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B decay into light gluinos
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Flavor-changing interactions of the gluino allow theb quark to decay into the strange quark plus a gluino
pair if the gluino is in the ultralow mass window below 1 GeV. In this case the enhancement of the nonlept
b decay could explain the anomalous semileptonic branching ratio.

PACS number~s!: 14.80.Ly, 11.30.Pb, 13.25.Hw
e
In the last few years it has been noted by many auth
that a light gluino would help to explain several anomalies
theZ scale and other discrepancies between experiment
theory @1–3#. Also, the impact of the light gluino on the
branching ratiob→sg has been recently investigated in@4#.
Surprisingly enough, the region of gluino mass below 0
GeV is poorly constrained by experiment@5#. Here, assum-
ing that the gluino is in this low mass window, we propo
that the decayb→sg̃g̃ might contribute considerably to th
b total width thus reducing the theoretical prediction of t
B semileptonic branching ratio.

Currently, the experimental value for the semilepton
branching ratio isBSL(B)uexpt5(10.4360.24)% @6#, while
the theoretical prediction gives a lower bound of 12.5%@7#.
The last number also includes perturbative QCD correctio
In general, nonperturbative QCD corrections are not
pected to increase the inclusive nonleptonic widths ofB me-
sons significantly as was argued in@7#. However, the possi-
bility that the widthG(b→cc̄s) might be enhanced becaus
of larger than expected nonperturbative corrections in
b→cc̄s channel and thus reduce the semileptonic branch
ratio of b, was discussed in@7–9#. It was concluded therein
that such an enhancement would increase simultaneously
charm multiplicity inB decays up to about 1.3, which woul
be more than 15% higher than the value from current exp
mental data. Unless future measurements of the charm m
tiplicity lead to this expected value, it could be plausible th
there are new contributions to charmlessb decays, that were
unaccounted for in the theoretical prediction ofBSL(B). Al-
though some authors@9# still prefer rather conservative ex
planations of theB semileptonic branching ratio puzzle, the
do not exclude the possibility of scenarios from beyond
standard model contributing to the solution of the proble
In any case, having the current experimental data in mi
the discrepancy between theory and experiment, which i
least 14%, still has to be explained.

In the following, we show that theb decay to thes quark
and a light gluino pair can easily increase the nonlepto
branching ratio in certain regions of its parameter space
an amount high enough to saturate the discrepancy.

We also show that this process contributes to the to
width of b by a considerably larger amount than that by t
processb→sg if the gluino is below 1 GeV.

The process we are dealing with is a tree-level, flav
changing, neutral-current process with a down-type squar
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the intermediate state. The decay rate is calculated using th
quark-squark-gluino Lagrangian@4#, given by

Lqq̃g̃5 iA2gsq̃i†aqD a~la/2!abFGL
ip 12g5

2
1GR

ip 11g5

2 Gqpb ,
~1!

where p stands for the quark generation~in our case
p5b or s) and i labels the squark states
( i5bL ,bR ,sL ,sR ,dL ,dR). The la are the eight generators
of color SU~3!. The matricesGL andGR are (633) matrices
given by

GL5Ũ†S I0D , GR5Ũ†S 0I D , ~2!

where Ũ is the matrix that diagonalizes the down-type
squark mass matrix squared,M

d̃

2
. Adopting the notation of

@4# , M
d̃

2
is written as

M
d̃

2
5Sm0L

2 I1M̂d
21cK†M̂u

2K Am0M̂d

Am0M̂d m0R
2 I1M̂d

2D , ~3!

in a basis where the 333 down-type quark mass matrix is
diagonal. The matricesM̂u and M̂d are diagonal up- and
down-type quark mass matrices, respectively, andK is the
Cabibbo-Kobayashi-Maskawa mixing matrix. For simplicity,
we takem0L5m0R and equal to the universal scalar mass
m0 . In order to simplify the process of analytic diagonaliza-
tion of M

d̃

2
, we take the trilinear scalar couplingA equal to

zero, which does not affect the result significantly. Thec
parameter, which is responsible for flavor-violating interac-
tions, plays an important role in our numerical estimates of
the b→sg̃g̃ branching ratio. Some authors@10# take c of
order 0.01 or even lower, while others@4# suggest thatc can
be somewhat larger in magnitude. As regards the sign of the
c parameter,c,0 is preferred in the minimal supersymmet-
ric standard model~MSSM!. In this paper, we treatc as a
phenomenological parameter to be experimentally con-
strained.

In the caseA50, M
d̃

2
is block diagonal and only the

upper-left block needs to be diagonalized. The upper-left
block can be written in the form
4063 © 1996 The American Physical Society
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M
d̃~333!

2
5m0

2F I1S 0 0 0

0 0 0

0 0 b
D 1c8S 0 0 0

0 0 e

0 e 1
D G , ~4!

where we have neglected the masses of thed ands quarks
with respect to the mass of theb quark, and similarly,mu
andmc with respect tomt . The modified parameterc8 is
equal tocmt

2/m0
2 and b to mb

2/m0
2 . Only the two leading

terms were kept in the productK†M̂u
2K, namely, those pro-

portional touKtbu2 andKts*Ktb , the first being taken equal to
unity and the latter being denoted bye. The matrix that

diagonalizesM
d̃(333)

2
is found to be
Ũ ~333!5
1

~2 f !1/2S ~2 f !1/2 0 0

0 ~ f1b1c8!1/2 ~ f2b2c8!1/2

0 22ec8~ f1b1c8!21/2 2ec8~ f2b2c8!21/2
D , ~5!
-

e

the
wheref is a function of the variablesb, c8, ande defined by

f ~b,c8,e!5A~b1c8!214e2c82. ~6!

The complete diagonalizing matrixŨ is given by

Ũ5S Ũ ~333! 0

0 I
D , ~7!

where I is the (333) identity matrix. The evaluation of
Ũ†M

d̃

2
Ũ gives a diagonal matrix with the squark mass

squared on the diagonal. For the left-handed ma
eigenstates, one gets

m
d̃L

2
5m0

2 , ~8!

ms̃L

2 5m0
2S 11

b

2
1
c8

2
2
1

2
f ~b,c8,e! D , ~9!

m
b̃L

2
5m0

2S 11
b

2
1
c8

2
1
1

2
f ~b,c8,e! D , ~10!

while the right-handed ones get masses

m
d̃R

2
5m0

21md
2 , ms̃R

2 5m0
21ms

2 , m
b̃R

2
5m0

21mb
2 .

~11!

The matrixGL needed for calculation of the decay ra
G(b→sg̃g̃) can be written as

GL5Ũ†S I0D 5S Ũ ~333!
†

0
D . ~12!

Note that the matrixŨ (333)
† reduces to the identity matrix in

the limit c→0, as it should. The matrixGR is trivially found
to be

GR5S 0I D . ~13!

Having found the exact form of the matricesGL and
GR , the calculation ofG(b→sg̃g̃) can be completed analyti
cally. The invariant matrix elementM consists of terms cor-
es
ss-

te

-

responding to the exchange ofb̃L , b̃R , s̃L , ands̃R . We have
neglected much smaller terms withd̃L or d̃R exchange. After
performing the three-body Lorentz-invariant phase space in
tegration, the decay rate becomes

G~b→sg̃g̃!52
aS
2mb

5

54p
I Sms

mb
D(
i , j

1

mi
2mj

2

3~GL
ibGL

†b j1GR
ibGR

†b j!~GL
†siGL

js1GR
†siGR

js!,
~14!

for i , j5b̃L ,b̃R ,s̃L ,s̃R . The functionI (x) is given by

I ~x!5128x2124x4lnx18x62x8. ~15!

The overall multiplicative factor of 2 in Eq.~14! is because
of the Majorana nature of the external gluinos. Using th
‘‘diagonal’’ character ofGR , this can be futher reduced to

G~b→sg̃g̃!5
aS
2mb

5

27p
I Sms

mb
D(
i , j

1

mi
2mj

2GL
ibGL

†b jGL
†siGL

js .

~16!

The sum can be written in terms of the squark masses

(
i , j

1

mi
2mj

2GL
ibGL

†b jGL
†siGL

js5
e2c82

f 2

~mb̃L

2
2ms̃L

2 !2

m
b̃L

4
ms̃L

4 . ~17!

Using the expressions for the squark masses obtained as
eigenvalues ofM

d̃

2
, we can write the result forG(b→sg̃g̃) in

the form

G~b→sg̃g̃!5
aS
2mb

5

27p
I Sms

mb
D mt

4

m0
8uKts* u2

3S c

11
mb
2

m0
2 1c

mt
2

m0
2 2c2uKts* u2

mt
4

m0
4
D 2

. ~18!

Both the termsmb
2/m0

2 andc2uKts* u2(mt
4/m0

4) in the denomi-
nator can be neglected with respect tocmt

2/m0
2 , if m0 is

larger than 80 GeV. Note also thatG(b→sg̃g̃) cannot de-
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velop a pole because of the experimental lower limit on t
masses of squarks in the intermediate state. For exam
according to@2# we can require in the light gluino case tha
mb̃L

>60 GeV. As will be discussed below, this imposes

additional constraint on thec parameter as a function o
m0 .

It is convenient to define the ratio

Rsg̃g̃5
G~b→sg̃g̃!

G~b→cūd!1G~b→cūs!
, ~19!

where the denominator is given by

G~b→cūd!1G~b→cūs!5
3GF

2mb
5uKcbu2

192p3 I 0Smc
2

mb
2,0,0DhJ.

~20!

The expression for the phase space factorI 0 and the values
of leading-log anomalous dimension enhancementh and
next-to-leading corrections enhancementJ can be found in
the literature~e.g., @7,8#! and their product is of order 1
Combining Eqs.~18!, ~19!, and~20!, we get

Rsg̃g̃5
128

27 S aS

a D 2 sin4~uW!c2

~m0
21cmt

2!2
SmWmt

m0
D 4UKts*

Kcb
U2. ~21!

If the ratioRsg̃g̃ gets as high as 20%, then the branchi
ratio of the nonstandard model decayb→sg̃g̃ is more than
14%. This could completely account for the discrepancy b
tweenBSL(B)uexpt and BSL(B)uQCD. The current experi-
mental data can be fit ifRsg̃g̃5(22.6860.52)%.

In general, by requiringRsg̃g̃ to have a certain value, one
getsc as a function of the universal scalar massm0 . This
function is plotted in Fig. 1 for several different value
of Rsg̃g̃ . We have usedaS(mb)50.18, a(mb)51/133,

FIG. 1. The absolute value ofc (c is assumed to be negative! is
plotted as a function of the universal scalar massm0 for Rsg̃g̃5 0.3
~dot-dashed line!, 50.2 ~solid line!, and50.1 ~dashed line!. The
mass of thet quark was taken to be 170 GeV.
he
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sin2uW50.232, andmt5170 GeV in all numerical calcula-
tions. Also, we have taken advantage of the equal
uKtsu.uKcbu. From Fig. 1 it can be seen that the neede
nonleptonic enhancement inb decays can be obtained using
the contribution from the processb→sg̃g̃ for reasonable val-
ues ofm0 andc. The necessary values ofc as a function of
m0 are intermediate between those considered by Re
@10,11#. Our calculation is made at the parton level. If ther
is a hadronization suppression of the right-hand side of E
~21! because of the masses of glueballinos then the requi
value ofc in Fig. 1 will be greater. If the suppression is by
more than an order of magnitude, our proposal might n
longer be relevant.

The lower bound on theb squark mass of 60 GeV men-
tioned above does not interfere with any of the curves plott
in Fig. 1. In fact, the mass of theb squark is certainly above
75 GeV form0>80 GeV. Themb̃L

as a function ofm0 ob-
tained using Eqs.~10! and~21! is plotted in Fig. 2. This has
an interesting implication for the problem of theb excess in
Z decays. A possible explanation of theb anomaly could
have been aZ decay into theb squark and theb antisquark.
For that to be possible, theb squarks would have to have a
mass less thanMZ/2. In order to explain theb anomaly using
this process, one would need the rati
G(Z→b̃bD )/G(Z→bb̄) to be about 2%. This is possible,
however, only ifmb̃L

'0.47MZ . This imposes the following

constraint on thec parameter through Eq.~10!:

c5
~0.47MZ!22m0

2

mt
2 . ~22!

Unfortunately, this constraint is incompatible with thec de-
pendence onm0 that we got from the analysis of theB semi-
leptonic branching ratio. In addition, such a lightb squark

FIG. 2. The mass of thebL squark is plotted as a function of the
universal scalar massm0 for Rsg̃g̃5 0.3 ~dot-dashed line!, 50.2
~solid line!, and50.1 ~dashed line!. The mass of thet quark was
taken to be 170 GeV.
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would lead to unacceptably large contributions from
Z→b̄b̃g̃. Therefore, in the light gluino scenario one has
rule out the possibility ofb squarks being lighter than
MZ/2. Nevertheless, there are other mechanisms, that
explain theb excess@3# without contradiction with our cur-
rent analysis. The current calculation is not sensitive to t
gluino mass varying in the range of the low mass window~0
GeV–0.7 GeV!.

It is interesting to compare the decay rate~18! to the
decay rate ofb→sg, because processes such as this cou
also account for the missing 14–20% in the hadronic branc
ing ratio of the B @8#. We use the formula for
GSUSY(b→sg) given in @12#, that corresponds to the pro-
cesses with a squark and a gluino exchange within a loop a
an external gluon attached either to the gluino line or t
squark line. The decay rate is given by

GSUSY~b→sg!5
aS
3

16p2mb
5S 12

ms
2

mb
2D 3S 11

ms
2

mb
2D S cmt

2

m̃4 D 2

3uKtbKts* u2HAAxF13 gd~x!23gc~x!G
2F16 f b~x!2

3

2
f a~x!G J 2, ~23!

with x5mg̃
2/m̃2 and m̃25 1

2 (mb̃

2
1ms̃

2). The functionsg and
f are given in@12# but for the purpose of our comparison w
need only their limits asx→0. These are

lim
x→0

f a~x!5
1

3
; lim

x→0
f b~x!5

1

6
. ~24!
to

can

he

ld
h-

nd
he

e

The decay rate in the case of the gluino with a negligible
mass is then equal to

G̃SUSY~b→sg!5
289

20 736

aS
3

p2mb
5
c2mt

4

m̃8 uKtbKts* u2, ~25!

where the terms proportional toms
2/mb

2 and its higher powers
were neglected. Dividing Eq.~25! by Eq. ~18!, one gets

G̃SUSY~b→sg!

G~b→sg̃g̃!
5
289

768

aS

p
, ~26!

indicating that the contribution to the totalb width from
b→sg̃g̃ decay is dominant over the one fromb→sg in the
light gluino scenario. The mechanism of@12# for the nonlep-
tonic enhancement is only consistent with ab squark above
MZ/2 if the gluino is heavier than 2 GeV andm0 is less than
150 GeV.

In conclusion, we can say that, assuming that the gluino is
light, the decayb→sg̃g̃ provides a plausible explanation of
the gap betweenBSL(B)uexpt and BSL(B)uQCD. The final
state gluinos inb decay could hadronize into the gluino-
gluon or gluino-gluino bound states discussed in@5# or
merely into intrinsic gluino components of normal hadrons.
Since the values of thec parameter and the universal scalar
mass are not yet well determined, the branching ratio of
b→sg̃g̃ may provide a useful constraint as experiments im-
prove.
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