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T-odd correlations in B—K* |1~ decay beyond the standard model
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T-odd correlations as physical observables inBreK* 1|~ decay are studied using the most general form
of the effective Hamiltonian. It is observed that these quantities are very sensitive to the new physics. We
estimate the potential of discovery of these quantities at future hadron colliders.
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I. INTRODUCTION we chooseK* polarization to represent the polarization of
the final state.

RareB decays, induced by flavor changing neutral current The paper is organized as follows. In Sec. I, using the
(FCNC) b—s(d) transitions, provide potentially the stringi- most general, model independent form of the decay ampli-
est testing ground in the standard mo@®M) at the loop tude for theb—sI™1 ™~ transition, we study violation in the
level. Moreoverp—s(d)l *| ~ decay is also very sensitive to B—K*I71™ decay. Section Il is devoted to the numerical
new physics beyond the SM. New physics effects manifesgnalysis and concluding remarks.
themselves in rar® decays in two different ways, either
through new contributions to the Wilson coefficients existing Il. THEORETICAL BACKGROUND
in the SM or through new structures in the effective Hamil-
tonian which are absent in the SM.

Recently, time-reversdT) violation has been measured in
the K° system[1]. Unfortunately, the origin off, as well as
CP violation which also has been obtained experimentally in
the K° system, remains unclear. In the SM, both violations

The matrix element of thB—K*|*|~ decay is described
by theb— sl ™|~ transition at quark level. The decay ampli-
tude for theb—sl*1~ transition, in a general, model inde-
pendent form can be written in the following forf@—11]:

come from a weak phase of the Cabibbo-Kobayashi- M= Ga Vi Vi CsiSio q—:Lbl_y'“l
Maskawa(CKM) matrix [2]. The SM predicts also the vio- V2 s r

lation of CP in the B® system(see, for exampl€,3]). The q”

study of CP violation constitutes one of the main research +CgrsSi0,,—z RbIy# + CIS y#by I Ly, I,
areas of the workind3 factories[4]. These factories have q

already reported evidence f@P violation in theB systems,
namely sin 8=0.741+0.067[5]. In this work we investi-
gate T-violating effects in theB—K*1*1~ using the most = w1 =hn 1
general form of the effective Hamiltonian. It should be noted T CreSry"brlRyulrt ClrisSibrlLlr
that T-violation effects in theA,—Al"1~ andB—K*| "I~ +CriLeSrbLl LI+ CLrriSbrl Rl L
decays were studied in the framework of the supersymmetric
model in[6] and[7] as well as in theA,—Al*"l~ decay
using the most general form of the effective Hamiltonian in
[8], respectively.

It iS known_ that for a general three-body decay, the tripletyherel = (1— y5)/2 andR= (1 + yz)/2 are the chiral opera-
spin correlationss- (p;Xp;) are the T-odd observables, tors andCy are the coefficients of the four-Fermi interaction.
wheres, p;, andp; are the spin and final momenta of the Note that this form of the decay amplitude is motivated by
final particles. Thus in the8—K*I"I~ decay, theT-odd  various extensions of the SM, such as the two Higgs doublet
observables can be constructed in two different ways: elthqfhode| and Supersymmetric models. The first two of these
by choosing lepton polarization as the polarization of thecpefficientsCs, andCgr describe the penguin contributions
final particles, or by choosing polarization Kf . which correspond to-2m,CE'" and — 2m,CS' in the SM,
~ The first possibility, i.e., the choice of the lepton polariza- egpectively. The next four terms in E€l) represent the
tion in theB—K*|"1™ decay, was studied in detail 9].  yector type interactions, of whom the two with the coeffi-
For this reason in the present work, in investigating thecientsCtLOt and C!°t do exist in the SM in the formsqgff

T-violating effects, we choose the second possibility, namely, Cio anLd (CeffJLrRCm) respectively, i.e
9 ’ y 1y

+CRsLy by RY IRt CriSRY*DRILY,ulL

+CrirSrbLIRIL | (1)

: . Cii'=C§""~Cyo+Cye,
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The remaining last four terms describe the scalar type inter-

actions.
The effective Wilson coefficient$'" is given by[12,13

Cg”: Co(p)+ Ypert

3 F(Vi—>|+|7)mv.
a’ (ENTR Im\z/i—qz—lm\,iI‘Vi
where C(O):3C1+C2+3C3+ C,4+3Cs+Cq, My, and

I'(Vi—!1"17) are the masses and the widths of théamily,
andeert(qzlmﬁ) arises from the one-loop matrix element of
the four-quark operators and can be found12,13. The
last term in Eq.(3) describes the long distance contribution
from the real intermediatec states[14]. The factorx; for
the lowest resonances are chosenrgg,=1.65 andx,,
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. NN
My '=)\2V* MuxlyHL L ®
where
LN =2l (1 (P A1 (pre A 13, 0),
(6)

N

HY = (K* (p.N)]3,IB(Ps)),

whereey+ is the polarization vector of the virtual interme-
diate vector bosoly or Z), satisfying the relation

_ V_ Mmoo v
ghr=2 TAVEEN B
Xoe

=2.36 (see[15]) and for the higher resonances the average

of the xy, and k,» have been used.

ExclusiveB—K*|*|~ decay is described in terms of ma-
trix elements of the four-quark operators in Ef). over me-
son statesB and K*, which are parametrized in terms of
form factors. The decay amplitude for tlBe—K*1*1~ de-
cays is found to be

Ga
M:—
A2

—iV e +iV (s* )P, +1V (e* 0)0,]

Vi Vi 7#(1= ys)I [ =2V €t ™ PMA”

+1yH(1+ y5)I [~ 2VR € os™ DM Q7 — i VR £}

+iVe,(e*q)P,+iVg,(e%0)q,]

+FI(L—yo)I[ISL(e* P+ (1+ y) I [ISr(e*A)]},
(4)

whereP=p+pg, q=pg— P, andp ande are theK* meson
four-momentum and four-polarization vectors, aV,_oiI and

where the summation is over the helicities« = +1,0s of
the virtual intermediate vector boson, with the metric defined
as n.=no=—ns=1 (see[17,18). In Eq. (6), J'M and J,
represent the leptonic and hadronic currents, respectively.
Using Egs.(4)—(6), we get, for the helicity amplitudes,
MIT=singAl",
MIT=(—1+*cosf)Al ",
MIT=(1+cosh)AL",
ML =singAL ,
(7
Mg T =cosgA; T +Bg T,
Mg =singA; ",
My T=singA; ",

My =cos§A, +By

Vg are the coefficients of left- and right-handed leptonic

currents with vector structure, ayi  are the coefficients of whered, is the polar angle of position in the rest frame of the
the scalar currents with left and right chirality. Definitions of Intérmediate boson with respect to its helicity axis. Explicit
the form factors and functionls,  can be found if16]. expressions of the function& and B are presented in the

. Appendix (see alsd 16]).
In order to obtainT-odd termSeMmBqu*fo’Pﬁ, we Using the helicity amplitudes given in E(Y), the angular
study the B—K*I*1~—(Ka)l "I~ 9 y amp g ), g

process. The helicity  gigyribytion in B—K*(—Km)I "I~ is given by the follow-
amplitudeM ;'”' of theB—K*1*1~ decay can be written as ing expression:

3G2q?2
3 | Vip V| B(K* — K ) dg?d cosbd cosfder YA m3,m?, ,a) A Y mE,,mZ, m2 )\ Y2(q2, m?Z, m?)

dr 24 r®mgmeg

X {2 cog Ox[cog 6N+ sir? 6N,+ 2 cosd) Re(Ng) + N4]+sir? 6[sir? 6,Ns+ (1+cog 6,)Ng+ 2 cosé, N
+2 sir? 6, sin 2¢ Im(Ng) — 2 sirf 6, cos 2p Re(Ng) ]+ v2 sin 26 sin 6, cose Re(coséNg+ N1o)

—v2 sin 26 sin @, sing Im(cosé N1+ N1»)}. (8)
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TABLE |. The B—K* transition form factors in a three-
parameter fit. The values of the form factors are taken fi2@j.

F(0) ar be
A 0.34+0.05 0.60 ~0.023
A, 0.28+0.04 1.18 0.281
v 0.46+0.07 1.55 0.575 €
T, 0.19+0.03 1.59 0.615
T, 0.19+0.03 1.49 —0.241
Ts 0.13+0.02 1.20 0.008

Various angles in Eq(8) are defined as followsdy is the
polar angle of theK meson in the rest frame of thié*
meson, measured with respect to the helicity axis, i.e., the, .
outgoing direction of th&* meson.g, is the polar angle of

the | in the dilepton rest frame, measured with respect to
the helicity axis of the dilepton, angdis the azimuthal angle
between the two planes defined by the momenta of the decay
productsK* — Kz andV—17*1~. Also, explicit expressions
of the functionsN; are given in the Appendix.

It follows from Eg. (8) that terms with~Ng, N4, and
N, contain an imaginary part. If we rewrite E) for the
SM case, we immediately see that there are two possible
sources fofT violation: T violation coming from InCE"'C |
andT violation coming from ImC,C5% .

In SM only C'" has an imaginary paftsee Eq.(3)].
Therefore we can conclude th&todd observables could be inaq by[7]
nonzero in the processes involving strong phases or absorp-
tive parts even without wealCP violating phase. In this
work we explore the possibility of the existence o¥iola- Joor

tion due to the new wealkCP-violating phases. It follows - [T/ TOXT
from Eq. (8) that in order to have nonvanishifigviolation I I

interactions of a new type must exist, and contributions of

<c9>=f odr,

whereQ is the T-odd correlation, given by

_ (Ps- P[P (PkXPi+)]
[Pel?pel*(api+v2)
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FIG. 2. The same as in Fig. 1 but for the Wilson coefficient

(€)

(10

In the K* rest frame @ = cosé sin 6¢ sin 6 sine. The statis-
tical significance of the T-odd observable in E§) is deter-

11)

different new Wilson coefficients must have weak CP-It should be noted that in Eq11), integration overg? is

violating phases.

carried out in order to eliminate thg? dependence af. Our

In order to discard terms-Im CS''C* which give rise toT  final remark in this section is that-odd effects that are re-

violation in the SM, we consider the followirrodd observ-  lated with the CP violation and CP violating asymmetry be-
able tween the decay rates &—K*|"1~ andB—K*| |~ are

discussed in the second referencgif].
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FIG. 1. The dependence of the statistical significanamn the
new Wilson coefficientC,, and on the weak phas¢ for the B
—K*u*u~ decay. Cgrr-
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FIG. 3. The same as in Fig. 1 but for the Wilson
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FIG. 5. The dependence of the statistical significanan the
new Wilson coefficienC, rg, and on the weak phasg for the B
—K* 77~ decay.

FIG. 4. The same as in Fig. 1 but for the Wilson coefficient
CRL.

lIl. NUMERICAL ANALYSIS simplicity we assume that all new Wilson coefficients have a

In this section we will study the dependence of the statiscommon weak phase. The dependence of the on the
tical significances on the new Wilson coefficients. For the Wilson coefficientsC,, , C g, Cr., andCgrg and on the
B—K* transition form factors, which are the main input Weak phasep for the B—K* u" "~ decay is presented in
parameters ine, we use the ||ght cone QCD sum rules FIgS 1-4. Note that the dependencegobn the Wilson
method predictioil9—21. The dependence of the form fac- coefficients for scalar interactions for tBe—K* u ™ n ™ de-
tors ong? can be written in terms of the three parameters afayoiszggt presented since for all their valyelss very small

< 0.2%.
F(0) 12 From these figures we see thagets its largest value for
=1 2,2 TP AVE C, . about 5%, forC, r and Cgrg about 3%, andCg, about
1=ap(q%/m) +be(q"/mp) 4%, for theB—K* u* ™ decay.

The situation is quite different from the previous case for
the B—K* 7" 7~ decay. In this case contributions coming
from the scalar type interactions are domindste Figs.
5-8), while vector type interactions give negligibly small

F(9?)

The value of the parametels(0), a, andb for various form
factors are presented in Table I.
In further numerical analysis, we use next-to-leading

Loognaggré?;gi:rﬁgomg]g?oz;géultsatfor:tr:: \Eilzui% Og\;hfa\s/w_ contributions toe. We observe from these figures thatjets
e 10 & p= M L2423 its maximum value~4% for C_ g r and Cg, gr. We also

already been noted, in the process under consideration, thﬁx te that in the present wofkgg andCs, are assumed to be
H BR SL

only short distance contributions are taken into aCCS}i”‘ Ir}dentical, as is the case in the SM, since the experimentally

the W!IsoEn cgefﬁ_crﬁntscg VE/S'Iee the effxp_res:[smn fdr_‘,g th measured branching ratio &— X,y decay is very close to
given in Eq.(3)]. The new Wilson coefficients vary in the the SM predictior{23—25.

range—|C,o <Cx=<|C,q. The experimental bounds on the
branching ratio of th8—K* " u~ [21]' andB—pu "™
decayq 22] suggest that this is the right order of magnitude
range for the vector and scalar interaction coefficients. Th
present experimental values on the branching r&i{®
—KI17)=(0.78"323" 511 107%) lead to stronger restric-
tions on some of the new Wilson coefficients, namely,
—1.5<Cy=<15, —3.3<Cqg=s2.6, —2=<C,; Cgr =23
while for all remaining coefficients-4<Cy=<4. Note that if
the latest results for the branching ratio for tHg
—K*1*1~ decay are taken into accoufgee the footnote
below), the allowed regions of the new coefficients are

Finally we would like to discuss the detectability ofin
the experiments. In order to observe this effect at riloe
level, the required number & mesons areVg=n?/(Bs?).

the branching ratio takes on the following values

—2.5=C =0, 0=Cg =4, and all remaining coefficients ~0.02
vary in the region-4<Cx=<4. As has already been noted, in -0.04
order to obtain considerable statistical significargethe

new Wilson coefficients must have a new weak phase. Fol CLRIR

¢ 210
The latest result released by the BaBar Collaboration for the
branching ratio of theB—K*I*I~ decay is B(B—K*I*I") FIG. 6. The same as in Fig. 5 but for the Wilson coefficient

=(1.68"528+0.18)x107°6. CLRriRr-
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2
_[a
R LCHEEEC FER IR CHE RS
2
+CRR(1+U)]ht+EZ(CBRGt'*'CSLgt) )
ALT=AT (v——v),

Ag = 2m|[(clt_ol_t+ CiRHo+(CrL+Crrhg

2
+ aZ(CBRGO+ CSLQO)}:
(A1)
Ay =—-A;",

2
By "= —2m{(C{%— Cl{)HE+ (Crr—Cr )N — H’qz[(l

K*I*t1~ d t the & level, with e ~3%, at least
- ecay atthe @ level, with e~35%, atleas —0)(CLrir—CriLr) — (1+0)(CLrri— Crir) IHS,

5%x10° for u mode
5x10° for 7 mode,

B~ B, =Bg "(v——v),

B mesons are needed. Since at LHC and BTeV machines

10“pb pairs are expected to be produced per yési, the  Ag =—vq?{[CI9(1—v)+Cl%(1+v)]Ho+[Cr(1-v)

observation ofT-violating effects in theB—K*1*1~ decay

is quite possible. 2
+CRR(1+U)]hO+?(CBRGO"_CSLQO) )

APPENDIX

In this appendix we present the explicit expressions of the
functionsA, B, andN; entering into Eqs(7) and(8):

Ay T=A; (v——v),

wherev = \/1—4m,2/q2 is the lepton velocity, superscripts

2
Al =+v2m, (CtLOLt+ CtL°F§)Hi+ — (CgrG++Cg.0-) denote helicities of the lepton and antilepton, and subscripts
q correspond to the helicities of tH€* meson, and further-
more,
+(CRR+CRL)h:]y
V(g?)
1202 2 . 2
AL =—AL", H.=*N"9(mg,Sv,q )mB+mK*+(mB+mK YA1(g),
Hoz; — (M= sy—0%) (Mg+my«)Ay(g?)
2\su0°
Ax(0?)
2 2 2
+ N (Mg, sy ,9°) e——_
€
Allz(mévsl\/l qu) |:
Hl=————— | — (mg+myx)A(q?)
s 2\sma°
Ax(9?)
+ W(mé—sM)+2@(A3—AO) :

FIG. 8. The same as in Fig. 5 but for the Wilson coefficient

CRLLR' Gi == 2[ * )\llz(m§1SM 1q2)Tl(q2) + (mé_ SM)TZ(qZ)]a
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Go= ! (mé—sM)(Sé—sM—qz)Tz(qz)
Vsma?
92
—?\(mé,SM,qz)(Tz(qz)ﬂLmTa(qz)”,
B~ Sm

A2
hi=H.(A;——Ay), (A2)

hg=H(A1—— A1, A= —Ay),
ho=Ho(A1— —A1,Ar——Ay),
9:=G.(Tp——Tp),
90=—Go-
Ny=[Ag "[>+]Aq |2,
No=|Ag ~[>+|Aq 72,
N3=Ag "(Bg ")*+Aq (Bg )*,

Na=[Bg "[+[Bg |7,
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No=|AL P+ ]AZTP+HALTPH|AZT]?
Ne=|AT |2+ |A- T2+ |AT 7|2+ |AT T2,
Np— AT A o far s,
Ng=ATT(ATH)*+ AT (AT )"+ AT H(AZT)*
TAL(AT)Y,
No=Ag "(AT T —ATH)*—A; (AT +AT)*
—A, T(AZTHAL) A, (AT AL )F,
Nig=Bg "(AT = ATH)*+ AJ (—AT +AT)*
+A; (AT =ATT) 4By (AT AT )Y,
Njp=No(A} " ——AT" AT ——AT" ALY
——AT AL S-AL),
le:Nlo(AiJr—’_Ai+ ,Ai_—>—Ai_ :A1+

——=ATT AT A7),
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