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toroidal B

 

Pulsar Wind

e.g. Usov, 1975; Michel 1982; Lyubarsky & Kirk 2001
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Relativistic magnetic reconnection

𝑇/𝑚𝑐ଶ  1 relativistic hot plasma

𝑃  ଵ
଼గ

𝐵ଶ ൌ 𝑐𝑜𝑛𝑠𝑡.   𝑃 ൌ 2𝑛𝑇 (pair plasma)

𝜎 ൌ 𝐵ଶ/8𝜋𝑛𝑚𝑐ଶ= 2𝑇/𝑚𝑐ଶ

𝑣 ൌ 𝑐 𝜎/ሺ1  𝜎ሻ~𝑐

Non-thermal particle acceleration,
Power-law energy spectrum with a hard spectral index s < 2,
Large reconnection rate (fast reconnection)

e.g. Zenitani &MH, ApJ 2001;  Jaroschek+ ApJ 2004; 
Sironi & Spitkovsky, ApJ 2014; Guto+ PRL 2014 



relativistic hot plasma

Relativistic magnetic reconnection

relativistic drift velocity

𝑇/𝑚𝑐ଶ  1 𝑣ௗ ൎ 𝑐

𝑃 
1

8𝜋 𝐵ଶ ൌ 𝑐𝑜𝑛𝑠𝑡. െ𝛻𝑃 
𝑒𝑛
𝑐 𝑣ௗ ൈ 𝐵 ൌ 0

(Theory) Zelenyi & Krasnoselʼskihk, Sov. Astron. 1977
(Simulation) Zenitani &MH, ApJ 2001;  Jaroschek+ ApJ 2004; 
Sironi & Spitkovsky, ApJ 2014; Guto+ PRL 2014 

• fast reconnection, 
• rapid magnetic energy release

• probably fast reconnection, 
• Probably rapid magnetic energy release,

So far,

But, not yet investigated..



tearing instability
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(Zenitani & MH, ApJ, 2007)

growth rate increases with increasing =vd/c
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(Zelenyi & Krasnoselʼskihk, Sov. Astron. 1977)
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Theory
Simulation

Theory
Simulation

𝑇/𝑚𝑐ଶ ൌ 10

𝛾ெோ ∝ 𝛽
ଷ
ଶ/Γఉ

𝛾ெோ ∝ 𝛽
ଷ
ଶ/Γఉ

Γఉ ൌ 1/ 1 െ 𝛽ଶ

reconnection with relativistic 
drift velocity (=vd/c): PIC simulation



collisionless conductivity in Ohm’s law (heuristic)
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collisionless conductivity (Landau resonance)
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collisionless conductivity (non-relativistic)
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collisionless conductivity (relativistic)

𝑓ଵ ൎ െ
𝑒𝑓
𝑐𝑇

𝜔
𝜔 െ 𝑘𝑣௫

𝑣௭𝐴ଵ௭
x

B

y

𝐽ଵ௭ ൎ ම 𝑒𝑣௭
𝑒𝑓
𝑐𝑇

𝜔
𝜔 െ 𝑘𝑣௫

𝑣௭𝐴ଵ௭𝑑ଷ𝑝

ൎ
𝑁ഥΓఉ𝑒ଶ

𝑚
Γఉ

𝑘𝑐
Γఉ𝑚𝑐ଶ

Θ 𝐸ଵ௭ ൌ
𝑛𝑒ଶ

𝑚
Γఉ

𝑘𝑐
𝑚𝑐ଶ

𝑇 𝐸ଵ௭

𝑓 ൌ
𝑁ഥ

4𝜋𝑚ଶ𝑐Θ𝐾ଶሺ𝑚𝑐ଶ

Θ ሻ
exp െ

Γఉ

Θ 𝐸  𝑐𝛽𝑝௭

𝜎ି ൌ
𝑛𝑒ଶ

𝑚
1

𝑘𝑣௧
𝜎 ൌ

𝑛𝑒ଶ

𝑚
Γఉ

𝑘𝑐
𝑚𝑐ଶ

𝑇



tearing instability  ( 𝜷 )
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drift kink instability
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(Zenitani & MH, ApJ, 2007)
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Summary

relativistic drift velocity
𝑣ௗ ൎ 𝑐

• slow reconnection & slow drift-kink
• slow magnetic energy release

magnetic energy dissipation is not 
easy in pulsar wind, and current 
starvation may happen...

toroidal B

 

Pulsar Wind
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Split-monopole,
2d-PIC simulation,
equatorial plane
(Cerutti & Philippov, A&A 2017)

pulsar wind evolution (PIC)




