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Letter to the Editor

ROSAT observation of the boundary layer between the white dwarf

and the accretion disk of VW Hydri

T. Belloni!, F. Verbunt!?, K. Beuermann'®, W. Bunk!, C. Izzo', W. Kley*, W. Pietsch’, H. Ritter®,
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Received April 15, accepted April 23, 1991 Abstract. We present first results of an observation of the

dwarf nova VW Hyi, in its quiescent state between outbursts,
with the Position Sensitive Proportional Counter on board
of ROSAT . The dwarf nova was detected at a countrate of
1.2640.01cts/s. Its spectrum is that of an optically thin plasma
at a temperature of ~ 2.2 KeV, and the flux in the X-ray band
is smaller than the flux observed in the optical and far ul-
traviolet by almost an order of magnitude. We can put a 2-o
upper limit of 5% to amplitudes of sinusoidal flux variations at
periods between 13-15 sec.
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Why accretion?

Accretion regulates the growth and evolution of most
objects in the Universe

Young stellar White dwarfs Neutron stars & Active Galactic

objects

Black holes . Nuclei

~0.1- 100M , <14 M 1<M <20 106<M@<109
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Accreting White Dwarfs

of the Cataclysmic Variable type

...AWDs are nature’s minimal
reproducible example for

Accreting WD Binaries

Accreting WD + Donor Star

Accreting White Dwarfs: an Unreview
Scaringi, Knigge & de Martino (2026)

debugging our understanding
of accretion disks...
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Aperiodic variability in AWDs:

The Kepler revolution

V344 Lyrae
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Aperiodic variability in AWDs:

The Kepler revolution
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“I need to learn Fourier methods AFAP”
(as fast as possible)

TIMING METHOE?S
IN X-RAY ASTRONOMY

Tomaso Belloni (INAF - Osservatorio Astronomico di Brera)
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An empirical model for a unified description of the
power spectra of accreting SYSTEMS

A UNIFIED DESCRIPTION OF THE TIMING FEATURES OF ACCRETING X-RAY BINARIES

TomMASO BELLONI

Osservatorio Astronomico di Brera, Via E. Bianchi 46, [-23807 Merate (LC), Italy; bellonifimerate.mi.astro.it
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FiG. 1.— Examples of Lorentzian models. Left panel: P, rep-
resentation; right panel: vP, representation. Solid lines represent
Lorentzians with 19=0.1 Hz and different @) values: the spectra la-
beled a, b, ¢, d and e correspond to Q=50, 2, 1, 0.5 and 0.1, respec-
tively. The dashed line is a zero-centered Lorentzian with A=0.1

Hz.
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FiG. 2.— Left panel: model decomposition for XTE 1118+4-480.
Right panel: the same four Lorentzian components but with charac-
teristic frequencies corresponding to the high-frequency end of the
WK99 and PBK99 correlations and narrower widths for the two
high-frequency components.
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The case of MV Lyrae

(i.e. my first application of Tomaso’s methodology)

Flux (10
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Scaringi+ (2012b)

Variability in AWDs — The many tones of accretion - Cefalu’ 2026

10/ 27



Power spectral densities:
some examples

~ Black hole XRB 7 Neutron star
S P " 1 Belloni+ (2002)
o.o1 ) ] —— McHardy+ (2007)
=1 o Scaringi+ (2012b)

Frequency (Hz)

White dwarf

Power x Frequency (rms normalised)
)
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Fluctuating Accretion disks

Mass transfer rate Hard Lags -
modulated on the local AL B |
viscous timescale

Viise(r) = a(H/R)*Vayn(r),

i

e
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Lyubarskii 1997 g, ~|;1mrh}1' W l}\qlv ﬂ A L Py
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Ingram & van der Klis 2013 (XRBs) | B - ‘

Scaringi 2014 (AWDs)

etc... Fast Timescale Slow
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Fluctuating Accretion disks

Mass transfer rate SoftLags .. : ™
modulated on the local g ;
viscous timescale
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Galactic BH as scaled down AGN?

ns*Hzx Hz

logvy, = Alog M + Blog Ly,
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Galactic BH as scaled down AGN?
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Figure 4. Edge-on projection of the variability plane including Figure 5. Edge-on projection of the variability plane compared
AGN, stellar BHs and NSs with directly measured v;. to our sample of WDs. The uncertainty on the accretion rates in
’ a factor 2-3, so in logspace 0.3-0.5 dex.

Koerding+ (2007)
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The accretion variability plane
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The accretion variability plane
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Variability from the disk outer-disk edge

3 years of Kepler data
@ 1 minute cadence

Vyise(r) = (Y(H/R)zvcl)w(r),

e Time-averaged PSD
Masked out data
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R frequency regime and low frequency masked out data below the segment window length limit.

Veresvarska & Scaringi (2023)
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Phenomenological similarities:
are XRBs self-similar to AWDs?

1)
2)

3)

4)
5)

6)

Linear RMS-flux relation
[Scaringi+ 2012, van de Sande+ 2013]

Fourier soft-lags are observed in AWDs at optical
wavelengths

[Scaringi+ 2013, Bruch 2015, Aranzana+ 2018, Irving+ 2026 in prep.]
Type-ll bursts observed in NS are seen in AWDs as
“magnetic gating” YT

[Scaringi+ 2017, Scaringi+ 20223, Littlefield+ 2022, Covington+ 2022, Hamneury+ 2022, .,
Joshi+ 2026]

tMSPs find a direct analogue (one?) in AWDs: TW Pic

[Scaringi+ 20223a] Z0 T@  mw @ w0
Type-l bursts observed in NS are seen in AWDs as

micronovae

[Scaringi+ 2022b, Scaringi+ 2022c, Ikiewicz+ 2024, Veresvarska+ 2024a, Veresvarska+
2025, Irving+ 2024, Mendelsohn+ 2026, Oliveira+ 2026]

Type-C (?) QPOs are now confirmed in AWDs
[Veresvarska+ 2024b]

100
50
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QPOs in XRBs

Power
Power
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Fi1G. 2.— Left panel: model decomposition for XTE 1118+480.
Right panel: the same four Lorentzian components but with charac-
teristic frequencies corresponding to the high-frequency end of the
WK99 and PBK99 correlations and narrower widths for the two
high-frequency components.
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QPOs in AWDs

In the early 2000s

Peculiar: if AWDs follow this 3
same relation than the disk '
dynamics CANNOT (?) be :
dominated by GR effects. L

S
N
i B
~
s 01 o S
5 2 ; E
But clearly the i i = / f
ut clearly the inner regions i . ]
0.01 %< -
of BHs ARE governed byu g os :
F .
GR! : g
0.001 | ik CVs 4
E e 3
7 |
E s |
L / 4
. . L o 4
This needs fact-checking... 0.0001 Ll ol wovol o vl el vl
0.001 0.01 0.1 1 10 100 1000
Viien (H2Z)
Figure 30. The Two-QPO diagram for X-Ray binaries (filled squares: black hole binaries; open squares: neutron star binaries) and 26
CVs (filled circles). Each CV is only plotted once in this diagram. The X-Ray binary data are from Belloni et al. (2002) and were kindly

provided by T. Belloni. The dashed line marks Popo/Ppyo = 15. Warner, Woudt & Pretorius (2003)
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QPOs in AWDs

In the early 2000s

Final judgment on
significance of
detection is left with
the audience.

After years of
mining Kepler +
TESS data | could
not confirm these
signals.

| will assumes
these are all
red-noise spikes.
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QPOs in AWDs
The case of CP Pup
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were excluded. The flux of both TESS and ASAS-SN light curves is converted to erg ™' using the Gaia parallax.

Veresvarka+ (2023a)

Incoherent signal “moving around” in CP Pup
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QPOs in AWDs
Self-similar to Type-C QPOs in XRBs?

Wz'sge B
107 7 ‘ % 107 ‘
P 1074 4 AWDs
10" 4 XRB-NS
107 XRB - BH
PR T W T “ 5 * a . 100 L "é“

_ R s A e 10-5 N
8 10 ; : < 10-Y
g 1072 * GWLib MLH '.‘"..‘“,.- 5 8
§ 103 ':‘i:“ . .T‘ﬂ,,.}.,-..,_;'«"' 10°5 g} 10-2
g e 107 105 10-° 10% 103 102 10! 10° 10T

10-2 I Vbreak (HZ)

103 ”‘ -

If the target is bright enough and
1074 THLLAT, 0000 oy % setyes
: observed for long enough, we see

QPOs in AWDs
Figure 1. TPS of WZ Sge, GW Lib, T Pyx, V3101 Cyg and CP Pup averaged on the segment lengths specified in Table 1 with 90 logarithmicaly spaced bins. (2 AWDS In the Sa m ple a re the CloseSt

The empirical fit of the PSD is included here and comprises a Poisson noise power law (dotted line) in the high frequencies, one (in the case of WZ Sge, GW
Lib, T Pyx and V3101 Cyg) or two (CP Pup) zero-centred Lorentzians (solid line) representing the broad band PSD structure and Lorentzians representing the kn OWn O n eS)
QPOs and their harmonics (dashed line).

Veresvarka+ (2024b)
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QPOs in AWDs

magnetically-driven QPOs?

From Lai (1999) and Pfeiffer & Lai (2004):

Alouter
The QPOs could be generated by
magnetically-driven precession of the
inner disk around the spin axis of the
accretor. This model was developed for
NS and YSOs.

2

: I F(6)
213 r7 Q(r) X(r) D(r)’

YOPO = A"’p(") =

See Veresvarska & Imbrogno et al. 2025 for
application of the model to ULXs

Veresvarka+ (2024b)
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QPOs in AWDs

magnetically-driven QPOs?

For AWDs: 104 | | | |
We assume the break frequency g’lrae%gigigillz;g\r%eenter 5 aws
is related to the viscous frequency 107 space-WD &  XRB-NS
at the truncation radius of the disk e Para ey 4 XRB - BH
where the accretor B-field begins | igig:_ﬁ’:img ecemsldn
to affect the accretion flow. =
L
For BHs: o 1077
The break frequency is related to E}
the viscous frequency at the 1074+ —’;ﬂ* .
truncation radius where
Lense-Thirring precession 10-6- i
becomes dominant.
For NSs: 222 107¢=s 107 10°5 1073 10! 101

Vvisc (Hz) Veresvarka+ (2024b)
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My three main open questions

Testing self-similar accretion physics has brought many more questions than answers:

1) Fluc. Prop explains high-amplitude fast variability via a geometrically extended hot-flow

(corona) in XRBs. Do AWDs also have a hot-flow? Where is it? S,

1] 0 1] . . e . . é ' A'/-_

2) Is the “analytical” accretion variability plane physically motivated? ey
1076 ';./‘;

3) Are the QPOs in AWDs somewhat self-similar to LT QPOs in XRBs?

Voro (Hz)
A

|
Thanks Tomaso!
IN X-RAY ASTRONOMY

Tomaso Belloni (INAF - Osservatorio Astronomico di Brera)

Variability in AWDs — The many tones of accretion - Cefalu’ 2026 27127



