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Abstract: Recently a Higgs like particle is reported to be discovered at CMS and ATLAS experiments at CERN LHC with a
mass of about 125 GeV. The aim of this paper is to study the theoretical upper bound of lightest CP even Higgs mass in
MSSM, NMSSM and ESSM. Although at this moment it is not possible to conclude whether the observed Higgs like particle is
Standard Model Higgs or Supersymmetric one, yet the present paper comes to the conclusion that it is possible to
accommodate ~125 GeV Higgs mass within MSSM, NMSSM and ESSM.
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1. Introduction

The main reason for introducing low energy
supersymmetric theories in particle physics was, in fact, their
ability to solve the naturalness and hierarchy problems [1].
Supersymmetry prevents the Higgs boson mass from
acquiring very large radiative corrections: the quadratic
divergent loop contributions of the SM [2] particles to the
Higgs mass squared are exactly cancelled by the
corresponding loop contributions of their supersymmetric
partners. This cancellation stabilizes the huge hierarchy
between the GUT and electroweak scale and no extreme fine-
tuning is required. In MSSM [3, 4, 5] every quark, lepton and
gauge boson has a supersymmetric partner associated with it.
MSSM requires two CP conserving Higgs doublets with
opposite hypercharge so as to give masses to up-type and
down-type fermions, by keeping consistency with
supersymmetry and by avoiding gauge anomalies due to the
fermionic super partners of the Higgs bosons. Recently a
Higgs like particle is reported to be discovered at CMS and
ATLAS experiments at CERN LHC with a mass of ~ 125
GeV. In the Standard Model, the Higgs boson mass is usually
considered as an adjustable parameter because the quartic
coupling of the Higgs potential is arbitrary. In the MSSM, an
intrinsic upper bound on the lightest Higgs boson mass is
obtained from the quartic Higgs couplings which is no longer
arbitrary but is constrained by SUSY. But MSSM contains a
p-parameter in the superpotential where p is a dimensionful

parameter. It enters the Higgs potential with the soft scalar
masses to determine the vacuum expectation value of the
Higgs fields. This parameter has to be adjusted by hand to a
value at the electroweak scale, in order to provide the correct
pattern of electroweak symmetry breaking. This is a problem
of the model and is called p-problem [6]. In the NMSSM [7,
8, 9, 10] an additional gauge singlet S is introduced which
generates the p-term dynamically. In order to avoid a low
energy global U(1) symmetry, the superpotential is also
supplemented by a trilinear term S§3. However the super
potential of the NMSSM remains invariant under a discrete
Z4 symmetry which, when broken at the weak scale, leads to
the formation of domain walls in the early universe, which
are inconsistent with modern cosmology. In an attempt to
break the Z; symmetry, operators suppressed by powers of
the Plank scale could be introduced. But these give rise to
quadratically divergent tadpole contributions which would
destabilize the mass hierarchy. The Exceptional
Supersymmetric Standard Model (ESSM) [11, 12] is an E,
inspired Supersymmetric model with an extra U(1), gauge
symmetry which solves the p problem of the MSSM in a
similar way to the NMSSM, but without the accompanying
problems of singlet tadpoles or domain walls.

2. Upper Bound on the Lightest CP even
Higgs Mass in the MSSM

The MSSM contains two Higgs doublets which give eight



2 Partha Pratim Pal: The Upper Bound on the Lightest CP Even Higgs Mass in the Minimal Supersymmetric Standard Model (MSSM),
Next - to - Minimal Supersymmetric Standard Model (NMSSM) and Exceptional Supersymmetric Standard Model (ESSM)

independent states. After three of them are used to give
longitudinal components of the W and Z bosons, we have
five physical states: two neutral scalars h° and H®, a
pseudoscalar A%, and a pair of charged Higgs scalars HE. At
the tree level their masses and couplings are determined by

only two parameters — the ratio of the two vacuum
expectation values tanf and the mass of the CP-odd Higgs
boson usually taken to be m,. The lightest CP-even Higgs
mass is given by [13]:

ME =~ (MZ + M} + &) 1—J1—

The neutral scalar gets a large radiative correction from the
top quark loop along with the top squark (stop) loop. To a
approximation this contribution is given by

2
g = 300mE (M_) 2)
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Plus an additional contribution from the f;  mixing, given
by
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The trilinear SUSY breaking parameter A, is given by
L
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where t = Inf, C; = (;,2,8); 1 = Y,2L,3C; p, > m,
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WU = 1/mt MSUSY = 418.33; mt- = 175 GeV,MSUSY
= 1000 GeV,M; = 1000 GeV, M,,
=80 GeV,M; =91GeV and g = 0.65

Using equation (1) the variation of lightest Higgs boson
mass M, is studied with systematic variation of tanf and
My for three different values
of m;(=172,175and 180 GeV') . The mass of M,
increases with increase of My, until at about 300 GeV for
M,, a maximum value of M, is reached for each value of
tanf. Beyond M, = 300 GeV, M,, is almost independent of
M,. For large values of the pseudoscalar Higgs boson mass,
M, > M,, the lightest Higgs boson mass M, reaches its
maximum for a given value of tanf. I have also studied the
variation of M, with m, as m, varies from 172 GeV to 180
GeV. It is found that the value of M, increases with the

4{M% M%cos22p+¢&/ (M3 Sin%B+M%cos2B)}
(M3+ME+e/)?
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increase of m,. The value of M, for m, = 180 GeV gives
the maximum value of M, which is ~ 135 GeV. This is
interesting because MSSM gives the upper bound on the
lightest Higgs boson mass as M;, < 135 GeV/.

3. Upper Bound on the Lightest CP- even
Higgs Mass in the NMSSM

The Higgs fields of the NMSSM consists of the usual two
Higgs doublets as in the MSSM together with an extra Higgs

singlet,
H+ 0
Hy, = (HI(L)>.H¢1 = (Zg).s
u

The extra singlet is allowed to couple only to the Higgs
doublets of the model, and consequently the couplings of the
new fields to gauge bosons will only be manifested via their
mixing with the other Higgs fields.

The tree-level Higgs potential is composed of three parts
[10],

V=Vp+Vp+ Vsore (5)
with

Ve = [AS1? (Hy|? + [Hg|?) + |AH,Hy + KS* |? (6)
2, /2 1
Vp =22 (IHyl? = [H, 2 +3 g2 IHiHgl?) ()
Vsope = miy, |Hyl? + mfy, |Hg|?* +m§ |S|* +
14,8 H, Hy + 2 KA.S® + h.c. (8)

Where g and g/ being the gauge couplings of SU(2), and
U(1) interactions respectively. The Higgs potential contains
seven parameters: A and K from the superpotential and
Ak, Ay, my,,my, and mg from the soft supersymmetry
breaking terms.

In the NMSSM seven Higgs bosons are created: 3 CP-even
(HY, H?, HY), two CP-odd (49, A9) and two charged (H¥).

The tree level lightest CP-even Higgs mass in NMSSM is
given by [10].



International Journal of High Energy Physics 2016; 3(1): 1-4 3

2
M3, = %{M% + %Kvs (4Kvs +V2 Ag) — \/[Mg - %Kvs (4Kvs + \/Z_AK)] + cot2Bg[2A2v2 — Mjsinzz/g]z} 9)

vs

where v = o7 + 2 = 246 GeV, tanf = tanfis =7

v
and negative value for Ay being preferred.
The upper bound of the lightest CP-even Higgs mass
comes out to be ~140 GeV. It is reached for

tanp~2.2,A~0.677,k~0.068,v; = 15 v, M, = 1000 GeV, m,
= 175 GeV, u~545 GeV, A ;~1365 GeV and Ax~10 GeV.

4. Upper Bound on the Lightest CP- even
Higgs Mass in the ESSM

The Exceptional Supersymmetric Standard Model (ESSM)
represents a low energy alternative to the MSSM or NMSSM
and provides a solution to the p problem without domain wall
problem. ESSM involves the low energy matter content of
three 27 representations of E,;, which is broken at the GUT
scale, and allows gauge coupling unification due to an
additional pair of Higgs-like doublets. The ESSM predicts a Z/
boson and exotic quarks which, if light enough, will provide
spectacular new physics signals at the LHC. Within the Eg
inspired supersymmetric standard model there is a unique
choice of Abelian gauge group, referred to as U(1),, which
allows zero charges for right-handed neutrinos. This choice of
U(1)y allows large right-handed neutrino Majorana masses
and hence a high scale see-saw mechanism. A rich spectrum of
new states at the TeV scale is predicted by E,SSM
corresponding the matter content of three 27 component
families. Since each 27 includes a pair of Higgs doublets plus a
SM singlet, the E;SSM predicts a total three families of Higgs
doublets and three families of Higgs singlets. The two Higgs
doublets familiar from the MSSM are denoted as H; and H,,,
while the two further replicas of these Higgs doublets
predicted by the E¢SSM are denoted as H{, H} and HY, HY .
Each 27 representation also contains a separate SM singlet.
There is the singlet S whose VEV yields an effective p term,
plus two further copies of this singlet, S; and S,.

E,SSM Higgs fields develop the VEVs (Hg) = %, (H,) =
= and (s) = 7, thus breaking the SU(2),,XU(1)yXU(1)y
symmetry to U(1)gy . After Electro-Weak symmetry
breaking two CP-odd and two charged Goldstone models in
the Higgs sector are absorbed by the Z,Z/ and W gauge
bosons so that only six physical degrees of freedom are left.
They form one CP-odd, two charged and three CP-even
Higgs states.

The tree-level upper bound on the lightest CP-even Higgs
boson is given by,

2 2
m2, < = v2Sin?2 + ME Cos?2 + "2 (1+7 Cos2f)? (10)
From equation (10) it is clear that, at tree level the

theoretical upper bound on the lightest Higgs mass in the
ESSM depends on A and tanf only. The requirement of validity

of perturbation theory up to the Grand Unification Scale
constrains the interval of variations of the Yukawa coupling A
for each value of tanf. The resulting tree-level upper bound on
the mass of the lightest Higgs particle in the ESSM attains a
maximum value of 130 GeV at tanf3 = 1.5 — 1.8.

5. Discussions and Conclusions

The theoretical upper bound on the lightest CP even Higgs
mass in the MSSM, NMSSM, and ESSM comes out to be
~135 GeV, ~140 GeV and 130 GeV respectively. Recently
~125 GeV Higgs like particle has been discovered at CMS
and ATLAS experiments at CERN. In this context a very
important question arises: Is the scalar Higgs boson observed
at the LHC, a supersymmetric Higgs boson or a Standard
Model one? The present paper throws light on the fact that it
is possible to accommodate ~125 GeV Higgs mass within
MSSM, NMSSM, and ESSM. The problem of resolving the
issue of newly discovered boson may be understood through
independent discovery, with caution in accepting new ideas
and after critical enquiry into the evidence of discovery of the
Higgs boson.
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