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Abstract
・Some radio pulsars show abrupt state transition, 

“mode changing”.

・The phenomena would be related to the internal 
variation due to the long timescale.

・We study the mechanism of simultaneous change in 
both radio and X-ray.

・Based on the non-stationary polar cap activity, 
we find the conditions of radio-X-ray correlation 
and anti-correlation.
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Mode Changing

Duration of a state is longer 
than a rotational period.
→ Internal variation origin?

Some fractions (> 1/3) 
of old pulsars (> 1 Myr)
show mode changing.
→ Low efficiency of 

pair cascade?

Mode changing = A discontinuous change in the pulse profile 
between two or more quasi-stable states.
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Simultaneous change in radio and X-ray

Hermsen+ 13 Hermsen+ 18

Mode changing is related to pair cascade.
B0823+26B0943+10

X-ray

Radio
Radio

X-ray

Here, we propose the radio-X-ray mode changing model.



Observation Summary
No trend?

Mereghetti+ 18



X-ray Emission
We focus on the thermal component.

Pair cascade

Outflowing particles

Inflowing particles

Inflowing particles due to pair cascade collide with the star surface.
The surface is heated and emit thermal radiation in X-ray (~0.3 keV).
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Radio Emission
Propagating pair bursts with 
non-uniform across B-field

Philippov+ 20

→ coherent EM wave

The cause of the pulsar coherent radiation has remained a mystery.
The leading candidate is EM wave generated in nonstationary pair plasma discharges. 

The assumption
Quasi-periodic state
→ B-mode

Quasi-steady states
→ Q-mode



Condition of Oscillation
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Periodic Closure relation
An injected particle create at least one particles
in the gap (multiplicity > 1).
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Steady

γ-ray

Closure relation
An injected particle create at least one particles
in the screened region.
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Test Calculation
PIC simulation for pair cascade

・Electron
・Positron
・Photon

Periodic
(Short lpair) 

Steady
(Long lpair) 

Number density

E-field

Number density

E-field

Details of setups
See SK+20, 21



Current Dependence
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Radio : B-mode   X-ray : Q-mode
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Interpretation
GJ current dominant
→ Radio-X-ray correlation

Hermsen+ 13 Hermsen+ 18B0823+26B0943+10

X-ray

Radio
Radio

X-ray

Anti-GJ current dominant
→ Radio-X-ray anticorrelation


