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AND ORIGIN OF ~130 GeV LINES

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.
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1. Introduction

Previous claims about the presence of narrow line-like
~-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 et-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
~v-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 et-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 Fiine ~ 10710 erg cm™2 s~ consistent with
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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 ~ 103¢ 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 et-e~ wind. In
the Thomson regime, the average energy of scattered
CMB photons is?! [15]
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where v ~ 2 x 10° is the Lorentz factor of the cold
electron-positron wind (able to produce ~100 GeV
photon line [1]), (ecus) ~ 2.7 Toys = 6.3 x 107% eV
is the average energy of CMB photons. The total flux
of this softer component equals

(B dt)y
(dE/dt)gxx’

where (dE/dt)y and (dE/dt),y 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) and (dE/dt) i, We use expressions
(2.18) and (2.57) from [15]:

Fsoft = Fline X

(2)
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Here, o1 is the Thomson cross-section, Eqyp =~
0.26 eV/cm? is the CMB energy density, nexi(€) 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,

1
Y
> o \l
€ 2 €min = 20 (2 v 105> eV, (5)

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

I Throughout this paper, we use notations from [15].
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possible origins of the external emission with such an
energy were proposed:

e thermal emission from the surface of the neutron
star;

e 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:

o 15gext 62
— mATA exp (¢/Toxy) — 17

€

(6)

next(e)

where Eq and Tuy 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],

15 ’YText
(dE/dt)dKN = 7WO’TC’)/2£QX‘E‘F <m602>, (7)
where

1 5
F(z) = e [1n(4x) ~ % - Cg —Cl} , > 1,

Cg ~ 0.5772 is Euler’s constant,

6 <= Ink

2 k2
k=2

C = ~ 0.5700.

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

64m2 &
Fyory = Fline X 45 CMBT J (8)
gextf (’,,Yn:g;)

The ranges for the function F can be obtained from
numerical estimates of Tixy. For neutron stars, Texy <
< 1keV (see, e.g., [16]),s0 F = 4x1075. On the other
hand, for small T,y¢, the function F has a maximum,
F < 0.0560. For these values of F, we obtain the
following relation between Eqxt, Fsofr, and Flipe:

F.
65 eV/em® < oy st)ft

line

<9 x10* eV/cm?. (9)

To calculate Fyo, 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 ~4.70 excess at 105-120 GeV has been found [2].
The flux from GRO J1823-12 in the 10-30 MeV band

179



D.A. Iakubovskyi, S.A. Yushchenko

is (1.0 £0.2) x 107° photon cm™2 s~ [12], the cor-
responding flux from 3EG J1823-1314 is (2.71+0.5) x
x 107° photon cm~=2 ™1 [17], which gives us the es-
timate for Fyf detectable with CGRO/COMPTEL
near the Galactic Center region

Foofe ~ (1071°-107%) erg em 2 s~ .

To detect the softer component from ~100 GeV line
emitter candidates (with Fijue ~ 10710 erg ecm=2 s71)
with CGRO/COMPTEL, the value of Eqyt should be
in the range

10 eV/em?® < Eop < 10° eV /em®. (10)
These values of £, 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).
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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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KOMIITOHI3BALIIA KOCMIYHOTI'O
MIKPOXBMJILOBOI'O BUITPOMIHIOBAHHS
XOJIOAHUM VJIBTPAPEJIATHUBICTCbKUM
EJIEKTPOH-ITOSUTPOHHUM BITPOM

TA TIPUPOJIA ~130 T'eB JITHIN

Pezmowme

B po6ori [1] 6yso sanpononoBano acTpodi3nvHe MOSCHEHHS
BY3bKHMX TraMMa-JiiHiil 6;usbko 100 I'eB 3 obaacti anakTudaso-
IO LEHTPA, CHOCTEPEXKEHNX ramma-Teseckornom Fermi/LAT [2].
Mopgenb [1] 6a3yerbcs Ha KOMIITOHIBCBKOMY DPO3CISIHHI 30B-
HIIIHBOTrO  yIILTPadioIeTOBOro / PEHTIeHIBCHKOTO  BUIIPOMIHIO-
BAHHSI XOJIOAHUM YJIbTPAPEIATUBICTCHKUM €JIEKTPOH-IIO3UT-
pouuuM BiTpoM. ITokazaHo, 110 Ma€ 3’SIBUTHCS SOJATKOBA IIHU-
poka koMmmoHeHTa B MeB niamazoni Bij komnronizanii koc-
MIYHOTO MiKPOXBHJILOBOTO (pOHOBOrO BHUmpoMmiHoBaHHs. Ori-
HEHO OCHOBHI Mapamerpu Iii€] KOMIIOHEHTH 1 IIOKa3aHO, IO
BOHa Moruia OyTu crnocrepexxnoio MeB Teneckomamu Takumu,
gk CGRO/COMPTEL. Ilonoxenns mxepera GRO J1823-
12 6m3bKe [0 HAJJIMIIKY BUIPOMIHIOBaHHS B Aiama3oni 105—
120 T'eB (perion 1 [2]), mo Mozke GyTH IHTEPIPETOBAHO SIK Apry-
MEHT Ha KOPHUCTb acTpodizugHoro noxomkenust 100 I'eB siniit.
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