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Abstract: The DArk Matter Particle Explorer (DAMPE) has observed a tentative peak at E ∼ 1.4 TeV in the

cosmic-ray electron spectrum. In this paper, we interpret this excess in the scotogenic type-II seesaw model. This

model extends the canonical type-II seesaw model with dark matter (DM) candidates and a loop-induced vacuum

expectation value of the triplet scalars, v∆, resulting in small neutrino masses naturally even for TeV scale triplet

scalars. Assuming a nearby DM subhalo, the DAMPE excess can be explained by DM annihilating into a pair

of triplet scalars which subsequently decay to charged lepton final states. Spectrum fitting of the DAMPE excess

indicates it potentially favors the inverted neutrino mass hierarchy. We also discuss how to evade associated neutrino

flux in our model.
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1 Introduction

Very recently, the DArk Matter Particle Explorer
(DAMPE) released its high energy resolution measure-
ment of the cosmic-ray electron spectrum up to E∼4.6
TeV [1]. The majority of the spectrum agrees with a
smoothly broken power-law model with a spectral break
at E∼0.9 TeV, which was previously evidenced by the
H.E.S.S. Collaboration [2]. Remarkably, however, a ten-
tative peak excess at E ∼ 1.4 TeV in the e+e− spec-
trum has been observed, and subsequent analyses showed
that the local and global significance of this peak in
the DAMPE data reaches about 3.6 σ and 2.3 σ, re-
spectively [3, 4]. Since the cooling process of high en-
ergy cosmic-ray electrons in the Galactic halo effectively
smooths out the spectral features, such a sharp peak in-
dicates there may exist a nearby electron source [5]. Both
astrophysical origin (e.g., an isolated young pulsar) and
DM interpretations have been discussed in Ref. [5]. For
the DM interpretation using model-independent fitting
with DM directly annihilating into a pair of standard

model (SM) particles, they found that the peak structure
can be well fitted for a 1.5 TeV DM particle with the
standard WIMP thermally averaged annihilation cross
section ∼3×10−26 cm3s−1 and annihilation into pure elec-
tron or into e:µ:τ=1:1:1 final states, if a nearby DM sub-
halo is assumed within 1 kpc of the solar system [5]. In
addition, this scenario is compatible with the constraints
from dwarf spheroidal galaxies (dSphs), antiproton and
CMB observations [5]. Since then many relevant stud-
ies have been carried out for both simplified and specific
(‘leptophilic’ DM [6]) model frameworks [7, 8].
In this paper, we apply the scotogenic type-II seesaw

model [9] to account for the DAMPE excess. Unlike the
canonical type-II seesaw model, the trilinear interaction
between the SU(2)L triplet scalar∆ (L=−2) and the SM
doublet Φ, ΦT iτ2∆

†Φ, is forbidden due to lepton number
conservation at the Lagrangian level, while the Yukawa
interaction LCL(iτ2)∆LL is still allowed. Meanwhile, a Z2

discrete symmetry is imposed with two Z2-odd scalars,
χ and (singlet, L= 0) and η (doublet, L=−1). As a
consequence, the lightest scaler, χ, could serve as a DM
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candidate. The lepton number is spontaneously broken
after a Z2-even scalar σ (singlet, L=−1) develops a vac-
uum expectation value (VEV). The trilinear interaction
ΦT iτ2∆

†Φ is then induced at one-loop level with χ and
η running in the loop. In this way, v∆ is naturally sup-
pressed and small neutrino masses generated even for
TeV scale triplet scalars.
The triplet scalar ∆ dominantly decays into lepton

final states when v∆.10−4 GeV [10]. Therefore, the lep-
tophilic property of DM could be realized through the
quartic interaction between χ and ∆ [11–16]. As a re-
sult, the annihilation channel responsible for fitting the
DAMPE excess is DM annihilating into a pair of on-shell
triplet mediators, which in turn decay to SM leptons. For
nearly degenerate DM and triplet mediator, the ∆ pair is
produced almost at rest and each decay final state carries
energy of M∆/2≈Mχ/2. This is equivalent to the e

+e−

spectrum produced by the standard 2→ 2 annihilation
process with double the numbers of injection leptons.
One thus expects the DAMPE excess could be fitted by
setting Mχ ∼M∆ ' 3 TeV. In addition, for a degener-
ate triplet scalar, its singly-charged and neutral compo-
nents also produce an accompanying neutrino flux with
similar energies of charged leptons, thus can be tested
by the existing IceCube data. To avoid this dangerous
constraint, we further consider a non-degenerate triplet
scalar in which the singly-charged and neutral compo-
nents are heavier than the doubly-charged component
and corresponding neutrino final states are highly sup-
pressed due to the off-shell effect.
The rest of the paper is organized as follows. In Sec-

tion 2, we briefly review the scotogenic type-II seesaw
model and analyse the relevant DM phenomenology. In
particular, we give a quantitative estimation of annihila-
tion cross section for each annihilation channel with the
off-shell effect included in the non-degenerate case, which
allows our model not to suffer from the neutrino flux con-
straint. Then in Section 3, we perform detailed spectrum
fitting for the DAMPE excess in the non-degenerate case
and present benchmarks for both inverted hierarchy (IH)
and normal hierarchy (NH) scenarios. Finally, our con-
clusions are drawn in Section 4.

2 Model and DM phenomenology

Embedding DM into the framework of the type-II
seesaw mechanism has been widely studied in the liter-
ature [9, 17–19]. In addition to the SM contents, extra
scalar fields with triplet ∆ (L=−2), singlet χ (L=0),
doublet η (L=−1) and singlet σ (L=−1) are introduced
in the scotogenic type-II seesaw model [9]. Moreover, a
discrete Z2 symmetry is imposed to stabilize DM, un-
der which only χ and η are arranged to be Z2-odd. In
the gauge eigenstates, the components of SM doublet Φ,
doublet η and triplet ∆ are labeled as

Φ=

(

φ+

φ0

)

, η=

(

η+

η0

)

, ∆=

(

δ+/
√
2 δ++

δ0 −δ+/
√
2

)

,

(1)

In this notation, the most general lepton number conser-
vation and Z2 invariant scalar potential is given by

V = −m2
ΦΦ

†Φ+m2
∆Tr(∆

†∆)−m2
σσ

∗σ+
1

2
m2
χχ

2+m2
ηη

†η+λΦ(Φ
†Φ)2+λ∆1

[

Tr(∆†∆)
]2
+λ∆2Tr

[

(∆†∆)2
]

+λσ(σ
∗σ)2+λχχ

4+λη(η
†η)2+λΦ∆1(Φ

†Φ)Tr(∆†∆)+λΦ∆2Φ
†∆∆†Φ+λσΦ(σ

∗σ)(Φ†Φ)+λχΦ(Φ
†Φ)χ2

+ληΦ1(η
†η)(Φ†Φ)+ληΦ2(Φ

†η)(η†Φ)+λσ∆(σ
∗σ)Tr(∆†∆)+λχ∆Tr(∆

†∆)χ2+λη∆1(η
†η)Tr(∆†∆)

+λη∆2(η
†∆∆†η)+λχσ(σ

∗σ)χ2+λησ(η
†η)(σ∗σ)+ληχ(η

†η)χ2+
[

µηη
T (iτ2)∆

†η+λ0σχ(η
†Φ)+h.c.

]

. (2)

The SM electroweak symmetry breaking is triggered by
assuming m2 > 0, which leads to a VEV v ≈ 246 GeV
of the SM doublet Φ. Meanwhile, the parameter m2

σ is
also assumed to be positive, to spontaneously break the
global lepton number symmetry U(1)L, which induces a
VEV vσ of singlet σ and a massless majoron J [20, 21].
Notice that the majoron would be absorbed when impos-
ing gauged U(1)B−L symmetry [22, 23]. For simplicity,
we assume negligible mixing angles between scalars. Af-
ter spontaneous symmetry breaking, triplet components
in the mass eigenstates are labeled as H±±, H±, H0 and
A0. Their squared masses are given as,

M2
H±± = m2

∆+
λΦ∆1

2
v2+

λσ∆
2
v2
σ ,

M2
H± = m2

∆+
λΦ∆1

2
v2+

λΦ∆2

4
v2+

λσ∆
2
v2
σ ,

M2
H0,A0 = m2

∆+
λΦ∆1

2
v2+

λΦ∆2

2
v2+

λσ∆
2
v2
σ . (3)

From the above equation, the mass splitting among
triplet components yields

M2
H±−M 2

H±±=M
2
H0,A0−M 2

H±=
λΦ∆2

4
v2, (4)

which is totally determined by coupling λΦ∆2 and triplet
components having degenerate squared mass

M2
∆=m

2
∆+λΦ∆1v

2/2+λσ∆v
2
σ/2, (5)

for vanishing λΦ∆2 [24–26]. Meanwhile, for non-zero
λΦ∆2, a mass splitting |∆M |=|MH0,A0−MH± |'|MH±−
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MH±± | could reach O(10) GeV under the constraints
of electroweak precision tests [27]. In order to respect
the limits from LHC direct searches, one requires M∆&

900 GeV [28]. The squared masses of Z2-odd scalars are
give by

M2
η ' m2

η+(ληΦ1+ληΦ2)v
2/2+λησv

2
σ/2,

M2
χ ' m2

χ+λχΦv
2+λχσv

2
σ . (6)

Here by choosing Mχ<Mη, χ is the DM candidate.
In this model, the trilinear interaction ΦT iτ2∆

†Φ is
induced at one-loop level and the corresponding effective
µ term is calculated as

µ=
λ2

0µηv
2
σ

64π2(M 2
χ−M 2

η )

[

1−
M2

χ

M2
χ−M 2

η

ln
M2

χ

M2
η

]

, (7)

which leads to a VEV v∆=µv
2/M 2

∆ for the triplet. Cur-
rent precise experimental measurements of ρ parameters
limit v∆ to less than a few GeV [29]. On the other hand,
existing constraints from lepton flavor violation processes
require v∆M∆ & 150 eV·GeV [30]. In the following, we
take v∆=1 eV as an illustration. The Yukawa interaction
related to neutrino mass generation is given as

LY =−Y LCL(iτ2)∆LL+h.c., (8)

where the superscript C denotes charge conjugation and
τ2 is the second Pauli matrix. The Yukawa matrix Y is
complex and symmetric in general, with resulting Majo-
rana neutrino mass matrix

Mν=
√
2Y v∆=V

∗mνV
† , (9)

where mν = diag(m1,m2,m3). V is the PMNS matrix
with the following parameterization:

V =







c12c13 c13s12 e−iδs13

−c12s13s23e
iδ−c23s12 c12c23−eiδs12s13s23 c13s23

s12s23−eiδc12c23s13 −c23s12s13e
iδ−c12s23 c13c23







×diag
(

eiΦ1/2,1,eiΦ2/2
)

, (10)

where sij = sinθij , cij = cosθij . δ and Φi are re-
spectively the Dirac and Majorana CP phases. Us-
ing Eq. (9), the Yukawa coupling can be determined as
Y = V ∗mνV

†/(
√
2v∆). For illustration, the two Majo-

rana phases are assumed to be zero, and neutrino os-
cillation parameters are taken to be the best fit values
[31]:

∆m2
21=7.50×10−5 eV2 ,|∆m2

31|=2.524(2.514)×10−3 eV2 ,

sin2θ12=0.306, sin2θ23=0.441(0.587),

δ=261◦(277◦), sin2θ13=0.02166(0.02179), (11)

where the values in parentheses correspond to the IH
case. For the oscillation parameters given above and
v∆ = 1 eV, the decay modes and branching ratios of
triplet scalar components H±±, H± and H0/A0 are to-
tally fixed, and are listed in Table 1 for both IH and NH

scenarios. The decay final states of H±± yield a fraction
of e± :µ± :τ±'1:0.4:0.7 for the IH case and '1:14:18 for
the NH case. This indicates that the IH scenario is pre-
ferred by the DAMPE excess, since the spectrum fitting
favors electron-rich final states, which is also confirmed
by our fitting results in the next section.
With the above preparation, we now give a simple

analysis of DM phenomenology. We implement the com-
plete scotogenic type-II seesaw model in the FeynRules
[32] package with the best-fit oscillation parameters in
Eq. (11), and apply the micrOMEGAs4.3.5 package [33]
to evaluate the DM relic abundance and DM-nucleon
scattering cross section. For relic abundance, we adopt
the Planck result: ΩDMh

2=0.1199±0.0027 [34] at the 2σ
confidence level (C.L.). For direct detection constraints,
we use the latest spin-independent limits set by the LUX
[35], Xenon1T [36] and PandaX-II [37] Collaborations.
Firstly, the DAMPE excess implies that χ must be

leptophilic, which can be through the annihilation pro-
cesses:

χχ→H++H−−, H+H−, H0H0,A0A0 , (12)

with H±±→`±`± , H±→`±ν and H0/A0→νν according
to the branching ratios in Table 1. In order to guaran-
tee the above annihilation channels are always dominant,
one needs the quartic coupling λχ∆ to be considerably
larger than λχΦ. Moreover, the DM-quark interaction
is mainly induced by mixing between χ and SM Higgs,
which also demands λχΦ . 10−2 to evade current direct
detection constraints [16]. As a consequence, leptophilic
DM is naturally realized by assuming λχ∆ÀλχΦ in our
model.
As we mentioned in the introduction, if the e+e−

flux produced from DM annihilation originates from left-
handed lepton final states, accompanying neutrinos are
also produced with comparable flux and similar ener-
gies. Such associated neutrinos should in principle carry
directional information about the postulated nearby DM
subhalo and could be tested at IceCube. According to
Ref. [38], the 8-year IceCube data is sufficient to iden-
tify them with high significance. On the other hand, if
the upcoming IceCube observation does not detect such
a monochromatic neutrino flux, the explanation based
on leptophilic DM and a nearby DM clump may be
excluded, which is really a challenge for the usual lep-
tophilic DM model with standard 2→2 annihilation pro-
cesses. However, the situation is different for our model.
For the degenerate case in our model, χ annihilates into
H±±, H± and H0,A0 with equal fractions. As a conse-
quence, 50% of the total annihilation cross section con-
tributes to neutrino flux, which is similar to the common
leptophilic model, and the IceCube constraint is danger-
ous. For the non-degenerate case, however, by setting
the mass hierarchy MH0/A0=MH±+∆M=MH±±+2∆M ,
the annihilation cross sections related to neutrino final
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Table 1. The decay modes and branching ratios of the triplet scalar components H±±, H0/A0 and H± for IH and
NH scenarios, with the best fit neutrino oscillation parameters in Eq. (11).

H±± IH NH H0/A0 IH NH H± IH NH

Br(e±e±) 39.44% 0.20% Br(νeνe) 39.44%% 0.20% Br(e±νe) 39.44% 0.20%

Br(µ±µ±) 7.09% 24.57% Br(νµνµ) 7.09% 24.57% Br(e±νµ) 1.31% 1.02%

Br(τ±τ±) 14.36% 34.97% Br(ντντ ) 14.36% 34.97% Br(e±ντ ) 8.09% 1.79%

Br(e±µ±) 2.63% 2.03% Br(νeνµ) 2.63% 2.03% Br(µ±νe) 1.31% 1.02%

Br(e±τ±) 16.18% 3.58% Br(νeντ ) 16.18% 3.58% Br(µ±νµ) 7.09% 24.57%

Br(µ±τ±) 20.30% 34.63% Br(νµντ ) 20.30% 34.63% Br(τ±ντ ) 10.15% 17.32%

Br(τ±νe) 8.09% 1.79%

Br(τ±νµ) 10.15% 17.32%

Br(τ±ντ ) 14.36% 34.97%

states are highly suppressed due to the off-shell effect.
In order to give an accurate estimation, we implement
our model in MadGraph5 [39], and simulate χ annihila-
tion at s = 4M 2

χ+M
2
χv

2 with v ∼ O(10−3), which re-
produces the conditions of DM annihilation at present.
Since we are interested in the cross section, the results
from unweighted events are sufficient. In the calcula-
tion, we have fixed the DM masses Mχ = 3 TeV and
MH±± =M∆ = 2.99 TeV, respectively. Our results are
displayed in Fig. 1. Here the right-hand panel presents
〈σv〉0 as a function of ∆M for three annihilation chan-
nels: χχ→H++H−−→ 4`, χχ→H0H0,A0A0→ 4ν and
χχ→H+H−→2`2ν, in which the quartic coupling λχ∆
for each ∆M point is evaluated such that correspond-
ing relic abundance is correct, as shown in the left-hand
panel. One can see that the behaviors of the three annihi-
lation cross sections are basically determined by the com-
petition between increasing λχ∆ and phase space sup-
pression. As a consequence, the 4` channel monotoni-
cally increases with ∆M just as λ2

χ∆, since the H
±± pair

is always produced on-shell. The 4ν channel monotoni-
cally decreases with ∆M and is highly suppressed when
∆M>5 GeV due to the off-shell effect. The 2`2ν channel

increases first then decreases with ∆M , and is eventu-
ally highly suppressed when ∆M > 10 GeV. Therefore,
for ∆M = 15 GeV, annihilation cross sections for both
4ν and 2`2ν channels can safely be neglected.
In addition, one should further consider the sec-

ondary neutrino flux resulting from the decays of lepton
final states. For the µ+µ− channel, the IceCube observa-
tion from the Galactic center region sets an upper bound
with 〈σv〉< 9.6×10−23cm3/s [40]. This is much larger
than the annihilation cross section required to explain
the DAMPE data. In the presence of a subhalo, the cor-
responding limit is expected to improve by a factor of 2
since the annihilation rate of the subhalo is around two
times higher than that of the Galactic center [7]. How-
ever, this is still far beyond the preferred annihilation
cross section in our model. In summary, our scenario is
entirely consistent with the current IceCube sensitivity.
Based on the above results, we choose the point of

∆M=15 GeV in Fig. 1 as our benchmark (see Table 2)
for fitting the DAMPE excess in the next section. Notice
that the IH and NH scenarios share the same benchmark
since they are only different at decay branching ratios,
which does not affect the DM annihilation cross section.

Fig. 1. (color online) Left: The quartic coupling λχ∆ required to obtain correct relic abundance as a function of
triplet scalar mass splitting ∆M . Right: thermally averaged DM annihilation cross section at present, 〈σv〉0, versus
∆M for different annihilation channels: χχ→H++H−−→4` (solid red), χχ→H0H0,A0A0→4ν (dashed blue) and
χχ→H+H−→2`2ν (dot-dashed green). For both figures, we have fixed the DM massesMχ=3 TeV andM∆=2.99
TeV, respectively.
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Table 2. The DM information for the IH/NH benchmark in the non-degenerate case. Here 〈σv〉0 denotes the
thermally averaged DM annihilation cross section at present. The last three columns list the relative contributions
of annihilation channels χχ→H++H−−→4`, χχ→H0H0,A0A0→4ν and χχ→H+H−→2`2ν, respectively.

Mχ/GeV λχ∆ M∆/GeV ∆M/GeV Ωχh2 〈σv〉0/(cm3/s) H++H−− H0H0,A0A0 H+H−

3000 1.03 2990 15 0.119 2.98×10−26 98.37% 0.45% 1.18%

3 Spectrum fitting of DAMPE excess

In this section, we give a spectrum fitting for the
DAMPE excess based on the benchmark in Table 2, by
taking into account the contribution of a nearby DM
subhalo. Before showing our results, we briefly describe
the fitting prescription. The differential number density
f(t,~x,E)=dN/dE obeys the diffusion-loss equation [41]:

∂

∂t
f(t,~x,E)−~∇·

[

K(~x,E)~∇f(t,~x,E)
]

− ∂

∂E
[b(~x,E)f(t,~x,E)]=Q(~x,E). (13)

For the steady-state case, the diffusion equation is re-
duced to,

−~∇·
[

K(E)~∇f(~x,E)
]

− ∂

∂E
[b(E)f(~x,E)]=Q(~x,E),

(14)

which only keeps the space diffusion and energy loss
effects. Here the function Q(~x,E) is the source term.
K(E)=K0(E/E0)

δ is the diffusion coefficient with slope
δ, which depends on the Galactic diffusion cylinder with
height 2L. Here we choose the propagation parameters
as K0 = 0.1093 kpc

2 Myr−1, δ = 1/3 and L = 4 kpc.
b(E) =E2/(E0τE) is the positron loss rate due to syn-
chrotron radiation in the Galactic magnetic field and in-
verse Compton scattering with CMB photon and stel-
lar light. The typical loss time τE = 10

16 s and E0 = 1
GeV. Eq. (14) can be solved by using the Green function
method, and the general solution is expressed as,

f(x¯,E)=

∫ mDM

E

dEs

∫

d3~xsG(~x¯,E;~xs,Es)Q(~xs,Es),

(15)

where f(x¯,E) is the e
± number density at the earth

with energy E, and Es denotes e
± energy at the source

position ~xs. From the above equation, the differential
flux of e± is evaluated as

Φe±(x¯,E)=
ve±

4π
f(x¯,E). (16)

In the above equation, the velocity of e± approximately
yields ve±=c. For a nearby DM subhalo at position xsub,
the source term is given as

Q(~x,E)=
〈σv〉0
2M 2

χ

∫

ρ2(r)dV δ3(~x−~xsub), (17)

where 〈σv〉0'〈σv〉0(H++H−−) for our benchmark, and
ρ(r) is the density profile of the subhalo. We adopt the
NFW density profile [42, 43]:

ρ(r)=
ρs

(r/rs)(1+r/rs)2
, (18)

for both Galactic halo and subhalo. For the Galactic
halo, the two parameters ρs and rs are normalized by the
local density ρ¯ and distance from Galactic center to Sun
R¯, which are respectively taken as ρ¯=0.4 GeVcm

−3

and R¯ = 8.5 kpc. For the nearby subhalo, ρs and rs
are determined by its massMsub (after tidal stripping)

1).
With its distance to the solar system d, the features of
the nearby subhalo are characterized by free parameters

Fig. 2. (color online) The e+e− spectrum for the
IH benchmark. The DAMPE data is shown
by the red points. The dotted blue line de-
notes the Galactic halo contribution (multiplied
by 103). The dashed green and dot-dashed cyan
lines respectively denote the contributions of a
nearby subhalo with parameters (d, Msub) =
(0.1 kpc, 107 M¯) and (0.3 kpc, 1.3×108 M¯).
The corresponding total fluxes (background +
Galactic halo + subhalo) are shown by solid lines
with the same colors. Here we take the solar
modulation potential as Φ¯ = 700 MV for illus-
tration. For comparison, we also present mea-
surements from the AMS-02 [46], Fermi-LAT [47]
and H.E.S.S. [2] experiments. The error bars of
DAMPE, AMS-02 and Fermi-LAT include both
systematic and statistical uncertainties.

1) For the calculation of Msub, see the Appendix of Ref. [5].
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Fig. 3. (color online) The e+e− spectrum for the
NH benchmark. The DAMPE data is shown by
the red points. The dotted blue line denotes the
Galactic halo contribution (multiplied by 103).
The dashed purple and dot-dashed orange lines
respectively denote the contributions of a nearby
subhalo with parameters (d, Msub)=(0.1 kpc, 2×
108 M¯) and (0.3 kpc, 2×109 M¯). The cor-
responding total fluxes (background + Galactic
halo + subhalo) are shown by solid lines with the
same colors. Here we take the solar modulation
potential as Φ¯ = 700 MV for illustration. For
comparison, we also present measurements from
the AMS-02 [46], Fermi-LAT [47] and H.E.S.S. [2]
experiments. The error bars of DAMPE, AMS-02
and Fermi-LAT include both systematic and sta-
tistical uncertainties.

(d, Msub). We use micrOMEGAs to evaluate the e
+e− spec-

trum produced by DM annihilation in the Galactic halo,
and numerically solve the integral equation Eq. (15) with
the source term in Eq. (17) to calculate the subhalo con-
tribution. In addition, the background flux coming from
various astrophysical sources also need to taken into ac-
count. We use the GALPROP package [44, 45] here and
perform χ2 analysis to obtain the best-fit astrophysical
background, which yields χ2

bkg=108.04.
The resulting e+e− spectrum for our benchmark is

presented in Fig. 2 for the IH scenario, and in Fig. 3 for
the NH scenario. From these two figures, one can see that
the morphology of the DAMPE excess potentially favors
the IH scenario, which could well fit the tentative peak
for subhalo parameters (d, Msub) = (0.1 kpc, 10

7 M¯)
or (0.3 kpc, 1.3×108 M¯). This is because for the IH
scenario, χ predominately annihilates into electron final
states (e :µ : τ '1 : 0.4 : 0.7), which have a sharp prompt

spectrum. As a consequence, the diffusion and energy
loss effects are not significant for a nearby source. For
the NH scenario, however, χ predominately annihilates
into tau final states (e : µ : τ ' 1 : 14 : 18), which have
a much broader prompt spectrum compared with elec-
trons. The spectrum is further smeared via diffusion
and energy loss, thus resulting in a worse fitting. For
instance, for our benchmark with subhalo parameters
(d, Msub)=(0.1 kpc, 2×108 M¯) or (0.3 kpc, 2×109 M¯),
it cannot match the tentative peak structure in the
DAMPE data.
Before ending this section, we mention that accompa-

nying γ-ray photons are also produced due to the internal
bremsstrahlung process and the decay of the charged lep-
ton final states. It is also necessary to check whether such
γ-ray emission can be detected or constrained by cur-
rent observations. The γ-ray flux from the nearby DM
subhalo contribution has been estimated in Ref. [5] for
the e+e− and e:µ:τ=1:1:1 annihilation channels, with
typical integral radius within 1◦ and subhalo distance
d = 0.1/0.3 kpc. They found that in all cases, corre-
sponding γ-ray fluxes are below the 10-year point source
sensitivity of Fermi-LAT observations. This estimation
is also applicable to our model.

4 Conclusion

We have interpreted the recent DAMPE excess in
the framework of the scotogenic type-II seesaw model
which relates neutrino masses and scalar singlet DM χ
at one-loop level. By assuming a nearby DM subhalo,
the DAMPE excess can be fitted for our benchmark in
the non-degenerate case and IH scenario, where DM χ
predominately annihilates into a pair of on-shell H±±

mediators, which then decay to electron rich final states.
In this case, associated neutrino final states are highly
suppressed due to the off-shell production of H0,A0 and
H± mediators. This advantage means our model does
not suffer from the limits on the neutrino flux from Ice-
Cube. In addition, the γ-ray flux in our model is also
below the current Fermi-LAT sensitivity. Finally, the
lepton flavor structure in our model which produces the
primary e+e− flux is tightly related to the neutrino os-
cillation data. We find that the spectrum fitting of the
DAMPE excess potentially favors the IH for neutrino
mixing.

We thank Qiang Yuan for help with the DAMPE spec-

trum fitting, and Yue Zhao for useful discussions on neu-

trino flux constraints.

083104-6



Chinese Physics C Vol. 42, No. 8 (2018) 083104

References

1 G. Ambrosi et al (DAMPE Collaboration), arXiv: 1711.10981
[astro-ph.HE]

2 X. J. Huang, Y. L. Wu, W. H. Zhang, and Y. F. Zhou, arXiv:
1712.00005 [astro-ph.HE]

3 A. Fowlie, Phys. Lett. B, 780: 181 (2018) doi:
10.1016/j.physletb.2018.03.006 [arXiv: 1712.05089 [hep-ph]]

4 F. Aharonian et al (H.E.S.S. Collaboration), Phys. Rev. Lett.,
101: 261104 (2008) [arXiv: 0811.3894 [astro-ph]] F. Aharo-
nian et al (H.E.S.S. Collaboration), Astron. Astrophys., 508:
561 (2009) [arXiv: 0905.0105 [astro-ph.HE]]

5 Q. Yuan et al, arXiv: 1711.10989 [astro-ph.HE]
6 Y. Bai and J. Berger, JHEP, 1408: 153 (2014) [arXiv:

1402.6696 [hep-ph]]
7 Y. Z. Fan, W. C. Huang, M. Spinrath, Y. L. S. Tsai,

and Q. Yuan, Phys. Lett. B, 781: 83 (2018) doi:
10.1016/j.physletb.2018.03.066 [arXiv: 1711.10995 [hep-ph]]

8 P. H. Gu and X. G. He, arXiv: 1711.11000 [hep-ph] G. H. Duan,
L. Feng, F. Wang, L. Wu, J. M. Yang, and R. Zheng, arXiv:
1711.11012 [hep-ph] L. Zu, C. Zhang, L. Feng, Q. Yuan, and
Y. Z. Fan, arXiv: 1711.11052 [hep-ph] Y. L. Tang, L. Wu,
M. Zhang, and R. Zheng, arXiv: 1711.11058 [hep-ph] W. Chao
and Q. Yuan, arXiv: 1711.11182 [hep-ph] P. H. Gu, arXiv:
1711.11333 [hep-ph] P. Athron, C. Balazs, A. Fowlie, and
Y. Zhang, arXiv: 1711.11376 [hep-ph] J. Cao, L. Feng, X. Guo,
L. Shang, F. Wang, and P. Wu, arXiv: 1711.11452 [hep-
ph] G. H. Duan, X. G. He, L. Wu, and J. M. Yang, arXiv:
1711.11563 [hep-ph] X. Liu and Z. Liu, arXiv: 1711.11579 [hep-
ph] X. J. Huang, Y. L. Wu, W. H. Zhang, and Y. F. Zhou,
arXiv: 1712.00005 [astro-ph.HE] W. Chao, H. K. Guo, H. L. Li,
and J. Shu, arXiv: 1712.00037 [hep-ph] Y. Gao and Y. Z. Ma,
arXiv: 1712.00370 [astro-ph.HE] J. S. Niu, T. Li, R. Ding,
B. Zhu, H. F. Xue, and Y. Wang, arXiv: 1712.00372 [astro-
ph.HE] P. H. Gu, arXiv: 1712.00922 [hep-ph] T. Nomura and
H. Okada, arXiv: 1712.00941 [hep-ph] R. Zhu and Y. Zhang,
arXiv: 1712.01143 [hep-ph] K. Ghorbani and P. H. Ghor-
bani, arXiv: 1712.01239 [hep-ph] J. Cao, L. Feng, X. Guo,
L. Shang, F. Wang, P. Wu, and L. Zu, arXiv: 1712.01244 [hep-
ph] F. Yang and M. Su, arXiv: 1712.01724 [astro-ph.HE]

9 S. Kanemura and H. Sugiyama, Phys. Rev. D, 86: 073006
(2012) [arXiv: 1202.5231 [hep-ph]]

10 P. Fileviez Perez, T. Han, G. y. Huang, T. Li, and K. Wang,
Phys. Rev. D, 78: 015018 (2008) [arXiv: 0805.3536 [hep-ph]]

11 I. Gogoladze, N. Okada, and Q. Shafi, Phys. Lett. B, 679: 237
(2009) [arXiv: 0904.2201 [hep-ph]]

12 P. S. B. Dev, D. K. Ghosh, N. Okada, and I. Saha, Phys. Rev.
D, 89: 095001 (2014) [arXiv: 1307.6204 [hep-ph]]

13 C. H. Chen and T. Nomura, JHEP, 1409: 120 (2014) [arXiv:
1404.2996 [hep-ph]]

14 C. H. Chen, C. W. Chiang, and T. Nomura, Phys. Lett. B,
747: 495 (2015) [arXiv: 1504.07848 [hep-ph]]

15 C. H. Chen, C. W. Chiang, and T. Nomura, arXiv: 1712.00793
[hep-ph]

16 T. Li, N. Okada, and Q. Shafi, Phys. Lett. B, 779: 130 (2018)
doi: 10.1016/j.physletb.2018.02.006 [arXiv: 1712.00869 [hep-
ph]]

17 E. Ma, Phys. Rev. Lett., 115(1): 011801 (2015) [arXiv:
1502.02200 [hep-ph]]

18 S. Fraser, C. Kownacki, E. Ma, and O. Popov, Phys. Rev. D,
93(1): 013021 (2016) [arXiv: 1511.06375 [hep-ph]]

19 S. Y. Guo, Z. L. Han, and Y. Liao, Phys. Rev. D, 94(11):
115014 (2016) [arXiv: 1609.01018 [hep-ph]]

20 C. Bonilla, J. W. F. Valle, and J. C. Romao, Phys. Rev. D,

91(11): 113015 (2015) [arXiv: 1502.01649 [hep-ph]]
21 W. Wang and Z. L. Han, Phys. Rev. D, 94(5): 053015 (2016)

[arXiv: 1605.00239 [hep-ph]]
22 W. Wang, R. Wang, Z. L. Han, and J. Z. Han, arXiv:

1705.00414 [hep-ph]
23 W. Wang and Z. L. Han, Phys. Rev. D, 92: 095001 (2015)

[arXiv: 1508.00706 [hep-ph]]
24 A. Arhrib, R. Benbrik, M. Chabab, G. Moultaka,

M. C. Peyranere, L. Rahili, and J. Ramadan, Phys. Rev. D,
84: 095005 (2011) [arXiv: 1105.1925 [hep-ph]]

25 Z. L. Han, R. Ding, and Y. Liao, Phys. Rev. D, 91: 093006
(2015) [arXiv: 1502.05242 [hep-ph]]

26 Z. L. Han, R. Ding, and Y. Liao, Phys. Rev. D, 92(3): 033014
(2015) [arXiv: 1506.08996 [hep-ph]]

27 A. Melfo, M. Nemevsek, F. Nesti, G. Senjanovic, and Y. Zhang,
Phys. Rev. D, 85: 055018 (2012) [arXiv: 1108.4416 [hep-ph]]

28 M. Aaboud et al (ATLAS Collaboration), arXiv: 1710.09748
[hep-ex] G. Aad et al (ATLAS Collaboration), JHEP, 1503:
041 (2015) [arXiv: 1412.0237 [hep-ex]]

29 C. Patrignani et al (Particle Data Group], Chin. Phys. C, 40:
no. 10, 100001 (2016).

30 A. G. Akeroyd, M. Aoki, and H. Sugiyama, Phys. Rev. D,
79: 113010 (2009) [arXiv: 0904.3640 [hep-ph]] T. Fukuyama,
H. Sugiyama, and K. Tsumura, JHEP, 1003: 044 (2010)
[arXiv: 0909.4943 [hep-ph]]

31 I. Esteban, M. C. Gonzalez-Garcia, M. Maltoni, I. Martinez-
Soler, and T. Schwetz, JHEP, 1701: 087 (2017) [arXiv:
1611.01514 [hep-ph]]

32 A. Alloul, N. D. Christensen, C. Degrande, C. Duhr, and
B. Fuks, Comput. Phys. Commun., 185: 2250 (2014) [arXiv:
1310.1921 [hep-ph]]

33 G. BWlanger, F. Boudjema, A. Pukhov, and A. Semenov, Com-
put. Phys. Commun., 192: 322 (2015) [arXiv: 1407.6129 [hep-
ph]]

34 P. A. R. Ade et al (Planck Collaboration), Astron. Astrophys.,
594: A13 (2016) [arXiv: 1502.01589 [astro-ph.CO]]

35 D. S. Akerib et al (LUX Collaboration), Phys. Rev. Lett.,
118(2): 021303 (2017) [arXiv: 1608.07648 [astro-ph.CO]]

36 E. Aprile et al (XENON Collaboration), Phys. Rev. Lett.,
119(18): 181301 (2017) [arXiv: 1705.06655 [astro-ph.CO]]

37 X. Cui et al (PandaX-II Collaboration), Phys. Rev. Lett.,
119(18): 181302 (2017) [arXiv: 1708.06917 [astro-ph.CO]]

38 Y. Zhao, K. Fang, M. Su, and M. C. Miller, arXiv: 1712.03210
[astro-ph.HE]

39 J. Alwall et al, JHEP, 1407: 079 (2014) doi:
10.1007/JHEP07(2014)079 [arXiv: 1405.0301 [hep-ph]]

40 M. G. Aartsen et al (IceCube Collaboration), Eur. Phys. J. C,
77(9): 627 (2017) doi: 10.1140/epjc/s10052-017-5213-y [arXiv:
1705.08103 [hep-ex]]

41 M. Cirelli et al, JCAP, 1103: 051 (2011); JCAP, 1210: E01
(2012) [arXiv: 1012.4515 [hep-ph]]

42 J. F. Navarro, C. S. Frenk, and S. D. M. White, Astrophys. J.,
462: 563 (1996) [astro-ph/9508025]

43 J. F. Navarro, C. S. Frenk, and S. D. M. White, Astrophys. J.,
490: 493 (1997) [astro-ph/9611107]

44 A. W. Strong and I. V. Moskalenko, Astrophys. J., 509: 212
(1998) [astro-ph/9807150]

45 I. V. Moskalenko and A. W. Strong, Astrophys. J., 493: 694
(1998) [astro-ph/9710124]

46 M. Aguilar et al (AMS Collaboration), Phys. Rev. Lett., 113:
121102 (2014)

47 S. Abdollahi et al (Fermi-LAT Collaboration), Phys. Rev. D,
95(8): 082007 (2017) [arXiv: 1704.07195 [astro-ph.HE]]

083104-7


