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§I • INTRODUCTION 

The description of weak nucleon-nucleon int.eraction is one 

of the mas~ difficult fields of application of the_standard 

electroweak model (SEWM) (see, e.g., reView Ill ). . The matter 

is that the SEWM has been formulated,in terms of quarks, while 

the dynamical models. of strong interactions which allow the 

transition to the language of mesons and nucleons ar·e not 

complete. For instance, we canriot yet obtain the nuclear po­

tentials from QCD and in practice have not studied their be­

haviour at distances r < 0.5 fm, critical for weak interac­

tions. Therefore, the description of parity violation (PV) in 

the hadron reactions is semiphenomenological. 

There are two approaches to the description of the PV ef-

fects in the nucleon systems: potential 12•31 and qu~rk-nuc-

lear141 approaches. The potential appFoach allows for weak 

corrections into the vertices o~ diagrams of the one-meson 

exchange between nucleons. Note that one-pion exchange effec­

tively occurring at internu~leon distances r -1.4 fm is res­

ponsible for the long-range, well-studied, part of the nuclear 

forces, and the method of the potential description of both 

strong and weak interactions is rather reliable in this re­

gion. The exchange by vector p and w mesons is effective in 

the range r- 0.25 fm, where the nuclear potentials cannot be 

reconstructed uniquely from the experimental 4ata on NN scat­

tering because at these distances two nucleons are not repre­

sentable 'as two elementary point-like particles. In this range, 

besides the potential contribution, it is necessary to take 

into account the quark-nuclear contribution, i.e.,. the contribu­

tion of the weak interaction, which arises by central nucleon 

collisions with forming of 6q .:...states (Of fluctuons or their 

resonance parts- dibaryons). Apparently, it is the reason 

the potential calculations of the PV effects at the reactions, 

where p,w exchanges only are allowed, clarify a small parts 

of measured magnitudes: ~0.01Py - the circular polarization 

of y -quanta in np-+ dy /5/ and ... O.l:App- - the asymmetry in 

VP""' pp. 161 

So, there is the problem of separation of the potential 

contribution to the PV effects from the quark-nuclear one 

and individual determination of the six constants of the weak 
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NNpotential. In this situation of great importance are the data on PV in the simplest reactions and systems. In the last years, among the simplest hadron systems there are widely discussed the quasinuclear NN systems predicted by theoretical calculations / 7 •81 • There search is being in progress in many experiments (see, e.g., review 191 ). Certain interest represents the study of the PV effects in elastic pp ... pp scattering, in annihilation processes of NN sys-tem, and in y -transitions in the quasinuclear systems. The quasinuclear system is less loose than the deuteron since in the language of OBEP the attraction is performed by the CtJ meson and g > g ; its radius R- < 1 fm. The latter, h . h h w p • f h NN - • • toget er w1t ot er properties o t e system gives rise to interesting specific features of the PV in y -transitions in NN. Recall that the system NN instantly annihilates if its quarks and antiquarks fluctuate into a small volume r <<-:: R~ because the annihilation cross section is very large and a~~i-
hilation radius is R =:.-

1
-=:. 0.1+0.2 fm. Then it follolYS that A 2M!'\ at small r the wave function of the system vanishes and the quark-nuclear effects in it (in baryonium) cannot be so large as in the deuteron/ 4/ (in dibaryon R.NN:::0.3+0.4 fm). On the contrary, the potential contributions 1nto PV in the quasinuc­fear systems will increase because baryonium is a more com­pact system (R~ <R ). Further, owing to the abundance of le-• NN- d • /7 8/ vels 1n the deep NN potential ' one can select several interesting transitions for the study of the PV effects. Along this way, since the spin-isospin structure of the weak vector potential in the NN system (§2) differs considerably from the potential structure in NN, there appears, in principle, a possibility of the measurements of other set of constants of the Hamiltonian of weak NN interactions. And finally, in view of the compactness of the 1~N system in electric El -tran­sition contribution by the toroidal dipole'tO' are important (§3); its role in the problem on PV was discussed earlier in our paper 111( Results of calculations and discussions are pre­sented in §4. Appendix gives the form of PV potentials in the NN and NN sys terns. 

§2. PARITY-VIOLATING NN POTENTIAL 

To construct the NN potential, we proceed from a known expression for the NN potentiat 1 1. 2 ~ The effective Hamiltonian of NNM(M = 77, P~ w) interac'tion taking into account PV has the 
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form * 

){ ~· }( P.c., J.( P v. ( I ) 
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8 ~ig Nv rrrN+g N[iy p +(p. -1)~a fl ,1-rN 

r.'5 p 1111 v 2M 11 1 2 
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}{ . ~G N(rxrr)' N -+-iG Ny y t\ a(r fJ +r p) -I 

TJ Vp!) fJ /L 
(3) 
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21 ft 2 -I 1- . .[' 0 

Here rr -[y ,v l, N,-(P"), r--,--
2

(r1±Ir ). r = J ,P.v""ltp-:-fLn 
p1· 2i 11 '1· n · 

{11 =Jl -' 1.1 ) is the isovector (isos-calar) magnetic moment .of 

nuscle~ns,n ~ -3g G = GF m2 A , G "" GFgAm2 . ;:,.,.1!"-~-, 
• (!) . (J rr -/2 rr '11. v \/ 2 g_p - F +- D 

and ~1x con~~ants Arr, a , b , c, c~ , d determine the PV 

NNM 1nteract1on. 
The PV NN interaction is described by diagrams of Fig.l 

which in the nonrelativistic limit, define the PV NN potential: 

. G11 g.rr ____,. ... ·• ..... 3 
V " · · 1 -- " t p . f Hr. xr. ) . .( 6) 

i] 2M i i 1l 1 ".J 
N 

v Gvgv ____, .. -+ v ..... --+ ..... v 
V x- --·(a lp -p , fVj -ila Ya. )[!> ,fV\'J .. ), V"f'• <a .(7) 

ij 2MN i t .1 ij i 1 J . lJ 

Ir'J--,- .!._(e'i3 .,.:-· -'-t.;dr 0 t 0 ) ._ (9,) 
'lj 4 i j . 1 j-

. T I_) :\c {f. I jJ • 

iJ v ij 
T{J_) ""fi I<'~ 

lj s ij , 
( l 0) 

* l.Je use the Pauli metrics. 
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The po-te-ntial V 2 corresponds to diagram (a); V 1. to, diagram (b)-~f Fig.}. That it is necessary to allow !or all the -eight diagrams Df Fig. I is caused by antisynnnetry of the wave functions of the NN initial and final states. 
Now let us -construct the NN potential. 

N; A,x 1 N, N,· B.x1 N, 

' I ' ' _ (crossing ) + [ x;-x,] 
\M + JM 
' ' di-agrams j 

' 
N' 1 B,x, ~. N; A,xz N, 

(a) (b) (c) 

Fig.1. The parity-violating vertices A are defined by the Hamiltonian ]( P.V.; the parity-conserving
1 

vertices B, by the Hamiltonian }{ P.G: 

.(d) 

,Transition fiom particles to antiparti-cles i:S pe.rformed through the a-transformation, i.e., doublet of antiparticLe-s N=-0NT=Gy4 N*~ where -G=ir. y r2. ~Let an antiparticie ha-s a coordinate x
1
.In this -cas~ ~h-e PVNN in-teractions are descri­-bed by diagrams following from diagrams ,of ~ (denote them \a), {b), (c) and {d),resp.)_ via the change of currents J(x

1 ) by G -conjugated currents J(x1)-GJ(x1)G-1. Then the crossing diagrams turn into the ··annihilation -diagrams and the exchange PV NNpotential is given by the diagrams(!) and (b)". Since all .currents in the Hamiltonian J{ .have d-efinite G -parities, the only potential change in transition to the NN system is -the change of signs of constants entering into the C -odd currents. However, sinc-e i-n general the 0-parit.ies -af currents in the Hamiltonian J{ P,V, are different from those in the J{P.C; the potentials V12 and v21 will change, in a different manner (see Table I), 
·As a _result, while passi-ng to the NN system the v" merely changes sign and the po·tentials V V -cha-nge spin-isospin struc-­ture. For instance, the asymmetry of elas.t-ic. pp s-catt;ering at 

"Diagrams (d) can be transformed int.o, (a) and. (b). 
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Table 1 

The change of sign of the constants in the PV po-tential. 

. . 

g" G" gp,· Gva Cvb Gvc g"' Gvc~ ·Gvd 

v12 + - + - - + + - + 

v:n - + + + + + - + + 

low energies (dozens of MeV) is defined by the PV transition 
3S1 -+

3t;_ ;while fot: pp scattering, by the transition lg ..,. 3p . 

Other nontrivial consequences of a change of this typ~ ·wtlf 
be considered in §3. The general form of the PV NN and NN po­

tentials is given in Appendix. 

§3. OPERATORS OF ELECTROMAGNETIC TRANSITIONS 

AND SELECTION RULES FOR P y 

The PV effects in quasinuclear systems may appear· (li-ke 

in nuclei) as the circular polarization of 'the emitted y -

quantum P or emission asynmetry !Ay .• These effects result 

from the ldmixture to the functions of iriftial (1/Ji) and final 

(l(lt) states of the functions of all the system stat.es with the 

same total moments but with different-parities. As a ~ule, the 

estimation of the effect can be limited to the admixture of 

the nearest in energy level Tji-71 : 

,/, " :f -rr 
'I'' ( ~"' ( + <#. (, 

1, l, l, 

( 11) 

The PV effect is defined by interference of the regular 

(allowed) and irregular multipole amplitudes EL·ML or ML-EL. 

For instance, P equals: 
y 

2ML-EL 
or 

(ML) 2 -I{EL)2 
(12) 

Here da (A) is the differential cross section of the emission 

of y-quantum with given helicity A: 

M M · 2 
I<.P r IH (.\}I .f. '>I 

r em 1 
( 13) 

2Ji+1 MI'Mf 

The electromagnetic radiation of a composite system is defined 

by the operator (h ~ c -I) 
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1 e · """..,.. H. (') (2")1 2.,. [ f ~ ~ •. ~ (k~ ~*)] -i(kr-wt) 1\ ,_- "- -p € -IJ,Lf XfA e (I 4) em w f mf f A 
where w is the energy, k,the momentum, ;-A ,_the polarization of y -quanta;- e·r, the charge, i"tf 1 the ma-gnetic moment operator, P f.1the momentum, rill 1 the mass of an f -th :Particle of the sys-­tem. 

In long-wave approximation, in 
are retained, the dipole radiation 
dipole moments 

which t'erms including (i.t) 2 

is determined by the three 

2n: 1/2 ~ ..... - -+ -+ ... H (A)~(-) [(Q I+ w 2 T
1 )<;' + iM (kx<;'ll. em w. 1\ 1 11. 

(15~ 

The fir's't two moments compose the operator of the transverse electric transition E = _d_Q
1
+0Jq_._First of them for the 1 at 1 case, when forces in the system do not depend on 

proportional to the usual Coulomb dipole _I. e f rf 
f 

velocity, is 
(the Siegert 

theorem)', and second, toroidal dipOle moment flO/ takes account of ~Jl tei111S, of the or~er (kf).2 ,which contribute to the El..:. transition (Compare~ e.g •. , ref. 11~1 ) • 
. F_or. ,the system of t~o par..ticles of:.;.eq~al masses, e.g..~ NN or NN the operators Q 

1 , 'F 
1

. and M 
1 

1n c .m. s. are wr1 tten a.s follows 
~ 

Q 
1 

1 ~ ~--(e -e )p 
M N 1 • 2 . (I&) 

1 C2 ~ 1 -+ -(e -e )-p_,.,, -rxl 
10M 1 2 

4 ° 4 N 
( 17) 

( 18) 

~ ~ 

H -+ -+ -+ -+ pl-p2 ere r =r -r , p ~ ---1 2 2 ' 
fo~ -•-, e is the 'proton charge. The 

2MN -formulas for charges and 
lected in Table 2. 

magnetic moments of N and N are col-

Now let us obtain the selection rules for ·the case when P results from the admixture (see Fig.2), i.e?', 
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iil 

N 

E1 M1 

Fig.2 

when the initial state function has 
the form 

- <>P;tvt.P. > 
I.P t > -l>/1:1> + . . 1 l.P; >. (19) 

. .E-t-Ei 

First We will show that for NN s·tates 
with T3=0 (pP_ ±iin) circular polariza­
tion cannot occur, i-.e., P =0. 

. . y 

'table 2 

Charges, e_1 , magneti~ s-pin, p.i and orbital, g 1 
moments ofN antl N; ~P =2.79. ~.=-1.91 

•t ~~ '' gi . ' 

(i -1) ..!.(-1 +r 8 ) e _.!._(~ +~ )+..!.(~ -~ )r3 1 +r3) -(-1 
2 1 2PO 2pni 2 i 

(i= 2) ~(1+rfle .!..(~ +~ )+.!.(I' -v )rS 
2Pn2pnt- :_(l+r!S) 

~ ~ -
Note, that in the matrix elements E 1 , M1 and V (the for..!.. 

mulas (16), (17), (!8) and (A2)) terms with operator r 8+-r 3 

v~nis? l>y virtue ?f. the equality <T,j-Oir?+r~i.T 3=0>=0.
1 cdh~. 

s1.der1ng the rema1n1ng terms one may eas1ly·f~n-d the follow1ng_ 
spin selection rules: S. "=" S1 for El 'transition, S ~=S ± 1· 
f . . d ' £ • • ' -r A' or Mt trans1t1on an ·Si '""Si or the m1x1ng oper·ator V. s 
these conditions are noncompatible, the radiation of transi-
tions between j)p ± iin states: cannot have circular polaiiza-
tion, i.e., Py=O. 

From an analogous analysis it follows.that the El and M-1 
transitions can interfere in the'NN systems with T3 =1 (iip) 
and T 3 =-1 (pn); and here the toro-idal moment is very impOr­
tant. For instance, the El transition 33p1 ... 31"So occurs only 
through the spin part of. 1,\ (term with ;1 -~2 in (17)). 

Thus, among all the levels of bound states given. in ref. 181 

only the levels shown in Fig.3 satisfy the selection rules for 
p)' . 
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1878 -------~-------------- threshold 

1858 

1825 

1768 

1714 

1710 

.Mass {MeV} 

M1 M1 

~ 

v 
E1 

Fig.3 

§4. RESULTS AND DISCUSSION 

E1 

M1 l E1 

33p 
0 

31 3 0 

333 1 

2T•1 25•1 
LJ 

We have calculated the circular polarization of y -quanta 
for all the (six) transitions drawn in Fig.3. The calculations 
were made with the wave functions of quasinuclear system found 
by I.S.Shapiro with collaborators fBI. ReSults of the calcula­
tions are listed in Table 3. 

It is seen that the values of Py for transitions in the NN system exceed the calculated P y in np--+ dy 1
3-' by one 

or two orders. Here it should be taken into account that the 
ef·fect depends on the smallest of weak constants c and c'. 
This_ increase in P Y is explained by a more compactness of 
the NN system as compared to the deuteron. The use of fitted 
("best") values of c ~-0.084 and c '=-0.20 from ref /13/ little 
increases P {Pfit ::1.5ptheorj. Note, however, that in vif:'w of 
uncertaintyyof the NN ~ave functions at short distances one 
may expect the PV effect to vary by one order. 

We do not discuss here the influence of annihilation widths 
of levels on the PV effects, as the question on the magnitude 
of widths is not yet solved (see, e.g., ref. 191 

). The degree 
of statistical suppression of the effectsrbecause of the com­
petition of the annihilation channel y""_:_r_ can reach -10-2. 

rA+ry Note also that the yield of the quasinuclear system onto the 
upper level from the protonium is also -lo-2. 
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Table 3 

Calcu_lated values of P)' for transitions of Fig.3· 

TranSition 31p 31s 31p _:Dp 33p ~31 8 [ 33p~3Jp I "•~338 31'b- >3 81 ,- 0 1 0 1 o. 1~0 0 1 
·---t---- - -0• • r-~~----· 

' 

R~gula.r E1 M1 E1(T,) M1 E1 1.!1 
' 

Irregulai" iii E1 M1 E1 <r, l ii1 E1 

x·quantum 
_,. 

144 1J, I 57 58 4 
e e:rgy (Me\1') 90 -

' -
' 

Par~etri,ation 
or (. 10 p:(3.17(c-2.59c') +(fa. 6l;C•A9•4C) :!(92.11; c-75. 5c') t. JO~c·1.o6c') f(4•451;c·3· 63Cj k(400~c- me') 

Numerical I !I I It I II 

\•o~ 11 

li 1 II I 1-c-~I__-~ - -~-

va~ue of ~-107 0,26 :t0 .. 17 J+5.0 o;3.3 f.t 7.7 ±-5.0 '+0.07 .,.0.·37 ;o. 24. n\ t22 .. 

Notation: I :it So>= 131 So>+~! ssp o>, I sap o>=I33Po >+ j' 131;0> 

is related to Ts=l(np),low,er to T 3~-1 (iin); values of 
and ·0. 13, resp. ·(see ,Appendix). 

(see .formula_(l9)); upper sign in Py 

PYI .and !I ate cited for C=c'= -0.20 



Let us .s:urmn.arize the sp-ecific features we have found for 
the PV effects in the <juasinuclear system: I) The ~ffects- may 
be of an order 10-5 ; 2) fhe annihilation processes 'apparently 
suppress the quark-rtuclear contribution to the.PV effects; 
3) Circular polariz-ation P , _is defin'ed by the constants- c 
and c' thus _giving, in princfP1e, a unique possibility of its 
measurement-; 4) At y-transi.ti.on~ in· NN system the toroidal 
momen-t plays the nontrivi_al role; 5) As the r-quantum polari­
zation aris'es only in the P-n. (or .lip ) systems, the target 
for the· antipr0ton beam should be a nucleus; e.g., ·deuteriuTTl 
(if the transition of pro-tonium in lip with the r;- emission is 
suppressed)-. 

In concl-usion note that the baryonium could he useful for 
studying weak NN interactions, and vice versa, the study of 
weak N-N interactions ·could give tlw :important :information on 
dynamics of strong NN and NN interactions 9-t short distances. 

The _authors thank I.S..-Sh-apiro and his co] laborators, in 
particular, L.N.Bogdanova and V.E.Markushin for useful discus­
sions of this· work and_ for the supply of quasinuc]ear wave 
func-tions, M.I.Polikar'-pov -and V.S.t:amira-Jov for elucidation 
of some questi-ons and· V.V.Burov for consultations on numerical 
calculations. 

APPENDIX 

We present here the gener<il form of PV NN and fJN potentials 

NN potential 

v 017 g- 17 ...... l4 , ----(a --1 a ) p, f ·t (r 4 r-- r-r ) -
M 12 "12 12 

"N 
G g:. . r a_ r ~ v r 1(4 ~ l I ~ I-I ,_ 'l t •:> -,='-""- a 

1 
+a 

2 
p, f V ,-.;_c + 3c ---'-4MN " 2 

(A I) 

+(~c+ 3c') 

x[4fL a(r+,- +r-r+)+fL bra,"s--1 (fi: Lc -+-.3/i c') x v 1 .. 2 1 z , v 1 2 'Y · s · 
r s·+r 3 

x - 1-· !!.:. + 3r ~dlf 2 s 
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NN potential (index "I" denotes the antiparticle) 

_ag--Jo--Jo--Jo +--+ 
v~-"-..lL(a +a )[p,f ](rlr -rlr2) 

MN 1 2 11 2 

r3- r 3 
I 2 
2 

+ 3(d] + 

r 3 +r 3 
I 2 

2 
+ 

4 1 ... ... 
p ~ -(p -p ) 

2 I 2 

(A2) 

The notation is the same as in the text, §2; we put mp=mw=mv. 
Values of weak constants are listed in Table. 

A 
rr 

0.44 

2. 7 +5. 0 

a 

0.86 

I. 19 

b 

0.63 

I. 73 

c-c 

-0.20 

-0.13 

d 

0.81 

-1.46 

The first line contains values calculated within SEWM, the 
second those calculated with the one-loop gluon corrections. 
The values of A" are extracted from ref . 1141 the remaining 
from the second work of ref. 131 • 

REFERENCES 

I. Desplanques B. Proc. of VIII Int. Conf. on High Energy 
and Nucl. Struct., Vancouver, August, 1979, ed. D.F.Meas­
day and A.W.Thomas in Nucl.Phys., 1980, A335, p.l47. 

2. Fishbach E., Tadic D. Phys.Rep., 1973, 6C, p.l23; Gari M., 
ibid, p.318. 

3. Dubovik V.M., Zamiralov V.S., Zenkin S.V. JINR, EZ-12381, 
Dubna, 1979; JINR, E2-80-502, Dubna, 1980, 

ll 



4. Dubovik V. H. , Kobushkin A. P. ITP-78-85E, Kiev, 1978; 
Dubovik V.H., Obukhovsky l.T. JINR, P2-80-501, E2-80-554, 

· E2-80-555, Dubna, 1980. 
5. Lobashov V.M. et al. Nucl.Phys., 1972, Al97, p.241. 
6. Balzer R. et al. Phys.Rev.Lett., 1980, 44, p.699. 
7. Dalkarov O.D., Mandelzweig V.B., Shapiro I.S. Nucl.Phys., 

1970, B21, p.88. 
8. Shapiro I.S. Phys.Rep., 1978, 35C, p.l29. 
9. Montanet L., Rossi G.C., Veneziano G. Phys.Rep., 1980, 

63C, p. 153. 
10. Dubovik V.H., Cheshkov A.A. Phys. of Elementary Particles 

and Atomic Nuclei., 1974, 5, p.791; Dubovik V.M. JINR, 
E2-9262, Dubna, 1975. 

11. Dubovik V.M., Eramzhyan R.A., Tosunyan L.A. JINR, E4-9979; 
Dubna, 1976. 

12. Davydov A.S. Quantum Mechanics.• "Nauka", M., 1973, p.4-55. 
l3. Desplanques B., Donoghue J.F., Holstein B. Ann.Phys., 1980, 

124, p.449. 
14. Buccella F. et al. Nucl.Phys., 1979, Bl52, p.461. 

12 

Received by Publishing Department 
on October 17 1980. 


