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T-odd correlations in 7—ev,y and m#— v,y decays
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The transverse lepton polarization asymmetryrjp, decays may probg-violating interactions beyond the
Standard Model. Dalitz plot distributions of the expected effects are presented and compared to the contribu-
tion from the Standard Model final-state interactions. We give an example of a phenomenologically viable
model, where a considerable contribution to the transverse lepton polarization asymmetry arises.
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I. INTRODUCTION The 5, decay has a much higher branching ratio than
ez, decay, and experimental measurement of muon polar-
T violation beyond the Standard ModéM) is usually ization is simpler than that of the electron. Unlike in.,,
searched for in decays forbidden by time reversal symmetryecay, however, FSI contributions and contributions ffbm
Another way to probeT violation is the measurement of violating interactions to the transverse muon polarization are
T-odd observables in allowed decays of mesons. A welbf similar shape, as we show in this paper. This means that
known example iK°— 7" 7~ e*e” decay, where th&-odd  only those new physics effects may be detected which are
correlation is experimentally observgt and coincides with  stronger than FSI, but if this is the case then detecling
the theoretical prediction of the Standard Mo¢2]. Other  violation in,,, needs much smaller pion statistics than that
widely consideredT-odd observables are transverse muonrequired in the case afp, .
polarizations Py) in K—7uv andK— uvy decays. There To demonstrate that pion decays may be relevant pro-
is no tree level SM contribution t®+ in these decays, so cesses where the signal of new physics may be searched for,
they are of a special interest for the search for new physicave present a simple model of heavy pseudoscalar particle
Unfortunately,P+ is not exactly zero in these decays even inexchange leading in the low energy limit toTaviolating
T-invariant theory—electromagnetic loop corrections con-four-fermion interaction. We find the constraints on the pa-
tribute to P+ and should be considered as a backgroundrameters of this model coming from various other experi-
There is no experimental evidence for nonz&pin these ments and describe regions of the parameter space which
processes at the present tifi#e4], but the sensitivity of the result in largeT-violating effects inmr,, decays. Depending
experiments has not yet reached the level of SM loop conen the parameters of the model, an experiment measuring
tributions. transverse lepton polarization with pion statistics of
In this paper we study the decays—evy and =  10°-10' pions for,,, decay and 18-10" pions for m,,
—uvy. Within the Standard ModelT violation in these decay is needed to detect theviolating effects(taking into
processes does not appear at tree level, but interactions cosiecount statistical uncertainty only and assuming ideal ex-
tributing to it emerge in various extensions of the SM. Weperimental efficiencigs
shall demonstrate that,,, decays are attractive probes of  The paper is organized as follows. In Sec. Il we introduce
new physics beyond the Standard Model. Depending on tha generic effective four-fermion interaction giving rise to
model, m,, decays may be even more attractive than theT-odd correlation of lepton transverse polarization and cal-
usually considered,,, decays. culate the distributions of this polarization and of the differ-
Although 7, decay has a very small branching rafib  ential branching ratio ofr,,, decay over the Dalitz plot. In
is of order 10 /), we find that the distribution of the trans- Sec. Il A we estimate the contribution of the final-state inter-
verse electron polarization over the Dalitz plot significantly actions to the observable asymmetry. Section Il B is devoted
overlaps with the distribution of the differential branching to the constraint on the effective Lagrangian coming from
ratio, as opposed to the situation wih,,, decay. Moreover, the measurement of—|v, decays. Generically, this con-
the contribution of FS(final-state interactions related to SM straint is quite strong, but it becomes much less restrictive if
one-loop diagramsto the observable asymmetry, being atthere is a hierarchy of the constants in the Lagrangian re-
the level of 103, becomes even smaller in that region of thesponsible for the observableviolating effects. An example
Dalitz plot where the contribution from the new effective of a high energy model of violation is presented in Sec. Ill.
T-violating interaction is maximal. Thusr,,, decay is po- The constraints on the parameters of this model emerging
tentially quite an interesting probe @fviolation, although it  from the measurements of muon lifetime, from the study of
is worth noting that the experimental measurement of electhe parameters of kaon mixing, and from the experimental
tron or positron polarization is quite complicated. limit on the neutron dipole moment are considered in Secs.
IIIA, Il B, and IlI C, respectively. It is shown that for ge-
neric values of the model parameters the measurement of the
*Electronic address: fedor@ms2.inr.ac.ru CP-violating parameter ¢ forbids new observable
"Electronic address: gorby@ms2.inr.ac.ru T-violating effects inm,, decays, but if the parameters ex-
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hibit a special pattern, thé-violating effects inm,, may be  vector and axial-vector form factors of pion radiative decay;
large. the effect coming from the Lagrangidh) may be absorbed
in the f . form factor

II. T-VIOLATING EFFECT IN 77;;7 DECAY

_£0 | 0__
Let us consider the simplest effective four-fermion fa=Ta(1+Ap), 1,~130.7 MeV, )
interactiort with
Lef=Gpdysu- v (1+ys)| +H.c. (1) 26, B,
that may be responsible fdrviolating effects in pion phys- P GF0059 m’
ics beyond the Standard Model. Indeed, the imaginary part of
the constanG'P contributes to transverse lepton polarization m2
in decays,, . Bo=— 2( lqqlo )— ~2 GeV.
To calculate this polarization let us write the amplitude of (f3)

the decaya-rﬁ27 in terms of inner bremsstrahlun@gB) and

structure-dependeiSD) contributions[5—7]: We write the components af in terms ofé, a unit vector

along the lepton spin in its rest frame, as follows:

M:MIB+MSD1 >
. 3 So -
with = m s= E+mP
Ge In the rest frame ofr™, the partial decay width into the state
Mip=ie—= 7z cos,f me Ke, with lepton spiné is found to be
Gr R dr'(é)= —|M|2(2w>45(p Pe—k—0)
Mgp= —|eﬁ cosfce, L H"", (2 ) ) )
y dq dp, dk
where 2Eq(2m)° 2E(2m)° 2E,(2m)%
P pf“+5|7“) with
Ka_u k 1+ A - 5S L
u(k)(1+ys)| — 04 2n1q v(pr,s) ) ) o
IM[2=po(x,y)[1+ (P e + Pyey+Prer) - €]
L,=u(k)y,(1=ys)v(pi.s), wheree; (i=L,N,T) are the unit vectors along the longitu-

dinal (P,), normal (Py), and transverseR;) components

Fa Fyv s of the lepton polarization, defined by
H’”’=—( QMVPQ+D”QV)+I 8’”’“ UaPp> 3

with the convention for the Levi-Civitaensore®%3=—1. e - I0| - PIX (X p) a axp 5
Heree, is the photon polarization vectqgs, k, p,, andq are L |I0|| “exaxpl T laxpl]

the four-momenta ofr*, v, I*, andy, respectivelys, is

the polarization vector of the charged lepté, andF, are  respectively,

— 26_'2: 320 1—\ w 241 2(1— 1— _r_ + Fu+F 2_2 1— _I‘_|

pO(Xuy)_e 2 co C( ) )\XZ X ( rl) X )\ m X \ A 1_7\ X )\
) 5 r 1-y+A\

+|Fy=Fa[“(y=N) | =4mm{| R f (Fy+Fa)*]| 1— X—— —Ref (Fy—Fa)* ]— :

additional scalar, vector, or axial type interactions do not contribute to lepton transverse polarigation
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with A=(x+y—1-r)/x, r;=m¥M2, and x=2pg/p?
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nuz,y 1 Oy=Cp

=2E,/m, and y=2pp,/p?>=2E,;/m_ are the normalized
energies of the photon and charged lepton, respectively. Ir

1.56

157 -

terms of these variables the differential decay width reads

dr(§)= ———|M(x,y,&)|2dx d g
(&) 32(277)3| (xy.,8)]| y £
T
m N 152
= ——"—[M(x,\,&)|?xdxah. (6)
32(2m)3 151

For the transverse lepton polarization asymmetry
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_ pT(va)
Prixy)= po(X,y)’
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FIG. 1. The contour plots for the functidnry— o] for 7,
andme,, decays, which describe th; distribution over the Dalitz
plot [see Eq(8)].

As one can see, in a large region of kinematic variables,
[oy—oa] is about 0.5 for ther,, decay. This means that
the transverse electron polarizati®y for this process, Eq.
(8), is of the same order as [d§]=5%10*- IM[GR/G¢]. It
is worth noting that the region of the Dalitz plot where a
largeT-violating effect might be observed significantly over-
laps with the region where the partial decay widtfmr,,)
is saturated(cf. Figs. 1 and 2 This is in contrast to the
situation withT violation inK ,,, decay(see, e.g., Re{5]),
where the analogous overlap is small, so the differential
branching ratio in the relevant region is smaller than on av-
erage.

The situation withmr ,,,, decay is less attractive: one finds
that I A£]=25Im G4/Gg] and[oy— 4] is of the order

The asymmetryP; is odd under time reversathe sign of
£e; obviously changes under time revejsandPy andP, ,
defined analogously to E§7), are even under time reversal.
Moreover, one can show that interacti@h) does not con-
tribute to Py and P, [5]. One observes tha®; is propor-
tional to the imaginary part oAy, so it is convenient to
rewrite Eqg.(7) in the following form:

uZY)

/ 1ﬂtot

10% dl'(n

Pr(x,y)=[ov(X,y) — aa(x,y)]- IM[AL], (8)

where

ov(x,y)=2e’GZcogo,m2m f2F,

T (o)

pO(va) A

UA(X,y)=2e2G;2:coszﬁcmf,m|f?TFA 151

Ay

16 ——
8
4

; allmfled rﬁgior}

PO(XaY)

Taking F\,= —0.0259[conserved vector curref€VC) pre-
diction] and Fy=—0.0116[8,9] we present in Fig. 1 the
contour plot off oy —oa] as a function ok andy for 7,
andm,,, decays.
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of 10 3-10* over the Dalitz plot. Moreover, the decay rate
is saturated in the region of smadl(low energy photons
where theT-violating effect is small. On the other hand, the
branching ratio is larger by three orders of magnitude than
that of m¢,, decay.

0.8

107 Al (e, )Ty

0.2

; al\olwedI regio

0

0.1 02 0.3 04 05 0.6 0.7 0.8 0.9 1

x=2E7/mTc

FIG. 2. The distribution of differential branching ratios of,,,
andmg,, decaysimultiplied by 16 and 10, respectively over the
Dalitz plot.
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where § is the radiative correctiorf14—17. The four-
fermion interaction(1) changes the prediction:

i
"1+ a42

1+2RGAL]+ (REAE])?+ (IM[AZ])?
1+ 2R AL]+(REAL]) 2+ (IM[AL])?

. 0 OAIOaSIIOO‘?;Ede:iOO.Z 0.25 0.3 0.35 0.4 0 0T1a”0°i2we§;e(g)=: 0.5 0.6 0.7 0.8 0?9 1 Thus to the Second order mp One Obtalns the ConStralnt
X=2EJI’\']TE x=2E1/mn
—2.9x 10 3<f(A§,A8)<0.4x10 3, (10
FIG. 3. Transverse lepton polarization due to FShif,, and
Tep, decays. f(AR,AB)=RgAR—AL]

A. Flfwal-state interactions . . + %RG[A?;—A’S]RG:A%—?JA'S]
Now let us estimate the SM contribution to the
T-violating observableP. This contribution arises due to 1
final-state interactions—one-loop diagrams with virtual pho- + EIm[AE—A’F‘,]Im[ASJr ABT+O(A3)
tons. These diagrams are similar to the diagrams leading to
the FSI contribution irkK — n v,y decay. The latter contribu-
tion was calculated in Ref10]. Thus FSI inm,, may be
estimated by making use of the corresponding replacemen
(mg—m,, etc) in the formulas of Ref[10]. The result is
presented in Fig. 3.

For the m¢,, decay, the X,y) distributions of the FSI
contribution and the contribution from the four-fermionic in- ujee —
teraction(1) differ in shape. Specifically, part of the region GplGp=m,/m. (D
with maximal Py from the four-fermion interactiofil) cor-  Then the contributions t& cancel: indeed, if thes-e hier-
responds to the region of smaty from FSI. This implies  grchy (11) is satisfied, them&=A% and the result for the
that, if measured, thePy distribution could probe the 4iin R coincides with the SM prediction. In this case any
T—wolsmng Ln;ueractlog (1) with an _accuracy higher than A ] are allowed, and although the decays we discuss are
ImM[AR]~10"" (IM[GR/GE]~2X10" 7). Again, this is not rare processes Bi{—ev.y)=(1.61+0.23)x 107 [9.8],

the case foK decay(see Ref[10]). i
w2y v 110D Br(m— pmv,y)=(2.00£0.25)x10"* [18], even experi-

For the 7 ,,, decay the situation is less promising. The . ) X -
contributions from the Lagrangiatl) and from FSI are dis- ments with relatively low pion statistics have chances to ob-
serveT violation in 7, decays: the total number of charged

tributed over the Dalitz plot similarly. So one may hope to>:
pions should beN = 10® for ey, andN, =10 for 7 ,,, .

_\/I i i i g
p>r<ig?lT wolat;ng mteracno_ns only at the level Imp] Note that to the leading order iy, the bound10) con-
= (IM[GE/GE]~3X10?). . .
strains only the real parts of the coupling constaBtsand
G} entering Eq(1), while constraints on imaginary parts are
weaker. Thus, for gener&@# and G; [if the hierarchy(11)
~ The interaction terntl) not only gives rise tdl violation  goes not hold, i.e., if there is no cancellation betwagrand
in m—lyy decfe\ys but als_o contrlbutgs to the rate mf_ A%] one obtains |R§Ap]|=10"3 and |Im[Ap]|=0.03.
— v decays. Since the ratio of leptonic decays of the pionyance in this case experiments aimed at searching féo-
has been accurately measuféi1-13, lation in 5, decays should have sufficiently large statistics:
the total number of charged pions should Me=10"! for
Teay andN_ =10 for 7,5, . Note that in ther ,,, case the
contribution of the new interactiofi) to T-odd correlation is
=(1.230+0.004 X 10~ 4, (9)  at best of the same order of magnitude as FSI effects. One
can hope to discriminate between them only if they have
the coupling constant§} and G4 are strongly constrained. different signs, i.e., IfAg] is negative(ct. Figs. 1 and B
Indeed, the standardv(-A) theory of electroweak interac- In models with REGp]~Im[Gp] and without the hierar-
tions predicts chy (11), the bound(10) from 7—Ilv decays implies

at 95% C.L. Constraints of-violating correlations inm,,,
decays, which result from Eq10), are model dependent.
Eny constraints on the coupling constai@$ and Gy fol-
lowing from Eq.(10) are evaded, if there is a hierarchy in the
coupling constants,

B. Constraint from «—|v decays

I'm—ev)+I'(T—evy)

- FNr—pv)+T(m—pry)
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[Im[Ap]|=10 2, which significantly constrains the possible . A SIMPLE MODEL: HEAVY PSEUDOSCALAR
contribution of the new interactiofl) to T-odd correlation in EXCHANGE

72, decays; namely, the contribution to the,, decay To illustrate that the hierarch§ll) may appear naturally
should be of the same order as or weaker than that from thg, |5, energy physicgthus theT-violating effects may be
Standard Model FSI. The constraint drf, means that the  gygficiently large we present below an example of a model
effect is at least two orders of magnitude smaller than thgyhich can lead to the effective interactiéh with coupling
FSI effects inmr,5, decay. Nevertheless, as we discussed, inonstants obeying the hierarctiyl). As we show, this model
the case ofrey, the difference inX,y) distributions of FSI - may be considered as “proof by example” of the fact that in
and four-fermion contributions may allow one to discrimi- gxtensions of the Standard Model, the lafgeiolating low

nate between the two if they are of the same order of maganergy interactioril) may arise without any contradiction to
nitude, and even if the contribution of the four-fermion in- existing experiments.

teraction (1) is somewhat weaker. On the other hand, an | et ys assume that in addition to the SM content there
experiment aimed at probinGviolation in 7e,, decay hasto  exists a heavy charged pseudoscalar field coupled to both

deal with very h|gh pion statistics. Indeed, to test the four'|epton and quark sectors via the fo”owing Lagrangian:
fermion interaction1) at the level allowed byr—ev,, i.e.,

at the level of 103, one has to collect not less than'i0 _ _
charged pions, assuming statistical uncertainty only. For Ly=YijH*diysuj+YHve(1+ y5)e
m,2, decay, even though the branching ratio is not very
small, the &,y) distributions of FSI and four-fermion con-
tributions have similar shapes, while the expected effect is at
least two orders of magnitude smaller than the FSI effects iThe mass of the charged “extra Higgs” partidt is sup-
7,2, decay, making it hardly possible to detect new sourceposed to be of the order dfl,~1 TeV. We assume for
of T violation in models without the hierarchit1) and with  simplicity that there are no mixing couplings in the leptonic
Rg GE|~Im[GE]. sector. The new Yukawa coupling constants in the leptonic
Overall, in the case of the hierarcliyl), decaysm—Iv  sector are supposed to obey the hierar¥hyY.=m, /m,
do not constrain nevir-violating interactions which can be with accuracy of (1-0.1)% at the scalé, . Then even for
searched for in relatively low statistics experiments,  the model with REY]~Im[Y], the bound fromm—I|v de-
=10 for ez, ANAN = 10° for 42, 1IN the worst case of cays(10) gives no constraints on the contribution of the new
no hierarchy(11) and R&p~ImGp, newT-violating inter-  interaction(12) to T-odd correlations inm,, decays.
actions have little chance to be observed, ana-in, decay At energies belowM this Lagrangian leads to the fol-
only. lowing four-fermion interaction:

+Y,Hv,(1+ ys) u+H.c. (12)

Ly= (Ggijaﬂsuj (14 ys)e+ G’Sijaﬂsuj v, (1+ y5) s+ GEve(1+ ys)e: u(1— ¥s) v, +H.c)— Gpijiq Ui vsd; - deysyy

+GEe(1— ys)e- e(1+ ys) ve+ GE* v, (1= ys) - (14 ¥5) v, , (13)

where . 1 TeV\2
ImM[AR]=500Im[Y4Ye] v
2
YiY YiY YEYy B 1 Tev
gij: ll\jlge’ Ggij:#, GPiij:\l/l—z, =2.51m[YqY,.]- M , (15
1 TeV\?
. . . IM[AE]=500Im[Y4Y ] M .
ne_ Y#Ye ee_ YeYe G,L,L:YMY/L (16)
P M2 ! P M2 ! P M2 ’

(14 Although InfA%] is significantly larger than If\g], the
resulting contributions to th&-odd correlations are of the
same order. Indeed, the asymmelty is determined by the

The p-e hierarchy is natural in this model, since the corre-product of InffAp] and the distribution functioficy(X,y)

sponding coupling&Gp=Gp,, and GE=G#f,, emerge as a —o(x,y)] [see Eq(8)]. The typical values of this function
result of a Yukawa(Higgs-like) interaction with a heavy for ., and m,,, decays(see Fig. ] exhibit a hierarchy
charged scalar. Assuming thee hierarchy we obtain inverse to one appearing in Eq4.5),(16). Thus one con-
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cludes that a large observalileviolating effect(of the order s uct d
of 1-0.1) in bothme,, and 7 ,,, is possible if IMY4Y | = ! =
=1-0.1. ]
In the following subsections we discuss the experimental EO ' H W KO
constraints on the interactidd?2). !
- 1 - -
A. Muon decay d uct 8
If the w-e hierarchy(11) holds, then the interactiofi2) FIG. 4. Box diagram contributing t§°-K° mass difference.
contributes tou— ev.v, decay. The Standard Model contri-
bution to the squared modulus of the matrix element summed po=0.9998 3355

over spin states
If we postulate that neutral current interactions are precisely

2_ 2 the same as in the SM, then we allow a new physics contri-
Myl *=128GE(pay) (kap) bution to the muon decay width of the order of

has to be compared with the contribution from the interaction

(13): |AT[=2(1—po)T sy
. o2 (the factor 2 appears here becaliseGZ~M,,*). Compar-
[Mp|*=64GE“(pay) (kay), ing this deviation with the term proportional [64°? in Eq.

and with the interference contribution (17) we obtain

Ge |G£% <0.07G . (18
2MgyRE M p]=128R¢GE®]—=m,m ).
suRe M) €Ge ]\/E el A28z In fact, this is a fairly weak constraint. For example, setting
Y, =1 and assuming the-e hierarchy, one obtains from Eq.

Herep, k, q;, andg, are the momenta qf, e, 79 andv,,, (18)
respectively. Integrating over the neutrino momenta one ob-

i i ' i /m 1
tains for the differential muon decay width M>Y2 0 — 75 GeV.
F

_ (GE+[GE P 12m’,

3 (3—2¢)e%ds Taking account of the second term in H47) leads to an
967 . .
even weaker constraint on R&4®]. So, constraints on the
Rg G£®1Ggm,m* leptonic part of the Lagrangiafl2) are very modest.
N E(1—e)ede, (17) B
™ B. K%K mixing
100 _
wheree =K% kg, =2, . Let us estimate the contribution from the Lagrangia®)

The experimental constraint on the coupling cons@§t o the mixing parameters in the neutral kaon system. These
entering this formula can be obtained from the data orpthe  gre theK -Kg mass differenceAm and the CP-violating

parametef8,19], parametefe. They are expressed as follows:
2 — _
pom A 2REKOH KO Im(KHer] K°)
Mgcip(mt,MH) 2mg ' 2RdK0|Hf””|K0)

which is the measure of the neutral to charged current 'nterwhereHeﬁ is the effective four-fermion Hamiltonian, gener-
action strengttiherec, is the cosine of the Cabibbo angle in ated by the diagram of Fig. 4 aML is the effective Hamil-
the modified minimal subtractlorMS) scheme, anqb ab-  tonian containing contributions both from the diagram pre-
sorbs the SM radiative correctiong\t one sigma level this sented in Fig. 4 and from the usual box diagram with o

parameter equals] bosons. We obtain
9
Het =% 8 |JZ UISU]deSY {[4dL7#5L dL?’“SL]lz(mu ,M; +[16dRSL dLSR 4dR0'pMSL dLO'pMSR]Il(ml ,M; )}

(19

whereU is the Cabibbo-Kobayashi-Maskawa mixing matiip, =[(1=* y°)/2]q, and
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gpal (M, m;)
:If d4q qpq)\
(2m)* (9%~ m)(g?—m?)(g?~ M{)(q>~M7)
1 m; m MW>
= —A _!_1_ 1
I 2 (amPME 1(MH My’ My
IZ(mi!mj)
f dg mim,
=1
(2m)* (4®=m?)(q*~mf)(4* = M{)(a°~ M7)
_ m;m; (mi m; MW)
(4m)2M4 " 2AMy My My )

with

Ade.B.y) fld dv dzd S(X+y+z+w—1)
a,B,y)=| dx zdw ,
K L y [@?x+ B?y+ y?z+w]K

k=1,2.

We calculate the matrix elements of the operators in(E9).
by making use of the “vacuum saturation” approximation,
where nonvanishing matrix elements are

— _ — 2
(KO dyy*s_ - d y*s |K®) = §mﬁf2 .

2 2
Mk Bo
12 2

<KO|ERSL'EL5R|EO>: k.

Therefore

KO) =

<KO| Heﬁ|

PHYSICAL REVIEW D 66, 054012 (2002

g*fR(mg +6B3)
m=——————

12(47)°MEm i
m; mJ MW

>

=u,c,t

RE[U isUj*desYiti

X Aq (21)

1
Re(K°|Hgi | K°)

_ gPfR(mi +6B7)
244m) M3,

>

i,j=u,c,t

Im[UsUj4YjsYig]

XA M My My

(22

The contribution to thek®-K° mass difference 20 should
be smaller than the experimental valuAm=3.489
X 10~ 2 MeV and theC P-violating parametee should not
exceed the experimental value 2.2710 3, which are both
consistently described by theCP-violating Cabibbo-
Kobayashi-Maskaw&CKM) matrix in the Standard Model.
This constrains the coupling constaits.

The strongest constraint comes from measurement of the
CP-violating parametere, while, generally, the constraint
from the K| -Kg mass difference is an order of magnitude
weaker. If one assumes that all coupling constafjtsare of
the same order and have complex phases of order 1, this
measurement requires them to be less tharf*1@nd if we
setY,=1 then one obtain®,~ 10 * [see EQgs(15),(16)
and Fig. 1. Obviously, the situation changes for a nontrivial
structure of theY matrix. If the coupling with the first gen-
eration quarks is larger than with the second generation, then
Y.q (@and, correspondinghyAp) can be quite large, even &
is kept small. As an example the valué¥, =0.01,
|Yud =|Yed =105, |Y.d=10"* are allowed. Another
promising pattern isfj;<Uj;, i.e., the coupling constanté
are proportional to the CKM matrix. This is the case if the
matrix is proportional to the unit matrix in the gauge basis of
the quarks. The constraint disappears also in the case of
aligned complex phases of;;; in that case, the constraint
from the kaon mass difference becomes important. And, of
course, ifY; is zero, then there is no contribution ¢éand
A, at all.

u,c,t
(d.s,b)

(d,s,b) (n)
¥ d :

W

ForMy~1 TeV the second term in parentheses is negligible FIG. 5. Typical two-loop diagrams contributing to neutron di-

even for at quark running in the loop. Thus we obtain

pole momend, .
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Note that measurement of the parametejives the stron-  order as inm¢,, . For other choices of the transverse muon
gest limit on our model in comparison with other polarization inK ,,, is much smaller than in pion decays.
CP-violating effects in kaon physics. The contribution to
€'/ e may be estimated following the lines of Rg20Q]. It is
negligible for any parameters allowed by the requirement In our model, heavy charged scalar particles give a con-
<egm. Transverse muon polarization K,,, decay is rel- tribution to the neutron dipole moment at two-loop le(sde
evant only for the special choice &~ U, since in this case Fig. 5. The contribution of the diagrams in Fig. 5 can be
the interaction(13) leads toP+ in this process of the same estimated as

C. Neutron dipole moment

d

hul
e

(9/21/2)?
1672 mz,k

YeaiUja YU mif (mZME mi/ME m2IME M3/ ME) + meg(mEME mE/M G mE /MG M3/ MP)
1672 M3

’

(23

where the dimensionless functiohandg are of order 1. For number of special cases when these and other constraints do
m;=10 MeV, My=1 TeV, and Y;;=1 we haved,/e not apply, andT violation in m,, decays is allowed to be
~10 2" cm, which is two orders of magnitude smaller than sufficiently large. Hence the lepton transverse polarization
the current limit. For the second generation of quarks runasymmetry inm,, is an interesting probe of the structure of
ning in the loop we havan,<1 GeV, which still allows new interactions at the TeV scale.

corresponding Yukawa couplings to be of order 1. All spe-

cial forms of theY matrix described in the previous subsec-

tion lead to acceptable contributions to the neutron dipole ACKNOWLEDGMENTS
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