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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 eT-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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microwave background radiation.

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-¢~ pul-
sar wind by the external UV /X-ray emission [1].

In this paper, we discuss the astrophysical mecha-
nism 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,
the typical energy of this component should be seve-
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ral tens of MeV. The further detection of unidentified
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 Fiipe ~ 10710 erg cm ™2 s~! consistent with
Fermi/LAT observations. Given the distance to the
Galactic center ~ 8 kpc [14], such flux corresponds to
a luminosity of ~ 1036 erg/s.
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Comptonization of Cosmic Microwave Background

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]

4 0% >
2 ~ 34 M 1
3 s (2 X 105> eV, M)

<51> = =7 (€cun)

where v ~ 2 x 10° is the Lorentz factor of the cold
electron-positron wind (able to produce ~100 GeV
photon line [1]), (eous) & 2.7 Teys = 6.3 x 107% eV
is the average energy of CMB photons. The total flux
of this softer component equals

(dE/dt)
(dE/dt)gxx’

where (dE/dt) 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)

4
(dE/dt)T = —§UTC'72SCMB; (3)

(dE/dt) o = —gangé X

o)

Here, o1 is the Thomson cross-section, Ecup =~
0.26 eV/cm? is the CMB energy density, nex(€) 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
> L=
€ 2 €min = 20 (2 > 105> eV, (5)

to ensure that the corresponding Compton scattering
occurs in the deep Klein—Nishina regime. In [1], two
possible origins of the external emission with such an
energy were proposed:

¢ thermal emission from the surface of the neutron
star;

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

- 15gext 62
— mATA exp (¢/Toxy) — 17

€

Next (€) (6)
where Eext and Tyyt 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 Tox
(dE/dt)dKN = 167’(’2 UTC’72€ext]: (7 t>7 (7)

MeC2

where

1
F(x) = 2 [ln(4x) - % - Cg —Cl} , > 1,

Cg =~ 0.5772 is Euler’s constant,

6 w=Ink

2 2
s k
k=2

C = ~ 0.5700.

Substituting (3) and (7) to (2), we obtain
4 2
64 SCMBT . (8)
gext]: (’Y CXt)

Mec?

Fsoft = Eine X

The ranges for the function F can be obtained from
numerical estimates of Tey(. For neutron stars, Toyy <
< 1keV (see, e.g., [16]), s0o F 2 4x1075. On the other
hand, for small Tey¢, the function F has a maximum,
F < 0.0560. For these values of F, we obtain the
following relation between Eext, Fsoft, and Flipe:

: FSO
65 eV /cm® < Eoxt = ft

line

To calculate Fyof, 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
is (1.0 £ 0.2) x 1075 photon cm™2 s~ [12], the cor-
responding flux from 3EG J1823-1314 is (2.7 4+0.5) x
x 107° photon cm~2 s™1 [17], which gives us the es-
timate for Fy.p detectable with CGRO/COMPTEL
near the Galactic Center region

Fiom >~ (10_10710_9) erg em~2 g1,

<9 x10* eV/cm?®. (9)
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To detect the softer component from ~100 GeV line
emitter candidates (with Fijne ~ 10710 erg ecm =2 s71)
with CGRO/COMPTEL, the value of eyt should be
in the range

10 eV/em? < Eoxr < 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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NAS of Ukraine.
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L A. HAxyboscokut, C.A. FOwenko
KOMIITOHIBALIA KOCMIYHOI'O
MIKPOXBNJIbLOBOT'O BUITPOMIHIOBAHHS
XOJIOOAHUM VYJIBTPAPEJIATUBICTCHKIM
EJJEKTPOH-TIOBUTPOHHUM BITPOM
TA ITPUPOJIA ~130 I'eB JIIHI

Peszmowme

B po6ori [1] Gysmo 3anpomnoHoBaHO acTpodi3nyHe MOSCHEHHS
By3bKHuX ramma-jiniit 6;au3sko 100 I'eB 3 obsacti ['amakruano-
IO IEHTPA, CIIOCTEPEXKEHNX raMMa-Teseckoriom Fermi/LAT [2].
Mogens [1] Gasyerbcss Ha KOMITOHIBCBKOMY pO3CIsiHHI 30B-
HIIIHBOTO yILTPadioIeTOBOro,/ PeHTreHiBCHKOro BUIIPOMIHIOBa~
HHSI XOJIOJHUM YJIBTPAPEISTUBICTCBKUM eJIeKTPOH-IIO3UTPOH-
HuM BiTpom. IlokazaHo, 1m0 Mae 3’SIBUTHUCS JOIATKOBA IIIHPO-
Ka KoMIloHeHTa B MeB naiamazoni Bij KoMITOHI3aIil KOCMi-
YHOTO MIKPOXBHJIBOBOIO (pOHOBOrO BHIpoMiHroBaHH:. Orime-
HO OCHOBHI ITapaMeTpu IIi€l KOMIIOHEHTH 1 IOKa3aHO, IO BO-
Ha Morya Oyt cnocrepexkHoro MeB remeckomamu Takumu,
sk CGRO/COMPTEL. Ilonoxenus mxkepera GRO J1823-
12 6ym3bKe 10 HAJUIMIIKY BUIPOMIHIOBaHHSA B Jiamasoni 105—
120 I'eB (periox 1 [2]), mo Mozke GyTn iHTEPIPETOBAHO SIK APTry-
MEHT Ha KOPUCTH acTpodizuanoro noxojxkenus 100 I'eB iniii.

A, HAxyboscruti, C.A. FOuernxo

KOMIITOHU3ALINA KOCMNYECKOI'O
MHNKPOBOJIHOBOI'O N3JIYYEHUA XOJIOAHBIM
YJIBTPAPEJIATHNBUCTCKNM
SJIEKTPOH-TIOSUTPOHHBIM BETPOM

U IIPUPOMA ~130 I'sB JIMHUN

Peszmowme

B pabGore [1] 6b110 IpeanorkeHo acTpodU3MIECKOE OO bICHEHIE
y3KHuX ramma-aunuit okosio 100 I'sB u3 obnactu lanakrryecko-
ro IEeHTpa, HaOJI0JAaeMbIX raMmMa-Teseckonom Fermi/LAT [2].
Mogens [1] 6a3upyercss Ha KOMIIOHOBCKOM PACCESIHUU BHE-
IIIHETO  YJILTPadUOIETOBOrO/ PEHTIEHOBCKOTO  HM3JIyYEeHUsI XO-
JIOAHBIM YJIBTPAPEIATUBUCTCKUM SJICKTPOH-IIOBUTPOHHBLIM BeE-
TpoM. Hamm mokasaHO IOsiBJIEHHE [IOIOJHUTEJBHOM MINPO-
KO KOMITOHEHTHI B MSB Jualra3oHe OT KOMIITOHH3aIluu KO-
CMHUYECKOIO0 MUKPOBOJIHOBOT'O (hOHOBOIO mM3jrydeHusi. Mbl orie-
HWJIN OCHOBHBIEC ITapaMeTpPbI 9TOU KOMIIOHEHTHI U IIOKa3aJIu,
4910 OHa Moryia HabJonarscs MaB reseckorlamMmun TakuMu, Kak
CGRO/COMPTEL. Ilonoxenne ucrounuka GRO J1823-12
6/IM3KO K M3JIUINKY M3JIydeHus B nauanasone 105-120 I'sB (pe-
ruoH 1 [2]), 9T0 MOXKeT GBITH HHTEPIIPETUPOBAHO KaK API'yMEHT
B M0OJIB3Yy acTpodusndeckoro npoucxoxkaerust 100 ['sB yuawmit.
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