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In this work we will study the polarizations of both leptong) (in the decay chann@—K* 7~ 7. In the
case of the dileptonic inclusive decBy-K* ¢~ ¢, where apart from the polarization asymmetries of a single
lepton €, one can also observe the polarization asymmetries of both leptons simultaneously. If this sort of
measurement is possible then we can have, apart from decay rate, forward backward asymmetry and the six
single lepton polarization asymmetriébree each fo = and ¢ ™), nine more double polarization asymme-
tries. This will give us a very useful tool in more strict testing of the standard m@&H) and the physics
beyond. We discuss the double polarization asymmetries ofr tleptons in the decay mod@—K* 7~ 7+
within the SM and the minimal supersymmetric extension of it.
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[. INTRODUCTION parameter in testing models involving physics beyond the
standard model. They have, in their, work carried out de-
Flavor changing neutral currentSCNC) in weak decays tailed analysis of the exclusive proceBs—X.( ¢*. On
provide a fertile ground for testing the structure of weaksimilar double polarization asymmetries of both the leptons
interactions. Since these decays are forbidden in the tree afhis processB— X, ¢ ™) should also get major corrections
proximation, they go through higher order loop effects. Con-f we consider extension of SNILO].
sequently they are sensitive to finer details of the basic inter- |n Ref.[9] they have confined themselves to the standard
actions responsible for the process and as such provide fodel. But as has been emphasized in many whtks-13
natural testing ground for any theories beyond the standarghat the supersymmetric extension of the SM gives major
model as an example. In the context®tlecays, processes corrections to the processes based on the quark level transi-
involving a dileptonic pair in the final state through the basicigns p_se—¢+. SupersymmetrySUSY) extends the SM

v pe . ;
quark proces®—s(~ (" provides a wealth of possible ex- |is of terms in the effective Hamiltonian and associated Wil-

perimental data, accessible in the near future, that can b§bn coefficients; for the quark level process>s¢ ¢+ it

. . " . ) gpredicts the presence of two new quark bilinears in the ef-
this basic quark transition fall into two broad categones,fective Hamiltonian, namely a scalar and a pseudo-scalar

namely the inclusive ones and specific exclusive Processes. 1 <o new Wilsons come because of the extra neutral
In both these there have been theoretical investigations in-.

volving total cross sections, differential cross sections an iggs bosonsNHBs) spectrum of SUSYand two Higgs

polarization studies. The last of these, namely poIarizationdOUblet modgltheories(11,12,14. The effects of these new

studies of the final state particles is a particularly useful pa}NlI_sons on various Kinematical variables SUCh. as branching
rameter, since the most popular extension of the standarj’élt'os.' Iepton pair forwarq backward a.symme.trles ?”d lepton
model (SM) predicts considerable modification of their val- poI;réz_aélg n Basgl(merrl%tfes [2 Tl 1%’”;? e)'(gﬂif\'/\ée B (
ues from SM result§1-5]. Polarizations involving a single Tl r DT ) B B

. - - —KE €, B=K*¢ ¢", B¢ €" B—m¢ ¢*, B
lepton have been studied extensivelyBrsX.~€¢* [2,6], L ’ 7 b ’
BiK*(f’é’+ [7,8,1, B—Ke¢ ¢* [3] I%/—>(7TSP)€*€+[ [4% —pl~€" etc) [1-3,13,16,1F semi-leptonic and pure lep-

B.—{¢ ¢y [5] but recently Bensalanetal. [9] have ftoni(_: B-E7E") .[11] decays OB mesons ha_lve been stud-
pointed out that the study of simultaneous polarizations of€d 1N great deta.ul. The new Wilson coefficient€d, and
the leptons in the final state provides another observable th&io,) are proportional tan,mgtar® and hence can be sub-
can be experimentally measured and provides yet anothetantial when the lepton is and tan3 is sufficiently high.
We would like to include the effect of NHBs but at the same
time focus on an exclusive proceBs—K* ¢~ ¢*. Experi-

*Electronic address: src@physics.du.ac.in mentally exclusive processes are easier to study but theoreti-
TElectronic address: naveen@physics.du.ac.in cally involve more uncertainties. However for processes such
*Electronic address: alanc@kias.re.kr asB—K*{ (" the theoretical uncertainties are somewhat
$Electronic address: joshi@tauon.ph.unimelb.edu.au in control since the unknown hadronic matrix element in-
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volved can be related to charged current decay mode d the aGr my — .

meson. The analysis of these has been subject to a lot of M= —V, V{5 —2C$”—2(si 0 ,,9"Prb) (£ y*€)

theoretical attention and one can use the results there as input 2m q

to theoretical estimates for the FCNC process. In this paper eff, — — — —

we take up the study of this exclusive process for determi- TCo (7uPLD)EY )+ Caol 57, PLO) (€7 y5C)

nation of all the three polarization parameters, longitudinal, _ _ o -

transverse and normal for both the leptons simultaneously. +CQl(sPRb)(M)+CQ2(sPRb)(€ vst) (2.2

This exclusive process is amongst the more important con-

tribution o the inclusive cross sectioB—Xs¢~¢* and . whereq is the momentum transfer to the lepton pair and is

gopefu!ly will be amongst the first of.the processes for ‘,Nh'Chgiven asq=p_+p. , wherep_ andp. are the momenta of
ata WI||. becom(_e gvallable. Analy5|s of this process in the,- 40+ respectivelyV,, V% are the Cabibbo-Kobayashi-

SM and in the minimal extension of the stapdqrd model havg,. <1 awa (CKM) factors and P, r=(1% vs)/2. In our

_been done_by many _authc_Jrs. Lepton polarization asymmetré{nalysis we will assume that we can factoriz®

”r‘] B7K*€ €+kW:S flrslt dlscudsszd by Gen?f and K[g% In" _,K*¢~¢* decay into pure leptonic and hadronic pdrts.

their later work they also studied SUSY effects in this par- eff ; ;

ticular decay modg8], which as we have already mentioned Co ha.s a perturbative part and a pa_rt which co_rr?es from

. o . . . . the long-distance effects due to conversion of the ceahto

is important because it is the highest SM branching ratio e lepton pairt ¢+ [6,18,26;

all the semi-leptonic decay modes. In particular Aleval. e

[1] have given the complete helicity structure of the ampli- ceff=cper+ces 2.3

tudes and have focused on asymmetries related to the polar-

ization of theK* meson. Our study is more in the context of where

the simultaneous lepton polarization asymmetries and their

sensitivities to various input parameters of the MSGni- CB°®'=Cq+£(3C3+Cy+3Cs5+Cg) +9(M,3)
mal supersymmetric standard model ) .
The paper is organized as follows. In the Sec. Il we will X[3C;+Cy+3C3+Cy+3C5+Cs]—39(19)

present the effective Hamiltonian for the process we are con-
sidering, and we will write down the matrix element in terms
of form factors of theB— K* transition and then will give (2.4
results of the partial decay rate Br—K* ¢~ ¢*. In Sec. Il A

we will give the analytical results of various polarization The functionsg(m; ,s) arise from the one loop contributions
asymmetries. The last Sec. IV is devoted to the numerice®f the four quark operator®,, ... O and have the form
analysis, discussion and conclusions.

X[4C3+4C,+3Cs+Cg]—1g(0,5)[C3+3C,].

" A 8 . 8 4 2
g(m;,s)=— §|n(mi)+ 7t Vi~ §(Z+yi)V|1—Yi|

Il. EFFECTIVE HAMILTONIAN 1+ ﬂ
o : In| ——=|—in|, 4m2<s
The process in which we are interestaB-¢K* ¢ ¢ ") (1_ ‘/1_yi) ' :
originates from the quark level transitidm—st¢ ¢*. By
integrating out the heavy degrees of freedom from the theory 2 arctan 1 AM2>3
’ i

(MSSM herg, we get the effective Hamiltonian of the quark Vyi—1
level transitionb—s¢ ~¢* [1,3,11,12,14,1B

(2.9
e 10 10 wherey; =4m{/s. The non-perturbative contribution @§'"
Hetr=—2VioVis 2 Ci(w)Oi()+ %, Co(m)Qi(k) is associated with the reat resonances in the intermediate
V2 i=1 =1 states and can be parametrized by using a Breit-Wigner
(2.1 shape, as given if6,18,26:
. . . res 317-
where O; are current-current iE£1,2), penguin { Cy =~ —5k[3C;+Cy+3C3+Cy+3Cs+Cq]
=3,...,6), magnetic penguini&7,8) and semi-leptonic @
(i=9,10) operators, an@; () are the corresponding Wilson MuBr(V— ¢~ ¢ TV
coefficients renormalized at scale They have been given x> ¥ (A : — Az/ total (2.6)
in [19—24. The additional operato®; (i=1, ...,10), and V=4 s=mgtimylig g,

their Wilson coefficients are due to NHB exchange diagrams
and are given if11,12.

Neglecting the mass of the quark, the above effective  IThere have been attempts in the literature to go beyond a “naive”
Hamiltonian gives us the following matrix element: factorization[25].
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The phenomenological parameterin the above will be *xp¥p— GZ 2m 3 ~2
taken to be 2.3 so as to reproduce the correct branching ratinr(B_>K e |thV* 2\2y [1— 4"3 €A
of Br(B— J/yK* —K* €£)=Br(B— J/yK*)Br(I/ i ds 2107° s
—L£0). (2.9

Using the definition of the form factors given in Egs.

(A1), (A2), and(A4) we can get the amplitude governing the
_LK*p~ + ~ ~

decayB—K*¢ ¢" ag 4 . 2(2md) Y

A=ZN(s+4m))|A[*+ 5 —5—=— (N +12m;,9)|B]
3 ’ 3 mK*S

where

B—K* _ aGF * * Vyan S ]
M = ﬁvtbvts[{swaﬂe q pKA_ | E,U«B . 2 R
m 1(s+2m€) \2lCP? 2 (17Me—s)
+i(pK) u(€* - DCHEY*O){€,pape* "q*PED G m2,s 3 Mis S

—ieXE+i(€* - q)(pw) FHEy* yst)

B B ><(§+2&§)Re(B*C)+g(§—4Fn§)>\|D|2
—iG(e"-a)(CO)—iH(e - a)(LysO)]  (2.7)

2 [\(5+2m2)+12m2, 5(5—4m3)]

where the coefficients are = |E|2
3 me .S
— Ceff-l—( ) Z(S) Ceff 1 )\ R R R o
' s +E?[)\(s+2m§)+24mi*m§s]|F|2
Mic« S
ZAb - effr (2 2 - eff 2 (1- m2, s)
B= T(l—mK*)C7 To(8)+A1(S)(1+myx)Cq _ §)\+(§+2fnﬁ)Re(E* F)
Mi S
4m,Cs™ s ~ | 2Ax(S) (s—4m?) S .
C=— | T2(8)+ T5(s) |+ cs"f + N[ G|2+=5-5|H|?
S 1- My 1+ mK* mK* mK*
3 m iy
oo 2V . + 275 A[2R4E*H) — (1—m2, —5)ReF*H)]
1+ M+ mK*
R R (2.10
E:Al(S)(1+ mK*)Clo A A R ~4 " ~>
and  where A=\(1smy,)=1+5%+m, —25—2mg,
2A,(s — 2sMgs.
F= 2A( ) Clo K
1+ Mg*
Ill. LEPTON POLARIZATION ASYMMETRIES
2mK* Now we compute the lepton polarization asymmetries of
G= m (S)CQ both the leptons defined in the effective four fermion inter-
b action of Eq.(2.2). For this we define the orthogonal vectors
- - Sin the rest frame of ~ andW in the rest frame of *, for
H— me* Aa(9) the polarization of the lepton&, N and T correspond to the
=—0 (s)CQ 2m€C10 . . S
mb +mK* lepton being polarized along the longitudinal, normal and
A transverse directions respectivglly-3,5,9.
5)—A <§>]) (29 -
’ s=(0a)=| 0
p-|
where s=s/m3, Mys=mg«/mg and m,=m,/mg. From y
the above expression of the matrix element given in(Ed) Sk=(0,ey) = ( QM)
we can get the expression of the dilepton invariant mass [prx X p_|
spectra as
Sf=(0er)=(0enxe) (3.9
%In writing this we have used,(¢y*€)=0 andq,({y"yst) ( P+ )
— WH=(0w, )=| 0;—
=2m(€ysl). t=(0wm) Ip|
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« X |p—| Elp—
W= (0w =| 0,00 S’f:(_—)
|pkx X P | me ‘mdlp-|
lp-| Eip- )
W":(—,—— ) 3.3
WE=(0wg)=(0,wnX W) (3.2 - my me|p_| 33

The polarization asymmetries can now be calculated using
wherep, , p_ andpg« are three momenta &f", ¢~ andK* the spin projectos (1+ ys8) for ¢~ and the spin projector
respectively in the c.m. frame &f ¢* system. On boosting 3(1+ ysW) for €.
the above vectors defined by Eg8.1,(3.2) to the c.m. Equipped with the above we can now define various
frame of ¢~ ¢* system, only the longitudinal vector will be single lepton and double lepton polarization asymmetries.
boosted while the other two will remain unchanged. The lon-The single lepton polarization asymmetries are defined as
gitudinal vectors after the boost will become [1-3,5.9

ds

dI' (S, Wy dF(Sx A SXWX) dI'(— Sx —Wy)

+

dF(SXW) dr(sx —W,) (dr( SoW dr(— sx w)

ds

ds
dI'(S¢,Wy) dF(Sx -W,) ( SXWX) dF(—Sx,—Wx))

(3.9

ds

dr (S, Wy  dI'(- SXW>) (dr(sx —W,) dr<—sx,—wx>>
ds )

where the subindexis L, N or T. P* denotes the polarization asymmetry of the charged leptarmAlong the same lines we
can also define the double spin polarization asymmetri¢8Jas

(dF(SX,Wy) - dF(—SX,Wy)) _(dF(SX,—Wy) - dF(—SX,—Wy)>

ds ds ds ds
Pyy= (3.5
dr(s,W,) dr(-s, wy>) dr(s,,—W,) dI(-S,-W)
ds ds ds ds
where the subindex,y areL, N or T.
The expressions of the double polarization asymmetries are
4 1 _(2mZ—s) 2 (s—4m)) .
PL= x(zmg s)|A|2+ (2m€ S)(A +12m%, 8)|B|?+ —x2—|c|2—— (AT(l M& —S)REB*C)
My« S MyxS
4 ) 2[ N(10Mm2—8) + 125m,, (4m2—5)] , 1 ,
+ = )\(4m€—s)|D| 7 |E] t 5 s A[)\(lomg—s)+24smK*m€]|F|
Micx S Micx S

2 A * 2 2
—=(1- mK* S)(10mZ—S)RE(E*F) + —— ~ (s—4md)|G|?+ = s|H|

EEE me. Mis

/ A (3.9
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1 Wr’hg A
Po s N
K*
i

iy S s—4m?
x[ Im(B* E)+(1—mi*—s)lm(B*F)+ %Im(C*F)Jr iIm(B*H)— (SA—)Im(E*G)

me me

mem VA (S—4m?)
Pir=- ~2 ~
M .S

(s—4m?) s iy n
\ Im(C*E)—TIm(F*G)JrfIm(C*H) —(1—mg.—9)

my 2m,

/ A (3.7

—(N+2mZ,S)Re(E*F)

(1—m? —é)l IE|2+ X |F P+ — [Re(E*H)— R(B*G)]
K* 4 ~
2m,

/ A (3.9

—2sm;,{Re(B*D)+Re(A*E)} + %A{RG(C*G)— Re(F*H)}
my

Pnie=—"Pn (3.9
2 N |, o . 2m? ME M2 1
P 2 o mi*<s—4m§><|A|2—|D|2>—{ 1 202 T g 2F
My s
2m? A <y 2m;
+| 1+ — || [E[*= ZIC[*| +(1=my, —sh)| 1+ — |{Re(B*C) —~Re(E*F)}
S S
3. .

/ A (3.10

3. . SO
— = (5—4m?)|G|%+ =S|H|2+6m,{2R4E*H) — (1—m2, —S)Re(F* H)
2 ¢ 2 K

_2 A 4ﬁ'|2€ a2 * 22 2 * * - *
PNT_§r:nT - A 2smi, IM(A*D) — (1—mj, —s){Im(F*B)+Im(E*C) +3m,Im(G*F)}
K*
A “ -
+EIm(F*C)+2Im(E*B)+6m(Im(G*E)—35Im(G*H)}/A (3.11

mmy = =
PrL=— =3 =V\(S—4m})

My S

(1-m2 —§){|E|2+ 3|F|2+ i[Re(B*G)JrRe(E*H)]}
K* 4 2A

me
/ A (3.12

—\ReE*F)+2m:, s{ReB* D)+ Rg A* E)}—é)\{ ReG*C)— %Re(H* F)]

Prn=—"Pnr (3.13
2 N |ap A~ ~ . A I 1 . .
PTT=—§§rAn—2 mi*s{(s+4m§)|A|2—(s—4m§)|D|2}—{)\(s—2m§)—24sm§mi*}|B|2—Z)\(s—4m§)|C|2
K*
- A N o A 1 N JURPRN - -
+ (1= My, —5)(5—2mj)Re(C* B) — (10m; — )| E[* — 7 {(10mF — §)\ — 24smic, m7}|F|*+ (1— M, )
~2_Z * 3. - -2 2 3 2 e * 22 *
X (10m;—s)Re(E F)+§s(s—4m€)|G| —§|H| +3m;s{2RgE*H) — (1—m, —sh)RegH*F)} A
(3.14
|
where A is given in Eq.(2.10. is parity even. Consequently of the various double polariza-

From their definitions, Eqs.(3.1)—(3.5), polarization tion asymmetries, Eq$3.6)—(3.14), only P,y and Py are
asymmetries relating the longitudin@l) and transversé€T) parity odd. However, the basic weak interaction Hamiltonian
spin orientations are parity odd whereas the normal(@®he is not invariant under parity transformation so that from par-
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TABLE |. Our standard model predictions of the averaged value of the observables.

BR(B—K*7 7") P Pin Pir P Prn Pnr PrL Prn Prr

1.29x 1077 —0.299 —-0.09 -0.329 0.09 —0.036 —0.0016 —0.037 0.0016 —0.011

ity symmetry considerations alone, no conclusion can bave have to introduce two new Wilsons, namet%1 and
drawn about the vanishing or otherwise of these asymmec, - These coefficients come from the exchange of NHBs
tries. .
Since we are dealing with local Lorentz invariant theories,and arel pr?porgonal t(lrgbmgdta;'fﬁ / m‘l‘)’ wherem, , m, ancti_ |
time reversal invariance is synonymous W@He invariance. My, are lepton, b- quark and Higgs boson mass respectively.
So as we can see that if lepton is eitheor 7 and the Higgs

In the decay procesB’—K*¢*¢~, neither the initial nor We e _
the final state is an eigenstate®P so thatCP invariance or  Mass is suitable then the new WilsorSg and Cq,) can

otherwise of the theory relate amplitudes of this process withave fairly large values. The values G, and Cq, also

its conjugate procesB—K* ¢ ¢~. It should be noted that depend on other MSSM parameters such as chargino masses
there are terms in our matrix element which involve a tripleand splittings, stop masses and splittings etc. But as is well
product and thus naively have the appearance of a T-odknown these masses and splittings are constrained by the
interaction. This is not correct since we are dealing with amprocessB— X,y [27]. In our numerical analysis we will take
effective Hamiltonian which includes the effect of strong 3 959 C.L. bound28]:
phases which gives fakéP-violation signals even when the
basic Hamiltonians are all P conserving.

For the charge conjugate process the corresponding am- 2X10 *<BR(B—Xsy)<4.5x10 4 4.1
plitudes will have their CKM factor conjugated. Fbr—s
type of transition such as the one considered here, the CKM

phase becomes an overall phase factor since we can neglegt: 1 is in agreement with CLEO and ALEPH results.
the very smalb—u couplings. Possibl€ P violating phases We shall now discuss the models used in our numerical

in the CKM factor thus will not show up in any decay rate. analysis. The MSSM is defined on the basis of four basic

Cocfg]eg fF:ristlrt:leesiogrrzefngeTr Vfrlsgﬁirr‘]’ fo;rg)lfr?r?ggofin assumptiongfor a review of the MSSM refer t$29]): (i)
Persy Y 9p R Minimal gauge group, which iSU(3);xXSU(2) . XU(1)y

in mplex. The present calculation however tak lsu-" .~ A .
g comp'e e present calculation however takes all su hich is the SM group alsaiji) minimal particle content,

persymmetric breaking soft terms in the Lagrangian to be.. ; SR -
real so that we have effectiv@P-invariance of our results. (i) R-parity conservation(iv) minimal set of soft SUSY
If we use only these conditions then the

The implications of these for possible measurements oPr€aking terms.

double polarization asymmetries are remarked upon at thE0del which is constructed is called the unconstrained
end of Sec. IV. MSSM (also called the phenomenological MSSM as one can

readily study the phenomenology of).itBut this sort of
model gives rise to many phenomenological problems such

IV. NUMERICAL ANALYSIS, RESULTS AND DISCUSSION as FCNC, unusually largé P violation, incorrect value of Z
We have performed the numerical analysis of all the Ki-mass etc. But these sorts of problems can be resolved once

nematical variables which we have presented in Sec. IIl. Th&/€ Make some assumptions such as all SUSY breaking pa-
parameters which we have used in our numerical analysis af@meters are real and hence no new sourcé@fviolation,
listed in Appendix B. We have quoted our averaged standarfatrices for sfermion masses and trilinear couplings are di-
model values of all these variables in Table |I. agonal which prevents tree level FCNC processes, first and
We have also analyzed the effects of supersymmetry ofecond generation sferrlion universality which helps us in
the observables. For the numerical analysis we have consigetting away with thé<°-K° mixing problem.
ered MSSM, this is the simplest of the SUSY models with  But there is another way of solving all the problems of the
the least number of parameters. One of the major parametetsiconstrained MSSM model, which is to require all the soft
of MSSM is tanB which is the ratio of the veMvacuum  SUSY breaking parameters have a universal value at some
expectation valueof the two Higgs doublets of MSSM. We GUT (grand unified theonyscale. If we make the universal
will focus on the MSSM parameter space at large@aifhe  values of these parameters real then evenQReviolation
reason for this being that in the large {&megion of MSSM  problem is solved. This is the case in case of constrained
parameter space the contributions of NHB exchange beMSSM and minimal supergravigmSUGRA models.
comes very important for quark level semi-leptonic transi- Aside from the universality of all the gauge coupling con-
tionsb—s¢ ¢ especially when final state lepton is either a stants in mMSUGRA models the other conditions are the fol-
muon u or tau7. This point has been noted in many FCNC lowing: universality of all the scalar masses, unification of
semi-leptonid12,13 and pure dileptonic transitioid1,14.  all the gaugino masses and universality of all the trilinear
Actually if we consider MSSM then we have to extend thecouplings at the GUT scale. With all these constraints if we
set of SM Wilson coefficients, for semi-leptonic transitionsimpose the condition of correct electroweak symmetry
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2

breaking then we have another parameter which is sjh( ‘

and tang which is the ratio of the vev of the Higgs doublets.
So in all the mSUGRA frameworks we have five parameters

m, M, A, tanB, sgrnu).

— SM
—— mSUGRA
-—- rSUGRA

1.5

Yds x 10°

But it is interesting to study the departure of these sorts of 3
models. By departure we mean what would happen if we .=
relax some of the above mentioned conditions of MSUGRA "«
model. With this sort of relaxing of conditions we effectively ;
introduce additional parameters in the model. One can studys
such relaxed models also and have reasonable predictions of 08 7’.'
such SUSY models if the number of new parameters intro-
duced is not larg&.There can be many options available;
such as relaxation of universality of gaugino masses at GUT,  §,;
relaxation of universality of scalar masses at GUT etc.

In our analysis we will choose to relax the condition of . . _ . .
universality ofythe scalar masses at GUT. We will assume FIG. 1. Branching ratio oB—K* 7 7" variation with scaled

invariant mass of dileptons. Parameters of mSUGRA are

non-universality of sfermionic and Higgs masses, i.e. the_, GeV, M=600 GeV, A=0, tanB—45 and sgni) being

Sferlmlonﬁ and ngfgs hav?a dlﬂerﬁlm UIT'vhersal masses at Glu-pgositive. The additional parameter in rSUGRA mo@eke mass of
scale. T IS sort 0 mode_ we will call t € rSUGRA model. pseudo-scalar Higgs bospis taken to bem,=270 GeV.
With this sort of relaxation we have to introduce another

parameter, this parameter we will consider to be the mass of . .
; advantage of this model arises as here we can have some
pseudo-scalar Higgs boson mamsg.

We shall now discuss the constraints put on the paramhandle on the Higgs boson mass and as has been emphasized

eters of our models. We will consider only that region of earlier in many wo.rl.<s the ngw Wilson coefﬂmcjzrﬂ:@l. and
parameter space which satisfies tBe-X.y constraints Co, are very sensitive to Higgs masses. So in this sort of
given in Eq.(4.1). Within the SM this decay is mediated by model one can more easily see the dependence of various
loops containing the charge 2/3 quarks aNdoosons. For observables on the new Wilson coefficients.

the set of parameters given in Appendix B our SM value of We also present the results of the average polarization
BR(B— Xsy) turns out to be 3410 . In SUSY theories asymmetries. The averaging is defined as

there are additional contributions lbe— sy which come from

the chargino-stop loop, top quark and charged Higgs loop

»>

and loops involving gluino and neutralindsAlso this J'(mB‘mK*)z’mé £d75

branching ratio constrains only the magnitudeG$f’. For (3.646+0.02¢/m3  ds

sgn(u) >0 the chargino-stop contribution interferes destruc- (Py= 22 dI . (4.2
tively with SM and charged Higgs contributi6n.The f‘mB*mK*) ms 4

chargino stop contributions grows with tgrand because of (3.646+0.027/mg ds

its destructive interference with the SM and charged Higgs
contributions can give us a region of allowed parameter 1 ‘ ‘ ‘ ‘ ‘ ‘

space. Recently there have been calculations about the next ,-"'\\ . —
to leading ordefNLO) QCD corrections to the— sy decay - AN -~ mSUGRA
rate in SUSY[31] but for our work we will use the LO . e o~ .

calculations as far as the SUSY corrections are concerned o5
[27,30.

As has been emphasized in many wdiX82] the univer- ;
sality of scalar masses is not a constraint in SUGRA. To~

suppress largek°-K® mixing, the requirement is that all
squarks should have universal mass at GUT scale. So that
one can relax the condition of universality of scalar masses at
GUT scale. This sort of model we have called rSUGRA. The

0

0.45 0.5 0.55 0.6 0.65

3. is the SUSY Higgs mass parameter. A
“Effectively this sort of model lies somewhere in between the
unconstrained MSSM and the mSUGRA model. FIG. 2. P_, variation with scaled invariant mass of dileptons.
5The contribution due to the loops involving gluino and neutrali- Parameters of mMSUGRA ama= 200 GeV, M =600 GeV, A=0,
nos are small as shown j27,30. tanB=45 and sgng) being positive. The additional parameter in
8In our sign convention fop it appears in the chargino mass rSUGRA modelthe mass of pseudo-scalar Higgs bosiertaken to
matrix with a positive sign. be m,=270 GeV.
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n S
S

FIG. 5. Py Variation with scaled invariant mass of dileptons.
Parameters of MSUGRA arm=200 GeV, M=600 GeV, A=0,
tanB=45 and sgng) being positive. The additional parameter in
rSUGRA modelthe mass of pseudo-scalar Higgs bossrtaken to
be m,=270 GeV.

FIG. 3. Py variation with scaled invariant mass of dileptons.
Parameters of mMSUGRA am=200 GeV, M=600 GeV,A=0,
tanB=45 and sgng) being positive. The additional parameter in
rSUGRA modelthe mass of pseudo-scalar Higgs bosisriaken to
be m,=270 GeV.

, scalar Higgs boson mass, in the rSUGRA model for vari-
Although we have given the expected values of all they s values of taB. In Figs. 16—21 we have shown the
double polarization asymmetries with the SM in Table I, butyajation of various integrated double polarization asymme-
in the graphs we have shown only those polarization asyMgieg as a function of taf in the mSUGRA model for vari-
metries whose integrated values exceeds 0.1 either in the SMis values ofn (the unified mass of sleptons and squarks at
or in the various SUGRA models we have considered. GUT scale.

In Fig. 1 we have pIottgd th'e variation of dlﬁe(entlal de- it is clear from the figures that several of these polariza-
cay rate with the scaled invariant mass of the dileptons. Ifjqn asymmetries are sizable and that they are sensitive to the
Figs. 2—7 we have plotted the various double polarizationneiysion of the supersymmetric contributions both with re-
asymmetries. In Fig. 8* b Eave shown the variation of thyards to the magnitude and sometimes with regard to the
branching ratio oB—K* 7~ 7" as a functions of the pseudo- jgn als0. The SM predictions are quite definitive; the only
scalar Higgs mass in the rSUGRA model. In Fig. 9 we have,arameter not yet totally fixed is the masg, however,
shown the variation of branching ratio as a function ofan yarying this within the acceptable limits does not change the
in the mSUGRA model. Similarly in Figs. 10-15 we have 5 es of the various asymmetries appreciably. Experimental
shown the variation of the various integrated double polarypseryations of these polarization asymmetries will provide
ization asymmetries as a function of the mass of the pseudqjsefy| confirmatory verification of the validity of MSSM in

-0. -0.
0 5.45 0.5 0.55 0.6 0.65 0.7 5.45 0.5 0.55 0.6 0.65 0.7
A A
S S

FIG. 4. P_¢ variation with scaled invariant mass of dileptons.  FIG. 6. Py, variation with scaled invariant mass of dileptons.
Parameters of MSUGRA am=200 GeV, M=600 GeV,A=0, Parameters of mMSUGRA am=200 GeV, M=600 GeV,A=0,
tanB=45 and sgng) being positive. The additional parameter in tang=45 and sgng) being positive. The additional parameter in
rSUGRA modelthe mass of pseudo-scalar Higgs bossriakento  rSUGRA modelthe mass of pseudo-scalar Higgs bosisriaken to
be m,=270 GeV. be m,=270 GeV.
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—— mSUGRA 7
-—- rSUGRA

|
0.45 0.65 0.7

FIG. 7. Py variation with scaled invariant mass of dileptons.

Parameters of mMSUGRA am=200 GeV, M=600 GeV, A=0,
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FIG. 11.(P_y) variation withm, (in GeV) for various values of

tanB in rSUGRA model. Other model parameters are
=200 GeV,M =450 GeV,A=0.
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FIG. 12.(P 1) variation withm, (in GeV) for various values of
tanB in rSUGRA model. Other model parameters ame
=200 GeV,M =450 GeV,A=0.
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rare decays of th& meson together with other experimental 0ut tagging with an equal number BfandB mesons would
signatures such as single lepton polarization, forwardclearly produce a null value fd?_y andPyr but would yield
backward asymmetry, etc. value of P |, Pyn, Pyt and (P 1+ Pr.). The situation will

In presenting our results we have omitted showing thechange in the CKM-suppressed related prod@sspl *|~
values of the polarization asymmetry parametgxs and  Where because of the presence of two terms in the effective
Prn, since their values are less than 0.01 and thus would belamiltonian with different CKM factors, the CKM phase
nearly impossible for observation with or without SUSY would show up in the interference term and would change
contributions. However, if future experiments arise with val-Sign in going from this process to its conjugate one. Obser-
ues for these which are much larger than that, it will be avations of asymmetries in such a process with mixtureB of
clear indication of physics not only beyond the SM but alsoandB, as and when they become experimentally accessible,
beyond the MSSM within the range of parameters allowedvould provide another way of studying thH@P violation

by other experimental constraints. through CKM phases.
Finally, our results pertain to the decayB
—K*(p)€*(p+)€ (p_). As discussed in the last section, ACKNOWLEDGMENTS

for the charge conjugate process with the momenta un-
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0 \ \ \ w APPENDIX A: FORM FACTORS
_005; 7 The exclusive decaB—K* ¢~ ¢* can be described in
’ T | terms of matrix elements of the quark operators in )
T over meson states, which can be parametrized in terms of
A IR B N form factors. FoB—K* ¢~ ¢ the matrix elements in terms
PO B 1 of form factors of theB— K* transition ard33,1§
o~ -0.15 |- S~o N Nl N
Tl el Tl (K*(pr)|(V=A),.|B(pe))
02| RRIR ST , :
T atao el T = —ie€,(Mg+ My« )Ay(S)+i(Pg+Pk) .(€* - PB)
<= m=500 S~
-0.25 <=+ m=700 R
° = As) . 2my
] X————+iq,(€"-pp) [As(s)—Ao(s)]
. | . | . | . Mg+ Mg+ S
30 35 40 45 50
tanf
2V(s)
FIG. 20. (P;.) variation with tang for various sets oin in + €uvap€” "papk ——— (A1)
MSUGRA model. Other model parameters bre=500 GeV,A=0. Mg+ Mk *

054016-11



CHOUDHURY et al. PHYSICAL REVIEW D 68, 054016 (2003

TABLE Il. Form factors forB—K* transition. The matrix element of the scalar and pseudo-scalar currents
is arrived at by multiplying Eq(A1) by g* on both the sides:
FO) C1 Co

As(S) 0.337 0.602 0.258 K* (o) (S o Mk

s(1*vy5)b|B =-—2i -q)A(S).
Ay(S) 0.282 1172 0.567 (K*(pk)|s(1+ y5)b|B(pg)) My (€*-q)Ax(s)
Aq(S) 0.471 1.505 0.710 (A4)
V(s) 0.457 1.482 1.015
T.(s) 0.379 1.519 1.030 For the form factors we use the results giver{ 33] where
T,(s) 0.399 0517 0.426 we parametrize the form factors as
Ta(s) 0.260 1.129 1.128

F(s)=F(0)exp(c;S+C,S?). (A5)

and The related parameters,(andc,) are given in Table II.

(K*(pK)[80,0"(1+ ¥5)b|B(pg))

. o APPENDIX B: INPUT PARAMETERS
=i €,,0p€s PAPE2T1(S)+ To(s){€h (Mi—m3)

—(€* - P)(Pe+Pk) o} X T3(S)(€* - pg) mg=5.26 GeV, m,=4.8 GeV, m.=14 GeV,
S
X0~ 55 (Pet Py (A2) m,=0.106 GeV, m,=1.77 GeV,
B~ Mg

where in the above equationsc and €, are the four- m,=80.4 GeV, m,=91.19 GeV,

momentum and polarization vector of tKé meson respec- . .
tively. By using the equations of motion we can get a rela- VipVis=0.0385, a=135, mMg»=0.892 GeV,
tionship between the form factors as

I'g=4.22<10 13 Gev,
B mB+ My Mg — Mk«
AS(S)_—Al(S)_Z—AZ(S)- (A3)

My My Gg=1.17x10 ° GeV 2
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