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Recent time domain advances in AWD 
research brings more questions!
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1) How have time-domain observations shifted in AWD research?

1) Recent (and biased!) time-domain discoveries in AWDs
- Broad-band aperiodic variability (a.k.a. flickering)
- Magnetically gated bursts
- Mode switching
- Micronovae
- X-ray fireball flash in novae

1) What observations/theory are critical to unravel the physics?

2) A very biased wish-list!

Overview

Astro 2020 Science questions:
B-Q2. WHAT POWERS THE DIVERSITY OF EXPLOSIVE PHENOMENA ACROSS THE ELECTROMAGNETIC SPECTRUM?
B-Q2a. When and How Are Transients Powered by Neutron Stars or Black Holes, OR White Dwarfs?
B-Q2c. When and How Are Transients Powered by Radioactivity?
B-Q2d. What Are the Unexplored Frontiers in Transient Phenomena?
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Accretion disk instabilities



TDAMMTD advances in 
AWDs

4 / 30 

Broad-band variability

Bruch (1992)
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Accretion disk instabilities

Still+ (2010)

V344 Lyrae with Kepler
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Broad-band variability

MV Lyrae 
with Kepler
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Broad-band variability
…from the ground

ULTRACAM
on the WHT

Ask me about Fourier 
time-lags and what we 
can learn from them
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Broad-band variability common 
across the scales

Black hole XRB Neutron star

White dwarfAGN

Scaringi+ (2012b)

Belloni+ (2002)
McHardy+ (2007)
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The accretion variability plane

Scaringi+ (2015b)

Caveat:

Frequency breaks can 
be wavelength 
dependent
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The accretion variability plane

1) Need both novalikes (high 
Mdot) and dwarf nova in 
quiescence (low Mdot)

2) Where are the low 
frequency breaks? 
-> Need longer obs.

Veresvarska & Scaringi (2022, submitted)

Scaringi+ (2015b)

SDSS J1908+3940
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Magnetically gated accretion

Scaringi+ (2017)



TDAMMTD advances in 
AWDs

13 / 30 

Magnetically gated accretion
Type-II burst equivalent in XRBs

Disk-WD co-rotation radius

Critical mass transfer rate

Scaringi+ (2017)

http://www.youtube.com/watch?v=mrW2EeersR0
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Magnetically gated accretion

Littlefield+ (2022)

TW Pic

V1025 Cen
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TW Pictoris

Scaringi+ (2022a)
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PSR J1023+0038

e.g. Archibald+ (2015)

Moding caused by accretion on/off state
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transitional Accreting White Dwarfs
(tAWDs)

vs. 
transitional Millisecond Pulsars 

(tMSPs)

???
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TV Columbae
…a brief history…
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TV Columbae
…a brief history…

Pre-burst

Post-burst

Burst 
maximum
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TV Columbae
…a brief history…

● High ionisation HeII and NV lines appear during burst and persist 
for ~1 month

● P-Cygni profile suggests outflows of >2500 km/s only at peak 
luminosity
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TV Columbae
…with TESS…

Scaringi+ (2022b)
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EI UMa and ASASSN-19bh
…with TESS…

Scaringi+ (2022b)
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Micronovae vs. Type I X-ray bursts

Scaringi+ (2022b)
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TV Col, EI UMa and ASASSN-19bh
…with ASASSN…

Scaringi+ (2022b)
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V2487 Oph
…with Kepler…

● About 60 bursts observed in a Recurrent 
Nova

● Explained through mag. reconnection?

Shaefer+ (2022)
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How to trigger micronovae?

Scaringi+ (2022c)

To ignite, we require:

As long as magnetic confinement of 
material holds:

Problem:

As column pushes into WD, at what depth do triggering 
conditions occur? (spoiler: maybe too deep)

http://www.youtube.com/watch?v=_zIMVjqj6VY
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Fireball phase in classical novae

Koening+ (2022)

● Bright X-ray flash ~11hr before 
optical brightening

● X-ray flash lasting <8hr

-> Requirement: large FOV at both X-
ray and optical
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A new parameter space for time-
domain research

What we have  
(“workhorses”)

1) Long-term monitoring 

(>1 month)

1) Fast cadence 

(~1 min) 

1) Consistent monitoring

(very few data gaps and quasi-
consistent cadance)

1) Large optical FOV

(TESS ~24o x 96o)

What more we’d like! 
(“workunicorns”)

1) Longer monitoring

(> 1 year)

1) Faster cadence

(but not necessary <5sec)

1) Rapid response

(both ways in/out)

1) Simultaneous multi-wavelength

(multi-opt + X-ray + radio + UV 
on selected targets) 

1) Any UV observatory: Please!
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What’s to come!

1) Nancy Grace Roman Space 
Telescope

(every ~15min for bulge –
5day high latitude)

1) PLATO

(multi-band 25s or 2.5s)

1) GRINTA (?)

(5-400 keV, large FOV)

1) ngVLA

A new parameter space for time-
domain research

What we have

1) TESS

2) eROSITA (?!?)

3) MAXI - NICER  

4) INTEGRAL – Swift

5) Fermi

6) …



TDAMMTD advances in 
AWDs

30 / 30 

Open questions

Broad-band variability

- How does disk geometry/viscosity change with Mdot and radius? Do AWDs have an 
analogous “corona” as seen in XRBs?  

Mag. Gating

- Why only a handful of AWDs show this? What are the “optimal” parameters to initiate 
mag. Gating? Does it happen in a specific evolutionary phase?

tAWD

- What causes the abrupt drops in luminosity/sudden reduction in Mdot? Can we make 
direct analogies to tMSPs? How are these related to mag. Gatiting and/or evolution?

Micronovae

- What triggers these, and how common are they? What are the implications of 
common micronovae to chemical enrichment and multi-messenger emission?

Nova fireball

- How long do they last and how much energy is released? Do all events show this? 
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Extra slides…
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How to trigger micronovae?

Scaringi+ (2022c)
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Accretion across the scales

● Disk theory supposedly the same 
across different system types

● Disk dynamics governed by the 
embedded gravitational potential:

BHs/NSs
(XRBs)

WDs
(CVs)

YSOs AGN

Surface ~ km ~ thousand km ~ 10 million km ~ 10 million km

Emission X-rays Opt/UV IR/Opt UV/X-rays

tdyn ~1 millisecond ~10 seconds ~2 days ~2 days

Dynamic 
Range

~107 ~300 ~106 ~108
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Rapid Bursters

Spruit & Taam (1993), Patruno+ (2009), D’Angelo & Spruit 
(2010,2012), Patruno & D’Angelo (2013), Bagnoli+ (2015), 
van den Eijnden+ (2016), Kuulkers+ (200*),  etc...

● Accreting neutron stars 
with excess power in 
the kHz regime

● Only ~5 known to date
● Very short bursts (few 

seconds)
● Best explained through 

magnetically gated 
accretion

MXB 1730-335
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Magnetically gated accretion
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Magnetically gated accretion

Scaringi+ (2017)



TDAMMTD advances in 
AWDs

37 / 30 

TW Pictoris

Scaringi+ (2022a)
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TW Pictoris

Scaringi+ (2022a)
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TW Pictoris
including Cycle 1 and ASAS-SN

Scaringi+ (2022a)
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DW Cnc
…IP…
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Density-driven Instabilities?
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TESS atlas of AWD – Cycle 2
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TESS atlas of AWD – Cycle 3
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The rms-flux relation

MV Lyr

● Flux distributions are log-normal

● → Additive processes ruled out!

● Observed lightcurves must be the result 
of multiplicative processes

Scaringi+ (2012a)
van de Sande+ (2015)
Aranzana+ (2019)Uttley & McHardy 2001

Uttley+ 2005
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Fluctuating Accretion disks

Lyubarskii 1997
Arevalo & Uttley 2006 (AGN)
Ingram & van der Klis 2013 (XRBs)
Scaringi 2014 (CVs)
etc...
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YSOs join the family!

V866 Sco

Scaringi+ (2015b)
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Fluctuating Accretion disk:
how can we test for “corona” in CVs?

X-ray EUV Opt

Blackbody 
disk

Inverse 
Compton
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Z Cha & EX Dra 

Z Cha

EX Dra

Court+ (2019)
Court+(2020)
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Z Cha
Outside-in outburst evolution

Court+ (2019)
Scaringi+ (2013)

Clear hysteresis during 
dwarf nova outburst 
evolution
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Z Cha
Outside-in outburst evolution

Court+ (2019)

Hysteresis must be caused by 
outer disk size increasing before
mass transfer rate increase
→ outside-in outburst
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EX Dra
Inside-out outburst evolution

Court+ (2020)

Hysteresis must be caused by 
mass transfer increasing before
outer disk radius
→ inside-out outburst
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AQ Men
exploring the tilted disk

Ilkiewicz+ (2021)
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AQ Men
exploring the tilted disk

Ilkiewicz+ (2021)

forb

fprecession
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AQ Men
exploring the tilted disk

Eclipse depth variations on tilted 
disk precession period

Ilkiewicz+ (2021)



TDAMMTD advances in 
AWDs

55 / 30 

Fluctuating Accretion disks

1) Fix MWD →  RWD (mass-radius relation)
2) Set rin = RWD

(assume disk extends to WD surface) 
3) Fit 4 free parameters:

rout = outer disk radius 
α(h/r)2 = viscosity and

disk scale height
γ = emissivity index           
Fvar = fractional variability                                  

per radial decade

Scaringi (2014)



TDAMMTD advances in 
AWDs

56 / 30 

Fluctuating Accretion disk:
what generates the variability?

Geometrically thick disk close to the WD with large viscosity parameter?
also inferred from eclipse mapping studies:

Feline+ (2005), Wood+ (1986,1992), Groot+ (2000,2004), Baptista&Bortoletto (2004), etc...

Scaringi (2014) 
see also Dobrotka+ (2015,2016)
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Accretion-driven flickering:
YSO variability

●
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Fluctuating Accretion disk:
what generates the variability in XRBs?
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Coherence & Fourier-dependent lags

Fourier frequency-dependant measure of the linear 
correlation between 2 time series observed 

simultaneously in two energy channels

Nowak & Vaughan 1997
Nowak+ 1999

Cyg X-1
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Fourier-dependent time lags

Emmanoulopoulos+ (2011)
de Marco+ (2013) Soft lags

Hard lags

AGN

XRBs

0.1
Frequency (Hz)0.01 1 10

Uttley+ (2011)

GX 339-4

Nowak & Vaughan 1997
Nowak+ 1999

Cyg X-1
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Fourier time-lags in CVs

●Scaringi+ 2013b
●Aranzana, Scaringi+ 2019●de Marco+ 2013

Red lags blueSoft lags hard

Time-scale 
consistent with 

time-travel delay

Time-scale longer than 
time-travel delay:

disk thermal reprocessing?
●...see also Bruch 2015 
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Fourier time-lags in CVs

u'
g'
r'

WHT/ULTRACAM

Scaringi+ 2013b
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Fourier time-lags in CVs

u'-r'   g'-r'    u'-g' Scaringi+ 2013b
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Fluctuating Accretion disks

Lyubarskii 1997
Arevalo & Uttley 2006 (AGN)
Ingram & van der Klis 2013 (XRBs)
Scaringi 2014 (CVs)
etc...
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Fluctuating Accretion disks

Emmanoulopoulos+ 2014
Gardner & Done 2014
Scaringi+ 2013
etc...


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65

