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Frequency radio optical/UV soft X-ray hard X-ray GeV TeV

Detected
number

~103 ~10 ~102 ~102 ~102 3

Luminosity
(Lsd)

~10-4 ~10-6 ~10-3 ~10-3 ~10-1 ~10-4

Radiation
mechanism

? Synchrotron
(+ Thermal
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Thermal
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(+ IC?)

Curvature
Radiation

(IC?)
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Compton

Peak
shape
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sharp
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sharp
(~0.1)

sinusoidal sharp
(~0.01-0.1)

sharp
(~0.01-0.1)

Very
sharp

(~0.01)
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Multiwavelength Pulsed Emission
Frequency radio optical/UV soft X-ray hard X-ray GeV TeV

Detected
number

~103 ~10 ~102 ~102 ~102 3

Luminosity
(Lsd)

~10-4 ~10-6 ~10-3 ~10-3 ~10-1 ~10-5

Radiation
mechanism

? Synchrotron
(+ Thermal
radiation)

Thermal
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Curvature
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shape
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sharp
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sharp
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sinusoidal sharp
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sharp
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TeV Pulse from the Crab Pulsar
The VERITAS collaboration 11



TeV Pulse from the Vela Pulsar
The H.E.S.S. collaboration 23



Summary of VHE Pulsars
Crab Vela Geminga PSR B1706-44PSR J1509-5850

P [sec]

τ [kyr]

Lsd [erg/s]

Detected
Energy 
[TeV]

Efficiency

0.033 0.089 0.089 0.237 0.102

1 11 150 340 17

5e38 7e36 5e35 3e34 3e36

< 1.5 0.7-20 0.5-10 < 0.075 < 0.055

10-4-10-5 10-6 10-3
Consistent with
curvature radiation

Consistent with
curvature radiation

MAGIC collaboration 20 Spir-Jacob+ 19



Why VHE pulse is important?
・Emission mechanism 

→ Inverse Compton Scattering
→ The energy of accelerated particles

Question
・Luminosity can reach to 10-3× Lsd?
・What causes the difference between 

Crab-type and Vela-type?

Crab Vela
J1509-5850

The VERITAS collaboration 11 The H.E.S.S. collaboration 23



Model
・Primary particles emit curvature radiation (CR) and 
inverse Compton scattering (IC). 
・Synchrotron radiation (SR) is emitted by secondary particles 

through photon-photon (γγ) pair creation. 

Assumptions
・Physical quantities are described 

by a function of radius r.
・Maximum luminosity is limited 

by the spin-down luminosity.
・Dipole structure dominates near the light cylinder.

Model
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Seed photon : Thermal photons from the NS surface

Polar cap
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Seed photon : Synchrotron photons

e-

How fraction of synchrotron photons 
can be scattered by primary e±?
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Pulsed Emission at Infrared

Danilenko+ 11

Dust disk?

No observation data 
for pulsed emission 
at ~1013 Hz.

Analytic model
(SK & Tanaka 17)
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Summary
・Five VHE pulsars are detected, three of which require 

components other than curvature radiation. Among  
the three, the spectra are divided into Crab-type and 
Vela-type.

・Using an analytical model, we investigated the radiation
efficiency of inverse Compton scattering from accelerated 
particles in the magnetosphere. It was also found that the 
pair production process due to the magnetic field can be 
divided into two types, Crab-type and Vela-type.

・PSRs with Lsd ~ 1035 – 1037 erg/s are TeV pulsar candidates.
Observations at ~1013 Hz are important to determine 
the seed photon field and Inverse Compton efficiency. 


