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Supersymmetric models with nonuniversal squark masses can enrich the chiral structure andCP violating
phenomena inb→sg decays. DirectCP violation in b→sg decay, mixing inducedCP violation in radiative
Bd,s decays~such asBs→fg and Bd→K1,2* g), and L polarization inLb→Lg decay can be substantially
different from the standard model. Future experiments ate1e2 and hadronicB factories will give important
information on the underlying couplings for radiativeb decays.@S0556-2821~99!05509-5#

PACS number~s!: 13.25.Hw, 11.30.Er, 12.60.Jv
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I. INTRODUCTION

The processesB→K* g andb→sg are the first penguin
processes to be observed inB decays@1#. As quantum loop
effects, they provide good tests for the standard model~SM!.
The measured branching ratios@2# are in agreement with the
SM predictions@3,4#, although new physics effects are st
allowed@5#. To further test SM, one must study the detail
structure of thebsg couplings. In the SM, the quark leve
bsg coupling is usually parametrized as

HSM52c7
SMGF

A2

e

8p2
VtbVts* s̄@mb~11g5!

1ms~12g5!#smnFmnb, ~1!

where c7
SM>20.3 at the typicalB decay energy scalem

'5 GeV. One notable feature is that the 11g5 chiral struc-
ture dominates, which reflects the left-handed nature of w
interactions. Although the branching ratio measurements
consistent with the SM, they can not determine the ch
structure of the couplings. In models beyond the SM, it is
principle possible that both chiralities are comparable, a
the 12g5 component may even be the dominant one. It
therefore important to experimentally confirm the chi
structure.

The chirality structure can be tested by studyingCP vio-
lation. If the 11g5 chiral structure dominates completel
then only directCP violating rate asymmetries are possib
Since such asymmetries are small in the SM@6#, their obser-
vation would indicate the presence of new physics. If b
chiralities are present, possible only with new physics, m
ing inducedCP violation can occur as well@7#. Independent
of CP violation, the chirality structure can also manifest
self in radiativeb-flavored baryon decays, leading to diffe
ent polarizations of the final state baryon@8#. When these
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asymmetries and polarizations are measured, they will p
vide useful information on the underlying couplings for r
diative b decays.

In this paper we show that in supersymmetric models w
nonuniversal squark mass matrices, the chiral structure
b→sg can be very different from the SM. We then illustra
how the chiral structures can be studied by direct and mix
inducedCP violation as well asL polarization in inclusive
b→sg, exclusive B→Mg, and Lb→Lg decays, respec
tively.

II. RADIATIVE B DECAY IN SUPERSYMMETRIC
MODELS

Supersymmetry~SUSY! is one of the leading candidate
for physics beyond the SM@9#. It can help resolve many
potential problems when one extends beyond the SM,
example, the gauge hierarchy problem, unification
SU(3)3SU(2)3U(1) gauge couplings, and so on. SUS
models also lead to many interesting low-energy phenome
We will concentrate on flavor changingb→sg decay due to
nonuniversal squark masses.

Potentially large new flavor andCP violating sources
may come from interactions between quarks, gaugin
Higgsinos, and squarks@10#. These interactions are given b

L52A2gs~ d̄LGDL
† 2d̄RGDR

† !TaD̃g̃a

2gŨk* x̃ j
c@~GUL

jki 2HUR
jki !PL2HUL

jki PR#di1H.c., ~2!

wherePL is the left-handed projection,Q̃, g̃, and x̃ are the
squark, gluino, and chargino fields, andj, k, i are summed
from 1–2, 1–6, and 1–3, respectively. TheGQL,R matrices
are the mixing matrices that relate the weak eigenstatesQ̃L,R

i

to the mass eigenstatesQ̃k:
©1999 The American Physical Society03-1
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~Q̃L ,Q̃R!5~GQL
† ,GQR

† !Q̃. ~3!

The matricesG, H are related toGQL,R and the chargino
mixing matricesU andV @9# by

GUL
jki 5Vj 1* ~GULVCKM!ki,

HUL
jki 5U j 2~GULVCKMŶD!ki,

HUR
jki 5Vj 2* ~GURŶUVCKM!ki, ~4!

where VCKM is the Cabibbo-Kobayashi-Maskawa~CKM!

quark mixing matrix,ŶD5diag(md ,ms ,mb)/(A2MW cosb),
andŶU5diag(mu ,mc ,mt)/(A2MW sinb). Note that, in con-
trast to Ref.@10#, we have kept theVCKM factor explicitly in
GUL andHUL rather than absorbing it intoGUL .

Inspired by minimal supergravity models, the usual a
proach to SUSY modeling is to assume universal soft SU
breaking masses. This certainly reduces the number of
rameters, but it also removes soft squark masses as a p
source of flavor~and CP) violation. As we are concerne
with the possible impact of SUSY models onb→sg decay,
we consider general low-energy mass mixings without
suming specific forms for the squark mass matrix at h
energies. There is then no theoretical constraint on the f
of GQL,R at the SUSY breaking scale.

One might expect that the dominant contributions co
from gluino exchange because the coupling is strong
However, it has been shown that chargino contributions
be important if flavor andCP violation inGQL are large@11#.
We will therefore include these contributions as well. The
are also contributions from neutralino exchange. We h
analyzed neutralino contributions and find their contributio
to be about one order of magnitude smaller in the param
space we consider.

The effective Hamiltonian due to gluino-squark a
chargino-squark exchange forb→sg,sg transitions is given
by

Heff52
GF

A2

e

8p2
VtbVts* mbs̄

3@c7~11g5!1c78~12g5!#smnFmnb

2
GF

A2

g

8p2
VtbVts* mbs̄@c8~11g5!

1c88~12g5!#smnTaGa
mnb, ~5!

where we have neglectedms , and c7,85c7,8
SM1c7,8

new are the
sum of the SM and new physics contributions, whilec7,88
come purely from new physics. They are given by
01400
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c7
new~MW!5

A2pas

GFVtbVts*

QdC2~R!

mD̃k

2 H ~GDL
† !skf 2~ag̃k!GDL

kb

2
mg̃

mb
~GDL

† !skf 4~ag̃k!GDR
kb J 1

1

VtbVts*

MW
2

mŨk

2

3H ~GUL
jkb2HUR

jkb!~GUL
jks2HUR

jks!* @ f 1~bjk!

1Quf 2~bjk!#2HUL
jkb~GUL

jks

2HUR
jks!*

mx̃
j
2

mb
@ f 3~bjk!1Quf 4~bjk!#J , ~6!

c8
new~MW!5

A2pas

GFVtbVts*
H 2C2~R!2C2~G!

2mD̃k

2

3F ~GDL
† !skf 2~ag̃k!GDL

kb

2
mg̃

mb
~GDL

† !skf 4~ag̃k!GDR
kb G

2
C2~G!

2mD̃k

2 F ~GDL
† !skf 1~ag̃k!GDL

kb

2
mg̃

mb
~GDL

† !skf 3~ag̃k!GDR
kb G J 1

1

VtbVts*

MW
2

mŨk

2

3H ~GUL
jkb2HUR

jkb!~GUL
jks2HUR

jks!* f 2~bjk!

2HUL
jkb~GUL

jks2HUR
jks!*

mx̃
j
2

mb
f 4~bjk!J , ~7!

whereQd,u are the electric charges of the down and up ty
quarks,ag̃k[mg̃

2/mD̃k

2 , bjk[mx̃
j
2

2
/mŨk

2 , C2(G)5N53, and

C2(R)5(N221)/(2N)54/3 are Casimirs, and the function
f i(x) are given by

f 1~x!5
1

12~x21!4
~x326x213x1216x ln x!,

f 2~x!5
1

12~x21!4
~2x313x226x1126x2 ln x!,

f 3~x!5
1

2~x21!3
~x224x1312 lnx!,

f 4~x!5
1

2~x21!3
~x22122x ln x!, ~8!
3-2
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which agree with Ref.@10#. The first term of Eqs.~6! and~7!
comes from gluino exchange while the second term com
from chargino exchange. The chirality partnersc7,88 from
gluino exchange are obtained by interchangingGQL and
GQR . The chargino contributions toc7,88 are suppressed b
ms /mb . The GDL

† (•••)GDL terms arise from mixing among

D̃L alone, whileGDL
† (•••)GDR terms come from mixing be

tweenD̃L and D̃R . We denote these asLL andLR mixing,
respectively. Note theMg̃ /mb enhancement factor forLR
mixing. The mx̃

j
2 /mb enhancement factor in the chargin

contribution is softened by a factor ofmb /MW in HUL
jkb .

When running down to theB decay scalem'mb , the
leading order Wilson coefficientsci

(8) and next to leading
order coefficientsc7

(8)(1) are given by@4#

c7~m5mb!520.3110.67c7
new~MW!10.09c8

new~MW!,

c8~m5mb!520.1510.70c8
new~MW!,

c7
~1!~m5mb!510.4822.29c7

new~MW!20.12c8
new~MW!,

~9!

while for opposite chirality, which receives no SM contrib
tion, one simply replacescnew by c8 and set the constan
terms to zero.

In obtaining the above expressions we have assumed
SUSY breaking occurs at the TeV scale and the squark
gluino masses are in the few hundred GeV region. There
the gluino, squarks, top quark, andW boson are integrated
out atm'mt at the same time. The coefficients obtained c
be very different from the SM predictions, but they are
course subject to the constraint from the observedb→sg
branching ratio, in the form of

Br~B→Xsg!uEg.~12d!E
g
max

'2.5731023

3KNLO~d!3
Br~B→Xcen!

10.5%
, ~10!

which should be compared to the most recent experime
result of Ref.@2# (3.1560.54)31024, andd is a parameter
that defines the photon energy cut~ideally d51). We take
the last factor in Eq.~10! to be 1 and

KNLO~d!5 (
i< j

i , j 52,7,8

ki j ~d!Re@cicj* 1ci8cj8* #

1k77
~1!~d!Re@c7

~1!c7* 1c78
~1!c78* #, ~11!

wherec2850 andki j (d) are known functions ofd, their val-
ues for somed can be obtained by using the expressio
given in Ref. @4#. We use d590% which givesBr(B
→Xsg)'3.331024 in the SM, in good agreement with dat

Because of the large number of parameters in the mix
matrices, it is not practical to perform a general analysis
the full parameter space. Our purpose is to demonstrate
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in SUSY models, the prediction forCP violation and the
chiral structure can be considerably different from SM p
dictions. We will restrict ourselves to some simple cases,
considermixing only between second and third generati
down type squarks. This has the advantage that the usu
stringent constraints from processes involving the first g
eration, such as bounds fromK0-K̄0 mixing, neutron electric
dipole moment~EDM!, and so on can be evaded easily, a
hence allow for largeCP violation in B decays. In general
Bs-B̄s mixing would also be different from the SM. Prese
limits do not impose strong constraints in the parame
space we consider, but may become more restrictive as
perimental bounds improve.

Having decoupled the first generation, the 434 mixing
matrix (GDL ,GDR) diagonalizes the squark mass matrix

M̃diag
2 5~GDL ,GDR!S m̃LL

2 m̃LR
2

m̃LR
2† m̃RR

2 D S GDL
†

GDR
† D , ~12!

and must satisfy the following equations:

~GDLGDL
† 1GDRGDR

† !kl5dkl,

GDL~R!
†ik GDL~R!

k j 5d i j , GDR~L !
†ik GDL~R!

k j 50, ~13!

wherei , j 52,3 andk,l 52,3,5,6. We consider some simp
cases for illustration.~a! LL or RR mixing: Mixing only in
D̃L sector (LL) and/orD̃R sector (RR). With m̃LR

2 50 while
m̃LL

2 ,m̃RR
2 are general 232 Hermitian matrices, one ha

GDL
† 5(u†,0),GDR

† 5(0,v†). The unitary matricesu,v satisfy
um̃LL

2 u†5diag(m̃L,2
2 ,m̃L,3

2 ), vm̃RR
2 v†5diag(m̃R,2

2 ,m̃R,3
2 ), and

~GDL
† !skf ~ak!GDL

kb 5u†s2u2b@ f ~a2!2 f ~a3!#

5 cosu sinueis@ f ~a2!2 f ~a3!#, ~14!

while (GDL
† )skf (ak)GDR

kb 50, with similar relations forv.
There is one mixing angleu and one physical phases for
both u andv. Note that thephase ofv is not constrainedby
B→Xsg. To further reduce the parameter space we takeu to
be the same foru andv but allow the masses to be differen
There are also two extreme cases of interest:LL only, i.e., no
RR mixing, or LL5RR, i.e., m̃LL

2 5m̃RR
2 .

For simplicity, we take advantage of the fact that the m
matricesm̃U,RR

2 and m̃U,LR
2 are independent fromm̃RR

2 and

m̃LR
2 , and assume noLR and RR mixings in theŨ sector.

That is, we takem̃U,RR
2 to be diagonal andm̃U,LR

2 50. How-

ever, since we haveLL mixing in theD̃ sector,LL mixing in
the Ũ sector will follow accordingly because of the SUL(2)
symmetry of the theory. That is,

m̃LL
2 5diag~md

2 ,ms
2 ,mb

2!1MQ̃
82

2MZ
2S 1

2
1QdsW

2 D cos 2b,

m̃U,LL
2 5diag~mu

2 ,mc
2 ,mt

2!

1VCKMFMQ̃
82

1MZ
2S 1

2
2QusW

2 D cos 2b GVCKM
† , ~15!
3-3
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whereMQ̃
82 is the soft squark mass matrix. In our numeric

study, we shall illustrate withmx
1,2
1

2
5200,400 GeV and

tanb52. Up type squark masses will depend on down ty
squark masses and mixing angle. We apply a 100 GeV lo
bound on up type squark masses, which further constr
the down squark mixing angle.

~b! LR mixing only. We consider an interesting case w
m̃LL

2 5m̃RR
2 5diag(m̃2,m̃2) and neglect down-type quar

masses, whilem̃LR
2 is a general 232 matrix. In this case,

becauseMQ̃
82 is proportional to the unit matrix,m̃U,LL

2 is
diagonal, as can be seen from Eq.~15!. One then sees from
Eq. ~4! that the chargino contributions in Eqs.~7! and~8! are
proportional toVkbVks* , and hence are much smaller than t
gluino contributions.

Diagonalization M̃diag
2 5diag(m̃2

2 ,m̃3
2 ,m̃5

2 ,m̃6
2)5diag(m̃2

1Dm̃2
2 ,m̃21Dm̃3

2 ,m̃22Dm̃2
2 ,m̃22Dm̃3

2) is achieved via
GL

†5(u†,u†)/A2,GR
†5(v†,2v†)/A2, whereu andv are uni-

tary matrices satisfyingum̃LR
2 v†5diag(Dm̃1

2 ,Dm̃2
2). One

then finds

2~GDL
† !skf ~ak!GDL

kb 5u†s2u2b@ f ~a2!2 f ~a3!

1 f ~a5!2 f ~a6!#,

2~GDR
† !skf ~ak!GDR

kb 5v†s2v2b@ f ~a2!2 f ~a3!

1 f ~a5!2 f ~a6!#,

2~GDL
† !skf ~ak!GDR

kb 5@u†sif ~ai !v
ib2u†sif ~ai 13!v ib#,

2~GDR
† !skf ~ak!GDL

kb 5@v†sif ~ai !u
ib2v†sif ~ai 13!uib#,

~16!

wherei is summed over 2 and 3, and

u5S cei t seis

2sei t ceisD , v5S c8ei t8 s8eis8

2s8ei t8 c8eis8
D . ~17!

We further simplify by assumingm̃LR
2 to be Hermitian, hence

u5v. Since a 23 2 Hermitian matrix has four independe
real parameters, two would lead to eigenvaluesDm̃2

2 and
Dm̃3

2, and again we have just one mixing angle and o
phase.

Although these cases are rather simplified, they can
lead to phenomenological consequences that are very di
ent from the SM. In the following sections, we proceed
study~i! directCP violating partial rate asymmetryACP , ~ii !
mixing induced asymmetryAmix , and ~iii ! final stateL po-
larizationaL in Lb→Lg, that follow from our model.

III. DIRECT CP VIOLATION

The CP violating partial rate asymmetryACP in b→sg
decay is defined as

ACP5
G~b→sg!2Ḡ~ b̄→ s̄g!

G~b→sg!1Ḡ~ b̄→ s̄g!
5

uc7u21uc78u
22uc̄7u22uc̄78u

2

uc7u21uc78u
21uc̄7u21uc̄78u

2
,

~18!
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l

e
er
ns

e

ill
r-

where c̄7
(8) are coefficients forb̄ decay. In the SM,ACP

;0.5% @6# is very small, it is therefore a good place to loo
for deviations from the SM.

To have nonzeroACP , apart fromCP violating phases,
one also needs absorptive parts. In the model under con
eration, the absorptive parts come only from the the S
contribution withu andc quarks in the loop. Because of th
left-handed nature of charged currents in the SM, the abs
tive parts inc2,7,88 are suppressed by a factor ofms /mb which
is small and therefore can be neglected. One finds@4#

ACP~d!5
1

uc7u21uc78u
2
$a27~d!Im@c2c7* #

1a87~d!Im@c8c7* #1a28~d!Im@c2c8* #%, ~19!

where the parametersai j (d) depend ond which defines the
photon energy cutEg.(12d)Eg

max, as mentioned earlier
From Ref.@4#, we find thata87;29.5% is much larger than
a27;1.06% anda28;0.16%. Hence largeACP is likely to
occur whenc8 is sizable. We have carried out detailed stu
ies and find that there is a large parameter space whereACP
can be substantially larger than the SM prediction. We g
some special cases from~a! and ~b! in Figs. 1 and 2.

Figure 1 showsACP vs u ands for the case with bothLL
andRRmixings but noLR mixing. We take the mass eigen
valuesmg̃5200 GeV, which we will use in all cases, an
(m̃L,2 ,m̃L,3 ,m̃R,2 ,m̃R,3)5(100, 250, 100, 150) GeV. The
asymmetryACP can reach 10%. If we only consider th
gluino contribution, the allowed region is much reduced a
ACP can only reach a few percent. The chargino contribut
is important in the sense that it can partially cancel aga
the gluino contribution, and the allowed region in the para
eter space is enlarged. Naively one might think that
gluino contribution dominates over the chargino contributi

FIG. 1. ACP vs mixing angleu and phases for LL andRR but
no LR mixings, with the mass valuesmg̃5200 GeV and
(m̃L,2 , m̃L,3 , m̃R,2 ,m̃R,3)5(100,250,100,150! GeV. The flat surface
corresponding toACP50 is the parameter space forbidden by t
B→Xsg constraint, and the cut onu is due to lower bound of the
top mass squark.
3-4
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becauseas /aw is large. However, this factor is only about
and is easily overcome by other enhancement factors in
chargino sector. In particular, the functionf 3 in the chargino
contribution is larger thanf 1 in the gluino contribution. It
turns out that both contributions are about the same orde
magnitude and partially cancel against each other for
parameter space considered. Thus,Br(B→Xsg) close to the
SM result is easier to achieve, hence enlarging the allow
parameter space. For large tanb, the parameter space is mo
restrictive because the chargino contribution tends to do
nate over the gluino contribution. We have checked that
neutralino contribution is about one order of magnitu
smaller compared to those from gluino or chargino inter
tions, thus does not make much impact.

Larger asymmetries exceeding 10% are attainable if
allows for onlyLL mixing, since the presence ofRR mixing
generates nonzero values forc78 , which contributes to the
branching ratio but not toACP . For example, for
(m̃L,2 ,m̃L,3)5(100,300) GeV,ACP can reach 15%.

It is of interest to note that, in the case withLR mixing
only, the SUSY contribution has a large enhancement fa
mg̃ /mb . To satisfy the bound from observed branching ra
the squark masses need to be nearly degenerate if the m
angles are not small. Furthermore, because the chargino
tribution is small as mentioned before, in this case it does
cancel against the gluino contribution. In Fig. 2, we sh
ACP for LR mixing with u5v, and with m̃5300 GeV,
Dm̃2

25(20 GeV)2, andDm̃3
25(30 GeV)2. We see thatACP

can reach 10%. Thus, even if down squark masses are
and nearly degenerate~i.e., near universal squark masse!,
just some slightLR mixing could cause sizableACP . TheB
factories which would turn on soon will provide useful in
formation about directCP violation and can test the differen
models discussed here.

IV. MIXING INDUCED CP VIOLATION

For radiativeBd(s)→Md(s)g decays, whereMd(s) is a S
521(0) CP eigenstate with eigenvaluej56, it is pos-

FIG. 2. ACP for LR mixing with u5v and Mg̃5200 GeV, m̃
5300 GeV,Dm̃2

25(20 GeV)2, andDm̃3
25(30 GeV)2.
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sible to observe mixing inducedCP violation @7#. Let G(t)
and Ḡ(t) be the time-dependent rate forB0→M0g and B̄0

→M0g, respectively. One has

RCP5
G~ t !2Ḡ~ t !

G~ t !1Ḡ~ t !
52Amix sin~Dmt!,

Amix5
2uc7c78u

uc7u21uc78u
2
j sin@fB2f2f8#, ~20!

where Dm and fB are the mass difference and phase
Bd(s)-B̄d(s) mixing amplitude, andf (8) is the weak phase o
c7

(8) . In theBd casefB is the same as in the SM since we d
not consider squark mixings involving first generation.

In the SM,c78/c75ms /mb henceAmix
SM is rather small. To

obtain largeAmix , bothc7 andc78 have to be simultaneousl
sizable. This can be easily achieved in SUSY models.
Figs. 3 and 4, we show some representative results using
same parameters as in Figs. 1 and 2. We find that in th
cases, sin 2qmix[2uc7c78u/(uc7u21uc78u

2) can reach 80, 90 %
respectively. It is interesting to note that large mixing i
ducedCP violation (Amix) does not necessarily imply larg
directCP violation (ACP), and vice versa. In Fig. 5 we show

FIG. 3. sin(2qmix) in theLL andRRmixing cases with the same
parameter space as in Fig. 1.

FIG. 4. sin(2qmix) in theLR mixing case with the same param
eter space as in Fig. 2.
3-5
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the results in theLL5RR mixing case withm̃L,25m̃R,2
5100 GeV andm̃L,35m̃R,35150 GeV, where sin 2qmix can
reach 80%. We do not have large directACP in this case, but
one still can have large mixing inducedCP violation. We
note that the allowed region is rather large. However,
constraint fromBr(B→Xsg) does not favor large mass spli
ing in theLL5RR case. For example, it does not allow th
choicem̃L,25m̃R,25100 GeV andm̃L,35m̃R,35250 GeV.

To have largeAmix , the phase combinationP5 sin(fB
2f2f8) also needs to be large. This is easily achieved
the LL and RR mixing cases because the phasef8 is not
constrained by the observed branching ratio. In the case
LR mixing only, because of the assumption ofu5v, the
phases are related and therefore are constrained from
interference with SM contribution in the branching rati
One needs to make sure that the factorP is also large. We
have checked in detail that this indeed happens in the c
considered. One can also relax the requirement to allowc78 to
have an independent phase. In this case the factorP can
always be made large. Note that, even iff and f8 vanish
~no CP violation from soft squark masses!, nonvanishingfB

from SM contribution toB-B̄ mixing can still lead to observ
ableAmix , so long asc7 andc78 are comparable.

We have only assumed that the stateM be aCP eigen-
state, which can beKSp0 from K* 0 or K1,2* 0 for Bd decays, or
f for Bs decay. The expression forAmix is process indepen
dent. However, because of the relatively long lifetime ofKS ,
and the fact that havingg and p0 in the final state do no
provide a good determination of the decay vertex positi
Amix for Bd→K* 0g probably cannot be measured with su
ficient accuracy. Perhaps theBd→K1,2* g situation would be
better, butthese modes have to be measured first. The situ-
ation for Bs→fg is definitely better, but it can only be ca
ried out at hadronic facilities such as the Tevatron or LH
and only afterBs mixing is measured.

V. L POLARIZATION IN BEAUTY BARYON DECAY

The chiral structure can be easily studied inLb→Lg.
The decay amplitude is given by

FIG. 5. sin(2umix) in the LL5RR mixing case withMg̃5200
GeV, m̃L,25m̃R,25100 GeV, andm̃L,35m̃R,35150 GeV.
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A~Lb→Lg!52
GF

A2

e

8p2
VtbVts* CL̄@c7~11g5!

1c78~12g5!#smnFmnLb , ~21!

whereC is a form factor which can in principle be calculate
in heavy quark effective theory. The resulting branching
tio is of order 1025 and should be measurable at future ha
ronic B factories. The chiral structure can be studied by m
suring the polarization ofL, via the angular distribution@8#

1

G

dG

dcosu
5

1

2
~11aLcosu!, aL5

uc7u22uc78u
2

uc7u21uc78u
2

, ~22!

whereu is the angle between the direction of the moment
of L in the rest frame ofLb and the direction of theL
polarization in its rest frame. We emphasize that the para
eteraL does not depend on the hadronic parameterC, which
makes it a good quantity for studying the chiral structu
without any uncertainties from hadronic matrix elements.
the SM one hasaL51. Deviation from this value foraL

would be an indication of physics beyond the SM. Since E
~22! does not depend on the hadronic matrix element of
specific process, it can be applied to any other radia
beauty baryon decays.

It is clear that if c7 and c78 are of the same order, on
would have substantial deviation from SM prediction. B
unlike the case forAmix , largeaL doesnot require a large
phase combination factorP. In fact, aL is a measure of the
chiral structure independent ofCP violation. One can of
course still study directCP violation rate asymmetries. If the
new physics contribution comes only fromLL mixing, one
would not have large deviation from the SM prediction.
Figs. 6, 7, and 8, we show the deviation from SM predicti
12aL for the cases in Figs. 1, 2, and 5. We see thataL can
indeed be very different from the SM. Note that in the
casesaL has the same sign as in SM. ForLL-RR mixing
cases, this has to do with the compensating effect betw
chargino and gluino loops, while forLR mixing case it has to

FIG. 6. 12aL in the LL and RR mixing cases with the same
parameter space as in Fig. 1.
3-6
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do with the heaviness of squarks. We have only explore
small portion of the parameter space as a consequence o
many simplifications. Although we have not been able
identify parameter space whereaL flips sign, it does not
mean that this is impossible.

VI. DISCUSSION AND CONCLUSIONS

In this paper we have shown that SUSY models with n
universal squark masses can give rise to rich phenomen
b→sg decays. Indeed, such considerations received at
tion with the notion thatuc8u;2 could help resolve@12,13#
the long-standing low charm counting and semilepto
branching ratio problems, in the form of a rather enhan
b→sg;5 –10 %. It has been shown that this is possible
SUSY models@13#, but b→sg provides a severe constrain
However, to have a large SUSY effect inb→sg decay,b
→sg need not be greatly enhanced. We have incorpora
into the model the consideration of newCP phases, which
naturally arise. Although we do not claim to have explor
the full parameter space, we find that SUSY with nonuniv
sal squark masses could indeed lead to dramatic effects.
severe constraint fromBr(B→Xsg) does not exclude squar
mixings. We find a cancellation effect between gluino a
chargino contributions, which gives rise to rather large
lowed regions for the mixing angleu and phases, leading to
interesting consequences forCP violation. The features ex
hibited in the present analysis is a common feature in SU
models with low-energy flavor andCP violating squark mix-

FIG. 7. 12aL in the LR mixing case with the same paramet
space as in Fig. 2.
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ings. A model with mixing only between second and thi
generation down type squarks can easily evade known l
energy constraints but give dramatic signals inb→s transi-
tions.

Our purpose has been to illustrate such efficacy and ho
fully motivate our experimental colleagues to perform d
tailed studies. We find that directCP violating rate asymme-
tries can be as large as 10%, comparable to general m
Higgs doublet models@14#. PurelyLL mixing is favored in
this case. Even more interesting would be the observatio
mixing inducedCP violation. Here, purelyLL or RRmixing
is insufficient, butLL andRR mixing or LR mixing models
could lead to rather sizable effects. The observation of m
ing inducedCP violation immediately demonstrates thatb
→sg decay has two chiralities. Independent ofCP violation,
however, the chirality structure can be tested by studyingL
polarization inLb→Lg decay. The parameteraL can devi-
ate from the SM value of 1. The nonobservance ofCP vio-
lation in B meson decays does not preclude surprises in
aL measurement.

It is clear thatb→sg transitions provide good tests fo
new physics.
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FIG. 8. 12aL in the LL5RR mixing case with the same pa
rameter space as in Fig. 5.
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