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4 VHE Gamma-ray binaries

e PSR B1259-63/SS2883
e |S|+61 303 Jet Disc-PSR interraction

MICROQUASAR BINARY PULSAR

. S 5 O 3 9 Cometary radio emmission
—

=3

° Cyg nus X_ 1 { ;mmm Putar

Compact object
of center

Ultraviolet and Accretion disk

optical emission
{ % Frays

L. Microblazar

Fig.3 Alternative models for very energetic gamma-ray binaries. Lefr: Microquasars are powered by compact objects (neutron stars or stellar-
mass black holes) via mass accretion from a companion star. The jets boost the energy of stellar winds to the range of very energetic gamma-rays.
Right: Pulsar winds are powered by rotation of neutron stars; the wind flows away to large distances in a comet-shape tail, as has been shown in
[14] to be the case for LS I +61 303. Interaction of this wind with the companion-star outflow may produce very energetic gamma-rays.

l. F. Mirabel (2006)
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Nature of 4 binaries

PSR B1259-63 LS |+61 303 LS 5039 Cygnus X-1
/552883
System Type Be+NS Be+NS/BH? O+BH? O+BH
Distance (kpc) 1.5 2.0 2.5 2.2
Orbital Period (d) 1237 26.5 3.9 5.6
Eccentricity 0.87 0.72 0.35 ~0
Periastron- 0.7-10 0.1-0.7 0.1-0.2 0.2
apastron (AU)
M compact (Mo) 1.4 1-4 1.4-5 2015
Lyne (10%° erg s) 2.3 3 7.8 12
RS 2.7+0.2 2.6+0.2 2.06+0.05 3.2+0.6
Origin of Gamma-  disc-PSR disc-PSR Jet? flare
b interraction anafor (Jet?)
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LS | +61 303: radio

Dhawan et al. (Proceedings of the VI Microquasar Workshop)

*jet like?
ecometary tail?




LS 1 +61 303: Flare

Orbital Phase (0)
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Flare MJD (UTC) Usable Data (s) | PCUs o Flux (2-10 keV)
(10~ Merg ecm2 s71)
2007/09/13  Flare 1 | 54356 (11:09-11:25) 528 24 | 1.4+0.1 7.240.2
2007/09/15  Flare 2 | 54358 (10:13-10:28) 560 2,34 | 1.7+0.1 3.540.1
2007/09/29  Flare 3 | 54372 (03:31-03:35) 553 24 | 1.6+0.1 4.940.1




LS 1 +61 303: Burst
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LS 1 +61 303: QPO?

. Radio phase ‘_‘_A'vj‘:"t. e.q., H:lm-v::r et al. 2000
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Cygnus X-1H\5 M
TeV flare

Cygnus X-1
2006-09-24

19"50™ 19"58" 19"57" u’a"A';s'

F1G. 3.— Gaussian-smoothed (¢ = 4’) map of y-ray excess events (back-
ground subtracted) above 150 GeV around Cygnus X-1 cormresponding to 78.9
minutes EOT between MJD 54002.928 and 54002.987 (2006-09-24). The
black cross shows the best-fit position of the y-ray source. The position of
the X-ray source and radio emitting ring-like are marked by the green star and
contour, respectively. The purple dots mark the directions tracked during the
observations. Note that the bin contents are comrelated due to the smoothing.
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F1G. 4.— From top to bottom: MAGIC, Swift/BAT (from
http://swift gsfc nasa.gov/does/swift/results/transients/) and RXTE/ASM
(from http://heasarc. gsfc nasa.gov/xte_weather/) measured fluxes from
Cygnus X-1 as a function of the time. The left panels show the whole time
spanned by MAGIC observations. The vertical, dotted blue lines delimit the
range zoomed In the right panels. The vertical red line marks the time of the
MAGIC signal.



jet-clump model
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LS 5039: TeV

observer

Aharonian et al. 2006
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LS 5039MjettE &
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Fig.1. VLBA+phased VLA self-calibrated images of LS 5039 at 5 GHz obtained on 2000 June 3 (left) and 8 (nght). North is up and
east 1s to the left. Axes units are mas, and the (0,0) position corresponds to the source peak in each image. The convolving beam,
plotted in the lower left comer, has a size of 3.4x1.2 mas in PA of 0°. The first contour comresponds to 5 times the rms noise of
the image (0.08 and 0.11 mJy beam™ for run A and B, respectively), while consecutive ones scale with 2}/2_ The dates and orbital
phases are quoted in the i1mages. There is extended radio emission that appears nearly symmetric for run A and clearly asymmetric
for run B, with a small change of ~10° n its position angle. We have labeled the components fitted to the data, the parameters of
which are listed in Table 1.

M. Ribo et al. 2000



LS 5039 GeV-TeV EL
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from HE S.S. observations (Aharoman et al. 2006); the data from HES.S.
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peniods.

F1G. 5.— Top: flux vs. orbital phase for 0.1-10 GeV. Bottom: vanatic
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ABDO et al. (2010)
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PSR B1259/552883:TeV
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February 2.8+03 21+03x10"% 1.8/4 077 370
March 3.0+06 1.0+£02x107" 1.8/4 076 420
April 28+04 20+03x10" 04/3 093 350
Overall* 27+02 13+0.1x10°'2 23/5 081 380

* Includes all data from February to May 2004.
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3-D Numerical

Simulations of the

Binary System PSR B1259-63/SS
2883 and High Energy Emission from

the DISK-Wind

Interaction Region

Tsuguya Naito collaboration with

A. Okaza
A. Kawac

<i, S. Nagataki,

ni, K. Hayasaki

@High Energy Phenomena in Massive Stars, University of Jaen 02/02/2009
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Figure 4: The PSRBI1259—63 observation win-
dows in 2007 for zenith angles < 45° with re-
spect to the system’s time relative to periastron.
Green boxes indicate that data taking has al-
ready been accomplished during the correspond-
ing month. The empty boxes are the 2007 observa-
tion windows mirrored with respect to periastron,
overlayed with the 2004 data for comparison.
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The radio counterpart of the likely TeV binary
HESS J0632+057

J.L. Skilton'*, M. Pandey-Pommier?, J.A. Hinton', C.C. Cheung®,
F.A. Aharonian®, J. Brucker®, G. Dubus®, A. Fiasson™®, S. Funk?,
Y. Gallant”, A. Marcowith’, O. Reimer®!®

Name D (kpe) L. Lx  Lgov* Loy ay ax o

LS 5039 2.5 1.3 5-50 70 4-11 0.469 045 - 069 09 -1.5=
LS I +61 303 2.0 1-17 3-9 60 < 0.6 - 0.451 0.53% 1.6+ 0.2

PSR B1259-63 1.5 0.02-03 0346 & 23 -22-030 0.78°* 1.7+02%
Cygnus X-1 2.2 0.3 104 12 0.1° 0.8+ 22+06

HESS J06324-057 1.5 0.003 0134 <9 0.9%9 0.6 0.262 1.5+0.39

Table 1. Properties of the TeV emitting binaries, adapted from Paredes (2008). Note that the spectral indices are defined by F, xv—=
or equivalently dN/dE o E~(1*2)_ All luminosities are in units of 10*®ergs™! except the radio luminosities which are in units of
10*'ergs™!. Luminosities are given for the following ranges: Ly: 0.1 -100 GHz, Lx: 1 — 10 keV, Lgov: 1 — 10 GeV, Lrov: 0.2 — 10 TeV.
®Marti et al. (1998), ©Takahashi et al. (2009), **Aharonian et al. (2006), tGregory (2002), #Albert et al. (2006), #Albert et al. (2009),
U Johnston et al. (2005), ®*Esposito et al. (2007), ¥ Aharonian et al. (2005b), °Pandey et al. (2007), *Miller et al. (2005), “Hinton et al.
(2009), ®Aharonian et al. (2007). *GeV luminocsity measurements are from the Fermi Bright Source List (Abdo et al. 2009), with upper
limits estimated from non-detection at a 100 level after three months of observations. Note that the association of GeV emission with
LS 5039 is based only on positional coincidence. '"No GeV detection reported yet.
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HMXBs

* Gamma-ray Binary > 24 sources

name ____ldistance (kpo) |

4U 0352+30 1.3
H1145-619 1.5 2E 1145.5-6155
GX 301-2 1.8+0.4
Vela X-1 2
H1907+097 2.4-5.9
A1118-616 4

e SAXJ0635+0533
— pulsar 33.8 ms: X-ray, radio
— GeV : 2EG J063510521 (Thompson et al. 1995)
— Massive Star - Be star (Kaaret etal. 1999)
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