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T-odd correlation in the K*— 7l vy decays beyond the standard model
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The dependence of th&odd correlation on the effective Lagrangian parameters inkifie- 7l vy, |
=e,u, decays is analyzed. It is shown that the observable introduced is a perspective in the search for new
physics in the vector and pseudovector sectors of the Lagrangian. As for the scalar and pseudoscalar sectors,
T-odd correlation studies will not allow one to improve current restrictions on the parameters of models beyond
the standard model.
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[. INTRODUCTION lem under discussion is of particular importance. Event
samples of 10-10° for the K*—#lev,y decay and

T invariance is one of the fundamental symmetries in10°-1C° for K* —#%uv,y decay are expected to be accu-
physics; therefore, many experimental groups carry out theimulated.
studies in this area. The search for new physics is extremely This paper is organized as follows. In Sec. Il we present
promising in processes where the standard model contribithe model independent Lagrangian and the expression for the
tion to experimental observables is suppressed. One such exsymmetry in terms of the Lagrangian, and discuss the SM
perimental observable, for instance, is the muon transverseontribution toT correlation. In Secs. Ill and IV the contri-
polarization inK " — 7% v, K™ — vy decayqd1,2). In these  butions of theSU(2), X SU(2)gx U(1) model and scalar
processes the standard mo@8M) contribution toP+ van-  models are examined. The last section summarizes the re-
ishes at the tree level. A nonvanishing contribution appearsults and conclusions.
only at the one-loop level and is caused by the electromag-
netic final state interaction; therefore, it is significantly sup-
pressed. In th& " — 7% v decay the lepton transverse po- Il. MODEL INDEPENDENT APPROACH IN  T-ODD
larization is equal to %10 ©; [3,4], and inK"— uvy it is CORRELATION STUDY
equal to 6<10 * [5,6].

In contrast with the SM, in some extensions the transversg. .
polarization appears already at the tree level of perturbation
theory[7,8].

At the moment the E246 experiment at KEK is perform-
ing the analysis of the data on the — 7% v process to put L= —sin 6. sy*(1— y5)Urya(1— ys)| +gesur(1+ ys)l
bounds on thd-violating muon transverse polarization, and V2
the following result has been obtaingd:

The model independent Lagrangian of the four-fermion
eraction is as follows:

+gpSYsUr(1+ ¥5)l +9,57 Urya(1—ys)l
Pr=[—1.12+2.17stah = 0.9Q'sysh] x 10 3. (1) - -
T9aSY* YsUrya(1—ys)l], 2
Unfortunately, there is no experimental result for #é

— uvy process, as the experimental data are being still pro-

cessed. The transverse polarization is expected to be of th&herer Is the Fermi constant, is the Cabibbo angle, and
order of 1.5¢ 1072 [2]. 0s.0p.0,,92 are the scalar, pseudoscalar, vector, and

Another important experimental observable usedCR pseudovector constagts. Using this Lagrangian, the matrix
violation searches is thel-odd correlation in thek*  €lement forK(p)—a=(p")I(p)»(p,)¥(q) decay can be

— 7%l vy decay defined ag=q-[p,xp/1/ms. written as

In this case th&-violating signal is the asymmetry of the
differential distribution of the decay width relative to tlfe
=0 line. As in the case of lepton transverse polarization, T= —fvfjsee*
T-odd correlation vanishes at the tree level of the SM and ¢
appears due to the electromagnetic final state interaction. In

[(1+9,)V*F—(1-g,)A“]

the framework of the SM this effect was examined earlier in X v(1+ys)ygl +(1+9,)Fgr(1+ys)y?

[9]. However, it would be interesting to compare that result N a —~ .

with the value of the asymmetry induced by some of the SM (p__ b ay |+ (e + goF ) w1+ vl

extensions. Our work is devoted to this problem. Pa P9 2(pa) seoEe ”s
New perspectives oif-odd correlation studies are con- N N ~

nected with the OKA experimentL0], where the measure- +auf (1t 7e) L DA 3)

ment of this observable is planned. For this reason, the prob- 9 s pa pd 2(pa)/ |
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where €, is the photon polarization vector, and the tensorsthe framework of chiral perturbation theory®PT) up to

VP AP FPFSFD . can be presented in the following
way:

P

VPt ﬁFﬁziJ d*xe€P(7(p")| TI*(X) (sy"u)

X(0)[K(p)), (4)
A | f AP 70(p’ )| TI%(x) (Sy ysu)
X (0)|K(p)),
o o t=1 [ ate(a0p) 7700 (5u)(0)
S pq
X |K(p)),
Fg:if d*xeP(mO(p")|TI4(X)(sysu)
X (0)|K(p)),
FA=(7%(p")|(syPu)(0)|K),
f=(7%(p")|(su)(0)|K(p)),

O(p*) [11]. The values of thé&,f form factors can be found
from those forV,,C; using the Ward identities. The deriva-
tion of these relations is given in the Appendix, where the
value of theP form factor is calculated as well.

In searches for possiblEP-violating effects, we are in-
terested in the distribution of the partiak*(p)
—a°(p")l(p) v(p,) ¥(q) decay width over the kinematical
variableé=q-[p,Xp,]/m3 in the K™ meson rest frame:

dr

£ (7)

p(é)=

Obviously, thep(€) function can be written as

p="Feved &)+ foad &),

wheref o, €) andf gy &) are even and odd functions éf
respectivelyf 4 &) can be rewritten as follows:

foad= (&%) E. 8

where J¢ is the electromagnetic current. From the Ward

identity [11] we have the following relations among the ten-
sors(4):
q,.V**=0,

q,A**=0,
d.F<s=0,
anf)“:O.

©)

Using these relations, we introduce the following parametri
zation of the tensors:

W,q ) p'q
VaB:Vl( Oap™ q—Wﬁ) +V2( P.ds— q—WWaOIﬁ)
, p'q
+V3 pUzWB_ qTNWD[WB)
! ! p,q !
TV PaPp— q—WWap[;), (6)

AaB: I EaBpo’(Alplpqo—-i_ AZqPWU) +i Ea)\pop,)quo-
X (AgWs+Ap)),

FA=Cyps+Ca(p—p')”,

|

Fo=iPe™7p,pia,,

a_ P9 a
pr—=——p

i
pq

W= p|+ pV|'

We use the values of thé, ,A; ,C; form factors calculated in

Integrating p(&) over the kinematical region, one can see
that the contribution of .4 &) vanishes.

To analyzeK*— 7% * 1,y decay data we introduce the
following observable:

N, —N_

A§:N++N_1 (9)

‘whereN, andN_ are the numbers of events wi>0 and
£<0, respectively. Obviously, the numerator Af depends
only on f 4 €).

Because thev; ,A;,C; form factors are real at the tree
level of the SM, the distribution gb(¢) is symmetrical with
respect to th&=0 line, i.e., the numbers of events with
>0 and é<0 in K"—x% "y decay are equal and,
=0. This can be easily explained: at the SM tree level the
form factorsV,; ,A;,C; are real, the matrix element squared
depends only on the scalar products of momenta of
T, 1, v,7y, and the terms linear ié vanish. Therefore(¢) is
an even function of. The ¢é-odd SM terms appear due to the
electromagnetic final state interaction. This leads to the ap-
pearance of nonzero imaginary parts of the form factors,
which, in turn, gives the nonvanishing contribution to the
foad &) function and asymmetri,.

The contribution of the one-loop final state interaction to
A, was considered earlier [9]. A calculation usindgs-matrix
unitarity led to the following result:

A=1.14x10 ‘K" —7%u*v,y, (10)

As=—0.59x10 K" — 7%  vey.
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This result indicates that the SM contribution %67 &9 @y
— %" v,y decay asymmetry is suppressed, thus makin.g the b= b B2 (12)
A, observable a good prospect to search for new physics. 2 2

Let us consider the value of the asymmetyyinduced by
the Lagrangian2). In theK™ meson rest frame the squared whose vacuum expectation value can be presented as
decay amplitud€3) can be presented as follows:

| TI?=|Teved*+[IM(g,)C, +IM(ga) Co+ IM(gs) Cs
(D:

k 0 )
0 k'l- (13
+1m(g,) Cpl Mg é. (11)

' ; ; Generally, the vacuum expectation vallkek’, are complex.
The first term is &-even part of the matrix element squared, T ; 0
% b N Additional Higgs multiplets are required to break the

and the second one is &odd part;C,,C,,Cs,C,, are the .
kinematical factors, which depend only on thepscalar prod—SU(z)LXSU(Z)RXU(l) symmetry toU(1). In the sim-
ucts of the final particle momenta. We do not present here th Iestdcase two doublets (2,1, and 6x(1,2,1), are intro-
explicit expressions foC,,C,,Cs,C,, as they seem to be ce
quite cumbersome. It follows from Eqll) that the asym- St St
metry has a nonzero value only when there are nonzero L R
imaginary parts of the parameters of the Lagrang®n o= s RT\ S} (14

From the expression for matrix eleméBj one can obtain

the relation between th€,,C, kine_matical factors. Let us o 4 large mass scaMy, it is necessary to have the vacuum
suppose that we use the model with tm)= —1m(g,) and expectation valuéa(%}:vR greater thark,k’,(é‘f)=vL.

Im(gs) =Im(gy) =0. The matrix element in this model dif- Another scenario of spontaneousU(2), X SU(2)x

fers from the SM one only by a .totallphase, which cannot, U(1) symmetry violation is also possible. In this case two
lead to nonzero asymmetry. So in this mod|-C,=0, triplets A, (1,3,2 andA(3,1,2 are introduced:
and since the inner structure of the model does not affect the LA L= '

kinematical factor<C,,C,, it would be correct to state that ATIN2  ATT
AL'R: ( ) ,
L,R

C,=C, in any model. 0

Integrating the squared amplituddl) over the phase A —AT12
space, one can obtain ti#g value. The value of this asym-
metry, averaged over the kinematical regiép>30 MeV,
6,4>20° in the kaon rest frame, is given as follows:

+ . 0 O
K™ —mevgy: A= . (16)

(15
whose vacuum expectation values can be expressed as

UL,R 0

Ag=—[2.9x10 ®Im(gs) +3.7X10 °Im(g,)+3.0
As in the model with two Higgs doublets, the conditiop

-3 .
X10°°Im(g, +ga)]; >Kk,k',v, should be valid for large mass scale appearance.
. One can also require the Lagrangian of the model under
K'—muw,y: investigation to be invariant under the following transforma-
tions:

A= —[3.6x10 %Im(gy) +1.2<10 4m(g,)+1.0 .
YV —=Wg, 0ge6L, AgmA, @07, (17)
X1072Im(g, +da)].
which leads to the fermionSU(2),, SU(2)g bosons cou-
It should be noticed that in the formula for the asymmetry ofpling constants being equal.
the K" — mev,y decay amplitude the contributions of the In this case,CP violation appears due to the Cabibbo-
Im(gs),Im(g,) parameters are suppressed, in contrast witftKobayashi-Maskaw&CKM) matrices in left Kb and right
the case oK*—mr,uvMy decay. This suppression is due to (KR) sectors of the model. The effects 6P violation are
kinematical factors in front of these parameters, which areleeper than in the SM, as the analogue of the CKM matrix
proportional to the masses of the leptons in the final state. for the right sector of the theory contaiNgN +1)/2 phases,
whereN is the number of fermion generations. Notice that in
. SU(2), XSU(2)xXU(1) MODELS our calculations we neglect the_n_eutrino masses, Which al-
lows us to neglect the lepton mixing matrices and consider
In this section extensions of the SM based on thehem as diagonal. Depending on the model parameters there
SU(2). X SU(2)gxU(1) [12] gauge group are considered. are two possible mechanisms@P violation. The first one is
In these models each generation of fermions is formed irspontaneousCP violation, due to the complexity of
SU(2). andSU(2)r doublets. At least one Higgs multiplet k,k’,vg,v, , where the matrix of the Yukawa couplings®f
®(2,2,0 is introduced to generate the fermion masses: with the fermions is real. The second scenario assumes the
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complexity of the Yukawa constants when the vacuum ex- Using these bounds and the inequalitym(g,)]|
pectation values are real. The latter mechanism applies in the |Im(g,)|< 5, one can derive the following upper bounds

SM. In the general case, both variants are possible. on theA, value:
The interaction of charged gauge bosons with quarks may
be written agd13] |A]<2.6x107%, K™—7m'ur,y,
g, = IR, _
L=EW’L‘U yMKLPLD+ﬁwguyMKRPRD+H.c., |A]<0.8x107%, K*—7levyy. (24)
(18)

These values of the asymmetry can be experimentally ob-

WheregR,gL are the Coup”ng constants of the r|ght and left served only if the experimental statistics collected is about
sectors of the modelyT=(u,c,t) andDT=(d,s,b) are the ~10" for K" —>muv,y decay and~ 10 for K*— mevey
quark physical states, an® g=(1Fys)/2. The states decay. _ _ o
W, W, are nonphysical states, but it is possible to make Letus now estimate the potential férodd correlation in

them physical by performing the unitary transformation ~ connection with the search for new physics. Obviously, if
T-odd correlation coming from new physics is of the same

W, cosy —siny \ [ W, order of magnitude as the SM backgroua@), an extraction

( WR) :( ) (W2> , (19 of new physics signal becomes p_roblematic. However, in this
case one may put further constraints on the parameters of the

Lagrangian under study:

where 7 is the mixing angle andv is the phase. In the

following calculations the phase factor will be included in lIm(ga)|=|Im(g,)|<5.7x 1073,

the KR matrix. From the formulag18), (19) the effective

Lagrangian of thes—uuv, process can be written as

e'“siny e'“cosy

K*—muv,y,

[Im(g.)|=]Im(g,)|<9.8x10°3, K*"—7m%uw,y.

GrOrR Ry — — @9
L=- N g—KsJ nS(1—ys) yul[w(1+ ys) y11.

L It is instructive to compare these values with the bounds

(20 optained in[16], |Im(g,)|=|Im(g,)|<0.013. Although the
improvement of these bounds is not very large, the experi-
ment measuring the asymmetry could give us model inde-
pendent restrictions on the vector and pseudovector param-
eters.

Comparing Eq(20) with the Lagrangiar{2), one can ob-
tain the expression for thg, ,g, parameters:

9 K&
gL siné, G

9,=0a= (21)

IV. MODELS WITH SCALAR INTERACTION
Further, we suppose that the model Lagrangian is invariant
under the transformatiofl7), which gives us the following
identity: gr=g, . Moreover, we suppose that tKg ,K, ma-
trices are related as follow§(Kg);;|=[(K);|. This condi-
tion applies when the vacuum expectation values of th . ;
Higgs fields are real, i.eCP violation appears due to the mult|-H|ggs-boson+SM extension§,8,17.
complexity of the Yukawa couplings. In this cakg =Kg Note that theK ™ — mevey decay is not useful to probe
[14]. The identityl(KR)ij|=|(KL)ij| is also valid in the mod- s_uch mpdels. This follows frqm the proportionality of the
els with spontaneouSP violation. Here, the Yukawa matrix <inématical factor&s, C,, entering the formula for asymme-
is real and symmetric, but the vacuum expectation values al®y (12) to the lepton mass, Wh'ch Iea}ds to the suppression of
complex, which leads to the identit§, = (Kg)* [15]. Using scalar and' pseudos_calar contributions to 'FhIS asymmetry.
this relation one can rewritg as follows: Moreover, in multi-Higgs-boson models, additional suppres-
sion appears due to the fact that the Yukawa couplings are
e i%c0s0, e %ising, proportional to the fermion mass.
22 So, of the two decays considered, OrKy+—>71',u,vlu‘y
seems useful. To set upper limits on the possible asymmetry
value in this decay, let us consider the muon transverse po-

From the explicit expression for tHe€R matrix the imaginary ~ larization iK™ —muv, . A model independent investiga-

In this section we consider models with Igy)
=1Im(g,)=0. For this case nonzero asymmetry appears due
only to nonvanishing values of the Iigy),Im(g,) param-
Sters. Among these models there are some leptoquark and

R_Aly i . ;
K'=e7l —e-l9is5ing, e'%cosh, |-

parts ofg,,g, can be written as tion of the muon transverse polariza_lt_ion in this de¢@y
allows one to claim thaPy is not sensitive to thg, ,g,,9,
Im(g,) =Im(g,)=—nsin(y—&,). (23)  constants.

In order to set bounds on the lgy) constant, one needs
Bounds on the model parameterd)z>715GeV, » to write down the matrix element of K(p)*
<0.013, have been derived from the low-energy dag. —>770(p’),u,(pM) v,(p,) decay:
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Gt . _ constants, while the vector and pseudovector sectors of the
M=—-sindc[f.(p+ p)Mf_(p—p)Mu(p,) Lagrangian remains obscure. The bounds on these param-
eters can probably be obtained in the OKA experiment,
X (14 vs5) yav(pL)- (26)  which will come into operation in the very near future. Our

_ results reveal a high sensitivity of the asymmetyyto vec-
The data from the KEK E246 experiment on transverse potor and pseudovector interactions of the effective Lagrang-
larization measurement give the following result for thejan. In addition, in order to search f@P-violating effects,
value of Im(y) =Im(f_/f.) [1]: one can consider thi 3, meson decays with electrons and
o 5 muons in the final state. Taking into account the bounds on
Im(x)=[~0.28+0.6q'sta =0.30sysy ] x 10", (27) the parameters of thBU(2), X SU(2)gxX U(1) model, one

Using the expression for the effective Lagrangi@), one  can get the upper limit on tha, value:

can relate the values of | and Im@Q.):
l @) |Ag<2.6x107%, K+—>WOMVMY,

2
My

m, Mg

Im(x)=1m(gs) (28) |A]<0.8x107% K'—7lev.y. (31
Therefore, provided that the statistic in the OKA experiment
limit:  [Im(go)|<6.7<10%. Further, we assume that are increased by an order of magnitude, we claim that it may
o . L S .. provide further information about the vector and pseudovec-
Im(gy) IM(gs). This assumption is valid in any model if tor sectors of the studied Lagrangian. It follows from our

one neglects the mass of thejuark. Obviously, within such udy that the asvmmet. mav serve as a quite effective
an approach it is not necessary to consider the inner structuﬁ% y . y B may . q
servable in the search for new physics.

of the models. Using the upper limit on the model parameterg

one can derive the bounds on tAg asymmetry of thek *
— %,y decay: ACKNOWLEDGMENTS
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ground we may conclude that there is no possibility of im-
proving the restrictions for scalar and pseudoscalar param- APPENDIX

eters.
In the framework ofyPT the following QCD Lagrangian

V. CONCLUSION with external sources is introducédis]:

The asymmetryA; in K" —alvy decays was investi- L=LQCD+ayM(v“+ ysa*)q—q(s—iysp)a, (A1)
gated in the framework of models corresponding to the ef- . _
fective Lagrangiar(2) up to O(p*) terms of yPT. whereL ocp is the massless QCD Lagrangiap,= (u,d,s)

It was shown that the scalar and pseudoscalar sectors éfe the quark fields, and, ,a,, ,s,p are 3x3 Hermitian ma-
the Lagrangian contribute to the asymmefxy. However, trices. Itis easy to see that the Lagrangiad) is invariant
since the kinematical factors in E¢l1) are proportional to under local transformationr8U(3), X SU(3)g:
the lepton massA; is strongly suppressed in thig * ) _ .

— mevey decay. As for the decay with muons in the final ~ dL—9udL, Odr—0rAr, SHIP—Or(STIP)YL ,
state, the dependence of the asymmetry on the scalar inter- (A2)
action effects is quite strong. The KEK E246 data allow one . . . .

to obtain strict bounds on the coupling constant, which sig- 1.=9u!,90 +i919,90 . T,=0rl ,9r T19RI.OR »
nificantly narrows the search for the scalar and pseudoscalar

interaction contributions to asymmetry. It is necessary to l,=v,—a,, r,=v,+ta,.

have at least- 10'° events to observe this asymmetry experi-

mentally, and the anticipated value of this observable could he effectivexPT Lagrangian is constructgdith the sym-
be metry (A2) taken into accounias an expansion in a series of

external momenta:
|A;|<6.0x10"°, (30
Leg=Lo+La+---, (A3)
which is two orders of magnitude less than the SM contribu-
tion to A;. where L,,L, are the effective Lagrangian terms up to
The KEK E246 experiment allows one to set strict enoughO(p*),0(p®), respectively. Notice that, is invariant under
constraints only for the case of the pseudoscalar and scaléA2) transformations, whilé_, invariance is broken due to
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the chiral anomaly{11,18. Nevertheless, the effective La-
grangian is invariant under the transformation

v,*a,—g(v,*a,)g" +igd,g", (A4) K+

s+ip—g(s+ip)g*
geSU(3).

Taking into account the fact that the generating functional is
invariant under(A4) transformations, FIG. 1. Feynman diagram that gives a nonzero contribution to
the form factorP.
Z[v',a',s",p'1=2[v,a,s,p], (A5)
tion. Obviously, the last three terms in expressi&@) do
one can transforny=1+ia+0(a?) e SU(3), andobtain  not contribute to the final result, since they do not contain

the Ward identities inyPT [11]: any pole terms on the® andK ™ meson mass scales simul-
taneously. Using this fact one can rewrite this expression as
oZ\ _. oz follows:
aaﬂg = | asp[ayl]ﬁ , (AB) :
=v,4,S, .
’ PO TVEM )V 2(y)[K )
where() means performing the trace operation. Ol A i5 N _
Let us consider the  marix  element =(m° |V P(y)[KT) S(x—y) +i(m,—mg)
3 4+i5 4—i5 e.m 3 :

<91|+1;$#(x)ay Ve "(AVy (w)|0), where aM(X)+, (O TVEM(x) S 15(y) K *). (A9)
a%™'>(y) are the axial currents correspondings8 andK

mesonsV*~%(z) is the vector current of the—u transi- The relation between the scalar and vector form factors in
tion, andV§™(w) is the electromagnetic current. The diver- t€rms of Eq.(4) has the form

genced; of this matrix element can be obtained using the F'q
Ward identities. Therefore, one must replagcen Eq. (A6) VE'W,+ ”p“) =(m,—mg)FL. (AL10)
by A*—i\® and act upon the matrix element by the operator q

Similarly, one can obtain an expression for

F*—

A= ° > (A7)
sad(x) day '*(y) sVE™(2)

F'(p,— p;):(mu_ms)f- (A11)

A nonzero contribution to the form fact® can appear only
due to the anomalous term of the effectiyBT Lagrangian.
It has the following form[11]:

At the pointv,=a,=p=0s=M, whereM is the quark
mass matrix, this expression takes the form

go[Tad(x)a) (y)Va S(2)VE™(w)|0)

. . H e\/z vpo
=i(m,—mg)(0|Ta’(x)a} "*(y)s* "*(2)V™(w)|0) Lanon{®37’):_|4wzf3 €*"""A(Qd, D3, D3, D),
+(0[Ta,(x)a, "*(y)Vg °(2)|0)s(w—2) (A12)
+<O|Taﬁ+i5(y)al‘i’iS(Z)V/e;'m(W)|0)5(2—X) where ® is the pseudoscalar meson octet mats 1/3

xdiag(2—-1,—1), andf_=93.2 MeV. The Feynman dia-
1 3 3 om gram contributing to the form factd? is shown in Fig. 1.
= 5(0|Ta,(x)a(2)V™(w)|0) 8(z—y) Taking into account this diagram one can rewrite the expres-
sion for the form factor in the following form:

J3
- 5 (0T (0 aj(2VE"(w)[0)d(z—y).  (A8) V21 M2 L3
_  4m?f2 W2—M2 Mgt m,’ (A13)
Futher, we use the reduction formulas to relate the vacuum
matrix elements ofA8) with those of theK " — #° transi-  whereW=p—p’'—q.
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