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A more natural solution to the LHP

S-MSSM:

W = WY ukawa + (µ + λS)HuHd +
1
2
µsS

2
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At =
√

6mt̃

M1 =
1
6
mt̃

M2 =
1
3
mt̃

M3 = mt̃

Aλ = −mt̃

μs=2 TeV
μ=500 GeV
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Small µs limit:

Large µs limit:

In a nutshell...
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The Forward-Backward Top Asymmetry within the 
context of the S-MSSM

CDF and D0 have reported a new measurement 
of the inclusive forward-backward top 
asymmetry  

Att̄
FB = 0.158± 0.072± 0.017 (CDF with 5.3 fb−1),

Att̄
FB = 0.196± 0.060+0.018

−0.026 (DØ with 5.4 fb−1).
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The Forward-Backward Top Asymmetry within the 
context of the S-MSSM

CDF and D0 have reported a new measurement 
of the inclusive forward-backward top 
asymmetry  

Att̄
FB = 0.158± 0.072± 0.017 (CDF with 5.3 fb−1),

Att̄
FB = 0.196± 0.060+0.018

−0.026 (DØ with 5.4 fb−1).

The S-MSSM is extended by dimension-five 
operators in the superpotential in order to study 
their contributions to the asymmetry
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A simple extension is given by:

W = WS−MSSM +
Λij

M
ŜĤuû

c
i Q̂j −

Σij

M
ŜĤdd̂

c
i Q̂j .

• Allow for t-channel contributions to     scattering 
mediated by Higgs particles.
• Scale M dictates where these operators arise. 

qq̄
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A simple extension is given by:

W = WS−MSSM +
Λij

M
ŜĤuû

c
i Q̂j −

Σij

M
ŜĤdd̂

c
i Q̂j .

• Assume a fermion basis where SM up-type 
Yukawa couplings are diagonal.
• Consider

Λ =




0 0 Λ13

0 0 0
Λ31 0 0



 .

• We assume that          since compared to     
effects, corrections arising from    are 
suppressed.      

Σij ∼ 0 Λ

Σ
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For scalars/pseudoscalars, Lagrangian given by:

Lu,t ⊃
�

i

�
F

i

R,H
Hi − iF

i

R,A
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�
ūLtR +

�
F

i

L,H
Hi + iF

i

L,A
Ai

�
ūRtL + h.c.

where

Additionally, for charged scalars:

Ld,t ⊃ −
vs

M
Λ31 cos β d̄LtRH

− + h.c

F
i

R,(H,A) =
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(v sinβ O
(H,A)
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Asymmetry
Define the total NP contribution to the 
differential cross section by:

MNP

total = MNP + MSM LO, NP

INT

Then, the asymmetry can be defined by:

where

Atotal
FB = ANP

FB · R + ASM
FB · (1−R)

ANP
FB =

σNP
F − σNP

B

σNP
F + σNP

B

,

ASM
FB =

σSM
F − σSM

B

σSM
F + σSM

B

,

R =
σNP

total

σSM
total + σNP

total

.
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Constraints I

• u-t mass mixing:

M2
U =

� �
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t,0

�

Imposing that                  constrains the product 

• Meson-mixing  (           ):K0 − K̄0

1
32π2

�
TeV
mH±
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i

F (xi)
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V †Λ��2
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< 10−6

• New top decay channels:

Γ (t→ φiu) =
mt

32π

�
1−

m2
φi

m2
t

�2
�
F i2

L + F i2
R

�

Impose that                    

mu ≤ 3.1 MeV Λ13 · Λ31

Γtotal ≤ 7.6 GeV

Λ� =
vs

2M
Λ cos β
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Constraints II (Collider)

• Same sign-top production:
gtt ∝ (Λ13Λ31)

2

• Single-top production: Recent D0 measurement:
σ (pp̄→ tqb + X) = 2.90± 0.59 pb

g t

t

u Hi, Ai

(a)

g t

t

d H±

(b)

• Suppression of (b) by making either     or      small.
• Suppression of (a) a bit more trickier...

• Due to complexity of final states direct comparison with D0 
measurement difficult to make

Λ13 Λ31
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Figure 3: The tt̄ production cross section as a function of the parton level forward-backward top

asymmetry for various values of the singlet vev vs, Scenarios A through D. The green band indicate

the combined uncertainty from the asymmetry measurements of CDF and DØ [1,2], and the cyan

band the combined theoretical and experimental uncertainty on the value of the tt̄ production cross

section given in Equation (5.1) [33]. The value of Λ31 increases along the curves, from 0 (left) to

9.5 (right) for Λ13 close to zero.

within one standard deviation from both cross section and asymmetry. The black dotted

line corresponds to a value of vS = 120 GeV, µs = 20 GeV and Aλ = 190 GeV as well as

vanishing values of µ and Bµ, 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 A2
λ/m

2
A approaches unity.

The blue dotted line corresponds to a value of vS = 20 GeV, µs = 20 GeV and Aλ = 470

GeV as well as values for µ and
√

Bµ 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 pseu-

doscalar with masses close to ∼ 100 GeV. The near mass degeneracy of the singlet-like

states is apparent from Equation (2.10) given that the A2
λ/m

2
A ratio has a more negligible

contribution to the masses. In Figure 4 we plot the asymmetry as a function of Λ31 on the

left, and the total cross section as function of Λ31 on the right for scenarios A and B. The

value of Λ13 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

11

Small µs limit:

µs = 20 GeV and µ,Bµ = 0

except for small vs 
where 

For all curves 

µ,
�

Bµ = 180, 500 GeV
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Figure 4: On the left plot the forward-backward top asymmetry at the parton level as a function of

Λ31 for scenarios A and B. The green bands indicate the combined uncertainty from the asymmetry

measurements of CDF and DØ [1,2]. On the right, the tt̄ production cross section as a function of

Λ31 for scenarios A and B. The green bands indicate the combined theoretical and experimental

uncertainty on the cross section [33].

A for smaller values of Λ31. 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 interfer-

ence terms in (3.10) and (3.11). This transition from negative to positive contributions

to the cross sections is more rapid for smaller values of Λ31 and larger values of vs, 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 vs is increased by increasing Aλ to 310 and

470 GeV, respectively. The values of µ and Bµ are fixed to zero. The light Higgs spectrum

for these two scenarios remains identical to that of scenario A, since the ratio of A2
λ/m

2
A

remains close to unity. A large value of vs thus requires a smaller value of Λ31 to generate

a significant contribution to the cross section.

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

vs [GeV] 130 20 200 300

OH
2,S , O

H
2,Hu

−0.079, 0.90 0.024, −0.89 −0.12, 0.90 −0.18, 0.89

OH
1,S , O

H
1,Hu

−0.091, 0.93 −0.0007, 0.99 0.01, 0.97 0.10, 0.97

OA
1,S , O

A
1,Hu

−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.

In the large µs 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
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Figure 4: On the left plot the forward-backward top asymmetry at the parton level as a function of

Λ31 for scenarios A and B. The green bands indicate the combined uncertainty from the asymmetry

measurements of CDF and DØ [1,2]. On the right, the tt̄ production cross section as a function of

Λ31 for scenarios A and B. The green bands indicate the combined theoretical and experimental

uncertainty on the cross section [33].

A for smaller values of Λ31. 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 interfer-

ence terms in (3.10) and (3.11). This transition from negative to positive contributions

to the cross sections is more rapid for smaller values of Λ31 and larger values of vs, 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 vs is increased by increasing Aλ to 310 and

470 GeV, respectively. The values of µ and Bµ are fixed to zero. The light Higgs spectrum

for these two scenarios remains identical to that of scenario A, since the ratio of A2
λ/m

2
A

remains close to unity. A large value of vs thus requires a smaller value of Λ31 to generate

a significant contribution to the cross section.

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

vs [GeV] 130 20 200 300

OH
2,S , O

H
2,Hu

−0.079, 0.90 0.024, −0.89 −0.12, 0.90 −0.18, 0.89

OH
1,S , O

H
1,Hu

−0.091, 0.93 −0.0007, 0.99 0.01, 0.97 0.10, 0.97

OA
1,S , O

A
1,Hu

−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.

In the large µs 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

12

Small µs limit:

µs = 20 GeV and µ,Bµ = 0

except for small vs 
where µ,

�
Bµ = 0, 500 GeV

For all curves 
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Large µs limit:
Singlet decouples and only light scalar is SM-like Higgs. 
Coupling to up and top quarks proportional to

(Λ13,31) v sinβ

M
O

H

1,S
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Figure 5: On the left plot the forward-backward top asymmetry at the parton level as a function

of Λ31 for the large µs scenario. The orange line indicates a one σ deviation from a combination

of the independent CDF and DØ asymmetry measurements [1,2]. On the right, the tt̄ production

cross section as a function of Λ31. The green line corresponds to three σ deviations away from the

experimental cross section [33].

from the coupling of the SM-like Higgs to the up and top quarks which is proportional to

(Λ13,31) v sin β

M
OH

1,S . (5.2)

The value of OH
1,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 µ parameter to be consistent

with searches of supersymmetric particles carried out by LEP [30]. Our main results are

shown in Figure 5. On the left we have plotted the total tt̄ cross section and on the right

the top forward-backward asymmetry as a function of the Λ31 while fixing the value of

Λ13 = 12.5. For this figure we have chosen µs = 1.5 TeV, µ = 500 GeV, Aλ = −1 TeV and

Bµ = (500 GeV)2 which yield a value of vs = 0.5 GeV. We can see from the figure that

even for rather large values of both Λ13 and Λ31, 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 Λ13 and Λ31. However, the corresponding cross section is close to

being outside the three sigma region. Models with large µs 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.

13

-15 -10 -5 0 5 10 15
!

31

0.09

0.1

0.11

0.12

0.13

0.14

0.15

A
FB

-15 -10 -5 0 5 10 15
!

31

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

6

"
 (p

p 
#

 tt
) (

pb
)

Figure 5: On the left plot the forward-backward top asymmetry at the parton level as a function

of Λ31 for the large µs scenario. The orange line indicates a one σ deviation from a combination

of the independent CDF and DØ asymmetry measurements [1,2]. On the right, the tt̄ production

cross section as a function of Λ31. The green line corresponds to three σ deviations away from the

experimental cross section [33].

from the coupling of the SM-like Higgs to the up and top quarks which is proportional to

(Λ13,31) v sin β

M
OH

1,S . (5.2)

The value of OH
1,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 µ parameter to be consistent

with searches of supersymmetric particles carried out by LEP [30]. Our main results are

shown in Figure 5. On the left we have plotted the total tt̄ cross section and on the right

the top forward-backward asymmetry as a function of the Λ31 while fixing the value of

Λ13 = 12.5. For this figure we have chosen µs = 1.5 TeV, µ = 500 GeV, Aλ = −1 TeV and

Bµ = (500 GeV)2 which yield a value of vs = 0.5 GeV. We can see from the figure that

even for rather large values of both Λ13 and Λ31, 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 Λ13 and Λ31. However, the corresponding cross section is close to

being outside the three sigma region. Models with large µs 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.

13

µs = 1.5 TeV, µ = 500 GeV, Aλ = −1. TeV and
�

Bµ = 500 GeV

Large tension between minimizing negative interference contributions to the 
cross section and obtaining a large asymmetry
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Conclusions:

• S-MSSM provides a natural solution to the LHP.
•  Can be extended to address recent results from 
Colliders.

• In this work we address the large forward-
backward top asymmetry reported by CDF and D0.
• Small µs more promising with   couplings below      
and regions where effective approach holds. 
• Large µs, needs both          . Constraints can be 
easily satisfied since vs is small. But... Cross section 
too small

Λ 4π

Λ13,Λ31
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