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Spectral and timing properties of X-ray binaries ﬁlel
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L LYURarskil 1997, ot analytical model

e Kotov et al. 2001 .
L ——— 3 phenomenological model

{_Arevalo & Jtlley 2006 smputational model

e Ingram & Done 2012
I

e |ngram & van der Klis 2013 . .
L—————————— analytical solutions

* Rapisarda et al. 2014 Model implementations
{ Rapisardaetal 2016 First systematic

applications



PROPFLUC: the main assumptions
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PROPFLUC single hump power spectrum ﬂﬁ
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Introducing PROPFLUC ﬁﬁlz[
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Propagating fluctuations

. the main assumptions
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Propagating fluctuations: three hump power spectrum ﬁﬁ%[
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Propagating fluctuations: three hump power spectrum ﬁ&[
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e Lyubarskii 1997

e Kotov et al. 2001 .
L ——— 3 phenomenological model

L Arevalo & Jtlley 2006 smputational model

. 2
* Ingram & Done 2011/1 SROPFLUC

e |ngram & van der Klis 2013 . .
L—————————— analytical solutions

 Rapisarda et al. 2014

1 Rapisarda et al. 2016 MAXI J1659-152
Swift data




Results: XTE J1550-564, 1998 LHS, obs. 1
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Results: XTE J1550-564, 1998 LHS, obs. 1
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Results: XTE J1550-564, 1998 LHS, obs 2 ﬁfzzll
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Results: XTE J1550-564, 1998 LHS, obs 2
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Results: XTE J1550-564, 1998 LHS, obs 2

lF

Power * Freq. [(rms/mean)?]

Cross Amplitude * Freq

0.1

0.01

1077

0.01 0.1 1074
] IIIIIIII ] IIIIIIII ] IIIIIIII

1072

O_4

«—

0.1 1 10

Frequency [Hz]

Power * Freq. [(rms/mean)?]

Phase lag [cycles]

0.1

0.01

1072

0.05 107*4

—0.05

ANTON PANNEKOEK

1

I I IIIIIII
)
O
—h
(—|—

1 1 IIIIIII

g | L

il
| ‘i l.'\'| !

||||||I 1 |“|I " |‘
0.01 0.1 1 10 100

Frequency [Hz]

INSTITUTE



Results: XTE J1550-564, 1998 LHS, obs 2
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Results: Cygnus X-1, 1997, LHS
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Summary ﬁzes[
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* We jointly fitted the power spectrum in a soft and hard
band, and the cross-spectrum between these two bands,
with a propagating fluctuations model for the first time;

 \We found quantitative and qualitative discrepancies
between model predictions and data;

 We need to implement the code and to extend our
sample to the largest variety of sources, states, and
energy bands;

 eXTP would give us the opportunity to work on high
s/n data (fundamental for our joint fit) and to use the
additional polarization information to investigate the
origin of the variability.
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Summary ﬁso[
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What we are doing: INSTITUTE
jointly fitting
the power spectrum in a soft and hard band, and the
cross-spectrum between these two bands,

with a propagating fluctuations model
for the first time.

What we found:
propagating fluctuations not always reproduce the

characteristics of the rapid variability in BHBs

What we need:
implementing the code
extending our sample (high quality observations)
constraining the model parameters with additional
information (polarization)
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Summary ﬁﬁ

ANTON PANNEKOEK
INSTITUTE

Truncated disc

L Precgssion geometry Propagaﬁng
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Results: MAXI J1659-152

A

0.1

107

Power * freq. [(rms/mean) °]

C.01

10™

h'a_'ég

=

s

£

% 1|

g .

g |

1

* =f

:; s

3 |

O

ol O A I P
o
- om Q. 1

Frequency [Hz]

10

Real part

Imaginary part

0.03

Q.02

2.01

P | A s s aasaal Al M

002 -0.01

LA AL | T rT ™

—
(- 3
c
[
$ -
rwree | " Pa—r | PR E e | PR R Y | A bbbl
(VRO ) 0.1 1 10 10

Frequency [Hz]

Cross Amplifude * freq.
1978

104

Phase lag [cycles]
Y

ANTON PANNEKOEK
INSTITUTE

a1

001

0.5

Addadd A

PPTY EEPETSPPTON EEEPE RPN SEPEPEY PPN |

on

0 1 10 100

Frequency [Hz]



Results: MAXI J1659-152
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Results: MAXI J1659-152
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Double "hump” power spectrum ﬁﬁ
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Double "hump” power spectrum

fin

Power * Frequency

1.6

1.4

1.2

0.8

0.6

0.4

0.2

'\I/ar'ying' disc + hot flow —— _

hot flow ------- 0.1
0.08
ﬁ. 1 &
H o))
| | Y
S 0.6
@)
| ©
0 0.04
©
\\ . s
o
| 0.02
\ ] ;
001 01 1 10 100

Frequency [HZz]

ASTRONOMICAL INSTITUTE
ANTON PANNEKOEK

PR
-
-
-
-

01

1 10

Frequency [Hz]



MAXI J1659-152, timing Vs spectral fitting ﬁﬁ
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PROPFLUC fitting on MAXI )

MAXI J1543-564
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Introducing PROPFLUC ﬁﬁ
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Timing analysis: introducing power spectrum features ﬂﬁ
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rms evolution
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A physical interpretation of MAXI J1543-564 rising phase ﬁﬁ
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A propagating region in the inner disc ﬁﬁ
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PROPFLUC computations
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PROPFLUC computations ﬂﬁ

ASTRONOMICAL INSTITUTE
ANTON PANNEKOEK

1.5

N\

P*v*10° (rms/mean)2

o
o

10 20 30 40 50 60
r [R

pO

g

(Rapisarda et al. 2014)



EXTRA: some formulas
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MAXI J1659-152 1D ﬁﬁ
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MAXI J1659-152

* [ransient black hole binary

e Discovered on 25 September 2010 by
Negoro et al. (2011)

* Shortest orbital period BHB (2.41 h)

e Observations collected between 25
September and 22 October 2010 by Swift



Dips or not dips, that is the question |
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