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Fan, Tam, et al. (2013)

GRB 130427A emits many high-energy gamma-rays during the 
prompt & afterglow period, T90~138s

95 GeV

Very bright GRB 130427A

a 95 GeV photon arrived at T0 + 243s,  
corresponding to an intrinsic  

photon energy 128 GeV at z=0.34

73 GeV



Spectral evolution

Tam et al. (2013)
Significance of broken power law

over power lawPower law index doesn’t change!

synchrotron inverse  
Compton

Liu et al. (2013)



What did we learn from 
GRB 130427A?

Many very high-energy photons come from the 
afterglow phase,

and the 95 GeV photon was detected at 243s after the 
trigger,

So, afterglow 100 GeV photons are there.

YES!!!

However, is there any ~100 GeV during the prompt 
emission?



Fan, Tam, et al. (2013)

GRB 130427A emits many high-energy gamma-rays during the 
prompt & afterglow period, T90~138s

95 GeV

Very bright GRB 130427A

a 95 GeV photon arrived at T0 + 243s,  
corresponding to an intrinsic  

photon energy 128 GeV at z=0.34

73 GeV73 GeV *(1+z)=97 GeV



Second component during prompt phase

GRB 090902B

Abdo et al. (2009)

GRB 090510

Ackermann, et al. 2010
~10 GeV 10 GeV

~10 sec after trigger ~1 sec after trigger



Why bother the very high-
energy photons of  GRBs?

The radiation mechanism is still under debate

The energy band where extragalactic background light 
(EBL) attenuation starts to modify the intrinsic spectra 
of the sources (e.g., AGN, GRBs)

At these energies, GRBs can be seen at distances 
further than those of AGN, because of the EBL



Historical observations of  GRBs

Over the last twenty years or so, ground-based telescopes have not 
detected GRBs at significantly high confidence

Some early claims: 
GRB 970417A by MILAGRITO （2.7σ）， 
GRB 991208 by Tibet-ASγ （1.88σ, z=0.706）steep fall-off of 
optical flash like GRB 990123 was also seen

Not even MAGIC II/H.E.S.S. II/VERITAS/HAWC (yet)

High energy threshold (thus absorbed by the Extragalactic 
Background Light, EBL) is a major reason, other reasons include 
low sensitivity, time delay, etc. (see, e.g., Xue, Tam, et al., 2009).



HAWC is observing GRBs
With less than 1/3 of the array active, the HAWC 
observatory obtained limits for GRB 130702A, which is 
at a close redshift of z = 0.145, and a limit for GRB 
130427A

Simulated HAWC light curve of GRB 090510



LHAASO opportunities
Best instrument to observe GRB prompt emission at 
above ~100 GeV

Maybe a good early 
science project



GRB observing modes by 
LHAASO-WCDA

Shower mode, high threshold ~100 GeV

Low multiplicity trigger mode can increase the 
sensitivity by a factor of a few, and lower the energy 
threshold to ~10 GeV, but background is huge

Single particle (scaler) mode, lowest energy threshold at 
~1 GeV, but loose directional information

c.f. based on slides by Wu, H. given in Tianjin,  
LHAASO collaboration meeting@August 2016
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Sensitivity to GRBs in the 
WCDA shower mode

If the high-
energy cutoff 
is above 
30GeV, 
WCDA can 
significantly 
detect bright 
GRBs, e.g., 
GRB090902B
, GRB090510

c.f. based on slides by Wu, H. given in Tianjin,  
LHAASO collaboration meeting@August 2016
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GAMMA-RAY 
BINARIES



Currently known high-mass gamma-
ray binaries (only 7 are known)

name binary components P
orb

(d) HE VHE refs (?) notes

(high-mass) gamma-ray binaries

PSR B1259-63 pulsar Be 1236.7 X X [12, 13] 47.7 ms
HESS J0632+057 ? Be 315 X [14, 15]
LS I +61�303 ? Be 26.5 X X [16, 17] magnetar ?
1FGL J1018.6-5856 ? O 16.6 X X [18, 19]
LS 5039 ? O 3.9 X X [20, 21]

(low-mass) gamma-ray binaries (†)

XSS J12270-4859 pulsar red dwarf 0.29 X [22, 23] 1.7 ms
PSR J1023+0038 pulsar red dwarf 0.20 X [24] 1.7 ms
2FGL J0523.3-2530 ? red dwarf 0.69 X [25, 26]
PSR B1957+20 pulsar brown dwarf 0.38 X [27] 1.6 ms
PSR J0610-2100 pulsar brown dwarf 0.29 X [28] 3.8 ms
PSR J1311-3430 pulsar brown dwarf 0.065 X [29, 30] 2.6 ms

microquasars (X-ray binaries)

Cyg X-3 black hole ? Wolf-Rayet 0.20 X [31, 32]
Cyg X-1 black hole O 5.60 X ? [33, 34]

novae

V407 Cyg white dwarf red giant 14000 ? X [35, 36] N Cyg 2010
V1324 Sco white dwarf red dwarf 0.07 ? X [37] N Sco 2012
V959 Mon white dwarf red dwarf 0.30 X [37] N Mon 2012
V339 Del white dwarf red dwarf 0.13 ? X [37] N Del 2013
V1369 Cen white dwarf red dwarf ? X [38] N Cen 2013

colliding wind binary

Eta Car LBV O/WR ? 2014 X [39, 40]
? I only give one or two recent references as entry points to the HE/VHE litterature.
† not including another > 50 Fermi-LAT pulsars in binaries.

Table 1
Binary systems identified with sources of variable HE or VHE gamma-ray emission.

sometimes visible to the naked eye.
Colliding wind binaries are composed of massive O or Wolf-Rayet stars. These stars have masses in excess of

20M� and large luminosities 104�105 L�. The radiation pressure drives strong winds from the stars with terminal
velocities ⇡ 1000 � 2000 km s�1 and mass loss rates of 10�8 � 10�3 M� yr�1. The collision between the stellar
winds in a binary forms a shock structure where the released kinetic energy heats the gas to ⇠ 107 K, which emits
principally X-rays [10, 11]. Some of the energy may be channeled into accelerating particles at the shock, as in
supernovae remnants, leading to gamma-ray emission.

The detection of gamma rays has brought new light, literally, to the mechanisms in operation in these systems.
The mechanisms behind gamma-ray emission in binaries are very diverse (see Figure 1 for illustrations of these).
In novae, as will be explained in section 4.2, the physics has close analogies to that of supernova remnants; the
gamma-ray emission from microquasars involves relativistic jets as active galactic nuclei and gamma-ray bursts
do; many binaries host pulsars whose rotating magnetic field ends up powering strong non-thermal emission.
Table 1 makes it clear that the binaries emitting gamma rays do not constitute a class of objects united by a
common astrophysical model, as for instance supernova remnants, but by a common phenomenon: orbital motion.
Orbital motion constraints the size and type of the binary components, and allows measurements to probe different
conditions or vantage points. The legitimacy of theories developed for gamma-ray sources in other astrophysical
contexts can thus be put to the test in the peculiar environment of binaries.

In the following, I have tried to emphasize how gamma-ray observations of binaries provide such tests. Thus,
section 2 sets gamma-ray binaries in the context of pulsars, section 3 relates microquasars to the physics of
relativistic jets, and section 4 examines the gamma-ray detections of novae and colliding winds binaries in the
context of particle accretion at non-relativistic shocks.
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LMC P3(O star, Porb 10 days) 
New comers:

PSR J2032+4127 (Be star, Porb 50 years) 
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Figure 4. Light curves of PSR B1259−63 around periastron. (a) HESS 2004
and 2007 periastron passages (Aharonian et al. 2005). (b) Fermi-LAT 2010
periastron passage. (c) X-ray fluxes from three periastron passages in units
of 10−11 erg cm−2 s−1 (Chernyakova et al. 2009). (d) Radio (2.4 GHz)
flux densities measured at ATCA for the 2010 and 1997 periastron passages
(Johnston et al. 1999).

2009; Kawachi et al. 2004; Tavani et al. 1996; Chernyakova
et al. 2006, 2009) revealed a characteristic variability of this
emission during the periods of periastron passage. Detection
of the 0.1–10 GeV band γ -ray emission around periastron was
not unexpected. However, Fermi observations reveal puzzling
behavior of the source, which was not predicted in any model
of γ -ray emission from this system. An unexpected strong flare
visible only in the GeV band was observed some 30 days after
the periastron passage and after the neutron star passage of the
dense equatorial wind of the massive star.

During this flare the source was characterized by an ex-
tremely high efficiency of conversion of pulsar spin-down
power into γ -rays. The highest day-average flux was F100 ∼
3.5 × 10−6 cm−2 s−1 with a spectral index of Γ ∼ 3.0.
This corresponds to an isotropic γ -ray luminosity of ≃8 ×
1035(D/2.3 kpc)2 erg s−1, nearly equaling the estimated total
pulsar spin-down luminosity LSD ≃ 8.3×1035 erg s−1 (Johnston
et al. 1992). This is illustrated in Figure 5 where the horizontal
red line shows the flux which would be produced when 100% of
the spin-down power is converted into radiation emitted within
one decade of energy, not taking into account possible beaming
effects.

Broadband spectra of emission around periastron are shown
in Figure 5. Strong increases in GeV flux and changes in γ -ray
spectrum during the flare were not accompanied by noticeable
spectral variations in the X-ray band.

Several possible mechanisms of production of 0.1–10 GeV
γ -ray emission from the system were previously discussed:

Figure 5. Spectral energy distribution of PSR B1259−63 around periastron.
Blue and cyan points represent the measurements of the spectra in the pre- and
post-periastron periods (labeled 1 and 2, respectively) by the LAT, Swift-XRT
in X-rays and ATCA in radio. Thin solid, dotted, and dashed lines show syn-
chrotron, inverse Compton, and bremsstrahlung components correspondingly.
Green points show HESS measurements from 2004 (Aharonian et al. 2005).
Light gray curves show the models of pre-periastron emission, dark gray curves
show the models of the flare. The horizontal red mark shows the flux which
would be produced if 100% of the pulsar spin-down power were converted into
electromagnetic radiation. In the upper panel, the high-energy particles are as-
sumed to escape from the system with the speed of the stellar wind, while in the
lower panel, high-energy particles are assumed to escape with the speed c/3, as
in the model of Tavani & Arons (1997), see the text for details. LAT data points
will be made available through https://www-glast.stanford.edu/cgi-bin/pubpub.

synchrotron, inverse Compton (IC), bremsstrahlung, or pion
decay emission (Tavani & Arons 1997; Kawachi et al. 2004;
Chernyakova et al. 2006; Khangulyan et al. 2007). Electrons
with energies Ee ∼ 100 TeV produce synchrotron emission
in the energy range Eγ ∼ 109[B/1 G][Ee/1014 eV]2 eV.
Alternatively, electrons with energies Ee ∼ 1–10 GeV could
produce γ quanta with energies Eγ ≃ 108[Ee/1 GeV]2 eV via
IC scattering of Be star photons. Bremsstrahlung emission in
the GeV band could be produced by the GeV electrons. Finally,
the dense equatorial stellar wind could provide a sufficiently
dense target for proton–proton interactions followed by decays
of neutral pions into photons.

Figure 5 shows example model fits to the persistent emission
data. The model shown in the upper panel assumes that high-
energy particles escape with the speed of the stellar wind, as in
the model of Chernyakova & Illarionov (1999) and Chernyakova
et al. (2006). Slow escape of the high-energy particles leaves
enough time for the efficient cooling of electrons via IC and/or
bremsstrahlung/Coulomb loss mechanisms. In the lower panel,
high-energy particles are assumed to escape with the speed
1010 cm s−1, as in the model of Tavani & Arons (1997). In
this case only synchrotron cooling is efficient. The code used
for the calculations is described in Zdziarski et al. (2010).

In general, the flare could be explained either by anisotropy of
the γ -ray emission or by an abrupt change of physical conditions

5

The Astrophysical Journal Letters, 736:L11 (6pp), 2011 July 20 Abdo et al.

HESS 2004
(> 1 TeV)

HESS 2007
(> 1 TeV)

Fermi 2010
(> 100 MeV)

1997
2010

Figure 4. Light curves of PSR B1259−63 around periastron. (a) HESS 2004
and 2007 periastron passages (Aharonian et al. 2005). (b) Fermi-LAT 2010
periastron passage. (c) X-ray fluxes from three periastron passages in units
of 10−11 erg cm−2 s−1 (Chernyakova et al. 2009). (d) Radio (2.4 GHz)
flux densities measured at ATCA for the 2010 and 1997 periastron passages
(Johnston et al. 1999).

2009; Kawachi et al. 2004; Tavani et al. 1996; Chernyakova
et al. 2006, 2009) revealed a characteristic variability of this
emission during the periods of periastron passage. Detection
of the 0.1–10 GeV band γ -ray emission around periastron was
not unexpected. However, Fermi observations reveal puzzling
behavior of the source, which was not predicted in any model
of γ -ray emission from this system. An unexpected strong flare
visible only in the GeV band was observed some 30 days after
the periastron passage and after the neutron star passage of the
dense equatorial wind of the massive star.

During this flare the source was characterized by an ex-
tremely high efficiency of conversion of pulsar spin-down
power into γ -rays. The highest day-average flux was F100 ∼
3.5 × 10−6 cm−2 s−1 with a spectral index of Γ ∼ 3.0.
This corresponds to an isotropic γ -ray luminosity of ≃8 ×
1035(D/2.3 kpc)2 erg s−1, nearly equaling the estimated total
pulsar spin-down luminosity LSD ≃ 8.3×1035 erg s−1 (Johnston
et al. 1992). This is illustrated in Figure 5 where the horizontal
red line shows the flux which would be produced when 100% of
the spin-down power is converted into radiation emitted within
one decade of energy, not taking into account possible beaming
effects.

Broadband spectra of emission around periastron are shown
in Figure 5. Strong increases in GeV flux and changes in γ -ray
spectrum during the flare were not accompanied by noticeable
spectral variations in the X-ray band.

Several possible mechanisms of production of 0.1–10 GeV
γ -ray emission from the system were previously discussed:

Figure 5. Spectral energy distribution of PSR B1259−63 around periastron.
Blue and cyan points represent the measurements of the spectra in the pre- and
post-periastron periods (labeled 1 and 2, respectively) by the LAT, Swift-XRT
in X-rays and ATCA in radio. Thin solid, dotted, and dashed lines show syn-
chrotron, inverse Compton, and bremsstrahlung components correspondingly.
Green points show HESS measurements from 2004 (Aharonian et al. 2005).
Light gray curves show the models of pre-periastron emission, dark gray curves
show the models of the flare. The horizontal red mark shows the flux which
would be produced if 100% of the pulsar spin-down power were converted into
electromagnetic radiation. In the upper panel, the high-energy particles are as-
sumed to escape from the system with the speed of the stellar wind, while in the
lower panel, high-energy particles are assumed to escape with the speed c/3, as
in the model of Tavani & Arons (1997), see the text for details. LAT data points
will be made available through https://www-glast.stanford.edu/cgi-bin/pubpub.

synchrotron, inverse Compton (IC), bremsstrahlung, or pion
decay emission (Tavani & Arons 1997; Kawachi et al. 2004;
Chernyakova et al. 2006; Khangulyan et al. 2007). Electrons
with energies Ee ∼ 100 TeV produce synchrotron emission
in the energy range Eγ ∼ 109[B/1 G][Ee/1014 eV]2 eV.
Alternatively, electrons with energies Ee ∼ 1–10 GeV could
produce γ quanta with energies Eγ ≃ 108[Ee/1 GeV]2 eV via
IC scattering of Be star photons. Bremsstrahlung emission in
the GeV band could be produced by the GeV electrons. Finally,
the dense equatorial stellar wind could provide a sufficiently
dense target for proton–proton interactions followed by decays
of neutral pions into photons.

Figure 5 shows example model fits to the persistent emission
data. The model shown in the upper panel assumes that high-
energy particles escape with the speed of the stellar wind, as in
the model of Chernyakova & Illarionov (1999) and Chernyakova
et al. (2006). Slow escape of the high-energy particles leaves
enough time for the efficient cooling of electrons via IC and/or
bremsstrahlung/Coulomb loss mechanisms. In the lower panel,
high-energy particles are assumed to escape with the speed
1010 cm s−1, as in the model of Tavani & Arons (1997). In
this case only synchrotron cooling is efficient. The code used
for the calculations is described in Zdziarski et al. (2010).

In general, the flare could be explained either by anisotropy of
the γ -ray emission or by an abrupt change of physical conditions

5

Fig. 3 Observations of PSR B1259-63. From top to bottom: spectral energy distribution, TeV, GeV, X-ray,
and radio lightcurves (reproduced by permission of the AAS from Fermi/LAT collaboration et al. 2011).

Plane survey led to the discovery of only three point-like sources besides the Crab and
the VHE source at the Galactic Center: HESS J0632+057, 1FGL J1018.6-5856, and
HESS J1943+213. The first two are binaries, the last one is likely a blazar (H.E.S.S.
collaboration et al. 2011).

PSR B1259-63 has now been detected on three occasions using HESS when the pul-
sar was in the vicinity of periastron during its 3.5 year orbit (Fig. 3). The repeatability
of the detection at this orbital phase is proof of the association of the VHE source
with the binary. The earliest detection occurred 55 days before and the latest detec-
tion occurred 100 days after periastron. The VHE lighcurve also shows variability on
timescales of days, but sampling has been limited due to the observing constraints of
IACTs (moonless nights). Observations away from periastron have only yielded up-
per limits. The three di↵erent epochs have yielded consistent results for the average

10 Guillaume Dubus

Fig. 4 Observations of LS 5039. From top to bottom: spectral energy distribution adapted from Dubus
(2006b); X-ray modulation (reproduced by permission of the AAS from Kishishita et al. 2009); GeV
modulation (reproduced by permission of the AAS from Fermi/LAT collaboration et al. 2009b); TeV mod-
ulation (reproduced with permission from H.E.S.S. collaboration et al. 2005a c

�ESO).

spectrum: a power-law with a photon index �VHE ⇡ 2.7 and a normalisation at 1 TeV
of 1.3⇥10�12 TeV�1cm�2 s�1 (H.E.S.S. collaboration et al. 2005b, 2009b, 2013)

LS 5039 was detected in the HESS Galactic Plane survey (H.E.S.S. collaboration
et al. 2005a). A Lomb-Scargle periodogram of the VHE lightcurve gives a period
of 3.90678±0.0015 days that corresponds to the orbital period determined indepen-
dently using radial velocity measurements (H.E.S.S. collaboration et al. 2006b). The
minimum is close to superior conjunction or to periastron (the two phases are sepa-
rated by only ��= 0.057). Maximum flux occurs around inferior conjunction (Fig. 4).
Spectral variability is detected between superior and inferior conjunction (“SUPC”
�  0.45 and � � 0.9, “INFC” 0.45  �  0.9). At INFC, the best fit spectrum is a
power law with �VHE ⇡ 1.8 and an exponential cuto↵ at Ec ⇡ 8.7 TeV. At SUPC,
the source is fainter and best described by a single power-law with a softer index
�VHE ⇡ 2.5. The average normalisation at 1 TeV is 1.8⇥ 10�12 TeV�1cm�2 s�1 (see
Fig. 19). There is no report of long term changes in the orbit-averaged flux.

LS I +61�303 was detected by the MAGIC and VERITAS collaborations. Again,
the VHE emission is tied to the orbital motion. However, unlike LS 5039, the or-
bital phases of VHE detections have varied considerably with epoch (Fig. 5). Early
observations (Oct. 2005-Jan 2008) indicated that VHE emission was confined to
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2009; Kawachi et al. 2004; Tavani et al. 1996; Chernyakova
et al. 2006, 2009) revealed a characteristic variability of this
emission during the periods of periastron passage. Detection
of the 0.1–10 GeV band γ -ray emission around periastron was
not unexpected. However, Fermi observations reveal puzzling
behavior of the source, which was not predicted in any model
of γ -ray emission from this system. An unexpected strong flare
visible only in the GeV band was observed some 30 days after
the periastron passage and after the neutron star passage of the
dense equatorial wind of the massive star.

During this flare the source was characterized by an ex-
tremely high efficiency of conversion of pulsar spin-down
power into γ -rays. The highest day-average flux was F100 ∼
3.5 × 10−6 cm−2 s−1 with a spectral index of Γ ∼ 3.0.
This corresponds to an isotropic γ -ray luminosity of ≃8 ×
1035(D/2.3 kpc)2 erg s−1, nearly equaling the estimated total
pulsar spin-down luminosity LSD ≃ 8.3×1035 erg s−1 (Johnston
et al. 1992). This is illustrated in Figure 5 where the horizontal
red line shows the flux which would be produced when 100% of
the spin-down power is converted into radiation emitted within
one decade of energy, not taking into account possible beaming
effects.

Broadband spectra of emission around periastron are shown
in Figure 5. Strong increases in GeV flux and changes in γ -ray
spectrum during the flare were not accompanied by noticeable
spectral variations in the X-ray band.

Several possible mechanisms of production of 0.1–10 GeV
γ -ray emission from the system were previously discussed:

Figure 5. Spectral energy distribution of PSR B1259−63 around periastron.
Blue and cyan points represent the measurements of the spectra in the pre- and
post-periastron periods (labeled 1 and 2, respectively) by the LAT, Swift-XRT
in X-rays and ATCA in radio. Thin solid, dotted, and dashed lines show syn-
chrotron, inverse Compton, and bremsstrahlung components correspondingly.
Green points show HESS measurements from 2004 (Aharonian et al. 2005).
Light gray curves show the models of pre-periastron emission, dark gray curves
show the models of the flare. The horizontal red mark shows the flux which
would be produced if 100% of the pulsar spin-down power were converted into
electromagnetic radiation. In the upper panel, the high-energy particles are as-
sumed to escape from the system with the speed of the stellar wind, while in the
lower panel, high-energy particles are assumed to escape with the speed c/3, as
in the model of Tavani & Arons (1997), see the text for details. LAT data points
will be made available through https://www-glast.stanford.edu/cgi-bin/pubpub.

synchrotron, inverse Compton (IC), bremsstrahlung, or pion
decay emission (Tavani & Arons 1997; Kawachi et al. 2004;
Chernyakova et al. 2006; Khangulyan et al. 2007). Electrons
with energies Ee ∼ 100 TeV produce synchrotron emission
in the energy range Eγ ∼ 109[B/1 G][Ee/1014 eV]2 eV.
Alternatively, electrons with energies Ee ∼ 1–10 GeV could
produce γ quanta with energies Eγ ≃ 108[Ee/1 GeV]2 eV via
IC scattering of Be star photons. Bremsstrahlung emission in
the GeV band could be produced by the GeV electrons. Finally,
the dense equatorial stellar wind could provide a sufficiently
dense target for proton–proton interactions followed by decays
of neutral pions into photons.

Figure 5 shows example model fits to the persistent emission
data. The model shown in the upper panel assumes that high-
energy particles escape with the speed of the stellar wind, as in
the model of Chernyakova & Illarionov (1999) and Chernyakova
et al. (2006). Slow escape of the high-energy particles leaves
enough time for the efficient cooling of electrons via IC and/or
bremsstrahlung/Coulomb loss mechanisms. In the lower panel,
high-energy particles are assumed to escape with the speed
1010 cm s−1, as in the model of Tavani & Arons (1997). In
this case only synchrotron cooling is efficient. The code used
for the calculations is described in Zdziarski et al. (2010).

In general, the flare could be explained either by anisotropy of
the γ -ray emission or by an abrupt change of physical conditions
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1FGL J1018-5856

H.E.S.S. Collaboration (2015)

In general, low photon statistics at  
>10 TeV energies by current IACTs 



Transient emission/flares in GeV/
TeV from gamma-ray binaries



Bright TeV flares from  
LS I 61 303

A. O’Faoláin de Bhróithe et al. (ICRC 2015)



Bright TeV flares from  
LS I 61 303

A. O’Faoláin de Bhróithe et al. 
 (ICRC 2015)



PSR B1259-63/LS 2883 

comprising of a pulsar and 
an Oe star, at d~2.3 kpc 

orbital period: 3.4 years

Interaction between the 
stellar wind/disk and the 
pulsar wind => non-thermal 
radiation close to periastron



Radio to TeV Enhancement over 
periastron passages

Chernyakova et al.
(2014)



GeV flares in 2011 & 2014!

Tam et al.  
(2011, 2015)

also see, e.g.,  
Caliandro et al.(2015)



X-ray/GeV connection?

Tam et al. (2015)
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Mysterious GeV flares

Doppler boosting?

next periastron passage 
at 2017

Disk

Dubus (2013)Line of sight



PSR J2032+4127/MT91 213 
A young, gamma-ray pulsar. 
Pulsed emission in Radio/GeV 

Very long orbit binary: Po~50 years.
    (Lyne et al. 2015: Ho et al. 2016)  

Next periastron passage in late 2017. 

29/11/1631

               pulsar’s timing parameter

obs.

binary model

Pulsar now!



X-ray/GeV data

29/11/1632

(Takata, Tam, et al. submitted)
 X-ray flux is increasing now.

à about factor of ten in last ~3 years 
    (see also Ho et al 2016) . 
  What cause  the increase of X-
rays? Shock?

 

No obvious change in GeV flux 



•  TeV  
-- I.C. scattering 
-- Absorption by the pair-creation. 
--Good target for Cherenkov 
telescope.�

Future&perspective 
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Fig. 18.— The multi-wavelength spectra averaged over during −100days and +100days from the periastron and calculated with ΓPW,0 =
104 in the left panel and ΓPW,0 = 106 in the right panel, respectively. The calculations assume the momentum ratio η = 0.02, the power
law index α = 2 in equation (25), the post-shock velocity vpw = vpw,2 and the Earth viewing angle θE = 60◦. The solid, dashed and dotted
line correspond to the emissions from the shocked pulsar wind, from the cold-relativistic pulsar wind and the pulsed emissions, respectively.
For the spectrum of the pulsed emissions, we apply the observational result in the Fermi-LAT pulsar catalog (2013).
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Fig. 19.— The solid lines show emissions from the pulsar wind stopped by the Be disk at the periastron passage. The calculations assume
that all pulsar wind (4π in the solid angle) is stopped by the radial distance from the pulsar given by equation (10). For comparison, the
dashed lines show the calculated light curves of the emissions from the shock due to the pulsar wind/stellar wind interaction with η = 0.085.

interaction. At the periastron, for example, the shock
distance at the apex for pulsar/Be wind interaction is
rs ∼ 0.22a, for which the inverse-Compton cooling and
adiabatic cooling time scale of TeV electrons are shorter
than the synchrotron cooling time scale (c.f. Figure 5).
For pulsar/Be disk interaction, the shock distance be-
comes rs ∼ 0.0025a, which increases the magnetic field
at the shock by a factor of ∼ 10 and hence decreases the
synchrotron cooling time scale by about ∼ 1/100. As a
result, ICS cooling scale that is less sensitive to the shock
distance become longer than the synchrotron time scale,
and therefore the ICS process is suppressed.

5.2. formation of a disk around the pulsar

As we discussed in section 3.2, if the base density of
the disk is high enough, the pulsar wind will be confined
within a small region by the Be disk matter. When the
radius of the cavity estimated in Figure 4 is less than the
radius below which the kinetic energy of the disk gas is
less than the gravitational potential energy of the pulsar,
the disk matter may be gravitationally captured by the
pulsar, and results in the formation of the disk around
the pulsar. The capture radius measured from the pulsar

is estimated as

rcap ∼
2GMN

v2r
= 0.25AU

(

MN

1.4M⊙

)

( vr
107cm s−1

)−2
,

(26)
where MN is the mass of the pulsar and vr is the rel-
ative velocity of the pulsar with respect to the disk
matter. Near the periastron, a ∼ 1AU, the orbit
velocity of the pulsar is vp ∼ 107cm s−1. The ve-
locities of the Kepler motion and the radial velocity
of the Be disk at the pulsar position are of order of
vd,K(1AU) ∼ vd,K(R∗)(R∗/1AU)1/2 ∼ 107cm s−1 and
vd,r ∼ 0.1cs ∼ 105cm s−1, respectively (Okazaki et al.
2011). Hence, we expect that the relative velocity is of
order of vr ∼ 107cm s−1, although it depends on the disk
geometry and the rotation direction
As Figure 4 shows, at near the periastron, where the

separation is a ∼ 1AU, the estimated shock distance due
to the pulsar/Be disk interaction is of order of rs ∼ 0.1
AU for ρ0 ∼ 10−9g cm−3, suggesting the disk matter
can be captured by the pulsar because rs < rcap. The

SED&averaged&over&3200days&3&+200days&�

X3rays�

Fermi�

TeV�
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Fig. 13.— Orbital modulation with Doppler effects due to the finite velocity of the shocked pulsar wind. The different lines assume the
different flow velocity; vpw = vpw,2 (solid line) given by the jump condition, c/3 (dashed line) and 0.6c (dotted line), respectively. The
assumed inclination angle of the system is θE = 60◦. The results are for η = 0.085, ΓPW,0 = 104, and σ0 = 0.1.

10-13

10-12

10-11

-4000 -3000 -2000 -1000  0  1000  2000  3000  4000

0.
3-

10
ke

V 
flu

x 
[e

rg
 c

m
-2

 s
-1

]

Days from Periastron

θE=10o

=45o

=80o

10-13

10-12

10-11

-200 -100  0   100   200

10-13

10-12

10-11

10-10

-4000 -3000 -2000 -1000  0  1000  2000  3000  4000

0.
1-

10
Te

V 
flu

x 
[e

rg
 c

m
-2

 s
-1

]

Days from Periastron

θE=10o

=45o

=80o

10-13

10-12

10-11

10-10

-200 -100  0   100   200

Fig. 14.— Orbital modulation with Doppler effects due to the finite velocity of the shocked pulsar wind with vpw = vpw,2. The different
lines assume the different inclination of the system; θE = 10◦ (solid line), 40◦ (dashed line) and 80◦ (dotted line). The results are for
η = 0.085, ΓPW,0 = 104, and σ0 = 0.1.
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Fig. 15.— The X-ray (left) and TeV (right) light curves with a radial dependent magnetization parameter. The sold, dashed and dotted
lines are results for α = 1, 2 and 3, respectively in equation (25). All cases assume η = 0.02 and ΓPW,0 = 104. The magnetization
parameter for each case is normalized so as to be σ ∼ 0.01 at r ∼ 2.5AU.



PSR J2032+4127

But it sits inside a strong TeV source TeV J2032+4130

TeV and X-ray counterparts (PWN? combinations  
 of sources?)

7 arcmin

3 degrees

TeV J2032+4130



Particle acceleration in 
gamma-ray binaries

Persistent emission: How high can gamma-ray binaries accelerate 
particles persistently?

Transient emission: What produces GeV/TeV flares?

TeV gamma-ray observations may help to answer some of these. 
Wide field-of-view instruments are complimentary to pointed, 
deep observations, e.g., by CTA, given the unpredicted nature of 
enhanced emission/flares.

Also, for long period (years or above) gamma-ray binaries, pointed 
observations find it hard to cover the whole orbit, not to mention 
orbit-to-orbit difference. 



Summary

GRBs: I have presented the prospects of GRB 
observations using wide-field detectors at ~100 GeV, 
from what we know from Fermi/LAT observations

Gamma-ray binaries: they are rare but 
important particle accelerators. Whilst observations at 
>10 TeV are limited, there are rooms to explore with 
high-altitude photon detectors.


