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• GeV flare of B1259-63/LS 2883

• GeV emission of HESS J0632+057

• Propeller effect of B1259-63

• Study pulsar wind in double neutron 
stars

• BH binary in AGN disk as GW source

• GW-Cherenkov radiation



Gamma-ray binaries

• Variable, timescale~stellar mass binary

• High Energy (0.1-100 GeV) even Very high energy 
(>100 GeV)

Dubus 2015



Gamma-ray binary pulsars

• Variable, timescale~stellar mass binary

• High Energy (0.1-100 GeV) even Very high energy 
(>100 GeV)



Pulsar-Be star binary

• B1259-63/LS 2883

• Main sequence star: 31 M_solar

• Pulsar: spin: 47.76 ms

• Orbital period: 1237 days

• Semi major axis 7.2 AU

• Eccentricity 0.87



PSR B1259-63/LS 2883

Chernyakova et al. 2014



• Matter from circumstellar disk captured by gravity of pulsar

• An accretion disk forms.

• Pulsar wind inverse-Compton scatter the soft photon from accretion disk
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Modeling the GeV flare of B1259-63
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Modeling the GeV flare of B1259-63

2010 periastron 2014 periastron

ApJ 844, 144, 2017



Gamma-ray binary pulsars

• Variable, timescale~stellar mass binary

• High Energy (0.1-100 GeV) even Very high energy 
(>100 GeV)



HESS J0632+057

Li Jian et al. 2017

MNRAS 471,4228
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The magnetic pressure stops the accretion flow at rM

Co-rotating velocity > Kepler velocity @ rM

Matter on the accretion disk is ejected   

A spin down torque on the pulsar
by the accretion disk

The Propeller effect



The spin down torque

The angular momenta of 
Keplerian motion per unit
mass per time

The angular momenta of
corotation per unit mass
per time

degree of coupling between
disk matter and field lines.

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).

A phenomenological description (Menou et al. 1999; 
Liu et al. 2014): 



The spin down torque

Repetitive with the orbital period

Timing residualsthe spin derivative 

Yi & Cheng, 2017, submitted to MN



The spin down torque

Large timing residuals of parabolic structure will be removed, when fitting a constant nudot

More timing residuals will be absorbed 
by fitting other binary parameters. 

The red curve is the observed timing
level residuals. 

Yi & Cheng, 2017, submitted to MN



The timing residuals

If χ=1e-3, the predicted timing residuals is
larger than the observation. 

χ needs to be smaller than 1e-4, in order to 
fit with observation. 

Yi & Cheng, 2017, submitted to MN



Is χ<=1e-4 physical?   
The matter should be ejected 
at least with escaping velocity 

The propeller torque by Romanova (2003) 

(8)

(9)

where \mu is the magnetic 
dipole of the neutron star 
and f is
a factor which the 
authors took f = 0.3.

χ=1e-4 doesn’t violent with
(8) and (9)

Yi & Cheng, 2017, submitted to MN
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How pulsar wind accelerates? 
• The energy of Pulsar wind 

=EMW+e+/-

Model dependent



The velocity and density distribution of e+/- in 
pulsar wind in double neutron stars

Function of system geometry 
And orbital phase

MNRAS 472, 400 (2017)

Velocity distribution



Orbital phase-modulated Dispersion measure

MNRAS 472, 400 (2017)

J0737-3039A/B J1915+1606



Feasibility of archival, current and further 
observation
• PSR J0737-3039A/B: Lsp=1030erg/s

• Best timing observation: 18μs 
with 30-s integration @ GBT, 820 
MHz.

• Predicted time delay~10 μs at 
300 MHz.

• Need at least 4 times longer 
integration time of GBT 

• Or use larger telescope like FAST

• PSR J1915+1606

• If Lsp>1033  erg/s, predicted time 
delay can be up to 10~20 μs in 
300 MHz.

• Best timing observation ~5 μs 
with 5-mininute integration @ 
Arecibo. 

• May ready to be seen in archival 
data of Arecibo!

• Or set upper limit of L_sp

MNRAS 472, 400 (2017)



BH binary in AGN disk as GW source

Belczynski et al. 2016



Alternative channel to M>20M_solar?

Supermassive BH in AGN
Stellar BH binary

Tang et al. 2017



BH binary accreting in AGN disk

Turn over: Coalescence & GW burst

Yi, Taam and Cheng, in prep. 



EM counterpart of GW 

• Associated with AGN

• EM counterpart in ~keV

• LAGN,X<LEM

• X-ray weak AGN, or low state AGN   
( ηSMBH<0.1 for M=1e8 MꙨ)

Yi, Taam and Cheng, in prep. 



GW-Cherenkov radiation

• Sound wave: cone-shock

• EM wave: Cherenkov radiation

• GW wave: GW-Cherenkov 
radiation…

E<1014 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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