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CP-VIOLATION IN EXTENSIONS OF THE STANDARD

MODEL AND TIME REVERSAL VIOLATION IN LOW

ENERGY NT JCLEAR PROCESSES

Peter Hmcz~g

Thcordical Division

Los .AIanm !National Laborato~y

Los .41FUIIOS.NFW Mexico 87545

\Ve revirw and discuss time revmsal violation in Ma-decay and in

th~ nuclmn-nucleon interaction.

1. INTRODUCTION
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observed effect. Whether this is so or not, the new cP-violating il]t.eracticms

m~y Rive rise to obscrvnhle C’P-violation whine the stmclnrcf mm+! ccmt ril)lltion

is invisible. This underlines the importance of searching for C’P-violatillg and

tilne reversal violating effects in many processes.

In this talk w< shall discuss

the nucleon-1 .ucleon interaction.2

of T-violation in the beta-decay

time-reversal violation in beta-decay and in

Our aim is to consider the possible sources

and the nucleon- rucleon interaction, and to

Mscss the sensitivities required for cxperimellts to provide new information on

the underlying physics.

In the next section we discuss tinle revcrml violation in I]cta-decay. Section

3 deals with time reverwd violation in the

section contains our conclusion.

nucleon-nucleon iuteractim. Tile last

2. TIME REVERSAL VIOLATION IN BETA-DECAY

Time r~vcrsnl ( l’) violating cnrnponmts in t hc beta-decay intmnction woultl

Inanifcst t h~lllselvm in contributions to ‘1’-(dd cnrrrlations in the beta-tlrtay

prrhal)ility.3 ExpFrilnent al inforlnat ion is nvailahl~ on t hp codhcirnts f) and

f? of tllr c~]rrclations .: j- ;.. !;, < ;L,,’JE,E,, and ; < T :* w ~,;JE,(= .:

.,
!i-11 /“,,,/, ),1 I “J.,)1’,. 11”, ‘1 I
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the T-odd correlations. The contributions of the Kobayasl~i-Maskawa I>ilase are

sernnd. orfler in tl~e weak interaction (tl]e Ha, tlliltnllinn ( 1 ) is T-invarinnt; lllore

generally a T-violating phase in a V-A interaction can only be an overall phase,

which does not contribute to beta-decay ilk lowest orddr), and therefore they are

expected to be of the order of -- 10 ‘6S~S2Ss$6 ~ 10-’0(91 = sin 81, etc.; 8, are

the quark mixing angles). The upper limit for the contributions of the d–trrm

is also expected to be

the experinlental limit

al~d Eq. (37) below).

of tile order of lf)-g – l~--lo (since d is constrained by

on the electric dipole moment of the neutron; sre Ref. 4,

We shall consider liow contributions to Dt and I?t from possible new int.er-

actims, In allowed transitions and in lowest order ill the new interact ifms D~

is sensitive (.nly to T-violating interactions bui!t up from vector (V) and axial-

vector ( A ) quark and Iepton currents, while Rt is sensitive only to ‘T-violating

interactions with scalar (S) and tensor (T) qllark M](1 k=pton currents (ser Ref.

:1)+

2.1 THE D (’OEFFIC’IENT

The nlost g?neral intmaction for d -+ u r ‘-1/ r(~n~(rllcted frolll vect(}r a!l(l

-r!))(1

-yrl)J

(:)

N’llrrr I),h. (14A, (1// Itk /1/, ///.. l/11’) ;Ill!l 1’, ::, 1;, “ ::, /“,., “ (111(’



The constant a~ contains the nuclear matrix elenlents. For lgNe and for II-

(Im-ny an & – 1.~~ IMId OD & 0.87 respectively. TIIF l~est limit on l), /nn comes

froll~ 19;V e –decay. The experinlental value D = (0.1 i 0.6) Y [0 ‘3 ( Ref. 5)

yields

-(),86 x l(J-3 < ]’ /tlD c. l.~~ *: lf?-3 (90% C,l. ) , (4)

The contribution Dj of the electrolllagnet,ic final-state itlteractions has been

estimated to be of the order of 2 x 10-4 (p~/(P. )mnx ) (Ref. ~). A Il~W ~xperixllent

under way ~t l)rinceton expects to nleasute D with a smsitivity of 5 Y 10-5

~Ref. 71

Right- han~ie{i interactions can arise in Ix=ta-{iecay at the free level in left-

right synlllletric nlocieis (or other m0(ici9 iuvoiving new gauge i>osons witil right-

hancie(i coupiings to the fermions ), in mm!eis witil new qllarks an(i icptons wbicil

I]lix witil the usual oilrs an(i wilicil have rigilt-ilnncie(i Collpiillgs to the 1$’, all(i

in mo~iels invo~villg iept~quarks,

L~f!:~i&_j-V lllll]g~ri~.kflddx. Left -rigilt syll]metric mmieis arr attractiv~

rxtellsi{jns of tile stall(iar(i eiectroweak n~miei. wilici] prrwi(i~ an ul~(ierstandinu

of tt~e {Jrigil] of parity -vioiatif)n ill ti~c weak inter action~. n The simplmt lllo[iris

are I)aseci on tilr gauge grollp S’/T(’2)[, w ,S1’(2)~ ~ f‘( i ), in t hew Ill{xiels t here

fire t w() (Iistillrt cllargmi gauge 1)0s011 fici(i ~1’1. all(i ~~’no ‘1’iirir c(}llplillg to til~

fdrl]lions is ({rscritmi I}v til~ IJngrangilill

1,

(“,)

I(; I



The quantity qI, R is given by

(7)

where o IS a (’F’ -violating phase in [-R {((’R ),,~ = e!” cos d!). :~ssulllillg that

g~nlf g~r)i~ can be neglected relative to one (r771 and m? are the masses of’ 11’1

and 11’2, respectively ), as il~dicated by t lle analysis of Ref, 9, it. can be shown

that the second ternl in Eq. (3) can be neglected, so that Dc is given byl”

gR COS~;
D, 2 ---aD — ——L( sin (n + w) .

g~ Cos 191
(R)

TIIe phase n + J mntrihutes also to the electric dipole moment of the nmltrnn

Dq and to ~’ c. The upper Iilnits ml I Dt OD 1 from tllcse ol)servaljl~s are

::3 . 10”5 ( Ref. 11), I)ut they arc not as reliable as the lin~it (1).

f ,(
1(,11, < /i .1)1 //;/ , I);i ;111(1 tJ;, ;11’1’ Illv 111111, I,, !;l\y ll]l~lllu ;Illulr< ;l. \l)fliltf ’fl

‘Nltll 1}!1’ II ,. I:ltk ;(II(I IIIV II (Ill;ltk, :111(1 1// I. I tIItII I It, 1 Ilf’ I’lf’!llt’ills (11 \ /, ‘!1’(’



in general complex. The phase in (~fi)U~ contributes to Dt ( Ref. 14). Writing

(Cl?) u,{= C’@(r ;),,,{. where ( VR ]u~ is real, we have

An upper Iilllit of --- 3 w 10-5 on I 9fi9j( C-R )Ud sillf$ I follows again fronl 11~ and

t’ t,

LeDto~l~a.rk Exchat]ue, Leptoquarks are hosons ( s~)ill-one or spin-

zero) which induce quark + leptcm transitions. They appear in n~a[~y ex-

tensions of the nlil~imal standard nlodel. *5 In models where they do not induce

prottm decay, leptoquarks could be Iigllt mough t.~)cause observable effects ill

sonle Iovv-ellergy processes. The couplings of Ieptoquarks to fermions may be

C’I)- Violating all{i could even be respollsil)le for t Ile observed (.:P-violatioll.l H

The d - MC - u, t ransitioll can be mediated hy either Ieptoauarks of Q ( =

electric charge) = ~ or Q = ~ ( Ref. 17). }Ve shall cienotr spin-one and spill-

zero Ieptoquarks of charge Q by -Y(q) and }; ~,, respectively, Assulnitlg lepton-

llull~ber conservation, t he n]ost general four -ferlllion interaction for d + t(e – l~r

Ke[lerate(l l~y tile exchange of these le~;to(lllarks can t~e writt~n asls

/1, ,, ,, 1= h,, l“I’,ll’(rl’; f, J 1/,(’, , (Ill_
f,]

s 111!’ IIlo(lll!’t It/// (1 ;,,, \;llll\ll (.\ 1(11” ;111 Illf ’ Il; lllllll{llll; ill< i I I ) (11):



● a~~ = O for X(213) and Y; l/t) – exchauge,

It follows that only -Y,~,S) - }i2~s) - f=xcha!lge can contribute to Dt and

also that Z-lt receives contributions only froln terms involving the left-handed

nf=ut rino. For .Y( , ~, - and ~2i~, - exchange one has14

(lD 1
— ——— . lm(hvv+ hAA–hv A-h Av)

“ – (g2,8i\f;v)t’.d ~
(1.5)

and

Dt =
flD 1

——. —
(gbs,ll;v)[’ud 8

[m (fs.s – fpp – f.s-p + fps) , (16)

respectively.

Includi;lg only the fermions contained ill tile standard model, and assuming

lept on-number conservation, t here can be nine types of spin-one and nine types

of spill-zero Ieptoquark states for a given fertxlioll generation ( see Ref. 19 ): t wo

\veak isospill sil~glets. two doublets and a triplet in each case, The .Y(,1~, .

anfi }; 2,3, - type le~toquarks are the weak isospin (Ioublet states ( R2 )- , (~2 j +

anll (\\,, ).. ,( F21, )+, respect ively. oo Their Couplings to the feril:iolls are given

in Ref. 19, Let us collsi(ler ( t~p ) _ and (~;2P )+. Their couplings relevant for

(! + fle - i~~ are given hy

ti(,l] Snow’s tllilt if (l”~,, ,1 r(jillcides with tile tllass-ei Kellst ate, thf= cf)tltrlt)lltif}l] ~~f

Let



For (R2 )-, (fiz ) + the coupliags involved in d -+ UC-U, are given by

where ~,L, ~R and ;L are products of fermion lllixing-nlatrix elements. .Again,

a contributicm to Dt arises only if there is a mixing between the two leptoq~lark

states, It is given by (see Eq. 16)

where v’ is the ( Rz )..- – (Fa )+ mixing angle, defined in a wwy analogous to (1S),

and mlY, mzu are the luasses of the mass -eigenstates.

As ti,e couplings ( 17) and (20) do not ct)ntril~ute in lowest or~!er it]

leptoq~lark-excllange to nordeptonic processes, D~ is not constrained significantly

Ijy D~ all(l c’; c. D, ~ due to leptoquark-exchmlge could therefore be as large

as the experinlmltal limit (4).

2,2 TIIE R–t’O EFFICIENT

F~~r a scalar type illteracti(}l] Rt is givetl hy ( kf “IlfgoIlly terlns linear ill tile

(’ollpllll~ (.’oll St iillt S of t lle l~ew il]teractiolls )

If,,

Ii (),1< l~l”, ”; (1.1, (211



A comprehensive analysis of beta-decay data yieldsa2 ( I ~S IZ ~ [ PS’ l?) < 0.2

(!)5Y0 c.!.). It follows tllrit I 17n(rs – Fs’) I < 0.28, an(l tlllls

(R, )si < 7.3 x 10-2 (! MT!Cl.) . (25)

For a tensor il:teraction

(&)r = UR’zT71(~T – ~T’) , (26)

where ~~ = ~~;( –gzl’8~f~t,)[7Ud,~~’ = ~~’,;( ‘g2/’8ilf~v)(Tud;UR’ N 0.18 for

lie-decay. C~, ~~’ are defined hy

Data on ti= –longitudinal polarizations imply23 ! Im( PT

10-2 (95 TC.l. ), and therefore

!(Rt)Tl < 1.6 < 10-2.

.4 possible source of scalar-type couplings is charged Higgs-lmmn

( ‘Ilarue(l Higgs hosons are present, already ill tlIe stan(lard Illoflel if

sf=rtoris exten~led for example by ad(lill~ additional Higgs dolll)lets.



leads to the conclusion that the Lilllit on ( Rt )5 from the experimental Lmit 011 Dn

(spr lTq. (37) in Section 3) is w~akm th~n (21), l~llt thnt the new exreritnentnl

linlit. 1)1] DC((DC )Cxpt = ~ ‘~.~ + ~.~) ,x l{l-~it’clll ( Ref. 27))) ill]plies a lilllit

l(~t)si : 3YLW3, (30)

The upper limit on I (R, )T I from D, is ~ 2 x 10-3. Tl~e contril)litin Rf of

elect rolnagnetic final-state il)tcractions is -- 10-3 ( R~f. 26 ).

Another possible source of scalar-type beta-decay couplings is the exchange

of spin-one or spii~-zero leptoquarks, Spin-zero Ieptoqllark-exchange leads si-

Illultalleousiy to tensor-type effective illlernctif)lls. Iu renormalizal)le gallge

t Ileories with elelllel~tary ferlnions t Ilis is the fJIIly nlechanism which can gener-

ate tel~sor-type l~et a-decay colll)li]lgs at t lIe tree level. There is an upper Iil]lit

of a few tillles 10 ‘4 for tile leptoquark co:ltrit)ution to Rt, due to a constraint

from the expcrilnental result on tile ratio (J{ K - ev to r + /iv rates (see Ref.

ill.

This concludes our discllssiou of T-viulat ion in beta- (lecay, ,Ailotller po-

tential so~lrcc of illforn~ation on T-viol rttillg interactions, tl~is tillle on those

illvolvillu tile 11111011, is nllciear nluotl-ra[)tllre. Nill]ai (-’. hlukhnpa(lhyay anfl I

ii~~ cu~ rent Iy i[lvest igati Il~ t Ile avail aijle c(~Ilst raillts (JH T-violating Illuon-(l[lark

t’ol]pjill~s, allfl tile sells itivit, y of I]IuOI1 captllre ol)servat}les to $Ilcll coll~)lillus.z~

3. TIME REVERSAL VIOLATION IN THE NUCLEON-NUCLEON

10



3,1. T-VIOLATION IN THE

P.-l RIT}” VIOL.4TION

Simultaneous violation of

N-N INTER A~TiON WITH SILll,TLTANEOVS

parity-conservation and t illle-reversal invariance

1P. T–violation ) in the N-N interaction can k described, in analogy with the

description of parity -vio1aticm,28 in terms of nonrelat ivist ic potentials, (Ierive{!

(ignoring two-pion exchange) from single-meson exchange cliagrall involving the

lightest pseudoscalar and vector mesons. F’, T–violation in tile N-N interaction

is parall~etrized in this description by the strength g~l~~V,V’of the iv --+ .V.lf ]na-

trix eielnents of the various isospin (I) compoxlents of the effective P, T-- vioiat ing

flavor conserving llol~leptollic Hamiltoniall

(31)

lVe shall consider ouly the contribution of pio]l exchange. In contrast with

T-invariant P-violation, where pion-excllange contributes ol~ly for an isovector

Hall] iltonian. a P, T–violatil]q pion-exchallge force exists for all the possible

\. II r
“, 1-

.1 (-T

tile

~’))

:{:; )

3.1 )

.,

contrlt~lltes. l’he lsovm.torn p~)t~.lltiali for exalil})ie$



Let us consider tile empi!ical constraints on tlie cotlstants ~~~~lv’.

Stringent limits 011 ~~~J,V’ follOW from the experill~el~ta! !in~it on tile Plectric

(iipole Illolnent of the neutron 11,1. The colltributiol~ (>f tl~e charged pi~~n-

nucleon, P, T – violating couplings to l)q !Ias been calclllat.ed in Ref. 33 enlploy -

illg sidewise dispersion relations. Sidewise dispersion relations have been used

successfully to calculate the anomalous magnetic moment of the nuclecms. 34 Tl]e

input for these calculaticws was the strong ,V - .’V7raml~litude, and tile pi(Jn-

~~llc~t{]~}rocl~lctiol~amplitude in the region near threshold. The calc~llation of Llw

is analog~us, with the P– alld T–invariant .V -+ jV7r anlplitude replaced !Jy a

P, T– vioiating one. The cent rihutiolis of the P, T–violat ing no N i%’ cotli]lil~gs

have l~ot ve~:n yet rstimated. J udgi!lg from the ratio ( - 10’2 ) of the experi]~~el~-

tal cross-section for Ileutral and cllargecf pioll photoproduction at threshold,35

v:e shall assull~e ( see Ref. 36) t ilat the contributions of the neutral pion cou-

plings are suppressed relative to tile charged I)ioll ones by about an or(ler of

llln.Kllitutle, ‘~llis assutllpti(~ll and tile resillts of Rrf, 33 yielfl

for tile (olltril)ll

illll)lies

1?,, -, !) ~ lo-”%m(fj:”;v” : (), h/’’;\’ j’;.,v’).,. m.” n (:16)

‘1)
iofl of {jy,v,v’ to 11”, ‘1’IIFvxp~ril]lclltal lilllit”7

/),, ].’J . ![) ~r’,,(,,, (’)r)’’; r.l!)

I .’



The experimental result cl(12*Xe) = ( –0.3 A 11) x lf)-ze for Xe atonls (Ref.

40) gives n w~nker Iilnit (I>y al~nllt R factor O( (1) on tlie SRIIIIUqllal)tity,3q All

experilllellt oll P, T–violation in TIF (Ref. 41) sets a limit c{~lllparrtble t{) (39),

but the corresponding calculations involve large uncertainties.3g

A new versioil of the mercury experiment is unfler ‘Ivay, and is expected

to improve the accuracy of the previous experinlent by at ieast an order of

[Ilagllitu(le.qz

Alnong nuclear transitions high!y hindered -y–decays, where the initial or the

final state hM a nearby state of opposite parity, call be s~nsitive to P, ‘1’-vl(~lati~}n

in the N-N interaction. Only one experiment of this kind has been performed

so far, studying the ~ –decay of a met. astable state of ‘80Hf (Ref. 43). A rmlgh

est illlate of tileefYect36indicates tl~at all illlprovenwnt of tl]e sensitivity of tlIe

experilnent hy about a factor of 500 wmlld result in a Iiluit for g~~~,v c(lmpara~)l~

to tile Iil]lit frOnl (38), For the other constants an il]lprovetllmlt l>y ff~tlr orders

of I]:agnitll({e WOII1(I he required,



assuming that the nuclear factor involved in ,1, which in general coulfl change

the expectations ( Ref. 45) is of t!le or(ler of OIIP). .4 rnllull pstil]late30 i11~\icatp5

tl]at for g~~~r,v’ > 10-10 one would Ilave ~ >4 * 10-3. For g~~.,Y’ a]l{l g~~jr,v’ ,4

is ( barring cancellations in (38)) smaller b! atmllt a factor of 20, ..4 nleasllre-

mellt of pp, r with a statistical

L.+?i S{’E ( sw Ref. 44) facility,

have Ilut been eliminate! yet,

accuracy 0( 10-”5 – 10-6 appears feasible at t lle

I]ut sollle difficulties involving Syste]l]atic effects

111tilt= standarci model the cent! lbution of the Kobayaslli-h laskawa phasr to

g~~~i,v’ is too slnall to I)e observable: a T violating flavor-conserving nonleptonic

interaction arises only in second or(ler in the weak il]teraction. Olle expects

therefore g~’~,v’ ‘- (lo-ti):9;~?$3~6 = 10-l C. .4 tletailed estimate finds tllc

P, T violatiug rrO.V,V coupling constant to he of tile order ,lf 10--17, The 4.

tern] gives rise to g~~~.,~,’( Ref. -1). This cent ribllt ion ran lM as larg~ as allowe(i

( l)arriIlg cancf=llaiiolls) by the Iilllit ( 38 ).

\\ ’f. II,ttf, llI;,t ;II, ,(,lt.~;,,ti(,,, ;III;,I,)u,I,II. t(, ( I(II , ,111 1,, ])1,.,,IIIt ,I\.11 III 1111,141

Wltll t, Klltll’ lVl”llll{)ll\ (’+?,r $t, (tl(Jll ‘2.1 1 I Ill’ ,1111!! 1111.01 till\ Illtl,l’; i(t loll 1, !111,

~;lllll’ :1.K IIl; ll !11 I 101, I’xl’f ’i)t tll; it 111{’l~ll; ll!llti 11///
/{,/, Il(ll\t/, ((l\//{ 1(, .,111(!1 , AI

l’. 11’llldll’(1 ll\ q,< ;il l/, ‘1,,,1 1!1,; l’~’f’ 1’:(1 ‘J1
!!

I Ill. !l, \llltlllk 11111.$ ’lllt f], , \’ 4 ;111

,, U;IIII 11P ;l~ I;,I’KV;,< ;,IIIIWV,! ll\ ( ‘{xi
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3,2 PARITY t’ONSERVING T-VIOLATION IN THE N-N INTERACTION

Ill a lllo{lel where P-conserving T-violation in tile N-N interaction is rte-

scrilml l~y single ]Ilesf)ll exchanrge diagrallls, tile str-engtll of T-violation” is cl]ar-

acterized by t Ile ~ffc(’t ive coupling constants g,If N,v, {Ietined l~y

T ~ Al’ > x gdll,v,v v< ,lf J’VI H (11)

wllt=re /lT is the P-conserving T-violating Han]iltonirtn. The ljghtest single

ll~eson state that can contribute ill this case is the P* ( Ref. 48).

TIIe experil~~ellts that prr)l~e p, T-vi~Jintioll ill tile N-N interartiotl constrain

also P-conserving ‘T-violation, s;nce a P-conserving ‘r-violating interaction can

give rise to a P, T’-violatil~g effect tl~rougll interference with tllc weak iliteractit)ll.

The ]uost stringmlt Iilllit oI~ jhf,v,v frolll such experiments comes froln the lilllit

(37) orl Dm. ‘1’llere is no well foun(led calculation of the contribution of a

Kiven j,fI,Y4Y to D,,. Taking g,lr,y,y to represeIlt t Ile strength of T-violation in

tl]e fla\’f)r-c{)llservillR lladrollic iuteractiolls, a ruug!l estimate of Ii,, is4g n,, ‘-

(f ,1/) (f;.\l~ 47r)g,\f,v,v ( L1 = 1111(”1(’011lllnss), S(J Il]at I j,tf,v,v [ : 6 x 10-6,

,\llowil]g aII or(ler of nlagnitu(le for the IIllcertaillty, we shall take tile Iit]]it from



the presence of a ( F. . in x 7) (F. . 7’) term, 44 In the vicinity of a compound

p-wave re~onancc in medillm heavy nllclei thr corresponding cross-swtinn asym-

metry p7 is enhanced: , m x ( 103-105 )d, where d is, roltgllly, tile ratio of the

matrix elements of the T-violating and T-invariant potentials. s’ To derive lin]-

itS frOlll all eX~erilllental liIllit 011 PT Will Ce(lllire Ilere a!SO all allal~SiS

of T-violating potentials,

ln tile standard model the constants j,J(NN are Ilegligibly small:

t rlbut, ion of the Kobayashi- !vlaskawa phase is expectrd to I.M of the

ill tertlls

the coil -

order of

-~. 10- *6 (like the contribution to the P, T-violating constants): ~~f,vN flue to the.

8–t~rnl is also negligible ( < 10-15), since the @–ternl can contribute to gfi~~,v

only throllgh interfermlce with the weak interaction.

Tl]e first orcier flavor-conserving nollleptonic interaction in SIT(2)f, y

S[’( 2 )R X IT( 1 ) Iilod’eh, and ill lllOdeh with CXOtiC ferlIliOl]S h8S 110 p-COllSel.Vill~

‘r-violating part. one expects therefore 1 j,~f,vtv I ~ 10’16. The abspnce of

a first order flavor-conserving P-conserving T-violating quark-quark ;llteraction

t Ilrns out to be a general feature of renormalizahlc gauge models with elcmem

tary (Illarks. Onc call prove that iv a renornlalizable gaugr thwwy with eleNletI -

tary (Itlnrks a coupling of a boson of any kin(l tt} fernlion pairs l.at~llot Kel~ernte

n tlav’)r-~.f)llservillg P-conserving T-violating qllnrk-q~lark illterartioll to secon({

t~r(ler i!] t Ile I)osotl-ferl]li(>l]” cotlplillgs, sz ‘1’lle sim of the constnnts ~Rf(v~ in sIIcII

ll~t)(lrls is therefore expected to be gpnerally tllucll iwlow thr I)rt=srnt Iill]it. I 11

II I(I(itsls wltll col]lp{~site tl~larks flavi~r-(.{)llserviil~ PcotlsrrvittK ‘1’ violntillg efTec -

tive [llii~rk.qll;irk illterartiolls IIIay I)e in(l~]ct*(l I)y follr-prcm interactions t}i~t

Il~j Ilot (ollsrrvr flavf)r ,53 ~rF fill(! t.]lat ill Sll(’h IIII,MIFIS$~~fN,N of IIIF’ (}r{{?r {~f

10 “ 1[) d iirl’ IIOt rlllefl f)llt,s3
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what type of new p~lysics can be probed by experiments searching for T-violation

ill lf}w-energy nuc]enr proc?sscs, anfl to assess t lie scnsitivit ies rcqllirr{l for ex-

perill~ents to advance our knowledge about the ,lew interactions. Below we

s[llllmarize our conclusions.

. The T-violating component of the D-coefficient in beta-decay can receive a

tree-level contribution in left-right symmetric models (or other models involving

new gauge bosons with right handed couplings), in models with exotic fermions,

and in models with Irpt.oqurwks. Experiments on the D-coefficient have exclilded

the presence of the associated interactions with strength a}>ove -- 10–3(;. l’he

leptoquark contribution ran be as large as the present upper lil~~it fur D. III

left-right symllletric models and in lllodels with exotic frrmions more stringent

Iilllits t Ilall the present experilnental Iinlit on L7 follow ironl the ~xpcrinlent al

rmlllt 01) Dn and r’lc. However these lwun~ls are not rigorous, in view of the

Illlcertail]ties in tile calculations.
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unless there is a strong dynamical amplification of the studied effect, Possible

canrlitlat es are some hindered ~ –decays, and nel.lt roll t ransn]ission experilnents

in some me{lium-heavy nuclei. When Coltlparillg lilllits fIwlIl ollIer ~Jrucesses

with those obtained from the electric dipole moments, one has to keep in lllill(l

t hat the estimates of the dipole moments arc subject t{) u]]known uucert. ainties.

Limits from other processes are therefore ilnportant even if they would not be

quite as stringent as those from the dipole moment.

● The upper linlit frol~~ Dn on the P-conserving T-violating meson- nucl. wn

coupling constants j~fNN is of the order of 10-4, This limit is based only on

a rough estinlate, since unlike for the P, T-viulat. ing n+ .VN couplin,; collstal~ts,

t Ilcre is no well founded calculation of the contribution of a given ~MNN to Dm.

The best upper lill~it on T-violation from nuclear processes is 5 K 10-4 ( froln a

{Ietaiied balance test ) for tile ratio of the T-violating to T-invnriallt al~~i~litude,

~’]ie illlplication for ~fl~~f’j is not known.

(~n the theoretical sid?, the size of the P-conserving 7 -vinlating IIlmOII -

nurlm)n couplil~g constants is expecterf to t~e Illuch I)elow the present Iilllit frotu

D,,, altl~ollgli values not Iar from this Iinlit cannot he rllled ollt,
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