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Pulsar (1)
nN > 2,000
- Strong B-field (~108 – ~1014 G)
- Fast Rotation Period (P < ~1 

s) (and its deceleration: �̇�)
=> stable

- High-energy emission (>100 
gamma-ray pulsar by Fermi)
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Pulsar (2) – Tool for interstellar plasma physics

nPulse Time of Arrival (ToA)

nFaraday Rotation
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等年齢線

等磁場強度線
1010 T

ミリ秒パルサー
進化過程は未知
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PSR B0329+54
Brisken+02

Distance (DM): 1.35 – 1.43 kpc
Distance (𝜋): 0.91 – 1.16 kpc

＝＞ 𝑛+ = 0.022	 − 0.028	cm45



木曽広視野サーベイと京都3.8m即時分光によるタイムドメイン天文学の推進（2017年2月20日-22日＠京都大学理学部） Moffett & Hankins (1996)

Credits for Opt./X-ray 
Image: NASA/CXC/ASU/J. Hester et al.

Credit: Cambridge University Lucky Imaging Group Relatively faint at optical
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Radio Phase-Space 
(Pietka+15)

~ 2000

Δτ ~ 1 sec
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Radio Phase-Space 
(Pietka+15)

2000’s -

Δτ ~ 1 sec
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Δτ ~ 1 sec

~ 17 orders of magnitudeRadio Phase-Space 
(Pietka+15)

2000’s -
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McLaughlin et al., Nature (2006)

J1819-1458

J1317-5759

n New population of neutron stars
- Period: 0.4 – 7 sec (in McLaughlin+06)
- Time interval of bursts: 4 min – 3 hr

n Found by burst search technique (based 
on single pulse search method, Cordes & 
McLaughlin 2003)

n X-ray (faint and no variable) counterpart 
(Reynolds+06)

n Possible IR candidate for J1819 (Rea+09)
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Karako-Argaman et al. (2015)

• P: 0.1 s ~ < 10 s

• B: 1012 – 1014 G
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Karako-Argaman et al. (2015)

• P: 0.1 s ~ < 10 s

• B: 1012 – 1014 G

MSP

NP Magnetar

Both P (and �̇�) & B
are located between 
NP and Magnetar ? 
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812 MHz
McLaughlin+03
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Main Pulses

• Consist of several ‘‘microbursts’’
• Each pulse is well resolved

Inter Pulses

• More dispersed than main pulse
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Strader et al. (2013) but the data 
originated from Shearer et al., Sci, (2003)

Optical Enhancement (~3% increase)

• Crab: no strong correlation between 
radio and high energy (soft X-ray to 
VHE gamma-ray; Lundgren+95, Bilnous+11, 
12, Aliu+12)

• MSP B1937+21: 
phase of both radio
and X are almost 
synchronized?
(Cusumano+03)

• Same emitting region?

B1937+21
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Hankins+03, Nature

2ns resolution

n Frequency ν: 5.5 GHz and 8.6 
GHz (higher than typical obs.)
- Avoiding pulse-width 

broadening

n Wide band: 0.5 and 1 GHz
- Higher time resolution (~ns)

Δτ < 2 ns !!!
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2 MJy @ 9 GHz
Δτ < 0.4 ns !!!

Hankins+07

n Observation: 
- 𝜈 = 9.25 ± 1.1	GHz
→ time resolution of ~ 0.4 ns

n Emitting Region:
- 𝑅	~	12	cm (!?)
- TB ~ 1041 K

→Assuming relativistic motion 
(𝛾~102 - 103)
- 𝑅	~	103	 − 105	cm
- TB ~1035−1037 K
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LMC pulsars (Manchester+06)
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NICT
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YamaguchiIbaraki

Waseda/Nasu
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