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Abstract

In this study we investigate the phenomenological viability of the Y = 0 Triplet Extended Supersymmetric Standard

Model (TESSM) by comparing its predictions with the current Higgs data from ATLAS, CMS, and Tevatron, as well

as the measured value of the Bs → Xsγ branching ratio. We scan numerically the parameter space for data points

generating the measured particle mass spectrum and also satisfying current direct search constraints on new particles.

We require all the couplings to be perturbative up to the scale ΛUV = 104 TeV, by running them with newly calculated

two loop beta functions, and find that TESSM retains perturbativity as long as λ, the triplet coupling to the two Higgs

doublets, is smaller than 1.34 in absolute value. For |λ| ∼> 0.8 we show that the fine-tuning associated to each viable

data point can be greatly reduced as compared to values attainable in MSSM. Finally, we perform a fit by taking into

account 58 Higgs physics observables along with Br(Bs → Xsγ), for which we calculate the NLO prediction within

TESSM. We find that, although naturality prefers a large |λ|, the experimental data disfavors it compared to the small

|λ| region, because of the low energy observable Br(Bs → Xsγ).
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1. Introduction

Supersymmetric models remain among the best moti-

vated extensions of the SM. In Minimal Supersymmet-

ric Standard Model (MSSM) the desired Higgs mass can

be achieved with the help of radiative corrections for a

large mixing parameter, At, which in turn generates a

large splitting between the two physical stops [1], and/or

large stop soft squared masses. It was shown in [2] that

MSSM parameter regions allowed by the experimental

data require tuning smaller than 1%, depending on the

definition of fine-tuning. Such a serious fine-tuning can

be alleviated by having additional tree-level contribu-

tions to the Higgs mass, given that in MSSM the tree-

level lightest Higgs is restricted to be lighter than mZ , so
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that sizable quantum corrections are no longer required.

In order to have additional contributions to the tree-level

lightest Higgs mass, one can extend the MSSM field

content by adding a triplet [3, 4, 5, 6, 7, 8, 9, 10] chi-

ral superfield.

In light of fine-tuning considerations, here we con-

sider the Triplet Extended Supersymmetric Standard

Model (TESSM)[3, 4]. The model we consider here

possesses a Y = 0 SU(2) triplet chiral superfield along

with the MSSM field content, where the extended Higgs

sector generates additional tree-level contributions to

the light Higgs mass and moreover may enhance the

light Higgs decay rate to diphoton [5, 7, 8, 9].

To assess the viability of TESSM for the current ex-

perimental data, we perform a goodness of fit analysis,

by using the results from ATLAS, CMS, and Tevatron

on Higgs decays to ZZ,WW, γγ, ττ, bb̄, as well as the

measured Bs → Xsγ branching ratio, for a total of 59

observables.
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2. The Model

The field content of TESSM is the same as that of the

MSSM with an additional field in the adjoint of SU(2)L,

the triplet chiral superfield T̂ , with zero hypercharge

(Y = 0), where the scalar component T can be written

as

T =

⎛

⎜

⎜

⎜

⎜

⎜

⎝

1√
2
T 0 T+

T− − 1√
2
T 0

⎞

⎟

⎟

⎟

⎟

⎟

⎠

. (1)

The renormalizable superpontential of TESSM includes

only two extra terms as compared to MSSM, given that

the cubic triplet term is zero:

WTESSM = μT Tr(T̂ T̂ ) + μDĤd ·Ĥu + λĤd ·T̂ Ĥu +

ytÛĤu ·Q̂ − ybD̂Ĥd ·Q̂ − yτÊĤd ·L̂,(2)

where ”·” represents a contraction with the Levi-Civita

symbol ǫi j, with ǫ12 = −1, and a hatted letter denotes the

corresponding superfield. The soft terms correspond-

ing to the superpotential above and the additional soft

masses can be written similarly1 as

VS =
[

μT BT Tr(TT ) + μDBDHd ·Hu + λAT Hd ·T Hu

+ ytAt t̃
∗
RHu ·Q̃L + h.c.

]

+ m2
T Tr(T †T )

+ m2
Hu
|Hu|2 + m2

Hd
|Hd |2 + . . . . (3)

In the following we assume all the coefficients in the

Higgs sector to be real, as to conserve CP symmetry. We

moreover choose real vevs for the scalar neutral compo-

nents, so as to break correctly EW symmetry SU(2)L×
U(1)Y :

〈T 0〉 = vT√
2
, 〈H0

u〉 =
vu√

2
, 〈H0

d〉 =
vd√

2
, (4)

which generate a tree-level contribution to the EW T

parameter [11, 12]:

αeT =
δm2

W

m2
W

=
4v2

T

v2
, v2 = v2

u + v2
d (5)

with αe being the fine structure constant. The measured

value of the Fermi coupling GF and the upper bound on

the EW parameter T (αeT ≤ 0.2 at 95% CL) [13] then

impose

v2
w = v2 + 4v2

T = (246 GeV)2 , vT ∼< 5 GeV . (6)

Throughout this paper we simply take a small but non-

zero fixed value for vT :

vT = 3
√

2 GeV . (7)

1We use the common notation using a tilde to denote the scalar

components of superfields having a SM fermion component.

3. Higgs Mass & Direct Search Constraints

After EW symmetry breaking, the stability conditions

for the full potential are defined by

∂ai
V |vev = 0 , 〈ai〉 = vi , i = u, d, T , (8)

The conditions above allow one to determine

m2
Hu
,m2

Hd
,m2

T
of the Lagrangian free parameters.

In the limit of large B2
D

, which favours EW symmetry

breaking [10], one can derive an important bound on

the mass of the lightest neutral Higgs [3, 4]

m2
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1

≤ m2
Z

⎛

⎜

⎜

⎜

⎜

⎝

cos 2β +
λ2

g2
Y
+ g2

L

sin 2β

⎞

⎟

⎟

⎟

⎟

⎠

, tan β =
vu

vd

. (9)

The result in Eq. (9) shows the main advantage and

motivation of TESSM over MSSM: for tan β close to

one and a large λ coupling it is in principle possible in

TESSM to generate the experimentally measured light

Higgs mass already at tree-level [5], which would imply

no or negligible Fine-Tuning (FT) of the model.

3.1. One Loop Potential

The one loop contribution to the scalar masses is ob-

tained from the Coleman-Weinberg potential [14], given

by

VCW =
1

64π2
STr

[

M4

(

log
M2

μ2
r

− 3

2

)]

, (10)

where M2 are field-dependent mass matrices in which

the fields are not replaced with their vevs nor the soft

masses with their expressions at the EW vacuum, μr is

the renormalization scale, and the supertrace includes a

factor of (−1)2J(2J + 1), with the spin degrees of free-

dom appropriately summed over. The corresponding

one loop contribution to the neutral scalar mass matrix,

ΔM2
h0 , is given by [5]

(ΔM2
h0 )i j =

∂2VCW(a)

∂ai∂a j

∣

∣
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, i, j = u, d, T ;

(11)

where the second term in Eq. (11) takes into account the

shift in the minimization conditions, and ai represent the

real components of the scalar fields.

To evaluate the phenomenological viability of

TESSM we proceed by scanning randomly the parame-

ter space for points that give the correct light Higgs mass

while satisfying the constraints from direct searches of

non-SM particles. The region of parameter space that
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we scan is defined by:

1 ≤ tβ ≤ 10 , 5 GeV ≤ |μD, μT | ≤ 2 TeV,

50 GeV ≤ |M1,M2| ≤ 1 TeV , |At, AT , BD, BT | ≤ 2 TeV,

500 GeV ≤ mQ,mt̃,mb̃ ≤ 2 TeV , (12)

with the last three parameters being, respectively, the

left- and right-handed squark squared soft masses. The

value of λ at each random point in the parameter space

is determined by matching the lightest Higgs mass at

one loop to 125.5 GeV. Having implemented the setup

outlined above, we scan randomly the parameter space

defined in Eq. (12) and collect 13347 points that satisfy

the constraints

mh0
1
= 125.5 ± 0.1 GeV ; mA1,2

, mχ0
1,2,3,4,5

≥ 65 GeV ;

mh0
1,2
,mh±

1,2,3
,mχ±

1,2,3
≥ 100 GeV ; mt̃1,2 ,mb̃1,2

≥ 650 GeV .

(13)

4. Perturbativity vs Fine-Tuning

We use the two loop beta functions for the dimension-

less couplings of the superpotential and the gauge cou-

plings [10], and run each coupling from the renormal-

ization scale μr = mZ to the GUT scale, ΛGUT = 2×1016

GeV. Among the 13347 viable points collected with the

random scan described in the previous section, only

7332, or about half, retain perturbativity at the GUT

scale. Among these points, the maximum value of |λ|
is 0.85 (0.84 at one loop).

A simple estimate of FT in supersymmetry (SUSY)

is given by the logarithmic derivative of the EW vev vw

with respect to the logarithm of a given model parameter

μp [15, 16]: this represents the change of vw for a 100%

change in the given parameter, as defined below:

FT ≡ ∂ log v2
w

∂ log μ2
p (Λ)

, βμ2
p
= 16π2

dμ2
p

dlogQ
,

μ2
p (Λ) = μ2

p (MZ) +
βμ2

p

16π2
log

(

Λ

MZ

)

, (14)

where in parenthesis is the renormalisation scale of μp.

In MSSM vw shows its strongest dependence on m2
Hu

,

which therefore produces also the largest value of FT:

this is understandable given that the physical light Higgs

is mostly of up type. The value of FT in m2
Hu

, which we

calculate by deriving the one loop beta function of m2
Hu

,

indeed happens to be largest in TESSM as well:

FT =
log (Λ/MZ)

16π∂v2
w
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Hu

[
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(15)

In Fig. 1 we present the value of FT evaluated at ΛGUT,

where in blue are the perturbative points, in yellow are

102 points that are non-perturbative only at one loop,

while in red are the nonperturbative points: it is clear

that while values of λ(MZ) ∼ 1 indeed produce smaller

FT, these large values also drive TESSM into a non-

perturbative regime.

Figure 1: FT as a function of the triplet coupling λ: in (red) blue

are the (non-perturbative) perturbative points, for which (some) no

coupling exceeds 2π at ΛGUT = 2×1016 GeV. In yellow are the points

which are perturbative for the two loop but not for the one loop beta

functions.

Taking a cutoff scale as high as the GUT scale,

though, is less justifiable for TESSM than for MSSM,

given that the triplet in the particle content spoils the

unification of the gauge couplings at ΛGUT. In the fol-

lowing analysis we choose a less restrictive cutoff scale,

ΛUV = 104 TeV, which is approximately the highest

scale tested experimentally through flavor observables

[13]. Among the 13347 scanned viable data points,

11244 retain perturbativity at ΛUV, featuring |λ| ≤ 1.34.

In Fig. 2 we plot the FT associated to each of these vi-

able points in function of tan β, with a colour code show-

ing the corresponding value of |λ|. Values of tan β close

to 1 can be reached only for large values of |λ| (greater

than about 0.8) where the corresponding FT can be con-

siderably smaller than for small values of |λ|, naively

associated to MSSM-like phenomenology.

In Fig. 3, FT is plotted both as a function of the heav-

ier stop mass and of At: the viable region of small |At |
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Figure 2: FT as a function of tan β: the region of small tan β and small

FT is accessible only for values of λ > 0.8.

and small FT, like that of small tan β, is accessible only

for large values of |λ|, greater than about 0.8, where mt̃2

could be large.

Figure 3: FT as a function, respectively, of the heavier stop mass mt̃2

(top panel) and the cubic stop coupling At (bottom panel).

5. Higgs Physics at LHC

The light Higgs linear coupling terms that mimic the

TESSM contributions to Higgs physics at LHC can be

written as

Leff = aW

2m2
W

vw

hW+μW−μ + aZ

m2
Z

vw

hZμZ
μ (16)

−
∑

ψ=t,b,τ

aψ
mψ

vw

hψ̄ψ − aΣ
2m2
Σ

vw

hΣ∗Σ − aS

2m2
S

vw

hS +S −.

The production cross sections and decay rates for tree-

level processes in TESSM are straightforwardly de-

rived by rescaling the corresponding SM result with the

squared coupling coefficient of the final particles being

produced. For loop induced processes the calculation is

more involved. By using the formulas given in [17] we

can write

Γh→γγ =
α2

em3
h

256π3v2
w

∣

∣

∣

∣

∣

∣

∣

∑

i

Nie
2
i aiFi

∣

∣

∣

∣

∣

∣

∣

2

, (17)

where the index i is summed over the SM charged parti-

cles plus S ±, Ni is the number of colours, ei the electric

charge in units of the electron charge, and the factors Fi

are defined in [17]. We account for the contribution to

Higgs decays to diphoton of the charged non-SM parti-

cles in TESSM by defining

aS ≡ −3

⎡

⎢

⎢

⎢

⎢

⎢

⎢

⎣

3
∑

i
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Fh±
i
+ Fχ±

i

)

+

2
∑

j

(

4

3
Ft̃ j
+

1

3
Fb̃ j

)

⎤

⎥

⎥

⎥

⎥

⎥

⎥



. (18)

Similarly to aS for the two photon decay, aΣ accounts

for the contribution on non-SM particles to the light

Higgs decay rate to two gluons, and is defined by

aΣ ≡ −3

2
∑

j=1

(

Ft̃ j
+ Fb̃ j

)

. (19)

We furthermore impose the most stringent limit on the

mass of a heavy SM-like Higgs, mh0 > 770 GeV, from

the gluon-gluon fusion Higgs production, subsequently

decaying to ZZ [18]. We find this experimental con-

straint to hold for 10957 out of the 11244 viable data

points that already satisfy perturbativity constraints. In

Fig. 4 we show the value of the Higgs decay rate to

diphoton for TESSM relative to the SM one, as a func-

tion of sign (μD) × M2, the soft wino mass parameter

times the sign of the superpotential doublet mass pa-

rameter. The colour code, given in Fig. 2, shows the |λ|
value corresponding to the plotted data point.

6. Br(Bs → Xsγ) in TESSM

It has been pointed out in Ref. [19] that the branch-

ing ratio of the flavour changing decay Bs → Xsγ plays
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Figure 4: Higgs decay rate to diphoton of the TESSM relative to the

SM as a function, respectively, of sign(μD) × M2.

Figure 5: The values of Br(Bs → Xsγ) for the allowed data points as

a function of tan β. The yellow band represents the viable region at

2σ CL around the experimental value of Br(Bs → Xsγ).

a very important role in constraining the viable param-

eter space of MSSM especially for low tan β. For the

numerical analysis we calculate [20, 21, 22], at the next

to leading order (NLO) and within TESSM, the values

of Br(Bs → Xsγ) corresponding to each of the scanned

10957 viable data points.

We illustrate the tan β dependence of Br(Bs → Xsγ),

plotted in Fig. 5. For values of tan β close to 10, cor-

responding to small values of λ, about half of the data

points feature a Br(Bs → Xsγ) prediction within ±2σ

of the experimental value. For low tan β values, cor-

responding to large λ, the Br(Bs → Xsγ) values as-

sociated to the viable data points sit mostly below the

lower 2σ bound, and for no point the prediction actu-

ally matches the experimental value.

7. Goodness of Fit to LHC Data & Conclusions

To determine the experimentally favored values of the

free parameters aW , aZ , au, ad, aS , aΣ, we minimize the

quantity

χ2 =
∑

i

⎛

⎜

⎜

⎜

⎜

⎝

Oexp

i
− Oth

i

σ
exp

i

⎞

⎟

⎟

⎟

⎟

⎠

2

, (20)

where σ
exp

i
represent the experimental uncertainty,

while the observables Oexp

i
correspond to the signal

strengths for Higgs decays to ZZ, W+W−, τ+τ−, bb̄,

as well as all the topologies of decays to γγ, respec-

tively measured by ATLAS [23, 24, 25, 26, 27] and

CMS [28, 29, 30, 31], and by Tevatron for decays to

W+W− and bb̄ [32].

In calculating χ2 for the TESSM viable data points

we include also the Br(Bs → Xsγ) observable. Assum-

ing a total of four free parameters (a f , aS , aΣ, plus one

more to fit Br(Bs → Xsγ)), the viable data point featur-

ing minimum χ2 has

χ2
min/d.o. f . = 1.01 , d.o. f . = 55 , p

(

χ2 > χ2
min

)

= 46% .

(21)

This result should be compared with the SM one for the

same set of observables:

χ2
min/d.o. f . = 0.99 , d.o. f . = 59 , p

(

χ2 > χ2
min

)

= 50% .

(22)

We notice that the goodness of fit of TESSM is compa-

rable, although smaller, to that of the SM. It is important

to realize, however, that the quoted p values are only in-

dicative of the viability of TESSM and SM relative to

one another. In Fig. 6 we plot the 68%, 95%, 99% CL

viable regions (respectively in green, blue, and yellow)

on the plane aS − a f intersecting the optimal point (blue

star). On the same plane we plot also the values of au

(gray dots) and ad (black dots) along the a f dimension.

In Figs. 7 we plot the 68%, 95%, 99% CL viable re-

gions (respectively in green, blue, and yellow) on the

plane aS − aΣ intersecting the optimal point (blue star),

together with the corresponding coupling coefficients

values for each viable data point (black). No viable data

point matches the optimal values, as the bulk of data

points deviates from it about 1σ along the aS axis.

Finally, in Fig. 8 we plot the FT for each data point,

with the colour code of the absolute value of λ defined

in Fig. 2, as a function of its χ2 value, which includes

the contribution of Br(Bs → Xsγ) defined in Eq. (20).

As we can see from Fig. 5, small |λ| values more likely

satisfy the Br(Bs → Xsγ) experimental bound. It is

important to notice that large absolute values of λ are

not able to improve the fit to current Higgs physics data
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Figure 6: Viable regions at the 68%, 95%, 99% CL in the coupling

coefficients aS , a f plane passing through the optimal point (blue star),

together with the values of au (grey) and ad (black) associated with

each viable point.

enough to compensate for the bad fit to Br(Bs → Xsγ).

In a scenario, instead, in which both ATLAS and CMS

find a large enhancement with small uncertainty in the

next LHC run, the TESSM would achieve a goodness of

fit comparable to that of MSSM, with possibly a consid-

erably smaller amount of FT.
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