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Lepton polarization asymmetry in radiative dileptonic B-meson decays
in the minimal supersymmetric standard model
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In this paper we study the polarization asymmetries of the final state lepton in the radiative dileptonic decay
of the B meson Bs— € £~ ) in the framework of the minimal supersymmetric standard m@d&SM) and
various other unified models within the framework of the MSSM, e.g., MSUGRA, SUGR#®re the con-
dition of universality of scalar masses is relakeztc. Lepton polarization, in addition to having a longitudinal
component P ), can have two other componerRs and Py lying in and perpendicular to the decay plane,
which are proportional tan, and hence are significant for the final state beirigu~ or 7 7~. We analyze the
dependence of these polarization asymmetries on the parameters of the various models.
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I. INTRODUCTION fronting the polarization results with experiments are impor-
tant investigations of the structure of SM and for establishing
Flavor changing neutral curreCNC) inducedB-meson  new physics beyond it. The radiative proc@&s—€ "¢y
rare decays provide a unique testing ground for the standarfs been extensively studied in 2HDM and SUSY by various
model (SM) improved by QCD corrections via operator P€OPI€[2,7] and the importance of the neutral Higgs bosons
product expansioiffor a review and complete set of refer- (NHBs) has been emphasized in the decay mode witind

ences sedl]). Studies of rareB decays can give precise pairs in the final state. In this work we study various po-
. ) ' . Y give p larization asymmetries associated with final state lepton
information about various fundamental parameters of the S'\@considering lepton to be either muon or Yawith special
such as Cabibbo-Kobayashi-MaskaWw@KM) matrix ele-  focus on the NHB effects.

ments, leptonic decay constants, etc. In addition to this, rare B.—{¢ "¢y decay is induced by the pure leptonic decay
B decays can also give information about various extensiong.— ¢ * ¢~ which suffers from helicity suppression for light
of the SM such as the two Higgs doublet mod2HDM)  leptons ¢=e,u). But in the radiative mode B
[2-5], minimal supersymmetric standard mod@ISSM) — {7 € ) this helicity suppression is overcome because the
[6-13), etc. After the first observation of the penguin in- lepton pair by itself does not carry the available four momen-
duced decad— X,y and the corresponding exclusive decay tum. For this reason, one can expgt-( "¢y to have a
channelB—K* y by CLEO[14], rare decays have begun to elatively large branching ratio compared to the nonradiative
play an important role in particle physics phenomenology. mode (.jesplte- an extra factorfvfln MSSM, the situation for
Among the rare decaysB,— ¢+ ¢~y (¢=e,u,7) are of  PU'e (_jlleptomc modesas_—>€ €7) become_s (_jlfferent, spe-
special interest due to their relative cleanliness and sensiti&i@!!y if ¢ =4, rand tang is large[4,6,7]. This is because in
ity to new physics. They have been extensively studied/SSM the scalar and pseudoscalar Higgs coupling to the
within the SM[16-18 and beyond[2]. In the modeBs leptons is proportional ton, tanB and thus can be large for
—.¢*¢ "y, one can study many experimentally accessible! =#. 7and for large tajg. The effect of NHBs has been
quantities associated with final state leptons and a photorstudied in great detail in various leptonic decay modes
e.g., lepton pair invariant mass spectrum, lepton pair forwar 2_%'1}’15' The effect of NHBs on radiative modBs
backward asymmetry, photon energy distribution, and vari-=—¢ " ¢~ ¥ has also been studied in 2HDM] and SUSY[7].
ous polarization asymmetrieike longitudinal, transverse, '1€re we will focus on the NHB effects on various polariza-
and normal. The final state leptons in the radiative decay!ion @symmetries within the framework of the MSSM.
modeB.— ¢ * ¢~ y, apart from having longitudinal polariza- This paper is _orgamzed as follows. In Sec. Il we first
tion, can have two more components of polarizati®h s present the leading ordeiLO) QCD corrected effective

. NP
the component of the polarization lying in the decay pland’amiltonian for the quark level procebs-s¢ ™ ¢~ y includ-

and P is the one that is normal to the decay plapeg]. N9 NHB effects leading to the corresponding matrix element
Both Py, and P remain nontrivial for theu* u~ and 7+ 7 and dileptonic invariant mass distribution. In Sec. lll, the

channel since they are proportional to the lepton mass, ;[hree polarlzelltloln azyrrslmemesl\?ssomgted V\gth the flnal ?t?]te
The different components of the polarization, iR, Py, epton are calculated. Section IV contains a discussion of the

P+ involve different combinations of Wilson coefficients and numerical analysis of the polarization asymmetries and their

hence contain independent information. For this reason Corp_ep_ender_lce on various para_meters of the the_ory, focusing
again mainly on NHB effects in the large tBregime.

) ) II. DILEPTON INVARIANT MASS DISTRIBUTION
*Electronic address: src@ducos.ernet.in

"Electronic address: naveen@physics.du.ac.in The exclusive decap,— ¢ ¢~y can be obtained from
*Electronic address: nmahajan@physics.du.ac.in the inclusive decayb—s¢™¢~y and further from b
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—st*¢~. To do this a photon has to be attached to any — 37 MyBr(V—€ ¢ )Ty
charged internal or external line in the Feynman diagrams for CY®9=—5xy, >, 2 TV ,
b—st*¢~. As pointed out by Eilanet al. [16], contribu- @ vesigy ., (STMYFITgaMy ”s
tions coming from the attachment of a photon to any charged 22
internal line will be suppressed by a factormf/M3, in the  there are six known resonances in e system that can
Wilson coefficient and hence can be safely neglected. So weontribute! The phenomenological factas, is taken as 2.3
only consider the cases when the photon is hooked to initigh numerical calculation§19,21].

quark lines and final lepton lines. To start off, the effective Using Eq.(2.1) we calculate the matrix elements for the

Hamiltonian relevant fob—s¢* ¢~ is [2—4,6—9: decay modé8s— ¢ "¢~ y. When the photon is hooked to the
initial quark lines, the corresponding matrix element can be
written as

aGg . off Mo, — 32

= — — 4 " a F .
eff ‘/Zﬂ_thVtS 2C7 p2 SI O'MVp (1+ 75)b€7 I M1: - thv?s{[As,uaﬂa'E* aquU+IB(EZ(pq)

ff— _ J—

+C3 SYu(1—ys)bly*e — (¥ p)a, )]y e

+C1657,(1~ ys)bE ¥ yst +[Cé yapoe* “PPA7+iD (€} (PQ)

_ _ _(* .
+CoSI1+ y5)bCl+ Co 81+ ye)blysl f, (2.1 (€"P)a)ICY st} 23

whereA, B, C, andD are related to the form factor definition
and are defined in Appendix Eq&81)—(B4). Here e, and
wherep=p,+p, is the sum of momenta of~ and¢* and 9, are the polarization vector and four momentum of the
Vi, Vi are CKM factors. The Wilson coefficients® photon, r_espectlvely, ang is the momentum trqnsfer to the
ce andC.. are given in[12,20. Wilson coefficientsC lepton pair, i.e., the sum of momenta®f and¢ . We can
' 10 . ' - Q1 very easily see from the structure of E@.3) that neutral
andCgq, are given in[6—8,11. In addition to the short dis- scalars do not contribute ta1,. This is due to Eq(B4)
tance corrections included in the Wilson coefficients, theregiven in Appendix B.
are some long distance effects also, associated withckeal ~ When the photon is radiated from either of the lepton
resonances in the intermediate states. This is taken into alines we get the contribution due @, along with scalar and
count by using the prescription given [21], namely by pseudoscalar interactions, i.€Cq and Cq,. Using Egs.

using the Breit-Wigner form of resonances that add on tqB6)—(B8) of Appendix B [2,7] the corresponding matrix

cef: element is
M= riomea | € me, c )F[HDBS Poltl ¢
= i2m +
2 oy tbVts B, 10 2m,m, Q, 2p,q  2p.q Ys
ma

2 ( ! + ! )?MJ( P, PBSé)eH (2.4)
my| — — , .
“\2p1q " 2p,q 2p,q  2piq

wherePBs andes are the four momentum and decay constant oBheneson ang, andp, are the four momenta @f~ and
€*, respectively.
The final matrix element oB,— ¢ "¢~y decay thus is

S
+——C
2mym, 1

M=Mi+ Ms,. (2.5

From this matrix element we can get the square of the matrix element as

IAll these six resonances will contribute to the charligh 1™~y whereas in the modBs— =+ 7~ v all but the lowest ond/¥ (3097)
will contribute because the mass of this resonance is less than the invariant mass of the Ieptonnﬁ)air (4

054003-2



LEPTON POLARIZATION ASYMMETRY IN RADIATIVE . .. PHYSICAL REVIEW D 66, 054003 (2002

| M|2=| My|?+| M|+ 2 Rg M M3) (2.6

with

3/ 2

o

|My|?=4 vatbv;; {[IAIZ+[BI2I[p?((p10)2+ (p2a)?) + 2m7(pa)?] + [ |C|2+ D[] p((p1a) >+ (p20)?)

—2mi(pq)?] +2 REB* C+A*D)p?((p,a)%— (p1a))}, 2.7
CYS/ZGF 2 mé 1
2__ * 2 2 _ 2 2 2 N2 4 2
|M,|*=4 on VinVis fBSm( Ciot 2mem; Cq,|(8* —(plq)z( 2mBsme Mg P+ p +2p<(p2q))
——— (6p?+4(p,a0)) + ! (—2m3 mZ—m3 p?+ p*+2p2(p,0))+ —— (6p°+4(p1q))

T q) (p29)? Be 0 TBs (p2 q)

A2 2 4
T (i) (po | A mi+ 2P )]

* 2m,m, Co,

1 1
+ ooy (A0ME+ 6D+ 4(po0)) + sy (Bmp mi +8m; —mp p?—8m7p” + p*—8mi (py0)

1
8+ (12 (6Mami + 8mit—mp, p?—8mip?+ p’—8me(p,q) +2p*(po0)

(—40m7+6p?+4(p;q))+ (4m3 m?-+16m{—16mp>+ 2p4)] } . (2.9

+2 2( ))4_# ;
PAPA)T (P10)(P2Q)

p2q)

2 2

a®7G Mg, )[ (P10 +p2q)°
2 REMM3) =16 —==Vyp,Viy| fa M| | Ciot 5——Co, || ~Re(A
gMiM3) V27 Pt BT M0 omym, Q2 A (P1a)(P24)

(pq)z(plq—pzq)} ( Mg, ){ o 2
P | T\ 2mem, Ceu ) | REB) oy gy (— (PO~ 2(p1p2) (p10)

(pq)z(plq—pzq)H

+ReD)

—2(p1P2)(P20)2+4mZ(p1a)(p,d))+ Re(C) 2.9

(P10)(P29)

The differential decay rate &.—¢ "¢~y as a function of invariant mass of dileptons is given by

dr a3’2c;FV V*Z mg,_ e /1 4ﬁn§A »
&mtbtsm( S) = 4 (2.10

with A defined as
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4
A:§m§5(1—§)2[(|A|2+|B|2)(2m§+§)+(|c|2+|D|2)(—4r‘n§+§)]
o [ am?
64](%3':”? mgs 2| (1—4m;+59)In(2) — 28 1—?
+— C10+ C
ma, 2mem, %2 T

(1-%)2\/1—- —

am?
64f§sm?( m?, )2{(1+1Z‘n§16r‘n§§2)ln(2)+(2§8r‘n§§+4§2) 1——}

(1—%)2\/1—4—m?
S

Co,

Mg In(2)
+32fg MZ| Cyot Cq,|Re(A) -
b 4mg
1-—
, Am?
més (1-4m;+98)In(z)—25\/1— —
—32fg M2 Co. |ReB
B\ Do, &B)

, (2.11
| am?
1-—
S

whered= p2/mgs, mgzmg/mgs, andz=[1+ \1-(4/™2/8)]/[1— J1— (4™?/8)] are dimensionless quantities.

Ill. LEPTON POLARIZATION ASYMMETRIES while the other twalnormal and transvergevill remain the

N . _same. The longitudinal vector after boost becomes
We now compute the lepton polarization asymmetries

from the four Fermi interaction defined in the matrix element Ipa| Eip;
Egs.(2.3) and(2.4). For this we need to calculate the polar- sz(m—, m . (3.2
ized rates corresponding to different lepton polarizations. ¢ MelPs

These rates are obtained by introducing spin projection OFive can now calculate the polarization asymmetries by using
erators defined b= 1/2(1+ ys5,), where indexx=L, N,

T and corresponds to longitudinal, normal, and transversctehe spin projectors fof ~ as 1/2(1+ ys8). The lepton polar-

polarization states, respectively. The orthogonal unit vectors',Zatlon asymmetries are defined as

S,, defined in the rest frame df” read[19] dr(s,) dr(-s)

P.(&) ds ds 33
§)= .
_ P1 * dr(sy  dr(-=sy’
Sﬂ: 01 = ( 01_> il
L= (08707 & | ds
qxp where the indexis L, T, or N, representing, respectively, the
SﬁE(O,eN)=(O,|qX—pll , (3.1) longitudinal asymmetry, the asymmetry in the decay plane,
1

and the normal component to the decay plane. From the defi-

nition of the lepton polarization we can see tifat and P
“=(0,er)=(0,eyX€Q), are P-odd, T-even, andCP-even observable whildy is

= P-even,T-odd, and henc€P-odd observablé.

wherep; andq are the three momenta éf and the photon
in the center-of-mas&.m) frame of the¢ ¢ system. Fur-  2Thjs particular choice of polarization is called helicity.

thermore, it is quite obvious to note th&-p,;=0. Now 3Because time reversal operation changes the signs of momentum
boosting all three vectors given in E.1) to the dilepton  and spin, and parity transformation changes only the sign of mo-
rest frame, only the longitudinal vector will get boosted mentum.
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Our results for the polarization asymmetries are

4m,§ 1283 i ma,
Ca
2

8
PL(3)= mB ReA*C+B*D) ——3(1-8%)%— —2

m)
3
s}

mg 1 4
( : )( [(:c, 473 — 282 4782+ 38%) \[ 1 - —

mg, MZ(1-8)
+32fg, Co, =

R AN s
—RgC)(1-95)| 5 1—?+(2m€—s)ln(z) mom amn
e §(1—T€)
4mmg A4
[Re(A)( \/1——+2 ZIn(2) +Re(D)<§\/1—%+(2ﬁ1§—§)|n(2))] /A, (3.9

, 645, ma, ma (1—4md)
* S
—2m; Re(A B)\/3(1-%) —2—m€ T mch2 S S | 1=

P(8)=mr, Ciot

mg

2mmC

(1-3)(5+4m?)
(2, +\3)
(4MZ+3—12M78+%?)
(2 +3)

Ciot Re(B)

+Re(C)(— 2, + @)(1+§)]

+8fg,

m2

A 2me ch) /A, (3.5

+8fg ReA) Re(D)(Zﬁn(—@)(l—é)]

Py= i, —mgslm(A*D+ B*C)(1—8)?\5—4m?

4mmg
m2 ) 1-—

(2m;+3)

+8fg | Ciot {Im(A)(1+3)+Im(D)(1-8)}

S
2mymy

C Im(B)(1—8)+Im(C)(1—8Mm2+8)} | /A, (3.6

(2f+/3)

mg 5 am?
+8f

s
C
Bs ngmb Q

Although MSSM is the simplediand the one having the
least number of parametérSUSY model, it still has a very

IV. NUMERICAL RESULTS AND DISCUSSION large numper of parameters mak!ng it rather difficult to do
any meaningful phenomenology in such a large parameter

We have performed the numerical analysis of various pospace. Many choices are available to reduce such a large
larization asymmetries whose analytical expressions araumber of parameters. The most favorite among them is the
given in Eqgs.(3.49—(3.6). supergravity SUGRA) model. In this model, universality of

with A as defined in Eq(3.1) and,=m,/mg_.
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10°E . , . , ; : : . ) TABLE I. Branching ratios foBg—{¢ "¢y ({=pu,7).
F q
F — SM 3
r o I;SIGJEARA 3 Model BrBs—u u"y) Br(Bs—7"7"7)
1
10 : Standard model 5.5810° 6.57<10°°
: ;i MSUGRA 6.86x 10 ® 3.59x 107’
- : SUGRA? 1.21x10°7 1.31x10°8

#The MSUGRA and SUGRA parameters are defined in Fig. 1.
These values are of the same order as estimated by Xibag[7].

dBr(B — w'uy)/d s x 10°
3

0 . . .
1 sumption that universal squark and Higgs boson masses are

different. For the Higgs sector we take the pseudoscalar
Higgs boson massn{,) to be a parameter. Over the whole
MSSM parameter space we have imposed a 95% C.L. bound

0 02 04 0.6 0.8 1 . .
3 [23], consistent with CLEO and ALEPH results:
e T R 2X 107 4<Br(B— Xgy)<4.5x107°.
C Wil
- ‘/ /
Al e | Figure 1 shows plots of the differential braching ratios of
10 - //

B,— €€y for leptons to beu and 7. The prediction of the
branching ratios foBs— €€~y are shown in Table I.

T
\
\
\
\
\
Lo

dBr(B — TTY)/d 4 x 10°
3

i3 E 1

E, ] 08l

y T L

I 1 06—

0 — SM - L

10°g — - mSUGRA E 04

F -— SUGRA ] r

i ] 02

1005 55 T S TR 1 o OF

> 02}
FIG. 1. Branching ratios foBs—¢ ¢~y with ¢=pu (above 04
and ¢=17 (below. MSUGRA parameters aren=200 GeV, M P
=450 GeV, A=0, and tarB=40. An additional parameter for ’
SUGRA (the pseudo-scalar Higgs masss taken to bem, 04

=306 GeV.

all the masses and couplings is assumed at the grand unifie
theory (GUT) scale. The minimal SUGRAMSUGRA)

model has only five paramete(® addition to SM param- 08
eterg to deal with. They arem (the unified mass of all the 06
scalarg, M (unified mass of all the gauginggang (ratio of
vacuum expectation values of the two Higgs doublefs
(the universal trilinear coupling constantand finally, 02

sgn).*

It has been well emphasized in many wofks9,1Q that
it is not necessary to have a common mass for all the scalar

at the GUT scale. To have required suppressioi ir- K°
mixing, it is sufficient to have common masses of all the 06
squarks at the GUT scale. So the condition of universality of s
all scalar masses at the GUT is not a very strict one in .
SUGRA. Thus we also explore a more relaxed kind of 05

— SM
— - mSUGRA
SUGRA

N T P (T

P I I B

04 0.6 08

~

70

== mSUGRA
SUGRA

LI B B T S P S S B S

-

MSUGRA model where the condition of universality of all

the scalar masses at the GUT scale is relaxed with the as- g,

matrix with a positive sign.

~

2. Longitudinal polarization asymmetry f@&,— € ¢y

with €= (above and ¢=7 (below). MSUGRA parameters are
m=200 GeV, M=450 GeV, A=0, and tarB=40. An additional
4Our convention of the sgpi is thatu enters the chargino mass parameter for SUGR#the pseudo-scalar Higgs masstaken to be
m,=306 GeV.
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0 - T : .
N
L /1]
1
,‘\‘ /\‘ TS //
0.05— ‘l“ ’l. Wi S\ 4
TINE 1 :
s \ 1\ Vl! 4
I T L
TR :,
z [ -
A% 0.1 o7 '
+
— SM g
015 — - mSUGRA -
SUGRA
02 . ] . 1 . ! A | .
0 0.2 04 0.6 08 1
3
0 AT T T T T T T =
, Sl e, e e -
L 4 . D oe—- 4
] I 2T\
SN\
0.1 A I -
N1 I
1 I
L / I 1
D_‘Z 02+ -
— SM
F — - mSUGRA §
SUGRA
03 —
. L . 1 \ ! . L . 1 .
04
04 0.5 0.6 0.7 0.8 0.9 1

FIG. 3. Normal polarization asymmetry f@,— ¢ ¢~y with
{=pu (above and ¢=r (below). MSUGRA parameters aren
=200 GeV,M =450 GeV,A=0, and tar3=40. An additional pa-
rameter for SUGRAthe pseudo-scalar Higgs mass taken to be
m,=306 GeV.

We have plotted various polarization asymmetri€s (
P+, and Py) in the three models: SM, MSUGRA, and
SUGRAn Figs. 2—4 foB—u*u~ yandBs—7"7 yasa
function of§ (scaled invariant mass of the dilepton pair

Now we try to analyze the behavior of the polarization
asymmetries on the parameters of the models chosel -7
(MSUGRA and SUGRA For this analysis we consider the

polarization asymmetries at dilepton invariant magsaway
from the resonancegthe J/¥ resonances(we chooses
=0.68 for our analysjs The main focus of the analysis is

NHB effects on polarization asymmetries. These effects cru- L - 7 1
cially depend on tap and pseudoscalar Higgs boson mass#" &7

(Ma).
In the MSUGRA model the Higgs boson masd elec-

troweak scalgdepends crucially on the universal mass of the
scalars and tag. To illustrate this crucial behavior, we have
plotted various polarization asymmetries as a function of - ]

tang for different values of unified scalar mags) in Figs.
5-7. As can be seen from these figur®, shows large

deviations from the SM values and over a significant portion

of the allowed region even shows a sign flip providedgas
sufficiently large. Similar behavior is also there fe¢. On

PHYSICAL REVIEW D 66, 054003 (2002

08 - , : , : . .
L — J
06— — = mSUGRA
SUGRA
04—
:, ~
At 02+ i I
—————— ™~
o -~ I\ .
“, \ (
Ly J
U
-0.2 —
1 | 1 | 1 | 1 | 1
04
0 0 02 04 0.6 038 1
3
1 ; ; : | : 1 ;
08— — SM —
F — - mSUGRA 4
06 = SUGRA |
L J
I 2T TR~
04 ———— -~ -
Y =<
RYAS . I'- ~7 i
02+ =~ —
PSS

-0.2

-04

-0.8

P I I T

-0.6 -

05 0.6 0.7 038 0.9

8

~

FIG. 4. Transverse polarization asymmetry Bt—€* ¢y
with €= (above and ¢=r7 (below). MSUGRA parameters are
m=200 GeV, M=450 GeV, A=0, and tar3=40. An additional
parameter for SUGRAthe pseudo-scalar Higgs masstaken to be
ma =306 GeV.

the other hand, the predictions fBg, do not differ substan-
tially from SM results but the MSUGRA predictions can
changePy by more than 50% with an appreciable increase in
tang.

02 — SM 7 —
== m=200GeV #7
m =400 GeV 4

- m=600 GeV -,

0 -7 T

021 . , i

L | L | L | L
25 30 35 40 45
tanf

FIG. 5. P, vs tang at3=0.68 forBs— 7" 7~y in the MSUGRA
model, other parameters aké=450 GeV andA=0.

054003-7



S. R. CHOUDHURY, N. GAUR, AND N. MAHAJAN

0.04 T T : T T T T
— sM
L — - m=200GeV J
m =400 GeV
- m=600GeV %
005 7
7
7
7
L 7 4
7
7
5 7
z - e
2% -0.06 s
7
e
b
5 P E
7
- ~
e -~
-0.07 - - - —
L | L ! L | L
0.08
25 30 35 40

FIG. 6. Py vs tang for B~ 7" 7y at 3=0.68 in MSUGRA,

other parameters atd =450 GeV andA=0.

45

05 . T . . T .
/”” -
041 - -
- //// -
//
03+ = _
//
”
L - |
S 02 il
A - -
’/
L e ] |
- ) — SM
01~ == m=200GeV| |
m=400GeV | |
§ - m=600GeV
0_ -
0.1 n T n T n T n
025 30 35 40
tanf

FIG. 7. P1 vs tang for Bs—7" 7~y at $=0.68 in MSUGRA,

other parameters atd =450 GeV andA=0.

45

T T T
b e — SM |
S SR e — - tanf =30

Bl i i N
~o tanP =35
~

~ - tanP =40

05 S~o -
~
~
~
~
~
~
- ~ = |
~
\\
n-:-‘I

0_ \\\\ —

~<_
05 -

1 1 1 1 1
100 200 400

FIG. 8. P, vs m, at$=0.68 forB,— 7" 7~y in SUGRA, other

300
m, (GeV)

parameters arm= 200 GeV,M =450 GeV, andA=0.
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0 : . . : :
[ o g, — SM i

SO — - tanf =30

Se tanP =35
0.02}- S " - tanP=40 -

N
N
N
L N p
N
~
\\
z
al -0.04 — Yo -
~
~
~
L ~ ]
~
~
~

~< )
-0.06 - S~< —

0.08 . | s I s |

100 200 400

300
m, (GeV)

FIG. 9. Py vsm, at$=0.68 forB— 7" 7~y in SUGRA, other
parameters arm= 200 GeV,M =450 GeV, andA=0.

For the SUGRA model we have plottéBigs. 8—10 the
polarization asymmetries as a function of pseudoscalar Higgs
boson massr,) for various values of taB. In SUGRA we
expect more variation of all the polarization asymmetries as
compared to their SM values because here we have Higgs
boson masgpseudoscalar Higgs masas an additional pa-
rameter along with ta. As we can see from Fig. 8 the
variation of P, is more substantial in the SUGRA model. In
fact for a fairly large region of SUGRA parameter spaeg,
can be opposite in sign as compared to the SM dasean
vary up to five in magnitude when compared with the SM
value over the large region of allowed parameter space, and
for the parameter space we have taken into consideration, the
predicted value oP; in SUGRA is opposite in sign to the
SM value. AgainPy does not show as much deviation as
observed folP, andP+ but the variation can still be up to an
order in certain regions.

Summarizing the results of the numerical analysis.

(1) From Figs. 2 and 4 it is clear that the longitudinal and
transverse polarization asymmetrié_(Py) can have sub-
stantial deviation from their respective standard model val-

0.5 T

ISR [ ... o T
F ,/”— .......... N“\\ ............. b
> .- \\\
0A4_..._,‘- \\\ -
- \\\\\ T
~
\\
03| =
" 02+ B
| — SM |
— - tanp=30
o1l tanf =35 —
- tanP =40
ok _
g " T ! I : L
0400 200 400

300
m, (GeV)

FIG. 10. Py vsm, for Bc— 7t 7~y at3=0.68 in SUGRA, other
parameters arm= 200 GeV,M =450 GeV, andA=0.
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ues over the whole region of dilepton invariant mas}, ( APPENDIX B

v_vh!le Fig. 3 indicates ‘?'e"'a“oﬂ fd?'.“ from SM values for a The definitions ofA, B, C, andD defined in Eq(2.3) are
limited region of the dilepton invariant mass.

(2) As we have pointed out earli¢®], for the inclusive mp
processB— X "¢~ there is not much deviation from SM A= v CSﬁGl(pz)—ZC?f—sz(pz)},
results in the MSUGRA model. But in the radiative dilep- BS P
tonic decay mode, MSUGRA predictions also show large 1 m
deviationg(at least of?, andP+) from SM results, making it B= T[Cgﬁpl(pz)_ chﬁ_; Fz(pz)},
possible to use polarization asymmetries to test the Mg, p

MSUGRA model. This is mainly because in the
bremmestrahlung part of the matrix elemeunit1g), the Wil-

C= &G 2
son coefficientCQ2 adds on toC,, via the combination T m? 1(P%),

B
(Cio+ Mg /2m;m,Cq,) Which effectively increases the SM ’
value of Cip. This does not happen for the proceBs _ Cyo 2
+p— : : : D=—Fi(p), (B1)
—Xsf 7€~ and this numerically is the reason for the scalar mg
exchanges affecting thB,— ¢ * ¢~y process more than the °
semileptonic one. where the form factors definition chosen#2]

(3) From Figs. 5—7 we can see that the polarization asym- R
metries show a general enhancement with an increase in., g, (1+y:)b|B)=—»{¢ & G,(p?)
tang and they decrease as the universal scalar rfrasss RYI$7,(1= 75)bIBS) mg {Enapr€aPpdsCalP
increased. This is expected because the Higgs boson mass

S

increases wittm and thus the contributions of scale€ ) Fi[(eh(pg) —(e*pP)q,)IF1(p?)},
and pseudoscala%z) type interactions decrease. (B2)

(4) As can be seen from the structure of the analytical _ 1+ v)blB
expressions for various polarization asymmetfegs.(3.4), (¥[STo,,P, (1% ¥5)b|Bg)
(3.5, and (3.6)], they are all different analytic functions of e
various Wilson coefficients and hence contain independent = —{&40ps€sPp0,Ga(P?)
information. These asymmetries, hence, can also be used for Mg,
accurate determination of various Wilson coefficients. i N

In conclusion, we can say that the observation of the po- *il(e,(pPa)—(e"p)a,)]
larization asymmetries can be a very useful probe for finding X Fo(p?)l. (B3)
out the new physics effects and testing the structure of the 2
effective Hamiltonian. Multiplying Eq. (B2) with p,, and using equation of motion

we can get the relation
ACKNOWLEDGMENT ('y|§li y5)b|BS)=O. (B4)

N.M. would like to thank the University Grants Commis-

. 2 X : The definition of form factors we are using for numerical
sion, India for financial support.

analysis i922]
APPENDIX A: INPUT PARAMETERS Gy(p?) = 1 GeV, G,(p?)= 3.74 Ge\2
WP s oY P2 P T 1 a0 50
mg_=5.26 GeV, m;=1.4 GeV, mg=0.2 GeV, (B5)
° 0.8 .
F,(p?)=——>——>GeV, F,(p?)=——>—Ge\2.
m,=0.106 GeV, m,=1.77 GeV, m,=4.8 GeV, P T 6 57 AP 11770

Identities used in the calculation of the matrix element

— — * | —
m,=80.4 GeV, m=176 GeV, |V,;Vi|=0.045, when a photon is radiated from the lepton leg:

Gg=1.17X10"° GeV ?, a= 5o B
(0[s0,,(1+ ¥5)b|Bs) =0, (B7)
7(mg)=1.6X10"* s. (0[SY,,ysb|Bs)=—ifg Pg_, . (B8)
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