


§1, INTRODUCTION

~ The description of weak nucleon-nucleon interaction is one
of the most difficult fields of application of the standard
electroweak model (SEWM) (see, e.g., review "1/ ). 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 nticleons are not
complete. For instance, we canrot yet obtain the nuclear po-
tentials from QCD and in practice have mot studied their be-
haviour at distances r < 0.5 fm, ecritical for weak interac-
tions. Therefore, the description of parity violation (PV) in
the hadron reactions is semiphenomenological. S
There are two approaches to the description of the PV ef-
fects in the nucleon systems: potential /%% and quark-nuc-
lear ‘4’ approaches. The potential approach allows for weak
corrections into the vertices of diagrams of the one-meson
exchange between nucleons, Note that one-pion exchange effec-
tively occurring at internucleon 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 « mesons is effective in
the range r ~ 0.25 fm, where the nuclear potentials cannot be
recoustructed uniquely from the experimental data on NN scat-
tering because at these distances two nucleons are not repre-
sentable ‘as two elementary point-like partictes. In this range,
besides the potential contributien, 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 fluctuoms or their
resonance parts — dibaryons). Apparently, it is the reason
the potential calculations of the PV effects at the reactions,
where p,o exchanges only are allowed, clarify a small parts

of measured magnitudes: ~0.01P - the circular polarization
of y-quaota in mpody '3/ and <0.LA - the asymmetry in
Bo~ pp /%!

So, there is the problem of separation of the potential
contribution to the PV effects from the gquark-nuclear ome
and individual determination of the six comstants of the weak

1



NN potential, 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 "8/, There search is being in
progress in many experiments (see, e.g., review '? ), 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 w meson and 8,78,: its radius R._ <1 fm. The latter,
together with other prope@ties of the system gives rise to
interesting specific features of the PV in y —transitions in
NN. Recall that the system NN instantly annihilates if ies
quarks and antiquarks fluctuate inte a small volume f<<R-
because the annihilation cross section is very large and anni-

=0.1+0.2 fm. Then it follows that

hilaticn radius is‘RA:

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 ¢ {in dibaryon R__=0.3:0.4 fm). On the
contrary, the potential contributions into PV in the quasinuc-
lear systems will increase because baryonium is a more com-
pact system (R. <R ). Further, owing to the abundance of le-
vels in the deep NN“potential /78 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 NN system in electric El -tran-
sition contribution by the toroidal dipole 10 ar¢ important
{(§3); its role in the problem on PV was discussed earlier in
our paper’1!, Results of calculations and discussions are pre-
sented in §4. Appendix gives the form of PV potentials in the
NN and NN systems. '

§2. PARITY-VIOLATING NN POTENTTIAL

To construct the NN potential, we proceed from a known
expression for the NN potential’'2’. The effective Hamiltonian
of NNMM = m, p, ) interaction taking into account PV has the
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and six constants A_, a, b, ¢,¢ , ¢V det”':ermlne the PV
NNM interaction.

The PV NN interaction is deqcrlbed by dlagrams of F:Lg 1
which in the nonrelativistic limit, define the PV NN potential:
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The potential V _ corresponds to diagram (a); ¥ .- to
diagram (b) of 'Fig.}. That it is necessary to allow %or all
the eight diagrams of Fig.l is caused by antisymmetry of the
wave functions of the NN initial and final states. :

Now let us construct the NN potential,

N4 B,X, N,'
T . .
1 .
ey __ | crossing : ) [ — ]
- (diagrama = T R
;
Ny Ax, Ng

() {c) )

Fig.1. The pafritjr—vioiating vertices A are defined
by the Hamiltomian KV the parity-conserving
vertices B, by the Hamiltoniam KP-G:

‘Transition from particles to antiparticles is performed
through the G-transformation, i.e., doublet of antiparticles
ﬁ:GﬁT=G:y4'N*, where G-iy,y,r®. Let an antiparticle has
a coordinate x,.In this casé the PVNN interactions are descri-
bed by diagrams following from diagrams of Fig.1 (denote them
@, ®, (0 and (d),resp.) via the change of currents Hxp)
by G -conjugated currents J(xl)-:GJ(xl}G_i.Then the crossing
diagrams turn iato the annihilation -diagrams and the exchange
PV RNpotential is given by the diagrams(a) and (5)* Since
ali currents in the Hamiltonian H have definite G ~parities,
the ‘only potential change in transition to the NN system
is the change of signs of constants entering into the G —odd
currents. However, since in general the G-parities of currents
in the Hamiltonian KTV are different from those in the }F-C.
the potentials Vyp and Vo, will change in a different manner
(see Table 1), : .

‘As a result, while passing to the NN system the V7 merely
changes sign and the potentials vV cthange spin-isospin struc—
ture. For instance, the asymmetry of elastic Pp scattering at

% Diagrams (d) cam be transformed into, (a) and. (b).



Table 1

The change of sign of the constants in the PV potential.

gr Gp | Bp. Cya Gyb Gyeo g, Gyc’ Gyd

\/T12 + - + - - + . + - +

: - + + + + + - + +
Y2

low energies (dozens of MeV) is defined by the PV transition
.3_31 +3p ;while for pp scattering, by the transition 180 s 8p
Other nontrivial consequences of a change of this type 'wilf
be considered in §3. The gemeral form of the PV NN and NN po-

tentials is given in Appendix.

§3. OPERATORS OF ELECTROMAGNETIC TRANSITIONS
AND SELECTION RULES FOR Py

The PV effects in quasinuclear systems may appear (like
in nuclei) as the circular polarization of the emitted y -
quantum P or -emission asymmetry A . These effects result
from the ddmixture to the Functions’of initial (4;) and final
(q[fr)states of the functions of all the system states with the
same total moments but with different .parities. s a rule, the
estimation of the effect can be limited to the admizture of

the nearest in energy level y~7:

T -7 -8 . 4q"7
¢i’f-wi‘f+?gﬁi.r, F.107°+10 . 1

The PV effect is defined by interference of the regular
(allowed) and irregular multipole amplitudes EL.ML or ML-EL.
For instance, Py equals:

P ML L .EL
- a0\ <do _ gEL.M_I: ot ML EI:__ o (12)
Y eWide O (BRI (ML) «(EL)?

Here do()‘) is the differential cross section of the emission
of y-—quantum with given helicity A: ‘

M M, )
doW 2 > z<¢ctfmem(m¢i 512, (13)

2Ji+1 MM,

The electromagnetic radiation of a composite system is defined
by the cperator (h=c¢=1
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where ¢, is the enmergy, k,the momentum, a,the polarization of
y ~quanta; ey, the charge, ,I'k » the magnetic moment operator,
‘p’“thie momentum, mg ;the mass of an ¢ ~th particle of the sys~
tem, ) '

In long-wave approximation, in which terms including 6“:-)2
are retained, the dipole radiation is determined by the three
dipole moments '

w .

‘ " 2x 172 % 2o gy L 2 ®
‘Hemu)‘:(a}!) .[(Qi-!—_cu T1)€/\+IM1(k><€/\)]- (15}

The first two moments compgse_’ the operater of the transverse

electric transition ﬁi= bTQﬁmg’f.;'.First of them for the

case, when forces in the system do not depend on velocity, is
proportional to the usual Coulomb dipole X Ly E’E, (the Siegert

theoremy, and second, toroidal dipole moment 718/ takes account
of all terms of the order (I.Er'_’)?,which contribute to the E1-
transition (compare, e.g., ref, /12/),

! l‘:‘or‘ the system of tyo -par_Eieles of,_;equal masses, e.g., NN
or NN the operators Ql- , Tl' and M1 in c.m.s. are written
as follows

R -

e Ty oyt : (16)
N .
> b ?2 - 1>
T 1OMN(e1 e,) 5 p - ;104 rxl|

Fe=i g

((?1+c-r.2) 4 (17)

[J. Fig o s 2 gz;‘ga." nd
+ 12 2 (0.1_0-2_)4_—.5.. P (PI +P2H,

M o—p [LLXE2e v EgmE s L Eyt8g » o (18)
M o=l Py ‘(‘014-‘02‘)+ T_(01~02.)+__—§__“{E1 +£0)
. : -+

Here - ¢, = Py 7Py »e 1S the proton charge. The

’ # =‘

1 2 2 0 N N

formulas for charges and magnetic moments of N and N are col-
lected in Table 2. : : .

Now let us obtain the selection rules for P, . Consider

‘the case when P_ results from the ‘admixture of* - to . .
(see Fig.2), i.e., i i
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i - ' when the initial state function has
; vV . the form ;
" _ tvw > -
| 1 =l >4l Sy . L9
- — 'E;-E}
Et M1 F:Lrst we will show that for NN states
"t'f - with Tg=0 (Pp.tnn) cireular polariza-
tlon cannot occur, i.e., P =0,
Fig.2
Table 2 |
Chargesy e, ,mégnet-i_;:(': sﬁin, By and orbital, g, .
moments of N and N; pp = 2,79, pp=—1.91
e oy e By
_— 1 3 1 1 3y
N (@=0 ---2-(--1+1-i le "?‘Fp*-“n)* {,u 7 )r -é——f-—l +r})
i L, L Ly 108 Leg4ed
N (i=2) 2(1+ri)e 2(;£p.+un).+ 2('“[; p et 2.(1+Ti }
Note, that in the matrix elements ﬁl . ﬁl-'and ¥ (the for-
mulas (16), (17), (18) and (A2)) terms with operator r3+r3d

vanish by virtue of the equality <T;=0|r2r3|T _=0>=0." Con-
31der1ng the remaining terms one may easily find the following
spin selection rules: 8§ = 8, for E1 " transition, §/=§ +1°
for Mt transition and -Sf=S for the mixing operatoxE if_t As
these conditions are noncompatible, the radiation of transi-

tions between pp -+hn  states‘cannot have circular polariza-
tlo‘n,le.,Pmo : - N

From an analogous ana1y51s it follows that the El and Mt
transitions can interfere in the’'NN systems with T, =1 (1p)
~and T4 =-1 (pn); and here the toroidal moment is very impor-

tant. For lnstance, the E1l transu:lon 331’1 3180 oeccursg only
through the spin part of ’1‘1 (term with 01 —02 in (17))

Thus, among all the levels of bound states given.in ref.”e'_”

only the levels shown in Fig.3 satisfy the selection rules for
P, .
y



1878 e e e —~——- threshold

1858 T ' — . 31p,
1825 — 33p,
1768 ML 33p
~ . ) e 1]
=] E1
1714
' - M1 El .3180
1710
_ | . | 33s,
Mass (MeV) _ 2T+1 254
| Y
Fig.3

. §4. RESULTS AND DISCUSSION

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 "8/, Results of the c¢aleula-
tions are listed in Table 3.

. It is seen that the values of P for transitipns in the
NN system exceed the calculated P, in np-dy ‘% by one

or two orders. Here it should be takén into account that the
effect depends on the smallest of weak constants ¢ and c”.
‘This_increase in Py is explained by a more compacthess of -
the NN system as compared to the deuteron. The use of fitted
("best") values of ¢=-0.084 and c¢’=—0.20 from ref.’13 1ittle
increases p_ (P Mt =1 5ptheory Note, however, that in view of
uncertainty ‘of the NN tave 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.’? ). The degree
of statistical suppression of the effects_because of the com-

petition of the annihilation channel Y«w—Y __ can reach . 1072,
. . at

Note also that the yield of the quasinuclear system onto the

upper level from the protonium is also ~1072.
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Table 3

Calculated values of P, for transitions of Fig.3:

‘ 3y 3T | 31y, 33 L33, _o3ts | 3, 3p | 335,335 | 3ig 33
Transition P1—- SO ?1—-»“ PO P1—'-i.- SO | P1 g P0 PO S1 So—&-- 51
= = = - - - - N I — - | :

Régular B o BU(T,) Cowr S -3 iy
Irregular i b in B () - @ - 3
~quentun 10 . _ ' . ,
ex{e,rsy (MeV) _ 144 % meo 51 7 .58 4 ]
s i " . - .l 1 o N ~ il -
N . . = . ]
Parsmetrigation - ; , |, »
of P ot (3, 172 ¢ ~2.59¢ ) {60, 626-49.4¢)|H{92.7L €=T5.5¢ )';(1.30;;—1.0& ) |#{a+45%e-3. 63¢)) [{a00Ze - 327¢")
Numerical | I II T 11 I | ar I I | 1 Im I S S
value off}-“’" Fo.as 20,17 E5.0 | 33.3 RB7.7 | £5.0 [50.11 | 50,07 [0.37 | 30.24- |¥33 |£22.

Notation: }'31'3032131‘3'0»5‘!33 >, 1 3%p > 13%p,>+ 5|35  (see formula (19)); opper sign in Py
_1s related to Taml(np) lowet to T ~—1 ("n), values of P I and II ate cited for c=c’=  =0.20
'and «0.13, resp (seée Appendlx)



Let us summarize the specific features we have found for
the PV effects in the quasinuclear system: I) The gffects may
be of an order 107%; 2) The annihilation precesses apparently
suppress the quark-nuclear contributien to the PV effects;

3) Circular polarization P_ is defined by the constants e
and ¢’ thus giving, in principle, a unique possibility of its
measurement; 4) At y-tramsitions in NN system the toroidal
moment plays the nOﬂtfivial role; 5) As the ) -quantum polari~
zation arises only in the pn. (or iip ) systems, the target
for the antipreton beam should be a nucleus; e.g., deuterium
(if the transition of protonium in np with the »~ emission is
suppressed). S '

In conclusion note that the baryonium could he useful for
studying weak NN interactions, and vice versa, the study of
weak NN interactions could give the important information om
dynamics of strong NN amd NN interactions at short distances,

The authors thank I.S:Shapire and his collaborators, in
particular, L.N.Bogdanova and V.E.Markushin for useful discus-
sions of this work and for the supply of quasinuclear wave
functions, M.I.Polikarpov and V.S.Zamiralov for elucidation
of some questions and V.V¥.Burov for consultations on numerical
calculations. )

APPENDIX

We present here the general form of PV NN Bnd‘NN potentials
NN potential

R B - ‘—) .
— 128 v - = =1 _
V - -——-——MN——-—(UI402)[p,f”_[(r1r2 rlrz)
' 3
T;—fé

2

Gyg, 4 . .
T S T VPt Hede s 3¢9
M toe’ v .

,—* .-—-v - + - _.‘_-4.. 3.8, ;

4(01 7, ){p,fV§[4a(1112+r1 2)+ l)rIr2 (1)

.3 8 -
- Ty + 1

+es ey LB gidl v i, xF L pir ] >

2

x| 4,'1Va(r:::" + r;r;}+ H vbr ?r.'g-r (#VL(, + 3y Scf;) o

g. 3
Ty *Tg

X e 3'“8 £all . .
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.Values of weak constants are listed in Table,

" WN potential (index "1'" denotes the antiparticle)

- G_g -
V=—f;,‘ (o w )[p.f ](r T —r1r2)
G 8 ‘
_'_—“jLKU +a yip L f }{ 430 e YY) -
‘ 4M 12 1 2
r3or3
—br3 3—(Cc+ 3¢”) +324] + (A2)
3 3
- - - ; . 71+T2
+(ol—-02) ip.fvixéc-—3c } 5 +
rBerd
2 e _1__-»_-&
+1olxa B, f ](.u CC-&J G)—'—z———l, p 2(131 Pz)-

The notation is the same as in the text, §2; we put M=M=y,

a b c=C” d

s
0.44 0.86 0.63 -0.20 0.81
2.745.0 1.19 1.73 -0.13 -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.’ 1% the remaining
from the second work of ref.
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