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ABSTRACT: We propose an economic extension of minimal supersymmetric standard model
with a SU(2) singlet and Y = 0 triplet, which can explain (i) the 125 GeV Higgs boson
without fine tuning, (ii) the 130 GeV y-ray line seen at Fermi-LAT, (as well as a second
photon line at 114 GeV)(iii) an enhanced Higgs di-photon decay rate seen by ATLAS, while
being consistent with dark matter relic density and recent XENON 100 exclusion limits
on spin-independent direct detection cross-section. We obtain the required cross-section of
1072"em3s™! for the 130 GeV 4-ray flux through the resonant annihilation of dark matter
via pseudoscalar triplet Higgs of mass ~260 GeV. The dark matter is predominantly bino-
higgsino which has large couplings with photons (through higgsino) and gives correct relic
density (through bino). We get the enhanced Higgs diphoton decay rate, R, ~ 1.224
dominantly contributed by the light chargino-loops, which can account for the reported
excess seen in the h — v channel by ATLAS.
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1 Introduction

It is well-known that SUSY is the simplest model from protecting the Higgs mass from
large radiative corrections without fine tuning. In the minimal supersymmetric standard
model (MSSM) [1-10], the Higgs mass is close to the Z-boson mass at the tree level, which
demands a large radiative correction to raise the Higgs mass to 125-126 GeV seen at the
LHC [11, 12]. This in turn pushes the squark masses in the TeV range and hence the
mixing in the top-stop sector becomes significant. This raises issues about fine tuning —
which is somewhat solved by the so-called Next-to-minimal supersymmetric standard model
(NMSSM) by adding a singlet chiral superfield to MSSM [13-21]. But to achieve a tree
level Higgs mass close to 125 GeV, we need a large A\SH,.H, coupling which borders in the
nonperturbative regime of A [22]. Another popular extension is the triplet-extended MSSM
models with a Y = 0, SU(2) triplet superfield [23-25], where the tree level contribution
to the Higgs mass comes from the A\oHy.TyH, term. But, [25] shows that the tree-level
Higgs mass can be raised atmost to 113 GeV, which would still require substantial loop
corrections from stops. Other possibilities include models with two real triplets (Y = £1)
and one singlet [26] — studied with a motivation to solve the p-problem as well as to obtain
a large correction to the lightest Higgs mass. But, the analysis of the fermionic sector as
well as the dark matter of this model is cumbersome. Recently, in [27], it was shown by
adding a hypercharge Y = 0, SU(2)-triplet and a singlet chiral superfield there is an extra
tree-level contribution to the Higgs mass and it can be raised close to 125 GeV at the tree
level. Hence, no large contributions from stop loops is needed to get the required Higgs
mass which alleviates the fine tuning problem of fixing the stop mass to a high precision
at the GUT scale. Therefore a significant improvement of the fine tuning is achieved with
respect to MSSM, NMSSM and other triplet-SUSY models. In addition, the model contains
a dark matter (DM) candidate of mass O(100) GeV, with a correct relic abundance.
Recently it has been pointed out [28-31] that the analysis of the Fermi-LAT gamma-
ray data [32] reveals the existence of a peak at around 130 GeV coming from the vicinity
of the galactic center. Further, it shows that the interpretation of the gamma ray peak



as due to DM annihilation with mass 129.8 + 2.4ﬂ3 GeV and annihilation cross-section
(00)y = (1.2740.327028) x 10727 em3sec™ fits the signal well. Numerous studies have been
made to accommodate this feature in terms of DM annhilation in both model-independent
way [33] and in specifically Standard Model (SM) extended by singlets and triplet [34—
36]. After the discovery of the Higgs-like boson around mass window 125-126 GeV, there
is another intriguing possibility of a signal beyond SM in the h — =~ channel. The
ratio between the Higgs di-photon decay rate observed at LHC and the one expected in
the SM is R,, = 1.657033 for ATLAS (mj, = 126 GeV) whereas CMS have now fallen
down to R, = 0.787028 for mj, = 125GeV [37-39]. This channel will be an important
discriminator of models as future LHC data pinpoints this number more precisely. The
implications of the modified diphoton decay width in a generic model independent approach
have been discussed in ref. [40]. Very recently, a vector Higgs-portal dark matter model
(SM extended by U(1), gauge symmetry) [41] has addressed both Fermi-gamma ray line
and diphoton excess simultaneously.

In MSSM, the Lightest Supersymmetric Particle (LSP), being the favourite candidate
for DM, annihilates into two photons via loop-suppressed processes [42, 43] — the cross-
section for which is usually too small to explain the signal. But, with a bino-like LSP [44]
and through the exchange of light slepton and sneutrino the observed ov,, is achieved
in MSSM. An alternate possibility is to incorporate the internal Bremsstrahlung (IB),
which can also give sharp spectral features in the y—ray spectrum [45-47]. In bino DM
annihilation to final state fermions, the fermion mass suppression in the cross section is
avoided if there is a final state photon with the fermion pair [42, 43]. In ref. [48] it was
pointed out that a significant higgsino component in the DM would lead to a continuum
gamma ray spectrum from W¥ final states and would not be able to explain the gamma
ray peak. To avoid this, IB from bino dominated LSP’s is more promising but there is a
problem in getting a natural SUSY model with 130 GeV bino DM which gives the correct
the relic abundance. MSSM could accommodate the enhancement in the di-photon decay
rate with highly mixed light staus and large tan 8 [49].

In addressing the problem of explaining the 130 GeV gamma ray features, NMSSM
models are most widely studied [50-52]. In NMSSM, the neutralino DM(~ 130 GeV) an-
nihilates into two photon via resonant channel through pseudoscalar singlet Higgs (m 4, ~
260GeV) and light charged particle loops. NMSSM can also successfully account for the
excess seen in the h — 7y channels [53-55], in the case of strong singlet-doublet mixing,
although the partial width of h — bb is highly reduced in these models. In a generalised
version of NMSSM model(GNMSSM) [56] simultaneously both the signals from Fermi and
LHC has been explained in the same benchmark scenario.

Enhancement of diphoton decay width has been studied well in the triplet extended
SUSY models [25, 57-59], where the contributions from to the charginos and charged
Higgs(triplet like, with large triplet coupling) are taken into account. But, so far no
benchmark points have been found which at the same time provide a viable DM in triplet
extended SUSY models.

In the present paper, we attempt to explain the 130 GeV gamma ray spectral feature
in the triplet-singlet extended MSSM [27] through the resonant annihilation of neutralino



LSP into photons via pseudoscalar triplet Higgs of mass ~ 2mpy, which couples to the
DM via the Yukawa term, Angﬁg.Hg. In addition, our model predicts a second photon
peak at around 114 GeV with the cross-section being 0.75 times (ov)~. This DM has a
correct relic abundance of 0.109 where dominant contribution comes from (ov)y+y—. The
spin-independent direct detection cross-section is well-below the latest XENON100 [60]
exclusion limits. Another motivation of this work is to provide an enhanced diphoton
decay rate compared to SM through the additional contribution from the light chargino
loops. This would be a specific prediction of our model and can be tested in the future
collider search.

This article is organised as follows: In section 2, the model is described briefly men-
tioning the details about the superpotential, bound on the lightest Higgs mass and the
fermionic sector. In the next section, we attempt to provide an explanation for the Fermi-
LAT monochromatic gamma ray line features with a neutralino LSP pair annihilation into
two photon via pseudoscalar Higgs triplet near resonance. We substantiate our claim with
a specific benchmark scenario which satisfy all desired phenomenological requirements.
Section III, shows a detail formulation of the diphoton Higgs decay width. We present a
short summary and conclusions in the last section.

2 The model

By taking naturalness of the Higgs mass as a guiding criterion, we extend the superpotential
of MSSM [27] by adding a SU(2) singlet and triplet chiral superfield S and Ty respectively,
where Ty has hypercharge Y = 0,
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The most general form of the superpotential can be written as,
Al A A A - A A A A . N PN
W = (M + )\S)HdHu + 3183 + X\ H, ToH, —|—)\352TT(T0) +A4STT(TOT0) + Wk (22)

where the Yukawa part is same as in the MSSM. To solve the p-problem, we reduce the
general superpotential to the scale-invariant form as, which then possess an accidental
Zs3-symmetry,

A A A A1 -~ N A A N ~ A
Weeinv., = ASHy.Hy + 3153 + N Hy ToH, + MSTr(TyTh) + Wy, (2.3)

Therefore, an effective p-term is generated when the neutral components of S and Ty
acquire vacuum expectation value (vev) vgs and vy respectively,

A
Leff = A\Ug — 7%% (2.4)

Here, v2 +v2 = v? = (174)® GeV? (where, (H) = v, , (HY) = v4) and tan 3 = o,
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Due to the addition of triplet, the p-parameter deviates from unity by a factor of
2
42—5 at the tree level. The present bound on p-parameter, p = 1.0004f8:8882, poses strong
constraint on the triplet vev v; from the Electroweak (EW) precision tests such that,
v <4GeV [61] at 95% C.L.

The scalar potential of this model consists of three parts,
V=Vsg+Vr+Vp (2.5)

where, Vg consists of the soft-supersymmetry breaking term associated with the superpo-
tential in equation (2.3),

Ve = mip, [[H® + [H ]+ mig, [ HJ” + | Hy P) + m3| S| + mzTr(T{To)

A
+< — NA\SH,.H; + 3114)\1 33 + AQA)\QHd.ToHu + A4B,\STT(T02) + hC) (26)

Vp and Vp are the supersymmetric potential derived from F-terms and D-terms [27] re-
spectively.

The CP-even higgs sector consists of four massive higgs as h, Hy, Ho and Hs. Scalar
parts of the singlet and triplet contribute significantly in the enhancement of the bound [24]
on the lightest physical Higgs mass at the tree level as,
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For moderate values of A\ and Ao, the tree level mass can be lifted so that no large radiative

corrections from the stop sectors are required to obtain mj; = 125 — 126 GeV. This indeed

reduces the fine-tuning for the EW scale compared to MSSM, NMSSM and other triplet

extended SUSY models.

The CP-odd higgs sector contains three pseudo-scalar Higgs Ay, As and As. It always

contains a Goldstone mode G, which gives mass to Z-boson, and can be written as,

G = cos ﬂHgI — sin BHSI

Likewise, there are three massive charged higgs H 1i, Hgt and H;E and the Goldstone mode
G? gives mass to the W-bosons.

In the fermionic sector, the neutral component of the triplet and singlet i.e, 70 and S
mix with the higgsinos and the gauginos.The neutralino mass matrix, in the gauge basis
(B,Wo,Hg,H:S,S’,fO) reads,

My 0 —cgswMy sgswMy 0 0
0 MQ CngMZ _SBCwMZ 0 0
—cgswMz  cgewMz 0 —lleff  —AUy %UU
MC‘; - M _ M B - Q (2 8)
sgswMyz —sgcwMyz Heff 0 Avgq Jsvd
0 0 — Ay, —Avg  2M\vs 2 40
0 0 %Uu %vd 2401 22405



where, My, My are the soft breaking mass for Bino and Wino respectively. The lightest
neutralino Y, being the LSP, turns out to be a viable dark matter (DM) candidate.

Similarly, the charged component of the triplet, T+ and T~ contribute to the chargino
mass matrix. The chargino matrix in the gauge basis Gt and G is given by,

My G5gpva gawr

Mch = %ggvu /\Us -+ %Ut )\Q'Ud (29)
—g2v¢ A2Vy  2Mq05
where,
Wt W-
GH_ = ﬁu+ ) é_ = ﬁd_
T+ T~

Since, Mgh % My, this matrix is diagonalised via bi-unitary transformation, which re-
quires two distinct unitary matrices U and V such that,

i =var,
X =UG” (2.10)
The diagonal matrix reads,
me+ 0 0
* —1 .
UMpV—" = 0 My 0 (2.11)
0 m_=x

and similarly the hermitian conjugate of eq. 2.11 also gives diagonal chargino mass matrix.

3 130 GeV Fermi gamma ray line

In this model, the dark matter is the LSP ¥! which can be expressed in the gauge basis as,
)2(1] = NHB—{—NQW:?+N13]:}3—|—N14}j3—|—N15§—|—N16f0 (3.1)

where, N3, is the bino-fraction, N, is the wino-fraction, N + N2, is the higgsino-fraction,
NZ and N7, are the singlino and triplino-fraction respectively.

We scan the corresponding regions of the parameter space of the triplet-singlet
model [27] and tune the couplings and masses, such that they satisfy all desired phe-
nomenological properties. In table 1, we show a sample set of benchmark points for a

particular choice of tan § = 1.8 specifying all the parameters, couplings and soft masses at
the EW scale.

e As shown in [27], the CP-even physical Higgs boson receives significant contribution
from the singlet and triplet through the terms Agﬁd.ﬁu and )\gﬁd.Toﬁu and thus
its mass is raised to 122.9 GeV at tree level. It requires a little contribution from the
radiative corrections to raise it to 126 GeV. This lightest CP-even Higgs is SM-like
with large HY and Hg component.



Parameters at EW scale
tan g 1.8
A 0.55 Neutralino Masses [GeV]
A1 0.20 mgo 130.02
A2 0.80 mgo 189.0
M 0.25 M 215.47
et [GeV] 246 mgo 269.30
Ax[GeV] 400 mgo 283.49
Ay, [GeV] -50 mgo 414.20
Ax,[GeV] 297.6 Chargino Masses [GeV]
By [GeV] 270 Myt 131.92
v,[GeV] 2 m 299.38
M [GeV] 154.5 M 422.24
M>[GeV] 375 Observables
Higgs Spectrum [GeV] Qh? 0.109
mIree 122.93 a(p)s1[10~°pb] 0.681
m, 175.29 (ov) (xIxT = vy) [107*Tem® s71) 1.249
M, 457.27 (o) (xIxY = Zv) 107 em?® s71) 0.94
M 538.86 (ov)(xIx! — WW) [107%cm® s7'] | 3.57
ma, 142.12 (o) (XX = ZZ) 107 em?® 57 0.62
ma, 260.54 (o) (xIx? = bb) [107*Tem?® 571 0.045
ma, 534.56 (o) (xIx) = 77) [107*Tem® s™'] | 0.082
mf, 133.13 R, 1.24
mg, 365.61
mi, 545.59

Table 1. A sample set of benchmark points for tan 5 = 1.8 and M; = 154.5GeV. The mass
spectrum indicates all masses at the tree-level.

e A dominantly triplet-like pseudoscalar Higgs Ap with mass ~ 260.54 GeV can be
obtained by adjusting the soft-trilinear couplings. The pseudoscalar triplet Ap has
no tree-level coupling with the SM fermions or Z-boson. It can interact with the
neutralinos and charginos via the Yukawa term in the lagrangian like AQATﬁS.Hg.
Although the doublet-triplet mixing terms like /\7% []HS 2 + \Hgﬂ |T°? is present
in the scalar potential, but A7 cannot decay into two CP-even Higgs boson, my,.
Therefore the width of Ap is small, i.e, ' ~ 6.84 MeV- which boosts the Breit-
Weigner propagator and cross-section (ov).

e The LSP %! is dominantly bino-like (N7; ~ 0.84) but contains substantial higgsino-
fraction (N13 ~ —0.31 and Ny4 ~ 0.36). By suitably tuning the soft masses M; and
Ms> , the desired mass of 130 GeV is obtained.Varying M; between 150-160 GeV, we



Figure 1. The dominant diagram for the resonant pair annihilation of neutralino into two photons
via pseudoscalar triplet Higgs Arp.

obtain 127 < M;o[GeV] < 133. Here, p-eff~ 246 GeV being less than v, ~ 450 GeV
makes the singlino (N5 ~ —0.19) and triplino-fraction (Nig ~ 0.10) less in x!.
Again, since M; is lighter than p-eff, we get an enhancement in the bino fraction
compared to higgsino. But, the significant higgsino fraction is required to get large
value of (o)~ through the resonant annihilation via pseudoscalar Higgs A7 and the
light chargino loops. In figure 1 the resonant annihilation channel into two photon
is shown. The lightest chargino )Zf and the DM are almost degenerate and is also
dominantly higgsino-like.

The pair annihilation of Y°, with mass 129.8 + 2.4J_FI3 GeV into two photon demands
a cross-section of (ov),, = (1.27 + 0.327038) x 1072"cm>sec™! in order to fit the
Fermi-LAT signal [32].

A simplified form of the analytical expression of (ov),, following [33],

9 9 9
Q" 9r9x i

25673 (g — 13, )7 + T3%, |

(ov)yy = X [arctan[(mi;r — ming)/ming )

(3.2)
where, g, and g are the couplings of pseudoscalar Higgs A7 with DM and the charged
fermion in the loop respectively. Here, we take the assumption that only the lightest
chargino,with mass 131.9 GeV contributes significantly. Upto a crude approximation,
9y ~ A2N13N14 and gy ~ AU12V12, where U and V are diagonalising matrix for the
charginos. Finally, in the resonance limit of m4, ~ 2mpy and My+ —> MDM, the
pair annihilation cross-section becomes ~ 1.249 x 10~2"¢m3s~!'. However, the mass
of the triplet-like CP-odd scalar Higgs has to lie accidentally close to 260 GeV to a
precision < 1.5 GeV. Figure 2 shows the behaviour of ov,, with the pseudoscalar

triplet mass near resonance, this clarifies the need of tuning of both M)Z? and ma,..

A second ~-ray line at 114 GeV: apart from the monochromatic v-ray line at
130 GeV, there is another intriguing hint for a second line at ~111GeV [62, 63],
where the best fit to the relative cross-section is (ov).,z/(ov), = 0.66707% [31]. A
second photon line at 114 GeV is expected from kinematics if there is a Z~ final state
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Figure 2. Plot of ov,, as a function of pseudoscalar mass M,,. The dashed line shows the
maximum value of (ov),, >~ 1.249 x 10~ 27em3s~ 1.

in the annhilation of Y9,

2
- Mz
E, = M <1 4m2~0) (3.3)

X1

where, Ey = 114 GeV for mgo = 130 GeV. The cross-section for (ov)z is calculated
using an approximation of the formulae given in [64]. Here, we find that for the set

of benchmark points presented in table 1, (ov)z >~ 0.943 x 107 2"em3s 1.

Relic density: another issue with dark matter is to satisfy the correct relic abundance,
which is difficult in case when it is dominantly higgsino-like since it couples to gauge
boson very efficiently and thus leads to large pair annihilation cross-section. This kind of
interaction can be reduced by an enhanced bino component. We find a neutralino DM
with Nyp ~ 0.84, N13 ~ —0.31 and N14 ~ 0.36, which makes the relic density 0.109. The
pair annihilations into final state W¥W ™, ZZ, bb, 7F7~ are shown in table 1, calculated
using micrOMEGAs2.4 [65]. Thus, a bino dominated but with a substantial higgsino
component dark matter is preferable in order to satisfy the latest PLANCK result, i.e,
Oy h? = 0.1199 £ 0.0027 at 68% C.L. [66] whereas the corresponding value from the 9-year
WMAP data is Q,h? = 0.1148 4 0.0019 [67].

Calculation of spin-independent cross-section: starting from a low-energy
neutralino-quark effective lagrangian for spin-independent interaction,

Leg = aqf(?f(?@ (3.4)

where, a, is the neutralino-quark coupling, we obtain the scattering cross section (spin-
independent) for the dark matter off of a proton or neutron as,

4m?
Oscalar = Trf;in (35)



where, m, is the reduced mass of the nucleon and f,,, is the neutralino coupling to proton
or neutron [68, 69], given by

fon = 32 a4 SIS g (3.6)
q=u,d,s g=c,bt q
where, f?) = 0.020 + 0.004, f?) = 0.026 + 0.005, £\ = 0. 118 +0.062, 7 = 0.014 +

0.003, f(”) 0.036+0.008 and £\ = 0.118+0.062 [70]. f{27") is related to these values by
fEY =13 g, (3.7)

q=u,d,s
In deriving an approximate form of a,/m, we ignore contributions from the squark ex-
change diagrams because of the latest LHC bounds on squark masses [71, 72]. Thus, aq4
receives significant contribution from the t-channel exchange of CP-even Higgs bosons. The
analytical form of a, goes roughly as,

Qq SXXhz
— S 3.8
my m? hs hiaq (38)

where, S, is the coupling between the neutralino and the CP-even Higgs bosons. For, up-
type quarks, Sp, ., = Mfiimﬁ&l and down-type, Sp. 44 = Wf%&-g. Now, the coupling
Syxh; is a product of different combinations of A’s, N1, and Sj1 2. S;; is the matrix which di-
agonalises the CP-even Higgs matrix, and the weak eigenstate basis is (HSR, HgR, T]%, SR).
Nii’s are the different components of the lightest neutralino dark matter. Under the as-
sumption that only the lightest physical Higgs boson, i.e, hy (mp, ~ 125.8 GeV) contributes
dominantly, Sy, takes the form,

Syxhi =~ 92(N12 — tan Oy N11)(S11N13 — S12N14)
—V2A(S11N14N15 + S12N13N15 + S14N14N13) + V2A1 S14N75
+A2(S11 N16N13 + S12N16N14 + S13N13N14)
+V2X4(S14N75 + 2813 N15N16) (3.9)

where the first term is the usual MSSM contribution, the second and third terms are due to
the singlet. The fourth and fifth terms are the triplet contribution coming from Ao H 1o H,,
and \ySTr(ToTp) in the superpotential respectively. Numerical values of the components
S1(j = 1,...,4) as obtained from the benchmark point are, Sj; ~ 0.885, Si2 ~ 0.463,
S13 ~ 0.026 and S14 ~ —0.037. In this model, we find that the spin-independent cross-
section 0, ~ 6.8 X 10710 pb, which is well below the upper bound presented by the latest
XENON 100 results [60] and can be accessible by the future XENON 1T experiment.

4 Di-photon Higgs decay rate

In the SM, the diphoton decay of the Higgs boson is attributed through the W-boson loop
and the contribution from the top-quark destructively interferes with the dominant W-
boson contribution. The analytic expression for the diphoton partial width given as [73, 74]

Gra? mh

I(h
(h—=7y7) = 1283

| A1 (Tw) +NcQtA1/2(Tt)}2 ; (4.1)
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Figure 3. Left panel: contours of R,, as a function of tan 8 and the triplet coupling Ay with
My = 375 GeV. Right panel: contours of R, as a function of tan 8 and My with Ay = 0.8.

where G is the Fermi constant, N, = 3 is the number of color, Q; = +2/3 is the top quark
electric charge in units of |e|, and 7; = 4m?/m2, i = t,W. The loop functions A4 () and
Ay j9(7) for spin-1 (W boson) and spin-1/2 (top quark) particles are given in [75]. The
numerical values of the loop functions for m; = 125 GeV are,

Ar(tw) = =83, Ayjo(m) ~ 1.4

But in SUSY, we have additional contributions from the s-tops and charginos loops, which
would significantly interfere with the SM contributions. Therefore, in general the branching
width of Higgs decay to di-photon is formulated as [75],

a?m3 2

2 _
. IhVV 2 Infy 2 2 9hSs
F(h — 77) T 102473 m%/ QVAI(TV) + my Nc,foAl/Z(Tf) + NqSQS m2 AO(TS)‘ ’
(4.2)

In the above the equation V', f, and S refer to generic spin-1, spin-1/2, and spin-0 particles,

respectively. Qv, Qs and @ are the electric charges of the vectors, scalars and fermions
in units of |e[, N,y and N, g are the number of fermion and scalar colors. Ay (7v), A /2(7y)
and Ag(7g) are the loop functions for the vectors, fermions and scalars respectively.

In this model, the additional contribution to the diphoton Higgs decay width comes
from the light chargino and the charged Higgs. Here, we take the assumption that the
lightest charged Higgs (being dominantly triplet-like) only contribute to the decay width,
since the other charged Higgs are much heavier. Now the term in the potential which gives
rise to hH* H* interaction is,

Vi D Mo, HIT Ty (4.3)

Therefore, the coupling gj, =g+ becomes ~ A3vsin 3511 C13C14, where Cjj is the diagonal-
ising matrix for the charged Higgs and Ci3 ~ —0.669 , C14 ~ —0.742. The loop function

,10,



for the scalar Ay(7s) is given by [75],
Ao(re) = =7 [rs = f(r7 D] (4.4)

where, f(75) = aresin® \/7; for, 75 > 1.
Therefore, considering the main contributions due to charginos, charged triplet, W-
boson and top quark ¢ and in the limit m% < 4m§+, the diphoton Higgs decay rate with

respect to the SM value becomes [57],

A 2
. log det M.y, (v) 4 IBEHE A (7,)
3 0logv My
R, = |1+ 1 : : (4.5)
Ar(mw) + §A1/2(Tt)

The numerator (first term) in eq. (4.5) is given by

v2[sin 28(AN3 M + 293 A4v5) — 2X2g501]

(Mg)\4vs+g2’vt Vheft — U2[sm 28(AN3 M2 + 293 \qvs) — 229304 ’
(4.6)
and its sign depends on the specific choices for the parameters. We are specifically interested

log det
Sy loB det Mo (0) =

in the region of parameter space where the numerator is negative (since the denominator
is also negative), such that we obtain, R, > 1. We find that, the factor gj,y+p+/ m ~
0.0024 and thus the contribution due to the extra charged triplet is treated to be neghglble
compared to the light chargino loops.

We see that for the set of benchmark points specified in table 1, we obtain chargino
masses in the range, fo[ > [131.92, 299.38, 422.24] GeV for tan 8 = 1.8. This choice
of parameter gives, R, ~ 1.224. In figure 3 (left panel), we show the contours of R,
in the (tanf, A\2) plane for My = 375GeV. We observe that 50% enhancement can be
achieved with tan 5 ~ 2 but the triplet coupling A2 (> 1.1) then enters into nonperturbative
regime. Right panel of figure 3 shows the dependence of R, on tan3 and Mj. Here, we
note that lowering the value of My increases the R.,, but then we deviate from other
phenomenological requirements.

5 Conclusion

Recent analysis of the Fermi-LAT data shows existence of a monochromatic «-ray line like
features at ., ~ 130 GeV in the vicinity of the galactic center. A possible interpretation
comes from DM annihilation into two photons, which demands the annihilation cross-
section to be 1.27x10727em3s~!. We have proposed a triplet-singlet extended MSSM where
we obtain the lightest CP-even Higgs boson with mass 126 GeV, without much fine-tuning.
We scan the parameter space of this model and choose a specific set of benchmark points
such that it satisfies all phenomenological requirements in order to obtain the required cross-
section through the pair annihilation of 130 GeV neutralino DM via a pseudoscalar Higgs
triplet of mass My, ~ 2mpy near resonance and light chargino loops. The width of the
pseudoscalar triplet being small helps in boosting the Breit-Weigner cross-section, (ov),.
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Besides, this model also predicts a second ~-ray peak at 114 GeV from the annihilation
XX — 7Z, and the cross section is approximately 0.75 times that of (ov),., which is below
the upper limit reported by Fermi LAT. The dark matter candidate being a mixture of
bino-higgsino, leads to a correct relic abundance of 0.109, consistent with the PLANCK
and WMAP-9 year data. The spin-independent scattering cross-section off nucleons is
0.68 x 10~ ?pb, which is well below the latest XENON100 exclusion limits.

Although latest results from CMS seem to favour a SM-like Higgs boson, but on the
other hand ATLAS still shows a significant excess in diphoton decay width compared to
SM as, R,y = 1.65f8:§é for my, = 126 GeV. Our model predicts a similar enhancement in
the diphoton decay rate as, Ryy ~ 1.224, which is contributed dominantly through the
light chargino loops, since the contribution from the extra charged triplet is negligible.
Such a prediction opens the possibility of this model being tested in future LHC runs.
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