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ABSTJ?ACT

Wa estimhto h rhform~tion fi=h crow sediom fornmtmn rwonancu m dignd

l“Ho ●d astbns~ tho mndldty of ● fivefold cmrdmtion k rwmml Last

Curid out m c tasonsnco LIIaIexhibits ● deforrnkiunaihct.

1. Introduction

Neutron tranmimion tetts of time revered iwarianc.c were proposed by a nuzc-
bcr of autbore in the early !980’s1. The experiments are terknically ddlenging

because they require not ~Y B polarhed neutron beam, but also a polarized or

aligned nuclear tuget, Newrthdw they have Bttracted considerable attention be

muse of the large efimcementa in eeneititity aasociatd w !th campound nucle~
rmwmrlce9.

In 1968,Bunakov2 propoord a test of parity (~) evcu time reverml (T) l~ioln:ioc
in the ntighl.wrhcmd of two intdting p wwe rmma.nca of the mine spin. A similar
anhmcement exiato If ~ d“wavcand ~-wave resonance interfarea. Cnti] now, howover,
no mitable reaonam~e hwe b=n located in nuclei which can be aligrwd, and the
o~iy t~ti of time revernd tiolatiun in neutron tr~~minsion have beerl rwried out

~ith MeV tmargy rmut rms4~5,

In this paper we cliecms lIUW to use the ddormmtion effect to identi(y rrmnaw-m
suit~ble for tinting tlmo rcvemnl virdntion in the five-fold correlation, we focun
tii)~(~ifi[dly cm polnrizcd ncutrnn ~rarlml:limim] through aligned “51{0, Jn ndditi(m

we difuate lIIP nmmitivity of the tes! to ar, the rmli(}Of l!lc ‘1’-wld 10 Z’-even prirts
of the dfcct,vc nucle(m IIIIrlrm illtcrnction. d

a. Flv*Fold Corrclat.hu Rud L)efortllmtion Effect



in the neutron-nucleus forward ec.attering amplitude of the form ~~~ I(~ x ~) ~. ~.

Here jis the neutronspin, ~irn the neutron momentum and ~is the nuck Win, The

FC tem ody u;= if the b-n i- POl~E~ md ~hG t~get is fiwed. An ~@~

target will alas have a P-CVCU, T-even term in tha forwexd mattering amplitude of
the form !D(I” E)z I known M t~ deformation aff~t (DE). The DE will be present
for both pokid and unpolarircd mutron bemuL

‘I’heFC and DE be cbar~ckrhkc angular signbturea, rnn 28 and fi(cos @)

respdively, where @is tlw M-@ betwe the b- direction and the alignment
mcis. SeUching for these angulm si~at~~ WMthG basis of the time reversal tea of

Rel 5, carried Out with ● qogenioally ~ign~, rotmt~ ‘OaHosingle cryotul target,
The FC aad DE involve coupling the w@= monwntw of the neutron beam

to the K = 2 rank of the orbated target, Neither dkct willbe ob-ble on a pure
s.wave reeonance, But if there is mane d-wave admixture in M &wave resonance, a
deformation &t carIbe -n. In addition, if th A wve admixture can ktcdere
with a eemnd nearby 4-WM remnmxe, there * be mmitivity k time remml
violation. Spin rusignmmto ax hewn for s number of s-wave resormcm in 165H0,
Ucacing B d-WaVC dmjxtwe in w s-wave r-onmce thuefore immediately openn

up the possibility of a sensitive time rewed tat. A pwave reecmemce can in
prhcip]e eho exhibit n deformation effect, but no / = 1 reeonamee have been seen
in 1@6H0,without which a the reversal tat cumot be paformed,

The large angulex momentum barrier would ~ppear to preclude the poeuibdity
of seeing d-wave adrnhkre.s, But as we now discuaa, Chedeformation dkt is a VarY

sensitive probe of p d d-waw n~xron p~t:d Width amplitud-. We dso note
that the ~trong temor force mixes s-wave and d-wave arnp!itudenl ud mn have a
&mctic effect on low energy cross mectiom, enhancing for sample, the D[d, O)T

capture crms wction by orders Of magnitude at emqjeo of -trophy sicel int~rest’ i

3, Deformatbn Effect hi tin holatd Resonance

Gerxre.1cxpresolone for :he pohuized-b~~m, pnlarlmd-tar~. crow section ha~e
bern given by Alfirnmkov et d. B,Wuabanov’, d Gcndd e~aL3. Following tke n-
tution of Ref, 3, the total cum Mction m be written M a sum ovrT t}w polarizatio~
rankrn k of the beem w{ K of the cmget:

with

(1)

(2)



Here, tAf(~) and t~,(l) are the Statistical texwrs describing the orientation af the
beam and target re3pectivdy, gJ in the spin statieticd factor, TK&A h & wmbi-
nation of angular momentum mupbg factors and SJ2j + /’j’) is the S~matrix
element describtig the reaction. The dufounaticm efbct a.riaea fiorn the term trol
corresponding to Is= O and K = 2,

The ugular momentum couplings are dehed by ~ = ~+ & ~ = ~ + ?. For
166H0 I- _ 7/2- and a-wave reaonm~ have J* = 9-+ 4“;p-wave resonances

have ;“ E 2+,3+,4+, 5+; and d-wave remnanccs have J“ = 1-,..6- For an
s-wave reeonarice with d-wan ~mixture, the deformation ufkt ari- from terms
involving 1 = O, 1’= z and / =2, 1’= O. The 1,= V WI2 term will be negligible due
to penetrability efl’ects, For a PW*VO reBon.anccIthe deformationeffectis due k the
!=1’ = 1 term,

Neglecting potential scattering, the S-matrix element for an isolated resonance

(3)

where g~(/j) is the neutron partial width nmplitude, ead EJ and X’1 are the exmrgv

and total width of the resonanca of epin J. Sub~tJtutiug equation 3 ink equat:cm 2,
we fhd the deformation effect crow twction for an inolated reaonzmce is;

The co~fflcieut C(J”) is give-u by

(4)

(5)

for I - 0,2, whmr W ia the usual Ihc~h c(wfflcient,
r roiin Rect!on h g,ven hy

The unpolarized rrnonmwc

9:(~J)]2 , (7)



For / = 2, we amWM Sa FWSO in MCOTdaIM with the giut reson.m- model. AU
other paraxneteue am horn M. 7.

Tbe deformation effect H section, equation (4), alao depends on the ratio
of the j = 1 i 1/2 nmtmn amplitude. We parametrize this unknown ratio via the
j-spin mixing ratio

ZJ~g~(l,j~f- W/PW~)l”2 [10)

4. Croarn Section Results

A rccat high rcoolution study of 163H0 at ORELA revealed mmy new we.dc
neutron reaonaccea, the f%at two at energk of 24,8 and 75.1 eV]l i Figures 1

aad 2 show trannmiestin epatra in the vicinity of th= rmolwm. They msy be
candidntea for a time reverm! violation Btudy if they achibit B dakmation effect.
The parmetem of thae reaon~~~ w lleted Jn Table 1, ~ong with the average
c~cur.ron widths derived from equstiong (9). ‘The raormnceo Me - to be three
orders of rna.pit~dc wA= tb ~~~aga d-wa~c remn~=~ MI~ more thm one
order of magnitude ~trongcr th~ avereqp pwaven A Ba#m malynirn of the type
introduced by EMl@r =d Thomaa] a indicates that with very high proi>ability
bti are J-wwe r=m.a.new, but we consider both pmibilJtia for the purpoeea of
estimating deformation etbct aw wcticms from equation (4).

Figure 3 shown uo~ for the 24.8 ev raonancc under the eseumptio:l that it

ris w s wave with the adm.ixtue of d-wave W&l in ‘Ikb]e 1, we tde tao = ~ ~,

corresponding LO100% ahgrmmnt Alg the b=m direction (U E 06). Twa J values
WC Poaeiblc, 3 ~d 4, and the ratio ‘uq2/aool * 10-’ for both poasibilitiee.

Fig.~re 4 Ehowo uo~ under the m’s-:mption the re.sonanw is a p wave. Four J
vdue~ cue pt-mib~c, but only J - 3 and 4 mn be formed by mixed J. III all CMCX
except J - 2, luo2/uool - 1. Thus, the dcformaima o%ct M con~parmhlc k the
Ldn.1 crcm wtion. Clcmly, ddorrnation effw.t lnrmurements Me in gw.eral aLle t[)

tli~!illguigh pWaVU IcuoIimcm from s-wave rcmurmm with d-WAVa adm-ixtun=.
The ~mall defmrl]~tiotl effect nwociutcd with tlIe cf-w~vc. admixture can IW

d~tmtr(l ‘k’ith a rotating RligTIHi target and m uupdoriml neutron hem. wum
ltw P2(WFd) dependmce, the ●ffrx:t ~-,hnngti s!gn gclilig b(m O“ h) U(I”, !~dliig

to n 0° 90° trnllmlimion n8ytnmctry c - !JUIJI wllcrc n !s the turg[~t tl]irkllr-m

in AI,(JIIM/b, The I’UN1. twgd corrc~ponds to n - O.cw mt(mM/b, Ictdlng to t ~~



1 x 10-’ for the 24.kV raow=. On MKUWW Mwtiti of oral= - 10-* lmve
been achieved at LANSCE]S,

The efkct will likely be emicr to m in capt~c b=use of the abecnce od
potential ocmtteringb-d. Cbpt~ memmemmtu ~ well suited to studying
weak ruonma and anrdy=ing POWI ~u~i- of better than * 10-s have already
b-n rdieved ●t both LANSCE14 Md KEK16.

6. Thm Reward Vldation for d Mixing

If s Lsslfo raormnce ehouw a mrnallbut non-~mo defommtion etket, then it in

in dl probability an s-wave fith d-wa~ admitiure, and, CMsuch, is immediately
euitable for ● time werod viokti~ tmt tith B polarid ne~trom beam The K
crom ecction on mp of b mute is ~vcn by equation 5.11 ~ Ref. 3:

where E~ is the energy d the rewnance nhowing a defonnntion &ect (presumed
wed), E, ie the energy of ● neighboring s-wava rewmum of the name J* (presumed
strong), MS aac MOare nunaerical f=tm of order UnitY: W ● I(siJY~]d)l is the

time reversal violating matrix element -pliag the tm mnwwa, r: and i’: are
the total neutron tidtho of the d-wave and neighboring s- weve resonances, ad
ra is the total width of the d-wrLve reeonance. For pllrpaea of eatimatkg U12we
take W = 1 eV, and take par-eterd for nearby resmmnces born Rd. 7. For the
24,8 eV resoaance these am the 18,2 ev, J = 9 r@onMce, and the 12.8 elr, J m 4
reaorwm. These resontmca uc tih- in figure 1 ~d the mom xctiona UJZare
shown in iigure 5. We bd peak va.lucaof uII(J = 3) x U13(J = 4) * 60 mb for
the 24.6 eV reaommce. ThiI would cmreapond to ● t:me revemal vio:ating opin flip
Myrnmetry e * nu~~ ~ 4 x 10-s.

h prindple the tirae rewed experiment need.a to be carried out in tra,ns-
mimion with a mmtmll spin analywrl to avoid diflicultita from sequential T-even
interaction temte, HoweVm, the Mql.lentid ter[m tk,at mimic time reverml violation
are dl P-odd for the FCi If they C- be eh-n by calmdatim or experiment to
% n@igible (likely LIICc= f~ a d-WaVCIrr-nmce), tk a FC mcaaurermnt of
Ulq via capture iJ paibk. As for the deformoti~~l dkct -MA, thio will be mole
mr~itive than R LImmksion meanllrcment because CJ the abmnce of a potmtial
mr~~i,ering background,

I“revimis expcrimel~trrll at LAYSC E hmw rllm:wcd parity violating lungitudi-
lld ilTldyJ.il’1~ pWK9 f’ /

- al. Uon of order 10-’, al~d a meaeurmnrnt of a, ~/uco

at the lti-’ lewd it ccrtain]y achievable, A - 10-6 hf)und cm the iul~lyy.ing IJ(JWC:
WOUId w)rrmpond to a bonnd - 0.(13 ev cm W. ROUI r~ - 27rWa/D - 2n103 I;,
this itnpli~~ Rbound of 4 X 10 s on n’r, the ratio of the 7’”(Jddto ‘Z’-eveupusL~of
tho F - !V Axtive intrl w:tion, TIIe prewmt limi~m16 uc - b x 10 ‘~, m irnpruve-

ment d we k two ordcrc of lun~llitiutl~ in pomib]e, ~mrtimlmrly if enhanced d wave

admixtures tire Iucatedm



0, 9umnwy

We have eseimatd dcfcwmmtion a!%t UVM mctiana b neutron reuonancee
in an allgn.ed l’$l?o target. I%r ~wava raumuices, the effects m lwga. l% s-

wave remntuxes tith d-wave admixtures, the dhcti axe mua endlnr, but are mtill
accessible to nmaau.runani, particularly in capture me~aat~ d rmmmce total
cross acctionm, Locating a deformation eSect opens up the pmibility of a eenuitive
test of time rwerml violath
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