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Abstract

Stop contributions to radiative corrections to Rb and the top quark decay are analysed
over the relevant MSSM parameter space. One sees a 30% increase in the former along
with a similar drop in the latter in going from the higgsino dominated to the mixed region.
Consequently one can get a viable SUSY contribution to Rb within the constraint of the
top quark data only in the mixed region, corresponding to a photino dominated LSP. We
discuss the phenomenological implications of this model for top quark decay and direct stop
production, which can be tested with the Tevatron data.
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1. INTRODUCTION

One of the most intriguing results from the precision measurement of Z boson parameters
at LEP is the Rb anomaly i.e. the ratio

Rb = Γb̄b
Z /Γhad

Z (1)

is observed to be about 3σ higher than the standard model (SM) prediction. This has aroused
a good deal of theoretical interest for two reasons. Firstly, there is a natural source for a
significant contribution to this quantity from the minimal supersymmetric extension of the
standard model (MSSM) [1], due to the large top quark mass. Secondly, such a contribution
would reduce the SM contribution to Γhad

Z slightly and bring the resulting αs(MZ) in better
agreement with its global average value [2] of

αs(MZ) = .117 ± .005. (2)

It should be mentioned here that the measured value of Rc seems to be 1.7σ below the SM
prediction. But there is no natural theoretical source for this deficit. One can accommodate
this by invoking extra fermions [3] or an extra Z boson [4]. But then one has to assume an
exact cancellation between their contributions to Rq (q = u, d, s, c, b) in order to preserve
the agreement of the extremely precise measurement of Γhad

z with its SM prediction. Thus
it is fair to surmise that the Rc anomaly does not have the same experimental or theoretical
significance as Rb. Following the standard practice, we shall explore the Rb anomaly by
assuming Rc to be equal to its SM value of 0.172. With this assumption, the current
experimental value of Rb is [5]

Rexp
b = 0.2202 ± 0.0016, (3)

which is 2.8σ above the SM value of

RSM
b = 0.2157(0.2158) for mt = 175(170)GeV. (4)

There are two MSSM solutions to the Rb anomaly corresponding to the two distinct
regions, tanβ ≃ 1 and ∼ mt/mb, where tan β is the ratio of the two higgs vacuum expectation
values. The relevant MSSM contribution comes from the radiative correction involving stop–
chargino exchanges in the first case, while the dominant contribution comes from the higgs
exchange in the second case [6, 7, 8]. Correspondingly one expects a significant contribution
to top quark decay from the stop–neutralino and charged higgs channels respectively. In the
present work we shall be concentrating in the first case, i.e., tanβ ≃ 1.

Admittedly there is a vast literature analysing the MSSM contribution to Rb in the low
tan β region [7]. However, there is as yet no systematic exploration of the MSSM parameter
space to obtain the best solution to the Rb anomaly, while taking account of the constraint
from top quark decay simultaneously. The present work is devoted to this exercise. In
particular we shall see that, contrary to the popular notion, there is no viable solution to
the Rb anomaly from the higgsino dominated region, once the top decay constraint is taken
into account. With this constraint, by far the best solution comes from the mixed region,
corresponding to a photino dominated LSP.
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In the following section we briefly discuss the MSSM formalism along with the relevant
formulae for SUSY contributions to Rb as well as top quark decay. In the next section we
shall present our results for SUSY contributions to Rb and the top branching ratio over a
wide range of the MSSM parameters and identify the region that gives the best solution
to the Rb anomaly within the constraints from top quark decay. We shall also discuss the
phenomenological implication of this model for top quark decay and direct stop production,
which can be tested with Tevatron data. We shall conclude with a summary of our results.

2. FORMALISM :

If squarks are degenerate at the Planck or GUT scale, the large top quark mass implies the
following mass hierarchy among the right and left handed stops and the remaining squarks
at the weak scale,

mt̃R
< mt̃L

< mq̃. (5)

After mixing the lighter stop
t̃1 = cos θt̃t̃R − sin θt̃t̃L (6)

can have a significantly smaller mass than the other squarks. We shall be primarily interested
in this stop, which is expected to have a dominant t̃R component.

We assume that the soft masses of the SU(2) × U(1) × SU(3) gauginos are related via
the GUT relations,

M1 =
5

3
tan2 θW M2 ≃ 0.5M2. (7)

M3 =
αS

α
sin2 θW M2 ≃ 3.5M2. (8)

Thus all the gaugino masses are given in terms of a single mass parameter M2, while the
higgsino masses are controlled by the supersymmetric mass parameter µ [1]. The SU(2) and
U(1) gauginos mix with the two higgsino to form the physical neutralino (Z̃i) and chargino
(W̃i) states, i.e.,

Z̃i = Ni1B̃ + Ni2W̃
3 + Ni3H̃

0
1 + Ni4H̃

0
2 , (9)

W̃iL = Vi1W̃
±

L + Vi2H̃
±

L , W̃iR = Ui1W̃
±

R + Ui2H̃
±

R . (10)

The masses and compositions of the chargino and neutralino states are determined by the
three MSSM parameters – M2, µ and tan β. The lightest neutralino Z̃1 is assumed to be the
lightest superparticle (LSP).

The SUSY contribution to Rb can be written as [6]

δRb = RSM
b (0)

[

1 − RSM
b (0)

] [

∇SUSY
b (mt) −∇SUSY

b (0)
]

, (11)

where RSM
b (0) = 0.2196 represents the SM value at mt = 0.

∇SUSY
b (mt) =

α

2π sin2 θW

· vLFL + vRFR

v2
L + v2

R

,
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vL = −1

2
+

1

3
sin2 θW , vR =

1

3
sin2 θW (12)

The SUSY contributions to Z → b̄b come from the triangle diagrams involving W̃iW̃j t̃k and
t̃it̃jW̃k exchanges as well as the t̃iW̃j loop insertions in the b and b̄ legs. The relevant formulae
can be found in [6]. We shall only state them for the W̃iW̃j t̃k contribution, in a form more
convenient for our discussion.

FL,R =
∑

i,j,k

[

OL,R
ij MW̃i

MW̃j
C0

+OR,L
ij

{

−M2
Z(C23 + C12) −

1

2
+ 2C24

}

]

ΛL,R
ki Λ∗L,R

kj (13)

ΛL
1i = V ∗

i1 sin θt̃ −
mt√

2MW sin β
V ∗

i2 cos θt̃, ΛR
1i =

−mb√
2MW cos β

Ui2 sin θt̃, (14)

OL
ij = −1

2
[cos 2θW δij + U∗

i1Uj1] , OR
ij = −1

2
[cos 2θW δij + V ∗

i1Vj1] , (15)

where the C functions are the conventional Passarino–Veltman functions with arguments
(MW̃i

, mt̃k
, MW̃j

) [9]. The ΛL,R
1i represent the bt̃1W̃i couplings, which are common to the

other SUSY diagrams. The dominant contribution to (14) comes from the bLt̃1RW̃1 Yukawa
coupling which favours low tanβ(≃ 1) and large V12 – i.e. the higgsino dominated region.
On the other hand OL,R

ij represent the ZW̃iW̃j couplings. The analogous factor for the

t̃1t̃1W̃k contributions corresponds to the U(1) coupling of Z to t̃1R, which is relatively small
(∼ sin2 θW ). It is evident from Eq. (15) that large OL,R

11 favour large U11, V11 – i.e. large
gauge components of W̃1 [8]. Thus the combined requirements of large Λ and O couplings
favour a W̃1 having large higgsino component in V (V12) and gaugino component in U(U11)
and/or comparable W̃1 and W̃2 masses. As pointed out in [8], these conditions cannot be
satisfied for µ > 0. Consequently the best values of δRb for positive µ are about half of those
for negative µ. Therefore we shall concentrate on the latter case. In this case the above
conditions favour the mixed region (|µ| ∼ M2) over the higgsino dominated one (|µ| ≪ M2).
Indeed we shall see that one gets typically 30% larger values of δRb in the former region
compared to the latter.

One has to assume W̃1, t̃1 masses as well as tanβ close to their lower limits in order to
obtain significant values of δRb. Under these assumptions one predicts a significant SUSY
contribution to top decay from t → t̃1Z̃i. The relevant formalism has been discussed in
[8, 10]. We shall only state the final result.

Γ(t → t̃1Z̃i) =
αmt

16 sin2 θW

√

1 − 2(x + yi) + (x − yi)2

[(

|Ci
L|2 + |Ci

R|2
)

(1 − x + yi) + 4σiRe
(

Ci∗
L Ci

R

)√
yi

]

, (16)

where x = m2
t̃1
/m2

t , yi = M2
Z̃i

/m2
t , σi = sgn(MZ̃i

) and

Ci
L =

(

1

3
tan θW Ni1 + Ni2

)

sin θt̃ +
mt

MW sin β
Ni4 cos θt̃ ,
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Ci
R = −4

3
tan θW Ni1 cos θt̃ +

mt

MW sin β
Ni4 sin θt̃, (17)

represent the tt̃1Z̃i couplings (compare Eq. 14). The dominant contributions come from
the tLt̃1RÑi and tRt̃1LÑi Yukawa couplings represented by the last terms in Ci

L,R. Thus the

favoured decay channel corresponds to the neutralino Z̃i having large H̃0
2 component (Ni4).

For the mixed region it corresponds to Z̃2, while the LSP (Z̃1) is dominantly a photino.
But for the higgsino dominated region both Z̃1 and Z̃2 have large H̃2 components. The
large phase space available for t → t̃1Z̃1 makes it the dominant decay mode for this region,
while t → t̃1Z̃2 is the dominant one in the mixed region. Moreover, the overall SUSY
branching ratio (BS) for top is significantly larger in the former case. Consequently the
higgsino dominated region is more vulnerable to the constraints on BS from the top quark
decay experiments [11, 12].

3. RESULTS AND DISCUSSION :

It is well known that one cannot get as large a SUSY contribution to Rb (= .0045) as
required by the central value of the data (3). We shall consider a contribution of about half
this value, i.e.

δRb = .0018 − .0026, (18)

as viable. It would bring Rb to within 1.6σ of the data (i.e. the 90% CL limit). Moreover
since ∆αs ≃ −4δRb, it will exactly bridge the gap between αs ≃ 0.124± .007 [2] as measured
from the Γhad

Z and its global average value (2). The upper limit on the SUSY branching
fraction of top decay is usually assumed to be

BS < 0.4, (19)

from the top decay data [7, 13]. The quantitative basis of this assumption will be discussed
later.

Although we shall make a detailed scan of the parameter space, it will be useful to focus
on three representative points in the (M2, µ) plane,

A. (150,−40)GeV, B. (60,−60)GeV, C. (40,−70)GeV, (20)

where A belongs to the higgsino dominated region and B, C to the mixed region. They have
been chosen to give the most favourable values of δRb in their respective regions, within the
allowed parameter space. Table I shows the corresponding chargino and neutralino masses
and compositions for tan β = 1.1, which is close to its lower limit of 1 [1].

For A, the W̃1 mass of 70 GeV is very close to the LEP-1.5 limit of 65 GeV [14]. The W̃1 is
higgsino dominated in both its U and V components, and so are the two lightest neutralinos
Z̃1,2. The former implies small ZW̃1W̃1 couplings (15) and hence a modest δRb despite the
low W̃1 mass. The latter implies large t → t̃1Z̃1,2 branching ratio (BS), in potential conflict
with the top decay constraint (19). For B and C, on the other hand, the charginos are
roughly degenerate and W̃2 has a large gaugino (higgsino) component in U(V ). This implies
large ZW̃W̃ couplings (15) and hence a more favourable δRb despite the larger chargino
mass. Among the lighter neutralinos only Z̃2 has a large H̃2 component, while the Z̃1 is
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completely gaugino dominated [15]. This implies a comparatively smaller SUSY branching
ratio (BS) for top decay. As we shall see below, the point C gives far the best Rb and least
BS, as desired. However, it is very close to the MSSM limit of

M2 > 36 GeV, (21)

corresponding to a gluino mass limit of mg̃ > 150 GeV [16] via eq. (8) [17]. In other words
M2 = 40 GeV implies a gluino mass mg̃ = 160 GeV only. Note that the corresponding
gluino mass for M2 = 60 GeV is 240 GeV . Thus both the chargino and gluino masses
corresponding to the point B are safely above the reach of LEP-2 and Tevatron respectively.
What constrains this point is the LEP-1 limit, MZ̃1

+ MZ̃2

>∼ MZ , which is not going to get
any stronger.

The stop mass has the usual LEP bound [2], mt̃1
> 45 GeV . There is also a constraint

from the D0/ experiment [18], i.e.

mt̃1
6= 65 − 88 GeV for MZ̃1

≤ 35 GeV. (22)

It is based on the neutral current decay mode

t̃1 → cZ̃1, (23)

assuming mt̃1
< MW̃1

+ mb. Thus it applies to B and C, but not for the higgsino dominated
case A.

SUSY contributions to Rb and top BR:

Fig. 1 shows the SUSY contributions to Rb and the top BR as functions of the stop mixing
angle θt̃ and the lighter stop mass mt̃1

. The three parts of the figure (a,b,c) correspond to
the three cases A, B, C respectively. The SUSY Rb (δRb) is clearly seen to peak at small
negative value of θt̃ (≃ −5◦) as expected from (13,14). On the other hand the SUSY BR
(BS) curves peak at large positive values of θt̃ as per (16,17). Its insensitivity to θt̃ for the
case A is due to the fact that both the higgsino dominated neutralinos are kinematically
accessible in this case to top quark decay. The range −15◦ ≤ θt̃ ≤ 0 represents an optimal
range for getting a large δRb along with a modest BS.

The numerical values of these quantities show a striking difference between the higgsino
dominated case (A) and the mixed cases (B,C). In the former case (Fig. 1a) the SUSY
BR (BS) is generally larger than the Tevatron constraint (19). One gets a BS of .46 for
mt̃1

≃ 80 GeV and θt̃ ≃ −15◦, corresponding to δRb = .0014. One can of course suppress
BS by going to a higher mt̃1

along with a lower |θt̃| [19]. It is clear however that one cannot
get any significant enhancement of δRb. Thus the higgsino dominated region cannot give a
δRb in the required range of (18) within the top decay constraint (19). In contrast the mixed
case B (Fig. 1b) gives δRb = .0018 − .0022 with BS = 0.3 − 0.4 for mt̃1

= 70 − 60 GeV
and θt̃ ≃ −15◦. The mixed case C (Fig. 1c) gives even a better δRb = .0020 − .0024 with
BS = 0.3− 0.4 for mt̃1

= 70− 50 GeV and θt̃ ≃ −15◦. Thus in the mixed region one can get
a significant δRb in the range (18) within the top decay constraint on BS (19). Note that
one could trade off a lower value of |θt̃| for a higher stop mass without changing δRb and BS.
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Similarly one can trade off a higher tanβ for a lower stop mass, as we shall see below. This
will be useful for keeping the stop mass within the D0/ constraint (22) [18].

Fig. 2 shows the SUSY contributions to Rb (δRb) and top BR(BS) as contour plots in the
M2, µ plane for, θt̃ = −15◦, tanβ = 1.1 and stop masses of 50 and 60 GeV , which are below
the D0/ excluded region (22). The region excluded by LEP-1 and LEP-1.5 (MW̃1

> 65 GeV )
are indicated. One gets the best value of δRb close to the boundary of this region as expected.
Much of the remainder is excluded however by the condition mt̃1

> MZ̃1
. One sees a steady

increase of δRb and decrease of BS as one moves down from the higgsino dominated region
to the mixed one by decreasing the ratio M2/|µ|. The three points A, B and C of (20) are
indicated by dots. One sees a 30% increase in δRb along with a similar drop in BS as one
moves down from the higgsino dominated point (A) to the mixed ones (B, C). By far the
best values of δRb and BS are obtained for the last point C; but it is close to the gluino
mass limit (21), represented by the x-axis. Finally one sees a 10% (20%) drop in δRb (BS)
by increasing the stop mass from 50 to 60 GeV .

Fig. 3 shows the analogous contour plots of δRb and BS for tanβ = 1.4. In going from
tan β = 1.1 to 1.4 one sees only a 15% drop in δRb and BS. This is because the decrease
of 1/ sin2 β in (13,14) and (16,17) are partly offset by the drop in the W̃1 and Z̃1,2 masses.
Increasing tanβ to 1.6 would result in a further drop of only 5% in these quantities. However
the drop in Z̃1,2 mass brings these points right on to the LEP boundary line.

Table II lists the values of δRb and BS for the mixed cases B and C of Figs. 2 and 3.
The values lying within the range of (18) and (19) are ticked as viable solutions. Most of the
viable solutions correspond to the case C. Note however that there is one viable solution for
the point B with tan β = 1.4 and a stop mass of 60 GeV . It is an important point as it is
not very close to the lower limits of the relevant SUSY masses and tanβ. This is essentially
the same as the solution advocated in [8].

Table II also shows that the point C can give viable solutions for stop masses of 90 −
100 GeV , which lie above the D0/ excluded region (22). This is an interesting case, where
one expects charged current decay of stop,

t̃1 → bW̃1, W̃1 → Z̃1ℓν(qq′). (24)

Its phenomenological implications will be discussed at the end of this section.

Impact on Top Quark Phenomenology:

We shall discuss the phenomenological impact of SUSY decay on the Tevatron top quark
events, concentrating on the stop mass range of 50−60 GeV . In this case the viable solutions
to δRb correspond to a

BS = 0.3 − 0.4. (25)

The most important sample of top events comes from the isolated lepton plus multijet
events with at least 1 b-tag, which satisfy a lepton and a missing ET cut of Eℓ

T > 20 GeV
and E/T > 20 GeV [11, 21]. For the SUSY contribution, one of the top quarks decays into

t → t̃1Z̃i, t̃1 → cZ̃1, (26)
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while the other undergoes SM decay

t̄ → b̄W, W → ℓν. (27)

The dominant Z̃i in the SUSY decay is Z̃1 (Z̃2) for the higgsino dominated (mixed) region.
Thus the total number of events will be suppressed by a factor

(1 − BS)2 + BS(1 − BS)
3

4
· ǫ(E/T )

1 − ǫb/2
, (28)

where the two terms represent the SM and SUSY contributions. Here ǫb is the b-tagging
efficiency and ǫ(E/T ) represents the efficiency of satisfying the E/T > 20 GeV cut for the SUSY
contribution relative to the SM. Substituting the experimental value for ǫb ≃ 0.24 [11, 21]
with our estimate of ǫ(E/T ) ≃ 1.06, the above factor can be approximated by

(1 − BS)2 + BS(1 − BS). (29)

Thus the fraction of SUSY contribution to these tt̄ events is ≃ BS.
In order to proceed further we have to consider the distribution in the number of jets

(σn). As per the CDF jet algorithm the Ejet
T is obtained by combining all the hadronic ET

within an angular radius of 0.7 in the η, φ plane; and all the jets with Ejet
T > 15 GeV coming

within the rapidity range |ηjet| < 2 are counted. We shall follow a poor man’s prescription
of incorporating the effects of hadronisation and QCD radiation in a parton level Monte
Carlo program by increasing the Ejet

T threshold from 15 to 20 GeV and transferring 30% of
σn to σn+1 [22]. This prescription seems to give reasonable agreement with ISAJET results.
It should be adequate for our purpose, which is to estimate the difference between the σn

distributions of the SM and the SUSY contributions.
Table III shows the fractional σn distribution of the SM along with the SUSY contribu-

tions for the mixed and the higgsino dominated cases. The SUSY contributions are seen to
favour fewer number of jets compared to the SM. This is very pronounced for the higgsino
dominated region due to the large t → t̃1Z̃1 contribution. But even for the mixed region of
our interest there is a clear preference for fewer jets compared to the SM. This has several
implications for top quark phenomenology, as we see below.

i) Compared to the SM expectation of 10% of the tt̄ events in the 2-jet channel, one
expects an additional contribution of

(.35 − .10)BS = .25BS, (30)

i.e. 7.5 to 10% using (25). The 4th column shows 6.4 expected tt̄ events in the SM
from the CDF MC [11], which we expect to include 1− 2 from the ℓℓ and ℓτ channels
of tt̄ decay. Correspondingly we expect ∼ 4 more 2-jet events from (25 − 30). This
will evidently be favoured by the central value of the data shown in the last column,
though the errors are too large to draw any definite conclusion. Similarly one expects
a deficit of ∼ 4 events in the ≥ 4 jet, which is also compatible with data.
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ii) The CDF t̄t cross-section is based on the sample of ≥ 3 jet events. Correspondingly
the suppression factor (29) becomes

(1 − BS)2 + ǫ3BS(1 − BS), (31)

where ǫ3 represents the efficiency of surviving the ≥ 3 jet cut for the SUSY contribution
relative to the SM. We see from Table III that ǫ3 = 2/3 (1/4) for the mixed (higgsino
dominated) region. Thus the mixed region of our interest corresponds to a suppression
factor of

(1 − BS)(1 − BS + 2BS/3) = 2/3 − 1/2, (32)

for BS = 0.3− 0.4. Therefore the CDF t̄t cross-section should be compatible with 2/3
to 1/2 times the QCD value. From the CDF data [11],

σt = 7.5 ± 1.8 pb, mt = 175.6 ± 9 GeV, (33)

it is evident that the central value of their cross-section is already higher than QCD
estimate of σt(175) = 5.5 pb [23]. However taking a 1.64σ (90% CL) lower limit on both
the quantities would correspond to a σt of 4.5 pb to be compared with a QCD estimate
of σt(160) = 9 pb [23]. Thus a SUSY BR of 0.4 and ǫ3 = 2/3 is barely compatible with
the CDF data [24]. The corresponding compatibility with the D0/ cross-section [12],

σt = 5.3 ± 1.6 pb, (34)

is evidently easier to satisfy. It may be noted here that for the higgsino dominated
region, the range of BS > 0.45 and ǫ3 = 1/4 would correspond to a suppression factor
< 1/3, in clear conflict with the CDF data.

iii) The SUSY contribution to the sample of ≥ 3 jet events accounts for a fraction

2BS/(3 − BS) = .22 − .31. (35)

This means a 20 − 30% drop in the number of tt̄ events in the dilepton as well as the
double b-tag events compared to the SM prediction if the tt̄ cross-section is normalised
to the b-tagged ℓ + ≥ 3 jet sample. The present CDF data seems to have ∼ 8 events
of each kind, of which the 20 − 30% drop is within a 1σ effect.

iv) The SUSY contribution has several kinematic distributions, which are distinct from
the SM. Fig. 4 shows the transverse mass distribution of the lepton and the missing
ET

MT = 2Eℓ
T E/T (1 − cos ∆φ), (36)

where the SUSY contribution shows a clear tail beyond the Jacobian peak of the
SM contribution. The SM contribution shown corresponds to the ≥ 3 jet sample of
the CDF tt̄ Monte Carlo including hadronisation and detector resolution effects [25],
which are responsible for the spillover to the MT > MW region. In contrast the SUSY
contribution corresponds to our parton level MC without these effects, which gives
only a conservative estimate of its tail. Nonetheless 30% of the SUSY contribution
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is seen to occur at MT > 120 GeV , in contrast to a 10% spillover for the SM. This
corresponds to an excess of

.2 × 2BS/(3 − BS) = .044 − .062, (37)

i.e. an excess over the SM prediction by about 50%. The present data sample of
CDF corresponds to a SM prediction of ∼ 4 events with MT > 120 GeV , of which
the 50% excess constitutes a 1σ effect. With an order of magnitude increase in the
data sample following the main injector run one expects an excess of at least 3σ.
Similarly the predicted deficit of 20− 30% in the dilepton and double b-tag events will
each constitute at least a 2σ effect. These will provide important tests of the SUSY
contribution, since one expects very little background in each case.

The 90 − 100 GeV Stop Case:

Finally we consider the phenomenological implications of a stop mass of 90 − 100 GeV ,
which was shown to give a viable contribution to Rb for the case C. This is an interesting
scenario since it corresponds to a modest BS of ∼ 0.2. Besides the stop can undergo charged
current decay (24) leading to a soft but visible lepton. The resulting efficiency for the
Eℓ

T > 20 GeV cut is ∼ 1/2 that of the SM decay. Consequently the overall lepton detection
efficiency of the SUSY contribution is ∼ 3/2 higher than the previous case. This also implies
a somewhat larger efficiency ǫ3 for the ≥ 3 jet cut compared to the previous case. Taking
account of these efficiency factors leads to an overall suppression factor of

1 − BS ≃ 0.8, (38)

which is modest compared to (32). Thus the CDF top quark data can accommodate this
case more easily.

The most interesting phenomenological test of this scenario follows from the pair pro-
duction of stops, followed by their leptonic decay (24). This leads to a signal of isolated but
relatively soft dilepton events [10]. We have estimated the resulting dilepton signal using
our parton level MC with

|ηℓ| < 1, 20◦ < φℓ+ℓ− < 160◦, E/T > 20 GeV

and
Eℓ

T > 10(15) GeV. (39)

We estimate a signal cross-section of 100(80) fb for a stop mass of 90 GeV . It should be
noted here that this signal has been recently analysed in [26] using the ISAJET program.
With the above cuts they estimate a dilepton signal of similar magnitude, which also has
an accompanying jet of ET > 15 GeV . This jet helps to control the W+W− background.
Moreover they have used a cut on the scalar sum

|Eℓ+

T | + |Eℓ−

T | + |E/T | < 100 GeV (40)

to suppress the tt̄ as well as the W+W− background without affecting the signal seriously.
Thus with the current CDF luminosity of 0.11 fb−1 one expects ∼ 10 soft but isolated
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dilepton events for a 90 GeV stop undergoing charged current decay. There is only a modest
drop in the signal rate for a stop mass of 100 GeV .

4. SUMMARY

The SUSY contributions to Rb and top quark decay are studied simultaneously over the
relevant MSSM parameter space to obtain an optimal solution to the Rb anomaly within the
constraint of the top quark data. Contrary to the popular notion the higgsino dominated
region (|µ| ≪ M2) is disfavoured on both counts. It makes a relatively small contribution
to Rb (δRb) along with an excessively large one to top BR (BS). On the other hand one
gets a 30% increase in δRb along with a similar drop in BS by going to the mixed region
(|µ| ∼ M2), which corresponds to a photino dominated LSP. We have focussed on two points
belonging to this region – i.e. M2, µ = 60,−60 GeV and 40,−70 GeV . The latter offers by
far the best values of δRb and BS. But it is close to the boundary of the region disallowed
by the Tevatron limit on gluino mass, while the former lies safely above the reaches of
Tevatron as well as LEP-2. Both give acceptable solutions to the Rb anomaly for stop mass
of 50 − 60 GeV . We analyse the corresponding predictions for top quark decay, which can
be tested with Tevatron data. The latter point also gives acceptable solution for a stop mass
range of 90 − 100 GeV . In this case one expects a distinctive dilepton signal from the pair
production of stop followed by its charged current decay, which can again be tested with the
Tevatron data.
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Figure Captions

Fig. 1. SUSY contributions to Rb (solid) and the top BR (dashed) are shown as contour plots
in stop mass and mixing angle for M2, µ = (a) 150,−40 (b) 60,−60 (c) 40,−70 GeV ,
with tan β = 1.1.

Fig. 2. SUSY contributions to Rb (dashed) and top BR (dotted) are shown as contour plots in
the M2, µ plane for stop mass of (a) 50 and (b) 60 GeV with θt̃ = −15◦ and tanβ = 1.1.
The x-axis correspnds to the boundary of the region disallowed by the Tevatron limit
(mg̃ > 150 GeV ). Bullets show the parameter choices A,B,C of equation (20).

Fig. 3. Same as Fig. 2 for tanβ = 1.4. The boundary of the region mt̃1
< MZ̃1

is not shown
to avoid overcrowding.

Fig. 4. The (ℓ, E/T ) transverse mass distribution of SM and SUSY contributions to the tt̄ events
with free normalisation. The former is taken from the CDF MC of [25] including
hadronisation and detector resolution, while the latter is based on our parton level
MC result without these effects.
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Table I : Chargino and neutralino masses and compositions for three representative points in the M2, µ plane,

corresponding to optimal values of Rb (tanβ = 1.1).

M2, µ (GeV) MW̃i
(GeV) Uij/Vij MZ̃i

(GeV) Nij

70 - .31, .95 40 - .02, .01, .72, .68
.37, - .92 80 - .25, .31, - .63, .65

150, -40 180 .95, .31 85 - .95, - .23, .11, - .15
.92, .37 181 - .15, .92, .23, - .27

97 .31, .95 36 - .92, - .37, .09, - .07
.95, - .31 60 0, .07, .74, .67

60, -60 105 .95, - .31 106 - .28, .83, .28, - .39
.31, .95 111 - .27, .41, - .61, .63

82 .82, .57 24 - .91, - .40, .06, - .05
.93, .35 69 - .05, .15, .76, .62

40, - 70 113 .57, - .82 89 - .31, .79, .21, - .47
- .35, .93 123 - .26, .42, - .60, .62

Table II : SUSY contributions to Rb(δRb) and top BR (Bs) for the mixed region. The cases satisfying (18)

and (19) are ticked as viable solutions to the Rb anomaly.

M2, µ tanβ mt̃1
δRb Bs Remark

(GeV) (GeV)
60, -60 1.1 60 .0022 .45

(θt̃ = −15◦) 1.1 50 .0024 .53
1.4 50 .0021 .47
1.4 60 .0019 .40

√

40, -70 1.1 60 .0024 .37
√

(θt̃ = −15◦) 1.1 50 .0026 .46
1.4 50 .0023 .41

√

1.4 60 .0021 .30
√

1.1 90 .0018 .18
√

(θt̃ = −5◦) 1.1 90 .0020 .23
√

1.1 100 .0018 .16
√
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Table III : Fractional distribution of the SM and SUSY contributions to the tt̄ events in the number of jets.

The 4th column shows the numbers of expected tt̄ events in the SM from [11], while the 5th column shows

the corresponding numbers of observed (background) events.

σn/σ SM SUSY SUSY No. of CDF events
n (mixed) (higgsino) tt̄ observed (bg)
1 — .05 .25 0.8 70 ± 9 (69 ± 11)
2 .10 .35 .50 6.4 45 ± 7 (28 ± 4)
3 .40 .40 .25 12.8 18 ± 4 (6.5 ± 1)

≥ 4 .50 .20 — 16.7 16 ± 4 (2.6 ± .5)
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