PHYSICAL REVIEW C 69, 065503(2004)

Parity violation in deuteron photodisintegration
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We analyze the energy dependence for two parity-nonconse(PNg) asymmetries in the reactiopD
—np in the near-threshold region. First, we analyze the asymmetry in the reaction between a circularly
polarized photon beam and an unpolarized deuteron. Second, we examine the reaction between an unpolarized
photon and a polarized deuteron. We find that the two asymmetries have quite different energy dependence,
and that the shapes are sensitive to the PNC meson-exchange coupling constants. The constraints for the PNC
coupling constants and how to obtain them from future experiments are discussed.
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I. INTRODUCTION of 0<h_<1.8x107) [10]. However, this constraint is in
disagreement with the recent analysis of #i&Cs anapole

For more than 40 years, the parity nhonconservatitiiC) moment[11,12 performed in Refs[8,13. Quite different
in nuclear processes attracts attention as a unique tool faheoretical approaches result in similar conclusions: for ad-
studying the strangeness conservidgs=0) weak nucleon- equate description of the data on the anapole moment, one
nucleon interaction defined by nontrivial interplay of the needs to usé, which is a factor of about 2 greater than the
weak quark-quark interaction and the QCD dynamics ofDDH best valueh®®'=4.6x 107. These experiments men-
composite hadrons at short distandgds2). Most of the tioned above call for the new measurements and theoretical
present theoretical studies of parity nonconservation irstudies to resolve subsisting inconsistencies.
nuclear processes are based on the finite-rangev-, and The studies of the PNC transitions in the nucleon-nucleon
p-meson exchange potential of Desplanques, Donoghue, ar@die very attractive because the two-nucleon wave functions
Holstein (DDH) [3]. Using the symmetry consideration and are known reasonably well. Together with the PNC measure-
the constituent quark model, DDH found the “reasonablements inpp scattering[14,15, the reactionsyD=np are
range” and the “best values” of the PNC meson-nucleon couparticularly important. Up to now, great efforts have been
pling constants. Their predictions are related to the theory oflevoted to analyzing the thermal neutron capture by proton
the weak interaction. Thus, the best values of #iNN cou-  in the reactions with unpolarized and polarized neutrons. In
pling obtained using the Cabibbo and Weinberg-Salam modthis first case, the circular polarizatioR, of emitted
els correspond th,,=0.2 and 4.§in units of 107), respec- 2.23 MeV photons is analyzed. The experimental value
tively. The predictions for the vector meson-nucleon weald Py|=(18118)>< 1078 [16] is consistent with the theoretical
coupling constants are also “theory dependent,” but this deestimations|P,|=(1.8-5.6 X 1078 [17-19. But poor accu-
pendence is not so strong. In case of the charge-curremaicy does not allow us to obtain any definite conclusion
theory, the transitiom— s responsible for therNN interac-  about the strength of the PNC forces. In the second case, the
tion is suppressed by tafi=0.05(6. is the Cabibbo angle  subject of study is the spatial asymmeAy of emitted pho-
as compared with the other transitions. This results in strongons. The experimental value @&,=(6+21) x 1078 [20] is
reduction ofh,. The neutral-current theory is free from this again too crude to check the theoretical predictionsApf
suppression which leads to a large valuehpf The value of ~5x1078 (see, e.g., Ref21] for reference and quotations
h,. depends also on the nonperturbative QCD dynamics ofit present, a new PNC-asymmetry measurement for the ra-
interacting mesons and baryons. The predictions based afiative neutron-proton capture is in preparation at LANSCE
the Skyrmion modef4], the QCD sum rul¢5], the soft-pion  [22] in order to reduce the experimental errorA.
approximation[6], and the quark model with th& degrees Different aspects of parity nonconservation in deuteron
of freedom[7] give the value oh,=(0.8—-3 x 107" whichis  electrodisintegration were analyzed in Rg3—25. How-
in the reasonable range of the DDH prediction the ever, the nuclear PNC effect in this reaction is found to be
Weinberg-Salam modglbeing smaller than the correspond- insignificant compared to the contribution of thre Z-boson
ing best valugsee Ref[8] for the review of the estimations interference of the individual nucleof5].

Analysis of the available data from nuclear PNC experi- With the advent of the high-intensity polarized photon
ments suggests that the isoscalar PNC nuclear forces donmbeams, investigation of PNC effects in th® — np reaction
nated by thep- and w-meson exchange are comparable withbecomes very importaii£6], because one can expect to ob-
the DDH best values, whereas the isovector interactionain complementary information on the PNC interaction. In
dominated by ther-meson exchange is weak by a factor of 3 fact, the study of the PNC asymmetries as a function of the
[2]. For example, the measurement of the circular polarizaphoton energy(contrary to the radiativenp capture, where
tion of the photons emitted frorfF results in the constraint the photon energy is fixedE,=2.23 MeV) allows us to ob-
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tain additional information which might reduce the ambigu- In calculations of the PNC asymmetries, the usage of
ity induced by uncertainties of the parity-conservihdN  models motivated by QCe.g., the effective chiral pertur-
forces at short distances. Thus, for example, the constraintsation model(ChPT) [36,37) seems to be interesting and
on the PNC meson-exchange coupling constants are usualinportant. In the present status, the ChPT is, however, useful
obtained from the data compilation from various experimentsnly for the processes dominated by the long-range 1

[8]. This analysis includes a model-dependent estimation obNC forces(such asA, asymmetry[36]), and it cannot be
the PNC matrix elements in quite different observables suchyplied to the considered case where the short-rakige

as two- and few-body systems, and light and heavy nucleLg > transitions are important. Therefore, we perform the
with their own assumptions and approximations. The energ¥resent calculation only in the framework of the potential
dependent asymmetries in th® — pn reaction allow us to description.

give the similar constraints using only one simplest nuclear This paper is organized as follows. In Sec. Il, we define

system. é)bservables for the reguldil andE1 transitions. The for-

In this paper, we discuss two PNC asymmetries. One i ; . )
the asymmetnAg, in deuteron disintegration in the reaction mul_a for the PNC Interactions and expressions for th.e odd-
arity admixtures are given in Sec. Ill. In Sec. IV, we discuss

between the circularly polarized photon and an unpolarized o .
deuteron. This asymmetry is mainly defined by the=0, 2 the results and report some predictions for the future experi-

PNC interaction and is equal ®, at E, = Ey,, whereEy, is ~ Ments. The summary is given in Sec. V.
the threshold energy. The second one is the deuteron spin
asymmetryA in the reaction between an unpolarized photon Il. REGULAR TRANSITIONS

and a polarized deuterofpolarized along-opposite to the HE i
peam d_irectioln It depends also on the isovecmr;_l PNC teg’:l:tziiorr: r;%tifisph?sld (;Ig)l:rﬁg]atég '\t/)lf \{hg:/?ld?rlgﬁ;ﬁ%g |[s)|n
interaction, and therefore may be u_sed fo.r examimipgrhe 1S, and theE1l transition D— 3P, The amplitudes of
Ag, asymmetry was analyzed previously in Ré&7—29. In theseM1 andE1 transitions read

Refs.[27,28, the calculation has been done only with repul-

sive hard-coréN potentials which seem to be obsolete com- iie& .

pared to the more sophisticated realistic potentials with a soft  Ta(M1) = oM f dr gy (usS+ w2 + 1IN X &9,
repulsive core. Energy dependenceAgf in the regionE,

—E4~0.5-5 MeV was skipped. In Ref27], the contribu- 1)
tion of the PNC#NN transitions were completely ignored.

On the other hand, they were included in R&8], and the iie\f‘ﬂ .

extraordinarily big contribution of the weakNN transitions T\(ED = f dr it £d4, (2

to Ag, atE,—Ey,=1-30 MeV haseen reported. This result

was used by other authors.g., Refs[6,31]) to discuss a wherek=nk is the photon momentung,, is the photon po-

possibility for extractingh,. from the Az, asymmetry. larization vector\ is the photon helicityM is the nucleon
However, in Ref[29], it is shown that the consistent de- mass,us=uy+u,=0.88, andu,=u,—uy,=4.71 are the iso-

scription of all transitions defined by the spin-conservingscalar and isovector nucleon magnetic moments, respec-

Al=1 interaction results in the mutual cancellation which istively; e is the electric chargeq=€?/47=1/137,r is the

a disadvantage of usindg,_as a tool for studying the weak proton-neutron relative coordinatesr,—r, | is the proton

7NN transition [30]. In Ref. [29], the PNC asymmetry is orbital momentuml,=—ir X V,=—ir X V/2=1/2, 4; and;

calculated on the basis of zero-range approximation wherare the proton-neutron wave functions in the initial and final

the short-range behavior of the proton-neutron wave funcstates, defined in the obvious standard notations as

tions is modified phenomenologically, and therefore this re-

sult may be considered as a raw qualitative estimation. The = <|M10|1Mi>ym(f)X1M_@

PNC asymmetry?; is analyzed in Ref[32] in the frame- o tr

work of the same model as given in RE29] and therefore

its result remains at very qualitative level. . UK pr)
In our study, we use two realistliN potentials. One is Y1 =47 2 (| usolIM) Y, (B)Y1,.(F) xss :

the Paris potentigl33,34 with a soft repulsive core at short Ispo

distances and another is the Hamada-Johngtidnpotential (3

35] with a hard repulsive core. The long-range meson- .

[ex?hange part of tthN interaction in these goten?ials coin- where ug(r) =u(r) and_uz(r)=w(r)zs?lre the radial deuterqs

cides, and the difference appears at short distances. Our r@ldd waves, respectively, and*>"'K,:pr) (K=S,P,..)) is

sults with the Paris potential may be useful as a predictiodn€ radial continuum wave function. The spin operat8rs

for possible future experiments, because the Paris potenti@hd2 in Eq. (1) are defined as

was designed specially for proper description of the short- _1 _1,

range phenomena. The results with the HJ potential are S=3(opt e, X=3(0p- o). @

rather illustrative, and we show them in order to link our The upper and lower signs in Eq4) and(2) correspond to

calculation with the previous works and to show explicitly the photon absorption or emission, respectii@ly.

the effect of the short-range correlation as an example of the In the following consideration, the regular and PNC tran-

extreme hard repulsion. sitions from the deuteron bound st4teith the radial wave

pr
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function up) to the np 3P, scattering state@with the corre-
sponding radial wave function;) will appear. Our analysis
shows that these radial integrals at considered energies are
not sensitive tal. Therefore, we can use the “degenerated”
approximation, in whichu; is calculated with the central
forces. The reason for weak sensitivity of the radial integrals
to J is that the dominant contribution to the radial integrals
comes from relatively large distances, whegg, , are close

to each other because the phase shifts for different states at
E,<10 MeV are rather small;5;| <4 degrees. Small dis-
tances atr <0.5 fm, whereu; are really different, do not
contribute to the integral becausg are small, and because

of strong suppression fromy(r) [or rup(r)]. Direct numeri-

cal calculation shows that &,=<10 MeV, the validity of

this approximation is better than 4-5 %, which is quite rea-
sonable. This approximation allows us to express the corre-
sponding matrix elements in a very transparent form useful
for qualitative analysis. But this approximation cannot be
used for calculation of the odd parity admixtures. In this
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through the radial proton-neutron wave functions have the FIG. 1. (Color onling The total cross section of the deuteron

following forms:

TX(Ml):—)\N’;\LA”IO S

M=Ju*(lso:pr)U(r)dr,

(5)
T\(ED) = uN\/ > (1ulolIM) Yy, ()6,
,LLO'Mf
—\2(2mle] 1M} 2mIn|1m)I2], (6)

|g:fu*(3PJ:pr)u(r)r dr, |§:fu*(3PJ:r)W(r)rdr,
™

whereu(r) andw(r) are the radial deuteromandd waves,
respectively, angb is the proton momentum in the center of
mass system.

The normalization factoN in Egs.(5) and(6) reads

2amk
2 (8)

The total cross section is related to the amplitu@iggs

N?=

PP = mz [|T\(M1D)|?+ [T\ (ED)|?], 9
127T)\Mi

— 1
| >\|2:ZTJ'de|T>\|21

whereM,; is the deuteron spin projection and

=S |TA<M1>|2—(@) 19,2,

(10)

2N2

photodisintegration as a function of the energy exc&Bs=E,

—Enr (@) Result for the Paris potential. Contributions of t1& and

E1 transitions are shown by the dashed and dot-dashed curves, re-
spectively. (b) The total cross section for the Parisolid) and
Hamada-Johnstogasheg potentials. The experimental data on the
total cross section are taken from Rgf38] (open circles and[39]

(filled circles. The data orM1-transition(filled squaresare taken

from Ref.[40].

E |T>\(E1)|2:|| = ||E|2 (11

2N*

In the following, we will assume the average of E0) in

all the quadratic forms oTaT; which define the observables
in the case where the angular distribution of the final nucleon
is not fixed and skip the symbol “overline,” for simplicity.

The wave functions for the deuteron bound state and the
np scattering states are calculated using the realistic nucleon-
nucleon potentials in two extreme cases: potential with a soft
short-range repulsive cor@aris potentia[33,34)) and po-
tential with a hard repulsive corglJ potential[35]).

Figure 1 shows the comparison of the available experi-
mental datg38,39 and the result of the present calculation
for the total cross section of thgD — np reaction as a func-
tion of the energy excesAE,=E, —Ey,, whereEy, is the
threshold energy Ey,=e(1+€/2(Mp+M,—€))=€ and e
=2.23 MeV is the deuteron binding energy. The result for the
Paris potential is shown in Fig(d), where each contribution
from theM1 andE1 transitions is also displayed. The differ-
ence between the Paris and HJ potentials in the total cross
section does not exceed 5% and disappearsEgt— 0 [see
Fig. 1(b)] because the main contribution into the radial inte-
grals of Egs.(1) and(2) at low AE, comes from the rela-
tively large distances with>1 fm, where thenp wave func-
tions calculated for all the realistic potentials are close to
each other. This result is in agreement with those of the
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TABLE |. Weak coupling constants determined from the best 2 .ﬁo
value of Ref.[3]. All values are given in units of 6. TPy = > g—',' J dr'g%-e;r,r') [—Xifi’(r')
izop V3
0 1 1 2 0 1
h, h; h; hy h,, h, h,

! (9 1 ! [A ! !
-114  -002 -0.07 ~-095 ~-019 -0.11  0.46 +2A(r )(W_F)}“(r)_‘z{_)“fi(r)

J
. . . . L +2fi(f')(—,+—,)}w(f’) .
previous calculations performed with various realistic poten- ar’ r
tials (see Ref[39] for references and quotations

ho=-3n, ho=ho, (15)
I1l. PNC INTERACTION AND PARITY ODD ADMIXTURES ) ) ) )
o _ Where)(5§ is the two nucleon spin functlorgl'S(E;r,r’) is
The short-range PNC potential is expressed in terms ofye Green function of the radial Schdinger equation for the

p.w, andm exchanges, and has the following fofBi41): np system with the orbital momentuhs 1, isospinl =0, spin
2ig 1 1 S=0, and the energg=-e.
Venc= WE o7y + 5h$(f§+ ) + ﬁhi(%ﬁé The odd-parity*P; admixture withl =1 is dominated by
v the m-meson-exchange weak interaction. Nevertheless, for

completeness we also include the contributions ofgthend
—7m) | X[V, 1,0+ (1 +x,)Q V1,(r)] w-meson exchanges for tidd =1 transition. The net expres-
sion for the3P; admixture reads

1 T X 7 |*
- Zhi(# - A)S[V,f (r)}+ih1'{¥] SV (r)} _ ~3p.
20t SR WP =1 (Lo IM) Yy,

2ig,, 1
+%{[hg+§hg)(7§+7§)][2{v,fw(r)}

2
1 U3P:r:—fdr’ (- ;r,r’( h,fo(r’
+(L+X)Q V(0] + Shi( - @S{v,fm}} (Pin=5 ) arortarmlenf-(
= 1 -
z | 11t/ ’ ’ / 1
V2M 2 ‘
h 1 Iy ’ J 1 ’
where =g,y | F(r7) +2f,(r") Py u(r’)
e My e Ml i
fo(r)="1(r)= N (g , Q=—[o X oy]. 1 Jg 2
(=1, Ay ") Aar 2[01 2] +T§{f;)(rl)+2fp(r,)<ﬁ + F)]w(r’)}).
(13) '
. (16)
For the strong nucleon-meson coupling constaptand y;, ) ) 3 )
we use commonly accepted value®] g,=2.79g, Figure 2a) shows the odd-parityP; and 3P, admixture

=8.379,=13.45, x,=3.71, and x,=-0.12. The PNC in the deuteron wave funption for the Ea(r@lid curves and
meson-nucleon Coup"ng Constarhisare taken as the best HJ (dashed CUfVQq.)Otentla'S. The main difference between
value of Ref.[3] (in the Weinberg-Salam modelThe sensi- the two potentials appears at short distances. In case of the
tivity of the observables td,, will be discussed separately. HJ potential, all wave functions vanish in the core region at
For convenience, Table | shows all the parameters used in tHes Icore (I core=0.48 fm. This results in a sizable suppression

present work. Odd-parity admixture staiggo the deuteron  ©f 'P, admixture because the “form factorgr) in Eq. (15)
wave functions anchp-scattering states are defined in the décrease sharply with The functionf,(r) decreases more
first order of perturbation theory in terms of SchrédingerSlowly. Therefore, théP, admixture is not so sensitive to the
equation choice of the potential model.

Analysis of the odd-parity component in the continuum
[E- Hpc]://: Venct, (14) np states shows that &,< 10 MeV, the dominant contribu-
. . . o . tion to the considered asymmetries comes from3Pg ad-
whereHpc is the parity-conserving Hamiltonian aMncis — mixture to thelS, state, from thelS, admixture to the’P,

the parity-violating two-body potential. For the odd-parity state, and from thés, and3D, components of théP; state.
1 : . : . _
P, admixture in a deuteron with=0, we have the following They are defined as follows:

expression:

TP ~ 47 < TPy
Y(Py) :'U(lpir)YlMi(f)Xoo' WPo) =i \3772 e

| p pr (_ 1)M+1Y1;L(F)X1—,u! (17)
n
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(3Dl pr)_ \/7‘1' dr g(z)l(E,r'r {gﬂhﬂf;’(r,)

—2g,hM(r) +V2(g,hl - g,hh)

x{f;(r ) +2f (1 )(——%)”U@P pr'),
h,=h0- \/;hﬁ, h,=hC, (20)

where E=p?/M. The Green functionsy(E;r,r’) in Egs.
(15)<(18) are expressed through the regular and irregular so-
lutions of the corresponding Schrddinger equations in the
standard way. For thés, and®D, states, we use the spectral
representation

0 5 10 u(nu(r’) ) f uCCK ;:knuCK :kr")
Mg ™ (E;r,r’ dk ,
r (fm) 9 )= T Eve T E-E
FIG. 2. The odd-parity admixture to the proton-neutron wave (21
functions calculated with the Par{solid curve$ and HJ(dashed . > _ 2 .
curvey potentials.(a) Results for the deuteron wave functioiis) V,V'th Juy dr=1,K=8,D, andE,=k°/M, and keeping qnly the
and (c) Results for the continuump wave functions at\E,=0.1 first term, pecause _the second term3 does not cgntnbutg to the
and 1 MeV, respectively. M1 transition. In this sense, od8,, *D; odd-parity admix-
tures are the only part of the corresponding total wave func-
tions which contribute to the PN®!1 transition.

|a,|x107° (GeV"™?)

&

10

=30 cnp) = o0 b JURT P Figure 2b) shows the odd-parityP,, 1S, 3S;, and 3D,
UCPoipr) i;p?w\lzg'h'fdr g () admixtures for two potentials akE,=0.1 MeV. The®D,
function is scaled additionally by/Pp, where Py is the

X [(2 +x)f(r') + gfi(r/)<i - l)] D-state probability in a deuteron, because the corresponding
ar’ r' M1 transition is suppressed by this factofPh*"

la .t =0.0577 P1=0.0697. Again, one can see that in case of
Xu(“Sp:pr'), D , : o
hard-core potentials, all wave functions vanish in the core
1 region, which leads to the relative suppression of the odd-
~ il _. . [ATUCSpPr) parity 3P, and 'S, components, whereas th&, and D,
Y('S) =i XOOE Vi@, (18 y o : . .
3 pr configurations defined mainly by the long-rangiIN inter-
action are not sensitive to the potentialratr.,. In Fig.
2(c), we show the continuum wave functions af,

~ 29'F1' =1 MeV. The main difference as compared with the previous
1c . — (] 1 410/ =. ’ et — OF . (r!

U("So:pr) = i:%» \;’_ fdr %o (Eir.r )[X'fv(r )= 2A(r) case appears in th&s, odd-parity admixture. It oscillates

’ with r more strongly and has a node rat=3.5 fm and at

(i + =) luCrypr AE,=1 MeV. This oscillating behavior is manifested in the

ar’ r’ P correspondingVi1 transition.
(331 pr) IV. ASYMMETRIES
YCs) =iam——= xlme Y, (19

The asymmetry of the deuteron disintegration in reaction
with circularly polarized photon beam,

2 -1~ Oy=-
UCsypr) =- 7= J dr'g8H(E; T, 1) gohaf L) Ap = D=t (22)
V3 O\=1F Or=11
_ Vr’Egph;)lf;)(r’) + \f‘E(gwhi - gphi) consists of seven terms
Pt ’ 4 1 3 ’ ‘ 3
X| pr) + 20, 25+ 5 ] | (UCP2pr), A =2V + 2 ], (23)
i=1 j=1
~ WD p defined by the interplay of dipole transitions caused by the
y(3D,) =i4 2 (2ulal 1Mf>Y2M(f)X102 Ylm(p) parity-conserved and parity nonconserved interaction as fol-
uo lows:
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VI=2R4T (M1:D — 1S)T(EL:D — 3Py) N, (24a

VI=2R4T (M1:D — 1S)T(EL:IP, — 1SN,
(24b)

VI=2Rd T (E1:D — 3Py T(M1:D — 'S)IN, (240

V] =2RdT (E1:D — 3P)T(M1:'P; — 3PN,
(249

7} = 2R4T (EL:D — 3P)T(M1:3P; — 3Py TN,
(249

7= 2RdT (E1:D — 3P)T(M1:D — 3S) N, (24f)

77= 2R T (EL:D — 3P)T(M1:D — 3Dy N,
(249

N= Tr[TT* ].

2N?

The explicit forms in terms of the radial integrals read

__ 2 1y, OJ op, e ]
Vi 33N MRQ[I dr rd” (*Pg:pr)[u(r) - v2w(r)] |,
(259

_ 21y, o*f *1.~1.}

y____

A GBAM Re{l,\,I dr ru ("Sy:pr)u(*Py:r) |,
(25b)

v§=i ! M"Re{(lo*—\r I”)fdrﬁ*(lso pr)U(r)]

(250

VX:EJVM e{(lg -\212) f dru*(3PJ:pr)"L](1P1:r)},
(250

8 M * 1 *
= \[NMSR Klg TR )

Xf dru*(3PJ:pr)"L](3P1:r)].

81 g s 1o =
= \/7/\/’;\le [(IE +$lé)fdru (381:pr)U(r)1a

(25f)

(25¢)
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21 ug—3/2 o1
]=- S_—"Rel (12 +—_|2)
T3 \/7'/\/' M [(E \;”ZE

xf drU*(le:pr)w(r)]. (259
Another asymmetry is related to the deuteron disintegration
with unpolarized photon and polarized deuteron:

OMp=1" OMp=-1

Ap= (26)

)
OMp=1t OMp=-1

where Mp=1(-1) corresponds to the deuteron spin projec-
tion parallel(antiparalle) to the direction of the beam mo-
mentum. This asymmetry has also seven components

4 3
Ap=2 VP + 2 . 27
i=1 =1

Three of them,\/?yzya are equal with the opposite sign to the
corresponding/? asymmetries
Vo=-vy, VB=-V}, VD=-Vi. (29)

In these cases, the spin of the final states is zero and the
correspondingv 1 transitions are proportional B\, The
other four asymmetries are expressed as

2 1 v * [~y 2% * ~
VD= \BNII\L/I Re{(lg —\2I§)fdru (3PJ:pr)u(1P1:r)},

. [21 (us—
= \/;NR{ M

Xf dru*(3PJ:pr)TJ(3P11r)]

1 * = _1/4 *
12 —\2“ST|§)

1 1
7722—5773, 7T3D:—§77§. (29
The most important is the modification @f. As we will see
later, the spin transitions ifr; and 7, proportional tou are
almost canceled i\, but not inAp. Therefore, the PNC
weak interaction of ther exchange may be clearly mani-
fested only in theAy asymmetry.

V. RESULTS AND DISCUSSION

We first discuss thé\, asymmetry. AtE, — Ey,, the V;
and V, terms only contribute to the total asymmetry. The
signs of them are opposite and therefore their interference is
destructive. The sign of the total asymmetry is defined by the
dominant term. The strength of, , is determined by the
values of the corresponding PNC weak coupling constants
and the behavior of the proton-neutron wave function at
short distances. When the functiong) and u('Sy: pr) are
smooth atr <1 fm (e.g., in the zero-range approximatjpn
one can neglect derivatives in Egs.(15) and(17). Using
the approximate expression for the Green functionrfetr
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and E~0: gy(E:r,r')=-r"20(r-r")/3r, neglectingw and
w’, and taking into account the fact that the main contribu- 10 Vyi#) @
tion to the odd-parity admixture8(*P;:r) and U(3Py:pr) Tow!
comes from the terms proportional f(r’), one gets the
following estimate:

2 +
\VZ4 (hg - \/;h,%) (2+x,) + hO(2 + x.) R et D Vi) |

=- = - 10 107 10
vy 3h% — h? =-0ls. E-E,_ (MeV)
2 po wa ¥ thr

(30)

This estimation coincides with the result of the plane-wave
Born approximation given in Ref2] and shows the domi-

nance of théS,— P, PNC transition withAl=0 compared

to the 'S, — 3P, transition withAl=0, 2. Incase of the real-
istic NN potential, the radiahp wave functions increase rap-
idly from zero atr=0 (for the hard-core potential from
=Ieord to the finite value at =1 fm. Sincef, and|f/| de-
crease withr, the dominant contribution to the integrals in
Egs.(15) and(17) comes from the region at=0.6—1.2 fm. o o )
This leads to increase dVZ/V%\ and to decrease of the FIG. 3. Asymmetry of th(_e deuteron dlsmtegratlon_ln the reaction
asymmetrie$ARL| and|AD|. Of course, we cannot neglect the ¥D—pn Wlth circular polarized photon and unpolarlzed_degteron
terms with derivatives)’ because they are essential just in & @ function of the energy excess-Eqy,. (8 Relative contribution

. . — . of the different odd-parity transitions for the Paris potential. The
the region of the dominant contribution of the corresponding”. " " . .
e T
iti d large, especially for the hard-core HJ potentials - o ’
positive an ge, esp Y . P Johnston(dashegl potentials, and the modified ZRA of Rdi29]
In Eqg. (15), the term proportional ta’(r) gives a construc- (dot-dasheyi

tive contribution and enhancp/,|, whereas in Eq(17),
Unp(Pr) contributes destructively and suppres$¢g. As a  the deuterord wave in 7}, and 7} and it almost vanishes
result, we get the ratio 0f]/VJ close to the estimate of Eq. whenPp=0. In case of the zero-range approximati@RA)
(30). in the limit AE,— 0, this cancellation is exa¢29]. In the
Figure 3a) shows the asymmetrie&, as a function of real case the total contribution of tiid =1 PNC interaction
AE, together with the partial asymmetri® and ;. When  (#7) is finite. However, its absolute value is smaller by a
AE, increases, the PNl 1 transitions become important. At factor of 27 than the result of Ref28]. Therefore, it seems
low AE,, the asymmetrie¥} caused by thedI=0,2 PNC to be difficult to get information about th&l =1 PNC forces
forces, andv; generated byAI=0 forces are close to each from A%,.
other numerically with the same sign. However, 5, The coherent interference of thé], V3, and V] terms
~0.5 MeV, V] decreases, changes sign, and then its absoluleads to a sharp decrease Af, down to zero atAE,
value becomes much smaller thaf|, and it does not affect =1.3 MeV (in case of the Paris potentjalnd a change of
the total asymmetry. In the limit oAE,— 0, the present sign from positive to negative. Figurg8 shows the total
result of A g=3.35x 1078 is in agreement with the previous asymmetryAg, for the two potentials. For illustration, we
calculations for the circular photon polarization in the also show the prediction of Reff29] for the modified ZRA
— D1y reaction(P,=(1.8-5.6 X 108 [17-19). model. One can see that the behavior of the asymn#gtry
The PNC transitions witthl =1 (AS=0) are described by is similar qualitatively for the quite different models. In case
the 7}, 73, and«} terms, wherer] , terms are dominant and of the HJ potential, the asymmetry is smaller. The difference
they are mostly determined by the weakmeson-exchange between two potentials at low photon energyE,
interaction. In Fig. 8a), we show ther] asymmetry, the sum =0.01-1 MeV amounts to a factor of 2.5-3. The intercept
of wJ+m}-terms, and the coherent sum of all the=1 tran-  Ag =0 is shifted towards lower energies. The prediction of
sitions denoted as”. At AE~ 10 MeV, the absolute values the modified ZRA mode[29] is close qualitatively to those
of 7] andw} are the biggest among the oth#&f) terms and  of the Paris potential but the absolute valueAgf is much
close to each other. But their signs are opposite. Therefor@reater and the position of the intercept is shifted towards

|Aq | (x107%)

|Aq | (x107)

the coherent sum is rather small: higher energies. This comparison with the HJ potential and
o the modified ZRA model has a rather illustrative character
ml,= ]+ m)~ uly —13) ~ uO(Pp),  (31)  because the realistic potentials with a soft repulsive core are

~ - commonly accepted for more adequate description of the
wherel, and 13, are the radial integrals for thill transi-  short-range phenomena. From this point of view, only the
tions in Egs(25¢) and(25f), respectively. The finite value of prediction obtained with the Paris potential seems to be re-
7}, is mainly caused by the nonsymmetrical contribution ofalistic.
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1 01 Total (a)

A (x107)

0 2 4 6 8 10
E~E,, (MeV)

FIG. 5. Asymmetry of the deuteron disintegration in thB
— pn reaction(Ap) with different values of the PNGr-exchange
coupling constantR=h,/h°®s=0,1 2.5, whereh?'is the best
value of Ref.[3].

A, (x107)

Using the energy dependence Af, and Ap, one can
obtain the relations between the weak coupling constants.

T TS 10° 10' Thus, the standard representations of asymmetries thiqugh
E-E,, (MeV) are
FIG. 4. A L L — 200 O+ 224 h2 4+ 204 RO + Aaliq hl —q K1
. 4. Asymmetry of the deuteron disintegration in thD ArL=a,g,h, +ag,hs +a,9,h, + a,(g,h;, = g,h)
— pn reaction with polarized deuteron and unpolarized photon as a 1 1
function of the energy exceds,—Ey,. (a) Relative contribution of +a, gphp *+ 9,0, (33

different odd-parity transitions for the Paris potential. Notation is

the same as in Fig.(8). (b) Comparison of the asymmetry for the Aj = bggphg + bﬁgphﬁ +b2g,h2 +bl(g,hl - gphlﬁ) + bl’)lgph,;l
Paris and Hamada-Johnston potentials.

Figure 4a) shows theAp asymmetry as a function of |n the ideal case, having the asymmetries at six energy points
AE,. There are two main differences compared to 8¢  and using the energy dependenceaoéndb, one extractd
asymmetry. First, the components andV, are of the same unambiguously. In practice, the number of “independent”
sign. Second, there is no cancellation between {Re  equations for determination &f is smaller, because some of

—.3p, and D — 33, transitions. Their coherent sum now be- & (b;) are rather weak. The energy dependence of the coef-
haves as ficientsa; andb; is shown in the Figs. &) and &b), respec-

2= 72+ 78 ~ (ns= 3T, (32

and becomes a significant part of the asymmetry at large
AE,. The sum of all transitions generated by thie=1 PNC
forcesm®=72,+ 5 has the same sign as tkg andV, com-
ponents. This leads to a nonmonotonical behaviotAg

with a local minimum atAE, =2 MeV, but the sign ofA,
remains to be the same atQ\E, <10 MeV and negative.

In Fig. 4b), we compare the results féx calculated with

the two potentials. The difference between the two asymme-
tries decreases with the increasing photon energy, however, 10"
the two results are similar in shape.

The weaks-meson exchange is mostly important at large
AE,. For illustration, Fig. 5 shows the asymmety calcu-
lated as a function oAE, at different values oh, which
cover its theoretical uncertainty:=0h, < 2.5h"*! whereh?®
is the best value of DDH. One can see that the constructive )
interference between weakand vector meson-exchange re- 10 T 0 10
sults in increasing the absolute value Ay with increasing E~E,, (MeV)

h,., and leads to a shift in the position of the local minimum

towards the lower energies. The absolute valugAgf in- FIG. 6. (a) The quantities; of Eq. (35). (b) The quantitied; of
creases by a factor of 3 whe®, changes from 0 to 2.5 at Eq.(36). Only the large components are displayed. Results are ob-
1=<AE,=10 MeV. tained with the Paris potential.

b, (x107%)
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tively. For simplicity, we display only the dominant terms. VI. SUMMARY
There are several points, whefg, and Ay are particu-
larly interesting. AtAE— O, where the absolute values of  \We have analyzed the energy dependence of two PNC
both the asymmetries have a maximum, we get the followingasymmetries in the deuteron photodisintegration: one with a
relations: circularly polarized photon beaitAr,) and another with a
A= - (4.8&]ph2+ 7.433ph§— O.QSgwh?u) X 1073, polarized deuteron targéfy). We show tha_t by combining
the measurements &z, and Ap, valuable information on

(39 the PNC nuclear forces may be obtained; namely, using the
energy dependence &z, and Ap, three constraintsequa-
Ap =~ Art. (36)  tions) for determination of the PNC coupling constants will
The point AE~10 MeV can be used for analyzing the be obtained.
m-meson-exchange contribution Ag: Finally, we stress that the present investigation is a very
first step. It would be important to verify if the predicted
Ap = (1.469,h0 - 0.36y,h> + 0.27y,h), - 0.43y,h,) X 10°.  asymmetries are universal in the framework of other realistic

(37) potentials invoking the meson-exchange currents and relativ-
istic effects[42]. The role of the higher multipole transitions
The coefficienb,, is governed by the long-range interactions gt higher energies is not quite clear.
and therefore is not sensitive to the model of N inter- After Comp|eting this paper, the work by Liu1 Hyun, and
action at short distances. Desplanques has appeared in R@f3]. The authors have
The position of intercepAr =0 atAE,=1.3 MeV may  analyzed theAz, asymmetry using the realistic Argonne
be also used for fixing the relation between the couplingay18 potential. In spite of some difference between our
constants, but the experiment to find this position would banodels, the results of both papers are consistent with each
very difficult. On the other hand, another relation may begther, Referencpt3] givesAg (AE,=0)=+2.53x 10 and
obtained when one of the term in Eq83) and (34) van- A, changes its sign aE,~ 1.5 MeV. The contribution of
ishes, but asymmetries have a finite and reasonable valuge weak7-exchange transition is suppressed dynamically

Thus, we have aAE,=0.4, aﬁ:o, and therefore and it is a factor of about 30 smaller than the prediction of
ARU(AE,= 0.4 MeV) = - (3.133,h2 - 0.67,h2) x 1072, Ref. [28].
(38)
The relations(35)—38) are derived using the energy de- ACKNOWLEDGMENTS
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