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Supersymmetry effects on the exclusive semileptonic decags—m+ 7~ and B—p+ 7~
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Semileptonic decays dB mesons are known to be very sensitive to any new physics effects. Amongst
various possibilities the transition at the quark levetd¢* ¢~ is more suited thabh—s¢* ¢~ for the purpose
of studying CP violation. Here in this work we will discuss the effects of supersymmetry on the various
experimentally measurable quantities such as the decay rate, forward backward asymmetry, various polariza-
tion asymmetries, an@P violation asymmetries in the exclusive channBls: 7¢ "¢~ andB—pf € ~. We
will focus mainly on the neutral Higgs boson effects on these measurements, with a view to eliciting infor-
mation about possibl€P violating as well as non-Hermitian terms in the effective Hamiltonian.
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[. INTRODUCTION between them, and this could open up the possibility of ob-
serving the complex CKM factors from the interference
The rareB meson decays induced by the flavor changingterms. In the semileptonic decaffsaving a lepton pair in the
neutral currenb—s(d) transition offer a deeper probe for final stat¢ one can discuss several other kinematical vari-
the weak interaction sector of the standard md@) as  ables associated with final state leptons, such as lepton pair
they go through second order in weak interactions. Thesérward-backwardFB) asymmetry and various polarization
decays can give information regarding fundamental param@Symmetries. Supersymmeti8USY) effects on the FB
eters such as the Cabibbo-Kobayashi-Maské@i&M) fac- ~ @Symmetries in various e+><c[u5|ve decay mOd‘iS ofgiimee-
tors, leptonic decay constants, etc. These decays can also B Such as— (m,K)¢"¢ [8], B—(m,p)¢" ¢ [89],
very useful in testing the various new physics scenarios sucndB—C" ¢y [12], have been extensively studied. Some-

- L time back, as pointed out by one of s3] for the inclusive
as the two Higgs doubldtl,2] and the minimal supersym- . .
metric standard modéMSSM) [3—7]. Among the weak de- dheecaey (r:rllogi_r;é‘f@g and t% ?{Lg(;oe;]nd S‘?r?gim]oflgt
cays of B mesons the leptonic and semileptonic decays ar xclusive mod&— (., p) ’ gw VIO
very useful because of their relative cleanness. Betwee 1on frqm partial width asymmetry, one can Iool§ fop vio-
. - JIation in FB asymmetry also. We will explore this possibility
these two, the exclusive decays lately have received speci

ttention[8,9]. F ileptonic and leptonic d h>Y
:serésgn)gsv;gﬁgr Sgﬂ EF()ED;% fz_' e%ir::({ +(zc_atys BSUC Along with FB asymmetry associated with final state lep-

4, : tons one can also discuss the three polarization asymmetries
—pl €+’ _etc., the basic _quark level process Is (longitudinal, normal, and transvejsassociated with the fi-
—>s(d)€+€7 [10]. The basic qgark Ievgl procesb nal state leptons in various semileptonic decays. The impor-
—s{d)é7£" occurs through the mtermedl.atte G OrU tance of polarization asymmetries associated with final state
quark. These processes can be described in terms of an gly,ons in various inclusive and exclusive semileptonic de-
fective Ham_|lton|an which contains information about shortCay modes has been extensively discussed in many works
and I+on_g distance effects. For the quark level prodess (515 15 18, In this communication, we study the three pos-
—s€ 7€~ the various contributions due to intermediate, sible polarization asymmetries with the idea of explorGi

and u quarks enter into the matrix elements with factors zsymmetries as well as then-Hermiticity of the effective
VipViss VenVes, and VypVys. Off these three factors the yamiitoniart through their measurement.

third one is extremely small as compared to the first two. The ' The paper is organized as follows. In Sec. Il we present
unitarity relailonshlp*of the CKM matrix becoméapproxi-  the general formalism, where we write the general effective
mately Vi,Vis+VepVes~0, so that the second factor can be Hamiltonian and present our definitions of the FB asymme-

written effectively as the negative of the first one. Tle&  try and polarization asymmetries. Section IIl is devoted to
fective) Hamiltonian for theb—s¢* ¢~ transition thus in- the decay mod@— ¢ "¢~ where we discuss all the ki-

volves essentially only one independent CKM fad¥gyVys,  namatical variables associated with this decay mode. In Sec.
and hence the process—s¢ ¢~ is not sensitive to CKM |V we will discuss the decay mod@— p€* ¢ ~. Finally, we
phases within the SNI11]. will conclude with results and discussion in Sec. V.

For the transitiorb—d¢ "¢~ the CKM factors involved,
ViuViy, VenVag, andV,,Viy, are comparable in magnitude
and so the cross sections for processes having the quark level
processb—d¢ ¢~ can have significant interference terms  The QCD corrected effective Hamiltonian for the decay

b—d¢* ¢~ in the general SUSY model can be written[db

IIl. GENERAL FORMALISM

*Electronic address: src@ducos.ernet.in
TElectronic address: naveen@physics.du.ac.in Iwhich arises out of the quark loops.
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4G 10 10 Whereézs/mé, m,=m,/mg, andim,=m,/mg are dimen-
F *
HeHIFthth Z’l GO+ 241 Co,Qi sionless  quantities. \(a,b,c)=a?+b?+c?>—2ab—2ac
& —2bc. sis the c.m. energy of thé" ¢~ systemmp is the
mass of the particle labeled, andz=cosé where 6 is the
=N {Cq[0]=0,]+C,y[05-05]}|, (2.1) angle betweeri ~ and theB three-momenta in the c.m. frame
of €7¢~. | M|? is the matrix element squared of the process
under consideration.

From the above expression one can get the decay rate and
FB asymmetnf17]. The decay rate is simply the integration
of Eq. (2.5 over the angle. The definition of the FB asym-
metry is[17]

where we have used the unitarity of the CKM matrix
VipVig+ VupVig~ —VepVag, andh =V Vi Vi Viy - Here
0, andO, are the current current operato3;,...,04 are
called QCD penguin operators, afg andO,y are semilep-
tonic electroweak penguin operat¢i€]. The new operators
Qi (i=1,...,10) ari;s]due to NHBneutral Higgs boson Jidzdr/dsdz—[©,dzd/d3dz
exchange diagramg2,4]. In addition to the short distance Arg= ~ —.
correctigns in?:luded in the Wilson coefficients, there are " f(l)dzdl“/dsdz+f91dzdl“/dsdz
some long distance effects also, associated withaeagso-
nances in the intermediate states. This is taken into accou%
by using the prescription given {i7], namely, by using the
Breit-Wigner form of the resonances that addag":

(2.6

To define the polarization asymmetries we define the or-
ogonal unit vector§in the rest frame of ~ for the polar-
ization of the leptont ™ [5,16] in the longitudinal direction
(L), the normal direction), and the transverse direction
s 237 MyBr(V— ¢+ ¢ )TV, ., (M:

9 — T 72 Ky

2 sV ]
v=digy' ... (8=MY+il My

p_
(2.2 SfE(O,eL):(O,“)—_),
thus we are taking the final leptons to keso only five %
resonances of thec will contribute. The phenomenological S’,\‘,E(O,e,\,):(o,&
factor «, is taken to be 2.3 for numerical calculatiofif)]. laxp-
In this work we use the Wolfenstein parametrizatja8] of

the CKM matrix with four real parametets A, p, and 7, Sk=(0.er)=(0eyXxe), 2.7
where 7 is the measure o€P violation. In terms of these
parameters we can write, as wherep_ andq are the three-momenta of tHe and the

particle P in the center-of-mass frame of tife ¢ system.
p(l—p)—7* 7 ) Now, on boosting all three vectors given in EG.7), only
a2 a2 TOY: (23 the longitudinal vector will be boosted, and tmormal and
transversg will remain the same. The longitudinal vector
From the relevant part of the above effective Hamiltonianafter the boost becomes
Eq. (2.1) we can write the QCD corrected matrix element as .| E
Sf:<p__ __p_> (2.8

m, " m|p_|

_GFa * eft Mo di YP_b) (€ v
M=——Vy, Vi) —2C7 EZ( i0,,9"Prb)(£y*€)

vam Now we can calculate the polarization asymmetries by using
eff 7. o y T the spin projectors fof ~ as 1/2(1+ ys5). The lepton polar-
+Co (dy,PLO)(EY )+ Caoldy, PLD) (€7 ys56) ization asymmetries are defined as
+Cq,(dPrb)(€€)+Cq,(dPrD)(€ys) |, (2.4 o g AL(S)/dS—d(—S,)/dS
(8= Gr(s,)ids+ dr(—S/d5

(2.9

whereq is the momentum transfer amt] = (1 ys)/2; we _ _ o
have neglected the mass of tajuark. The Wilson coeffi- With x=L,T,N, respectively, for longitudinal, transverse,
cientsCS" andC, are given in many workp4,7,19 and the ~ and normal polarization asymmetry.

other Wilson coefficient€o, and Cq, are given in[3,4]. Now ready with t_he terminology and definitions we wi_II_
The definition ofCS" is given in[9,13.2. move to the calculations of the various measurable quantities

The decay ratéfor any general three-body decay processthat we mentioned before.

B—P{£*¢ ™) can be evaluated by doing phase space integra- o
tion. On doing phase space integration we get Il. B—m¢™ ¢~ DECAY MODE

_ In this section we calculate the branching ratio, FB asym-

N2(18,m2) \/ 1— 4&|M|2 metry, and polarization asymmetries associated with the in-
3 e (S ' clusive decay modB— ¢ ¢ ~. Using the definition of the
(2.5  form factors[Egs.(B1)—(B3)] we can write down the matrix

dF(B—>P€+€_)_ mg
dsdx 2%
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element for theB— 7 transitiort as

MEHTT:GFC!
V2

S{APE) L (€7,0)

+B(Pg) u(€7,v50)+C(€ys0)+D(€€)}

(3.1)
with
A=C§"F1(9%) —2C5"F1(q?), 3.2
B=CiF1(9?), (3.3
2 2
C= m{’ClO[ —F1(a?)+ —(mqumw)
(m3—m?)
X[Fo(q?) — F1<q2>]] - ;T
XFo(q°)Cq,, (3.4)
(m3—m2)
D= BszFo(qz)ch. (3.5

From the above expression of the matrix elen{&w. (3.1)]

we can get the analytical expression of the decay rate as

dr(B—m€*¢") Gimg o
3><29 5|thV \VA15,m2)

ds
amg
X 1-—3 . (3.6
S
with
22
S =N(13,M2) 1+T€>|A|2
A2 g
+INLE )| 1+ = +24m§}|8|2+655|<3|2
B
A ~ 2
S m
+6—2(1—% ID|?
Mg

mf a_ ;2 *
+12m—(l+s— m2)Re(C*B). (3.7
B

The expression for the FB asymmetry is

Arg(B—ml €)= —6m\Y3(13,m2)
4m€ ReAD*)
X \/1— 3.8
(mBEﬂ') ( )

2B actually isB*.
3In writting this we have usedd¢=0, €¢ys¢=2m{ ys{.
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As we can see from the above expression, the FB asymmetry
is proportional to the new interactions, i.e., the NHB contri-
butions. This is a point that has also been noted in some
earlier work[8].

We divide this section into two subsections. In the first
one we discuss th€P violation in B— ¢ ¢~ and in the
next subsection we discuss the polarization asymmetries as-
sociated with the final state leptons.

A. CP violation

First we define theCP-violating partial width asymmetry
betweenB andB decay. This is defined as

dr/ds—dr/ds

Acp(8)= — (3.9
dr/ds+dr/ds
where
dr dr(B—m¢"¢") dI dI(B—mwt" o)
ds ds ' ods ds
(3.10

In going fromT to T the only change we have to make is in
the expression fo€S". We defineCE" as
Co=&+ N (3.1

where &;, &,, and A\, are all complex. In going fronB
— 7l ¢ toB—7t ¢, CS" becomes

CeM=¢,+ Nk ¢,. (3.12

With this change one can get the expressiondbrds as

dl(B—w¢*¢™) G2Zmy
ds 3X29 5|thvtd|

2)\ 1/2 S, quf)

1— T{EW+4 Im )\uAﬂ.}

(3.13
with
AW=[Im(§’1‘§2)|F1(S)|2
eff Mp
—2C7Im §2FT(S)F1(S)(mB+—m)
2
XN(18,Mm2)| 1+ ﬂ) (3.19

Using Egs.(3.6), (3.13, and (3.149 we can get theCP-
violating partial width asymmetry as

—2ImNA

Acr(S)= 5 o imraL

(3.195
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As argued in earlier worK13], by measuring the FB IV. B—p(¢*¢~ DECAY MODE
asymmetries oB and B one can observe th€P-violating
phase of the CKM matrix. We will here estimate how much

the predictions of the SM would change in SUSY. the definition of the form factors for thB—p transition

In the discussion o€P violation by measuring FB asym- given by Eqs{(C1), (C2), (C3), we can write down the ma-
metry, it is important to fix the sign convention. The signs of iy element as

the FB asymmetry foB andB decays are different. In fact,
under strictCP conservation

In this section we will calculate the possible measurables
associated with the inclusive decay mdgle: p¢ * ¢ ~. Using

ME=P=[i,,05e™ PEGPA+ €5+ (e* - 0)(pg) LC1(C7*)
+ [I e,u,vaﬁey* pquD + GZE+(€* ' q)(pB)p,F]

X(Ly*0)+G(e*-q)(€ €)+H(e*-q)(Lys £)

So underCP conservation the FB asymmetries Bfand B (4.2
are exactly opposittSo any change in Eq3.15 will be a

Arg(B)=—Arg(B). (3.16

measure ofP violation. We define th€P-violating param-  Where
eter of FB asymmetry as C(7eff V(s)
2" eff
A=4 S MpT1(S)+Cg —(m ) (4.2
Ses=Arg(B—ml €7 )+ Arg(B—ml €7). (3.17) et
B=—2—_-my(mg—m?)T(s)
We can get the expression fogg from the expression for
FB asymmetnfEq. (3.9)] as 1 .
- E(mB+ m,)A:(s)Cq", 4.3
12\ YA 1,8,m2) 11— 4m2/3 . 4C$ff s
FB™ =4—
me> (3, +4 ImA,A,) s Mmi T2(s) —z—z—(mB_mp) 3(8)
XIMA[S,F(s)Im &+ A [2CEFr(s)+F(s) g Ay(S) wa
+1m & Im\,— F1(s)Re&; —F,(s)Re&, Reh 1. Smg+m,’ '
(3.18 V(s)
D_ClomBTmp’ (4.5
B. Polarization asymmetries
We can also get the expression for the polarization asym- E=—5(mg+m,)A(s), (4.6
metries in theB— w¢* ¢~ transition using the formalism
given in Sec. Il. The expressions for the various polarization Foc Az(S) @7
asymmetries of ~ are mg+m, '
m,Aq(S
P =0, (3.19 G=—Co T ), (4.8
1 mb
— m,Aq(S myA,(S
Pr=0, (3.20 H=—Co ol )_Clo Aa(3)
2 my mg+m,
A A 2 2m,m
DAL, M2) 5~ 47 +— C[As(S)—Ag(8)]Cro. (4.9

PN: E

From the above expression for the matrix element we can get
X[Im & +ImA,Reé&+Imé; Ren,].  (3.2)

the expression for the partial decay rate:

dl'(B—p¢*¢~) GZm

“We can understand this negative sign because uG&econju- ds 3><210 5 |thth|2)\1/2(1 A 2)
gation not only doed+«b occur but there is a transformation in
leptons also and "« ¢ ~. Since the two leptons are emitted back to 4mmg
back in the c.m. frame of dileptons, the FB asymmetry defined in X\/1- sz (4.10
terms of the negatively charged leptén (for both B and B)
changes sign undeZP conjugation. with
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2 o i, 2 M3 )
Ep: 1+? A(l,s,mp) 4m S|A| +—2—2' 1+12m2—) |B|
Y b p
2
m
+2ﬁ?2 3 A2)|c|2+ (1 f2+8)Re(B* C) |+ 4ma\(13,M?) (53— 4m3)|D|?
P

2 [2(2ﬁ1§+§)—2(2m€+s)(mp+s)+ (i} — 26Mm2 + 82) + (i’ +10mzs+sz)]

—7 ~ 0~

mg is
2

+ o 2Ax(l“ 8,2 {(2mAT+3)[N(138,M2) + 28+ 22 ] — 2[ 2M7(M’— 58) + (1> +3) T} F|?
4m2 3 2\ (13,M?)

3 x(1§m2)|e|2+3 A(1§m2)|H|2 + —— [~ 2M{(M’—58) + (2} +3)
m;, m;, m.s

12,
—3(m 2+s)]Re(E*F)+—2)\(1“ "Z)Re(H*E)+—2—)\(1§ mz)(1 A2+s)Re(H F). (4.11
p

For theB— p transition we can find the FB asymmetry as

_ ) 43 M AYA(18,72) 4f?
Arg(B—pl €)=} —120Y%(15,m’) 1——s[Re(A*D)+Re(A*E)] 3—2— 1-—

(1-1f2—8) .
x| 2 RgG*B) ———+Re(G*C)mp\ (L&) | /3. (4.12
B

We will discuss theCP violation in theB— p transition and the polarization asymmetries associated with the final state
lepton in the next subsections.

A. CP violation

To find the CP-violating partial width asymmetry we require the expression for the partial widtB-efp¢*¢~. The
expression for the partial decay rate @ p¢* ¢~ is

dI'(B—pt*¢~) G2 [ am?
( df; ) 3Xr;fg 5|vtbv;*d|2>\1’2(1,§,m§) 1—%(2p+4|m>\u A (4.13
with
A 2limeer )] as VG s)|? 65 1 N(18,Mm2)
,=| IM(& &%) 4Sl+ﬁ12 +(1+1m2) N(1om Az) 287 3 ||AL(S)]*+ m| 2(s)|?
1_Ai_gA A 2 2y b TalSIVIS)S | o p ()T A (S)(1+ i )P(1— 1
_m—i 1(S)Ax(s) [ + m(¢2) 1+—ﬁ1p+ 1(8)T2(s)(1+Mm,)“(1—m))
5 5 N(13,172)
X 6)\(1,§,m§)+2A§ +AL(S)| Ty(s)+ _A2T3(S) m
3
—(1+m,)Aq(s)| Ta(s)+ _A2T3(5)>
1-m2-3 1—12— 2mz\
XT+A2(S)T2(S)(1 m )# 1+? A(l,s,mp). (414)
P m,

Plugging in the expressions for the differential decay rategefpﬁff* andB—p¢ "¢~ given by Egs.(4.10 and(4.13),
respectively, we can get the expression for the partial witRrasymmetry;
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(4.19

—2Imr, A,

S. R. CHOUDHURY AND N. GAUR
Acp(8)=
2,t2ImN 4,

with %, andA, as given in Egs(4.11) and(4.14).
Another measure o€P violation could be the sum of the FB asymmetriesBofspf "¢~ and B—p¢*¢~. One can
calculate this by use of E44.12 for B—p{¢*¢~, and forB—p¢ "¢~ by making appropriate changes in the expression for
(4.1

C". The final expression is
See=Arp(B—pt (") +Apg(B—pt ™€)
[ 4 Im &2T°;— 2A {Re(CEMT, + (2C%Mh, /3)T
:_6)\1/2(1,§’mp) 1— Aflm)\u[ 1 P{ 9 1 7 b 2}]
8 3,3, 4 ImAA,)
with I'; andI', given by
I',=43A,(S)V(s)C (=M =Srm), o c MALS) | o c 4.1
1= 45A1(S)V(s)Cyo— 2, i, o(S)Ax(s) Ql+m 0o(S)Ax(s)Cq,, (4.17)
(1—M>—8)(1—m’)ih,
mpmb AO(S)TZ(S)CQl
(4.18

F2= 4§T2(S)V(S)(l_ mp)clo+ 4§(1+ mp)Al(s)T]_ClO_
§
—miTg(S) CQl

2\ ,A,Az A
( smp)mer(s)(Tz(S)+l_

X ——
mpmb
B. Polarization asymmetries
Finally, we calculate the three polarization asymmetries, namely, longitudinal, transverse, and norEaalpfbH*. The

) Af? ) , 4f?
PL=124R&A*B)(1-fMP—§)3 —1+ \/1— ——| +4mg\(15,M))8\/1- ——Re(A*D)
1 4r“n? * ~2 ~2a a2 ~2 | &
+W 3+1\/1- 5 {2 RgB*E)[1+m;+2m 5+8 —2(m +9)]
2 * a2y (a2 AN Al ~ 4 ~2a 22
+mg Re(C*E)[1—3(M+8) — (M —8) (M +8)+ (3, +2m75+ 359 |}
3+ 1-—
3

longitudinal polarization asymmetryP() is

~2/ a2 o ~ 2
[1+m (M —8)—2m"]

p

1
+ W[Re(B*F)(l—fni—é)JrRe(C* F)maN(15,m2)]
14
(4.19

+(3-7 1-——
§
|
The normal polarization asymmetr() is Finally, the transverse polarization asymmetBg) is
Pn=AYA(L8, ) (8 4t
1+m2-3 ,
+2 Im(A*E+B*D) Pr=AY313,m?) 5,7 —4 R{A*B)
{2[2(1- 12~ 3)ReB*E)

(4.20

>

3

2Im(E*F) ——=—
N 1
Ao A
4mps

X
P
+ma\(13,M2)Re(C* E)]}}.

1
+4—m’2){2(1—m,§—§)|m(e*5)
(4.20

+MEN(13,M2)Im(G* C)}|.
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FIG. 2. FB asymmetry foB— 7" 7. Other parameters are
for mMSUGRAmM=200, M =450, A=0, tanB=35, sgnf) is taken
to be positive. For rSUGRM,=306. All masses are in GeV.

FIG. 1. Branching ratio foB— 7" 7 . Other parameters are
for "\SUGRAmM=200, M =450, A=0, tanB=35, sgng) is taken
to be positive. For rSUGRM,=306. All masses are in GeV.

V. RESULTS AND DISCUSSION 2X 10 *<Br(B—Xsy)<4.5x 104,

We have performed a numerical analysis of all the kine-
matical variables that we have evaluated in Secs. lll and IV.

For our numerical analysis we could use the minimal suwhich is in agreement with CLEO and ALPEH results. We
persymmetric standard model, which is the simp(asd the  are primarily interested in finding the effects of NHBs and as
one having the least number of parametergension of the it is emphasized in the literature that these effects become
SM. Actually, the MSSM itself has a fairly large number of more profound when the final state leptons af@2]. Thus
parameters, which makes it difficult to do phenomenologyye will take the final state leptons to behere.
with it. We therefore resort to models that reduce the large Qur results are summarized in Figs. 1-12, where the

parameter space of the MSSM to a manageable level. Theyikes in the distributions are because of the charm reso-
models that exist include minimal supergravipSUGRA), nances as given in EG2.2). ForB— a7+ 7, in Fig. 1 we

no-scale, dilaton, etc., models. For our analysis we use thgae piotted the variation of the branching ratio with the
supergravitf SUGRA) models. The basic feature of all these scaled c.m. energy of the dileptons. As we can see from the

models is that they assume some sort of un|f|c_at|on of th raphs, the deviation from the respective SM values is fairly
parameters at some unifying scale. In the numerical analys

of SUGRA models the parameters we have chosen satisfy thﬁ:ge for almost the whole region of invariant dilepton mass.

radiative electroweak symmetry breaking condition.
In the mMSUGRA model unification of all the scalar

masses, all gaugino masses, and all coupling constants 7

assumed at grand unified thedi@UT) scale. So effectively
we are left with five parametefbeyond the SM parameters
at the GUT scale. They ama (unified mass of all the sca-
lars), M (unified mass of all the gauginpsA (unified trilin-
ear coupling constantstang (the ratio of vacuum expecta-
tion values of the two Higgs doublgfsand finally sgng).®
As emphasized in many work8,5,6] the universality of the

e deviation is more profound for the rSUGRA model than
for the mSUGRA model. In Fig. 2 we have plotted the FB
ymmetry for the transition. As has already been noted in
earlier work[8], in the SM the FB asymmetry vanishes. But
if we consider SUSY then one can have a finite value of FB
asymmetry. So any observation of FB asymmetry in this de-
cay mode B—ar"77) should be a clear signal of new
physics. In Fig. 3 we have given estimates of tG&-
violating partial width asymmetry. As expected from the re-
sult of Eq.(3.15 the new Wilson coefficients do not contrib-

scalar masses is not a necessary requirement and one aae to the numerator of the asymmetry but the denominator

relax this. The only constraint for this relaxation KS-K°
mixing. To suppress this mixing it is sufficient to give a

(which essentially is the decay ratgets contributions from
NHBs and hence the NHB effects actually lower the SM

unified scalar mass to all the squarks but the Higgs sector ca@stimates of theCP-violating partial width asymmetry. The
be given a different unified mass. We explore a sort ofreduction is greater for the rSUGRA model where all the

SUGRA model also, which we will call the rSUGRA model.

scalar masses are not unified; in this case one can take the

In this model we will take the mass of the pseudoscalaHiggs boson mass as a parameter &ldde new Wilson
Higgs boson to be another parameter. For our MSSM paransoefficients Co, and Co, crucially depend on the Higgs

eter space analysis we will take the 95% C.L. bo{@d|

®Here we have taken the Higgs pseudoscalar mass to be a param-

50ur sign convention fop is such thaj enters the chargino mass eter and all the rest of the Higgs boson masses can be evaluated in

matrix with positive sign.

terms of this.
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FIG. 3. CP-violating asymmetry Acp) in B—wr 7 andB FIG. 5. Normal polarization asymmetnyP() in B— a7t 7 .
—m7 7 . The Wolfenstein parameters we have chosengre  The \Wolfenstein parameters we have chosen @re—0.07, 7
—007, 7]:034 Other paramete.l’s are for mSUGMZOO, M =0.34. Other parameters are for MSUGR#A= 200’ M :450, A
=450, A=0, tanB=35, sgnf) is taken to be positive. For —q, tang=35, sgiu) is taken to be positive. For rSUGRM
rSUGRAmM,=306. All masses are in GeV. =306. All masses are in GeV.

boson mass: if it is low their value is high. In the rSUGRA S . .
model one can have a lower Higgs boson mass and hence(\éfhICh is contrary to the partial widtitP asymmetry. So

high value of the new Wilson coefficients and a high partialthls qur?nt'lty CIOUIIS alséo turr;]out tol bt(ta zntrllmportantlprolbe. for
decay rate, which effectively reduces BE-violating partial New physics. In Fig. > we have piotied the normal polarza-

: : tion asymmetry of the final state leptdh . As we can see
width asymmetry. But there exists another measur&pf . . .
y y from the expression of Eq3.21) the value ofPy is zero in

. . . — + —
V'Olat_'grj:etf‘e sg_m of the FB a?ymmetnesB)# ﬂ)h'eh and pohe SM. So the observation of nonzeRy could also be
B—m - This is a type of measurement which can bejiorhreted as a signal of some new phySigest two po-

done in an environment having equal numbersBaindB  |arization asymmetries the longitudinaP() and transverse
pairs, and as argued earlighd] it does not require any tag- (P;) vanishes with or without NHBs.
ging. T_he imp(_)rtant point here is that FB asymmetry in this In Fig. 6 we have plotted the branching ratio B
decay is zero in the SM and hence the sum of the FB asym-_ -+ —"\iit, 4 scaled invariant mass of dileptons. As we
metries ofB— 77" 7~ andB—m7" 7 is also zero. So the can see there is a fairly large deviation from the SM value. In
parametersgg [which we introduced in Eq(3.17] is zero.  Fig. 7 we have plotted the variation of FB asymmetry véith
But if we consider SUSY then this parameter can have %gain one can observe the variation of mMSUGRA and
finite value. In fact, as we have shown in Fig.3g is  rSUGRA results from the SM values. Both the partial decay
greater for the rSUGRA model than for the mSUGRA m0d9|rate and FB asymmetry increase as Compared to the SM val-
ues in both mSUGRA and rSUGRA models. In Fig. 8 we
____________ have plotted theCP-violating partial width asymmetry. As
4 we can see, here the predictions of the mSUGRA and
1 SUGRA models decrease as compared to the SM value. The
reason is the same as explained for Bvesr7" 7~ transi-
tion. But again here if we look &aCP violation through the
FB asymmetry(Fig. 9 we have the same effect as B
v H —mr 7 ; the SUGRA models have larger values than in the
'u' SM. Here the SM values of FB asymmetry as welbag are
: 1 not zero, but still the SUGRA models give an enhancement
| of more than one order of magnitudiee., about a factor of
10) for almost the whole region of the invariant dileptonic
. mass. In Figs. 10, 11, 12 we have plotted the longitudinal
o | , | , | , | , | (P.), normal (Py), and transverseR;) polarizations, re-
05 06 0.7 08 0.9 spectively. All three show variation from the SM values but
the general trend is that all these polarization asymmetries

=3
/
<
\
]
A

-0.005

e —
~
-

+_
SpBomTT)
o
e
T

T LT LA AT T
=T
)+

-0.015

FIG. 4. CP-violating asymmetry §cp) in B—mr" 7 andB
— 77t 77, The Wolfenstein parameters we have chosen gare

—0.07, »=0.34. Other parameters are for mSUGR#A= 200, M Py is aT-odd observable because of the non-Hermiticity of the
=450, A=0, tanB=35, sgriu) is taken to be positive. For effective Hamiltonian, associated with the reat intermediate
rSUGRAmM,=306. All masses are in GeV. states, so it cannot be taken as a measui@Rfiolation.
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FIG. 6. Branching ratio foE—»pr+ 7~ . Other parameters are
for m\SUGRAmM=200, M =450, A=0, tanB=35, sgrfu) is taken
to be positive. For rSUGRAn,=306. All masses are in GeV.

0.2

FIG. 7. FB asymmetry fo§—>pr+ 7~ . Other parameters are for
mSUGRAmM=200,M =450,A=0, tanB=35, sgriu) is taken to be
positive. For rSUGRAmM,=306. All masses are in GeV.
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FIG. 9. CP-violating asymmetry §cp) in B—p7"7~ and B
—pr 7 . The Wolfenstein parameters we have chosen are
—0.07, »=0.34. Other parameters are for mMSUGR#A= 200, M
=450, A=0, tanB=35, sgnf) is taken to be positive. For
rSUGRAmM,=306. All masses are in GeV.

tend to decrease in SUGRA models as compared to SM val-
ues for almost the whole region of invariant mass. For all the
plots we have taken the variation of all the kinematical vari-

ables with the dileptonic invariant mass because the variation
with respect to the invariant mass has more information than
the result which we get after integrating over the invariant

mass, and also the variation of kinematical variables with

respect to the invariant mass is in principle accessible experi-
mentally. In futureB factories(like the Tevatron and LHB)

more than 18 bb pairs are expected to be produded];

this is many orders more than the projected yield at the
e"e B factories, so these processes can be observed and
some of the measurable quantities in these processes can be
estimated. These processe—¢7¢* ¢~ andB—pl* (")

are useful because they are relatively clébath theoreti-

FIG. 8. CP-violating asymmetry Acp) in §—>p7-+ 7~ and B
—prtr~. The Wolfenstein parameters we have chosen are
—0.07, »=0.34. Other parameters are for mSUGR#A= 200, M

rSUGRAmM,=306. All masses are in GeV.

094015-9

FIG. 10. Longitudinal polarization asymmetryP() in B
—p7 7. The Wolfenstein parameters we have chosen are
—0.07, »=0.34. Other parameters are for mSUGR#A= 200, M
=450, A=0, tanB=35, sgn) is taken to be positive. For =450, A=0, tanB=35, sgnf) is taken to be positive. For
rSUGRAmM,=306. All masses are in GeV.
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02 T T T T T TABLE I. Integrated kinematical variables f@&— 77" 7~ . The
— M | parameters for mMSUGRA and rSUGRA are the same as given in
- Figs. 1-5.
0.15— -
Variable SM MmSUGRA rSUGRA
o ] dr/ds x 10° 2.6 3.43 5.04
uz A X 10 0 -0.224 —-0.228
Acp X 107 0.51 0.2 0.1
06 Spg X 10° 0 -0.6 -0.9
.05 -
Py X 10 0 0.96 0.99

—a7 7 and B—pr"7~ show large deviations from the
corresponding SM values for almost the whole region of the
invariant mass.

FIG. 11. Normal polarization asymmetrP() in B—pr*7 . (2) FB asymmetry The FB asymmetry foB—me™¢
The Wolfenstein parameters we have chosen @re—0.07, 7 vanishes \i‘”th'n the _SM' A ”P”V?‘”'Sh'”g FB asymmetry_ for
=0.34. Other parameters are for mSUGR#= 200, M = 450, A B—m¢ "¢~ clearly gives indications of some new physics.
—0, tang=35, sgnf) is taken to be positive. For rSUGRm,  The FB asymmetry foB—p¢ "¢~ shows significant in-
—1306. All masses are in GeV. crease in the mSUGRA and rSUGRA models as compared to
SM values.

(3) CP violating partial width asymmetr§A:p). The pre-
dictions of the mSUGRA and rSUGRA models are to reduce
this asymmetry for botrB— 7777~ and B—pr' 7~ as
gompared to SM values.

(4) CP violation from FB asymmetr§d-g). This observ-
able vanishes in the SM foB— 77" 7. A nonvanishing
value of this clearly indicates new physics effects. Bor
—p7 7~ the SM prediction is very low; both rSUGRA and
[QWSUGRA models can give enhancement of over one order
of magnitude for almost the whole region of the scaled dilep-
ton invariant mass.

cally and experimentally Also if there is no new source of
CP violation (except the CKM phagehen dileptonic decays
B—a{"¢  andB—pf "¢~ should be the first wher€P
violation can be observed. As we can see from Tables | an
Il, the kinematical variables @— p7" 7~ look more prom-
ising because of their magnitude. But By 77" 7~ there
are some distributions, like FB asymmetdgg, and Py,
which vanish in the SM but have finitalthough smaljlval-
ues with SUSY. This point has already been noted about F
asymmetry in much other earlier wof8]. The same phe-
nomena occur fobrg andPy. - . b
Finally, our conclusions regarding SUSY effects over a (5) Polarization asymmetriesmor B~a7" 7~ all three

. : olarization asymmetrieglongitudinal, normal, and trans-
}g'\;\j’g range of SUSY parameters can be summarized as fO\F/)ersé vanish in the SM. If we include NHB effects, although

(1) Branching ratios The branching ratios for boti the longitudinal and transverse polarizations still remain
9 9 zero, the normal polarization asymmetry becomes nonzero.
So observation of the normal polarization asymmetry can

! I ' T ' T still be regarded as evidence for new physics. Br
- — sM 1 —p€ €~ all three polarization asymmetries decrease, with
08", o mveesl A4 respect to their corresponding SM values, on switching on
L -7 the NHB effects.
osf [ - The observation of the decay modBs-#7¢*¢~ and B
,./ —pl €~ can be expected to be a very useful tool in the
o 04l —
TABLE Il. Integrated kinematical variables f@&—p7" 7. The
parameters for mMSUGRA and rSUGRA are the same as given in
02 71  Figs. 6-12.
U h Variable SM MSUGRA rSUGRA
o2 . . dI'/dsx 10° 3.9 4.4 5.0
' 05 06 07 Argx 10 -0.72 -0.60 -0.32
: AcpX 10 0.13 0.09 0.04
FIG. 12. Transverse polarization asymmetrP;] in B Or 0.0003 -0.11 —0.18
—prtr”. The Wolfenstein parameters we have chosen are PL 0.109 0.0924 0.055
—0.07, »=0.34. Other parameters are for mSUGR#A= 200, M PnX 10 0.16 0.14 0.1
=450, A=0, tanB=35, sgnf) is taken to be positive. For P 0.17 0.14 0.07

rSUGRAmM,=306. All masses are in GeV.
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search for new physics effects, as well as for the measure- 5 Fo(0)
ment of theCP-violating parameters of the CKM matrix. Fo(q9) = =gl
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APPENDIX A: INPUT PARAMETERS Fr(q®)= (1—q°/7°)(1—qg?%/5.3%)’
my=myg= 10 MeV, ~ ) FT(qz)
F(g%)= (mgrm_y M (B4)
=4.8GeV, m,=1.4 GeV, m,=176 GeV, B
with F¢(0)=0, F4(0)=0.25, andF(0)=—0.14.
mg="5.26 GeV, m,=0.135 GeV/, o(0) 1(0) 70)
m,=0.768 GeV, APPENDIX C: FORM FACTORS FOR B—p TRANSITION

For theB— p transition we use the form factors given by

IV VA =0.011 Coleangelcet al. [23]:
tbVidl = Y- y A= 54,
129

(p(p,)|dv,P b|B(ps))

5 V(@)

Gg=1.17X10"° GeV 2,
Mt m _E{E#(ms"‘mp)Al(qz)

=ie €"* paq
vaf B
m.=1.77 GeV, 75=1.54x10 s, g

Ifenstei = = —(e*-q)(2 —)qu) 2 (e
Wolfenstein parameterp=—0.07, »=0.34. € -q)(2pp Kmg+m, 7 €
APPENDIX B: FORM FACTORS FOR B—a TRANSITION ><[A3(q2)—Ao(q2)]J ’ (C1)
We use the form factors given by Coleangetaal. [23]:
— dio,,q"Pg b|B
<7T(p77)|d')’MPL,Rb|B(pB)> <p(pp)| 0, Q" FPRL | (pB)>
2 mZ =—2i e/ulaﬁey* pgq'BTl(qz) i[EZ(mé_ mi)

_1 2 mg T
7| PP D) ~(¢*-Q)(2Ps~ ), ITo(aD) = (e )

2

q 2
Xq,[Fo(0*) —Fi(a9)]f, (B1) X9 g (2Pe D To(d) (C2)
(m(p,)[dio,,q"P, xb|B(pg)) whereA; can be written in terms oA; andA,, i.e.,
T y3% L,R B
1 Fr(g%) mg+m, Mmg—m,
— 2 2 T 2y = 2y _ 2
= 5{(2pg—a),—(Mg—m7)q,} e (B2) As(9%) om, A1(9%) 2mp ——Axg%). (C3

To get the matrix element for the scalar current we multiplyln the above equationsis the polarization vector o and
Eq. (B1) by q,,, giving g=pg—P, is the momentum transfer.
To get the matrix element for the scalar pseudoscalar
current we multiply both sides of EGC1) by g#. On sim-
<W(pw)|dPRb|B(pB)>_ (mB m2)Fo(a®) (B3)  piifying we get
where we have neglected the mass of dhguark. T _.m, * 2
The definitions of the form factor§,, F;, andF; aré (p(py)|dPRbIB(pg)) = mb(e AAd(@).  (C4
(g2 is in units of GeV)

The definition of the form factors g is in units of Ge\f)

8The threer,,, F,, andF are not independen+ can be related
to F, and F, by the equation of motion and the relationship turns °Here alsoT; can be related td\; and A, by the equation of
out to beFr=(mg+m,)my(Fo—F;)/q>. motion and the relationship B;=mgm,(A;— Ag)/q?>.
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V(g?)= %2(,—?2, Ti(g?)= %S)s)_.sf'
A1(g?)=A4(0)(1-0.023 g%, To(9%)=T5(0)(1-0.02 g%,
Ax(0%)=A(0)(1+0.034 6%, T4(%)=T5(0)(1+0.005 ¢?) (c5)
Ay(q?)— A3§0) N with \1(0)=o.47, A_1(0)=O.37, A2(9)=0.4, A(0)=0.3,

1-q%4.8 T1(0)=0.19,T,(0)=0.19, andT4(0)=—0.7.
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