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Parity violation in partial neutron capture reactions
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We point out that, in the standard resonance theory of parity violation in the compound nucleus, the
longitudinal parity violating asymmetry in partial neutron capture cross sections is essentially independent of
the partial gamma widths involved. Thus, the same asymmetry is expected for each partial cross section
involving the samég-wave resonance. The asymmetries are expected to be enhant@e(, and asymmetry
measurements for several partial capture cross sections from agivame resonance would provide a very
strong test of the theory. In particular, such a measurement could shed light on the origin of the sign problem
observed in?*?Th and could provide more accurate determinations of the parity violating matrix elements
between compound resonances. We propose a class of experiments and examine their feasibility.
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In neutron transmission experiments on heavy nucleimeasurements, where PNC asymmetries could be measured
the parity violating asymmetries, which are defined asfor several gamma-decay branches of the spmeave reso-
the fractional difference of the resonance cross section fonance.
neutrons polarized parallel and antiparallel to their momen- The general expressions for parity-odé-¢dd) correla-
tum, tions in the 6,7y) reaction have been derived by Flambaum
and SushkoVFS) [2]. We concentrate on thie-odd correla-
= 1) tion in the (n,y) cross section that depends on the neutron
ot+o helicity and direction of the neutron’'s momentum: namely,

can be as large as 10%. These represent by far the large®t-Kn- The dominant contribution to parity violation in neu-
parity violating asymmetries observed in nuclei. The mealron capture is usually assumed to arise from mixing between
surements have been carried out by the TRIPLE Collaboralh€ p- ands-wave resonances in the entrance channel. There
tion [1] on p-wave resonances in compound nuclear system&re twq P-odd amplitudes that contribute .to the asymmetry.
such as?3®y, 27Th, 13%cg, 127 19 113cd natural Ag, N the first(denotedV; by FS the neutron is _captured by an
108104 103RK and®Nb. In these systems the energy sepa-SWave resonance and the photon is emitted by-add
ration between opposite paritgwave andp-wave reso- P-Wave component in the resonance wave function. In the
nances ranges from 0.1 to 100 eV. The parity violating mix-S€cond(denotedV,) the neutron is captured by gwave

ing of swave states into ap-wave state leads to a resonance and the photon emitted by?-add swave com-

ot—o"

Al

longitudinal asymmetry ponent. The amplitudes for both of these involves a product
of matrix elements for a strong interaction neutron capture, a
N (ds|Vend @p) I weak interaction parity mixing, and electromagnetic interac-
Al=2> = TR 2 (2 i iaai ;
L = Es—E, o tion photon emission. The full expressions Yoy andV, and

the correspondindP-even amplitudes fos-(p-) wave neu-
Here\/l“—;1 and\/l“—g are the neutron partial width amplitudes tron capture with emission of the photon from the same
for the p- ands-wave resonances, af@s|Vpnd ¢p) is the  s-(p-) resonanceV,(V,)] are given in FS. Thes, -k,
matrix element of the two-body parity nonconservationp.odd correlation in the cross section is then 2RA(%

(PNO NN interaction between these resonances. The largg V,V*). Starting with these four amplitudes, we obtain an

size of the PNC asymmetries in compound systems arises i(§<pression for the helicity asymmetA?i in partial neutron

part because of the small energy denominators involved an L

because of the very favorable ratiosivave top-wave neu- Capture,

tron widths. ol -
One of the main advantages of the TRIPLE program was Azi=

the ability to measure PNC asymmetries on several reso-

nances in the same nucleus, thus allowing a likelihood analy- n( rY

T

+ _

sis of the data to extract the mean squared PNC matrix ele- (ds|Vend dp) —g
ment, M2=|Vpyo?2. The mean-squared matrix element is oS I's
defined asM?=(1/N,Ng) =5 ( bs|Vpnc| #p), WhereN, and o4 2 n 2
N, are the number gf- ands-wave resonances occurring in (E-Ep)?+ -+ — —p( (E—Eg)2+ —
a specified energy window. Here we examine the possibility 4T 4
of a complementary systematic study of PNC in compound 3
nuclear resonances using theg §) reaction. In particular we

emphasize the advantages of partial capture cross sectidtereE is the neutron energy“,g, I'7 are the neutron partial
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widths, andl,, I's are the total resonance widths. The index In the case 0f?%2Th the measured asymmetries were all

i appearing in Eq(3) refers to theth gamma transition from observed to have positive sign. The statistical nature of the
the p-wave resonance under consideration. The partiatompound nucleus and the assumption that the neutron width
gamma widthsl“gi are for individual gamma transitions from amplitudes and PNC matrix elements are independent vari-
the samep-wave resonance to different final states. Expres-ables makes theoretical interpretation of this common sign
sion (3) is completely symmetric ip ands and is exactly  very difficult [7—9]. The assumptions made in deriving ex-
analogous to the corresponding expression for neutron trangression(4) for A} are the same as those used in deriving
mission [see Eq.(28) in Bunakov and Gudko3]]. If  expression(1) for Al. The main approximation made is the
Fg‘ng‘Bl, a good approximation t4" is obtained by set- assumption that parity mixing all takes place when the neu-
ting E=E, and neglecting the total widtHS; andI',, inthe  tron is captured into p-wave resonance, i.e., that thavave
denominator, in which case the longitudinal asymmetry inresonance that is formed has a parity violatingave com-

neutron capture becomes ponent. Within this approximation, once a neutron is cap-
tured into a parity-mixed resonance, the asymmetry arising
(BdVond 6 >\/@ from the P-odd &,-k,, correlation no longer depends on the
, SIYPNCIYP/ N pn decay channel of the resonance. This assumes, for example,
AZ' =Al= 22 (Es—Ep) £ (4)  thatthere is no parity violation in the final state. While this is
S

very physically reasonable, it cannot explain the sign corre-
lation observed ir?32Th.

Here we are proposing a set of experiments measuring
parity violation in partial neutron capture in bofi°Th and
in the better-understood compound nuclei to resolve the is-

The average ratio of thel strength fronp-wave resonances
to the M1 strength froms-wave resonances for primary
gamma rays is typically greater than 1. In such casesg4q.

is a good approximation, arl’ is independent of the partial sue. A measurement of the asymmetries in the/| reaction

¥ widths involved. Tbe I9ngitudina| asymmetry correspond-for the same resonances studied by the TRIPLE Collabora-
ing to the observable,-k, takes on thesamevalue in both  tjon would test the validity of the theory and shed light on
parua}l neutron capture and transmission measurements,.aﬂqie origin of the sign problem. An additional advantage of
is quite enhanced in both cases. The TRIPLE Collaboratiogych measurements is that they could provide a more accu-
usually quote cross section asymmetries as a fraction of thgyte determination of the parity mixing matrix elemevit

parity conserving-wave cross section,(E), as opposed t0  since several independent measurementsdpfcould be
as a fraction of the total cross sectiongg}. In this case the made for each resonance.

expression foA/ is simpler than Eq(3) and is not symmet-  We now turn to the question of the feasibility of these
ric in p ands. However, Eq(4) is remains a good approxi- experiments. In they decay of the compound nucleus, the
mation. primary transitions of known multipolarity that can give in-

There have been a few successful measurements of parifgrmation on PV are usually of high energy E

violation in the @, y) reaction, where théotal capture cross ~5-7 MeV), because they correspond to transitions from
section was measured. f¥°La an asymmetnA! of 9.5%  the capturing states to low-lying levels of known spin and
*+0.3% has been measurgd. Seestronet al.[5] developed  parity. In contrast, the lower-energy rays fall in the unre-

a neutron capture detector, consisting of 24 Csl scintillatorssolved energy region of excitation, where no spectroscopic
for parity violation studies at LANSCE. A measuremgél  information is available on the individual energy levels.

of parity nonconservation in neutron capture 8iCd and Restricting ourselves to these higher-enengyays, the
113Cd observed large asymmetries, and a PNC mean-squar€d. transitions are on the average 7 times stronger than the
matrix elementM =2.9"33 meV was obtained from thé M1 transitiong10], and severaE1 transitions from a given

=1 levels in'*“Cd. These sets of measurements showed thgt-wave resonance have been seen from resonances associ-
the (n,y) reaction could be used to obtain the same level ofated with enhanced parity violating asymmetries. Partial ra-
information as the TRIPLE neutron transmission experi-diation widths exhibit strong fluctuations as described by the
ments, but on thinner targets. In the present paper we exankorter-Thomas distribution; thus, the relative intensity of
ine the advantages that can be gained by using highspecificE1l andM1 v transitions of similar energy can differ
resolution gamma detectors, allowing measurements afonsiderably from the average value of 7 and in some cases
individual gamma rays. can be very large.

Measurements of asymmetries for partial gamma decays In the case of many of the nuclei studied by the TRIPLE
to individual final states would provide several measure-Collaboration, e.g.'°%®Pd, %%d, 2*2Th, and %%, several
ments of Al from a givenp-wave resonance. The require- E1 transitions fronp-wave capture states to low-energy lev-
ment that the asymmetries be independent of the final sta®s with opposite parity have been observed. The study of
and all have the same value is a very strong test of the unt*La would be more difficult, however, since all the low-
derlying theory. An observation of deviations from this pre-energy states have the same parity aspthesonances. Thus,
diction would imply that contributions from other neglected only M1 transitions could be observed, making PNC mea-
amplitudes may not be as small as previously assumed; theseirements more difficult.
are some hints from the TRIPLE measurements that other Previously measured captuseray spectroscopy studies
reaction mechanisms may play a role. on p resonances give some indications of the feasibility of
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TABLE |. Absolute intensities in photons per 100 neutron captures of high-energy transitistiagnfor
neighboringp-wave ands-wave resonances with the same spin. Statistical uncertainties only are indicated.
The transitions from th@-wave (s-wave) resonances arél (M1) in character. Several strong primayy
rays from a giverp-wave resonance are observed, suggesting that systematic studies of high-precision PNC
measurements may be possible.

E, (keV) E, p-wave (eV) 1® (%) E, swave (eV) 15 (%)
6450.4 64.2 0.360.05 51.6 0.007£0.0012
6590.5 73.2 0.420.09 51.6 Not observed
6690.4 0.37%0.06 0.018-0.001
6760.8 0.210.06 0.08%0.002
6803.5 0.35:0.09 0.016-0.002
6890.1 0.210.06 Not observed
6760.8 107.6 0.680.15 51.6 0.01%0.002
6590.5 125.1 220.4 144.2 0.0220.005
6803.5 183.5 0.370.06 202.6 0.0030.001
6309.3 259.9 0.220.04 251.3 Not observed
6504.0 0.230.04 0.02@:-0.003
7190.0 0.930.05 0.015-0.003
6803.5 269.9 0.4240.08 251.3 Not observed
6890.1 422.5 1704 444.0 Not observed

%Close to the single escape line from the 7269.4 keV transition.

the class of experiments we are proposing. To explore thantensities fromp-wave versus-wave resonances can be as
potential for parity violation studies using the,fy) reaction, large as 100. In the cases where ¥d transitions froms

we consider the example &1 andM1 y rays from neutron resonances were not observed at all, despite the high statis-
capture on'®’Ag, which have been studied at Gefdll].  fics available fors resonances, th&/I'? ratio cannot be
Gamma rays from severplresonances in the energy region getermined. Nonetheless, it is clear from Table I that the

of interest for PNC asymmetri¢42] were studied. The em- requirement for an enhanced PNC asymmé{fy—namely,

phasis |nttheslei_ experm;e;’:g was oln measuremzn';s of k?éﬁatl“gll“gz 1—is met. Then detailed knowledge of the par-
energy y transiuons, an N samples Were used 10 avolg;,, gamma widths is not necessary to extract a valuséf

absorption of low-energy rays from the sample itself. This

i
meant that data in the high-energy region of thepectrum from a set of measurements Af'. ) )
were available with good statistics for masywave reso- We note that several other nuclei have been studied, and,

nances, but for only a few of thewave resonances. Never- in particular, similar results to the ones presented have been
' ; : .obtained for?32Th [14], proving that a measurement with a
theless, from these data we can estimate the ratio of parti&Pt ) L proving
radiation widths for a number of different pairs BfL and radioactive target is possible. _
M1 transitions. As noted by Flambaum and Sushkov, parity-odd correla-
The absolute intensity of a transition can be obtained byions in radiative neutron capture can be very enhanced. Of
dividing the measured number of observed counts by th&€ eight possiblé>-odd correlations that can occur in the
sum of the intensities of all the transitions directly feeding(";7) réaction we have concentrated here on the correlation
the ground state and the isomeric stdte3]. In Table | the o, -K,. To a good approximation this leads to an asymmetry
absolute intensities of high-energy transitions from eighthat is the same as the longitudinal asymmetry measured in
p-wave resonances in tiget 1°’Ag system are listed. Four of neutron transmission experiments. A measurement of this
thesep-wave resonances, at 125.1, 259.9, 269.9, and 422 @orrelation in total neutron capture cross sections have found
eV, exhibit PNC effects in transmission experiments, and alasymmetrie\! of the order of 10%. We emphasize that this
the observedy transitions are o£1 character. We compare asymmetry can be measured in timgy) reaction for several
these with intensities o1 transitions of the same energy individual y transitions from the samp-wave resonance.
from the close-lyings-wave resonances with the same spin,Partial neutron capture measurements would allow high-
our assumption being that parity mixing is dominated byprecision measurements ¢¥pyc) and would provide an
mixing between neighboring opposite-parity resonances. Amdependent probe of important theoretical issues raised by
can be seen from Table I, the observed ratio of transitiorobservations and analyses of the sign problerd®h.
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