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Pulse profile

How to explain the offset?
Pulse profile of SGR 1833-0832




Emission from

entire surface

Modulation

+
Offset

Takahashi +2014
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Low-temperature radiation
kT~0.1keV, R~10km

Pulse profile of SGR 1833-0832
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Credits: NASA NICER Group
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Pulse profile of SGR 1833-0832
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Spectrum of SGR 1833-0832
Single blackbody

fits well
SGR 1833-0832_XMM-Newton

- 0.1 E— | l | | | | } } —— light-bending
> L
2
b
_.(Q
S 0.01 |
e;
ﬁ . 0.00 0.I25 O.I50 O.|75 1.I00 1.I25 1.I50 1.I75 2.00
© g 0.5 A
et
s v —0.5 1 : : : : : : .

4 |

2 | | Lo b _ Relativistic

0 | :‘. ‘ .|; Fegpre SgL A B 1 TRt 8.1 Ity ! il [ ]
AT 2k i ity - Hot spot only

4l ! ] *

2 5 1

Energy (keV)

More natural

Esposito +2011



Radius comparison: timing & spectral
1

assuming a circular radiation area, ry = g
Estimating the size of
hotspots from spectrum

Estimating the size of
hotspots from pulse profile
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Parameter estimation
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Hot spot size: 1E 1048.1-5937

Timing R Spectral R
spectrum of 1E1048.1-5937
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Results with 10 error
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Relativistic correction of R

Newtonian Ry,
Gravitational Redshift

Observed Flux
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Multi-peak pulse
profile Best fit of relativistic

SGR04185729
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Distance of magnetars

Cordes +2017

1.0
S
. i 05
_ Kaspi +2017 X
Wilms +2000 g
—— ' " i ; ] WL
1000 ?e'N"_ 10 . 1,500 iil‘ T ’ﬂ‘l‘ P N
: i ] }ﬂw m‘{\ t‘. f‘/% E“ i .1”\"2‘-
: _ “ . '}\ R e ‘7?,,. i f
] s . N 1,450 i maN *:'n g
1 g - * §
_ « £ of ] > 1,400 Lty
_ ; e Rk
=r 1 g 1,350 § '*:L-.A Qf’”» 'r W&n ”' "*\r .ii’\.) ‘J"':
' : o it }*""J’f‘p., .i.“n‘ R "M
10 =10 -o- Magnetars | ’ ) ‘ P
E [keV] 10- o xN%s ' T 1,300 " 'i' F,‘r lﬁ*ﬂ'f ( "* ?2 '.A
- * Pulsars “ ‘ " h? \ (P ‘&
B T T S PR ‘“kl*- ‘l ‘ o :
v 1250 £n¢ W’ l iy J“
Nakano +2017 { o 10 o0 w0 o
- T 1 I 1T T | T T 1 | L 1T T 1 I T T 1 I— Time (ms)
-~ 506039010 —
10— b : 506037010 — T T T T T T T
L . i msma AJ| 2MASS
e - 000 . 2 ] 18 H a-a-44 Central 1/3 2MASS i
= ¢¢o¢ Random 1/3 2MASS
B -. Y _ > Du Pont
+59°001__ IE 2259+586—_ y |
- :'I __________________ 1 16 | A, — (J_K)peak_(J_K)O
: i | ] 15 - d 0.164
2 W Aleeass, . R 7 w|1.4 1
i | 1 13 1 d = 1002K-Mxk—0.1124y) s 1) pe
+58°40'—‘/'i BGD | 1.2 -
[y ] 1.1 :
: 50604010 506038010 7 1o L . . . 1 1 .
! 104“" [ 103|m| [ 102|m| [ |0=m1 I |2|3h|00[:‘ I 12|2hT59m 115 12.0 12.5 13}'(()— 13.5 14.0 14.5 Durant +2006

RA (J2000)



Estimate the size of hot spot
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Hot spot emission - Flux Compactness
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1E-1048.1-5937
Folded period: 6.46320000000000 s

Model 0 0 ¢ m 20
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Component Parameter Unit Value
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keVv? (Photons cm™ = s~' keV™')

(data—meodel) ferror

Component

Parameter Unit Value

TBabs nH 10%2  2.60107  +/- 0.117590
bbodyrad kT keV  0.652883 +/- 1.66112E-02
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KTE_J1810-197
Folded peri od: 5.54200000000000 =

Norm Intens Se
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Component Parameter Unit Value

' 0.01

—medel) /error

TBabs nH 102 0.522468 +/- 3.67344E-02
bbodyrad kT keV  0.315604 +/- 1.57237E-02
bbodyrad  norm 9.34077  (-22.0933, 29.4895)
bbodyrad kT keV  0.707795 +/- 1.77547E-02
bbodyrad  norm 4.99888  (-0.722572, 0.73365)
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Assuming dipolar magnetic field:
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Evolution of the magnetic field in magnetars
Numerical MHD
Braithwaite & Spruit 200
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relative error

gradient descent fitting
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Quiescent emissiqQn
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Folded light curve of quiescent
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1E 1048.1-5937 s e

distance:9.0(1.7) kpc

Timing: <1.68 km
(assuming R_mag = 12

Spectral: 3.1 km

Unfolded Spectrum

0.01
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107°
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| !
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Energy (keV)

1.4 1

—
N

—
o

X Counts/sec
QEE; o ' b
(o) (0 4]

Newton

0.00

1.00
Phase

0.25 050 0.75

Model TBabs<l>%bbodyrad<2> Source
Model Model Component Parameter
par comp
1 1

2 P

3 P

LELS
bbodyrad
bbodyrad

nH
kT
norm

Fit statistic : Chi-Squared

Test statistic :

Chi-Squared
Null hypothesis probability of 5.64e-02 with 436 degrees of freedom
XSPEC12>plot

XSPEC12>plot eeuf

Active/On
Value

1.55807E-02
6.07963E-03
0.614127

0.481820
0.566435
12.6060

483.80 using 439 bins.

483.80 using 439 bins.
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K x1.0344 x 102 E2dE

A(E) =
exp(E/kT) — 1
parl=kT temperature keV
norm= K R}, /D3, ,where Ry, is the source radius in km and 1), is the

distance to the source in units of 10 kpc.




Bands?

Name P dP/dt Bsurf [dE/dt |Tauc [Ny PL Index BB Temp Unabs Fy{a} Distance b} Assoc? Opt/IR? {c} Activity? |RA, Dec
(s) (10" s75) (10™(10% (kyr) [(1022 cm™2) (keV) (10712 erg/s/em?) |(kpc) 10%3 (J2000)
G) |erg/s) y P erg/s)
CXOoU 8.020392(9) 1.88(8) 3.9 [1.4 6.8 |0.063*0:020_; . .« 0.30(2) + 0.14* [tem08] 62.4(1.6) SMC [Ifmp02] |maybe |X O? 01"00™M43.145,
J010043.1-721134 |[mgr+05] [mgr+05] [temO08] 0.68*0-09_g oo* [hgd12b] -72°1133.8"
[tem08] [lfmp02]
4U 0142+61 8.68869249(5)  |0.2022(4) 1.3 |0.12 |68  [1.00(1)* [ni+07] [3.88(1)* [rni+07] |0.410*0-004_ o . 167.9* [rni+07] 3.6(4)" yes HXO I |bursts, |01"46™22.4075,
[dk14] [dk14] [rni+07] [dvO6b] glitches |+61°4503.19"
[hvko4]
SGR 0418+5729  [9.07838822(5)  [0.0004(1) 0.061 [0.00021 |36000 |0.115(6) [rip+13] 0.32(5) [rip+13] [0.0020%0-0014_) 1o 0 8-2 [vck+10] L0.00096 no X bursts,  (04"18™M33.867",
[rip+13] [rip+13] [0.012(1) (0.5—10 transient |+57°3222.91"
keV)] [rip+13] magnetar |[vck+10]
SGR 0501+4516  |5.7620695(1) 0.594(2) 1.9 [1.2 15  [0.88(1)* [cpr+14] |3.84(6)* [cpr+14] [0.50(2)* [cpr+14] [1.7 [19(1) (0.5—10 g-2 [Ikb+11] SNR HB 9? yes HXO |bursts [05"01M06.76°,
[cpr+14] [cpr+14] keV)]* [cpr+14] [GCN8149] +45°16'33.92"
[gwk+10]
SGR 0526-66 8.0544(2)* 3.8(1)* 5.6 (2.9 3.4 |0.604%0-058 ) oo+ 12,5001 o 1o+ [0.44(2)* [phs+12] |0.55 [1.58%0-13_; 5 153.6(1.2) LMC, SNR no X bursts, |05"26™00.89°,
[tem+09] [tem+09] [phs+12] [phs+12] (0.5-10 keV)]* [hgd12a] N49?, SL 463 giant -66°0436.3"
[phs+12] (young star flare [kkm+03]
cluster)
[khg+04]
1E 1048.1-5937  |6.457875(3) 2.25* [dkg09] (3.9 (3.3 4.5 |0.97(1)* [tgd+08] [3.14(11)* 0.56(1)* [tgd+08] [5.1(1)* [tgd+08] 9.0(1.7)* GSH yes HXO |bursts, [10"50M07.14°,
[dkg09] [tgd+08] [dv06b] 288.3-0.5-28? glitches  [-59°5321.4"
(stellar wind [wc02]
bubble)
[gmo+05]
1E 1547.0-5408  |2.0721255(1)*  |4.77* 3.2 210 0.69 [3.2(2)* [bis+11] |4.02)* [bis+11] |0.43(3)* [bis+11] |0.54 [0.37*0-01_; o5 [4.5(5)* SNR maybe |HX0? |bursts, |15"50M54.124°,
[dksg12] [dksg12] (0.5—-10 keV)]* [tve+10] G327.24-0.13 R transient |-54°1824.11"
[bis+11] [gg07] magnetar |[dcrh12]
PSR J1622-4950 |4.3261(1) 1.7(1)* 2.7 8.3 40 |[5.4*16, 0.5(1) [ags+12]  [0.045%0-063 5 e B-9 [Ibb+10] SNR no XR 16M22M44.895,
[lbb+10] [lbb+10] [ags+12] [0.11%0-99_; 04 (0.3 G333.9+0.0 -49°5052.7"
—10 keV)] [ags+12] [ags+12] [ags+12]
SGR 1627-41 2.594578(6) 1.9(4) 2.2 |43 2.2 [10(2)* [eiz+08]  [2.9(8)* [akt+12] 0.25*%17_4 4o 11.0(3)* CTB 33 (radio |no X bursts, [16"35M51.844°,
[etm+09] [ebp+09] [akt+12] [ccdd99] complex), MC transient |-47°3523.31"
-71, SNR magnetar |[wpk+04]
G337.0-0.1
[ccdd99]
CXou 10.610644(17)* <0.04* <0.66 |<0.013 [>420 (2.39(5) [akac13] |3.86(22) 0.59(6) [akac13] [0.25(4) [akac13] 3.9(7)* Westerlund 1 |no X bursts, 16h47m10.205,
J164710.2-455216 |[akac13] [akac13] [akac13] [kd07] (massive star transient |-45°5216.90"
cluster) magnetar |[mcc+06]
[mcc+06]




How GR effect works on pulse profile

R : magnetar radius 1, : Schwarzschild radius
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