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1. Magnetar Class

3. Bursts vs. Persistent Emissions

• Suzaku X-ray satellite observed 11 magnetars. Some 
objects were observed during burst-active outbursts.

• Quasi-thermal soft X-rays (<10 keV) and hard power-
law (>10 keV) components were simultaneously ob-
served in the 0.5-70 keV energy band.

• Hard X-ray luminosity relative to that of soft X-rays 
correlates with the characteristic age and magnetic 
field evaluated from P and Pdot (spectral evolution?)

• Accumulation of weak short bursts during the out-
bursts resemble the persistent X-ray spectrum. 

2. Suzaku View 

Two Historical Subclass

• Soft Gamma Repeater (SGR)

• discovered by giant flare, bursts 

• Anomalous X-ray Pulsar (AXP)

• discovered by persistent X-rays

Observational Features

• ~20 sources in Our Galaxy

• X-ray bright (Lx~1035 erg/s), few 

reports on their radio emission

• Slow spin period (P~2-12 sec) & 

large derivative (Pdot > 10-12 s/s)

• Strong magnetic field                       

B ∝ sqrt(P Pdot) > 1014-15 G

• Young system; τ~P/2Pdot <100 kyr

• Hard X-rays were discovered 

Questions on Magnetars

• Energy source of X-ray emission? 
Magnetically-powered pulsar?

• Emission Mechanism of persistent 
and burst X-ray emissions?

• Birth environment and evolution?
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Suzaku X-ray Satellite

• Japan/US, launched in 2005

• Broadband Energy Coverage

• X-ray Imaging Spectrometer (XIS, 
0.2-10 keV) and Hard X-ray Detector 
(HXD, 10-600 keV)

• 11 magnetars were observed in 
AOs, Key Project, and ToOs.

Two-Component X-ray Spectra

• Quasi-thermal soft component from 

all sources (kT~0.5 keV)

• Hard power-law component was 

confirmed from 7 sources (Γ~1)

Broadband Spectral Evolution 

• Hard X-ray component becomes 
harder towards sources with 
older characteristic age

• Hardness ratio (HR), defined as               

ξ = Fhard/Fsoft  in 1-60 keV, is tightly 

correlated with their age, 

ξ = (3.3±0.3) × ( τ / 1 kyr )-0.67±0.04

with a correlation coeff. -0.989,    
and with their magnetic field,          

ξ = (0.09±0.07) × ( B / BQED )1.2±0.2

with a coeff. 0.871.
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To summarize ξ-τ, ξ-B correlations,  

• Hard X-ray component becomes 
weaker relative to the soft component 
towards sources with older age and  
higher magnetic field.

Suzaku ToOs of Transient sources

• also detected the hard X-rays from 
SGR 0501+4516 and 1E 1547.0-5408.

(below) X-ray luminosity cannot be ex-
plained by their rotational energy.

Magnetars

SGR, AXP
(a

rb
it

ra
ry

 u
n

it
)

C
o

u
n

t 
R

at
e 

(c
n

ts
 s

-1
)

X
-r

ay
 fl

u
x

 (
er

g
 s

-1
 c

m
-2

) Thermal soft X-ray (2-10 keV)

of AXP 1E 1547.0-5408

HR ξ
on P-Pdot

Suzaku ToO pointing observation of 1E 1547.0-5408

• was performed ~7 days after the outburst onset in 2009.

• and detected weak 18 short bursts (fluence < 2x10-7 erg/cm2).

• Cumulation of weak burst spectra resembles the persistent 
emission spectrum (e.g., the slope in the hard band). 

1E 1547.0-5408  Short bursts 
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10
34

10
35

10
36

L
u
m
in
o
si
ty

o
f
st
a
ck
e
d
u
n
re
so
lv
e
d
b
u
rs
ts

(e
rg

s
−
1
)

BB Luminosity (Persistent)

PL Luminosity (Persistent)

Total Luminosity (Persistent)

S 1/S min = 10
− 2

S 1/S min = 10
− 3

S 1/S min = 10
− 5

10!"

10!#

10!$

10!%

0.01

0.1

1

10

100

k
e

V
2
 (

P
h

o
to

n
s
 c

m
!
&
 s

!
'
 k

e
V
!
'
)

100

20

#(

200

#((

R
a

ti
o

1 10 100
Energy (keV)

(a)

(b)

0

2

4

6
XI0 2.0-10.0 keV

0

1

2

3
PIN 10.0-70.0 keV

Time (s)

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
0

1

2

3
GSO 50-150 keV

Burst-17

A short b
urst

Cumulation of 

weak bursts

Persistent emission

Spectral Ratio
 (weak burst)/(persisten)

One example of 
weak short bursts

Gutenberg-richter law
of short bursts 

(solar flare, earthquake)

SGR 1806-20
(HETE-2)

A
ll observation

Active (2004)

N(> S) ∝ S
−α

α = 0.7 -- 1.1 of magnetars
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Suzaku Spectra

INTEGRAL,
Suzaku (SGR, AXP)
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Hard power-law photon index

Persistent emission is 
cumulation of bursts?


