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B—K*I"|I" (I=pu,7) is analyzed in a minimally extended standard model in which the Wilson coefficients
have newCP-odd phases. The sensitivity of tlkil® asymmetry and lepton polarization asymmetries to the new
phases is discussed. It is found that @ asymmetry is sensitive to the new phase in the Wilson coefficient
C, whereas the normal lepton polarization asymmetry is sensitive to the phase in the Wilson codfjgient
Additionally, the correlation between ti&P and normal lepton polarization asymmetries is studied. A simul-
taneous measurement of these two asymmetries can be useful in search for the existence of the new sources of
CP violation beyond the standard model.

PACS numbegps): 13.20.He, 11.30.Cp, 12.66i

I. INTRODUCTION In Sec. Il we start with a general nonstandard description
of the short-distance physics as in Ré]. Then we param-
Violation of CP symmetry has now become a well- etrize the long-distance quantities by appropriate form fac-
established fact in the kaon systdf]. Once the era oB  tors and obtain the hadronic transition amplitude. In Sec. IlI
factories start with the operation of KEK-B, B-TeV, CERN we derive general analytic expressions for asymmetries will
Large Hadron Collider LHG and SLAC's asymmetri@  be give. In doing this all sources &@P violation will be
factory, it will be possible to test the standard mo@\) at  ascribed to short-distance physics. In Sec. IV the asymme-
one-loop accuracy. In general, the possible incompatibility otries and their relation to the Wilson coefficients will be ana-
the experimental data with the SM predictions will mark thelyzed numerically. In Sec. V results are discussed and the
existence of “new physics” contributions. Among all, an conclusion is given.
experimental determination of th€P-violating quantities
and their comparison with the SM predictions will be par- Il. THE DECAY AMPLITUDE
ticularly useful in the search for new physics effects. ) _
: ; i The exclusiveB decaysB— K* are conveniently de-
From the experimental perspective the exclusive decay | YS o ently
modes(such asB—K* y [2], B—K*I*1-,B—KI*I~) are scnbg? by the pa_rtonlc d_ecaj_oesl | _ Qt dls_tances
easy to measure. From the theoretical view point, howevel?(Mw). The effective Hamiltonian describing this raie
the corresponding inclusive modés—sy andb—sl*|1~)  decay at the scalg.~M,y should, however, be evolved
can be cleanly estimated as the only machinery needed af®wn to mesonic mass scale~m; using the QCD evolu-
the Wilson coefficients describing the short-distance physicdion equations. Then the decay amplitude describing
A proper description of the exclusive decay modes, on the=S!"| ™ takes the forn{6,7]
other hand, depends on both Wilson coefficiefgbort- M(b—sl*17)
distance physigs and the hadronic form factorglong-
distance physigs This causes a relative increase of the un-  Ga
certainties due to hadronization effects. A
For the purpose of studying the sourcesCéf violation, it
iS convenient to concentrate on those observables which are
sensitive to the possiblEP phases. Among these, for ex-
ample,CP asymmetries and lepton polarization asymmetries — - — N
are such onef3—5]. Recently, a detailed study of the lepton +CLRSLY"bLl_RWIRJFCRLSRy“bFiLyﬂlL
polarization asymmetries iB— Xl "1~ decay has been per- + CreSrYubrIRY*IRT CLrLrSLPRI LIR
formed in a rather general model by including nine addi- —n T =—h 1 —h T
tional Wilson coefficients not found in the S[6]. Keeping T CrutrSROLILIRT CLrriSLBRIRIL Y CririSrbLIRlL
this kind of short-distance generality it is convenient to dis-
cuss the exclusive decay modes suctBasK*1*1~ [7,8].
Such an analysis will be useful for a first-hand comparison
with the experiment as the inclusive modes are generallyvhere each of the Wilson coefficien®, ,...,Ctg is evalu-
hard to measure. ated at theB-meson mass scalg,~my . In this expression,
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L(R)=[1—(+)vys]/2 are the left(right) projection opera- TABLE I. The form factors forB—K*|*I~ in a three-
tors, V;; are the elements of the Cabibbo-Kobayashi-parameter fit.

Maskawa(CKM) matrix, andg=pg— px* =P+ +p_ is the
momentum transfer to the dilepton channel. This decay am- F(0) ap be
plitude has a rather general form as it includes nine addl

tional operators not found in the minimal standard model A o " 0.47 1.64 0.94

The only simplifying assumption about this decay amplitudeA? <" 0.34£0.05 0.60 —0.023

will be twofold: (1) neglect of the strange quark mass every-A5—K* 0.28+0.04 1.18 0.281
where in the analysis{2) neglect of the tensor operators \/B—«* 0.46+0.07 1.55 0.575
having the coefficient€; andCg. The former is justified Bk* 0.19+0.03 159 0.615
by the smallness of the rating/my, and the latter is justified N

bi// the previous analyzes WhSICh ghow that their cantrlbutlonsTg o 0.19=0.03 0.49 ~0.241

are much smaller than other operatéisr details, see Ref. T5~< 0.13+0.02 1.20 0.098

[9D).

The quark level decay amplitud#&) controls the semilep-
tonic decayB— (K,K*)I*1~. The amplitudes for these ex- Additionally, again using the equation of motion, the form
clusive decays can be obtained after evaluating the matrifactor A; can be expressed as a linear combination of the
elements of the quark operators in Ed.) between the form factorsA; andA, (see Ref[10])
|B(pg)) and(K* (pk=«)| states. In particular, explicit expres-
sions for(K*[sy,(1* ys)b|B), (K*[sio,,q"(1+ ys)b|B)
and (K*[s(1= y5)b|B) are needed. Computation of such As(g?) =
hadronic matrix elements is bound to parametrizations of the
form factors depending only on the momentum transfer
square, or equivalently, the dilepton invariant mas§ Having this relation at hand, one finally obtains

=(pg—px+)2=(p; +p_)?=q> Introducing appropriate

Mg+ Mkx

mB_ mK*
2y _ 2
2mK* Al(q ) ZmK* Az(q ) (5)

form factors one obtains (K*(pg+ ,&)[s(1* y5)b|B(pg))
(K*(pix ,&)[S7,(1% v5)b|B(pg)) 1 . 5
2V(q?) _Hb{+2|mK*(8 A Ao(q%)}- (6)

=—¢ S*Vpﬁ*qo-

nvpo iiSZ(rnB_l—rnK*)'A‘l(qz)

mB+ My *
5 This completes the evaluation of the necessary transition ma-

AAa") Fiq me*(s *q) trix elements.

Mg+ My As mentioned before the form factors entering E@3—

(6) represent the hadronization process which lacks a La-

Fi(pgtpx+).(e*Q)

2\ _ 2
X[As(a%) = Ao(a7)], @ grangian description. They are thus generally computed in
K* (pys ,&)[Sio,,q"(1+ 5)b|B framework of certain nonperturbative approaches such as
(K* (i 12)[S10,,,0"(1 75)bIB(Po)) chiral theory[11], three point QCD sum rules meth0],
:4€MVPUS*Vpﬁ*q“Tl(qz)izi[gZ(mg—mi*) relativistic quark model by the light-front formalisifii2],
) _ effective heavy quark theofy13], and light cone QCD sum
—(petPr+) (¥ A)]T2(q%) = 2i(e*q) rules[14—16. In what follows we will use the results of Ref.
@ [15] in which the form factors are described by a three-
% — (Dat Dux TA(g?), 3 parameter fit where the radiative corrections up to leading
A~ (PatPx )“mé—mi* 3(a%) ® twist contribution and S(B)-breaking effects are taken into

account.  Letting F(q?) e{V(q%),Ao(d%),A1(a%),Ax(d?),
where the explicit expressions faf(q%), Ag1,40%), and  Ay(g?),T1(q?),T2(q?),Ta(q)}, the g dependence of any
T124(0?) will be given below. of these form factors could be parametrized as

To ensure the finiteness of E@) asq®—0, it is usually

assumed thaf\;(q2=0)=A,(q?=0). In addition, to calcu-

late the matrix elements of the scalar operat(is [s(1 F(s)= FO)

+ y5)b|B), it is necessary to contract E() with g, and 1—aps+bes?’
use the equation of motion, giving

(K*(pk+ ,&)[s(1% y5)b|B(pg)) where the parametef§(0), ar, andbg are listed in Table |
for each form factor. Here=g?/m3 is the dilepton invariant
mass in units oB-meson mas$see Refs[15], [16]).
Making use of the hadronic matrix elemern®—(6) of
N 2 : * 2 2 the basic quark current structures in Eg), it is straightfor-
X (e ) A2(07) £ 2imicx (™ )[A3(A7) —Ao(q7) ]} ward to determine the decay amplitude ®rK*I*1~ de-
(4) cay:

1
= H{Ii(S*Q)(mB+ Mg+ )A1(9%) =i (Mg — M)
b
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M(B—K*I*17) 2My T,
VLAZ(CLL_CRL)7(A3_A0)+2(CBR_CSL)¥7
o _
= Hvtbvrs{l ’)/,u(l_ 75)' [ - 2VL16,uvpa'8* Vpﬁ* qU
& VRlval(CLL_’CLRaCRL_)CRR)v
_iVL282+iVL3(8*q)(pB+pK*)M+iVL4(8*q)q,u] Ve =V (CLi—Cir,Crut—Card
o R, = YL (Ll LR YR LRR)S
1y, (14 y5)I[ = 2VR €41poe* PR+ —i VR e*
. . ' M’.) “ 2 VR3:VL3(CLL—’CLRaCRL—>CRR)'
+TiVe,(e*Q)(PetPix), +i VR, (e*0)0,]

Vr, =V (CLL—Cr,Cri—CrR)
(1= ys)I[iSL(e* )]+ (1+ ye)I[1Sr(e* )]},

™ L=~ (CLrrL™ CRLRL)(ZmK* 0)-
where W, and Vg are the coefficients of left- and right-
handed leptonic currents with vector structure, respectively. 2M
Clearly, S| r are the weights of scalar leptonic currents with ~(Cirir™ CRLLR)( AO) '

respective chirality. These new coefficients are functions of

the Wilson coefficients in the partonic decay amplitydg whereq? dependencies are implied. It is clear that all these
and the form factors introduced in defining the hadronic maeffective form factors are functions of the specific form fac-

trix elements above. Their explicit expressions are given bytors (2)—(6) and the Wilson coefficients in Eq1). There-

W, =(CLL+Cry)

fore, they carry information about both short- and long-
V(g?) T, distance physics.
W_Z(CBR_ CsV ? The hadronic matrix elememl (B—K*|*17) is the ba-
sic machinery for the computation of all physical quantities

VLZZ(CLL_CRL)(mB+ Myx)A;— 2(Car—Csl) pertaining to this decay. In particular, the computation of the

energetic distributions, total rate and various asymmetries
T, follow from (B—K*1*17) using the usual methods. In the
x—z(mé— mﬁ*), next section, necessary asymmetries and other relevant quan-
q tities will be computed.

C.L.—CgrL
V= LL RL —2(Cgr—Cs)) I1l. ASYMMETRIES
3 mg+ mK* . o
For an analysis of the asymmetries it is necessary to com-
1 92 pute the differential decay rate f&—K*1*1~ decay. For
X Tot —5——5Ta|, unpolarized leptons at the final state, using the decay ampli-
q Mg — My« tude in Eq.(7), the differential decay rate is found to be
|
dr G?a? * |2y 1 A1l 5 2 2 2 2 2
i ZththJ A2 320mg 3 (Mes—mO) (P [+ Ve [%) +2mi Re(V Vi) | +96m Re(V,Vk))
B
4, 8
— T MEMA RV, = Ve )(SE— SR+ — mBmI ARV LV, VR, = VR) T VR, (WL, = Vi, + VR, — (SLSR)]
4 4 8 4 2
= mgMy(L=)MREOVL, = VR (S~ Sr)TH+ —memi(L—1)MReE — (VL= Ve )OL,— VR )1

—§m4m2)\(2+2r—s)Re(V V*)—fm4msx R (V. — Ve )(SF— )]+4m m2sA[ |V |2+ | Vg |2
r st L3¥Ry/ — BT L,~ VR, B Ly R,
2 ) ,. 8
—2ReV Vg )1+~ mB(mBS 2mP)N[|SL[*+ SR 1= 35 mB)\[mI(Z 2r+3)+m33(1_r_S)][Re(VLZVES)

+Re(Vr, Vo )1+ 3¢ [2m|()\ 6rs)+mgs(\+12rs)][| VL |>+|Vg,|*]

4 a2 2 2 2
+ﬁmB)\{mBs)\+m,[2)\+3s(2+2r—s)]}[|V,_3| +|Vr,I], 8
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where the subscript 0 is intended for the unpolarized decay|p_|/m,,(E,;/m,)&_] leaving & and &, unchanged. In the

rate. In this expressiors= qzlmé, r:mi*/mé, v2=1  following, all results will be conveniently given in the dilep-

—(4m?)/g?, and finally A(1r,s)=1+s?+r2-2r—2s ton restframe. o

—2rs is the familiar triangle function. The differential decay rate for any spin directigrof the
Our next task is the calculation of the lepton polarization! » Wheren is a unit vector in the ~ rest frame satisfying

>

asymmetries. For the computation of these asymmetries tHé- =1, 1-p_=0, can be expressed in the following form:

unpolarized decay rai®) is not sufficient. The measurement arai) 1

of these asymmetries require _the specification of the total = 2| =] [1+ (P& +Py&y+ P1&r) -1,
number of leptons of a given kindor example, negatively df 2\de?

chargedl in a given direction. Therefore, it is necessary to 0 (10)

take into account the polarization of the lepton beam in a
given direction. Considering, for example, the negativelywhere the coefficients of unit vectoR , Py, andPy, are
charged lepton, one can introduce the following three polarrecognized as the longitudinal, normal, and transversal polar-

ization vectors in the rest frame bf: ization asymmetries. A simple formula for extracting these
_ asymmetries from the polarized decay rate follows from Eq.
5 — p- (10) itself:
L_| = ’
p-|
o P.(qz):(dF/dqz)(ﬁ=éi)—(dF/dqz)(ﬁ=—éi)
gy= P T (drided) (=g + (dr/ded) (n= e
| P X P (11)
o (PrxXpo)Xp- wherei=L,T,N. One notes that the denominator in this ex-
€r= |(Brx XP_)XP_]|’ © pression is identical to the unpolarized decay (8jeOn the

other hand, the numerator depends on the spin direction of
whereé;-€;=4; j,p_-€=0,,j=L,T,N. Here,€_, &, and the lepton under consideration. In essence Whég?) mea-
€y correspond, respectively, to the longitudinal, transversalsures is the difference between the rates for a particular di-
and normal polarization directions bf with respect to its rection and its opposite for a given dilepton invariant mass
direction of motiong, . One notices tha§, andé; are co- m;= /o>
planar, andéy is perpendicular to this plane. In the rest Using the hadronic decay amplitud@) in the general
frame of| —, the temporal components of the correspondingpolarization asymmetry formulgd 1), after a lengthy calcu-
four vectors vanish. However, in the dilepton rest frathet  lation the polarization asymmetrieB, , Py, and Py are
is, G=0), the four vector corresponding & is boosted to found to have the following explicit expression:

1 4 4
PL=5 013, MLV 2= Ve |21+ - Amgm REOV, = Ve ) (ST +SR)]

4. 4 32 6 2 21 2. 4 2 2
_FAmBml(l_r)Rd:(VLr&_VR:;)(SIf+S’F({)]+?AmBSHVLJ _|VR1| ]_F)\mss[|SL| —|SrI%]

4 8
+ - Amems R (V= Ve )(S} +S88)]— g Amg(1—r—s)[Re(V V) —Re(Vg, V& )]

4 2 2 2
+ 5 mE 129V [P Ve, 211

1 1
Pr=73 VAm| —8mim JsRE(V, + VeV, Vi) ]+ - mamy(1+3r+s)VS[Re(V Vi) ~Re(V VE, )]

1 2
+—=mgm(1—r=s)[[V|*~[Vg |’ ]+ —=mgmi(1—r—s)[Re(V_ Sk) —Re( Vg, SF)]

rys rs

1 2
+ T MEM(1—r —8) VSRE(VL,+Ve,) (], ~ Vi) 1+ —=mgmPA[—Re(V S%) +Re(Ve,S7)]

4 r\/g
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i 5 _ 2_ 2 E 5 \/— _ VF i 3
+—=mgm(1-1)N[V "= VR I+ memiA Vs Re — (VL + Ve )V, — VR ) I+ —=mgm,

rvs rJs

1
X[(A=r=9)(1=n)+ N[~ RV ) +Re(Vo, Vo) I+ —=mg(1 =1 —)(~ 2+ migs) [Re( Ve, 57)

Vs

1
—Re(vLZStm—m§x<—2mf+més)[—Re(vRSS§>+Re(ngst>]],

rs
1, 1
Pn=3 momaAy/s| 8m, IM(VE, Ve, W, VR,) + + Mi(1+3r =) Im[( =V, +Ve,) V1, ~Vi)]

1 1
+ Fmé)\ Im[ (ML, —mVe, = SOVE (M Ve, — MV, — Sr) Ve, ]+ T(1-r=s)

XIM{(Sy=mV, +mVr )V (Sr— M Vg, + m|VL4)V§2]] ; (12

whereA is the expression within the curly parenthesis in thegeneration of scalar operators by mechanisms beyond the

unpolarized differential decay rate in E@). These expres- Higgs model where the fermion scalar coupling is always

sions for the polarization asymmetries are quite general exproportional to the fermion mass.

cept for the neglect of strange quark mass and the tensor In general, the lepton polarization asymmetri¢g) are

operators[the last two operators in Eq1)] as mentioned able to probe real as well as imaginary parts of the effective

before. form factorsV, , Vr, andS, . As the parametrizatiof)
Before proceeding, it is convenient to make a few usefushows the hadronic form factors are inherently real, and thus

observations on the lepton asymmetries. Particularly interesthe imaginary parts oVLi, VRi’ andS, rin Eq.(7) can come

ing one is the masslegfight) lepton limit: m—O0. In this  only from the Wilson coefficients in Eq1). Below we will

caseP, depends only on the bilinears Bf andVy, thatis, keep this picture, that is, we will be dealing only with {Ge

the effects of the scalar operators in Eg) completely de-  Violation effects due to short-distance physics parametrized

couple. On the other hanB; andPy, happen to depend only bY the Wilson coefficients. At this point it is useful to dis-

on the interference terms between the coefficients of the vedinguish betweerCP properties of the phases in the Wilson

tor operatorg), and Vg ) and those of the scalar operators CO€fficients. In principleCgg, . .. Cre all can have finite
P < Li Ri) P hases; however, these phases can tsk@ng and weak

(SLR)- How_ever, one notices that the scalar operators in E ubparts. Here bgtrong and weakwe meanevenand odd

(1) can be induced by an exchange of the scalar particlgnases undeEP conjugation. To be able to distinguish such
(such as two Higgs doublet moddls7]) in which case the gjstinct components of the phases it is not sufficient to ana-
coefficientsS, r are necessarily proportional to the lepton |yze the polarization asymmetries alone. One, in particular,
mass. Therefore, in the limit of massletight) leptons only  has to consider th€P asymmetry of the decay which is
the longitudinal asymmetry?, can remain nonvanishing. inherently sensitive t€P character of the phases of the Wil-
Conversely, in near future, if experiment yields nonvanishingson coefficients. Using the unpolarized decay (8jethe CP

Py and Py for B—~K*e*e™ decay this would imply the asymmetry foB—K*1*|~ decay is defined by

|
(dT/dg?)o(B—K*1717) = (dT/dg?)o(B— K*1¥17)

Acp(9?) = — , (13
(dT'/d0?)o(B—K* 171 7))+ (dI'/dg?) o(B—K*1717)

where the processes to whidii'/dg? refers are explicitly shown in the arguments. Making use of the explicit expression for
the unpolarized decay rat®) one can determine the detailed dependencA@f(q?) on the model parameters. For this
purpose it is useful to introduce the following parametrization for the quanli’@iesVRi, andS, g (7):

oL L R R . ,LLR,. ,LR
VL=V le % s, Ve =€t S p=[V ple!w ST (14

wherei =1, . ..,4. Inthis expression subscrig{w) stands for strongweak phases mentioned above. By definitidfs and

074016-5



T. M. ALIEV, D. A. DEMIR, AND M. SAVCI PHYSICAL REVIEW D 62 074016

S’s are combinations of hadronic form factors and Wilson coefficients so that the ppgsetefined by Eq(14) are explicit
functions of the dilepton invariant mass. With this definition of the from factors it is possible to find a suggestive form for the
CP asymmetry:

1 . . . .
Acp(g?) = S| 64}\mém|2|VLl||VR1|S|nA¢'S‘1'R1 sinA g1 1— 96m; | Vg,| |VR2|smA¢';2'R2 sinA g2

4
+ MM VL[| SLISiNA ¢ SinA 2"+ | Vi || SelsinA 6% ™ sind g2
— V|| SRIsinA ¢ sinA g2 " Ve || SLSinA ¢ 12" sinA g2 ]

4
- Fmgm|(1—r))\[|VL3||SL|sinA¢;3'L sinAgbtf’LJr|VR3||SR|sinA¢§3'RsinA¢$3’R
— V|| SRIsinA ¢ sinA ¢ N[ Vg || SLSinA B sinA g ]

4
+ Fmém|3)\[|v|_4||SL|sinA¢;4‘LsinA¢tv“’L+|VR4||SR|SinAq5§4'RsinAqb\?v“'R
—|VL4||SR|sinA¢;4'RsinA¢;“'R—|VR4||SL|sinA¢SR4'LsinAqSVFé“'L]

8 . . . .
+ Fm‘émf(l—r))\[|VL3||VL4|S|nA¢';3‘L4 smA¢\',‘v3"‘4+|VR3||VR4|smA¢§3’R4 smAd;\?f'R“
— VLI IVr,ISinA ¢ 2 R sinA g2 ™~ Vg [V [SinA ¢34 sinA g2 ]

8 . Ly, Ry . L3R 8 . Ls.Ryq : Ls,R
+Fm‘émf)\(2+2r—s)|VL3||VR3|S|nA¢S3’ 3sinA ¢, 3—Fmgmfs)\|vL4||VR4|smA¢s4’ “sinAg,t ™

8 . . - | |
+ %mé)\[le2||VL3|S|nA¢IS_2YL3 SInA¢bV2’L3 s|nA¢‘|l‘v2'L3+ |VR2||VR3|S|nA¢SRZ'R3 SlnAgb\lzz'RS]

8
- mém|27\[|VL2||V|_4|SinA¢|S_2'L4 SinA¢tv2.L4+ |VL2||VR3|SinA¢'S‘2’R3 SinA(ﬁ‘l;Vz’RS
— V| IVr,ISinA g2 ResinA ¢ ™44 [Vg || Vi SinA 2 sinA g2 ™44 Vg [V | SinA 62 sinA g2

—[Vr |V IsinA o2 sinA 24— | S, || SrlsinA g R sinA ¢, R (15)

whereA ¢p3P= ¢3— 2. The quantitys in the denominator Until now the decay ratg@8), the lepton polarization
is even under all these phases, and has the expression asymmetrieg12), and CP asymmetry(13) have been com-
puted by adopting a rather general quark level amplittigle
S =numerator of Acp(sinA ¢2PsinA ¢P for B—K*I71~ decay. Presently this exclusive decay has a
direct bound coming from recent CDF measuremierd]:
BR(B—K* 1" ")<4.0x10°°. In addition to this direct
bound, existing CLEO resu[2] for BR(B—K* y) imposes
— —C0sA ¢2° cosA ¢3;”) + g)\mé(més— m) another important, albeit partial, constraint on the parameter
space. Indeed, using the notation of Et). and appropriate

4 form factors derived in Eq92)—(6) the total decay rate for

X[V [P+ Ve 51— FmémIZS)\[|VL4|2+ Ve, |’] B—K*y can be written as

2 4 G2am? mz\°

£ 2,2 5 2 2 29, 2,y _ _ B x (2 1_ _K
t mg(mg—2m{)N[[S|*+[Srl“]+ rs[zm' (A—6rs) I'(B—K* 7)—W|Vts ol7| 1 2

4
+MaS(N+12r8) [V |+ [ Vi, |21+ 3o maA X{|CarT1(0)]+[Cs T1(0)]%},
17

x{mgs\+mi[2\ +3s(2+2r —s)JI[ |V |+ [V [?]{.  which constrains directlCggT;(0)|*+|Cs T1(0)%. This

constraint, however, does not say anything aboutReio-
(16 lation potential ofCgR.
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TABLE Il. The numerical values of the Wilson coefficients @at-m,, scale within the SM. The corre-
sponding numerical value &° is 0.362.

Ci(my) Ca(my)  Ca(mp)  Cu(my)  Cs(my)  Ce(my)  CSM(my)  Co(my)  Cio(my)

—0.248 1.107 0.011 -0.026 0.007 —-0.031 -0.313 4.344 —4.669
IV. LARGE CP PHASES WITHIN AN SM-LIKE MODEL CLiLr =CS(my)e #s—(+)Cy(mpy)e 1o,
As as been emphasized before, the underlying model for Cr.=Crr=0, (20)

the partonic decay amplitudgl) is rather general one. In

principle, all the Wilson coefficients can be nonzero and maywhere the coefficien€,, is known to be scale independent:
have arbitrary phases. However, a realistic model shoulg, (m,)=Co(M).

meet the requirements of the SM to leading order, and espe- |n the SM the Wilson coefficient€2(m,) and C;o(my)
cially, should not cause unacceptable deviations from th@re strictly real as can be read off from Table II. Moreover,
existing experimental data confirmed already by the SM. Fogne gm prediction forC?ﬁ(mo) is already consistent with the
this reason it is convenient to establish the discussion on @| £g determination of BRE—K*y) in Eq. (17). There-
general model with close reference to the SM predictions. fore, through the choice &g in Eq. (19) the experimental

Therefore, here we follow a minimal prescription SUCh ¢,nsirajnt is already taken into account. Although individual
that the general Wilson coefficients in Ed.) are endowed Wilson coefficients a.~ my, level are all realsee Table )

with new phases beyond the SM and identical to the S ; : o eff 2 e
ones when these phases vanish. Such an approach obvioIL\J/l[rl;)((a effective Wilson coefficienCq (m, ") has a finite

; S ase, and is an explicit function of the dilepton invariant
ne_glects the_ new physics contrlbutlon_s to the norms of th assg®. To see its phase content it is useful to reproduce its
Wilson coefficients; however, at the aim of determining the o : i
. . o . explicit expression here:
information content of the polarization a@P asymmetries
on the sources ofP violation, it suffices. This is kind of a
minimal approach for parametrizing the new phy<i¢3vio-
lation for asymmetry measurementsBa-K* ¥~ decay. R R

Adopting this approach, one can make the following as- +Ysp(My,5) +Yip(My,5), (21)
signments for the general Wilson coefficients in Efj).  whereCo(my) is read off from Table Il. Heres(3) repre-
First, the coefficients describing the scalar-scalar type intersents the®(«,) corrections coming from one-gluon ex-
actions vanish identically change in the matrix element of the corresponding operator

Oq [20]:

as(u)

C8'(mp) = Co(My) -

1+

w(é)]

CLrrRL= CrLLR= CLRLR= CRLRL=O. (18 2 4 2
w(8)=— 5772— §|_i2(§)— §|n(§)|n(1—§)
It is known that such coefficients exist, for example, in the

two Higgs doublet model@2HDM) which have an extended 5+ 45 28(1+8)(1—28)
Higgs sector compared to the SM. In such models these BETEET T In(1-8)— - —In(8)
scalar-scalar interactions are induced by the Higgs exchange, (1+25) 3(1-%)%(1+29)

and the resulting Wilson coefficients are proportional to
m,m, /mﬁ which is maximal fol = . However, to the extent
one neglectsng/my ,mpym; /mﬁ is, too, negligible in the light
of recent LEP limit on the Higgs boson mass, [19] is
taken into account.

The Wilson coefficient for the dipole operatBgg in SM-
like models obeys

. 5+ 95— 682 -
3(1-8)(1+2%)° 22
In Eq.(21) YgpandY p represent, respectively, the short-
and long-distance contributions of the four-quark operators
Oi—1, ... 6[20,21. HereYgp can be obtained by a perturba-
tive calculation

Cgr= —2m,C5(my)e'?7 Yop(My,3)=g(g,8)[3C; + Cp+3C5+ Cy+ 3Cs+ Ce]

1 . 1 1
=—2my| C7(my,) — §C5(mb)—ce(mb) e'?7, - Eg(1s)[4c3+4c4+ 3Cs+Cq]— Eg(os)

(19 2
X[C3+3Cy4]+ 5[303+C4+3C5+C6]
where ¢, is an arbitrary phase, and it is not constrained by
BR(B—K* y) at all. Obviously, in the present mod€ls, ViV
~mg and therefore it will be neglected. T VRV
Finally the coefficients of the vector-vector interactions in tsTtb
Eq. (1) are given by (23

[3C1+C,][9(05)—g(fe,9)],
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where the loop functiorg(my,s) stands for the loops of In the light of analytic derivations as well as particular
quarks with massn, at the dilepton invariant mass This ~ observations mentioned above, one can investigate the de-
function develops absorptive parts for dilepton energies pendence of the asymmetries on these new weak ph@ases
=4m§: and ¢4 to have an estimate of their information content. It is
conceivable that such an analysis will provide a tool to mark

. 8 ~ 8 4 2 possible sources AP violation beyond the CKM matrix.
g(mhy,8)=— §In Myt 2—7+ §yq— §(2+yq)\/|1—yq|
V. NUMERICAL ESTIMATES
1+V1-yq .
X1 O(1-yq)| In T—m In this section we present our numerical estimates for the
TN Yq asymmetriesAcp, P, Py, andPy for B—K* u "~ and

+0(y,—1)2 arctanL (24)  tors from Table I and the Wilson coefficients from Table II.
Vyg—1 For the remaining parameters we takg=4.8GeV, m,
=1.35GeV,mg=5.28 GeV,my+=0.892 GeV.

where my=m,/m, andy,=4MZ/3. Hence, due to the ab-  The dilepton invariant mass has the kinematical interval
sorptive parts ofg(y,8), there are strong phases coming 4m?<g?<(mg—m+)? in which the charmonium reso-
from Ygp. One, in particular, notices the terms proportionalnances can be excited. The dominant contribution comes
to g(0,5) which have a nonvanishing imaginary parts inde-from the three low-lying resonancésy, ¢, in the inter-
pendent of the dilepton invariant mass. val 8 GeV¥<g?<14.5Ge\?. In order to minimize the had-

In addition to these perturbative contributions, the  ronic uncertainties we will discard this subinterval in the
loops can excite low-lying charmonium  states analysis below by dividing the? region to low and high

] B—K* 777~ decays separately. We take hadronic form fac-

#(1s), ... ,4(6s) whose contributions are represented bydilepton mass intervals
Yo [22]:
region I: 4m’<q?<8 Ge\?,
3 V:svcb
Yip(My,8)=—1 — *—C(O) .
a ViV region Il: 14.5GeV=qg’<(mg—mg+)?,  (26)
VisVup where the contribution of the higher resonances do still exists
- [3C5+C,+3Cs+Cq] \ , 9
ViV, in the second region.
Due to 14 factor in front of Cgg, in region | the con-
7-n<i1“(vi—>l*I*)M\,i tribution of the dipole type operator dominates. Therefore,
X 2 asymmetries which involve the differences of the decay rates

= “ee 2 —_ [~ 2— i ! . . . . .
Vi=u(1s), - . 4(6s) (MVi SM IMViFVi) are suppressed in region | compared to ones in region Il. This
(25) property will be illustrated in Figs. 1 and 2 and the remaining
analysis for the asymmetries will be performed only for re-
wherex; are the Fudge factors f@—K*V;—K*|*|~ tran-  9ion Il where the asymmetries are larger.
sition andC(0)53C1+C2+3C3+C4+3C5+C6. Here the As mentioned previously, in the model under concern,
sum runs over all all charmonium resonances with nmags there are two weak phasef; and ¢,,. However, a close

d total d B Cont Ve the | dist inspection of theCP asymmetry shows that, it is independent
and total decay ratty,. Lontrary to¥sp, the Iong-aistance ¢ o, This follows from the fact thaCP asymmetry can
contributionY , has both weak and strong phases. The wealgxist only when interference terms involve strong and weak

phases follow from the CKM elements whereas the stronghases. In this model, similar to SM, there is no interference
phases come from th& values for whichith charmonium  tarms involvingCE™ and C,4. For this reasom\cp is inde-

state is on shell. Therefore, the Wilson coeffici&@(m,) pendent ofg,,.
has both weak and strong phases already in the SM. First, we illustrate Acp in the ¢,-q2 plane for B

In this sense, the Wilson coefficient€5"(my) and  _.K*,* 4~ decay for regions | and Il in Figs. 1 and 2,
C1o(my) cannot develop any strong phase, and thtsand  respectively. In both figures we takg;,=0, and as noted
¢10 should necessarily originate from physics beyond theaboveA.; is already independent of this phase. In region |
SM. A few observations on the asymmetries help much inhe CP asymmetry is practically independent@f, and be-
simplifying the analysis(i) Due to the dependencies of the comes maximal for marginaP violation ¢,= /2. In re-
asymmetries on the Wilson CoefﬁCientS, it is clear that On%ion II, however, theqz dependence is Comparative|y en-
can rephase one of the Wilson coefficients. For instance, onganced as the dominance of dipole coefficient is now
can choosepy=0 leavingC§'(my) with its SM phases only. reduced. In addition, as figures suggest@asymmetry in
(i) As mentioned above, the Wilson coefficiem‘éﬁ(n‘b) region Il is one order of magnitude larger than in region I,
and C,¢(my) cannot develop strong phases from light quarkand this confirms our expectation above.
loops so thatp; and ¢, can be chosen to have purely weak  One notes that the average asymmetries could be mea-
character. sured more easily in experiments. Therefore, from now on
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FIG. 1. The dependence of tid asymmetry
Acp for B=K* 1~ ™ on g? and ¢, at ¢p1=0
for region I.

we will discuss average@P and lepton polarization asym- (¢40=0) C,o is pure imaginary (rea) and therefore
metries in region Il. The averaging procedure is defined byim[C£"C%,] = |C1 RECEM(IM[CE"CE,] = |Cyo IM[CE™)).
Since| R4 CEM[>|Im[CEM)|, Py at ¢1o=7/2 is roughly one

- * 2 - .
f(lT_E; GrZ{}) Q(dI'/dg?)dg? order of magnitude larger than its value¢g,=0. Remain-
(Q)= Y (27) ing two asymmetrie®, and Pt are less sensitive .
(mg—myx)

I14.5 GeV? (dl“/dqz)dqz

In Figs. 7 and 8 we present the correlation betwé®gp)

and(Py) for B—K* 7" 7~ decay by varyings, from 0 to

whereQ=P, Py, Pr, or Acp. 27 at ¢10=0 and ¢,o= /2, respectively. Fop "~ chan-

Depicted in Fig. 3(Fig. 4) is the ¢; dependence of the ne| Py is much smaller so we do not analyze this case. The
averaged asymmetrig®, ), (Pr), (Pn), and(Acp) até10  SM predictions are given by the intersections(8fp)=0
=0 (¢p10=/2) for B—K* u" "~ decay. Similarly, Figs. 5 |ine and the curves themselves. Due to the sign ambiguity of
and 6 show the¢; dependence of the same quantitiesC, there are two solutions. All other points on the curves are
for B—K*7"7". As noted before, theCP asymmetry generated by the new physics phases. If a simultaneous mea-
depends only om;; however, as these figures show clearly surement of Acp) and(Py) gives a point on the curve and
among all asymmetrie®y is very sensitive tog,o: For if this point is distinct from the SM prediction then this will
$10=0 (¢10=m/2) Py is purely positive (negativg. In  be an indication of the new physics contribution. Moreover,
addition to this,Py at ¢1o=7/2 is one order of magnitude such a simultaneous measurement enables us to determine
larger than that atp,,=0. This property is valid for both the sign of the new phases unambiguously.

ntu” and 77 final states. In addition, sinc®y is

We have illustrated numerically the predictions of the

proportional to the lepton mass, tiee—~K* 7" 7~ decay is  standardlike model of Sec. IV concerning G and polar-
much more relevant for its measurement. This sensitivityization asymmetries. ThEP asymmetry is independent of
of Py on ¢4, can be explained as follow®y depends on ¢,, whereas it depends strongly af,. Since a finite¢,
the imaginary part of the bilinear combinations of thecannot influence BRE—K*y) measurement of theCP
Wilson coefficients, such as [85'CJ,]. When ¢o=7/2  asymmetry will be a suitable probe . However, one has

1 Z
LA v,
""a""'”':. e, LR

074016-9

FIG. 2. The same as in Fig. 1 but for region
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FIG. 3. The dependence dfAcp), (P.),
(Pt), and(Py) for B—K*u " u* on ¢; at ¢y
=0 for region Il

FIG. 4. The same as in Fig. 3 but fab,q
=17/2.

FIG. 5. The same as in Fig. 3 but fd@
—K* 77t decay.
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to measure all the lepton polarization asymmetries to have a Ng=5.0x 10,
useful search of the new phas¢s and ¢,o. From the point
of view of the experimental ease, one can measure the aveFherefore a minimum number of 5010'°B mesons need to
aged asymmetries illustratdé.g., Figs. 5 and J6and then be detected for measurifgcp in the B—K*I1~ decay.
check their mutual correlation®.g., Figs. 7 and )8 Since  The need for extremely large number of events for detecting
the averaged asymmetries depends strongly on the wedkP asymmetry, reserves its complete experimental investiga-
phases one can arrive at a clear distinction between the put®n mainly to the LHCb experiment. With high limunosity
SM predictions ¢;= ¢,,=0) and the model under concern and clean environment in the ATLAS and CMS detectors
(¢, p10#0). One especially notices that since the loop ef-and using the advanced lepton and kaon tagging techniques
fects of the new particles, which exist beyond SM, will nec-[23], the decay rate as well as the lepton polarization asym-
essarily affectC,| (and all other Wilson coefficients as well metries will be all measured. In the correlated analysis of the
their contributions are strongly constrained by BR( experimental dgta one of the importgnt issues will -be to
—K*y). For this reason, one of the best signatures of th&heck the consistency &—K*1*1~ with the SM predic-
new physics effects will be through the weak phagesand  tion and to measure th@P asymmetry. If the former agrees
$10 Which just dress the SM Wilson coefficients without With the SM prediction and latter is large enough then this
modifying their magnitudes. As mentioned in Sec. IV such aWill be a clue to finite¢; with the profile described in Sec.
model is thus a lowest order approximation for hunting thelV and the figures above. A subsequent determination of all
new physicsCP violation sources. other lepton polarization asymmetries, their correlated varia-
Let us briefly discuss the detectibility of ti@P asymme-  tion with each other, e.g., Figs. 7 and 8, will be a consistency
try, that if (Acp)=1%, how many events we do need in check for the results of the model discussed here.
order to detect it at 3r level. It is well known that the
statistical significance of the asymmetry can be computed as

Nep—ANoB In this work we have adopted a model-independent ap-
Sb B> proach in studying the sensitivity of theP and lepton po-
larization asymmetries to ne®@P phases. In particular, we
have taken the Wilson coefficients being identical to the SM
ones except for their phases. The main result of the present
study is that theCP asymmetry and normal lepton polariza-
tion asymmetry are the most sensitive quantities to new

VI. CONCLUSION

whereNgp is the number of standard deviationég is the
number ofB meson produced, anfl is the branching frac-
tion of the relevanB decays. TakindNgp=3, the numbeNg
of the B mesons needed to obser@® violation at 3¢ level

9 sources of weak phases beyond the SM. WAilg is sen-
Ng=—-. (28 sitive to ¢, only, Py is more sensitive tap,q. Therefore,
BA measurement of these two asymmetries can establish the ex-

istence or absence of the new source<ef violation be-

Taking into account short distance contributions only, SMyond the SM. Moreover, a simultaneous measurement of the

predicts averagedCP and normal polarization asymmetries will un-
B(B—K*u*u )=2.0x10"°, ambiguously determine the sign of the new phases.
In a specific model such as 2HDM or supersymmetry the
B(B—K*7"77)=2.0x10’, Wilson coefficients possess né@P phases not found in the

SM. The question of how informative the asymmetrie8in
and substitutingA=1%=0.01 in Eq.(28), the lower bound —K*|*|~ decay about new sources @GP violation in
for Ng for observingCP violation at 3¢ level for the B 2HDM model or supersymmetry will be discussed else-
—K*u*u~ case, is found to be where.
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