons in matter. These ex­
periments would help to clear the source of discrepancy, 
which could be either experimental errors due to extra­
ordinary measurement difficulties and/or our insuffi­
cient knowledge of the weak-interaction dynamics in 
the hadron-hadron collisions. Moreover strong discre­
pancy can ar j_ se also due to some peculiar behaviour 
of strong potential or even due to some unusual phase 
state of hadronic matter at the very short distances 
characteristic of the weak interaction. 

Calculations of such complex effects forced to make 
many assumptions not only of princip;ll but also of 
technical character. In the earlier papers the diagram 
of Fig. 1 was supposed to dominate in the weak NN -
interaction, and the main hypothesis were the validity 
of the current-field identity and the possibility of 
saturating matrix elements with vacuum intermediate 
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states only /e/. However, for various models of weak 
interactions and for various local nuclear potentials 
it was proved to be impossible to reach accord with 
the experimental value Pyxp. Neither it was possible 
to reach a consistent description of a series of ex­
periments on violation of parity in the hadron-hadron 
interaction hi. 

The next step was to take into account not only 
"separable" diagrams of Fig. 1, but also "non-separable" 
diagram of Fig. 2. The calculation of these latter 
diagrams required new important assumptions for solving 
a complicated problem of exchange between nucleon lines 
of the bounc quark-antiquark states. (In the last years 
the weak interaction is considered in the NN -colli­
sions on the level of quarks rather than on the level 
of nucleons). In spite of great effects, the contri­
bution of the n9ns~parable diagrams at most doubled the 
result for p~h /B,9 / • 

The last step was to take into account the gluon 
corrections to the weak interaction vertices within 
QCD /s,9 ~ However, in practice the theoretical value 
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of Py was either enhanced by a factor of - 2.5 / 9/ or 
even suppressed by a factor of - 4 Is/. The discrepancy 
between these results seems to lie in different ways 
of treating non-separable contributions. 

Nl 
2 

One can conclude that the value of p~h has proved 
to be remarkably stable to all enhancement mechanisms, 
giving essentially the result close to that predicted 
by Cabibbo charged curren t theory, that is Py -(2-3)xl0-8. 
But at this stage the number of assumptions is great, 
and it is difficult to understand whether the value 
of P)h is intrinsically small or some peculiar cancel­
lations are present. Moreover, some hypothesis may 
even be inconsistent or lead to double-counting. This 
can occur , for example, if one works with two dif­
ferent models oE strong interaction, with coloured 
massless gluons .and massive vector bosons, at the same 
time. We think that only unambiguous construction of 
the strong exchange potentials in the framework of QCD 
valid for all ranges, would justify such a procedure. 



By now there exists a number of theoretical schemes 
which however differ from each other by definitions of 
the constants, normalizations, and so on. Moreover, 
there is no explicit expression of the weak neutral 
current based on SU(4) instead of SU(3) currents used 
everywhere. 

Having in mind the development of the gauge model 
unifying weak bosons, photons and massive vector me­
sons, which we have started earlier / 10~ we want to 
give a kind of short review of the preceding results 
(sections 2,3). Our aim is to present the essential 
results of various works on the subject obtained by 
now in the factorization approach and its modifica­
tions in order to be able to make selfconsistent cal­
culations and a detailed comparison with the results 
of other works. We consider here polarization of the 
photons in the process n + p--> d + y and also inn + d -•t+y. 
and asymmetry parameter in the elastic pp -scattering 
with the polarized proton beam, disregarding for 
a time those processes where rr -meson exchange is 
essential. 

2. GENERAL FORM OF Hw AND ANALYSIS 
OF SOME PRECEDING RESULTS IN A SIMPLE 
FACTORIZATION APPROACH 

Here, not pretending to analyse all the works on 
the subject, we shall try to consider the main lines 
along which NN -interaction was studied. Be­
sides, although most of the authors work 
with different models of weak interaction we take only 
that of Weinberg and Salam/1/ within the four-quark 
GIM schemell 1/. A strong NN -interaction is described 
as usual by a certain vector-boson-exchange potential 
as shown in Fig. 3. In order to take into account the 
NN weak interaction effects, having in mind the 
long-range nuclear forces due to the existence of 
strong core, it is necessary to introduce the weak in~ 
teraction into one of the vertices of Fig. 3. As the 
weak NN -interactions are observed only due to the 
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parity-violating effects, the central point is to 
construct parity-violating nucleon-vector-meson ver­
tex. The most ingenious way to do it is to consider 
the so-called "separable" contribution given by the 
diagram of Fig. 1, where HefrV means a parity-via -
lating part of the effective current-current weak Ha­
miltonian 

G c+ C N N.. 
He ff = --;:;;:.. ( J ,\ J ,\ + J ,\ J,\ J • 

v2 
where G is the Fermi constant*. 

The charged weak current in the GIM model reads 
c - -

J ,\ = l d y ,\ ( 1 + y 
5 

) u ~ s yA ( 1 + y 5 ) c ] cos () C + 

+ l -d y, ( 1 + y ) c + s y, ( 1 + y ) u ] sin () , 
1\ 5 1\ 5 c 

(1) 

(2) 

where () is the Cabibbo angle, si~Oc= 0.055, while neut­
ral weak current is put in the form 

N k k k k 
JA = 'L ( v VA + a A,\ ) , 

k = o-, 3 ,8. 15 

(3) 

where 

0 1- - - - 31- -
VA= ---=.(cyAc +Uy,\u+dy,\d+Sy,\s), V,\=--(uy,\u-dyAd), 

2y2 2 

*We use Pauli metric. 
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8 1 - - - 1!'1 1 - - -
VA = ---= (u h u '- d y, d -2 s yA. s), V, ~--(_-3cr, c .• uy \u ~d y \d 

-
s ~\ s), 2,;3 1\ 1\ 1\ 2v'6 1\ I I 

(4) 
analogous expressions being valid for axial -vector 
currents with YA 'YAy • In the Weinberg-Sa l am scheme 
with four quarks, th~ neutral c urrent (3) reduces to 
the expression 

N 3 2 15 1 8 2\ '2 . ~ 0 
J A = ( A A - ---=.A , + -;:;:: A , ) - ---- sm 0 V J6 1\ \ '3 1\ 3 W A 

( 1 2 . 20 ). c v 3 2 v 1s 1 v 8 + - sm w A - ---- ' --- ) ,.._ A -- ,\ 
\· 6 \ 3 

(5) 

where Ow is the Weinberg angle ; so the coeffic i e nts 
vk , ak of Eq. (3) are 

o 2J2- . 2 Ll 
v = - -- sm uw. 

3 --
a 0 , o, 

•) 

= 1 _ 2 sin ~ 0 w 
3 -- 8 y '6 15 

v =\ 13 v = - --- v 
2 

3 , - 8 a o: v3 a \:!!._- a 1 5 = 1. 
--2 

(G) 

\ 

If we now retain only u , d quarks , as it is reasonable 
in the case of NN -interaction , the sum J 8 _ \ 2-J 15 
disappears. Hence, A A 

N 3 2 3 2 2 0 
J A = A A + ( 1 - 2sin 6\y) VA - -- sin Ow VA 

3 
-o 1 - -
VA = 2 ( u YA u + d YA d ) . 

(7) 

Now let us write a general form of the nonstrange pa­
rity-violating part of the Herr(l) in the framework 
of the SU(4) scheme: 

PV G l+i2 1-i2 1-i2 l +i2 3 3 
H eff = - rc-- [ A ( VA A A .,_ VA A A ) + B VA A A t-

y2 

3 8 , 8 3 8 8 0 0 3 0 F ' Vo A3 + C VA /iA + C VA A A+ D VA A Jt EVA A A+ F VA A A ~ A t..+ 

8 

Gv8AO G'VOA8 KV15A15 PV3A15 P ' V15A3 
~ A .\ + A A + A A + A A + A A + 

M V8A15 M ' V15'A8 LVl!'i'AO L ' VOAI 5 ] 
~ A ,\ '1 A A I A A + A A . 

(8) 

One can easily read off the coefficients of Eq. 
using Eqs. (3-6). For the Weinberg-Salam model 

(8) 

2 
A"' cos Oc , 

B = 3D = ..; 3 C = v 3c ' = ..9_K = 2 ( 1 - 2sin 2 0 ) • 
2 w 

[6 p = ~~~P'"' --
3
-M = ~-M', -2(1-2sin 2 0w). 

(9) 

2 2 -- --
v'2 \ :2 

---
F ' '3 G' I 

3 L ' 2V2 2 . 2 0 c~ v = - v T "' - -3- sm w 

E~F ~ G = L ~ O . 

Eq. (8) is reduced to that of ref. / 9/ if we omit 
c -quark al together, that is if we put J~ = J3- .T~5 and 
take into account the difference in normalization by 

0 \"3- 0 D 'I 
JA = -2- (J A ) . where index D means 11 taken from / 9 11

• 

The coefficients of ref. / 9/ are expressed through 
those of Eq. (9) as follows: 

A
0

,., A, B 0 = B, C0 = C, C' 0 = C', D 0 =D, 

D 3 1 L + L' 
E = -- ( E + -- K + ---- ) , (10) 

4 3 vrfr 

FD 1 --2 ( y 3 F + P). 

D 1 --
0 = - ( v'3 G + M ) • 

2 

F'0
= -~ (yS-F' + P'). 

2 

0 '
0 

= _!_ ( /3 G '+ M ') . 
2 
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The next step r:>f the factorization approach is to 
calculate the matrix elem~nts of H~~ between the 
vector meson states and NN' state which yields 

< p / w I v~ A~ I NN '> = ~ <p ,' w ! VAi I n "<n I AjA ! NN. 

~ < p/w I v~ I 0 > ..... 0 I A~ I NN' ·, . i,j = 0,1,2,3,8, 15. 
(ll) 

where it is assumed as usual that it i~ possible to 
retain only vacuum intermediate state . 5 . The matrix 
e lement of AX is just gA' while that of A~ can be 
found through the SU(3) re l a tion ' 

3F' 8 - 1----< O I AA INN' -, 1 D 
( 12 ) 

1 
-------~ ~ -- ----------=--- -

2 v'3 E 2 < o 1 Ax INN ' > 
1 + ---

D -1 -­
and~ =6v'3 with SU(3) F/D ratio equal to l/2 as taken 
in refs / '?,8 / and 1:, = \'3-/ 10 with F/D = 2/3 as taken 
in ref. 1 9 ' . Neglecting charm quarks , we can define 
also 

v'2- <0 I A~ j NN ' · ,'2- ...-OI A\:') INN'- 1 · -O I A~t ! NN' 
X = -- --------- = ---- -------- "" --- ------------ ( 1 3 ) 

9 ...-: OIA
8

1 NN' ·~ 3,·3- --· o j A8 ! NN '· · 3\rEr--- o i A8 i NN 
' A ,\ I , \ ' 

-1 --
and for x =3y3 , one obtains the result quoted in 
re f . f g< while in / 8/ x .., \'3~/ 5 wa s used. 

Similarly, neglecting c - quark , the following ex­
pression was defined in ref. 18.' 

__ <O! Vi! NN '· . - · -. 0 1 vt)!NN' , 
3 y = v2 --------- ·" \ '6 ------- - = \ _ 

---0 1 v 81 NN ' · . ....- oiV8 1NN '. 2 
A ' · A 

0 ~ V~0 i NN 
---------- (14) 
/ .l J v;: NN' · 

andy was taken to be equa l to ,':f in refs . '8,9 
The matrix e l ements of the vector currents are 

usually taken from current-field identities , which we 
choose in the form 

10 

- 2 k m 
2 

k 
VA " _/2. fJ, 

f 1\ 
(l 

o 1 - - m 
VA = 2- ( u yA u + d Y,\ d) = -t u>A , k-, 1,2,3 (15) 

p 

which is identical with the relations given in ref. 9 

em 2 en1 2 1 OD 
<pi J , I O'>= C m £~,<(ui J , jO>= C m c,* = -- <u>IJ, IO> (16) 

1\ ppl\ 1\ Wpl\ 6 1\ 

I I \ 

with Cp= 3Cw = f~ 1 
. In refs . 1 6 •8 1 unphysical {d~ belong­

ing to pure SU(3) octet was apparently used. 
The effective Hamiltonian of the parity-violating 

NNV -vertex can now be put in the standard form 

. '2C 2 
PV - lv ·mpg A 

HN NV - -· - ··- ·-- ·- - I 
f 

A- +- - t - B- 3 o 
-=N YA y ( T p - T p ) N + -- N y }' T Np ~ 

(J 
y2 5 A A 4 A s A 

1:. 
~ _:_ ( c --- - 1 2 - 3 ">A 

3y6 xF') N y y N e 0 ~ -- ( C ' + v -·- y F' ')N y y r N --- 1 
2 t\ s A 4 3 ,\ s \'3-

') -
" _(_ ( o ' 6xyE 

2 
3\6 xG "' G ') N - (<)' \ -- y )' y N " I 3 ,\ " ' --- . ( 17) 

.) \"'3 
I ( I 

where we have used the coefficients of ref . ' J , through 
Eq . (10) instead of ours to shorten the formula and 
have omitted the superscript D. 

Note , that we return to the form given in / 12/ dis­
regarding 1/ v"Yf in terms with {L)A in Eq. ( 17), that is 
effectively using unphysical w~ . 

It is convenient to write here a relation between 
the coefficients of ref . /9/ and those of /8/ indicated 
by index GGT; both for the case of separable contribu­
tions: 

A o = AG GTcos2 Oc. B D = 4 B
0 0 tos 2 0 c . 

D GOT 2 , D GOT · 2 
C = 2 ( E - M ) cos Oc , C = 2 ( E + M ) cos 0 c, 

F' 0 = 2( F'- K )00 Tcos2 () , p•D = 2 ( F' + K )0°Tcos20 . c c 
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Do = 4C GGTcos2 Uc ED ~ 4DGGTeos 2 Uc. 

GGT 2 
G 0 

== 2 (G - L ) cos 0 c 
( 18 ) 

D GGT 2 
G "' 2 ( G · L ) cos fl c; 

In o r der to reta~n ):he initia l fo r m o f H ~ ~ v of r e f > ', 
a s given i n r ef. 12, we r e write Eq . (17) in the f o rm 

. - 2 
P v - ly 2Gmpg A A - + .• - r B - a o 

H = ---------- [ -- Ny v (r p - r p )N -- ".J ,. , .· Nfl " 
N N V f i2- A 5 A · A 4 · ,\ · ~) ,\ 

p 'y 

if •• - 0 C'·- 3 ( d \ { • - ( ,} \ 

+ -- C N y y N p ' -- ~ y } _ r' N __ !. - - D N) .' . N --~ I 
2 A s ,\ 4 A ~ 3'- ·> ,\ " -3-

\ ~ \ 

with obv ious redefinitio ns , a nd for x- 1 :l ,~3 . y - \ ;) 
in the Weinberg- Sa l am mode l 

2 A = cos Oc • 2 B = 2 (1 - 2sin Ow) 

C = C ; ,!2 F ~ 0 , C' ,.. C '.,.. , ·2 F ' 

D = D ~ 2E + v i2G ~ v'2 G ' "" 0 . 

-~- sin 2 Ow 
\ 3 

( 19 ) 

( 20 ) 

In orde r t o con s t ruc t the parity- vio l ating weak l o ng­
range pote ntia l yPWV b ased o n t h e diagrams of Fig . 1, 
it is nece s s ary t o write down a l so s tro n g - inte raction 
effective NNV -Ha milto nia n wh ich we wr i te here in the 
form of ref. / 13,· 

- i 
. 0 Au r · H 8 = -1g N l y, + (f.l _ 1) ---L:... a J ___ N P 1 

pNN.. 1\ V 4M 11 2 A 
N ( 2 1) 

- O L 
-ig N [ y + ( f.l - 1; . ...:..'!!_ a J N w , 

w NN A S 4M N f.l A 

where f.l v and l!s are the isovect or a n d isoscal ar n uc ­
leon magnetic moments, 2ia A = [y A , y 1 _, 9-n d ?tro n g 
coupling constants were talfen in r~fs. 1 9,1 3 / a s 

g
2
pNN / 4rr = 2,4 , g! N/ 4rr -5,4. Instead , the SU ( 3 ) r e l a -

12 

tion g , ,=- _'::_~ g valid fo r unp h ys i ca l w 8 wa s used in 
VJN n 9 (J NN A 

r e fs . G. 12 -

No w it ls p o ssible t o write V~V i n the f o rm 

P V g N N G m2 g A t + ) 
V - :p _____ e..::_ ___ j (v - f.l w ) AT + (v .• " w) B r3r3 1-

w -- v rv 1 2 
8\ 2 TT MNf p 

gwNN f- I 3 ( v · 11 w ) - - - -- .. D ~ ( V r -s - - . 1 1 
\ 3 gpNN 

.3 T 3 + T3 ' 
v2 , 2) ~ ll s w _!.__..? J _gw~,? 2 ,-- - + 

v 3 gpNN2 

:1 a I (v 1 ;2 - v 2 ; l ) 

- 3 3 
I t TI J 

(1 vw _ J... __ _:• __ 1 
2 2 (22) 

~c 
I. 

• ) - ) 

v v 1 - v 2 , v i - o j I p2 1 , f~ r) I + , wj -= i ~a 
1 

x a 
2

) [ p 
2 1 

, f ( r) ] _ , 

. , 
P .Zl ·· p 2 -PI ' 

f (r) =_I_ e -m pr 
(' 

1 

1 •) ·-· 
·> ) L (; 1 ± j,. - t ·) 

2 

t ' ) 
T 1- -

"' T T 
1 2 

+ T 
1 

I-
T 2 ' 

and this express i on coincides wi th that given in 
ref s . ~.s ! i f we t a k e i nto account the difference 
between w A a n d wf, tha t is , if we put instead of 
gfoNN'l\Y~NN) fac t o r v~-/ 2 use Eqs. (17-19), and also 
take g N N = fp. Mo r eov e r, we o bta in the 

1
se?arable part 

Of the{J e xpr essio n f o r V ~V given in I g, With Cp 
= r-l = g -~N = 3Cw (see a lso Eq. ( 29 ) below). The diagonal 
p aft of PEq . ( 22 ), tha t is, without the terms propor­
tio n a t t p c/ c, . is in accord ...,-itp that given in 
r efs . 13' a nd 14/ and use d in ref. 1 10' · 

On e can observe fro m Eq . (22) that w-meson does 
not contribute t o the polarization P y in the reaction 
n + p -> d + y in the approach based only on separable 
cont r ibutio ns o f Fig. 1 within the standard Weinberg­
Sa lam model. Indeed, the w -contribution is present 
in P y o nly in the term proportional to D , and DWS = 0 . 

13 



The absence of the 0> -contribution to P~8 
can be 

read off immediatelv from Eq. (7) and was noted al-
l f I { 

ready in refs.1 13,15:whereas in ref. ,. 16, it was overseen . 
I I -r,- --In ref. ' 8 x = v 3 / 5 , y "'-.}3 , were used, so CJ.r-contribution 

persisted even for separable contributions, although 
small. For x 1=3 -J-3 thew-contribution is absent, and 
this is essentially the result quoted in ref. / gl. If 
J~ is retained in Eq. (5) disregarding J~S, one ob-

- p 1\ I I 
tains also nonzero CJ> -contribution to y 12,. This 

/ ' 
result has been corrected in ref . 1 7~ 

We quote now some c haracteristic values of the po-
larization P th in the reaction n + p -• d -t y 
and of asymm~try parameter A 1~\~ of the reaction 
p + p __, p 1- p with polarized proton beam within the 
outlined approach based on vPwV and several strong­
interaction NN -potentials . Our a im is to illustrate 
the factorization scheme r esults within the Weinberg­

Salam model. 
We have used the expressions for Py obtained in 

refs. /12,13/* with the coefficients of HJ'~._given by 
2 Eq. (20) at the value sin 0w=0.25 and 

f v = -
2 -6 v

1

2 G g.b~~ = _ 2.127 x 10 ---- ( 23 ) 

gpNN 

that is, 
HJ - -3 -8 

P y = (-14A + 5.78- 0.63D) x 10 fv ~ 1.60x10 

for Hamada-Johnston's potential, 
KSW - -3 -8 

P Y = (-6.1A + 8.28 -0.82D) x 10 f v ,;_ -0.52 Y 10 

for Kishi-Sawada-Watari's one, 

RSC - 3 8 
P y = (11.3A- 6.08 + 0.21D )xHf fv = -l.Ox10-

*we have not succeeded in obtaining the sign of 
the D -wave contribution cited by ref. -

1

12 ( 

14 

(24) 

for Reid's soft-core potential, and 

P T A - -3 -8 
= - (10 + 2.88 + 0.86D) x 10 fv = 2.60x10 

}' 

for Tamagaki's Gaussian soft-core potential. 
The asymmetry parameter App for p + p - > p 1- p for the 

Hamada-Johnston potential is found by the formula 

~1 P(E1 ; ~ 15 'Y1eV) = -[2.68 (B + 2~) +- 1.52(2 +2,;D)lx1o-8 = -1.80x1o-~ 
(25) 

We have a lso calculated the polarization parameter 
ptr for the reaction of n-d capture n +2 H __,3H+y, using 
t~e formulas of ref./19/ with x = 1: 

t r - - - -6 
P c ,, (7 .224A t 0.5458 -0.0069C + 0.2236C '- 0.0734D),1.21 x10 ,(26) 

}' 

where "- = 1.67x 10-~Note that this result obtained with 
siifOw ~ 0.25 is practically the same as that of ref ./19/ 
obtained with Cabibbo currents only. (We have also 
used the fact that rr -meson contribution is negligibly 
small 19/ ). 

3 . MODIFICATIONS OF A SIMPLE FACTORIZATION APPROACH 

Small values of P )' obtained in naive factorization 
approach have forced theoreticians to search for some 
enhancemen t mechanism. The importance of the so-called 
"nonseparable" contributions given by the diagram 
of FiCJ . 2 was stressed in ref. /8 ,20/. However, as we 
have already noted, the calculational problems are 
very complicated here. The main one is to take into 
acco unt the exch ange of the bound quark-antiquark 
·states between the quark or nucleon lines. This prob­
lem was treated in ref. '8' with the help of the Bethe­
Salpeter equation and the result was enhanced up to 
p~S = 4.24x10-8 / 20 / with the RSC potential (the cor­
rksponding expression for Py was not written ·expli­
citly) . The standard form of the potential V~V can 
be retained if one changes the coefficientsA,B,C,fr.D 
of Eqs . (19, 22) connected with those of ref./8/ by 
Eq. (18) as follows: 
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A .... cos 2 0 - }_ (1 - 2 siif 0 ) , 
c 2 w 

B .... 2 (1- 2 sin 2 Ow)- 2 (cos 2 e0 - }_ 1 sin 2 0w), 
2 

c = 0 ~ sin 2 0w • 
v3 

) -

-- 2 
C ' .... - 2 y 3 sin 0 w • 

1 2 1 
D = 0 -~ -- ( cos 0 + -

2 c 2 
2 

sin Ow) • 

(27) 

I I 
where we have used Tabl_: 

1 
2 ~!- ref.~~~ with ( 2 = 1;, w ~ 1 , 

Eq. ( 18) and again put x =3y3, y = v 3 to ensure the 
absence of the ~~ -contribution to the separable diag-
ram. 

To get insight into the mutual importance of the 
separable (S) and nonseparable ( ~S) contributions to 
pyws and A ~s, we substitute the coefficients of 
Eq. (27) into Eqs . . (24-25) a nd obtain 

HJ -8 -8 
Py = [ (1.6)8 + (l.O)N~ x 10 = 2.6 xlO , 

A HJ [ ] -8 -8 
pp= (-1.80) S + (4.18) NS X 10 = 2.38x10 . 

( 28 ) 

One can see that the nonseparable contribution has 
enhanced the value of P y by 60%. 

As for P/r , its predicted value is less than that 
given by Eq. (26) and is equal to 0. 96x10 -6. 

On the other hand Donoghue / 9/ has shown that the 
usual factorization approach is insufficient with 
the Fierz reordering in the quark fields, and that 
it is necessaTy to consider the sum of contributions 
given by the diagrams of Figs. 1,2 to overcome this 
difficulty. His modified factorization approach has 
allowed him to overcome the usual difficulties in 
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c alculating the non-separable contributions. The stan­
dard form of V ;v of Eq. (22) can be retained with 
the changes 

I3 A , A- D ·~ 1 . 2 .. --- " cos- e - -- (1 - 2sm e ) . 
12 36 c 6 w 

2 1 o . 2 ) 2 c 2 1 . 2
0 

) B ·B- --A ~ --B l· -- .. · 2l1- 2sm fL ---cos() --+Sm , 
3 6 18 "W 3 c 2 w 

(29) 

c 

c 

D 

1 -· 
0 • C f- -- l C I C ' ) 

6 

.c · 1 -. -
-- ( c - c ' ) '~ ·-
6 

2 
--- sin2 e 
3 ,_,3 w. 

4 "2() 2 .20 -== s m w - -·:::. sm w 
, 3 3 v' 3 

, B 1 -. 2 1 ·2 
o . D , 2A 1 -- 1- -- D . 2 l cos ()c + -- - sm ew ) . 

2 6 2 

We no te again that the (u -contribution to P y is given 
e ntire ly by the nonseparable contribution. As a result, 
Do noghue has obtaine d PyRS~ 2 .8x1o-8 with Reid- soft-
C• ·r e . potential, and sin 2ew = 0.35. 

We have tried to separate separable and nonsepa­
r a ble c o ntributions as in the previous case using 
Dono ghue ' s own express i on of P RSC: 

y 

RSC - 8 
p == ( 3.84A- 1.58 + 0.10) X 10- = y 

(30) 

-8 -8 
= [ (1.70) S + (0.43) NS) X 10 = 2.13x10 , 

<) 

and we have used sin-e w = 0.25. 
In the same way we have tried to separate S and NS 

contributions for the asymmetry parameter A PP at E-p = 

= 15 MeV which was calculated in ref. 117/ following 
formulas of ref. / 19/ 

A PP(E P = 15 MeV) = (0.63 cos 2 0 c- 3.59B -

- - -8 
- 0.870 - 1.43C - 2.33C, ) X 10 
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[ (-1.77) 8 + (0.18) NS] x 10 = -1.69x10 for sin Ow= 0.25 

~ 
-8 -8 2 

-8 -8 2 (31) 
[ ( -0.24) s + (0.50)N s] X 10 "'0.26 x10 for sin ew = 0.35 . 

One can see from Eqs. (30-31) that the enhancement 
in Py does not exceed 30%, while for APP there are 
some delicate cancellations. As for p;r with Eq. (29) 
we obtain 1.2x1o-6 • 

The next step in searching for the enhancement 
mechanism was the transition to the quantum chromo­
dynamics (QCD) . The asymptotically free gluon theory 
was successfully applied to enhance nonleptonic decay 
modes in ref./21/,and this success has inspired the 
efforts in the analysis of the NN -weak interaction 
within QCD/22/.The numerical results were obtained in 
refs. 18 •91. In ref ./8/ the gluon corrections have sup­
pressed the theoretical value of Py by a factor of 4, 
that is ~c~0.98x10'""8 instead of P~8 =4.24x10-8 without 
QCD corrections. In the modified factorization ap-

' I proach 1 91 the gluon corrections have enhanced the 
value of Py up to P ~CD -=6.3x1o-8 from the value pyws=2.8x10-
Both results are given at a = 10 , where 

g M 
[ 1 + ---- (33 - 2n ) l'n ( --) ] 

24 rr2 11 
a = (32) 

is the characteristic factor arising from the gluon 
corrections, g being effective quark-gluon coupling 
constant,n being the flavour number ( n=4 in the GIM 
model). 

One can see that various modifications of the naive 
factorization approach have not succeeded in increasing 
the theoretical value ofPy, which stays at the value 
(176)x1o-8.Moreover, the way of taking into account 
the nonseparable contributions has proved to be not 
unique and deserves further investigation. The same 
is true for the gluon corrections . 

1 

4. CONCLUSIONS AND SOME PERSPECTIVES 

In the preceding Sections we have outlined the 
usual factorization approach and its modifications. 
The main hypothesis of this approach are the validity 
of saturation of the matrix elements (11) by the 
vacuum state and the validity of the current-field 
identity. They are well defined for the naive factori­
zation but their application has no such a solid base 
while treating nonseparable contributions. At this 
stage the number of principal and technical assump­
tions js large, moreover great cancellations occur 
which make even more difficult to judge whether all 
sources of enhancement have been already exhausted. 
Even double-enhancement mechanism, due to nonseparable 
contributions and due to gluon corrections, does not 
yield unambiguously large values of Py. 

These have been the main reasons wny we have tried 
to construct a simple gauge model based on a minimal 
number of assumptions/to/. Up to now we have succeeded 
in enhancing essentially the nonseparable contributions 
based on the vertex diagrams of Fig. 4. 

q4 

q,_ 

I 
f 
l P,w 

- f .I. 
"7"-------- --------- 7 

q/ Fig. 4 

Updating our results ror sin 2 8w=0.25,correcting 
wrong sign in front of A, and changing the defini­
tions by more suitable ones to compare with the usual 
nonseparable contributions, we wrote Eq. (9) of ref. 1 10 

in the form 

A= -t- (1- 2sin2 Ow), B = 2 (cos
2
ec- ~- + sin

2 t\y ), C = ~-:. sin
2 ew, 

. v 3 
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.. 4 gwNN - gCtlNN 
C' ~ ---sin2 0w---. D = -----(cos2 ec ' 

v'-:5 g pNN gpNN 

!_ _ sin 2 Ow) • 

2 ( 33) 

f = - i2-g aho I= -3 42xl0-6 * 
V v pNN W ' 

I ' 
In · 101f = 1 was implicitly assumed as we could use 

usual formulas for f within our quark hypothesis. 
But it would be more reasonable to use it as free 
parameter say in the range from(6y-~-lto 1. With 
Eq. (33) the nonseparable contributions for P y now 
yield IjP =-5.5~ 10-8 for Hamada-Johnston' s potential, 
P~sc=3 .22xl0-8 for Reid's soft-core one, Pl= 3.29 .do-8 

for Tamagaki's one. One can see that o ur nonseparable 
contribution is significantly enhanced. Moreover , naive 
sum with the usual separable contribution gi,;es P y- 10- 7 . 

Substituting Eq. (33 ) into Eq. (25), we obtain the 
nonseparable part of A 1:~1 = -1.16xl0-8 . 

We consider our results quoted here as preliminary, 
as they are based mainly o n the expressions from / 12 ' 
which are very convenient to use hut where we have 
met some unclear points concerning the D -wave contri ­
bution. Indeed, in / 23/ it was shown that different 
input of the D -wave could give deviations of P y by 
an order of magnitude. · 

Nevertheless, the situation encourages u s to try 
to construct the field-theoretical gauge model which 
would describe the weak nucleon-nucleon interac tions 
in a more rigorous and consistent way. However, we 
hardly expect that it is possible to exceed the value 
Py -lo-7 along these lines. Therefore, if , the result 
pyexp_ 10-6 would be confirmed in future, we would 
arrive at the necessity to explore such exotic hypot­
hesis as say contact weak interaction in the compact 
6-quark states/24/ or its inverse alternative-long­
range weak interaction through two-pion exchanges / 2f>/ . 
In all cases it would be useful also to continue pheno­
menological calculations of P y along the lines of 

1
15/ 

within the scheme of relativistic deuteron. 

* The values of A , B ,C , C ', D for the various models 
are given in Table 1. 
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