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Gamma-ray binaries

* Variable, timescale™~stellar mass binary

* High Energy (0.1-100 GeV) even Very high energy
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name binary components  Pa., (d) HE VHE refs (x) notes
(high-mass) gamma-ray binaries

PSR B1259-63 pulsar Be 1236.7 v v 12, 13] 47.7 ms
HESS JO6324+057 7 Be 315 v |14, 15]

LS 1 +61°303 ? Be 26.5 v v |16, 17] magnetar 7
1FGL J1018.6-5856 7 8] 16.6 v v 18, 19]

LS 5039 7 O 3.9 v v |20, 21]

(low-mass) gamma-ray binaries (1)

XS5 J12270-4859 pulsar red dwarf 0.29 v |22, 23] 1.7 ms

PSR J10234+0038 pulsar red dwarf  0.20 v [24] 1.7 ms
2FGL J0523.3-2530 7 red dwarl 0.69 v [25, 26]

PSR B1957+20 pulsar  brown dwarf 0.38 v [27] 1.6 ms

PSR JO610-2100 pulsar brown dwarf .29 v [28] 3.8 ms
PSR J1311-3430 pulsar brown dwart 0.065 v |29, 30] 2.6 ms
microquasars (X-ray binaries)

Cyg X-3 hlack hole 7 Wolf-Rayet 0.20 |31, 32|

Cyg X-1 black hole O 5.60 7 ]33, 34]

NOVac

V40T Cye white dwarf red giant 14000 7 v |35, .'56] N Cyg 2010
W1324 Sco white dwarfl red dwarl 0.07 7 v [37] N Sco 2012
Vo589 Mon white dwarf red dwarf 0.30 v [37] N Mon 2012
V339 Del white dwarl red dwarf .13 7 v [37] N Del 2013
V1369 Cen white dwart red dwarf 7 v |38] N Cen 2013
colliding wind binary

Eta Car LBV O/WR 7T 2014 v |39, 40|

* [ only give one or two recent references as entry points to the HE/VHE litterature.

T not including another > 50 Ferme-LAT pulsars in binaries.
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Pulsar-Be star binary

collision
Between
Stellar wind
And pulsar wind
> Terminal Shock Front

Spherical
stellar wind

Stellar photon
field

e B1259-63/LS 2883

* Main sequence star: 31 M_solar
* Pulsar: spin: 47.76 ms

e Orbital period: 1237 days

* Semi major axis 7.2 AU

* Eccentricity 0.87



PSR B1259-63/LS 2883
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Modeling the GeV flare of B1259-63

* Matter from circumstellar disk captured by gravity of pulsar

* An accretion disk forms.
e Pulsar wind inverse-Compton scatter@;he soft photon from accretion disk
§
«0“@
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Modeling the GeV flare of B1259-63
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Gamma-ray binary pulsars

* Variable, timescale™~stellar mass binary

* High Energy (0.1-100 GeV) even Very high energy
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Modeling the GeV flare of B1259-63

* Matter from circumstellar disk captured by gravity of pulsar
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The Propeller effect

The magnetic pressure stops the accretion flow at r,,
Co-rotating velocity > Kepler velocity @ r,,
Matter on the accretion disk is ejected

A spin down torque on the pulsar

by the accretion disk




The spin down torque

A phenomenological description (Menou et al. 1999; degree of coupling between
Liu et al. 2014): disk matter and field lines.

The angular momenta of ~ ~7----.

R
Keplerian motion per unit The angular momenta of
mass per time corotation per unit mass

per time

The factor 2 in the right hand side of the above

equation comes because there are two nearly equal contri-
butions of the torque: the angular momenta transferred at
the inner edge of the disc and the angular momenta trans-
ferred from the accretion flow to the magnetic eld beyond

the inner edge (Menou et al. 1999).



The spin down torque
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The spin down torque
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The timing residuals
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% i If x=1e-3, the predicted timing residuals is
% of larger than the observation.
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Figure 5. The timing residuals after all parameters refitted when
M’eva = 1013 g/s and x = 0.001. The dashed-red curves represent
the upper and lower limit set by the TOA uncertainty and ob-
served residuals.
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s x<=1e-4 physical?

. G M, :
27 | Uprop| = |f'vfacc : |/(ID ). (8) The matter should be ejected
2rMm at least with escaping velocity
4/5 p2/5~3/5 3 5
I [ prop & —0.76p*° F2/503/5 N3/ o)
The propeller torque by Romanova (2003) where \mu is the magnetic
we e on & o w. & & ] dipoleof the neutron star

and fis
a factor which the
authors took f = 0.3.
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Figure 7. The absolute value of Uprop when x = 10—4 (black
dotted), the lower limit of |prop| set by inequality (8) (red solid)

and |Uprop| set by equation (9) (blue dash-dotted). Yi & Cheng, 2017, submitted to MN
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How pulsar wind accelerates?

* The energy of Pulsar wind
=EMW+e*/-
g — WEM/Wpart-

Model dependent
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The velocity and density distribution of e*/~ in
pulsar wind in double neutron stars

n
'\gulsar w§|nd /,' DM = e dl.
g o +/1—rs/r(1l—Bcosb)
/ ’
Velocity distribution _
— - Functlor? of system geometry
T rmere——y i And orbital phase

Lsq
A Bcr?me(1 + o)y’

observer

ne(r) =

MNRAS 472, 400 (2017)



Orbital phase-modulated Dispersion measure

J0737-3039A/B
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Figure 4. Time delay due to the additional DM in PSR JO737-
3039A /B in the observing frequency of 300 MHz, compared with
Shapiro delay (dash-dotted curve). The black, red and blue line
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The solid, dashed and dotted line styles correspond to a, = 0, 1
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MNRAS 472, 400 (2017)



Feasibility of archival, current and further
observation

* PSR J0737-3039A/B: L,,=10%%rg/s * PSR J1915+1606

* Best timing observation: 18us * If L,,>10% erg/s, predicted time
with 30-s integration @ GBT, 820 delay can be up to 10~20 s in

MHz. 300 MHz.

* Predicted time delay™~10 us at * Best timing observation ~5 pus
300 MHz. with 5-mininute integration @

* Need at least 4 times longer Arecibo.
integration time of GBT * May ready to be seen in archival

data of Arecibo!

* Or use larger telescope like FAST
e Or set upper limit of L_sp

MNRAS 472, 400 (2017)



BH binary in AGN disk as GW source
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Alternative channel to M>20M solar?
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BH binary accreting in AGN disk
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EM counterpart of GW

e Associated with AGN
 EM counterpart in ~keV

- dmn M
Ly = 1.26 x 10% x — —— ergs/s
EM X X A0 M. ergs/s

For M = 50 My, n = 100 and AQ) = 1, Lgy = 8 x 10** ergs/s.

aox = —0.3841log(Ly/L,),
aox = 1.34 (Grupe et al. 2010), we find that L, < 2.5 x 10" ergs/s.

e X-ray weak AGN, or low state AGN
( Ngypn<0.1 for M=1e8 M,,)

* Lagnx<Lem

Yi, Taam and Cheng, in prep.



GW-Cherenkov radiation

Pressure waves of air flowing off an airplane ° SO un d wave: cone-s h OCk
e EM wave: Cherenkov radiation

e GW wave: GW-Cherenkov
radiation...

c? ArGp 47Gp T= EfE
— =1+ —= : — 1012 3
2 + 3.2 , (wg > 3 ) p =10 M. /Mpc . IONE(%) .

E<10!% eV due to photon-photon scattering with CMB and Extragalactic background light
Nonzero but neglectable

arXiv:1706.08722
Modern Physics Letters A, Volume 32, Issue 9, id. 1750059 (2017)
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