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ABSTRACT: The CDF and D@ collaborations have recently reported a large forward-
backward asymmetry in the tf system which deviates from the next to-leading order QCD
standard model prediction. We study the asymmetry in the ¢ system within the framework
of singlet extensions of the Minimal Supersymmetric Standard Model. For this purpose,
we introduce non-renormalizable couplings between first and third generation of quarks
to scalars. We analyze two limiting cases of the model, characterized by the size of the
supersymmetric mass for the singlet superfield. We study both the small and large limits
of this mass parameter. We find that in the region of small singlet supersymmetric mass
we can obtain a large asymmetry while being consistent with limits on the ¢ production
cross section. These results are also consistent with constraints arising from flavor physics,
quark masses and top quark decays.
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1 Introduction

The CDF and DO collaborations have recently reported a new measurement of the inclusive
forward-backward top asymmetry. In particular, after unfolding they have found [1, 2]

Alte = 0.158 +0.072 £ 0.017 (CDF with 5.3fb~ 1), (1.1)
Ally = 0.196 £ 0.060130%8 (DO with 5.4fb~1), (1.2)

which is to be compared to the Standard Model (SM) prediction of 0.058 £0.009. Further-
more, the CDF collaboration has measured this asymmetry for different regions of |Ayl|,
the difference in the pseudo-rapidities of the top and anti-top quarks,

Al (|Ay| < 1) = 0.026 +0.118
Al (|Ay| > 1) = 0.611 £ 0.256.. (1.4)

In addition, the CDF collaboration provides a measurement of the asymmetry for two
different regions of the ¢¢ invariant mass distribution:

Al (My; < 450 GeV /c?) = —0.116 £ 0.153 , (1.5)
AL (M > 450 GeV/c?) = 0.475+0.114. (1.6)

Equation (1.6) has a significance of 3.1 standard deviations from the SM prediction of
0.088 £ 0.013. The D@ collaboration, however, does not find a significant dependence of
A% on either |Ay| or M,;.



The close agreement between the CDF and D@ results on the inclusive asymmetry,
serve as motivation for building models beyond the SM that may shed light on possible
explanations for the large asymmetry. In this work, we introduce a supersymmetric model
to explain the large asymmetry. We use an existing variation of the Next-to-Minimal
Supersymmetric Standard Model (NMSSM), known as the singlet extended Minimal Su-
persymmetric Standard Model (MSSM) or S-MSSM [3, 4]. The S-MSSM was introduced
to provide a more natural solution to the so called little hierarchy problem. In the past, it
has been studied within the framework of supersymmetric standard models with arbitrary
Higgs sectors with the purpose of raising the upper bound on the light Higgs mass [5-7].
In recent years, within dark matter studies, neutralino annihilations in a singlet-extended
MSSM have been used to fit the PAMELA cosmic ray positron fraction excess [8]. Also,
within this class of models, the light singlino may interact with nucleons through the ex-
change of a light singlet-like scalar consistent with the signals reported by COGENT and
DAMA/LIBRA [9]. In this work, the S-MSSM is extended with dimension-five operators
in the superpotential, in order to study their contributions to the forward-backward asym-

metry, A?B, and the total cross section, o'.

Within supersymmetric extensions of the
SM, models with R-parity violation can contribute to the asymmetry through a t-channel
sparticle exchange in the process dd — tt [10]. In a recent work by Isidori et al. [12], a
simple extension of the SM was introduced which incorporates a light fermion and a scalar
with mass above the top mass. The authors found viable regions of parameter space where
an asymmetry could be generated from the decays of the new scalars. This extension
can be accommodated within the MSSM, where the scalar top can be identified with a
right-handed stop and the light neutral fermion with the bino. However, in the MSSM,
the bino couples with electroweak strength and a large asymmetry can not be generated.
It is argued in [12] that a similar analysis could be carried out within singlet extensions of
the MSSM.

Models that incorporate scalars within a variety of representations of the SM gauge
group have been extensively studied [13-27]. Most recently, Blum et al. [28] have ar-
gued that only a color-singlet weak doublet with an electroweak-scale mass and a very
non-generic flavor structure of Yukawa couplings can enhance the top forward-backward
asymmetry while being consistent with the ¢¢ production cross section and invariant mass
distribution. The model presented in this work incorporates a gauge singlet. The asym-
metry is mediated by the Higgs mass eigenstates, which can be an admixture of the singlet
and the up-type Higgs of the MSSM. We will show that relevant effective couplings in the
Lagrangian of O(1) after electroweak symmetry breaking can enhance the top asymmetry.

Models that incorporate scalars are not the only route to generating a large asymmetry.
Models with exotic gluons [17, 23, 26, 29], Kaluza-Klein modes within extra dimensional
models [30-33], and models with new vector bosons [11, 16-19, 23, 26] have also been
studied in great detail.

This work is organized as follows: in section 2 the model is introduced, the Higgs
spectrum is reviewed and we show how the observables in the top sector are in great
part fixed by electroweak symmetry breaking as well as the Higgs spectrum. In section 3,
the pp — tt differential cross section and forward-backward asymmetry are studied, and



in particular the interference between the SM and new physics contributions. Section 4
outlines the experimental constraints on our model. In section 5, results are shown as a
function of a few free parameters corresponding to the additional operators contributing
to the top observables. Results are summarized in section 6 and the future outlook is
presented.

2 Model

In a recent work [3, 4] by this author and collaborators a generalization of the NMSSM
was studied which was designed to make the solution to the little hierarchy problem more
natural within a low energy framework. The model differed from the original NMSSM in
that supersymmetric mass terms for both the MSSM Higgs fields and the gauge singlet
were introduced. In the following, general aspects of this class of models are reviewed. The
superpotential governing these models is given by!

Wsmssm = Wyukawa + (,u + )\g)ﬁuﬁd + %SQ (21)
The scalar potential, including all the allowed soft SUSY-breaking terms is given by
V = (miy, + |+ ASP) | Hu> + (mFy, + |1+ ASP?) [ Hal* + (m? + pd)|S|?
+[BsS? + (AusS' + By, + ANA\S)Hy Hy + hec.] + N2 |H, Hy|?

1 2 1
+5(" + ") (Hul* = [Hal*)" + 97 HHal?, (2.2)
where m?, By and Ay are the soft breaking contributions associated with the singlet.
Minimization of the tree-level scalar potential in absence of CP-violating phases leads to
the following three conditions:

2 2 2
1 my, —my tan® 2
imZZ — dtan2 5 — _ Mgﬂ,’ (23)
2B
sin 243 = peff (2.4)

m, —I—de+2,ugff+)\2v2’
~ A? (ps + Ay)sin 28 — 2p
T2 A2 4 p2 +m2 4+ 2B,

(2.5)

where vs = (S) is the vacuum expectation value (vev) of the singlet field, and v? = v2+v3 =
(174 GeV)?2. Furthermore, the following parameters are defined:

Peff = b+ Avs, (2.6)
Berf = By + Avs(ps + Ax) - (2.7)

As in the NMSSM, this class of models leads to a scalar spectrum consisting of three
scalars, two pseudoscalars, and one charged Higgs boson. In [3], the model was analyzed

I There is no symmetry that forbids the tadpole term but the non-renormalizable theorem will prevent its
generation until SUSY is broken, thus it is assumed to be absent. The S® is no longer required to stabilize
the potential and it is taken to zero [3].



in the limit where ps was the largest scale in the Higgs sector. It was found that, in this
region of parameter space, the vacuum structure of the model was very similar to that of
the MSSM. Furthermore, in the limit of pus — oo, the singlet vev, vy — 0, and the singlet
could be integrated out supersymmetrically. In the Higgs decoupling limit, only one light
scalar identified with the SM-like Higgs boson remained with a mass given by

2

9 2\v

m2, & mycos® 23 +

(2usin 28 — Ay sin?23). (2.8)
S
In the opposite limit, where us is small, studied in [4], the vacuum structure of the
model can be substantially different from that of the MSSM. In the Higgs decoupling limit,
the spectrum was found to include one scalar identified with the SM-like Higgs boson with
mass given by

2 2 2 2.2 .2 (mQZ_)‘2U2)2 .2 2
Mo ~ my cos” 23 + A\v”sin” 28 — 5 sin® 23 cos* 23, (2.9)
my

where m?A ~ 2B, c5¢/sin2f. On the other hand, there are two lighter mostly-singlet states
with masses given by

A2p2 A2
g, w4 -
ma
2,2 A2
v A
miy, ~ 2+ At — =2 cos? 23. (2.10)
my

Within the minimal incarnation of this class of models, there is no significant contribution
from the Higgs spectrum to gq scattering. Therefore, in this work we consider a simple
extension of this scenario by introducing the following dimension-five operators in the
superpotential:

M

These interactions allow for t-channel contributions to ¢q scattering mediated by Higgs

W:WS_MSSMJFMJSHUUZ@Q]- — —2SHqdSQ); . (2.11)

particles. In particular, off-diagonal elements coupling first and third families will be
relevant in generating the forward-backward asymmetry of the ¢t pair. The scale M dictates
where these operators arise, and in this work we assume it is not far from the TeV scale.

In light of the results from both the CDF and D@ collaborations, only couplings
between first and third generation of quarks will be considered. We will assume a fermion
basis where all the SM up-type Yukawa couplings are diagonal before electroweak symmetry
breaking. In such a basis we consider the following structure for the A matrix:

0 0 A
A=| o000 |. (2.12)
Az 0 0

Furthermore, we assume that ¥;; ~ 0, effectively yielding no new physics contributions
to the top forward-backward asymmetry. At any rate, compared to the A effects, the
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Figure 1. New diagrams contributing to ¢¢ production.

corrections from the ¥ couplings are suppressed since these enter in the asymmetry and
cross section through dd scattering.

The operators in the Lagrangian, derived from (2.12), that couple first generation up
quarks to their third generation counterparts through the exchange of neutral scalar or
pseudoscalar Higgs bosons are given by

[fu,t D Z(FAHHz — ’L'FAAAZ')’&LLLR + (FLHHZ + iF£7AAi)ﬂRtL + h.c., (2.13)
7

where

; Az ) H,A H,A
FR,(H,A) = W(USIDB O”L(,S ) +Us O(H“ )) s

7:’

i A1s . H,A H,A
FL,(H,A) = m(vslnﬁ OE,S )+'Us OZ(,HU)) (214)

The matrices O4) diagonalize the scalar weak eigenstates (Hg, Hy, S) into the corre-
sponding mass eigenstates. These are labeled as (Hy, Hy, H3) for scalars, and (Ap, Ay) for
pseudoscalars in order of increasing mass. The operators coupling down quarks to top
quarks through the exchange of a charged Higgs boson are given by

['d,t D —%Agl cos 3 CZLtRHi +h.c.. (2.15)

The Feynman diagrams corresponding to the new physics in (2.13) and (2.15) are shown
in figure 1.

We will probe the parameter space of the model mainly as a function of the the singlet’s
vev, vs and the new couplings A1z and Agy, always requiring that their values remain below
4. Notice however, that for such large values of the couplings, extra contributions coming
from higher dimensional operators could be of similar size as those given in equation (2.11).
For simplicity, in this work we restrict ourselves to a dimension-five analysis.



3 Differential cross section and asymmetry

Following the analysis carried out by the authors in [26] the differential cross section at the
parton level can be written as

do
dcost

_ MSM+MINT _*_]\JNP7 (31)

where MinT denotes the interference between the SM and contributions arising from the
operators given in (2.13) and (2.15), while Mgy and Myp denote the contributions solely
from the SM and new physics, respectively. In what follows, only the interference between
new physics and the leading-order standard model diagrams will be considered; we will not
incorporate the interference with the dominant NLO QCD corrections. Mgy does include
next-to-leading order contributions, and so we define the total new physics contributions by

SM LO, NP
Myt = MNP + Mg : (3.2)

Integrating (3.2) in both the forward and backward regions, one can express the asymmetry
simply as:

AF" = AV R+ ARy - (1-R), (3.3)
where we have made use of the following definitions:

NP NP
A = Ut

NP NP
op +op
SM SM
AR = Ty (3.4)
— _SM SM ’ .
op” +op
NP

R = Ototal

SM NP -~
Ototal + Ototal

The new physics contributions to the differential cross section in (3.1) can be calcu-
lated from equations (2.13) and (2.15). The new physics t-channel contributions to the ¢
production cross section, originating from a wu initial state and mediated by scalar and
pseudoscalar particles, are given by

t— m2)2 At
MNP (i — i) = TR m)T S :
2(167)2s %: (t - m%[l + zmHIF(mHZ)) (t - m%j - imHjI‘(mHj))

B
(t— m?. +ima,T(ma,)) (t— mij —ima,T(ma;))
c
+1| = ~ +hec ||, (3.5
((t—m%{i —l—zmHZF(mHl)) (t—mij —imAjF(mAj)) )] (3:5)




where 3y =1/ 1— @ and the expressions for the coefficients A¥, B% and C* are given by
AY = ((FJZ%,H + FE,H)2(FI]%,H + Fi,H)2 + (FI{I,H - FE,H)z(FI]%,H N Fi,H)2
; i 2 2
+2(FRy — FIZ?,H)(F}JQ,H - Fly),
BY = ((Fpa+ Ff A)Q(Ffa A+ FLA?+ (Froa— FL )" (Fha = Fi )

; j2 j2
+2(Fia = Fia) (Fioa = FLA))
CY = ((FRH + F H)Q(FIJ%A iA)z + (Fro — FE,H)Q(F{%,A t Fi,A)z
j2 2
PP~ FE) (FRa — FE2) (36)

The contribution arising from a dd initial state is mediated by the charged Higgs scalar
and it is given by

h 4
MNP(dCZ—> tﬂ _ 7T/Bt(t - mt2)2 _ Fﬂf[i (37)
2(8m)28  (t—m2%.)? + m%. T2 (mp=)
where Fy+ = 75A31. Finally, the interference between the new physics diagrams with
those arising from the leading-order QCD contribution are given by
i2 i2 a2 1 (f 212
MINT (g — 47) = 22 (FE(HAWFi(HA))(Smt + (E—mi)?)
3652 t—mfy ), +imaa)L (mem,a),)
2 (] 2\2
N (FZZ(HA) +Fy (HA))(Smt + (= m})?) (3.8)
t=miy gy, — ima) L (mar ) )
for scalar /pseudoscalar mediation and
MINT(dJ_> t) = sy Hi (Smt + (1 - mg)z)
3652 ¢ — Hi +imyg+l(mpy+)
N AF2 < (5mi + (t—m})?) | (3.9)

t—m2, —imp=D(my=)

for charged scalar mediation.

4 Constraints

4.1 wu —t mass mixing

Assuming the fermion basis and the structure of A introduced in section 2, the operators
in the Lagrangian coupling first generation to third generation up quarks are given by

Az A3
Ly D iSHOtR L+—SH0aRtL+hc (4.1)
Expanding around fluctuations from the minima of both the singlet and the up-type neutral
Higgs, contributions to the masses of the up and the top quarks arise. In particular, these
lead to mixing terms parametrized by the following mass matrix:

M[% _ (( (A13 %)2 (A 13 ’UsUu)mt’() > . (4.2)

Aus S Jmeo (Asa %55)° + mig




In the above expression the contribution to the up-quark mass from the Yukawa sector has
been taken to zero. Furthermore, we use m; o to denote the contribution from the Yukawa
sector to the top quark mass. For my o > A% the following are good approximations
to the masses of the quark mass eigenstates

2,22 3\ 2
) (A31A13”S”M#ﬁ)
M = 2 VsUy | 2 vsvy 2
(m3o+ (A1s %5)* + (Aar %554)°)
2 2
VsV VgV
mi ~ (m%,o + <A13 ;f) + <A31 ;f) ) : (4.3)

Within this limit one can can see that m;o ~ m;. The value of m; is then found by
imposing that m; = 172.5 GeV. Experimental constraints on the mass of the up quark [35]

give a range of allowed values for m,,
1.3MeV < m, < 3.1 MeV. (4.4)

Imposing m, < 3.1 MeV constrains the product of A3 - A3;. One can impose that both
couplings be small but that will generate no new physics contributions to the forward-
backward top asymmetry. One can then impose that either coupling be small enough to
satisfy the constrain in (4.4) while making the other provide the new physics to generate
a large asymmetry. In what follows, we will see that flavor constraints will constrain Ajs
over Asq.

4.2 Meson mixing

Due to the flavor mixing structure of the matrix A introduced in (2.13), contributions to
meson mixing will arise. The operators in the Lagrangian contributing to K° — K° mixing
are given by
Us ~g* 7 1 —
£mixing D —MOQQ dLZ'(V A)Z-juRjH + h.c., (4.5)

where V' is the CKM matrix. The above contribution to meson mixing has the same
structure as that recently studied in [28]. In the model considered here the flavor-changing

matrix has an additional suppression given by 577 Ogi, and thus it is constrained such that

1 [ TeV\’ FOR2 ot a2 .
32m2 \mys ZF(QJZ‘)(VA)M(VA)%<1O 5 (4.6)

m2
U;
where z; = —+ and A’ =
my

Us

2M

OgiA. The loop function F' is given by

—.CUZ X loglxT
o) = . (1+_2x)gg()

(4.7)

Suppressing contributions to K° — K° mixing can be achieved with large charged Higgs
masses or in the limit where A3 < 1.



Figure 2. New physics diagrams contributing to single top production together with a neutral
Higgs in (a) and charged Higgs in (b).

4.3 New top decay channels

In section 2 we introduced the Higgs spectrum of the S-MSSM. In particular, in the Higgs
decoupling limit of the model where u, corresponds to the largest scale in the Higgs sector,
one light scalar exists and can be identified with the SM-like Higgs. In the small ugs limit,
two additional singlet-like scalars with masses below 100 GeV are present. Due to the new
flavor-changing neutral current operators present in our model, the light scalars contribute
to the decay width of the top quark. In particular we have for mg, < my:

2 2

L(t = i) = oo (1 - m%) (FE + FR) (4.8)
t

where ¢; denotes any scalar or pseudoscalar that can be produced by a decaying top. A
direct measurement of the top decay width has been carried out recently and yields an
upper bound on the total decay width of the top quark of 7.6 GeV at the 95% confidence
level, for a top mass of 172.5GeV [34]. We incorporate this constraint to place bounds on
the allowed size for the couplings FJ, g.

4.4 Constraints from single and same-sign top production

It is also worth mentioning the collider constraints from single top production and same-
sign top production that may restrict our parameter space. In particular, from [19] we
see that the coupling which enters into the cross section for same sign-top production is
given by

gt X (A13A31)2. (49)

Therefore, one may suppress any additional contributions to the same-sign top production
cross section by suppressing one of the couplings as in the v — t mass mixing constraint.

The diagrams contributing to single top production are shown in figure 2. D has a
recent model independent measurement on the single top production cross section using
center of mass energies of /s = 1.96 TeV with 5.4fb~! [36]. They find:

o(pp — tgb+ X) =2.90 £0.59 pb, (4.10)



for a top mass of 172.5 GeV. The diagram in figure 2(b) will contribute to the single top
production cross section for H* — bu. This contribution can be suppressed by either
suppressing A1z which comes into the dtH* vertex or by a suppression of Az, which has
the effect of making the decay H* — bu negligible. For a very heavy scalar or pseu-
doscalar the diagram of figure 2(a) will be naturally suppressed at the Tevatron. For light
scalars/pseudoscalars, the only decay channel open is into bb, in which case the signal will
be t 4 2b jets. In some cases there are cascade decays between Higgses, which may suppress
the branching ratio into bb significantly, and the main signal will be t+4b jets. The coupling
at the tu(H;A;) vertex is proportional to Fy, g in equation (2.14) and thus one may need
to suppress both couplings in order to not enhance the single top production cross section.
Given the complexity of the final states, a direct comparison with the D) measurement is
difficult to make.

5 Results

In this section we present results on the forward-backward asymmetry in ¢t production
arising from the of the S-MSSM introduced in section 2, as well as the contributions to
the total ¢t cross section. Due to the large number of parameters that are present in our
model, and due to the fact that there exists a vast region of parameter space that can
provide a solution to the little hierarchy problem, we present our results for various values
of vg. Furthermore, we illustrate our results for the two limiting cases of us which were
explained in section 2. We use tan 5 = 2 with a corresponding value of A = 0.63 [3, 4] and
work in the Higgs decoupling limit in order to maximize the tree-level contribution to the
mass of the SM-like Higgs boson. We fix the scale of new physics, M, where the operators
in (2.13) arise, to 1 TeV.

In our calculations we make use the CTEQG6L PDF set [37] using a factorization and
renormalization scale of m;/2. For the strong coupling constant we take as(161.9 GeV) ~
0.1, which is used to calculate the one-loop radiative correction to the Higgs masses in [3, 4].
We carry out our calculations using a top mass of 172.5 GeV and use the CDF analysis of
the tf production cross section which incorporates a combination of leptonic and hadronic
channels using data with an integrated luminosity of 4.6 fb=! [38]. They find:

o7 = 7.50 & 0.48 pb, (5.1)

for my = 172.5 GeV. In addition, we apply all of the constraints introduced in section 4 to
search for viable scenarios consistent with experimental observations.

In the small ug limit the vacuum structure of the theory is significantly different from
that of the MSSM. In particular, the appearance of light mostly singlet scalars can sig-
nificantly enhance the ¢t production cross section. In figure 3 we illustrate our results of
the new physics contributions to the ¢t cross section as a function of the forward-backward
asymmetry. The output parameters that arise from electroweak symmetry breaking are
shown in table 1. In the figure we show the experimental value for the cross section with
a green one sigma band and the experimental value for the asymmetry with a cyan one
sigma band. As can be seen from the figure, for all of our curves there is a region that falls

,10,
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Figure 3. The ¢t production cross section as a function of the parton level forward-backward top
asymmetry for various values of the singlet vev vy, Scenarios A through D. The green band indicate
the combined uncertainty from the asymmetry measurements of CDF and D@ [1, 2], and the cyan
band the combined theoretical and experimental uncertainty on the value of the ¢ production cross
section given in equation (5.1) [38]. The value of A3y increases along the curves, from 0 (left) to
9.5 (right) for Ay3 close to zero.

Sc. A Sc. B Sc. C Sc. D

vy [GeV] 130 20 200 300
o4, Ol | —0.079,0.90 | 0.024, —0.89 | —0.12,0.90 | —0.18, 0.89
Of's, Of'y, | —0.091, 0.93 | —0.0007, 0.99 | 0.01, 0.97 0.10, 0.97
Ofg, Oy | —0.19,0.90 | —0.03,0.99 | —0.13, 0.95 | —0.095, 0.98

Table 1. Scalar mixing angles and vev in the singlet field direction.

within one standard deviation from both cross section and asymmetry. The black dotted
line corresponds to a value of vg = 120 GeV, us = 20 GeV and Ay = 190 GeV as well as
vanishing values of p and B,,, labeled scenario A in table 1. Scenario A is characterized
by a heavy scalar and pseudoscalar with masses around 200 GeV, a SM-like Higgs with
mass 124 GeV, one singlet-like scalar with mass 85 GeV and one singlet-like pseudoscalar
with a mass of 60 GeV. The mass splitting between the two singlet-like states is evident
from equation (2.10) and it is due to the fact that the ratio A3 /m? approaches unity. The
blue dotted line corresponds to a value of vg = 20 GeV, us = 20GeV and Ay = 470 GeV
as well as values for 1 and \/E of 180 and 500 GeV respectively, labeled scenario B in
table 1. Scenario B is characterized by a heavy scalar and pseudoscalar with masses around
800 GeV, a SM-like Higgs with mass 124 GeV, one singlet-like scalar and pseudoscalar with
masses close to ~ 100 GeV. The near mass degeneracy of the singlet-like states is apparent

— 11 —
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Figure 4. On the left plot the forward-backward top asymmetry at the parton level as a function of
A3y for scenarios A and B. The green bands indicate the combined uncertainty from the asymmetry
measurements of CDF and D@ [1, 2]. On the right, the ¢ production cross section as a function
of A3y for scenarios A and B. The green bands indicate the combined theoretical and experimental
uncertainty on the cross section [38].

from equation (2.10) given that the A3 /m? ratio has a more negligible contribution to the
masses. In figure 4 we plot the asymmetry as a function of A3y on the left, and the total
cross section as function of A3y on the right for scenarios A and B. The value of A3 is fixed
close to zero in order to remain consistent mainly with the constraint arising from the up
quark mass. In this figure, the impact that the lighter spectrum has on the cross section
becomes more evident and they become more dominant in scenario A for smaller values of
As1. From figures 3 and 4 one can also note the inflection point where the pure new physics
contributions to the cross section dominate over the interference terms in (3.8) and (3.9).
This transition from negative to positive contributions to the cross sections is more rapid
for smaller values of Ag; and larger values of v,, and it is also a consequence of the relatively
light spectrum. In scenarios C and D (red and orange in figure 3, respectively) the value
of vy is increased by increasing Ay to 310 and 470 GeV, respectively. The values of ;1 and
B, are fixed to zero. The light Higgs spectrum for these two scenarios remains identical
to that of scenario A, since the ratio of A%\ /m? remains close to unity. A large value of
vs thus requires a smaller value of Az to generate a significant contribution to the cross
section.

In the large ps limit, the singlet decouples from the theory and in the Higgs decoupling
limit the only light scalar is the SM-like Higgs. Furthermore, within this class of models
vs — 0 and the most dominant contribution to the cross section and asymmetry arises
from the coupling of the SM-like Higgs to the up and top quarks which is proportional to

(A13731>’U sin B

i Of's. (5.2)

The value of O{{S is very small since the SM-like Higgs has a very little singlet component,
hence the additional suppression. In the analysis, we fix the u parameter to be consistent
with searches of supersymmetric particles carried out by LEP [35]. Our main results are
shown in figure 5. On the left we have plotted the total tf cross section and on the right
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Figure 5. On the left plot the forward-backward top asymmetry at the parton level as a function
of A3y for the large us scenario. The orange line indicates a one o deviation from a combination
of the independent CDF and D@ asymmetry measurements [1, 2]. On the right, the ¢Z production
cross section as a function of Ag;. The green line corresponds to three o deviations away from the
experimental cross section [38].

the top forward-backward asymmetry as a function of the As; while fixing the value of
A13 = 12.5. For this figure we have chosen us = 1.5TeV, = 500GeV, Ay = —1TeV and
B, = (500 GeV)? which yield a value of v = 0.5GeV. We can see from the figure that
even for rather large values of both A3 and Aj3q, the interference contribution to the cross
section always dominates. This is due to the additional suppression in the coupling of the
SM-like Higgs to the up and top quarks, see equation (5.2). Furthermore, an asymmetry
above 13%, that is within one sigma of the experimental result, can only be obtained when
maximizing both A3 and As;. However, the corresponding cross section is close to being
outside the three sigma region. Models with large ps and with only a relatively light scalar
with SM-like couplings present a large amount of tension in the sense that in order to
minimize the negative interference contributions to the cross section, one must sacrifice
obtaining a large asymmetry.

6 Conclusions

We have incorporated dimension-five operators to the S-MSSM that couple first and third
generation quarks to scalars. We have studied their contributions to the ¢¢ production cross
section and the forward-backward asymmetry. We have studied the two limiting cases of
the S-MSSM that provide a natural solution to the Little Hierarchy and analyzed the effects
that the distinct spectra have on mediating the new contributions to the #f cross section
and asymmetry.

We found that in the small ps limit we are able to generate an inclusive asymmetry
consistent with the combined CDF and DO result [1, 2] for values of Ag; < 47 while being
consistent with the experimental ¢Z production cross section [38]. The relevant couplings in
the Lagrangian are O(1), and there exists regions where our effective theory approach still
holds. Of course a more careful analysis incorporating higher dimensional operators will
be interesting and it is left for future work. In essence this limiting case of the S-MSSM
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is consistent with what was found in an extension to the SM using light weak doublet
scalars [28]. The main difference is that our model is supersymmetric with an spectrum
fixed by the Higgs sector of the S-MSSM. In addition, flavor constraints mediated by
charged scalars are less stringent given that charged Higgses are decoupled in this kind of
models [3, 4].

In the large ps limit we found that in order to minimize the interference contributions
to the cross section, we had to sacrifice the production of a large asymmetry. The best case
scenario was when both A3 and A3y were rather large. This region of our model generates
a value of the cross section close to laying outside three sigma from the experimental value.
Furthermore in this region of parameter space, our couplings are too large that one is now
within a non-perturbative regime. Because of this and the tension that arises in generating
a large enough asymmetry while being consistent with experimental ¢t production cross
section, the case with large us is not as promising as a new physics scenario.

To conclude, we have shown that the S-MSSM with additional dimension-five opera-
tors coupling first and third generation of quarks to scalars provides an explanation for the
anomaly on the Tevatron inclusive forward-backward top asymmetry within a supersym-
metric scenario. We found that the small ug limit of the S-MSSM appears to be the most
promising.
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