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Motivations
Recently, several analysis showed that there are
GeV γ-ray excesses from galactic center (GC),
which can be interpreted as indications from
dark matter annihilations.
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Past studies have identified a spatially extended excess of ⇠1-3 GeV gamma rays from the region
surrounding the Galactic Center, consistent with the emission expected from annihilating dark mat-
ter. We revisit and scrutinize this signal with the intention of further constraining its characteristics
and origin. By applying cuts to the Fermi event parameter CTBCORE, we suppress the tails of
the point spread function and generate high resolution gamma-ray maps, enabling us to more easily
separate the various gamma-ray components. Within these maps, we find the GeV excess to be
robust and highly statistically significant, with a spectrum, angular distribution, and overall nor-
malization that is in good agreement with that predicted by simple annihilating dark matter models.
For example, the signal is very well fit by a 31-40 GeV dark matter particle annihilating to bb̄ with
an annihilation cross section of �v = (1.4 � 2.0) ⇥ 10�26 cm3/s (normalized to a local dark matter
density of 0.3 GeV/cm3). Furthermore, we confirm that the angular distribution of the excess is
approximately spherically symmetric and centered around the dynamical center of the Milky Way
(within ⇠0.05� of Sgr A⇤), showing no sign of elongation along or perpendicular to the Galactic
Plane. The signal is observed to extend to at least ' 10� from the Galactic Center, disfavoring the
possibility that this emission originates from millisecond pulsars.

PACS numbers: 95.85.Pw, 98.70.Rz, 95.35.+d; FERMILAB-PUB-14-032-A, MIT-CTP 4533

I. INTRODUCTION

Weakly interacting massive particles (WIMPs) are a
leading class of candidates for the dark matter of our uni-
verse. If the dark matter consists of such particles, then
their annihilations are predicted to produce potentially
observable fluxes of energetic particles, including gamma
rays, cosmic rays, and neutrinos. Of particular interest
are gamma rays from the region of the Galactic Center
which, due to its proximity and high dark matter density,
is expected to be the brightest source of dark matter an-
nihilation products on the sky, hundreds of times brighter
than the most promising dwarf spheroidal galaxies.

Over the past few years, several groups analyzing data
from the Fermi Gamma-Ray Space Telescope have re-
ported the detection of a gamma-ray signal from the in-
ner few degrees around the Galactic Center (correspond-
ing to a region several hundred parsecs in radius), with a
spectrum and angular distribution compatible with that
anticipated from annihilating dark matter particles [1–7].
More recently, this signal was shown to also be present
throughout the larger Inner Galaxy region, extending
kiloparsecs from the center of the Milky Way [8, 9]. While
the spectrum and morphology of the Galactic Center and
Inner Galaxy signals have been shown to be compatible
with that predicted from the annihilations of an approx-
imately 30-40 GeV WIMP annihilating to quarks (or a
⇠7-10 GeV WIMP annihilating significantly to tau lep-

tons), other explanations have also been proposed. In
particular, it has been argued that if our galaxy’s central
stellar cluster contains several thousand unresolved mil-
lisecond pulsars, they might be able to account for the
emission observed from the Galactic Center [2, 4–7, 10].
The realization that this signal extends well beyond the
boundaries of the central stellar cluster [8, 9] disfavors
such interpretations, however. In particular, pulsar pop-
ulation models capable of producing the observed emis-
sion from the Inner Galaxy invariably predict that Fermi
should have resolved a much greater number of such ob-
jects. Accounting for this constraint, Ref. [11] concluded
that no more than ⇠5-10% of the anomalous gamma-
ray emission from the Inner Galaxy can originate from
pulsars. Furthermore, while it has been suggested that
the Galactic Center signal might result from cosmic-ray
interactions with gas [2, 4–6], the analyses of Refs. [12]
and [13] find that measured distributions of gas provide
a poor fit to the morphology of the observed signal. It
also appears implausible that such processes could ac-
count for the more spatially extended emission observed
from throughout the Inner Galaxy.

In this study, we revisit the anomalous gamma-ray
emission from the Galactic Center and the Inner Galaxy
regions and scrutinize the Fermi data in an e↵ort to con-
strain and characterize this signal more definitively, with
the ultimate goal being to confidently determine its ori-
gin. One way in which we expand upon previous work
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Although it is a first step to consider the case
that a pair of DM goes to two SM particles di-
rectly, from model building side, it is more nat-
ural to additional Higgs boson [1, 2, 3].

Theoretical Framework
We shall consider the following annihilation
channel for self-conjugate DM X,

X +X → H2 +H2, followed by

H2 → SM + SM(+SM).

Here H2 denotes the dark Higgs, distinguishing
it from the SM-like Higgs H1 with MH1

' 125
GeV. H2 can decay into SM particles through
its small mixing with H1.
Dark Higgs is very generic in dark matter models
with dark gauge symmetries, for example, a real
scalar DM X and a complex scalar Φ can have
the following interactions,

L ⊃ −λφXX2Φ†Φ− λφHΦ†ΦH†H,

where H is the SM Higgs doublet. After sym-
metry breaking,

〈H〉 = vh/
√

2, 〈Φ〉 = vφ/
√

2,

two neutral scalars h and φ mix with each other,
resulting in two mass eigenstates H1 and H2

with(
H1

H2

)
=

(
cosα − sinα
sinα cosα

)(
h
φ

)
.

Effective operators are X2H2
2 for scalar DM,

X̄γ5XH
2
2 for fermion or XµX

µH2
2 for vector.

Summary
We have explored a possibility that the GeV
scale γ-ray excess from the GC is due to DM
annihilation into a pair of dark Higgs which de-
cays into the SM particles through its mixing
with the SM Higgs boson. We find the best-fit

MX ' 95.0GeV,

MH2
' 86.7GeV,

〈σv〉 ' 4.0× 10−26cm3/s.
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Dark Matter Induced γ-Ray
The general differential flux of γ-ray from self-conjugate DM annihilation is given by

CCW above is referred to the paper [4].

Numerical Results
We use the χ2 function to find out the favored parameter space,

χ2 (MX ,MH2
, 〈σv〉) =

∑
i,j

(µi − fi) Σ−1
ij (µj − fj) ,

where µi and fi are the predicted and measured fluxes in the i-th energy bin respectively, and Σ is the
24×24 covariance matrix. We take the numerical values for fi and Σ from CCW [4]. Minimizing the
χ2 against fi with respect to MX , MH2 and 〈σv〉 gives the best-fit points, and then two-dimensional
1σ, 2σ and 3σ contours are defined at ∆χ2 ≡ χ2 − χ2

min = 2.3, 6.2 and 11.8, respectively.
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The best-fit parameter points and their associated χ2
min and p-value:

Channels Best-fit parameters χ2
min/d.o.f. p-value

XX → H2H2 MX ' 95.0GeV,MH2 ' 86.7GeV 22.0/21 0.40
(with MH2 6= MX) 〈σv〉 ' 4.0× 10−26cm3/s
XX → H2H2 MX ' 97.1GeV 22.5/22 0.43

(with MH2 = MX) 〈σv〉 ' 4.2× 10−26cm3/s
XX → H1H1 MX ' 125GeV 24.8/22 0.30

(with MH1
= 125GeV) 〈σv〉 ' 5.5× 10−26cm3/s

XX → bb̄ MX ' 49.4GeV 24.4/22 0.34
〈σv〉 ' 1.75× 10−26cm3/s

An ultraviolet complete model [3]:

L = −1

4
XµνX

µν + (DµΦ)†(DµΦ)− λΦ

(
Φ†Φ− v2

Φ/2
)2 − λΦH

(
Φ†Φ− v2

Φ/2
) (
H†H − v2

H/2
)
.

After symmetry breaking, the gauge boson will be massive, stable and a dark matter candidate.
Detailed phenomenologies can be found in Ref. [3].
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