Multi-band look at the black hole X-ray transient Swift
J1357.2-0933 and discovery of the Millihertz X-ray

variability in the X-ray light cul.
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Classification of X-ray Transients
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R-band mag

Swift J1357.2-0933: Peculiar black-hole candidate X-ray transient
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http://www.youtube.com/watch?v=cwTpZWriP0s

2011 Outburst of Swift J1357.2-0933 — Classified as BH VFXT

1.7 1.7

¥ iﬁ@ﬁﬁlﬂ[ﬂ | o penrr T

@ .35 L T
% 10°° k 5 10%° pee
%ﬁ Nﬁ. %n i '.‘.5._._ %
& 10 F e 3 10 F .
Q - Q o
= 107 *tII = 107 -
S 102k ‘ S 0% |
4 0% L 510 F {
1 l Il ] | N ] | L 1 1
I I | | | I I I I I
2.2 B 2.2 | .
249 1 - 2.1 | -
2.0 - 2.0 | -
1.9 - . A8 | ~
1.8 - 1.8 | I .

|
1

0.5 %ﬁ E - 0.5 _:I?'EILI g 3 [} il
oo o
en I an
0.4 | I { * = 0.4 | [} I =
0.3 |- :|: -1 0.3 | S
] ] | I ] ] ] ] ]
0 50 100 150 200 0 50 100 150 200
Time since 01-02-2011 (days) Time since 01-02-2011 (days)

Armas Padilla et al. 2013

The presence on the DSS of a faint (r ~22), very red star, led Rau et al.
(2011) to identify this as the quiescent donor, an ~M4 star at d ~1.5kpc.



2017 Outburst

Count rate (Counts/s)
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Multiwavelength Coordination needed to obtain deeper insights!

Power law
component
,4
Thermal Reflected
romponent component

Abdikamalov, et al. 2019

One of the ways to investigate the putative torus model
is to study the X-ray spectrum in a broadband covering
high energies above 10 keV or so. The detection of any
signatures of cut-off, or any reflection from the disc will be
quite useful to test the torus model.
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An absorbed disc blackbody + relxill model did not improve the

spectral fit!

Parameters

a=(0.8

a=0.9

Observation 1 (Inclination: 30° )

kTin (keV)
I
R(‘lﬁu) (Hg)
H'r(»:fl
Ne@
(J()‘II,.S‘[,FPAI B

const x rT
Reduced ,\’2 (dof)

0.029 0005
1.63 +0.01
80 + 80
<0.03
0.0224 + 0.0004
1.035 4 0.006
0.78 4+ 0.03
0.96 (1175)

002970555
1.63 £ 0.01
80 =+ 80
<0.02
0.020 £ 0.001
1.035 + 0.006
0.84 + 0.04

0.96 (1175)

0.02970.002
1.63 + 0.01
80 + 80
<0.02
0.0239 + 0.0002
1.035 + 0.006
0.74 +0.03
0.96 (1175)

Observation 2 (Inclination: 30° )

li'-:riu (ke\r)
11
H('inn) (RQ)
H're:fl
N¢@
constppyB

const x rT
Reduced x? (dof)

1.75 £ 0.01

20 + 20
0.01+0-04

—0.01
0.000204 #£ 0.000005
1.01 £ 0.01
0.83 £0.04

1.01 (593)

1:75<0.01
20 + 20
0.01+05%
0.000204 + 0.000005
1.01 £+ 0.01
0.83 £+ 0.04

1.01 (593)

1.75 +0.01
20 + 20
0010
0.000204 + 0.000005
1.01 +=0.01
0.83 +0.04

1.01 (593)

Note: a — Normalization (V) is in units of photons cm™2 s=! keV~! at 1 keV.




ULTRACAM +NuSTAR light curves!
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OIR light curves of Swift J1357.2—-0933 from 2006 to 2017
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Hot, dense Hell outflows during the 2017 outburst
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The outburst amplitude - Porb relation to extend the possible distance range
out to 26.3kpc, thereby increasing all the luminosity estimates by ~ x40 to at
least LX ~ 4 x 10736 erg s*-1 and hence it is not a VFXT!

Charles et al. 2019 12
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Modulus
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Observation Frequency (mHz)  Significance (o)

Obs 1 1.8+0.1 12
Obs 2 1.2+0.1 8
Obs 3 3.1£0.1 12
Obs 4 5.4+0.1 3.9
Obs 5 2.9+0.1 4.4
Obs 6 1.6=0.1 12
Obs 7 3.4+0.1 0.45
Obs 8 2.7+0.1 14
Obs 9 3.5£0.1 12
Obs 10 1.9£0.1 5
Obs 11 1.5£0.1 6
Obs 12 3.7+0.1 7
Obs 13 1.5+0.1 2:1
Obs 14 4.1z0.1 7
Obs 15 1.4+0.1 43
Obs 16 3.5+0.1 6.7
Obs 17 2.8+0.1 10
Obs 18 2.5+0.1 0.4
Obs 20 2.8+0.1 43

XRT-31918084 1.8+0.1 2:7
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X-ray QPOs in the millihertz frequency range have been detected for the first time during

the outburst of J1357.

Beri et al. 2023 (MNRAS)

Origin of X-ray QPO not clear?
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Optical/UV-X-ray correlation

A fruitful method to understand the origin of the emission at low
frequencies (optical and UV) is to study its correlation with the
X-ray emission using simultaneous observations.

Sample

X-ray reprocessing model

Model

‘ “3<l;11. a" "%nod(.‘l ’

Ndata *

Nmodel

Model

Jet model

] r"vj)d;—lt .'1"'"31110(1(.'1 |

Ndata
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Model

| 8

data -f mod(l I

BHs: L, opT
BHs: L, NIR
NSs: L,,‘()pT
NSs: L, NIR

'n‘LU,.' 2q

( UNIR )(\”LU }(l
YorT

«T0.5
nL\y a

NIR \« 0.5
nL a
(” OPT )

0.05%£0.03
0.060.03
0.09+0.02
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9.34+0.4
15.5-81.31
1.0*

3.2-16.61

L%*
Bt
Ly*
Lyt

0.11£0.02
0.090.04
0.81£0.03

0.09£0.41
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9.5543.08
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Russell et al. 2006
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2019 outburst
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Filter (wavelength)  Best fit slopes (£3)
UVOT Band  Wavelength 3 (fit values)

— — V (5468) 0.36 % 0.01
gis ol U2 B (4392) 0.45 + 0.01
b 4329 0.17 + 0.03
u 3501 0.24 + 0.02 U (3465) 0.43 £ 0.01
uvwl 2634 0.27 +0.03 UVWI (2600) 0.49 + 0.01
uvm?2 2231 0.30 & 0.03 UVM2 (2246) 0.49 £ 0.01
uvw2 2030 0.35 + 0.05 UVW2 (1928) 0.49 + 0.01

Beri et al. 2023 (MNRAS)



Extended Corona

Vertical Perturbation of Inner Disc

(Cause of Optical Dips) Bt Baco

(Obscured by Perturbation)

== &,

70-80° / Recessed Disc

Inclination

Perturbations move
outwards with outburst

© John A. Paice

Swift J1357.2-0933 remains a puzzling source with many questions
yet to answer!

Thank you! :)
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