Smithsonian
[nstitution

X-ray sources in the Magellanic Clouds:
Analysis of 15 years of XI\/II\/I Nevvton and Chandra observat|ons

Ju n Ya ngl 2 Jun‘ya ng@cfa harvard. edu ! ; i

Silas Laycock?, Dimitris, Chrlstodoulou1 Jeremy Drake2 Samuel Flngerman1 Jaesub Hpng2 'Andre‘as Zezas2 VaII|a Antemou2
MalcoImCoe3 Wynn Ho* - * s o e S G AR

‘ : P ‘ Ao e
1. University of Massachusetts LoweII MA, United States
2. Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, Unlted States
3. University of Southampton, Southampton, United Kingdom

10 May 2016, XMM-Newton 2016 Science Workshop



/4 Outline 3

LOWELY - - - . atiaton
ouleare Introduction to the library of pulsars in the Magellanic Clouds
In SMC - - -
event lists, light curves, periodograms & spectra
&Model 8 P & P

* Why study pulsars in Magellanic Clouds:
NSs hold unsolved problems
low absorption, known distance (->categorize luminosity of the Pulsars)

Known pulsars with combination of 3 satellites
e.g. SXP 348, SXP 1323

Pulse profile modeling
e.g. SXP 504



/A Library of pulsars in the Magellanic Clouds ¢

UMASS : - Smithsoqian

LOWELL Institution
Pulsars

Intro XMM-Newton Chandra RXTE
116+42 Obs: 2000-2014 155+30 Obs: 2000-2014 Weekly Obs: 1997-2012

5000 10000 20000

Photon Energy (eV)

500 1000 2000

NN

200

0.6 0.8




m Library of pulsars in the Magellanic Clouds 3

U K’l ASS 20 SIIni‘tl.]soqian
LOWELL 10 : — —rr e . 7/3) nstitution
:PUWSSSIFCS: . A )C(rM ;ewct)gn ObS LX min LO:(:2.O *1037erg/s) (m’) ‘P<
n . 10 ._O """"" nra """ S """"" """""""""" : """""""""" : """""""""" ,' """"""""" -]
&Model Observation f RXTEN 5 5 5 5 f
overview 1078 | N e A . R e RS g :
37 N N\la. A& SIS 0 . L 1
S 1037 b NN A |
S ;
Intro 00 10% [N fall®
Library ) §
a 1077 b NNy
~ .
Duilesre Propeller line Q 103 Lo g
R in Magellanic R S
' LI ] = 33
o high mass X-ray § 1077 o 28
- binaries; ~
1032 Lo O N N T O
')\ & . . : : O : ¢ :
DINO)] . 10 -_LX"d """" o N e E
the pulsations 9P 16T 870562*13‘2/3 - - - '
A below the 1030- l . T )]
P_line 107 10t 100 102 103 10*

Spin Penod(S) SXP 348



UMASS

LOWELL
Pulsars

In SMC
&Model

Pulsars
spin up
/down

e.g.
SXP 348 L
Luminosity
(erg/s)
RXTE does
not have Pulse
51‘;!03" Frac fraction
Amplitude
(Counts/s)
Spin up:  Spin
0%01 015 Peri?)d(s)
s/day
Significance
(%)

m SMC Pulsar library with 3 satellite combination

38 e XMM-Newton e Chandra e RXTE

10 —w | C E— T |
1037 |- 5 5 o~ e

340_...5 ........ ~ _%‘%Q ..... o bt %éé&‘g_ij__________ ............... -
335 il ] el -

1g8§"'!'"'a'o"'o'bc',”“'!@"'5”@'%@@“86. 'o“'@é@co‘l """" o @ ;C-)-O-OO---d---o---e
: 0 : , ;

40
20

0

NS
£7%
Wy

Smithsonian
Institution



7A

UMASS

LOWELL
Pulsars

In SMC
&Model

Pulsars
spin up
/down

o A"
SMC Pulsar library products e
Wy
Smithsonian
10° Institution
. Spin up | |
AmphtUde v Spin down v . Y
(Counts/s) o Unknown P °
o -7
. —_ ° . v P ‘v
| Spin %.10 . . //’/,r.
Period (s) N o) - oF
1 ~—— . - Yo
N e . & "o v
o -7 o v .
[ - (] v
Signif el Q
(56) 9 IS S N N S S S o 10° . Slope = 0.425103 log(day) /log(s)
20 0
0.9F——— e =
1K:] SETSTSTST SO RIS T ST SIS SIS NI O _ _
Pul 0.7h ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, b Unknown orbital period:
P e T S O 779777 7MW OIMY T
Fraction 820 """""""""""""""""" 0 """"""" A .. """"""""" 10° - O . .0 .04 ‘010 ‘ el ‘@DZ 0 0 go., 0] O‘V\3
M 1 Tttt ottt Crorotog ot o e 9 A
03l L R . L I 10 10 ) 10 10
51500 52000 52500 53000 53500 54000 54500  5500C Spln PerIOd (S)
MJD

P,.pi= 12.0656 (days) * Ps,;,,04>1
16 spin up
14 spin down

e.qg. SXP 1323
Spin up: 0.016932 s/day



UIMASS e eeararerennene

LOWELL *,

Pulsars Maénetic

In SMC axis -

&Model

®

pinning axis b
L@ Pulsar
i
,?Coneof
* " emission
D) )
‘ 2.0} + + —+ g
Class 1 Class 2 Class 3 Class 4
DiINUR M ]
o
COW 2 1
[V
Pulse *
Y — n
profile 3 ,
o
[N
model f
) — 1
L
3 |
LI? .
"~
é ™ 3 27
Phase

% Model: Of'f-center magnetic axis with GR effect

SXP 504 2003-12-14 Observation

0.0 2.3

S
Wy
Smithsonian
Institution

4.6 18.2 205 228 2571 274

[

~ The reduced x2

WA Sl

<
o

de (counts

<
o
o

|
(@)
(@)
w

90
80

OOCxO OO&&OQGGOOOOOOOOO><x/OC<
@@@O@)QOQQOO>OOO®®©©©®©©®©©©®«

'0\>§COOOO®O©©©©©OOO

COOOC OOV O OO OO O
X CCOCOOOOIOOOOO0OO
S HGC O OO OOOOCTOEHOOOHOOHOSHOO O
90090000000V OVLOOCATOHIOEEOEHEOH
YO0 0RVC OO0 OO0V CC OO O C OO0 C(
900090000000V VVVLOVOOOOOOIHEEEK
0009900000000 00000C &Qv0000990<

/70

50 OO0V IIO A O OO0 OOOOTHL
QOO0 00000 ¢ OO G200 DL
Q000999000 +000000000
000090900000 258000000GC

B (deg)

Lomb-Scargle Power Amopl.itu

Period (s)

MOl 2 0 0000000060600 006600000
100 9000000000600 0006060000¢
000000000000000060600009
sob 1 BIOfl ©0000000000000000000009
000000000006000006006000C
900000000060 9000606000002C
601 1 20 9000000000000 900000000C0
900000000000 0000060000
40k ] 9000000000000 90000 00D ¢
9000009000000 90900000090000003000(
10 éoeoeooeeoeeoeeooeeoeo&»09«@@
207 842 8060000000000 00005C 900D
Lm 900000000000 000006060006 o@@@'
0 Dentitn S nflnsn £ h, O A
300 0 600

0O 10 20 350 40 50 60 /0 80 90
© (deg)
Best fitting angle: 0 = 28° and Bg 52°

0 : angle between spinning axis and B
B : angle between spinning axis and light of sight
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Library of 3 satellites combination:
Known pulsars in SMC & LMC No pulsations found below Propeller
line

16 spin up and 14 spin down

Modeling

More phenomenon into current model. Eg., flow column geometry
including physics of accretion shock, accretion rate and photo energy

Astrosat
Investigate the hard X-ray sources; bright galactic pulsars, expand the period range of the pulsars
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