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Search for GeV gamma-ray emission from X-ray binaries
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Abstract: Six X-ray binary systems have been reported to emit gamma-rays to date, and a new category of “gamma-ray
binaries” is emerging. In this study, gamma-ray emissions from some other well-known X-ray binaries (Sco X-1, Cen
X-3, Vela X-1 and Her X-1) have been searched for usingRami-LAT data in the GeV energy range. We could not
observe positive gamma-ray signal from any of these sources and upper limits on gamma-ray fluxes have been set.
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1 Introduction detected at zenith angles smaller thedb° were used

for analysis, assuming ‘P83_DIFFUSE’ instrument re-
X-ray binaries are rather common Galactic X-ray objectsponse function along with the standard analysis pipeline
and about 300 sources are catalogued [1]. At gammauggested by FSSC. Significance of gamma-ray signal has
ray energies, LS5039 [2], LSI+61303 [3], PSR 1259- been estimated by maximum likelihood method with a help
63/SS2883 [4], Cyg X-1 [6], Cyg X-3 [5], and recently of the ‘gtlike’ program (we used it in the ‘binned’ mode)
1FGL J1018.6-5856 [7] have been reported to emit gamméncluded in the tools. The data periods are more than two
rays of GeV and/or TeV energies which are modulated iyears as shown in Table 1.
their orbital periods. Thus a new category of “gamma-
ray binaries” is emerging, but their emission mechanis
which should accelerate particles to multi-TeV energie
very efficiently, is not understood well. Compact binary
systems have distinct features compared with other GeV
emitters: the presence of intense photon field and mag
netic field, the changing geometry in interactions due td
the orbital motion of the system, and the varying particl
injection in the eccentric orbits. These components ad
complexities in analyzing emission mechanisms in bina
ries, but, in turn, information can be extracted from obser
vations in various wavelength. Thus, itis claer that we nee
more samples observed in multiwavelengths for the detail
study of these systems [8].

In this study, gamma-ray emissions from some other weljis
known X-ray binaries have been searched for using th
Fermi-LAT data in the GeV energy range.

Results

2 Analysis 26 se sa mo 1w w2
In Table 1 are listed four objects analyzed in this study F'9ure 1: GeV gamma-ray countmap around Sco X-1.
with some parameterd-ermi-LAT archival data were ex-

tracted from Fermi Science Support Center [9] and an&amma-ray countmaps for each source are shown in
lyzed using tools provided by FSSC (Fermi Science Toolkigs.1-4. Positions of each source and catalogued sources
vor17p0). Energy ranges used in the present analysis 4fdGL) [10] are marked. Apparently we could not find sig-
from 200 MeV to 100 GeV. Only ‘diffuse’ class eventsnificant gamma-ray signal from any of four sources, and
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Object Other name| « (deg) 6 (deg) Orbital period Distance Observation period

Sco X-1 | V818 Sco | 244.979 —15.640 18.9hr 2.8 kpc | Aug. 04, 2008 — Oct. 28, 2010
Cen X-3 | V779 Cen | 170.316 —60.623 2.09d 8-10 kpc| Aug. 04, 2008 — Nov 18, 2010
Vela X-1 | GP Vel 135.529  —40.555 8.96d 1.9 kpc | Aug. 04, 2008 — Nov 18, 2010
Her X-1 | HZ Her 245.548  35.342 1.70d 6.6 kpc | Aug. 04, 2008 — Nov 18, 2010

Table 1: X-ray binaries analyzed in this study.

detailed analysis with ‘gtlike’ also revealed no positive de-
tections, showing'S (test statistics) values of less than 25
which is the standard threshold (corresponding to abo
40) for positive detection. Upper limits on gamma-ray
flux have been calculated with the maximum likelihood
method provided with the Fermi Science Toosls and re
sults are summarized in Table 2. Note that the upper lim
for Vela X-1, which lies near the Galactic plane, is signifi-

presence of the intense Galactic diffuse gamma-ray baci¥
ground.
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Figure 4: GeV gammma-ray countmap around Her X-1.

Object | Upper limit (cnT2s~ 1)
Sco X-1 1.03 x 107°
Cen X-3 4.28 x 107?
Vela X-1 241 x 1077
Her X-1 1.51 x 10~9

Table 2: Upper limits on gamma-ray fluxes from each
source (200 MeV-10 GeV, 95%C.L.,).

9.9 20 30 40 49 59 69 79 89

4 Discussion

Figure 5 shows a relation between X-ray luminosities and
gamma-ray luminosity upper limits of each source assum-
ing distances shown in Table 1. Also plotted are the sim-
ilar points for LS5039 [2], LSI+61 303 [3], PSR 1259-
63/SS2883 [4], and the flare activity of Cyg X-3 [5]. While
the upper limits on gamma-ray luminosities obtained in this
study are less thar)—3 of X-ray luminosities, gamma-ray
luminosities of detected sources are the same order of or
larger than X-ray luminosities. This may mean the X-ray
binaries studied here and “gamma-ray binaries” could be
classified into different categories. It is interesting to study
what properties of binaries produce this difference by col-
lecting further samples and taking various correlation of
parameters.

Figure 3: GeV gamma-ray countmap around Vela X-1.



32ND INTERNATIONAL CosmiCc RAY CONFERENCE BEIJING 2011

[8] For a review, see Josep M. Parades, AIP Conference

Proceedings 1085, 2009, pp.157-168.

. Lyvs Ly [9] http://fermi.gsfc.nasa.gov/ssc/
0 ' ' ' o ' [10] A. A. Abdo et al. (Fermi-LAT), ApJS, 2010188
Cyg X-3@
o | s ] 405-436
LSI+61 303 .-
PSR1259-63 A% AV
G / % SN
o e
9, N LS5039
~ 10+ 11
~ . Her-X~1 Sco X-1
33 [ W i
10 Veld X-1
Cen X-3
1032 L~ 1 L 1 1 1 1
1032 1033 1034 1035 1036 1037 1038 1039
Ly [erg/s]

Figure 5: X-ray luminosities versus gamma-ray luminosity
upper limits.

5 Summary

We have searched for GeV gamma-ray emission from some
of selected X-ray binaries using tifeermi-LAT data. No
significant signal was found from any of four sources an-
alyzed here (Sco X-1, Cen X-3, Vela X-1 and Her X-
1) and upper limits on gamma-ray fluxes were given.
Their gamma-ray luminosities relative to X-ray luminosi-
ties are weaker by 1/1,000 compared to ‘gamma-ray bina-
ries’ which are detected in GeV and/or TeV gamma-rays.
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