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COMPTONIZATION OF COSMIC MICROWAVE
BACKGROUND BY COLD ULTRARELATIVISTIC
ELECTRON-POSITRON PULSAR WIND
AND ORIGIN OF ∼130 GeV LINESPACS 95.85.Pw, 97.60.Gb

Previously, an astrophysical explanation of the narrow gamma-ray line-like feature(s) at
∼100 GeV from the Galactic Center region observed by Fermi/LAT [2] was proposed in
[1]. The model of [1] is based on the inverse Compton scattering of external ultraviolet/X-
ray radiation by a cold ultrarelativistic 𝑒+-𝑒− pulsar wind. We will show that the extra
broad ∼30 MeV component should arise from the Comptonization of cosmic microwave
background radiation. We estimate the main parameters of this component and show that
it can be detectable with MeV telescopes such as CGRO/COMPTEL. The location of the
CGRO/COMPTEL unidentified source GRO J1823-12 close to the excess of the 105–120-GeV
emission (Region 1 of [2]) can be interpreted as an argument in favor of the astrophysical model
of the narrow feature(s) at ∼100 GeV.

K e yw o r d s: gamma-ray line, Galactic Center, pulsar wind, inverse Compton effect, cosmic
microwave background radiation.

1. Introduction

Previous claims about the presence of narrow line-like
𝛾-ray feature(s) around 100–130 GeV observed by a
Large Area Telescope (LAT) on the Fermi gamma-ray
observatory near the Galactic Center have been re-
ceived a lot of attention. Proposed interpretations in-
clude dark matter annihilation [5–9], dark matter de-
cay [9–11], systematic effects [2–4] and an astrophys-
ical mechanism – comptonization (in the deep Klein–
Nishina regime) of a cold ultrarelativistic 𝑒+-𝑒− pul-
sar wind by the external UV/X-ray emission [1].

In this paper, we discuss the astrophysical mech-
anism proposed by [1] in more details. We will show
that, in addition to ∼100 GeV line emission, a broad
𝛾-ray component should be produced due to the
comptonization of the cosmic microwave background
(CMB) radiation. For ∼100 GeV astrophysical lines,
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the typical energy of this component should be sev-
eral tens of MeV. The further detection of unidenti-
fied MeV sources with positions coinciding with the
GeV line excesses (such as GRO J1823-12 [12] located
very close to the 105–120 GeV excess (Region 1 of [2]))
will argue in favor of the astrophysical origin of GeV
lines.

2. Model Description

The model of [1] is based on the inverse Compton
scattering of energetic (UV and X-ray) photons by a
cold ultrarelativistic 𝑒+-𝑒− pulsar wind accelerated in
a vicinity of the pulsar magnetosphere (see, e.g., [13]
for details). In this case, the scattering occurs in the
deep Klein–Nishina regime, where the typical energy
of a scattered photon is close to that of the initial elec-
tron. If the conversion efficiency is large enough, the
mechanism of [1] can produce narrow ∼100 GeV lines
with flux 𝐹line ∼ 10−10 erg cm−2 s−1 consistent with



Comptonization of Cosmic Microwave Background

Fermi/LAT observations. Given the distance to the
Galactic center ∼ 8 kpc [14], such flux corresponds to
a luminosity of ∼ 1036 erg/s.

In this paper, we assume the validity of the model
proposed in [1]. In this case, one should also detect
a softer continuum component due to the Compton
scattering of CMB radiation on the 𝑒+-𝑒− wind. In
the Thomson regime, the average energy of scattered
CMB photons is 1 [15]

⟨𝜖1⟩ =
4

3
𝛾2⟨𝜖cmb⟩ ≈ 34

(︂
𝛾

2× 105

)︂2
MeV, (1)

where 𝛾 ∼ 2 × 105 is the Lorentz factor of the cold
electron-positron wind (able to produce ∼100 GeV
photon line [1]), ⟨𝜖cmb⟩ ≈ 2.7 𝑇cmb = 6.3 × 10−4 eV
is the average energy of CMB photons. The total flux
of this softer component equals

𝐹soft = 𝐹line ×
(𝑑𝐸/𝑑𝑡)T

(𝑑𝐸/𝑑𝑡)dKN

, (2)

where (𝑑𝐸/𝑑𝑡)T and (𝑑𝐸/𝑑𝑡)dKN are the average en-
ergy loss rates of a single 𝑒− or 𝑒+ in the Thomson
and deep Klein–Nishina regimes, respectively. To cal-
culate (𝑑𝐸/𝑑𝑡)T and (𝑑𝐸/𝑑𝑡)dKN, we use expressions
(2.18) and (2.57) from [15]:

(𝑑𝐸/𝑑𝑡)T = −4

3
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2ℰcmb, (3)
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𝑚𝑒𝑐2
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− 11

6

]︂
. (4)

Here, 𝜎T is the Thomson cross-section, ℰcmb ≈
0.26 eV/cm3 is the CMB energy density, 𝑛ext(𝜖) is
the density distribution of external radiation leading
to the production of ∼100 GeV lines.

According to [1], to explain the smallness of the
measured width of ∼100 GeV lines, the energy of ex-
ternal photons should be high enough,

𝜖 & 𝜖min = 20

(︂
𝛾

2× 105

)︂−1

eV, (5)

to ensure that the corresponding Compton scattering
occurs in the deep Klein–Nishina regime. In [1], two

1 Throughout this paper, we use notations from [15].

possible origins of the external emission with such an
energy were proposed:

∙ thermal emission from the surface of the neutron
star;

∙ thermal emission from the hot companion star (in
the case of binary pulsar).

In both cases, the density distribution of external
radiation can be approximated with that of rescaled
blackbody radiation:

𝑛ext(𝜖) =
15ℰext
𝜋4𝑇 4

ext

𝜖2

exp (𝜖/𝑇ext)− 1
, (6)

where ℰext and 𝑇ext are the total energy density and
the temperature of the external radiation. Substitu-
ting (6) into (4), we obtain, in accordance with ex-
pression (2.59) of [15],

(𝑑𝐸/𝑑𝑡)dKN = − 15

16𝜋2
𝜎T𝑐𝛾

2ℰextℱ
(︂
𝛾𝑇ext

𝑚𝑒𝑐2

)︂
, (7)

where

ℱ(𝑥) =
1

𝑥2

[︂
ln(4𝑥)− 5

6
− 𝐶𝐸 − 𝐶𝑙

]︂
, 𝑥 ≫ 1,

𝐶𝐸 ≈ 0.5772 is Euler’s constant,

𝐶𝑙 =
6

𝜋2

∞∑︁
𝑘=2

ln 𝑘

𝑘2
≈ 0.5700.

Substituting (3) and (7) to (2), we obtain

𝐹soft = 𝐹line ×
64𝜋2

45

ℰcmb

ℰextℱ
(︁
𝛾𝑇ext

𝑚𝑒𝑐2

)︁. (8)

The ranges for the function ℱ can be obtained from
numerical estimates of 𝑇ext. For neutron stars, 𝑇ext .
. 1 keV (see, e.g., [16]), so ℱ & 4×10−5. On the other
hand, for small 𝑇ext, the function ℱ has a maximum,
ℱ . 0.0560. For these values of ℱ , we obtain the
following relation between ℰext, 𝐹soft, and 𝐹line:

65 eV/cm3 . ℰext
𝐹soft

𝐹line
. 9× 104 eV/cm3. (9)

To calculate 𝐹soft, we use the CGRO/COMPTEL
observations of GeV line sources in a MeV band. In-
terestingly, one of the detected CGRO/COMPTEL
sources, GRO J1823-12 [12] (see also 3EG J1823-
1314 [17]) is located very close to Reg. 1 of [2], where
the ∼4.7𝜎 excess at 105-120 GeV has been found [2].
The flux from GRO J1823-12 in the 10–30 MeV band
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is (1.0 ± 0.2) × 10−5 photon cm−2 s−1 [12], the cor-
responding flux from 3EG J1823-1314 is (2.7±0.5)×
× 10−5 photon cm−2 s−1 [17], which gives us the es-
timate for 𝐹soft detectable with CGRO/COMPTEL
near the Galactic Center region

𝐹soft ≃
(︀
10−10–10−9

)︀
erg cm−2 s−1.

To detect the softer component from ∼100 GeV line
emitter candidates (with 𝐹line ∼ 10−10 erg cm−2 s−1)
with CGRO/COMPTEL, the value of ℰext should be
in the range

10 eV/cm3 . ℰext . 105 eV/cm3. (10)

These values of ℰext are expected for the Galactic
Ridge region [18, 19].

3. Conclusions

We showed that the astrophysical mechanism of
∼100 GeV line production proposed in [1] leads to
the presence of the additional softer broadened com-
ponent originated from the inverse Compton scat-
tering of CMB radiation by the cold ultrarelativis-
tic electron-positron wind. The typical energy of the
softer component should be around 30 MeV and
can thus be detected by MeV telescopes such as
CGRO/COMPTEL.

The further identification of this component with
instruments operating in the MeV band may lead to
the confirmation of the astrophysical origin of the
∼100 GeV line(s).

The authors thank Denis Malyshev and the anony-
mous Referee for useful comments. This work is par-
tially supported by the Program of Fundamental Re-
search of the Physics and Astronomy Division of the
NAS of Ukraine.
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КОМПТОНIЗАЦIЯ КОСМIЧНОГО
МIКРОХВИЛЬОВОГО ВИПРОМIНЮВАННЯ
ХОЛОДНИМ УЛЬТРАРЕЛЯТИВIСТСЬКИМ
ЕЛЕКТРОН-ПОЗИТРОННИМ ВIТРОМ
ТА ПРИРОДА ∼130 ГeВ ЛIНIЙ

Р е з ю м е

В роботi [1] було запропоновано астрофiзичне пояснення
вузьких гамма-лiнiй близько 100 ГеВ з областi Галактично-
го центра, спостережених гамма-телескопом Fermi/LAT [2].
Модель [1] базується на комптонiвському розсiяннi зов-
нiшнього ультрафiолетового/рентгенiвського випромiню-
вання холодним ультрарелятивiстським електрон-позит-
ронним вiтром. Показано, що має з’явитися додаткова ши-
рока компонента в МеВ дiапазонi вiд комптонiзацiї кос-
мiчного мiкрохвильового фонового випромiнювання. Оцi-
нено основнi параметри цiєї компоненти i показано, що
вона могла бути спостережною МеВ телескопами такими,
як CGRO/COMPTEL. Положення джерела GRO J1823-
12 близьке до надлишку випромiнювання в дiапазонi 105–
120 ГеВ (регiон 1 [2]), що може бути iнтерпретовано як аргу-
мент на користь астрофiзичного походження 100 ГеВ лiнiй.
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