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LOW MASS BLACK HOLE X-RAY BINARY

¢ Central object is a stellar EATERE RS
mass (3-20 M,) black hole  [ECHEEEEEEEE=at CN o

¢ Accretes matter from its low . Acc'.:rqtig_r‘z‘.. R Xray heating ..
mass companion star (Ms = 1 ._‘A.__,cz_wc: g - e

-
v B

M., type A,F,G,K,M) through a
disc (Rochelobe overflow) . -
& X-ray emitting region close to [ \
event horizon RS . . .«
¢ .200 sources / I #iccretion | .T"C'o,lpa,-,i'oﬁ
- Discwind.. -~ ‘stream. . . TTT
¢~50 black holes |, o RS, L - AT
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OUTBURST PROPERTIES OF BHXRBS

Hardness-intensity diagram

GX 339-4 (2010)
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McClintock & Remillard 2006 Black Hole binaries
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OUTBURST PROPERTIES OF BHXRBS

Casella et al. 2004, A&A, 426, 587
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OUTBURST PROPERTIES OF BHXRBS
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About 40% of sources remain in the hard state

Tetarenko et al. 2016,Ap]S, 222, 15

H. Stiele; NICER/IXPE WS2024

Casella et al. 2004, A&A, 426, 587

1

Power Density [(rms/mean)?/Hz]

4 ol &
0.0l 0. 1.0 10 100
Frequency (Hz)

McClintock & Remillard 2006 Black Hole binaries

predneuch (Hs)

Band limited
noise and QPO

/.

JULICH

Forschungszentrum



NICER VIEW OF THE 2023/24 OUTBURST

OF SWIFT J1727.7-1613

¢NICER started observing
on 2023 August 25

¢eSwiftd1727.7-1613 shows
typical evolution from the
hard to the soft state

¢Here we focus on
observations between 25
August and 9 October
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EVOLUTION OF QPOS

¢ From day 2 to day 42 PDS show
two BLN, a QPO and its upper
harmonic

¢ Observe increase in characteristic
frequency from about ~0.4 to 1.3 Hz
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EVOLUTION OF QPOS

¢ From day 2 to day 42 PDS show
two BLN, a QPO and its upper
harmonic

¢ Observe increase in characteristic
frequency from about ~0.4 to 1.3 Hz

¥ Plateau between days 6 and 16 (v,

fluctuates between 1 and 1.6 Hz;
similar fluctuations happen on one
day timescale)
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EVOLUTION OF QPOS

¢ From day 2 to day 42 PDS show
two BLN, a QPO and its upper

harmonic
¢ Observe increase in characteristic 91 o
frequency from about ~0.4to 1.3 Hz ¢ - + e
71 215
¥ Plateau between days 6 and 16 (v, A4
fluctuates between 1 and 1.6 Hz; £ ' a
similar fluctuations happen on one O iy
day timescale) ’
8 OO dublish Saoi

Days since 60180 M)D
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EVOLUTION OF QPOS

¢ From day 2 to day 42 PDS show
two BLN, a QPO and its upper

harmonic
¢ Observe increase in characteristic of o
frequency from about ~0.4to 1.3 Hz ¢ - + e
71 215
¥ Plateau between days 6 and 16 (v, ol
fluctuates between 1 and 1.6 Hz; £ .
similar fluctuations happen on one T e T
day timescale) ’ 3 2
.|
#Days 19t0 23 v, ~ 2.0 - 3.3 Hz TR
N U0 i Sl
Days since 60180 MJD
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EVOLUTION OF QPOS

¢ From day 2 to day 42 PDS show
two BLN, a QPO and its upper
harmonic

¢ Observe increase in characteristic
frequency from about ~0.4 to 1.3 Hz

¥ Plateau between days 6 and 16 (v,

fluctuates between 1 and 1.6 Hz;
similar fluctuations happen on one
day timescale)

¥Days 19t023 1.~ 2.0 - 3.3 Hz
¢ Days 39 to 42 V. ~64771Hz D Daysi?ncesngwo O
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EVOLUTION OF QPOS

¢ From day 2 to day 42 PDS show ¢ Consistent with evolution in LHS &

two BLN, a QPO and its upper HIMS
harmonic

¢ Observe increase in characteristic
frequency from about ~0.4 to 1.3 Hz

¥ Plateau between days 6 and 16 (v,

fluctuates between 1 and 1.6 Hz;
similar fluctuations happen on one
day timescale)

¥Days 19t023 1.~ 2.0 - 3.3 Hz
~ Days 39 to 42 I/C - 64/ 71 HZ R TS Dayszs?ncesngwo T
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RADIUS FROM FUNDAMENTAL QPO

¢ One model to explain type-C QPOs: Lense-Thirring precession of a
hot inner flow in a truncated accretion disc (

):
prec 71'(1 + 24') r05/2—4_f ri1/2+C [1— (I,.i/ro)S/Z—éj] Rg c
$0=0;r;~ 2.5(h/r)"*a* with h/r = 0.2;a = 0.9; M = 10M,,
¢ r,, outer radius of hot flow < inner radius of accretion disc

*v.1.09 /" 1.34 Hz within 3.08 h = AR ~2.66 Ry or v~12717 m/h

¥1.1.1471.41 Hz in 10 day = v~165 m/h
JULICH
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COMPARE EVOLUTION OF RADII I

1000 [ : u
¢ Radii from fitting energy spectra (0.5 — 10 keV) 4 Zgg*# l i
with diskbb model; distance 10 kpc; cos 6 = 1 O S0 l**n H_
) - @ 400f@- -@. i
¢ Disc radius increase from 370 km to 885 km; decay £ [ w0p 0 e eeeeee]
to a plateau~500 km between days 6 and 16; - 400 F % 1200 1225 1250 1275 -
varies ~216 km days 19 — 24; another plateau ~85 [
200 O from QPO
km after day 39 L A from diskbb
= " -
600 — — Days since 60180 MJD
E 5005— ‘ o . . .
- " 1 ¢Similar evolution for the radii obtained by
: £ i the two methods on days as well as hours
“'2 3005— - — i y
s | g 1 timescales
o Qg; i =» Supports Lense-Thirring precession
e —— ® interpretation

0 200 400 600 800 1000
radius from spectra [km]
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NICER VIEW OF THE 2021 OUTBURST OF GX 3394

¢NICER started observing

on 2021 January 25 o P

¢GX 339-4 shows typical - Tt
evolution from the hard to . \r
the soft state : |

¢Here we focus on

observations between 27
and 31 March, when GX | soft hard ,
339-4 went from the HIMS .~ S L LI
to the SIMS
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EVOLUTION OF QPO FREQUENCY

¢ Type-C QPO characteristic N ——

frequency evolves from 3 to 6 :
Hz 6F ?ﬁ
s
SE .
= '-:' .‘.
: o
E®
: ®
W
0 1 2 4
. Time [d] 4
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EVOLUTION OF QPO FREQUENCY

¢ Type-C QPO characteristic N,
frequency evolves from 3 to 6 :
sThentype-BQPO at5-55Hz | 4 | * &
appears . E o0 *
=
P
5
0 1 2 3 4
. Time [d] A
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EVOLUTION OF QPO FREQUENCY

¢ Type-C QPO characteristic
frequency evolves from 3 to 6
Hz

¢ Then type-B QPO at 5-5.5 Hz
appears

¢ Type-C QPO reappears at
6-6.5 Hz, continuing the
iIncrease in frequency before
type-B QPO
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EVOLUTION OF QPO FREQUENCY

¢ Type-C QPO characteristic
frequency evolves from 3 to 6
Hz

¢ Then type-B QPO at 5-5.5 Hz
appears

¢ Type-C QPO reappears at
6-6.5 Hz, continuing the
iIncrease in frequency before
type-B QPO

¢ Again type-B QPO at 5-5.5 Hz
¢ Decrease in frequency?
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EVOLUTION OF HARDNESS RATIOS

¥ Hardness ratio: 0.5 -2 keV /2 — 10 keV - %’* e
¢ Red noise and type-B QPOs appear above B S P S S ]
a HR value of 0.39 % o3l W b dae # -
¢ Flat-top noise and type-C QPOs are el oo ;
observed at lower HR values v N
¢ Transition between the two states is related g ——
to a change in the accretion geometry that 6 #q. ¢
shows up in a change of the spectral 0 oy ox K
properties A
¢ Not changes in the spectral shape, but in e
the contribution of flux in the hard band =
( ) g STttt sibtooiesd E
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DISCUSSION

¢
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The results shown here, clearly support the idea that the two different QPO
types are caused by two distinct mechanisms

Transition from HIMS to SIMS is a gradual process that is intermitted by
excursions back to the HIMS = Changes of QPO type is an interplay
between two processes

Similar results found from RXTE data ( ), however on a much

coarser time scale, compared to the scale of hours that is accessible with
NICER

Type-B QPO forms from or disintegrates into a broad feature, sometimes
showing a “sub-harmonic” peak before the source transits in or out of the
HIMS = Strong decoherence in the process that causes the type-B QPO

Simultaneous detection of type-B and C QPOs in one observation of
GROJ1655-40 in its ultraluminous state & Presence of a broad feature at
frequencies where a type-B QPO forms ( )
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LENSE-THINNING PRECESSION

¢ Three components:
¢ Hot inner flow that drives type-C QPO themal (1) + non-thermal (1
¢ Thin accretion disc /

¢ Transitional region where passive disc is
imbedded in outer non-thermal corona

standard j[hin disc

—

===

passive disc

¢ Temporary increase in Rcomp =» reappearance of Teor
type-C QPO close to last seen v,

# v, anti-correlated to Reomp

¢ Type-C QPO quenched when disc has moved so far
inward that hot flow region gets too small to produce
detectable QPO; energy spectrum can still show
Comptonized emission thanks to transitional region

emissivity s

IJ JULICH
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DYNAMIC CORONA - DISK SYSTEM

¢

€

“€cC

€

€
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Based on radiative feedback between a hot e~ population in the corona and soft radiation coming
from the accretion disc, due to reprocessing of the hard corona radiation ( )

Type-C QPOs are identified with damped oscillations
Because of damping oscillations need to be sustained by small fluctuations in the accretion rate

To quench type-C QPOs, e~ need to escape quickly from corona; happens when corona shrinks
and outflow becomes continuously narrower as source moves from HIMS to SIMS; increase in
soft disc radiation supports suppression of type-C QPO

Shrinking of corona cannot be uni-directed process and/or fluctuations in the soft disc
radiation

Can changes in the corona size, soft disc happen on the timescales observed here?
Observe continuous evolution in v, of type-C QPOs after first appearance of type-B

If increase in accretion rate drives type-C QPOs, this increase may counteract shrinking of
corona and explain the reappearance of type-C QPOs
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TWO COMPTONIZATION REGIONS

¢ Two Comptonization regions to explain type-B QPOs (

)

¢ Two component corona for type-C QPOs ( )

Corona and disc size anti-correlated for v. = 2 Hz, correlated for lower
frequencies ( )

¢ Large size of corona at high frequencies makes it challenging to explain
Jfast” transitions between type-C and B QPOs

¢ If both type-C and B QPOs are caused by two-component corona =» kind
of ,oscillation” between the two Comptonization regions

IJ JULICH
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SUMMARY

¢ Follow hard to soft evolution of SwiftJ1727.7—-1613 with NICER

¢ Consistent evolution of radii obtained from v, of type-C QPOs assuming
Lense-Thirring precession and radii obtained from diskbb model

¢ Follow GX 3394 from the HIMS to the SIMS with NICER; PDS and HR
for individual snapshots =» evolution

¢ The results shown here, clearly support the idea that type-C and type-B
QPOs are caused by two distinct mechanisms

¢ In dynamic corona - disc system: Can changes in the corona size, soft
disc happen on the timescales observed here?

¢ With two Comptonization regions: Cause of ,oscillations” between them?

UJ JULICH

Forschungszentrum
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TOWARDS EXASCALE-READY ASTROPHYSICS

24 N 5 b Forschungszentrum
e 3-day workshop on exascale computing for TERA 'IIIII' el -
astrophysics and cosmology ——

* Features a mix of keynote, contributed, and poster g
presentations, as well as tutorials focusing on
astrophysics codes and high-performance computing =

The scope of the workshop inchdes but is not limited o the following topics

Audience of scientists, code developers, and HPC
experts

 Starts on Sept 25th at 9:00 am :
* Ends on Sept 27th at 12:30 pm
* Virtual meeting

No registration fee

Webpage: https://indico3-jsc.fz-juelich.de/e/tera2024

JULICH
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EVOLUTION OF THE ENERGY SPECTRUM::: *“*W ++¢

=)
524

Z 22f alle, |

2.0E

¢ 0.5 - 10 keV range; fitted with XSpec

¢ Back d: SCORPEON del ~6.6 keV; iron line : 2: A-'."'.é
,' ackground: mode / 3 S s
€ Source: tbabs (diskbb + nthcomp + gaussian) "
P, el
- TV e
¥ Averaged foreground Nx ~ 2.43x102" cm-2 similar to that of other  .; ~
Galactic XRBs 2 .
¢ Accretion disc temperature constant ~0.31 keV up until day 16; ) bl
varies ~0.38 keV days 19 — 23; 0.62—0.85 keV days > 39 : "‘*’W }ﬁ =
¢ Disc radius increase from 370 km to 885 km; decay to a : 'o"'—;
plateau~500 km between days 6 and 16; varies ~216 km days i 3 .
19 — 24; another plateau ~85 km after day 39 S X % *“
¢ Photon index increases from 1.6 to ~2.3 on day 23; after day 39 M’ g -
1—1 ~ 3.0 _ 3.9 60180MJD
IJ JULICH
Mitglied der Helmholtz-Gemeinschaft 31. July 2024 17 H. Stiele; NICER/IXPE WS2024 Forschungszentrum



EVOLUTION OF PDS

type-C

‘\‘ N . -
\\ i Time

Power density

Stiele & Kong 2023
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EVOLUTION OF PDS

type-C

Time

Power density

Stiele & Kong 2023
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EVOLUTION OF PDS

Mitglied der Helmholtz-Gemeinschaft
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EVOLUTION OF PDS

type-C

Time

Power density

28 M
\\‘ :\
. N Jj\\\‘-\:;\
type-B

Stiele & Kong 2023
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type-B

Time

g ™ NN
” \\. - \\‘:i
-" AN
—_— J \“ \
type-B

Stiele & Kong 2023

Frequency

EVOLUTION OF PDS
type-C
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type-B

Time

g ™ NN
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—_— J \“ \
type-B

Stiele & Kong 2023

Frequency

EVOLUTION OF PDS
type-C
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EVOLUTION OF PDS

Mitglied der Helmholtz-Gemeinschaft
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EVOLUTION OF RMS VALUES

¢Regarding rms values: m##w . ;
¢No clear distinction 8 o] o
between snapshots that ook MW%W :
show red noise/type-B ooz %Tf
QPOs and those that show ™ e
flat-top noise/type-C e ¢
QPOs. . 5" .:’ :** ?**%-
L
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