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T-violating muon polarization in K* -pu*vy
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We study theT-violating transverse muon polarization in the decay)df— u* vy due toCP violation in
theories beyond the standard model. We find that the polarization asymmetry could be large i€ Bome
violation models and it may be detectable at the ongoing KEK experiment of E246 as well as the proposed
BNL experiment[S0556-282(97)07223-9

PACS numbd(s): 11.30.Er, 13.20.Eb

[. INTRODUCTION dard model. There are many different sources that might give
rise to the polarization. The most exciting ones are the weak
In the framework of local quantum field theories, with CP violation from some kinds of nonstanda@P violation
Lorentz invariance and the usual spin-statistics connectionrmodels. However, the electromagnetic interaction among the
time-reversal T) violation implies CP violation (and vice final state particle can also make a contribution, which is
versy, because of th€ PT invariance of such theories. Ex- usually less interesting and could even hide the signals from
perimentally, onlyCP violation has been observed so far the weakCP violation. We shall refer to the final-state-
and this only in the neutral kaon system. But the origin ofinteraction(FSI) contribution as a theoretical background of
this violation remains unclear. In the standard mod&P that by the weakCP violation. It has been estimated that
violation arises from a unique physical phase in the CabibboP+~10"2 and 10°° in K% (K®—7~u"») [9] and K},
Kobayashi-MaskawdCKM) quark mixing matrix[1]. To  (K*—#°u"») [10], due to the FSI effects at one and two-
ensure that this phase is indeed the sourdg@®fviolation or  loop levels, respectively. Fd¢* — u* vy, although there is
T violation, one needs to look for new processes, especiallgnly one charged final state particle IiKe;s, FSI arises at
that outsidek® system. It would be particularly interesting if one-loop diagrams because of the existence of the photon in
the time reversal symmetry is directly violated in these prothe final states [11,1] and it is found that
cesses, rather than inferring it as a consequenc€RT  PIS(K*— 4" 1vy)~10"% in most of the decay allowed
invariance. phase spac§l3]. To distinguish the reaC P-violating ef-
Within kaon physics, the most interesting searci ofo-  fects from the FSls, one has to explore various possible mod-
lation would be to look for the component of the muon po-g|s with the polarization being larger than 10
larization normal to the decay plane, called transverse muon The paper is Organized as follows. In Sec. II, we carry out
polarization @7), in the charged kaon decays such asy general analysis of the muon polarizationkifi — u* vy.
K'—m%uv (K3 [2], K'=u"vy (Ki,,) [3], and In Sec. Ill, we study theCP-violating muon polarization
K*— a7 u*u™ [4]. The polarization irK;3 as well as that effects in some extensions of the standard model. We give
in KZZJ’ will be measured to a high accuracy at the ongoingour concluding remarks in Sec. IV.
KEK E246 experimen{5] and at a recently proposed BNL
experiment[6], while for K* = 7" u*u~ that would be Il. GENERAL ANALYSIS FOR MUON POLARIZATION
done in a future kaon factorfy’]. . o
In this paper, we concentrate on the radiat¥/g, decay. . F_or a _generfll mvssﬂgatlon of the traqsverse muon polar-
We will first give a general analysis on all components of the!Zation in K*—u vy decay including some new
muon polarization and then present our estimations on th P—V|olat.|ng sources, we .f'rSt carry out the most general
transverse component in vario@sP violation theories be- our-fermion interactions given by
yond the standard model. The transverse muon polarization

in the decay ofK™—u* vy is related to theT odd triple L=— &sinﬁcs_y“(l—yg,)UV_y (1— ys)
correlation, i.e., \/5 @

PTocéﬁ.(ﬁﬂxf)y), (1) +Ggsuv(1+ y5)u+Gpsysuv(l+ys)u

- . - +Gy Sy Uryl(1-ys)p
wheres,, is the muon spin vector ang; (i=u andy) the

momenta of the muon and photon in the rest frame< 6f +GAS_7“75UV_VQ(1— vs)u+H.c., 2)
respectively. It is expected] that the CKM phase does not

induce the polarization in Eq1). Therefore measuring the whereGg is the Fermi constantyc is the Cabibbo mixing
polarization could be a signature of physics beyond the starangle, andsg, Gp, Gy, andG,, arising from new physics,
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denote scalar, pseudoscalar, vector, and axial vector interac- 2

tions, respectively. From the interactions in Eg), we can
write the amplitude of the deceiﬁ;Zy in terms of “inner
bremsstrahlung’(IB) and ‘“structure-dependent{’SD) con-
tributions, which can be written 48,14

M:M|B+MSD!
with
M =ie%sin0 fum, e*K?
1B \/E C'K'Mu€a '
M =—ie%sin0 e L H~ (3)
SD \/E C M 14 1
where
— p“ 2p;‘2+¢w")
Ké=u(p,)(1+ —_——— |V ,S,),

Lv: (pv) 71/(1_ YS)U(p/L 1SM)1

H~v= FA nv meV 'FV unvaf 4
=, (T9Pat P i e b, (4)

€, is the photon polarization vectop, p,, p,, andq are
the four-momenta oK™, v, u™, andy, respectivelys, is
the polarization vector of the muon, afgd, F,, andF , are
the form factors given by

fe=T2(1+Ap+Ay),
Fa=Fa(1+A4p),
Fy=FY(1-Ay), (5)
with

V2 / Gpmy
Gesinfc| (mg+my)m,

Apav= ,Ga.Gy|. (6

Here f} is the kaon decay constant afid,, the vector
(axial-vectoy form factor, defined by

(0] sy ysulK* (p)y=—ifgp*,

j dxdP(0| T(% (X) S 7" y5u(0))| K™ ()

0

" _ v
oy PPZOT) e (04P-a=pa"),

p-q

=—fklg

f dxeP(0| T34 (%) 5 7"u(0)|K " (p))

FV s
=i e aupy, (7)

o n + _:¢0
(0] s ysulK (p)>—'meS+mu’

2
0 My p”

Kms+mu p'q’

f dxEP(0| T(E(X) S ysu(0)|K*(p)) =

f dxe™(0| T(AL(x) SU(ODIK* (p))=0,  (8)

where J%,, is the electromagnetic current. Numerically, one
has f2=0.16 GeV from the experiment arfd)= —0.095
and F8=—0.043 found in the chiral perturbation theory at
one-loop level14].

We use the standard techniques to calculate the probabil-
ity of the processK* —u*vy as a function of the four-
momenta of the particles and the polarization four-vesfpr
of the muon. We write the componentss)f in terms ofé, a
unit vector along the muon spin in its rest frame, as

Sy - 9
m Eﬂ+mﬂp“' ©)

In the rest frame oK™, the partial decay width is found to
be

dF=i|M|2(2w)45(p—p -p,— )
2mg A

dg dp dp,
L 4a Py P 10
(2m)32E, (2m)32E,, (2m)32E,
with
[M[2=po(x,Y)[ 1+ (P& +Pyéy+ Prér)-£l,  (11)

wheree; (i=L,N,T) are the unit vectors along the longitu-
dinal, normal and transverse components of the muon polar-
ization, defined by

N—T= - - _ 1
|p.X(axp,)|

. gxp,
lgxp,|’

(12

and the hadronic matrix elements involving the scalar and

pseudoscalar currents in E¢) are given by 15]

respectively, and
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| f K|2

+ mgx?

A2 r
2 oy ™
|FV+FA| 1_)\<1 X N

po(X,y)= 1ezeésmzec(l )\)[ x2+2(1- )(1 x—%)

+|Fy— FA|2(y_)\)}_4mei X

M. y+)\
Re fr(Fy+Fa)*]| 1-x— = = Re f(Fy—Fa)* ] , (13
with A= (x+y—1-r,)/X, r#=mi/M§ andx=2p-q/p2=2E7/mK andy=2p- pM/p2:2EM/mK being normalized energies
of the photon and muon, respectively. If we define the longitudinal, normal and transverse, muon polarization asymmetries by

dl'(e)—dI'(—e)

P. = 2 (i=L,N,T), 14
i(X,y) ar(6)dr(—g) (i ) (19

we find that

Pi(X,y)
pO(X!y)

PI(X!y): (|:L,N,T), (15)
with

pL(X.y)=—€?GEsirfoc

- 4m’|f

2)\\/y2—4r AX?
—MEAX? |V+A|2 Ty =2r)| 1= x—— +|V—A[Z(y?=\y—2r,)
—AM (M, Re[fK(V+A)*})\( x—r—)(z 2x—y)+ Re{ f ( V—A)*}((l—y)(y—)\)+2r#—)\)H,

pn(Xy)=€’GEsirf o

X+y—2\)— MKm AX?

(1=N)JAy— x?—r [4m |fK|2
M Ay —4r, AX
pM(1=x-r1,)

Re[f(V+A)* }( x +)\X(1—X))—Re{fK(V—A)*}(y—Zr#)

A r
|V+A|2 (1 x——)+|V A|2}

|

) 1-X N r
pr(X,y)=— 2eZG§sm20CmﬁmMT\/)\y— ANZ— rﬂ[ Im[ f(Fy+ FW]H( 1—x— Tﬂ) +Im[f(Fy—F)* ]] . (16

—2Mgm,

From Eq.(14), it is easily seen that the asymmetriesRyf

and Py are even quantities under time-reversal transforma- X
tion, while Pt is an odd one. Since we are interestediR

violation, we will concentrate on the transverse part of the

- ; ; VAY—A2—r
polarization shown in Eq.14). We rewriteP| (x,y) as aA(x,y)=2e26§sin26Cm§meﬁF2 Z 9 ©
olX,
P1(x.y)=Py(x.y)+Pr(x.y), (17) 1 .
X + ( 1-x— —“) (19
with A A
PY(X,y)=oy(x,Y)[IM(Ax+AV)], Clearly, to haveCP-violating transverse muon polarization
of Py in Eq. (18), at least one of the coupling§;
A _ B (i=P,A,V) in Eq. (2) has to exist and be complex.
PT(X,y) =[ov(X,y) —oa(X,y) ]IMm(Ap), (18) In the standard model, from Egél7) and (18), we see
H that the transverse muon polarization is zero siﬁ,@efﬁ
where

and FV(A)=F3(A) which are both real due t&;=0 and
. A;=0 (i=P,V,A). However, the longitudinal and normal
VAY—AS—T, muon polarizations are nonvanishing. In Figs. 1-3, we show

22 2 <010
ov(x,y) =2€°Gsir? fcmicm, Py po(X,y) the Dalitz plots forp,, P., and Py, respectively. In the
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FIG. 1. Dalitz plot ofpgy(X,y).

nonstandard model®; could be nonzero if the new physics
couplingsG; (i=P,A,V) have some phases. In Figs. 4 and

5, we display

the Dalitz plots ofoy(x,y) and
oy(X,y)—oa(X,y), respectively. From the figures, we see
that they are all in the order of 16 in most of the allowed
parameter space. We shall usg ando,— o, as 0.1 in our
numerical estimations of the next section. However, it is in-
teresting to note that there is no contribution to the transvers

muon polarization if the interaction beyond the standar

model

contains only
Gy=—G,, because of the zero relative phase between the

left-handed vector current, i.e.,

amplitudes ofM 3 andMgp.

Ill. TRANSVERSE MUON POLARIZATION
IN VARIOUS MODELS

SinceP(K*

Hn2y.

)=0 at tree level in the standard model, a
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FIG. 3. Dalitz plot of Py(X,y).

A. Left-right symmetric models

5
P g

512
&0

In this subsection we study the prediction Biviolating
muon polarization forK;jzy decay in models with left-right
symmetric gauge symmetries SU(QSU(2)xX U(1)g_.
[16]. In these models, the minimal set of Higgs multiplets to
break the gauge symmetry down to U{1)s one doubletp
and two tripletsA_ r. The transformations of the Higgs

osons under SU(2X SU(2)g are given by

1

5++
_5+/\/§) _’UL,RAL,RUI,R! (20)
LR

nonzero value of the transverse muon polarization providegith the vacuum expectation value¢EVs) being
an evidence for nevC P-violating source outside the CKM

mechanism after taking care of the theoretical background.

In such caseP; may arise from the interference between the
tree level amplitude in the standard model and the new
CP-violating amplitude. In the following we will study vari-
ous CP violation models such as the left-right symmetric,
two-Higgs-doublets, supersymmetigUSY), and discuss
the possibilities of having largB+ in these theories.
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FIG. 2. Dalitz plot of P (X,y).
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where o and 6_r are theCP-violating phases. After the u U8
spontaneous symmetry breaki(®SB), the masses of fermi-
ons can be generated by the Yukawa coupling terms

WR WL
Ly=QLF¢#QrtQ.G#Qr+H.C., (22
where the generation indices have been suppre<3gg,
stand for the left- and right-handed fermions doublEtsnd
G correspond to th&l X N mass matrices faN generations, § v
and ¢=T,¢* 7,. In addition, the eigenstates of bow g FIG. 6. Tree diagram tosu—pu v induced by the left-right

bosons related to weak eigenstates can be written as gauge boson mixing.

W, =cosW, +sinéWg, gr o o
_ ‘CRL:_Z\/EGF(_)KES §sy,PrUvY*PLu. (25
W, = —sinéW, +costWkg, (23 g

where¢ is the left-right mixing angle. In any event, due to Comparing Eq(25) with Eq. (2), we get

the Wr gauge boson, we have new mixing matrix, called

right-handed CKM(RCKM) matrix, coming from the diago- Gy=Ga= G %Kﬁz : (26)
nalization of right-handed quarks. The charged current inter- \/E 9
ti i b
actions are given by which leads to
gcczﬁwﬂu_y KLPLD+%W"U_3/ KRPRD +H.c. 'fKus ORr
\/E LY Yu \/5 RY Y ' Ap=Ay=— smec o (27

(24)

. int f EQ.(5). F th ion af, v in EqQ. (2

where g, and gg are coupling constants for SU(2)nd in terms of Eq/(5). From the expression df,y in Eq. (27)

SU(2)r, UT=(u,c,t) and D"=(d,s,b) are the physical 12 \we obtain

states of up-type quarks and down-type quakds,and KR S

are the CKM and RCKM matrices, anél, g=(1% ys)/2, §0R R*

respectively. Pr= Zﬂ'vg—|m(Kus). (28
The number of physical P-violating phases in CKM and

RCKM  matrices with N generations are N, =(N  Tg jllustrate the prediction of the transverse polarization, we

—1)(N-2)/2 and Ng=N(N+1)/2, respectively. For ex- consider two-generation case. The RCKM matrix which con-

ample, we have thre€ P-violating phases froniK® for the tains three physical phases can be parametrized as
case of two generations. Here, we do not assume parity in-

variant as well as any special relation in the matrices so that, [e '%2cosf; e '%sinfe

in general, the gauge coupling constgptis not equal tagg Ug=e'"” —e%ising.  ei%coh,. |’
and the matrix elements of RCKM are free parameters. In- c c
cludlng the left-right mixing parametef we can generate 5, , and y are the three physical P-violating phases, and

Pr(K,,,) from the tree diagram as shown in Fig. 6. The g, is the Cabibbo angle. From the mixing matrix in E29),
quark level four-fermion interaction which contributes to we find that

sz decay is given by

(29

m(KR,) =sinfsin(y— 8;)<sindc. (30
1
: In the typical left-right symmetric models as shown in
Ref.[17], one generally has
I Or _
L0.8F £7<4.0x1078 (32
= AL
Ni and thus one gets
] L
" 0.6l P;<8.0x 10" (32)
with choosing thav,~0.1 and ImK5:)~sin0c. However,
Oyf%.y)-C4(%.y) in a class of the specific models studied in Rdfg], it is
0% "0z 04 06 08 1 found that
x=2E, | My O
§——<3.3x10 2 (33
FIG. 5. Dalitz plot ofay(X,y) — aa(X,Y). gL

and the definition of the muon transverse polarization in Eq.
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for Mg>549 GeV. In suEh models, with the same set of the EUEVE(_ 7Vsing+e 19¢VcosB) VYT,
parametersry, and Im(KES), one gets
EP=VP (- 7PsinB+ e ?ePcogB) VAT,
Pr<6.6x10 3, (34) ~ i
EF=(— 7y sinB+e'"¢FcoB) V', (37

which ‘is within the experimental detecting range. Thewhere flavor indices are suppressatf,f'= are the unitary
bounds in Egs(32) and(34) can be even larger if one uses a matrices which transform the fermionic weak eigenstates to
larger value ofoy. We remark that the muon transverse the mass eigenstates, and ganv,/v,. However, for sim-

i ati + 0, +,, i + ’ ’ ’ —
polarization for the decay oK™ —m"n" v, i.e, Pr(K,3),  pjicity we can reparamterize the diagonal parts of mafx
vanishes in the left-right symmetric models as shown in Ref ~E . .

o be (¢ )ii=zmi, wherez is unknown parameter and, is

[19]. This is because the photon is a vector particle while thé
pion is a pseudoscalar one. the lepton mass. The parametercan be bounded by the

M-€ universality in tau decay.

From Eq.(36), we find the following four-fermion inter-
B. Two-Higgs-doublet models with FCNC action:

In a two-Higgs-doublet modé€lTHDM) without introduc-
ing global symmetry20], the up and down-type quarks will _Zm,— L* U FED* | L* —
couple to the both two Higgs doublets. However, the up- and%,2~ MaE( ; Kjs gilPRJFZ ¢iz Kui PLJUVPRa,
down-type quarks mass matrices cannot be simultaneously (39
diagonalized. Therefore, flavor changing neutral current
(FCNQ) is induced at tree level. To suppress the effects ofvhereM is the mass of charged Higgs particle. From Eq.
the FCNC, one can impose a discrete symmetry. Howeverge), we clearly see that the off-diagonal eIemeEt#D (i

the discrete symmetry normally also constrains the scalak j) are related to the FCNC at tree level. To illustrate the

potential suchhthat spontaneo(Is; VifOr|]ation (SC;PV) may  polarization effect, we use the ansatz in §€B] by Cheng
not occur. In this section, instead of having a discrete sym- her. in which th linGY.0 in E K
metry, we assume that the couplings related to the FCNC aramgeS er, in which the couplings™® in Eq. (38) are taken

small. The various possible theories with naturally small

couplings have been explored in Ref21,22,. [UD - UD
The Yukawa coupling terms in the weak eigenstate can be EH'D:)\” & for i#j, (39)
written by v
Ly=7P0.id:Dri+ 790 $Uri+ £PQ,  ,Dg; where Aij are undetermined parameters,
Y W”Qid)l R n"QL_'d)l R |,(i|¢2 R v=102+0v2=(2y2G;) Y2 and mY®) the masses of up
+§HQLiE’2URj+ nﬁLi¢1ERJ+ §ﬁ|-i¢zERj+ H.c., (down)-type quarks. We now simplify Eq38) to
(35

ZMy s 7 ZD* T
EK;ZZWSKUS(_ §1Prt+ &2, POUVPRru (40
where 7;"® and £"°*F are dimensionless and real param- .
doublets,Dgr, Ui, andEg are the right-handed down-type ~p f heKO— KO mixi ising f he box di

uarks, up-type quarks, and leptors, and ¢, are the two 5.22 rom theK™—K mixing, ansing r_omt € box diagrams
q. ’ ! ' 2 with the u quark as the internal fermion as shown in Fig. 7.
Higgs doublets withp=io,¢*, respectively. The VEVs of Erom the figures, we find that
the Higgs doublets are given by(¢,)=v,; and '

(¢,) =explf)v,, where is the CP-violating phase. From f2my

Eg. (35) the Yukawa interactions of quarks and leptons with (KOIM P KOy = — W(thKts)z(E?E?;
neutral and charged Higgs bosons can be expressed by & H
_Eglzf:)zl
L= =0 EUR(RO— ) +—B, EDp(hO+ A% 5. 4\2Gg fimg
V2 V2 <K°|Mﬂ%|K°>=Ww(thKts)z
S

+H.c.,

M2 m?
%D ZD* H u
X 11622 Dpw M_\ZNWV) (42)

Low=—UrEY K D H+U K ZPDH T+ N K EEERH"

+H.c., (3 Wi
b B Inx N Inx N In(xy) 42
respectively, with Hw(X,Y) = 2(x—1)x2 " 2x | 2x% 42
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FIG. 7. Box diagrams t&°— K° mixing with theu quark as the
internal fermion.

Using the experimental value on the’ — KO mixing, we
obtain

|E0.E0 —EVEY |<7.3x107 %My, GeV'},

GeV?!

\/DHW

For My, ~200 GeV, we find thatZ2 €5, |<5.6x 102 and
thus,

€082, | <1.3x107%m, —. 43
My my

M M3

|€Y]<8.6x1073\My,. (44)

The strict constraint om, as pointed out by Grossma4],

is from theu-e universality in7 decay as well as the pertur-

bativity bound, and is given by

|zl <min(1.1x 10 2M GeV 2,2.0 GeV'!). (45
One notes that iM,>175 GeV, the bound oz mainly
comes from the perturbativity as shown in E¢5). From
Egs.(2), (6), and(40), we get

zm * o~ ~nk
Gp=— —= KL (E11+E5,), (46)
AMy
and
2
Mg V22, o
Ap= (Entén), @D

Mgt My 4GM3

which leads to the muon transverse polarization as
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mZz 2z

Ms+My 4GEM3,

Pr=(oy—0a) Im(ZL+E5). (49

Using the constraints in Eq$44) and (45), we obtain

P;<0.048 (49)

for |oy—o|~0.1 andM~100 GeV.
Using the interaction in Eq40) by neglecting the contri-

bution of Eg’; the similar estimation for the transverse
muon polarization irK *— 7% " v can be done. By taking
the same values of parameters as in the decaty;gfy, we
find that PT(K;3) could be as large as the current experi-
mental limit, i.e., X 10~ 2. Therefore,P1 in both decays of
K2, andK; can be very large in the Higgs models with
FCNC. We note that the muon polarization effects of the two
modes in the three-Higgs-doublet models with NFC could be
also large as studied in Refd5,19,24.

C. Supersymmetric models

In this subsection we consider the effects®pin theo-
ries with SUSY. It is known that, in general, SUSY theories
would contain couplings with the violation of baryon or/and
lepton numbers, that could induce the rapid proton decay. To
avoid such couplings, one usually assidghparity, defined
by R=(—1)38*L*25 tg each field[26], whereB(L) andS
denote the baryofiepton number and the spin, respectively.
Thus, theR parity can be used to distinguish the particle
(R=+1) from its superpartnel= —1). Recently, Ng and
Wu [27] have investigated th&-violating Py for K;27 in
SUSY models withR parity and they find that when the
squark family mixings are taken into account, large enhance-
ment effects would appear due to the heavy quark masses
and large taB=v,/v 4. In this paper, we will concentrate on
the SUSY models withouR parity. To evade the stringent
constraint from proton decay, we can simply require that
B-violating couplings do not coexist with the-violating
ones. In the following we consider the theories with the vio-
lation of theR parity and the lepton number. In such cases,
the superpotential is given by

1
W[:_)\ijkLiLjEE_'— )\iljkLin E’

5 (50)

where the subscripjk are the generation indicels,andE°€
denote the chiral superfields of lepton doublets and singlets,
andQ andD¢ are the chiral superfields of quark doublets and
down-type quark singlets, respectively. We note that the first
two generation indices of\; are antisymmetry, i.e.,
Nijk=—\jik - The corresponding Lagrangian is

1 — o~ — o~ — o~ o
££=§)\ijk[ viieLjerkt ErivLieL T eri@Lj VL~ (i—])]
+7\i'jk[VfidLjH§k+deVLiaRk+dedLj;Li

_e_lc?iuLjaEk_d_RkeLiaLj _d_l?kuLjELi] +H.c. (5))
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u H o ® 23: R
LR_Wi,k=l i1k/Ni2k M_g EW ’
~ Vi Rk
e
_____ i S .
AL —_° > Nigh t 11 58
RLT9G7 £, M2z T oz | (58)
Vi Lj
S v

Therefore, the bounds dR-parity violating couplings\ are

FIG. 8. Tree diagram t®u— wx v with the slepton as the inter- given by
mediate state.

|\ 3\ 321 o 1 o
From Eq.(51), we find that the four-fermion interaction of T<4-6>< 10 GeV2' for k=1,2; (59
su— u v with the slepton as the intermediate state shown in
Fig. 8 can be written as
INijaNijal g 1 .
—2<2.3>< 10 *——, for i,j=1,2,
sioN1o— — M GeV?
‘CRV: - 2 SPLU VPR,LL, (52)
MEU where we have assumed thM;TZMgR:MngM. For
) simplicity, we take|\ 33 ~|Nga] and|X,14~|\214, and we
whereM;L. is the slepton mass. have
From the interaction in Eq52), we get
|\32d , 1
<2.1X10 " =—,
2i2Mi12 Gev
Gp: 2 ’ (53)
4M=
o Mod ) gqga t (60)
' GeV’

which leads to
The bounds o\’ can be extracted from the experimental

2 ’ J—
_ V2 My siahit limit on K*— v v as shown in Ref[29]. One finds that
Ap= . > (54
4Ggsindc (mg+my)m,, Vi
Li

I\ . 1 :

for i=1,3. We therefore obtain the transverse muon polar- 3 <1.2¢10 GeV’ for j=1.2, (6D

ization of K, as e

5 . whereM7g_ ~M is the sdown-quark mass.
Pr=—(oy—0p) ‘/E My 'm()‘ZiZ)‘ilz). _ From Eq.(55) and the bounds in Eq$60) and (61), we
T V' "M 4GEsingc (mg+my)m, Mg,g find
Li

9 Pr(K,,,)<0.01 (62

In order to give the bounds on tHe-parity violating cou-

plings, we need to examine the various processes induced 59r |UV__ “A|”0_-1- i )

the FCNC. We first study the decay f+ey. Based onthe ~_ 11e interaction in Eq(52) could also yield transverse
analysis in Ref[28], the total branching ratio fop—ey  Muon polarization inK™—m"n"v. We find [19] that

decay can be expressed by PT(K;3)<10‘2 by using the same parameter values as in
the case oK;jzy. Thus, inR-parity violation SUSY models
1272 ) , with R-parity violation, one can also get a large prediction of
B(M—’e?’):G—F(|ALR| +|ArL?), 56 Pr(K}y).
where D. Leptoquark model

, There exist three scalar leptoquark models contributing to
A=AMAY AT, (57)  the decay ,,, through the tree diagrams which is similar to
the cases foK;:3 shown in Ref[19]. The quantum numbers
with i =LR andRL. In Eq. (57), the amplitudesA*™ stand  of the leptoquarks under the standard group
for the neutralino- and slepton-mediated contributions andsU(3)-x SU(2), X U(1)y are[19,30,3]
Am is the soft breaking mass. For convenience, we only
;Z?siderAi” contributions. Using the results in R¢28], we b= ( 3’2%) (model ),
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#5 Y couplings, respectively. We will concentrate on these
¢>2=<3.1,— §> (model 1), terms in our discussions. The effective interactions from
these leptoquark exchanges are
¢3=(3,3,— g) (model 111), (63 | _)\%2()\'?)*— o
Eeﬁ—TS(l+ vs) e vi(1+ ys)u+H.c.,
respectively. The general couplings involving these lepto- ¢1

quarks are given bj31]

Il 1

L'=(NQLer+ A UgL) ¢y +H.C., L=

PIVE [—AZ(A3D)* s(1+ v5) vius(1— ys)u
®2

I RYE 11 _aC ) _ -
FmOeQbirzurs ot e, A3 (VD) s(1+ y5) vius(1+ ys)ul+H.c,

L"=\3Q L ps+H.c., (64) (66)
where Q=(g) andL=(}). Here the coupling constanis, N2(\1* o
(k=1,...,3) arecomplex and thu€ P violation could arise Eg}f:%s(l—i— Ys)viu(1—ys)u+H.c.,, (67)
from the Yukawa interactions in E464). We assume that aMy,
CP violation in K— 7r7r decays can be accounted for by the
nonvanishing KM phase, and investigate the effect on th‘%\/hereM¢k (k=1, ...,3) are thenasses ofp{%?, {13,

muon polarization of adding anoth&P violation mecha-
nism in Eq.(64).

In terms of each charge components of the leptoquarks
rewrite Eq.(64) as

and ¢${ ¥, respectively. Using the Fierz transformations
W%nd Eq.(6), we have

Al V2my APV
1 1 p= - ,
£'=Z ( )\¥Ui§(1+75)ej+)\"1jUi§(1—75)el- (519 Ggsinfc(mg+m,)m, 8M§,1
0]
1 — \/EmZ )\Zi()\rlZ)*
+ NI di5 (14 ys)e+N T uis(1—ys) ¢<2’3>) [ K 2”2
152 5/ 172 >H T Ap Ggsinfc(mg+m,)m,, 8M§52 ' (68)

+H.c.,
which give rise to

L= [x‘g’

0]

1 —1
~Ui5 (14 ys)ef+diz (1+ ys) 1]

V2 mg

GEsinfc (mg+m,)m,,

[P} .PY]=(ay—0n)

1
N Juis(1—ys)eft oy P+ Hc, i i
2 I2( 75) J}¢2 )\EZ()\/%I)* )\%I()\/%Z)*

; ' 69
I L YPRRT (
=2 x%[ Ui (1+ y5) v+ | Ui 5 (1+ y5)€]
" respectively, where we have neglected the tensor interactions
1 o vy, =t o (4 and the contribution ofZ" because it contains only left-
+diz(A+ye)vj|¢s T+ dis(1+ ys)€ ¢y handed vector current interactions which have no relative
phases betweeM g and M gp.
+H.c., (65 For model |, since the leptoquarks model can give a large

contribution to the moun transverse polarizatioﬂ(ijfg [19],
wherei ,j are family indices an@e in ¢(er) are the electric we may use the present experimenta| boundDQ(-K;S) to
charges. From Ed65), we see that the relevant terms for the constrain theC P-violating parameters in Eq67). Explic-
processK /,, are the ones involvings{*?, ¢% ¥, and itly, we find

TABLE |. Summary of the upper values 6f) PT(K;3) and(2) PT(K:27) for (a) current experimental
limits, (b) sensitivities in KEK-PS E246(c) theoretical backgroundFSl), (d) standard CKM model(e)
left-right symmetric models(f) multi-Higgs models with NFC(g) multi-Higgs models without NFC(h)

SUSY with R parity, (i) SUSY withoutR parity, and(j) leptoquark models.

(@ (b) (© (d (e ) (¢) (h) (M) 1))
(1) 10% 5x10% 10°% 0O 0 1072 1072 1072 1072 1072

2) 1073 10° 0 7x10% 5x10°% 5x102 2x10? 1x10? 5x10°°
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INZZ(\ T ] see that a larger(K ,,) corresponds to a larger(K ) in
———5——<4.4x107%, (700 most of theCP violation models shown in the table except
b1 the left-right symmetric theories, in WhicPT(K;?,):O.

Therefore, the decay d‘(;z7 has comparable or even more
sensitivity with that oﬂ<;3 to the newCP violation mecha-
|PY(K},,)|<4.8x10°3 (7  nism. , o
In conclusion, the transverse muon polarization of
for |oy— 0| ~0.1. Similar results can be obtained in model K™ — u* vy could be at the level of 1T in the nonstandard
Il. CP violation theories, which may be detectable at the ongo-
ing KEK expeiment of E246 as well as the proposed BNL
IV. CONCLUSIONS experiment. The measurement of such effect is a clean sig-

. o nature ofCP violation beyond the standard model since that
We have studied the transverse muon polarization in thg.om the theoretical background, i.e., FSI, <103,

decay ofK™— u " vy in variousCP violation theories. We
have explicitly demonstrated that the polarization effect can
be large in models with the left-right symmetry, multi-Higgs
bosons, SUSY, and leptoquarks, repectively. These results as
well as that from othe€ P violation models are summarized  This work was supported by the National Science Council
in Table I. The estimations for the transverse muon polarizaef the ROC under Contract Nos. NSC86-2112-M-007-021
tion in K;3 are also presented in Table I. It is interesting toand NCHC-86-02-007.

and therefore we get
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