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T violation in K*—pu* vy decay and supersymmetry
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Measurement of the transverse muon polarizaﬁgﬁn theK™ — u " vy decay will be attempted for the first
time at the ongoing KEK E246 experiment and also at a proposed BNL experiment. We provide a general
analysis of howPi is sensitive to the physicaC P-violating phases in new physics induced four-Fermi
interactions, and then we calculate the dominant contributiorBlﬁtcﬁrom squark family mixings in generic
supersymmetric models. Estimates of the upper bound%;(me also given. It is found that a supersymmetry-
induced right-handed quark current frodM boson exchange gives an upper limit Brj as large as a few
percent, whereas, with a charged-Higgs-boson-exchange induced pseudoscalar intapmim,larger than
a few tenths of a percent. Possible correlations between the muon polarization measurements in
K*—utvy andK*— 7" v decays are discussed, and distinctive patterns of this correlation from squark
family mixings and from the three-Higgs-doublet model are no88556-282(197)07305-0

PACS numbe(s): 11.30.Er, 12.60.Jv, 13.20.Eb

[. INTRODUCTION is again negligible. The effect of @P-violating tensor in-
teraction on the muon polarization was considered in Ref.
The on-going KEK E246 experimeifit] and a recently [13]; and the contribution td®. from an effective pseudo-
proposed BNL experimen®] are both devoted to testing  scalar four-Fermi operator in the three-Higgs-doublet model
violation to a high precision in thi * — 7% * v (K j5) de-  (3HDM) has recently been discussgtt]. In this work, we
cay by measuring the transverse muon poIarizatior’PrOVide a more gene_zral aqalysis of the muon pola_rization in
pﬁ(w)zsﬂ,(pﬁx p)/|p%p,l, wherep, andp, are the the K ,,, decay by including the complete effective four-

momenta of the pion and muon in the kaon rest frame an(lfermi interactions induced from spin-zero and spin-one bo-

s, is the muon spin vector. The combined previous measurez"" exchange. Then we concentrate on supersymmetric theo-

ments [3] at the BNL Alternating Gradient Synchrotron ries with large squark-generational mixings where dramatic
(AGS) constrained the muon polarization to be enhancement effects due to the third family heavy quark

() 5 . .. masses could give rise to a large . Details of this will be
Pu( )Jﬁ()_ 1.85-3.60)x10°7, and.th|s puts an upper limit iven in a later section where SUSY effects are examined.
of |P,'™[<0.9% at the 95% confidence level. The standard™ The outline of the paper is as follows. The framework is
model (SM) C P-violating contribution toP-, is vanishingly  |aid out in Sec. Il for computing;, in K ,,, decay in terms
small[4], and the final state interactidSI) effect is found  of general effective four-Fermi interactions. In Sec. Ill, we
to be of order 10° [5]. Therefore, if an effect is detected at focus on the effects of large squark-family mixings which
the 10 2 level or 10 “ level which the KEK experiment and are allowed in fairly general SUSY models. Possible corre-
the proposed BNL experiment are respectively sensitive to, ilations of the muon polarization K ,3 andK ,,, decays are
will be an unmistakable signature for new physics. It hasthen discussed, and an interesting comparison with multi-
been estimate@6] that Pi(w) can be as large as10° % in Higgs-boson-type models is made. The conclusions are pre-
the three-Higgs-doublet modgT]. More recently, we noted Sented in Sec. IV.
that [8] large squark-family mixings in supersymmetry
(SUSY) could contribute td, (™ at the level of 103, which Il. GENERAL FRAMEWORK
is three orders of magnitude larger than that in the absence of
squark-family mixingqd9].

The transverse muon polarization, denotecﬂjgyand de-

fined as above witlp_ substituted by the photon momentum KT (p)—=y(@)u " (DHv(p,), 1)
p,, Wwill also be measured in the radiative decay mode
K*—u"vy (K,2,) both at KEK[1] and at BNL[2]. Here ~ wherep, g, |, andp, denote the momenta of the kaon, pho-
the FSI effect is expected to be larged], and it could be on  ton, muon, and neutrino, respectively. The SM amplitude for
the order of 10° [11]. Being electromagnetic in nature, this this decay consists of two separately gauge invariant pieces:
effect can be accurately computed and subtracted out. THBe inner bremsstrahlun@B) piece with the photon radiated
more interesting standard mod€lP-violating contribution off the external muon or kaon line, and the structure-

to P/ﬁ arising from the Kobayashi-MaskawiM) phasg12]  dependentSD) piece for which the photon is emitted from
the effectiveK uv vertex via some intermediate states. The

total amplitude can be written §%5,16

Consider the radiativi ;, decay
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G fx—Tk="fk(1+ dp), (12)
Mp=—ie \/_smHCme exKe, €))
2 Fa—FA=Fa(1+ 8, (13
G -
Mgp= ie\/—gsinacez LgH?, (4) Fy—Fy=Fy(1+dy). (14

The threed parameters are in general complex, and could
with contribute to ther-odd transverse muon polarlzatlcﬁ?j;
N " N The transverse polarization of the muonKn — u* vy
Y 20%+dy decay is defined as
—r v
pg  2-q

Ke=u(p,)(1+ys)| —— (5

_ ERCETN)
“=U(p,)y*(1— yg)u(l), ®) Pu= "o, %Pl (19

Fa Fy wheres, is the spin vector of the muon, amd, andp,, are
Ha'gzm_K(_gaﬁp'qupan)“ m_Keanquw (7 the three-momenta of the photon and muon. A non#&fo
arises from the interference between thz and Mgp am-
whereGg is the Fermi constant, skp=0.22 is the Cabibbo plitudes. After a general kinematic analysis, we can express
mixing, m, and my are the masses of the muon and thePt in theK™ rest frame as the sum of an IB; interference
kaon, € is the photon polarization vectofy is the well de- piece and an IB=, interference piece. Explicitly,
termined kaon decay constant, aRg andF,, are the axial-

vector and vector form factors associated with the radiative P (X,Y)=Pig_y(X,y) + Pig_a(X,y), (16)

decay. The kaon decay constant and the two form factors are

defined by Pis_v(X,y)=0oy(x,y)IM[(1+8g)(1+&)], (17
(O[sy*ysu|K* (p))=—ifxp*, ® Ph AGY)=oay)IM[(1+8g)(1+85)], (18

: — where x=2p-q/p?=2E./m¢ and y=2p-1/p?=2E,/my
J’ dxe¥(0|Ten(X)sy"ysu(0)|K™ (p)) are the normalized energies of the photon and the muon,

, respectively. The functionsy(x,y) and o5(x,y) are given
p“(p—q) Fa v - by
Y +m—K(9 p-d—p“g”), (9

p-q

:_fK(QWJF

(X y)——zd_ Fyivixy)

| axevomag sy uoni* o)
" J(l—y+r#)((1—x)(X+y— 1)-r,)

F ]
=i L enehq,py, (10 p(x.y)
K (19
wheref, =160 MeV, F, andF are functions of p—q)?,
J&, is the electromagnetic current, aggh,s=1. A(X,Y) = _2\/— FAf X,Y)
Ideally one would like to be able to extract separately
Fy andF, from experimental data. However, the accuracy —
of current data does not permit us to do so. On the other \/(l yHr)(@A=x)x+y-1)-r ),
hand, various modelgl7] have been used to calculate the p(X,y)
form factors. In chiral perturbation theory at the one-loop (20)

level, Fy, andF 4 are found to be real and are given [#6]

wherer ,=m /mK, v(X,y), andf(x,y) are to be defined
Fy=-0.0945, F,=-0.0425. (1D Jater, andp(x.y)=dT (K * — 1" vy)ldxdyis the normalized
Dalitz density consisting of the IB piecgg(x,y), the SD

The momentum dependencefef andF, shows up only at piecepsp(X,Y), and the interference terg,(x,y),

two loops in chiral perturbation theory. Furthermore in the
SM, the Kobayashi-Maskaw&M) phase will enter the

X,Y)= X,Y)+ X,¥) + pint(X,Y), 21
form factors at the two-loop level and hence can be ignored. PxY)=pie(x.Y)+ psolX.¥)+ pin{X.) (213

The above estimate will be used in our analysis of the muon £2
polarization. p|B(x,y):2rM—K2—|1+ S| f5(X,Y), (21b
As will be shown later, contributions to tHe™ — u " vy Mic

decay from physics beyond the SM can be parameterized by L

three dimensionless quantitie%g , 5., andé, to be asso- 2 2

ciated withf,, Fo, andF,/, respectively. The new ampli- psplX.y) = (|FV+ Fal*fsor () +|Fy=Fal*fso-(x.y)),
tude is obtained from Eq$2)—(7) by the replacements (210
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fx relevant hadronic matrix elements involving the scalar cur-
Pim(X.Y)=2rMm—KR€[(1+ 8ig) (Fy+F ) finer (X,y) rent can be related téy via [14]
+(FY=F) fine ()] (210 ol oy = TR ,
(OlsysulK™ (p))=i - (24)
with
AL | axeomiag, sy O (= 2 T
fie(X,y) =] X2+ 2(1—x)(1—r e ° T p-qmgtm,’

2xr,(1=r,) 9o
Txby-1or,) 223 [ @m0l T1 94,0500 1K (p)) =0=(OfSlK * (p).
(26)
fspr(Xy)=(X+y—1=r )[(x+y—=1)(1=x)=r ],
(22b) It is immediately seen that the effective scalar interaction
(the Gs operatoy does not affect th& ,,, decay rate as their
fso-(xy)=(1—y+r )[(1=x)(1=y)+r,], (220  hadronic matrix elements vanish by parity. On the other

hand, from Eqs(24) and (25), the contribution of theGp

_ 1-y+r, operator to the decay amplitude is seen to be nonvanishing
Fingr (Y) = x(x+y—1—rﬂ))[(1_x)(1_x_y)+r“]' and it has the same structure &4z of Eq. (3):
(220
. fkmi Lo
3 1_y+r’u ) Mp——lermEQK . (27)
fini-(X,y)= Xy —1-r0) [x?—(1—x)
. o This amounts to a contribution to the parametgr only,
X(1=x=y)=r,], (22
] S| V2Ge Mk (28)
2-x-y BIGp™ G sinde (me+my)m,,’
== —_— F C S u
R v (220 g
and the other two parametei®, and 55, remain zero.
(2=x)(x+y)—2(1+r1,) The effective vector and axial-vector four-Fermi interac-
fa(x,y)= (229 tions give rise to corrections to thé— A structure of the SM

+y—1-
X(x+y ) quark current. They can be analyzed by using the corre-

The next step in the analysis is to compute thparam-  Sponding hadronic matrix elements given by E@—(10).
eters in Eqs(12)—(14) in terms of parameters describing the The Gy operator contributes only téy ;

new physics. It is reasonable to assume that at the energies 26

we are considering, new physics can be described by general Sule. = — -V (29)
four-Fermi operators of the forfneglecting possible tensor v Ggsinfc

interaction$

On the other hand, the axial-vectGr, operator contributes

Ge to both 6,5 and éa ;

L= SINOcSYo(1— ys)ury“(1—ys)u
V2 2G4
S S Sile,= Sale,~ =< (30)
+GeSUr(L+ ys) pt Gpsysuv(1+ ys) Grsinfc
+GySY,Uury*(1— y5) + GaSy, ysury*(1— vs) Summing up Eqgs(28)—(30), we obtain the following
contributions to thed parameters from the effective four-
+H.c, (23)  Fermi interactions:
Where(_ss, Gp,_ Gy, andG, parameterize the nonstandard \/sz mﬁ \/§GA
model interactions due to scalar, pseudoscalar, vector, and 5,B=G o " Gosing.’ (31
axial-vector boson exchange, respectively. In some models, FSindc (Ms+my)m, £SING¢
effective right-handed neutrino-muon current can be con- 26
structed. Since the SM leptonic charged current is left- Sy=— v (32)
handed, its interference with such a right-handed current will Ggsinfc
be suppressed by the neutrino mass and will have a negli-
gible contribution toPt. Therefore only left-handed neutri- _ V2G, 33
nos need to be considered. AT Gesinde” 33

The contributions of th&g andGp operators are recently
discussed by Kobayastét al. [14] in the context of the As can be seen from Eq€l6)—(18) and Eqgs.(31)—(33),
three-Higgs-doublet model, where tree-level charged-HiggsP,ﬁ in the K"—u" vy decay could receive contributions
boson exchange is sufficient to give riseTtoviolation. The  from theGp, Gy, andG, effective interactions of E¢23).
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TABLE . Effects of different types of interactions d?, inthe  The contour plots of p(x,y), o(X,y), oy(X,y), and
K2, decay. TheG_ and Gg are effective operators containing ¢ ,(x,y) are given in Fig. 1. The infrared sensitivity of the

respectively left-handed and right-handed quark currents. The Sigﬁﬂzy decay rate manifests itself in the Dalitz pjetx,y) in
and magnitude ob is model dependent, and it also varies from onethe soft photorti.e., smallx) region.
type of interaction to another. Adenotes a nonzero contribution to Because of the experimental necessity of cutting out low

the muon polarization. energy photons, it is more useful to define the quarﬁ!ﬂ;)by

O ov Oa Plev Pig-a P,i — [sdxdyp(x,y) Pﬁ(XvY)
Gs 0 0 0 0 0 0 Pu=  Tdxdypxy) (41)
Gp 6 0 0 V N N
Gy 0 8 0 0 which is the average oPt(x,y) over a region of phase
Ga ) 0 ) 0 spaceS. In this definition, the numerator measures the dif-
G, S S 5 0 0 0 ference in number in the regio® between muons pointing
Gr 5 -5 5 y 0 their spin vector along the directign,Xp,, and those along

the opposite direction, and the denominator is a measure of
the total number of muons in the regi®@ In terms of the

By comparison,P;(’T) in the K" — 7% v decay is only effective four-Fermi interactions, the average muon polariza-
sensitive to the5g interaction[18]. These two decay modes tion is given by

are therefore complementary in searching for new physics — 0 0 .

effects. As one would expect, if physics beyond the SM has P,=P,ptP,r=0cImAp+20yImAg. (42

only left-handed quark current, it will not contribute Ry, .
This can be seen explicitly from Eq&1)—(33). For a left-
handed quark current Q,=—-G, and Gp=Gg=0),
Sis= 65,= 6y, and therefore no relative phase exists betwee o ‘u2y T -
Mg and Mgp. However, a right-handed quark current as inorder 0.1, and it is a kllnematlc measure of the relative
left-right symmetric models will in general have an effect on igﬁtr:igtfgtigfn;hg\fﬁge-/\/ésrtlaia:msig?r:e[]r%ee ?:rc])?rézeolr?dirr)llusv jt?es
P.., and the size of the muon polarization would be model P : P 9

. + +
dependent. Signatures of the effective four-Fermi interaci0f the radiative decays ofm"—u"vy (m,z,) and

+ ot
tions of Eq.(23) for the muon polarization in thi ,,., decay K'—e 57 (KQZHV) aLe e?pecte((jj to bebroughly tV\:cor?rdders of
are summarized in Table 1. magnitude smaller than fdt ,,,, decay because of the domi-

The success of the SM dictates that the magnitudes of tha21Ce of the IB and SD contributions, respectively. And this
5 parameters of Eq$31)—(33) are much smaller than one makes it difficult to measure the transverse lepton polariza-
We can therefore simplify the formula f(ﬂt by neglecting tion in the 7,5, andKe,, modes.
terms quadratic in thé’s and by considering only the rel-
evantGp and Gp interactions given by

Plots of the averagea, oy and — o4 as a function of the
energy cut on soft photons are given in Fig. 2. The typical
r7,ize ofo and oy for the K, decay can be seen to be of

lll. SUSY EFFECTS

— — — — In the minimal supersymmetric standard mo@diSSM,
AL=GpSysur(1+ ys) pu+ Crsya(l+ ys)ury by this we mean with minimal particle content and with
X (1— ys) u+H.c. (34) R-parity conservation T violation in K* — u* vy decay
arises from the interference between the SM tree amplitude
Combining Eqs.(16)—(18) and (31)—(33), the muon trans- and the one-loop MSSM amplitude. Naively, this would be
verse polarization can be rewritten as a sum of@einter- ~ suppressed at least lay /7 (s is the QCD couplingrela-
action contributiorP:P(x,y) and theGp, interaction contri-  tive to the tree level interference effect as in the three-Higgs-

bution P, r(X,Y), doublet mode[14], and would be too small to be seen. How-
’ ever, this would not be the case when the squark family
Pi(x'y):Pt,P(X’y)+Pt,R(X’y)' (35)  Mixings are taken in_tp account. Thdnviolation in K 5,
decay could be sensitive to the top and bottom quarks of the
PL o(x,y)=o(x,y)IMmAp (36) third family, and large enhancement effects due to the heavy
I‘L L 1 1

guark masses could appef8]. This scenario will be the
focus of our attention in the discussion of the SUSY contri-
butions to the muon polarization.

The notion of squark family mixings comes from the gen-
eral assumption that the mass matrices of the quarks and
squarks are diagonalized by different unitary transformations
in generation spacdgl9]. In principle, these mixing matrices

2 could all be determined in specific models. In the lack of a
J2Gp My

i ) (39 generally accepted SUSY flavor model, we adopt a model-

Gesinbc (Ms+my)m, independent approach and refer interested readers to the lit-
erature for discussions of specific modg2,21. The rela-
_ \/EGR tive rotations in generation space betweenihe Ug, d, ,

R= —. (40) ~ . .

Ggsinfc and di squarks and their corresponding quark partners are

PL R(X.Y)=20y(X,y)ImAg, (37)
where

o(X,y)=oy(Xy)+oa(x,y), (38

Ap=
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FIG. 1. Contour plots of the normalized Dalitz densjyx,y) (&), and the transverse muon polarization functiar&,y) (b),
oy(X,y) (c), andaa(x,y) (d) in theK™— u* vy decay.

denoted byVYt, VYR VPL and VPR, respectively. These constraints can be written in the form of upper limits either
matrices appear in the quark-squark-gluino couplings whiclon product of different/®’s, as fromKK and BB systems
lead to new contributions to flavor-changing neutral currentand fromb—svy, or on product of differeni/V’s, as from
(FCNQO) processe$l9]. Meanwhile, these generational mix- DD mixing. Without assumptions on or model preference
ing matrices give rise to the interesting possibility that thefor these mixing matrices, the individual matrix element can
heavy fermions of the third family may play an important however still be of order one.
role in low energy processes, including the neutron electric Charged-current processes involve the produdt‘6fand
dipole momen{22]. VP, and the size of both mixing matrix elements can be of
As FCNC processes occur only at loop level in both theorder one without violating the FCNC bounds. Because of
SM and the MSSM, severe constraints on the squark familghe large top Yukawa coupling, sizable squark mixings with
mixings can be derivefl9] based on available experimental the third generation could then lead to large enhancement
data. For charged-curreff£C) processes on the other hand, effects in low energy charged-current processes. Although
the SM contributions often appear at tree level whereas efthis loop-level enhancement may not have significant effects
fects of squark family mixings arise only at loop level, andon CP-conserving, tree-level CC processes, it could have
current data in the hadronic sector are not precise enough dramatic consequences f@P-violating CC processes for
put useful bounds on the squark mixing matrices. The FCNQvhich the standard model effects are negligible. This possi-
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FIG. 2. The averaged transverse muon polarization functions vs
the soft photon energy clUg}, for the K+H,u,+vy process:o [ v
(solid line), oy (long-dashed ling and — o4 (short-dashed line > >
. . . i wt
bility has recently been discussed in the contexT ofiola-
tion in charged meson semileptonic decf§k In this work,
we would like to extend the analysis to the transverse muon g
polarization in the radiativ ,, decay. " / L
The physical phases that are relevant for the transverse br +
muon polarization could come from both the squark mixing / N \tR
matrices and other soft SUSY-breaking operators including SL / g \\ UR
the A terms and the gaugino mass terms. For the sake of M N
simplicity and a clearer illustration of the underlying physics,
we concentrate on the phases in the squark mixing matrices. (b)
Mass-insertion approximation will be used for thetg and
bL bR mixings, andmy L= My =my and Mp, =Mp,=Mj
will be assumed for the mass parameters of the left and right
top and bottom squarks. With large generational squark mix-
ings, the dominating contributions tB/ﬁ are expected to > >
come from theGp and Gg four-Fermi operators induced by l v
the't-b-g loop diagrams withw boson and charged Higgs Ht
boson exchange. The muon polarization will then be directly +
proportional to|VUL RVDL RY |
A. W exchange 5L / AN in
An effective right-handed current mteractlwﬂsRyMuR / ~
can be generated by the diagram with-b sparticles in the SL / g o UR

loop and witht, —tg and b, -bg mass insertiongsee Fig.
3(a)]. This gives rise to an effectivBg interaction:

4Ge
Elz_fCO(SR’)’ UR) (VL Ve )+ H.C. (43

. FIG. 3. Supersymmetry diagrams f@® the W-exchange in-
with duced effectiveGg interaction[see Eq.(43)], (b) the W-exchange
induced effectiveGp interaction[see Eqs(47) and (52)], and(c)
s the H*-exchange induced effectiv@, interaction[see Eq.(57)].
C0:_|0

36m ) )
where ag=0.1 is the QCD coupling evaluated at the mass
scale of the spatrticles in the loop, and A, are the soft

mtmb(At_ /.LCOt,B)(Ab_ Mtaﬂg) SKM*+ ;U ;D
X m’ Va3 Var VszR ' SUSY-breakingA terms for the top and bottom squarls,
9 denotes the two Higgs superfields mixing paramete3 tian

(44) the ratio of the two Higgs VEV’'smy is the mass of the
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gluino, Vi is the super KM matrix associated with the 1 1-2, 247,(2,— 2,)
W-squark couplingV/* T d;,_, and the integral functiohy is lo= J;) dzlfo dz, z 2 5.
) t b
given by _221+_222+(1_Zl_22)
~ m~
9 g
(51
1 1-7 242122
lo=| dz dz— 2 2 Both integralsl ; , are equal to one ah;/mz=mg/mg=1,
0 0 m m= : y - _ 9 9
_t b o, and both increase as;/myg and/ormg/mg decreases from
%t —52+t(1-2,-2,) 8
5 5 one. For example,I;~4 and 1,~8 when m7/mg
(45) =m5/m§=%. The functionsl,; andl, are plotted in Fig. 4

for the casemy=my.

Notice that theC, term in Eq.(47) can be rewritten as an
gffective scalar interaction by use of the Dirac equation for
the external leptons. The ternpd—p,)“(s ug) in Eq. (47)
can be Gordon decomposed into a tensor piece, a left-handed
current piece, and a right-handed current piece. The tensor
piece can be neglected as the tensor form factor is expected
to be small The left-handed piece, having the same struc-
ture as the standard model interaction, does not contribute to
Pt (see Table)l The relevant operators of the effective La-
grangianL, can thus be rewritten as

Note thatly=1 for my/mg=my/mg=1, but it increases
rapidly to~ 8 as the squark-to-gluino mass ratios decrease t
m7y /mg=mg /mg= 3. For the case ofny=mg, the variation
of 15 with the mass ratio is plotted in Fig. 4.

From Egs.(43) and (44) and Eq.(40), the right-handed
current contribution ta\ is found to be

as  Mmp(A;— ucotB)(Ap— utans)
AR|z:1: - @' 0

4
Mg
[VSM VIRVOR ] 4Ge
L=~ —=C1(SrY“Ur) (VL YaktL)
sinf¢ ' (46) V2
L . . Ge

Later on, this will be used to estimate the size of the muon — ——C,(s,up) (v ) + - - -, (52

polarization fromW-exchange-induce@g interaction. V2

An effective pseudoscalar four-Fermi interaction can be _
induced at one-loop by invoking&—tx insertion[see Fig. WhereC, andC, measure the strengths of the induded
3(b)]. To linear order in the external momenta, the@ndGp interactions, respectively.

W-exchange diagram givd8] The L, contribution toAr andAp can be read off from
Egs.(52), (40), and(39),

4G|: Cl C2 _ J— a m.m (A —
= | —(p.— ay < @ s sMy(A;— ncotB)
L 2 ms(ps pu)“+ mﬂ(ps+ Pu) | (SLUR) (VL Yamr) AR|£2= _ ﬁll o
g
+H.c., (47) *\PLf Y
[V55" Vas Vail -
where pg and p, are the momenta of the and u quarks, sinfc '
respectively, andcC, , are given by
Aply = ¥ Mk Mg My(Ay— ucotB)
PlL,—  qp_'2 3
_ G MMy (A¢— nCotB) SKM* ;D ¥\ ,Ug ’ 36m “(mg+m,) mg
36m ms 82 "3 SKM*\ /DL*\ U
9 [V33 V32 Vsl] 54
sinf¢ ' (54
szscés |2m“m‘(At;“C0t'8) V§§M*V§2L* Vé’f (49)  Itis readily seen thatg| ., is suppressed relative tog| at
i mg least by a factor ofn, /mg~30 and will not be considered.
By taking the sparticle masses to be about 100 GeV and
with assuming maximal squark family mixings, the size of
Ap|£2 is found to be at most of order 16, and thus the
contribution to the averaged transverse muon polarization is
B 1d 1—21d 24z,(1-2,—2,) at best of order 10°. For these reasons, the effective la-
hi= o 2 o Zr 2 m2 2e grangian£, will not be considered further.
—;zl+—222+(1—zl—22)
Mg 5

(50 1see however Ref13] for a discussion of tensor effects.
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We note in passing that la, —bg insertion in a diagram 10 ==

similar to Fig. 3b) can also induce effectiv&g and Gp

interactions analogous in form to Eq&2)—(54). However, g
Ag will be suppressed bgn,m,/mgm,~ 10~ 2 relative to that g4
of Eq. (53), whereas the inducefl, can at most be compa- 2 64
rable to that of Eq(54) in the large ta@ limit when the é ]
left-right mixings in the top and bottom squarks could be of I
the same order of magnitude. Their contributions to the I
muon polarization are also negligible. E ) ]

In contrast t0Ag|., and Ap|.,, the magnitude ofAg| .,

can be enhanced by a large gaimhe present data constrains ] -
tan3/my<0.52 GeV'* [23], wheremy is the mass of the OO 0 02 04 06 08 10
charged Higgs boson. Fom,=100 GeV, we can take ‘ ' '
tanB=50. The muon polarization also depends on the squark
m|X|ngs|V 1 and|V 3\ (tak'ng|VSKM|~1) As pointed out FIG. 4. The integral functions vs the parameter
earlier, theVU’s are constrained bipD mixing only in the a=m%/m3=m%/m—§ for 1, [Eq. (45)] and |, [Eq. (51)] (solid line),
product ofVUL R and VUL R and|VglR|~1 is still allowed. I, [Eq. (50)] (long-dashed ling and 1 [Eq. (59)] (short-dashed
On the other hand if assumir1|§j5’3|~1, the FCNC process !ine).
b—sy can put a bound ofiV5,| from the gluino diagram.
However, other SUSY contributions — s+, including the Ge
charged Higgs boson and chargino contributip®4], can EH:ﬁCH(SLUR)(VL/-LR)"’H-C-a (57
dominate over the gluino effect and render the bound on
|V, meaningless. This is particularly true if the chargino isith
relatively light.

Recall that the integrdl, can be of order 10 for reason-
able mass ratios of the squarks and gluinos. To estimate the Qg mm,, u+ACOB

—__Ss DL Ur
maximal size of AR|£I, we therefore takely=10, Cu= 3W|Htan8 ma mg Vas Vi Var
tanB=50, A=A,=|u|=mz=100 GeV, and |V;F (58)

|V R|=\/2/2 for maximal squark family mixings. Then we

whereVH is the mixing matrix in the charged-Higgs-boson—
squark couplmg—| u,Rd,L , and where the integral function
Iy is given by

have for its magnitude

Agl£,<0.01,<0.1. (55

1-z4 2
Depending on the soft photon energy cut, it is seen from = fo dzlfo dz me  m2 :
Fig. 2 that averaging over phase space givesn the —21t—2,+(1-2,-2,)
0-0.11 range, whereas takes values between 0 and mg Mg
0.17. For an estimate, we choo&é"'=120 MeV, for which (59
0=0.1 and 20,=0.3. The magnitude of the average muon

polarization from theW-induced effectiveGg interaction is which is equal to one any=mi=mg. The functionl is

plotted in Fig. 4 for the case oh;=mj. It is seen from the

then

figure thatl increases relatively slowly to 2.3 as; and

mg decrease to half the gluino mass. The contribution to

EM ~2 oy ImAg|, <3x10°2. (56) Ap from charged-Higgs-boson exchange is given as
This limit scales as (100 GeWlgysy)? (tanB/50) (14/10) Apl,. = Htan@
SKM*\ ;Ugy /D . H (ms+mu)
(Im[V33 V31RV32R 1/0.5), where Mg,gy is the SUSY-
breaking scale. met w+AcotB [V33 SZL VUR] 50
X
mH mg Sinf¢ (60

B. H* exchange

By using the Dirac equation and Lorentz invariance of the 10 estimate the upper limit oR,, from Higgs boson ex-
amplitude, it can be seen that charged-Higgs-boson exchan Qange we assume maximal squark mixings with
only gives rise toGp but not Gg interactions. The |Vai|=|V5R=1/2 and take|V§3|~1, my =100 GeV and
mi-enhanced effective four-Fermi interaction is obtamedtanB 50. Setting |u|= =mg, =150 MeV, and
from the diagram that contains §-t- b loop and the In=1,we find|Ap| ., <O. 03 ForES"'= 120 MeV, the mag-

H tzb} vertex[see Fig. &)]. It is given by[8] nitude of the average muon polar|zat|on is then
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P_ﬁﬁ =0.1ImAp|, <3x 1072, (62) mgm, /m;m,=10"° rela}tive_to the result of Eq(46), and
H H would make the effective right-handed current effect totally

100 GeYi.)2(tang/  Uninteresting. SimilarlyAp of Eq. (60) would be subject to
H* DL *\ Ur ( h)(tans a suppression factor crﬁsmﬂlmtmﬂzmslmt:lO*3 in the
50)(IM Vg5 Vg, V3r'1)/0.5. . . . absence of squark flavor mixings.

thould be noted that the dlagram |nV0|V|ng the Second, the different dependence&pﬂﬁl [Eq (46)] and
H~t_bj coupling is proportional to different squark mixing Ap|- [Eq.(60)] on the SUSY parameters is to be noted. On
matrices than those appearing in E58), and that it is sup- H _ Dok )
pressed bym,. To be explicit, the induced four-Fermi op- One handAg|. involves V I whereasAp|,, is propor-

erator is of the form tional to VSZL*, and different models of flavor physics could

have very different predictions for these two squark family

This limit scales as

4G . .
Lyt m,= —FCH,mb(SRUL)(VLMR)+H-C-, (62)  Mixing elements. On the other handlg|, = 1M%,sy and
V2 Ap| . «1/m?. Depending on the the scales bfg,sy and
H H
with m,,, either theW exchange or charged-Higgs-boson ex-
change can give the leading contributionRQ.

If however assumind;VSDzR|=|V22L| andMg,sy=my, the
c __ s | ta mpm,, u+Aptans VI PR UL effective Gg andGp operators contribute quite differently to
Hm,™ 37 H mé, mg 33 T32 T P, because of their different chirality structures. As can

(63) been seen from Eq944) and (58), Ggrxmym, and Gp

«mgm,, and thereforeGr/Gp~my,/m,~50. This differ-
WhereV?f denotes the mixing matrix in the charged-Higgs-ence in strength is due to the fact that Yukawa couplings are
boson—squark coupling "u;} djr . proportional to the fermion masses whereas gauge interac-
In the large tag limit however, the magnitude o€y , tions are not subject to light fermion mass suppression. We

may be as large as that 6f, , repgll that them; andm,, factors inGr come from left-right _

mixings in the top and bottom squark propagators. To esti-

mate the relative contributions I@t from Gg andGp, we

Chm, my(u+Agtang) VR Vot use Eqs(36) and (37),

Cy  mlutAcotB) VBDZL*VglR

PRl 20y (mgtmym, [ImGg| 1 m, I
DR*

] T = > = =1-—
mytan3 A, Vaz Var IP.pl o mi ImGp| 5 m, 10
- b _b 32 31 (64) 13 (65)

m u VDL*VUR’
32 Va1
where the value &,/0=3 has been usedy,=1-10 (see
where we have taken VXi=Vi~1. Assume Fig. 4), and we have assumed the same magnitude for the
DR*\ ULl 1\ /DL* YR _ _ phases ofsg andGp . This ratio estimate is not sensitive to
IVas' Varl=IVgy Varl .an.d Ab__|'“|'_then |Cvab| |Chl the value of tap, and forl,=10 it agrees with our more
when taB=m,/m,. Within this region of the parameter detailed calculations of Eq$56) and (61).
space, the contribution tBt from the effective interaction Our third remark concerns the loop suppression factor
of Eq. (62) can be comparable to tiva;-enhanced effect of o,/7 and the enhancement effects due to heavy quarks. For

Eq.(61). However, the maximal size dﬁj is not expected to  this purpose, it is interesting to compare the SUSY loop con-

be significantly modified. tribution and the tree level contribution in the three Higgs
doublet model(3HDM) [14]. Assuming maximal squark
C. Discussions family mixings and neglecting factors associated with ratios

f the Higgs VEV’'s, we have for SUSY charged-Higgs-

Several remarks concerning the effective right-hande oson exchange

current contributiom\ g c, of Eq. (46) and the effective pseu-

doscalar contributiomp|, of Eqg. (60) are in order. As N
p |P,u,P| as mtm,u

noted before, an effectiv&g operator can be induced by . ~_s ~10, (66)
W boson exchange only, whereas tlg interaction can |P3uoml 3™ msm,,
arise from both thaV and charged-Higgs-boson exchange.
However, theW-inducedGp interaction never gives a large and for SUSYW-exchange
contribution to Pt [see Eq.(54)]. In contrast, both the
W-induced Gg operator [Egs. (43) and (44)] and the |P;R| 1 ag mmy mﬁ
charged-Higgs-boson induce8l, operator[Egs. (57)-(58)] PLoon T 5367 Omum. M2,
are enhanced in the large faimit, and large contributions 3HDM ST TISUSY
to the muon polarization are found to be possible. ma
First, the enhancement effects due to squark family mix- ~(10— 102)><Mz— (for 1,=1-10,
ings are readily seen from Eq$46) and (60). Without Susy

squark family mixingsAg will be suppressed by a factor of (67
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where Pg,py iS the muon polarization in the 3HDM, and Because of th&/— A nature of the standard model charged-
where the prefactor of comes from Eq(65) and it accounts  current, only pseudoscalaGg) and right-handed current
for the difference in the hadronic matrix elements and kine{Gg) interactions of Eq(34) contribute toPi intheK 5,
matic factors between th@p and Gy, interactions. Note that decay. These two decays are therefore complimentary in
P, &/ P3om®Mi/M&ysy and this ratio can be suppressed if searching for new sources 6fP violation.
the SUSY-breaking scale is much higher than the charged- Generally speakingGp is suppressed by light fermion
Higgs-boson mass. Therefore in the presence of large squarasses. In our SUSY calculatioGp is proportional to
generational mixings, the heavy quark enhancement eﬁecmﬂ_ And Gg, being induced byV boson exchange only, is
can overcome the loop suppression and the SUSY contribihot subject to light fermion mass suppression. The relative
tion to Pt could be larger than the 3HDM tree-level contri- enhancement factoBr/Gp~m,/m, can cause the domi-
bution by one or two orders of magnitude. nance of aGg interaction over &y interaction if the rel-
The fourth and final remark concerns possible correlationgvant mass scales and phases are of similar magnitude. This
of the muon polarization between th€,; decay and the could turn out to be one advantage for measuring the muon
K2, decay. polarization in K*—u"vy decay over that in
We first consider charged-Higgs-boson-exchange effectsK+_>7.,0M+,, decay, aspt(‘n') in the K ,3 decay is expected
For bothK 3 andK >, decays, the dominant contribution to to be comparable in size to the charged-Higgs-boson contri-

the muon polarization could come respectively from the scapytion to PL in the K ,, decay. For example, we take an
M ’
lar and pseudoscalar components of theenhanced effec- glegzL,R|:1/2 for the squark family

tive operator of Eq.(57). It is therefore expected that . .
charged-Higgs-boson contribution to the muon polarizatior[mxIngs and assume - 50 and a mass scale of 100 GeV

is comparable for both decays, as confirmed by the epriC|tE:|r<le Chg;gczd l:rg dg; L6Tn<d3tl>'1<elgl_uzlnf(()),rtrheen\;\z/a_?rl]rgjlcsgfgcts for
calculations of Eq(61) for theK ,,, decay and of Refl8] r2y y @ R ) R

for the K .5 decay. SincéSs=Gp from Eq. (57), it is found ~ Nteraction andP,[<3X 10" for the charged-Higgs-boson
that the average muon polarizationKi,; decay is about a induced Gp interaction. And these two contributions are
factor of 2 bigger than irk ,,, decay, but with opposite larger by factors ofnym,/mgm,~10° and m /ms~10° re-
sign? It is interesting to compare our results with the analy-SPectively than those in the absence of squark family mix-
sis by Kobayashét al.[14] in the 3HDM. Since the charged- N9S- Both limits could be accessible to_ the KEK E246 ex-
Higgs-boson coupling to light quarks is suppressed by th&@eriment and the proposed BNL experiment. However, the
quark masses, the dominating four-fermion operator arising" _sstate interaction(FSI) effect is possibly as large as
from tree level charged-Higgs-boson exchange in the 3HDM~ 10~ and needs to be subtracted out. In comparison, the
is expected to be of the formsgu,)(v ug). Therefore, three-nggs-doub!et _moqlel gives comparable contrlbgtlons
Gs=—Gp in the 3HDM and the muon polarization has the t0 the muon polarization iK 3 andK ,,, decayq14], and is
same sign foK 3 andK ,,, decays. This sign difference is there_:for_e easily dlstlngu_lshed fror_n SUSY models with a
useful for distinguishing between the 3HDM and the SUSY-dominatingW-exchange induceG interaction.

induced interaction in Eq57). As the W-induced Gy interaction (XVSZR VglR/ MZ,sy)

If,. however, theW—exchange-inQucedSR interact'ion and the charged-Higgs inducedGp interaction
dominates over the charged Higgs-indu¢gd (andGg) in- (OCVDL*VUR/mZ) involve different squark mixing matrices
teraction as we have argued on general grourR]s,in 32 ‘31" '

() : and different mass parameters, the possibility of charged-
K2, decay can be much larger th&y '™ in K,,; decay. In Higgs-boson-exchange dominance should not be discarded.

this case, different squark mixing matrices are involved inFOr charged-Higgs-boson exchange, theenhanced effec-

t_hese two decays a.nd the relative sign O.f the muon pOIarizatTve interaction of Eq(57) could have the largest effect on
tion cannot be predicted. Such a large difference in the magpt, and it also giveS<=Gp. The resulting muon polariza-

nitude of the muon polarization between Hg,, andK,3 0,0y K,s andK ,, decays are comparable in size but
decays is a special feature of squark-family mixing and doe?)pposite in sign. By contrast, the dominating effect in the

not occur in the 3HDM. three-Higgs-doublet model givess= —Gp, and the muon
polarizations are always comparable in size and have the
V. CONCLUSION same sign for the two decayd4]. Therefore, the three-
Higgs-doublet model is again distinguishable from SUSY
As discussed before, the transverse muon polarizatiomodels with charged-Higgs-boson-exchange dominance.
pi(w) inthe K" > 7% v (K,3) decay is sensitive to an However, when tafi is roughly as large asn/m,, the
effective scalar interaction, whereRs, in theK*—u*vy  My-suppressed four-Fermi operator of £62), which gives
(K ,2,) decay can receive contributions from effective pseu-Gs=—Gp, could be as important as tig-enhanced opera-
doscalar, vector, and axial-vector four-Fermi interactionstor of Eq. (57), and the prediction of the relative sign be-
tween PL(™ in the K, decay andP’, in the K ,,, decay
would then be lost in this particular region of the SUSY
Note that when tafl is as large asn,/my, the charged-Higgs- Parameter space.
boson-exchange induced operator of F&P) could be as important Unlike the K 5, decay for which the branching ratio is
as them-enhanced operator of E(]j57)_ This interaction gives about half of a percent, the branching ratios for the radiative
Gs=—Gp, and contributes to the muon polarizationkn; and D—lvy (I=e,u) andB—lvy (I=e,u,7) decays are too
K2, decays with the same sign. tiny for measuring the transverse lepton polarizatiRyn at

optimistic value of|V
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future 7-charm andB factories. On the other hand, due to tories to be very valuable for probing this region of SUSY
kinematic suppressions of the interference amplitude and/qrarameter space.
experimental technical difficulties in measuring the electron
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