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X-ray binary - GX 339-4
- accreting black hole

min. M=5.8M (Hynes et al. 2003)

- low mass companion
fills Roche lobe

Flaring Black Hole (Artist's Concept)
Credit: NASA
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Outburst of X-ray activity

Dzietak et al. 2019
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Outburst of X-ray activity
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Comparing spectral models

Dzietak et al. 2019
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- two sets of codes:

relxill (Garcia, et al. 2014)

reflkerr! (Niedzwiecki,
Szanecki, Zdziarski, 2019)

1) https://users.camk.edu.pl/mitsza/reflkerr/
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Fitted models

reflkerr?;
- spectrum computed in the local frame and redshifted.

relxill:
- spectrum fitted in the observer frame and blueshifted.

1) https://users.camk.edu.pl/mitsza/reflkerr/
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Fitted models

reflkerr?;
- spectrum computed in the local frame and redshifted.

- photoionization
- the detailed calculations of xillver at low energies,

- the relativistically correct treatment of ireflect at high
energies (Magdziarz & Zdziarski 1995).

1) https://users.camk.edu.pl/mitsza/reflkerr/
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Fitted models
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Fitted models

Dzietak et al. 2019
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Fitted models

inner, relativistic Dzietak et al. 2019
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Fitted models
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Fitted models

Model: relativistic + static

|

Model 0: [relxill (free Z¢.) + Xillver (Zg. = 1)]gabs;

abundances
Model 3: relxillD + xillverD:
Model O follows the
qt) Models 4 and 5: reflkerrExp + hreflectExp; original assumptions of
é Garcia, et al. 2015.
(]

Model 6: reflkerr + hreflect.

1) https://users.camk.edu.pl/mitsza/reflkerr/
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Fitted models

Model: relativistic + static

Model O: [relxill (free Zg.) + Xillver (Zg. = 1)]gabs;

?i) Models 1 and 2: relxill + xillver; - one iron abundance
Model 3: relxillD + xillverD;

Hqt) Models 4 and 5: reflkerrExp + hreflectExp;

—

o

Model 6: reflkerr + hreflect.

1) https://users.camk.edu.pl/mitsza/reflkerr/

M. Dzietak - Analysis of GX 339-4 during its hard state 16th January '20
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Fitted models

Model: relativistic + static

Model O: [relxill (free Zg.) + Xillver (Zg. = 1)]gabs;

o Models 1 and 2: relxill + xillver; - one iron abundance
Model 3: relxillD + xillverD; .
Data allow for ionization
parameters interchange.
qt) Models 4 and 5: reflkerrExp + hreflectExp;
=
L

Model 6: reflkerr + hreflect.

1) https://users.camk.edu.pl/mitsza/reflkerr/
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Fitted models

Model: relativistic + static

Model O: [relxill (free Zg.) + Xillver (Zg. = 1)]gabs;

%E Models 1 and 2: relxill + xillver; S one iron abundance
_ _ - high density of the disc
Model 3: relxillD + xillverD;
Hqt) Models 4 and 5: reflkerrExp + hreflectExp;
=
Y

Model 6: reflkerr + hreflect.

1) https://users.camk.edu.pl/mitsza/reflkerr/
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Fitted models

Model: relativistic + static

Model O: [relxill (free Zg.) + Xillver (Zg. = 1)]gabs;

%:) Models 1 and 2: relxill + xillver; - one iron abundance
Model 3: relxillD + xillverD;

H@% Models 4 and 5: reflkerrExp + hreflectExp;

=

L

Model 6: reflkerr + hreflect.

1) https://users.camk.edu.pl/mitsza/reflkerr/
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Fitted models

Model: relativistic + static

Model O: [relxill (free Zg.) + Xillver (Zg. = 1)]gabs;

— incident e-folded power
Model 3: relxillD + xillverD; law
H@% Models 4 and 5: reflkerrExp + hreflectExp;
=
=

Model 6: reflkerr + hreflect.

1) https://users.camk.edu.pl/mitsza/reflkerr/
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Fitted models

Model: relativistic + static

Model O: [relxill (free Zg.) + Xillver (Zg. = 1)]gabs;

?_< u I I " "
| . — incident e-folded power
Model 3: relxillD + xillverD; law
~ Models 4 and 5: reflkerrExp + hreflectEXp; p4e5 arj0w for ionization
% parameters interchange.

Model 6: reflkerr + hreflect.

1) https://users.camk.edu.pl/mitsza/reflkerr/
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Fitted models

Model: relativistic + static

Model O: [relxill (free Zg.) + Xillver (Zg. = 1)]gabs;

%:) Models 1 and 2: relxill + xillver; - one iron abundance
Model 3: relxillD + xillverD;

Fﬂ% Models 4 and 5: reflkerrExp + hreflectExp;

=

L

Model 6: reflkerr + hreflect.

1) https://users.camk.edu.pl/mitsza/reflkerr/
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Fitted models

Model: relativistic + static

Model O: [relxill (free Zg.) + Xillver (Zg. = 1)]gabs;

%:) Models 1 and 2: relxill + xillver; - one iron abundance
| . - incident thermal
Model 3: relxillD + xillverD; Comptonization
Fﬂ% Models 4 and 5: reflkerrExp + hreflectExp;
.
o

Model 6: reflkerr + hreflect.

1) https://users.camk.edu.pl/mitsza/reflkerr/

E 16th January '20



relxill reflkerr

Parameter/Model 0 1 2 3 4 5 6
Nig/102! cm2 52718 4.7%)3 6.5+13 61707 aars 6408 4305 Qur results are
0.07 0.03 0.02 0.01 0.06 0.03 . Y
r 170997 1667093 1724092 1707990 166*0% 172003 - sign ificantl y mo del-
y - - - - - - 1.19+0.09 d d
E 200130 250430 300+%0 300f 240+30 280*30 . ependen t.
cut -50 -20 -50 -50 -20 -
kT./1keV — — - _ _ _ 20t%
Rin/Risco 1140 19433 53t 55*%, 15431 585 47+
Zre 8.112 3.1%29 2403 4.9+58 39708 26706 33%]
il 2943} 3433 43+1] 3443 93 a3ty 495
; 0.001 0.004 +0.004 0.033 0.04 0.06 0.36
R (inner) 0.05970.001 0.170+090¢  0.14410904 005910033 0.25+09%  0.357008  0.42+03¢
log, & (inner) 3702 39704 0.0+%3 3701 3.9%01 L7797 3.9%01
log,, € (outer) of 17403 3.8+02 0.7+9 2.0%03 3.7+ of
ne/lem™ 1055¢ 1055¢ 1015¢ 10"f 1055¢ 101°F 101°F
0.011
d(gabs) 0.011% 000 - - - - — _
kT /1 keV - - - - - - 0.340:05
X2 65.6/61 68.7/61 68.3/61 72.4/62 69.1/61  69.2/61  62.1/61
pi (AIC) 0.136 0.007 0.008 0.018 0.024 0.023 0.784
0.50 0.15 0.95 0.02 0.13 +0.37 0.27
fic 0+ 0* 0+ 0+ 0* 0 0.20%0.27
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relxill reflkerr

Parameter/Model

0 1 2 3 4 5 6

Nu/102' em™2
r

52118 47713 65413 61707 aars 6408 4305 Qur results are

0.07 0.03 0.02 0.01 0.06 0.03 H Y
1707007 166T00;  L72700% 1704000 Le6*00S 172700 - sign ificantl y mo del-
y - - - - - - 1.19+0.09 d d
E 2007130 250+30 300+%0 300f 240+30 280430 . ependen t.
cut -50 -20 -50 -50 -20 -
kT./1keV — — - _ _ _ 20t%
Rin/Risco 1140 19433 53t 55*%, 15431 585 47+
Zre 8.1%42 3.1+ 24403 4.9%53 3.944 26109 33
fro 31 33 17 43 32 21 34
i[°] 29+31 343 43417 3+ 9+ 43+2 4934
; 0.001 0.004 +0.004 0.033 0.04 0.06 0.36
R (inner) 0.05970.001 0.170+090¢  0.14410904 005910033 0.25+09%  0.357008  0.42+03¢
log, & (inner) 3702 39704 0.0+%3 3701 3.9%01 L7797 3.9%01
log,, € (outer) of 17403 3.8+02 0.7+9 2.0%03 3.7+ of
ne/lem™ 1055¢ 1055¢ 1015¢ 10"f 1055¢ 101°F 101°F
0.011
d(gabs) 0.011% 000 - - - - — _
kTyb/1 keV - - - = - - 0.34+0:0
X2 65.6/61 68.7/61 68.3/61 72.4/62 69.1/61  69.2/61  62.1/61
pi (AIC) 0.136 0.007 0.008 0.018 0.024 0.023 0.784
0.50 0.15 0.95 0.02 0.13 +0.37 0.27
fec 0* 0* 0* 0* 0* 0 0.2010.27
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reflkerr

Parameter/Model 0 1 2 3 4 5 6
Ny/10*! cm™2 52418 4743 6.5413 6.1707 4449 640t | 43703
r 1704007 1.66*003 1724002 L707000 | L66* 008 1727008 -
' - - X - T
Ecu 200*130 25030 3005 300f 240%30 280730 -
kT./1keV - - - - - _ 2043
Rin/Risco 11410 19+33 53*5 5545, 15431 58+5 47+
Zre 8.112 3.1%29 2403 4.9+58 39708 26704 | 337
il°) 29*3; 3 431)] 3y o sl | 9T
 Rinner) 0.059*0001 | 0.170*090¢  0.14470.9041  0.059* 0033 0.25700%  0.35*09 | 0.42+0
{ logjg & (inner) i 37157 39704 0.0+%3 3701 3.9%01 L7971 3.9%02
E....l.‘.’.‘%.‘.‘?.‘?.fff’.fﬁr.?..é of 1.7+03 3.8+02 0.7+50 2043 37701 of
ne/lem™ 10°°f 10°°f 101°f 10f 10°f 10°f 101°f
d(gabs) 0.011*)080 - - - - - _
kT /1 keV - - - - - - 0342559
X2 65.6/61 68.7/61 68.3/61 724/62 | 69.1/61  69.2/61 | 62.1/61
pi (AIC) 0.136 0.007 0.008 0.018 0.024 0.023 0.784
fsc 0*0.50 0+0.15 (0+0.95 (+0.02 0+0.13 0+0.37 0. 20t8%

37

Data allow for
ionization parameters
interchange.
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reflkerr

Parameter/Model 0 1 2 3 4 5 6
Ny /10*! cm™2 52418 47403 6.51)3 6.1707 4449 640t | 43703
r 1704007 1.66*003 1724002 L707000 | L66* 008 1727008 -
y - - - - - S IRRCUT
Ecu 200*130 25030 3005 300f 240%30 280730 -
kT./1keV - - - - - _ 2073
Rin/Risco 11410 19+33 53*5 5545, 15431 58+5 47+
Zre 8.112 3.1%29 24403 49431 3918 26706 | 337
i°] 29*3; 3 43137 3y o sl | 9T
 Rinner) 0.059*0001 | 0.170*090¢  0.14470.9041  0.059* 0033 0.25700%  0.35*09 | 0.42+0
: logyg & (inner) 3702 3.9+ 0.0+23 3.7+ 3.940 17407 3.9704
E....l.‘.’.“?.‘.‘?.‘?.fff’.fﬁr.?..é of 1.7+03 3.8+02 0.7+50 2043 37701 of
ne/lem™ 101°f 101°f 101°f 10°f 10°f 10°f 101°f
d(gabs) 0.011*)080 - - - - - _
kTwy /1 keV - - - _ _ _ 0. 34i8'.%
X2 65.6/61 68.7/61 68.3/61 724/62 | 69.1/61  69.2/61 | 62.1/61
pi (AIC) 0.136 0.007 0.008 0.018 0.024 0.023 0.784
fsc 0*0.50 0+0.15 (0+0.95 (+0.02 0+0.13 0+0.37 0. 20t8%

Data allow for
ionization parameters
interchange.

- the relatively modest
relativistic effects

Dzietak et al. 2019
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reflkerr

Our statistically best
model has a physical
thermal-Comptonization
primary continuum.

The best fit value of the
truncation radius

is 47 R|5co,
and Rin > ~ 2R|SCO

(90% confidence limits)

Dzietak et al. 2019

Parameter/Model 0 1 2 3 4 5 6
Ny /102! em~2 524148 4703 6.513 6.1707 44419 64708 | 4303
0.07 0.03 0.02 0.01 0.06 0.03
r 1.70*007 1.66* 003 1.72490 L704000 1667005 17200 -
) 0.05
y - - - - - - 1.19*00%
Ecu 2007130 2503 300*%0 300f 240730 28073 -
kTe/1keV - - - _ _ _ 2073
Rin/Risco 1o 19433 53*5 55+ 153 58+%% 4775
Zre “’ 3347
ire 34
i[°] 49f26
: 0.36
R (inner) 0.42+)79
log,, & (inner) % o 3.9%01
log o & (outer) =< of
ne/lem™ & ~ L . e = =o A 10'5¢
5(gabs) 5 T See— T _
w
kTw/1keV S 19 e ~ 0341008
o © P )
_C e
Y2 < v 62.1/61
AIC) ! s 0.784
Pi ( ) ~ . l':l ". .
S| ;) 7 +0.27
Jse I ’ 020253
A L
— , N T 4 .
i 5 10 20
Energy (keV)

one (green) and an outer one (red). The solid shows the total model.

Thermal Comptonization (blue) and two reflectors, an inner
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Comptonization of the reflected component (steineretal. 2017)

- this effect is minor

Reflected
photon

Black
hole

Scattered
hard photons

$

Hot inner
disk

Zdziarski et al. 2002
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Reflector density

The model of Garcla et al. (2016) with n, = 10*? cm-3

- increase of both the truncation radius and the Fe
abundance

- at odd with Tomsick et al. (2018) |

E'f(E)

0.01

—  log(n.)=20.6
-+ log(ng)=15 (Wang+18)

1 10
Energy (keV)  Jiang et al. 2019
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Conclusions

Analysed spectra can be fitted with similar quality with models

allowing significantly different disc truncation radii.

Still, all of the fitted models prefer the R;, much larger
than Rsco at their best-fit values.
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Breaking degeneracy

- Use spectral-timing analysis to break degeneracy of
spectral fitting alone.

- Use additional information from fast variability of the source.

- Reconstruct the energy spectra of the different
variability components.

E 16th January '20



Breaking degeneracy

- Use spectral-timing analysis to break degeneracy of
spectral fitting alone.

- Use additional information from fast variability of the source.

- Reconstruct the energy spectra of the different
variability components.

— To study stratification of accretion flow and distinguish

between different models (Axelsson & Done 2018,< o

Mahmoud et al. 2019).

Thin disc
BH

Hot inner flow

— L3
N )
L
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Conclusions

Analysed spectra can be fitted with similar quality with models

allowing significantly different disc truncation radii.

Still, all of the fitted models prefer the R;, much larger
than Rsco at their best-fit values.

Use spectral-timing analysis to break
degeneracy of spectral fitting alone.
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Plant+15 - XMM and Suzaku
Kolehmainen+14 - XMM and RXTE

Petrucci+14 - Suzaku 103 | l ______ B I ________ f | 1 - .
Tomsick+08 - Swift and RXTE i l l L gi ...... § % -
Miller+06 - XMM and RXTE ;Em I l } f ﬁil' I
Reis+08 - XMM and RXTE oot || reenns |

[ Petrucci+14 A & . ]
Basak+Zdziarskil6 - XMM | Pion { %?\*T\W-
Garcia+15 - RXTE Rl B U

0.1 1 10
Dzietak+19 - RXTE L/Legq (%) Garcia et al. 2015
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