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Searching for new physics in the angular distribution ofBg—>¢K*° decay
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Motivated by the possible discrepancy between the obseb\dsymmetry and that of the standard model
expectation in the decay modg®— ¢Kg, we study the corresponding vector vector decay made
— ¢K*%, In order to obtain decisive information regarding B¢ violation effect, we make an angular
distribution analysis of the decay products, where both the outgoing vector mesons decay into two pseudo-
scalars. Furthermore, we study the possible effects of new physics using the angular distribution observables.
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I. INTRODUCTION Recently Belle[3] and BaBar4] measured sin(@) 4 with
an average
The study ofB physics provides a great opportunity and
an ideal testing ground to obtain deep insight into the flavor Sif‘(zﬁ)quS: —0.39+0.41, 3

structure of the standard modg@M) and the origin ofCP
violation. In view of the wide variety of decay channels one hich has a 2.# deviation from the observed value of

can look for many different observables, providing stringentsin The most recent updated average value of the
tests for the consistency of the model. The goal of Ehe (ZB)"’KS' . P g
asymmetny[5] is

factories is not only to test the SM picture but also to dis-
cover evidence of new physi¢blP). Recently, the measure-
ment of time dependenCP asymmetries in thd8— /Kg
decays has led to the confirmation GfP violation in B )
systems. The observed world average of the asymmetry, i.elhus the discrepancy between the measured values of

sin(28) gk = —0.15+0.33. (4)

sin28, is given by[1] sin(2B) ;g and sin(P) 4, May be a possible indication of
new physics effects in the decay amplitude of Bheystem.
sin(28) k.= 0.734* 0.054 (1) Recently, several new physics phenomena have been stud-
S ’

ied to explain the above discrepan@~9]. If new physics

. , i ) . effects are indeed present in the decay mBde K g, then
which is consistent with the SM expectation. However, thisyne can expect to observe similar effects in other modes
result does not exclude interestiQg> violating new physics  paying the same internal quark structupe fact, it is this
effects in otheiB decays. Since the dec@— yKsis domi-  gpecylation that motivated us to undertake the study in this
nated by the tree levdl— ccs transition in the SM, the NP papel. Therefore, it is also important to explore other signals
contributions to its amplitude are naturally suppressed. Howef new physics in order to corroborate this result. One way to
ever, at the loop level NP may give large contributions to thesearch for new physics effects is to look for dir€® vio-
B°-B° mixing as well as to the loop induced decay ampli- lation in decay modes which have a single decay amplitude
tudes. The former effects are universal to all decay mode# the SM. It should be recalled here that in order to observe
while the new physics effects on the decay amplitudes argirect CP violation there should be two interfering decay
nonuniversal and process dependent. Thus the comparison @mplitudes with different strong and weak phases. Observa-
time dependent rate asymmetries in different decay channelipn of directCP violation in such modes is an unambiguous
measuring the same weak phase in the SM, could providgignal of new physics. However, nonvanishing of the direct
evidence of new physics in tH& meson decay amplitudes. CP violation requires the relative strong phases between the

B decays involving theb—sss transition, such a8  SM and NP amplitudes to be nonzero. Therefore, if the rela-
. #K,B— 'K, pK*, ..., proceed through loop induced fiVe strong phase between the two interfering amplitudes is
penguin diagrams. These processes provide information off’©: Oné cannot get the new physics information, even if it
the Cabibbo-Kobayashi-MaskawéCKM) matrix element IS Present there. However, we still have an opportunity which
V,s and are sensitive to physics beyond the SM. They calf! M can help us to find evidence of NP. In fact, if one
also be used for independent measurement offReiolat- ~ considersB decays to two vector mesops0] then one can

ing parameter sing and the uncertainty within the SM, for Show that many signals of new physics effects emerge, in-
the decay mod8— ¢Ks, is estimated to bg2] cluding those that are nonzero even if the strong phase dif-
s’ ference vanishes. Therefore, studieBahesons decaying to

. . two vector modes are likely to be the major contenders to
|SIN(28) yk s SIN(2B) gr | = O(N?). @ ook for NP.
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In this paper we mtend to study the new physics effects irf15], the normalized differential angular distribution can be
the decay modeB°—>q§K*° Recently, the Belld11] and  Written as
BaBar[12] Collaborations reported a full angular analysis of 4T
B— ¢K* decays. The Belle measurements are
F dcosh,dcosh,d i

Br(B%— ¢K*%)=(10.0' 1830 x 107,

9 L
. . = — ! L,c026,c06,+ — Sir? 6, Sir? 0,02
|Ao|?=0.43+0.09+0.04, |A,|?=0.41+0.10+0.04, 8l 2

A A 1214 L L
and [Ay]*=1—|Aq|*—[A.[?, + —2 SirP 6, SirP 6,SirP g+ — - sin26,5iN26,c08)
2 22
arg Aj) = —2.57+0.39+0.09,

Lg Lg
A — —> sin26,sin26,singy— S|n2013|n2023|n21//
argA, )=0.48+0.32+0.06, 5) 2\2

®

where 6, (6,) is the angle between the three-momentum of
Br(B%— ¢K*%)=(11.2+1.3+0.8)x 10" °, K™ (K™) in the ¢ (K*° rest frame and the three-
momentum of¢ (K*©) in the B rest frame, and in Eq8) ¢
ry is the angle between the normals to the planes defined by
T:0'65i 0.07£0.02,  Acp=0.04+0.12+0.02. (6) K*K™ andK" 7, in the B rest frame. The coefficients;
can be expressed in terms of three independent amplitudes
The average branching ratio of Belle and BaBar measureAo, Aj, andA, , which correspond to the d|fferent polariza-

and the BaBar data are

ments is given by tion states of the vector mesogisandK*° a
Br(B%— ¢K*%)=(10.7+1.1) X 10" 6. 7) Li=[Adl>,  Ls=RdAA5],
From the theoretical point of view, this decay mode has re- L,= |AH|2, Ls=Im[A Aj],
cently been studied within the SM in the framework of QCD
factorization [13] and the perturbative QCBPQCD ap- Ly=|A, %, Le=Im[A Af]. 9)

proach[14]. Although the branching ratio in the PQCD ap-
proach is found to be consistent with the experiment, othem the aboveA,, A|, andA, are complex amplitudes of the
observables like the helicity amplitudes do not agree with thehree helicity states in the transversity basis. Teodd and
current experimental data. At present, it appears that ne€P even fractions of the decaB— ¢K*° are given by
physics effects indeed are present in Be-¢#Ks mode. |A |* and (Aq|?+|A|?), respectively.
Driven by the experimental activity and the possible discrep- It should be noted here that only six of the nine possible
ancy in theCP asymmetry in thepKg sector, it is therefore observables given by the squared amplitusfeA can be
interesting to see the effects of NP in the decay mBde measured independently. This is because of the fact that both
— ¢K*0, which is our prime objective in this paper. Here we the daughter vector mesong (and K*) are considered to
consider two scenarios beyond the SM, Baparity violating  decay into two spin zero particles.
(RPV) supersymmetric model and the model with an extra The decay mod8—V,V, can also be described in the
vectorlike down quarkKVLDQ). It has been shown very re- helicity basis, where the amplitude for the helicity matrix
cently that these two models can explain the observed 2.7 element can be parametrized[4d$§]
discrepancy in th&— ¢Kg mode[7-9].

The paper is organized as follows. Section Il includes a Hy=(V1(M)Va(N)| H o5 B%)
general description of the angular distributions and the ob-

servables irB—VV decays, while in Sec. Il we analyze the ok % v b Ly
particular case oB°— ¢K*© in the SM. The new physics =e1,(M)e5, (M) aghtt m m2p P
effects from the VLDQ model and RPV model are consid- _
ered in Secs. Il and IV, respectively, and in Sec. V we IC va
. p y + et Bplapﬁ ’ (10)
present some concluding remarks. m;my
Il. OBSERVABLES AND ANGULAR DISTRIBUTIONS wherep is the B meson momentum anii=0,x1 are the

helicity of both the vector mesons. In the above expression,
m;, p;, andg; (i=1,2) stand for their masses, momenta,

Let us consider the decay ofBameson into two vector and polarization vectors, respectively. Furthermore, the three
mesons ¢ andK*), followed by the decayg—K*K™ and invariant amplitudesa, b, andc are related to the helicity
K*9—K ™7, respectively. Following the notation of Ref. amplitudes by

IN B—>VV
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Hi1=atc\/ﬂ, Ho=—ax—b(x2—1), (11 decay amplitudes. Since the decBy— ¢K*° retfives a
dominant contribution only from the one-lodp—sss pen-
wherex= (p; - po)/mim,=(M3—mZ—m3)/(2m;m,). guin diagram with a top quark in the lodpe., it is described
The corresponding decay rate using the helicity basis ampy a single weak decay amplitugeve consider only one
plitudes can be given by term in the amplitude. Thea can then be obtained from
by changing the sign of the weak phase. Similar relations as
r= pc—'m'2(|H0|2+|H+l|2+|H,1|2), (120  thatof Eq.(17) can be written for the parametesandc.
8mmg In our analysis, we will take into account both the decay
B°— ¢K*° and its CP-conjugate proces8’— ¢K*°. In
fact, there are several ways f@P violation to manifest
ftself. But the most familiar one is in the partial rate asym-
metries. Since there are three differential decay amplitudes,
the partial rate asymmetries may show up in any of them.
T, |Ho|2 These asymmetries can be studied by measuLing the coeffi-
= cients of the first three terms in E@) for B® andB® decays
and comparing those coefficients. In addition to the&3P,
violation can also be observed in the interfering amplitudes,
Iy [H1)?+[H_4|? 13 i.e., in the measurement of the coefficients of the last three
F_o_|H0|2+|H+1|2+|H,1|2' (13 terms of Eq(8). Notice, however, that without separating the
observables 0B andB® decays, the relevant information on
The amplitudes in the transversity and helicity bases ar€ P violation cannot be extracted. Therefore, one must ob-

wherep. ., is the magnitude of the c.m. momentum of the
outgoing vector particles. It is also conveninet to express th
relative decay rates infd meson states with longitudinal and

transverse polarizations as

Lo |Hol?+H 4|24 [H 4%

related to each other through the following relations: tain the angular distribution fdB®— $K*© andBO— ¢K*©
decays separetely and determine the coefficientgin each
CHyp—H_ CHitH _ case.
Al=——7—, =— 7%= Ao=Ho. o _
J2 J2 Now, in principle, from the angular analysis of

(=) (=)
(14 B%— ¢K*? decays one can measure 12 observables; these
Correspondingly, the coefficients can also be written in &€ in fact the coefficients; andL; with i=1 to 6. TheCP
terms of the parametess b, andc as violating effects in these observables are given by

L,=|xa+(x?—1)b|?, N
Ci=L;—L,;=—4x(x?—1)|a| |b|sindy,sing,p,

L,=2|al?,

o2 2 _
Ls=2(x*—1)[c|?, Co=L,—L,=0,
Ly=—2[xa|*+ (x?~1)Re(ab®)],
Ls=—V2(x2—1)[xIm(a*c)+(x?—1)Im(b*c)], Ca=L3—L3=0,

Lg=2\xZ—1Im(a*c). (15

Similar to theH, amplitudes, one can also write the cor-
responding amplitudes for the complex conjugate process.

The helicity amplitudesH, for the decayB—V,V,, where
V, andV, are the antiparticles 0¥, andV,, respectively,

Cs=L4—Ls=2\2(x*~1)|a| |b|Sind,pSingap,

Cs=Lg+Lg=—2v2(x2—1)|c|[x|a|cosd,sSing.,

have the same decomposition, with +(x2—1)|b|coss.pSingcp],
aﬂg, b—)E andc— —E (16)
_ T — 2 H
Here in general, the parametess b, andc are complex Co=LetLe=4V(x"~1)[a [c[cosdcasiNgca,

numbers. One can then write these amplitudes as (18)
a=|a| (%t ¢a), (17
where 6= 6;— 6; and ¢;; = ¢; — ¢; . It is important to note
where 6§ and ¢ stand for “strong” (CP conserving and that theCP violating observable€s; andCg do not require
“weak” ( CP violating) phases, respectively. In fact, the pa- final state interactiofiFSI) strong phase differences and are
rametera can have contributions from different interfering especially sensitive t€ P violating weak phases.
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So far, we have limited our discussion to one within thewherer ,=|ayp/asy/(asy and ayp correspond to the SM
framework of the SM and presented various combinations irand NP amplitudesand 8] (¢3) is the relative strongweak
which CP violation effects will show up. We are now ready phase between the SM and NP amplitudes. Similar expres-

to explore the effects of new physics. sions can be written for the other two amplitudeandc.
Now in the presence of new physics the total invariant Incorporating the generic new physics contribution, we
amplitude may be written as write the modified observables and after some algebra we
o n arrive at the nevC’s as given below. Thus, in the presence of
ar=agy+ayp=agy[1+r,e(%at ¢a)], (199  new physics theC P violating observable€,_g read as

Ci=—4{x(x2=1)|a| |b|SiNd,,Sin@.,+ Xx?|al?r ;sindisinga+ (x2— 1)?|b|?r ,sindpsinep
+x(®=1)|a| [b|[rSiN(Sap+ 83)SIN @ap+ ©3) +I6SIN Sap+ 5p)SIN @ap+ @)
1l pSIN(Fapt 52b)5in( Pap ™t ‘Pgb)]}a

C,=—8|a|?rsindisinel,

C3=—8(x*—1)|c|?rsindising?

C4=2\2{(x®~1)|a] [b|[SINGaxSiNgan+ I aSIN(Sapt 83)SIN @apt ¢3)
+1pSIN(Japt 52)3"1( PapT (Pg) 12l pSIN( S+ 521b)sm( Pap T (Pgb)]
+2|a)xrsind]singl},

Cs=—-2Y Z(XZ_ 1) | C|{X|a| [ COSO¢aSiNQ 5+ I :COY Scat 52)Sin( Pcat (PQ)
+1,C08 6¢ca— 52)5“’\( Pca™ ‘Pg) + 14l .CO 65+ 52a)5in( @cat (Pga)]

+ (XZ_ 1)|b| [ COSO¢pSiNgp+ I .COY St 52)Sin( PepT ‘Pg)
+1,C0S Scp— 8p)SIN(@ep— @p) + bl cCOK Scpt Sop) SIN(@cht @op) 1}
Cs=4\ (XZ_ 1)|a| |C| [COSIoSiNQaT I COK Scat 52)Sin( Pea™T ‘Pg)

+1,C09 Sca— 82)SIN(Pea— @)+ 4l €O Scat Oga)SIN @eat @ea) ], (20)

where &= 67— 6] and ¢} =¢{'— ¢] . After obtaining the Ge 10
expressions for th€ P violating observables in the presence Hefr=— —thst( E CO;+ Cgog> , (21
of new physics, we now proceed to explore specific cases. V2 =3
Before going on to do that, let us first look at the relevant
guantities in the SM. A discrepancy, if any, in the SM will whereOs;, ... ,0g andO, ... 04 are the standard QCD
necessitate the inclusion of NP to explain the same. and EW penguin operators, respectively, &ylis the glu-
onic magnetic operator. Within the SM and at the sdalg,
the Wilson coefficientsC;(Myy), ... ,Cio(My) at next to
Ill. SM CONTRIBUTION TO THE AMPLITUDE B°—@K*°  leading logarithmic ordeNLO) and C4(Myy) at leading
logarithmic order(LO) have been given in Refl8]. The
— — corresponding QCD corrected values at the ener ale
.LEt us now focus on the deca’— ¢K*°. In the SM, =my cgn be gbtained using the renormalization gr%ﬁp?iqua—
this decalprocess proceeds through the quark level transtll-on, as described in Ref19)].
tion b—sss, which is induced by the QCD, electroweak To calculate theB meson decay rate, we use the factor-
(EW), and magnetic penguins. QCD penguins with the topization approximation to evaluate the hadronic matrix ele-
quark in the loop contribute predominantly to this processment(0,)=(K*°¢|0;|B°).
However, since we are looking for NP, here we would like to  For evaluating the matrix element of the most relevant
retain all the Contribut_ions. The effective Hamiltonian de- Operator, i_e_Og’ we use the procedure [ﬂO], where it has
scribing the decayp—sss [17] is given by been shown that the operat@y is related to the matrix
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element of the QCD and electroweak penguin operators asmated from the analysis of semileptoBadecays, using the
ansatz of pole dominance to account for the momentum de-

as My 1 pendences in the region of interest.
(Og)=~ A m (04)+(0g)— N_C(<03>+<05>) . In this way the invariant amplitudes, b, andc read as
(22

_ _ a=iPefymy(mg+ mK*)A?HK*(mi),
In the above equatiorg” is the momentum transferred by

the gluon to the €,s) pair. The parametefq?) introduces 2 MeeMy| o e
some uncertainty into the calculation. In the literature its b= —iPetfyumy| ———— A (m)),
value is taken in the range H4q?)/m2=<1/2[21], and we Mg+ Micx
will use (g?)/m3=1/2[19] in our numerical calculations.
Thus, in the factorization approach, the amplitude = —iPerf,m, 2my«my VB—»K*(m(Zb)’ 27)
=(pK*H|B®) of the decayB’— ¢K*° takes the form Mg + My

A(B%— ¢pK*9) where
Sy v agrataes S(artagtag|X, (23 Cr 1
2 33t astas— 5 (artagtan X, (23 Pefr=— N7 Vis Vip| 8384+ 85— 5 (a7t a9+ 210 |-

where (28)

B — The values of the QCD improved effective coefficieats
X=($(£2,p2)[s7,(1~ y5)s|0) can be found in Ref.19]. Now, substituting the values @f
— — =t for Nc=3, from Ref.[19], the value of the form factor
X(K*%(g1,p1)[sy*(1— v5)b|B°(p) (24) ¢ x, x
(K e1,p)lsy(1= 75 bIBX(P)) VB—K* (m2) = 0,38, AZ~K" (m2) = AB K" (m2)=0.34, and
stands for the factorizable hadronic matrix element. The cousing the¢ meson decay constah= 0.233 GeV andrgo

efficientsa; are given by =1.542x 10 *? sec[23], we obtain the branching ratio in the
SM as
a, :Ce.ff + i eff a ‘:Ce.ff_’_ iceff - o
2i—1 2i—1 N 2i 2i 2i N, 2i—1» BrSM(B—>¢K*O):8.32>< 1076, (29)
(25)

which is slightly below the experimental limiEq. (7)].
However, the normalized polarization amplitudg<.,

|A2=| AP Aol?+ A2+ ]A,|?) with i=0]|,L] obtained

whereN¢ is the number of colors.
In the factorization approximation the factorized matrix
elementX [Eqg. (24)] can be written, in general, in terms of

form factors and decay constants. These are defin¢@d2s are
(p(e2,P2)|V,[0)=1, mye},, |Ao|?=0.869, |A [2=0.048, |A|>=0.083, (30)
. . 2 which do not agree with the present experimental (B
(K*O(e1,p1)|V,IB(P)y=———¢€,,upeT "P*PLV(0?),  (5)]. Furthermore, within the SM all three invariant ampli-
My« +Mg tudesa, b, andc have a vanishing weak phagee., phase of
— 0 _ Vi Vi) In the framework of the factorization approximation
(K*%(e1,p1)|ALIB(P)) strong phases are originated by the final state interactions

[24]. Moreover, these phases are the same for the amplitudes
a, b, andc, since the combination cd; coefficients in all
cases is the same, as is encode®ip;. Also, we have the
sameP.¢; appearing in all the amplitudes. In this way, within

2mg« (€7 -q)
=i quﬂAo(q%

) (e7-9) the factorization approximation we have
—i(Mgx+mg)| e, — o 9, |AL(?)
1
i (P4 po) _(mé—mi*)q (8’1‘~q) A (qz) Bazﬁbzéc:arg{agntaﬁas—§(a7+ag+alo)}55é3l)
ae q? “lmgermg o

(26)  Thus in the SM the amplitudes, b, andc have the same
strong and vanishing weak phases. Therefore, allGlire
whereV,, and A, are the corresponding vector and axial- violating parameter€, g in Eq. (18) are identically zero in
vector quark currents armgi=p— p, is the momentum trans- the SM. So a nonzero observation ©P violation, in these
fer. The vector and axial-vector form factors can be esti-observables, is a clear signal of new physics.
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IV. CONTRIBUTION FROM THE VLDQ MODEL 4 (CV+ CA) (C?/_CZ)

<¢K~k O|OZ FCNC| BO> [

Now we consider the model with an additional vectorlike 2 * 2 '
down quark[25]. It is a simple model beyond the SM with
an enlarged matter sector with an additional vectorlike down — 01 ~Z-ECNCISD 4 (CV+ Ca) 1(Cy—Ch)
quarkD,. The most interesting effects in this model concern (¢K*7[03 B%)= 2 3 2 ,

CP asymmetries in neutrdB decays into finalCP eigen- (37)
states. At a more phenomenological level, models with iso-

singlet quarks provide the simplest self-consistent framewhereX represents the factorized matrix element given by
work to study deviations of 83 unitarity of the CKM

matrix as well as allowing flavor changing neutral currents X=(¢(e2,p2)[s¥,(1— v5)s/0)
(FCNCsg at the tree level. The presence of an additional =0 ~ =B
down quark implies a %4 matrix Vi, (i=u,c,t,4, X(K*(e1,p1)|sy*(1 = ¥5)b[B(p))

=d,s,b,b’), diagonalizing the down quark mass matrix. For
our purpose, the relevant information for the low energy
physics is encoded in the extended mixing matrix. The
charged currents are unchanged exceptWat, is now the

:|f¢m¢ (81‘ . 83)(mB+ mK*)A?HK*(m(Zb)

3% 4 upper submatrix of/. However, the distinctive feature 2A E‘—’*<*(m¢)
of this model is that the FCNC enters the neutral current —(ST'FJ)(S’E'D)—
Lagrangian of the left handed down quarks: Mg+ Micx
2vB—>K*(m2)
g — q H —ie va 8 8 § s 38
['Z:mv[uu?’MULi_dLaUa,B'deL,B_ZSInZGW‘]gm]ZMv €urap®2" 01 P P] Mg+ My 38
2 . . .
(32 The total amplitude in the VLDQ model is
with
VLDQ, R0 . 0 Ge s CSA
AVLPQ(BO_ K d)):EUSb 2| Cy+ 5 |X. (39
Uaﬁ:i—Eu:Ct Vliviﬁz 5aﬁ_vjav4ﬁ1 (33)

Thus from Eqgs(10), (38), and(39), the invariant amplitudes
a, b, andc in the VLDQ model can be written in the factor-

whereU is the neutral current mixing matrix for the down = - L
Ization approximation as

sector, which is given above. Aé is not unitary,U# 1. In
particular, its nondiagonal elements do not vanish:

S
anp=i —=Ugp2| C3+ — | f, my(mg+myx) A=K (m2),
Up=—Vi,Vap#0 for a#p. g NPT 3 /o malme t mee) (my)
Since the variou&J .z are nonvanishing, they would sig- _ Gg a 2 myg«my
nal new physics and the presence of FCNCs at the tree levédnp= —I N Usp2| C+ f¢m¢ P
and this can substantially modify the predictions foP Mg Mycx
asymmetries. The new elemdudt;, which is relevant to our B—K*, 2
L X A7 (my),
study is given by
G a 2Mg«m
Usp=ViVupt VieVept+ ViVip - (35 Cnp=—I _FUsbz C\5/+_A f,m, KT
2 3 Mg+ Myx
The decay modé°— ¢K* receives new contributions Bk 2
from both the color allowed as well as the color suppressed XV (my). (40
Z-mediated FCNC transitions. The new additional operators s s
are given by The values foICy, andC3 are taken as
Z-FCNC_[a u o s S s 1.2 s 1
01 =[S v*(1—=¥5)b,1[SpY.(Cy—Cavys)Sgl, CV:_§+ 35|”29W: CA:_E' (41
OZFCNC_ [Eﬁyﬂ(l— 75)ba][§a'y#(Cf,— iy;,)sﬁ],( | Now, using sifé,=0.23 and the value df, from Ref.[9]
36 as
— — —3
whereCy, and C; are the vector and axial-vectdrss cou- |[Upg=1x10"%, (42)
plings. Using the Fierz transformation and the identiGg ( we find
—CRys) =[(Cy+CR(1—¥5) +(Cy—CR(1+ y5)1/2, we
obtain the matrix elements of the operatd)é FCNC as [=rapc=0.6. (43)
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this type of interactions are proportional to SM contributions,
which just generate a common weak phase in all amplitudes.
However, in order to be different from zero, t@d° violating
parametersC,_, require the presence of relative nonzero
strong phases". So in case these relative strong phases turn
out to be zero or too small, then the asymmetries in(E§).
could be too small to be observed experimentally, even in the
presence of new physics.

0 50 100 150 200 250 300 350 V. CONTRIBUTION FROM THE R-PARITY VIOLATING
e SUPERSYMMETRIC MODEL

FIG. 1. Branching ratio oB— ¢K*° procesg(in units of 10°6) We now analyze the decay mode in the minimal super-
versus the phaséyp (in degrees The horizontal solid line is the symmetric model withR-parity violation[26]. In supersym-
central experim_en_tal value, whereas the dashed horizontal lines dﬁﬁetric models there may be interactions which violate the
note the error limits. baryon numbeB and the lepton numbdr generically. The
simultaneous presence of bothand B number violating
operators induces rapid proton decay, which may contradict
strict experimental bounds. In order to keep the proton life-

fime within experimental limits, one needs to impose addi-

the same strong and weak phases. Thus the relative stro
and weak phases between different amplitudes turn out to b?iF%nal symmetry beyond those of the SM gauge symmetry.

H the relati i d K oh bet his is to force the unwanted baryon and lepton number
Z€ro. MOWEVer, Ihe re1ative strong and weak pl asesa € We?}i]olating interactions to vanish. In most cases this has been
the SM and VLDQ models for each amplitudeee., §

n : 3 abc  done by imposing a discrete symmetry callRdarity, de-
and ¢, , o), which are necessary for observing 6® vio-  fiyed asR =(—1)@38+L+29 \yhereSis the intrinsic spin of
Iatu;g asymmelries, are nonzero. Thus we considler & the particles. Thus thR parity can be used to distinguish the
=0c=0" ande,= ¢p=¢c=¢" in our analysis. The branch- particle (R,=+1) from its superpartnerR,=—1). This
ing ratio turns out to be symmetry not only forbids rapid proton decay but also
— — 0 - 5 causes the stability of the lightest supersymmetric particle.
Br(B"— ¢K**)=Br>¥(1+r+2rcospyp), (44  However, this symmetry i@d hocin nature. There is no
. . theoretical argument in support of this discrete symmetry.
— n n M
wheregyp=(8"+ ¢") and BF" denotes the branching ratio jyence it i interesting to see the phenomenological conse-

in the SM. Nﬁw ifhwe glot thed bbranchri]ng ratic_J VBnp (bFig. _quences of the breaking & parity in such a way that either
1), we see that the observed branching ratio can be easzg andL number is violated but both are not simultaneously
accommodated in this model. However, it should be noteq;qaseq thus avoiding rapid proton decays. Extensive stud-

that, since new physics contributions to all three amplitude§es have been done to look for direct as well as indirect

a, b, andc eli_recildentiﬁlal, the_valrl;les of the norr]m_alized p(I)Iar'evidence ofR-parity violation in different processes and to
ization amplitudes will remain the same as their SM values, i constraints on varioug-parity violating couplings. The

The CP violating observables are obtained from E20) 155t generaR-parity and lepton number violating superpo-

It can be easily seen from Eq&9) and (40) that, in the
VLDQ model, all three invariant amplitudes b, andc re-

as tential is given by
C,=—4[x|a|+ (x?—1)|b|]?rsins"sine", 1
C,=—8lal?rsins"sing", WILZE)\ijkLiLjEE+)\inkLin K (46)
Cy=—8(x*—1)|c|?rsins"sine", where, i,j,k are generation indices,; and Q; are SU(2)
) ) o doublet lepton and quark superfields, &g, Dy, are lepton
Ca=4v2[|a]*>x+(x*~1)|a| |b|]rsins"sine", and down type quark singlet superfields. Furthgf, is an-
tisymmetric under the interchange of the first two generation
Cs=0, indices. Thus the relevant four-fermion interaction induced
by the R-parity and lepton number violating model[i26]
CGZO. (45)
From the above expressions it can be noted that new physics 1 TR e -
P DIYSICS Hg= {322 [57(1 ¥5)s][57,(1+ ys)b]

effects from VLDQ model predict nonzero values for tbe
violating parameter€, _,. Thus, the observation of nonvan-
ishing CP asymmetries in these observables implies, in gen- + (N3N H[SY(1+ ys)sl[sy,(1— ys)b]}.  (47)
eral, that the new physics interaction should be of the form

sy*(1—ys)ssy,.(1—vs)b, as in the VLDQ model, involv-  Using the factorization approximation, the amplitudes,
ing a left handed quark. New physics contributions from andc in R-parity violating model are obtained as

8N m’

014008-7



A. K. GIRI AND R. MOHANTA PHYSICAL REVIEW D 69, 014008 (2004

anp=if 4my(mg+ Micx)Ay(M3) 1 .
¢ — N3\ {5 =ke ™ '? and
! m;
X | ——[(\{32N2) —(N23\ 2)] |,
8N 1
F()\i/z*s)\i/zz): —ké’, (50)
i 2m My 5 m,
pr:_|f¢m¢ — Az(m¢) ) ) .
Mg+ Micx wherek is the magnitude and is the new weak phase of

R-parity violating couplings. For|\j,Jd=|Nj3d =|\504
=0.055, tad=0.52, and sneutrino mass; =200 GeV, we

1
X| 5 [(\izh {55~ (\Z5\ 5] |, :
8NCm§[ 132/Vi22 i23 |22] obtaln fOI’NC=3
r=r,=r,=0.43 and r.=0.16. 51
. m¢mK* 2 é b ¢ ( )
Mg+ My VI. CONCLUSIONS

We study the decay proceB8— ¢K*°, showing that the
analysis of the final outgoing particles can be used to detect
the presence of new physics. If there happens to be a new
physics contribution to its decay amplitude, with a different

\év\t‘:rrigx i?lumir:?:t;sg ?x:iihzt,r?blﬁi(l)n;glIf?(()jr-an?llt:I’cteO, thhoewémyveak phase, then the standard technique for detecting such
plitudesa andb are the same, while the contribution to the NP effects is by measuring dir asymmetry parameters.

amplitude ¢ is different. Now, considering =r.=r,, & However, the nonvanishing value of these parameters require
T non o S a—'b» nonzero relative strong phase between the SM and NP am-
=06a=0p, and¢"=¢,= ¢y, the CP violating observables i ,jes g if the strong phases of the SM and NP ampli-
as obtained from E¢20) are given by tudes turn out to be equal, the presence of NP cannot be
detected. We have shown that this type of new physics can

X , (49

1
a2 [(N (3N 22) + (N3N 20)]
¢y

Ci=—4[x|a+(x*~1)|b[]*rsins"sing", still be detected by performing an angular analysis. In order
to achieve the goal of visualizing the effect of new physics in
C,=—8lal?rsins"sing", this mode, we first obtain shCP violating observables
(C4_g) from the angular distribution of decay products and
Cs=—8(x*—1)|c|?rsind]sinpy show that within the SM these observables are identically
zero. Any nonzero value found in the future study of these
C4=4\/§[|a|2x+(x2— 1)|a| |b|]rsiné"sing", observables will indicate the presence of NP. Thereafter, we

introduce the generic new physics effect and obtain the
modified C’s (in the presence of NPand study in turn two
Cs=—2V2(x*~D)[x[al [c[+(x*~1)[b] [c[] scenarios beyond the SM for the sake of illustration. In fact,
we consider the VLDQ model and the RPV supersymmetric
model to look for NP.
—rcos’"sing"], In the VLDQ model we find that the first fourQ(; _,)
observables, out of the si€P violating observables, are
_aiv2_ N i n nonzero. If they are found so, this may indicate the nature of
Co=aN ("~ 1)fal [cl[rrccostizsinec, the interaction Lagrangian iB— ¢*K to be of the form
+r.cosdgsing; —rcoss"sing"]. (49 ~sy*(1—ys)ssy,(1—ys)b, which is the case with the
VLDQ model. In contrast in the RPV model we find all the
This set of equations deserves some attention. It should k&ix observables to be nonzero. The nonzero values in terms
noted here that the observableés, come with the cosine of of these observables will indicate the interaction Lagrangian
the relative strong phase. Thus, the nonvanishingCe§  to be of the form~gyu(1_7s)sgyﬂ(1+ys)b,
(even in the vanishing relative strong phase lirimitplies the In summary, we studied the angular distribution analysis
presence of new physics effects from tReparity violating  of the decayB— ¢K* in the SM and beyond it. We obtained
model or models witlsy*(1— ys)ssy,(1+ ys)b interaction ~ six CP violating observables. These are vanishing in the SM
Hamiltonian, which involves a right handédyuark. Further-  but, if found nonvanishing in future experiments, will defi-
more, in this case one can get the new physics signal evenitely indicate the presence of new physics. We have studied
with vanishing relative strong phases between the SM antivo promising models beyond the SM scenario, and have
NP contributions. shown that these models indeed can have non2&rcSince
To have an idea about the maginitude of new physic$10 special technique is required to study them experimen-
contributions arising fronR-parity violating model, we con- tally, and the data are already available, these findings can
sider the values oR-parity couplings from27] as immediately be studied to look for NP effectsBa- ¢K* in

X [rr ,cos5y,Singy,+ I .COSS Singy

014008-8



SEARCHING FOR NEW PHYSICS IN THE ANGULR . .. PHYSICAL REVIEW D 69, 014008 (2004

the currently runnind factories. In fact, if these observables This angular analysis study in turn deserves immediate ex-
are found to be nonzero experimentally then this in turn mayperimental attention.

eventually lead to confirmation of théalready existing
speculation inB— ¢Kg decay new physics in the penguin
dominated b—sss) B decays.

To conclude, irrespective of whether or not NP is indeed
present in thd— ¢K* decay mode, the study of the angular  The work of R.M. was supported in part by the Depart-
distribution will definitely rule out the possibility of the pres- ment of Science and Technology, Government of India
ence of new physics or else establish strong evidence of ithrough Grant No. SR/FTP/PS-50/2001.
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