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We study the implications of a scalar bottom quark, with a mass of O(5 GeV), within the
MSSM. Light sbottoms may naturally appear for large tan β and, depending on the decay
modes, may have escaped experimental detection. We show that a light sbottom cannot be
ruled out by electroweak precision data and the bound on the lightest CP-even Higgs-boson
mass. We infer that a light b̃ scenario requires a relatively light scalar top quark whose
mass is typically about the top-quark mass. In this scenario the lightest Higgs boson decays
predominantly into b̃ pairs and obeys the mass bound mh

<∼ 123 GeV.

New light particles, with masses of the order of the
weak scale, are an essential ingredient in any scenario
beyond the standard model (SM) that leads to an ex-
planation of the large hierarchy between the Planck
mass and the weak scale. Although no clear evidence
of such a particle has been reported so far, searches
for new particles are usually performed under model-
dependent assumptions and hence the quoted bounds
may not be valid if these assumptions are relaxed. In
particular, we shall investigate whether a light scalar
bottom quark, b̃, with mass close to the bottom-
quark mass, mb, is consistent with present exper-
imental data [1]. A light b̃ is most naturally ob-
tained within supersymmetric theories [2] for large
values of tanβ, as required in minimal SO(10) sce-
narios [3]. Supersymmetric theories have received
much attention in the last years since they provide
an elegant way to break the electroweak symmetry
and to stabilize the huge hierarchy between the GUT
and the Fermi scales; they also allow for a consistent
unification of the gauge couplings. Supersymmetry
(SUSY) predicts the existence of scalar partners to
each SM fermion, and spin-1/2 partners to the gauge
and Higgs bosons.

Scalar particles, like the b̃, have been searched for
at current and past collider experiments. Despite be-
ing in the mass reach of these colliders, they may
have been overlooked for several reasons. Bottom
squarks give only a tiny contribution to the inclusive
cross section for e+e− → hadrons, smaller than two
percent of the total quark contribution for five fla-
vors of quarks, and therefore small compared to the
experimental error in these measurements [1]. Fur-
thermore, due to a p-wave suppression of the fermion
contribution to its decay width, a b̃¯̃b resonance would
be difficult to extract from background [4]. Concern-

ing the semileptonic decay of the b̃, b̃→ c l + missing
energy, if its branching ratio is small, for instance of
about the bottom quark one, the exclusion bound de-
rived by the CLEO collaboration does not apply [5].
If, on the other hand, the light b̃ decays into a light
quark and missing energy, due to its small mass and
the small mass splitting between the b̃ and its de-
cay products, it cannot be detected through missing
energy searches in e+e− or hadron colliders [1]. If,
instead, the b̃ decays fully hadronically with no miss-
ing energy, it will remain undetected due to its small
contribution to the hadronic cross section at hadron
and lepton colliders. Finally, the presence of a light b̃
will slightly affect the extrapolated value of the elec-
tromagnetic and strong gauge couplings, αem and αs,
at the scale MZ : the variation induced on αem(MZ)
is smaller than the difference between the two most
commonly used values of αem(MZ) [6]. The varia-
tions of both αem and αs(MZ) are smaller than the
present error on the respective coupling [1].

On the other hand, the hadronic observables
measured with high precision at the Z peak at
LEP1 [7] impose tight and fairly model-independent
constraints on this kind of new physics, provided that
the b̃ couples with sufficient strength to the Z. A nec-
essary condition for such a scenario within the min-
imal supersymmetric standard model (MSSM) to be
phenomenologically viable is thus a relatively small
coupling of the b̃ to the Z boson. The squark cou-
plings to the Z depend on the mixing angle, θq̃,

gZq̃1 q̃1 ' g
(
T3 cos2 θq̃ −Qq̃ sin2 θW

)
,

gZq̃1 q̃2 ' g T3 sin θq̃ cos θq̃,

gZq̃2 q̃2 ' g
(
T3 sin2 θq̃ −Qq̃ sin2 θW

)
, (1)

where sin2 θW ≡ s2
W = 1−M2

W /M2
Z ; in the following

the shorthand notation sq̃ ≡ sin θq̃ and cq̃ ≡ cos θq̃
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is used. In the particular case of the b̃, Qb̃ = −1/3,
T3 = −1/2, and hence an exact cancellation of the
coupling of the lightest b̃, b̃2, to the Z is achieved
in lowest order when s2

b̃
= 2/3s2

W , i.e. |sb̃| ≈ 0.38.
Similarly, an exact cancellation for the lightest t̃, t̃1,
yields c2

t̃
= 4/3s2

W . For our conventions in the squark
sector, see Ref. [8].

Besides the constraints from the direct search and
from Z-peak observables for the b̃, the considerable
splitting between the masses in the scalar bottom and
top sector, which are necessary to avoid direct obser-
vation of at least one of these particles at LEP, gives
rise to sensitive restrictions from virtual effects to
electroweak precision observables, e.g. sin2 θeff , MW ,
Γl, via contributions to the ρ-parameter. Therefore,
it is of interest to investigate whether a b̃ almost
mass-degenerate with the bottom quark is consistent
with the strong constraints from electroweak preci-
sion data. A further crucial question is whether a
light b̃ scenario can give rise to a sufficiently large
value for the lightest CP-even Higgs-boson mass in
the MSSM in view of the bounds arising from the
Higgs searches at LEP. The latter constraints have
meanwhile ruled out a considerable part of the pa-
rameter space, even in the unconstrained MSSM (in
which no assumptions about the underlying SUSY-
breaking mechanism are made) [9]. The present
bound on the SM Higgs mass from the direct search
is MH > 113.3 GeV at 95% C.L. [10]. The upper
bound on the lightest CP-even Higgs mass within the
MSSM is mh

<∼ 130 GeV for mt = 175 GeV. This
bound arises from the theoretical prediction of mh in
the MSSM up to the two-loop level [8,11].

As a first step in our analysis we have calculated
the production cross section for light scalar bottoms
as a function of the effective Zb̃2b̃2 coupling (through-
out this paper we use the tree-level notation for this
coupling, although it can be viewed as an effective
coupling containing loop corrections). As an addi-
tional scenario to the case where this coupling pre-
cisely vanishes, we have taken the sbottom mixing
in the range |sb̃| ≈ 0.3–0.45. If the b̃ would decay
with a small semileptonic decay width, in a way sim-
ilar to the bottom quark, it would mainly affect ob-
servables associated with bottom production, as dis-
cussed below. Analyzing the corresponding effects on
the relevant Z peak observables, Rb, Rc, Rl, Ab

FB,
Ab, Γhad, ΓZ and σhad, for |sb̃| = 0.3, 0.45 we find
the following results for the comparison of the data
with the predictions, given in units of standard devi-
ations: δRb = 0.40σ(1.0σ), δRc = −1.01σ(−1.04σ),
δRl = 0.62σ(1.08σ), δAb

FB = −2.33σ(−2.42σ),
δAb = −0.48σ(−0.55σ), δΓhad = 0.09σ(0.57σ),
δΓZ = −0.85σ(−0.43σ), δσhad = 1.87σ(1.62σ). The

values in brackets correspond to the SM predic-
tions [7]. The agreement of the predictions with the
data improves over the SM case for most observables.
Lowering αs by ≈ 0.0018 (≈ 0.6σ) [1], Rl, Γhad, ΓZ

and σhad would reach their SM values, whereas Rb,
Rc, AFB and Ab would to a good approximation keep
the above improved values. Thus, a small but non-
vanishing coupling of the light b̃ to the Z not only
is compatible with the hadronic observables at the Z
peak, but may even slightly improve the agreement
with the data. Since the shifts discussed here are
small, the overall quality of a global fit to all data is
expected to change only slightly. The same is true if,
alternatively, the sbottom decays only hadronically.

As a second step in our analysis, we investigate the
constraints from ∆ρ and the Higgs mass limit for the
two cases:

(I) Vanishing coupling of b̃2 and t̃1 to the Z boson,
sb̃ = ±√

2/3 sW , ct̃ = ±√
4/3 sW .

(II) Small Zb̃2b̃2 couplings corresponding to the
range of mixing angles |sb̃| ≈ 0.3–0.45. No con-
straints on the Zt̃1t̃1 coupling are imposed.

In the analysis below, mb̃2
has been fixed to 4 GeV,

but varying this mass by a few GeV would not qual-
itatively change our results. Since we also restrict sb̃

as specified above, in principle there are four more
free parameters left in the scalar bottom and top sec-
tor, mb̃1

, mt̃1 , mt̃2 and st̃. The relation between these
parameters in the mass-eigenstate basis and the ones
in the basis of the current eigenstates b̃L, b̃R, t̃L, t̃R is
given by the mixing matrices

M2
q̃ =

(
M2

q̃L
+ m2

q + Dq̃L mqXq

mqXq M2
q̃R

+ m2
q + Dq̃R

)
(2)

for q = t, b, and Xt = At−µ cotβ, Xb = Ab−µ tanβ.
The D-term contributions Dq̃L,R have not explicitly
been written. In the above, At,b denote the trilinear
Higgs–t̃, –b̃ couplings, respectively, and µ is the Higgs
mixing parameter. SU(2) gauge invariance leads to
the relation Mt̃L

= Mb̃L
. Thus only three of the four

parameters mb̃1
, mt̃1 , mt̃2 , st̃ are independent.

Since the heavier b̃ has not been observed at LEP2,
and it can in principle be produced in association
with the lighter one, its mass should be larger than
(conservatively) ∼ 200 GeV. Neglecting terms of or-
der m2

b̃2
/m2

b̃1
, the mass of the heavier b̃ is given as

m2
b̃1

= mbXb/(sb̃cb̃). In order to generate a suffi-
ciently large value of mb̃1

, relatively large values of
Xb are required. They can naturally be obtained
for values of |µ| and Ab around the squark masses if
tanβ ≈ |sb̃cb̃|mb̃1

/mb, where mb ≈ 3 GeV is the MS
running bottom mass at the weak scale. For heavy
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b̃1 masses of order 400 GeV and b̃ mixing angles of
the cases (I, II), this implies values of tan β >∼ 30.

Concerning the constraints from contributions of
the t̃–b̃ sector to ∆ρ, the present data leave some
room for a small but non-zero contribution to ∆ρ.
We use 2× 10−3 as upper bound for SUSY contribu-
tions [1]. We have checked that a limit on ∆ρSUSY

as tight as 3×10−4 does not qualitatively change our
results.

Regarding the Higgs mass constraints, beyond the
tree level, the main correction to mh stems from the
t–t̃ sector and, for large values of tanβ, also from
the b–b̃ sector. For a light t̃ and b̃ sector, the Higgs
tends to be light. For large values of tanβ and MA,
however, the Higgs may be heavy enough to avoid
LEP constraints, but tends naturally to be in the
range 110–120 GeV. Concerning the bounds obtained
at LEP2, one should note that the off-diagonal term
in the b̃ mass matrix of the order of the square of
the weak scale (i.e. a large value of (µ tanβ)) results
in a large coupling of these sbottoms to the lightest
CP-even Higgs boson. Therefore, for large tanβ and
MA the width of its decay into sbottoms,

Γ(h → b̃2
¯̃b2) ∼ GF

√
2(mbµ tanβsb̃cb̃)

2/(8πmh), (3)

will be much larger than the corresponding one into
bottoms, Γ(h → bb̄) ∼ GF

√
2(mhm2

b)/(4π).
The limits from LEP will depend strongly on

the decay modes of the sbottoms. As a con-
servative bound, we adopt the present lower
bound on the Higgs boson of the SM at LEP2,
mh

>∼ 113.3 GeV [10]. This is consistent with the
assumption that the light b̃ decay channels are sim-
ilar to the bottom quark ones. However, if it de-
cayed fully hadronically with no missing energy or
into down (or strange) quarks and missing energy,
considerably weaker Higgs mass bounds would be ob-
tained.

For the case of a very light b̃, with a non-negligible
component on the left-handed b̃, the constraint from
the ρ-parameter demands a relatively light t̃. The
simultaneous requirement that the lightest CP-even
Higgs mass should be above the experimental bound
leads to strong restrictions in the t̃ sector. In the
numerical analysis, we use the following parame-
ters: mt = 174.3 GeV, mb = 3 GeV, tanβ = 40,
MA = 800 GeV, mg̃ = 200 GeV, µ = ±250 GeV,
M2 = 200 GeV. We have chosen a large value for
MA, yielding that the upper bound for mh within
this scenario is only weakly dependent on the actual
value of this parameter [12]. The dependence on mg̃,
µ and M2 is also weak.

The theoretical predictions for mh employed here
are based on the two-loop results of Refs. [8,11,13],

implemented in the programs FeynHiggs [14] and
subhpole [11,13]. We have checked that the results
for mh obtained with the two programs are close
to each other and therefore lead to similar conclu-
sions. ∆ρSUSY, including leading two-loop contribu-
tions [15], has been evaluated with FeynHiggs.

The analysis is performed for the cases (I, II) de-
fined above. It should be emphasized that, although
case (I) seems highly constrained, starting from the
requirement of a small b̃2 mass and a vanishing cou-
pling to the Z, and requiring the left-handed t̃ mass to
be larger than the right-handed one, most solutions to
the precision observables and Higgs mass constraints
would lead to a small coupling of the lightest t̃ to
the Z.

In Fig. 1 the allowed parameter regions for mt̃1
and mt̃2 for the cases (I) and (II) are shown, obey-
ing the mh and ∆ρSUSY constraints. For both
cases a considerable part of the parameter space
is consistent with the constraints. In case (I) the
allowed regions are 70 GeV <∼ mt̃1

<∼ 220 GeV,
450 GeV <∼ mt̃2

<∼ 600 GeV. In case (II) the t̃ masses
obey the constraints for 70 GeV <∼ mt̃1

<∼ 330 GeV,
400 GeV <∼ mt̃2 , and we considered values of mt̃2 ≤
1000 GeV.
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FIG. 1. Regions in the mt̃1
–mt̃2

plane for the cases (I)

and (II), allowed by the requirements mh
>∼ 113.3 GeV

and ∆ρSUSY < 0.002. (See text for the other parameters.)
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FIG. 2. Regions in the mt̃2
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>∼ 113.3 GeV

and ∆ρSUSY < 0.002. (See text for the other parameters.)
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In Fig. 2 the allowed parameter regions for mh

are shown. In case (I) the lightest CP-even Higgs
will always be lighter than 120 GeV, while in case
(II) slightly larger values of mh can be obtained,
mh

<∼ 123 GeV. If the light sbottoms decay in a
way similar to the b quarks, this offers good chances
for the Higgs boson discovery at the Tevatron or the
LHC, using its associated production with the gauge
bosons [16] or with the top quark [17,18].

Scalar top masses below or about 100 GeV are con-
strained by LEP data. This mainly applies to case
(II), in which no constraints on the Zt̃1t̃1 coupling
were imposed, therefore allowing for larger contribu-
tions from Z exchange to the t̃1t̃1 production cross
section. It follows from Figs. 1 and 2 that only small
changes would be obtained if this bound were applied.

Let us stress that the fine-tuning of the parame-
ters necessary to accomodate a b̃ mass of about mb is
about the same as the one necessary to realize the SM
with new physics arising at energies of about a few
TeV. Concerning the mixing in the b̃ and t̃ sector, the
analysis of case (II) shows that the mixing angles can
be varied over a considerable range, e.g. |sb̃| ≈ 0.3–
0.45, without leading to conflicts with the experimen-
tal constraints. The fact that not much fine tuning
is necessary is reflected in the large amount of exper-
imentally consistent models (see Figs. 1 and 2).

In conclusion, a light b̃ within the MSSM cannot at
present be ruled out by the electroweak precision data
and the Higgs mass constraints from LEP2. Even
in the most extreme case of vanishing couplings of
the lightest t̃ and the lightest b̃ to the Z, an allowed
parameter region within the MSSM is found, result-
ing in an upper value for mh, mh

<∼ 120 GeV, for
mt = 174.3 GeV. If the light b̃ decays like a b quark
and has a small but non-vanishing coupling to the
Z boson, this may even yield a slightly better agree-
ment of the Z peak observables with the experimental
data than in the SM. In this case mh is restricted
to be mh

<∼ 123 GeV. An important finding in
both cases is that the scenario with a b̃ almost mass-
degenerate to the b quark requires, in general, also
a light t̃ whose mass is typically around the t quark
mass. If it is light enough, such a t̃ should be ac-
cessible at Run II of the Tevatron. If the sbottoms
decay similarly to b quarks, these light stops and sbot-
toms could contribute to the third-generation quark
cross sections, whereas the measured Tevatron cross
sections are, in general, larger than the SM expec-
tations [19]. Besides promising very interesting phe-
nomenological implications for Run II of the Tevatron
and for the LHC, a scenario with a light b̃ could also
be studied in detail at the upcoming b factories.
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