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The Menagerie of CVs
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The Menagerie of CVs
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The Menagerie of CVs
Intermediate Polars
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The Menagerie of CVs
Nova-likes and Dwarf Novae
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The Menagerie of CVs
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The Menagerie of CVs
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The Menagerie of CVs
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The Physical Structure of Non-Magnetic CVs

Red Dwarf » White dwarf primary
White Dwarf | E * MS secondary
‘ * 75 mins <P, <6 hrs
\;— . « Accretion via a disk

 Bright, nearby, numerous

Accretion Disk

Credit: Rob Hynes
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Accreting White Dwarfs vs Neutron Stars and Black

Holes
The Multi-Wavelength Perspective
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Cataclysmic Variables as Universal
Accretion Disk Laboratories

From phenomenology to physics
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Outbursts
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« Many accreting compact
binaries exhibit outbursts
— e.g. black hole and neutron star
X-ray transients
» Most accreting white dwarfs do
the same
] I—Dwarfnovae_lu_lu
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Date [JD-2450000]
— IR inpiainly mpuc (wi)
— Viscous-thermal instability
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X-ray luminosity

The Phenomenology of Transient Accretion:
Neutron Stars and Black Holes

» Recent insights from NSs and BHs

- SOFT X-ray spectrum HARD - (Fender, Belloni & Gallo 2004)
: C B — X-ray transients execute a g-shaped
*S‘t'g[‘é“f.t . path in the X-ray hardness vs intensity
" plane

. '...' .o, . @
tL e > Hysteresis

(T s bl e
LA™ u.'f'-".'."'-‘:
o Les U low/hard
LTI A
state

GX339-4
Fender & Belloni (2012)
Esin et al. (1997)

= = Department of Physics &
C h rIStIan Astronomy



The Phenomenology of Transient Accretion:
Neutron Stars and Black Holes

» Recent insights from NSs and BHs

(Fender, Belloni & Gallo 2004)

o1 — X-ray transients execute a g-shaped

a6h path in the X-ray hardness vs intensity
plane

45

- Hysteresis

N
b
T

— Generalized “disk-fraction/luminosity”

diagram (DFLD) may also apply to AGN
(Koerding, Jester & Fender 2006)
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PCLI? COLINT RATF (rte /)

The Phenomenology of Transient Accretion:
Neutron Stars and Black Holes

~_Remillard & McClintock (2(

Pontietal. (2012) Recent insights from NSs and BHs
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6-10 3-6 keV)

ey

(Fender, Belloni & Gallo 2004)

— All properties of the accretion
flow correlate with spectral state!

*Variability

Radio Jets

*Disk Winds
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The Phenomenology of Transient Accretion:
Neutron Stars and Black Holes

v e e ey ponti ot al. (2012) Recent insights from NSs and BHs

(Fender, Belloni & Gallo 2004)
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The Phenomenology of Transient Accretion:
White Dwarfs

* How do we turn this phenomenology into
physics?
— Can we use accreting WDs as universal accretion
laboratories?

* Do they display the full range of behaviour seen
in neutron star and black hole systems?

Department of Physics &
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White Dwarfs as Universal Accretion Laboratories
I: Hysteresis

Wheatley, Mauche & Mattei (2003)

@ - — . . .
) =%5“='“r'" N AVS0 { e Dotransientaccreting WDs —i.e.
2oF . TR E dwarf novae -- show hysteresis?
c b . 1
g2k s & . . 3
E ' ** Optical tES _;= . ]
= R : — Remarkably few simultaneous multi-
T apEE TR a L g wavelength observations!
= 3 _,s“""""-'-»..-, - BUVE ﬁ — Best available data set: SS Cyg
B o |F , Extreme UV ° ] — Multi-wavelength coverage matters!
g ©E ¢ \ 3
§ = {M ﬁi? ptter L, - /

g 3 T t f”‘f’ ¥ ++§}_ . D'Sk UV/ O[)t

g * — ] « Corona/BL(t < 1): X-ray
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g X-ray v 9 .
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N L el | different bands....
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White Dwarfs as Universal Accretion Laboratories
I: Hysteresis

T T T T l T T T T I T T T T ] T T T T I T T T T

Do transient accreting WDs —
i.e. dwarf novae -- show
hysteresis?

— Optical colours do!
(Bailey 1980, Echevaria & Jones 1983)

1 1 1 1 l 1 1 1 1

» Opposite sense to HID in
XRBs

* Broadlv consistent with DIM

T I T [ T I T I T

decline

zo etal. (19
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Aside: Colour evolution during a DN outburst
provides a great test of accretion disk theory!

So, obviously, we must have much better data available for such a test now....
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NO: Huge opportunity for amateur astronomers to make a significant contribution!

We’ll come back to this...
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X-Ray Hardness >
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White Dwarfs as Universal Accretion Laboratories
I: Hysteresis

| SS Cyg

SS Cygni; RXTE/PCA
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X-Ray Brightness >

Do transient accreting WDs —
i.e. dwarf novae -- show
hysteresis?

— X-rays do as well!
(McGowan et al. 2004)
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X-Ray Brightness >

White Dwarfs as Universal Accretion Laboratories
I: Hysteresis

SS Cygni; RXTE/PCA
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X-Ray Hardness >

Do transient accreting WDs —
i.e. dwarf novae -- show
hysteresis?

— X-rays do as well!
(McGowan et al. 2004)

« Same sense as HID in XRBs

But what is the “right” diagram
for comparison to XRBs?

Christian
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White Dwarfs as Universal Accretion Laboratories
I: Hysteresis

Neutron Star Black Hole

White Dwartf
* Only one attempt to construct a

Ss Clyg ! | IAqI X4 1 GX339-4 _ _
- T | multi-A DFLD for accreting WDs

- A{B - — A | B = A
e o | ':. 3 T " ‘\ . (Koerding et al. 2008, Science)
SEAR 41 L
: T ‘l'_f 'T ‘L } ',T ! —Remarkably similar to NS/BH
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White Dwarfs as Universal Accretion Laboratories
Il: Variability

All types of accreting systems display aperiodic
variability (“flickering”)?

— Can you spot the accreting WD?

Key discovery in XRBs and AGN: “rms-flux
relation”

— Rules out “additive” (e.g. shot-noise) models
— Applies on all time-scales = log-normal flux distribution

What about CVs?
- Varlablllty time- scalé@."d?’é“ﬂﬂﬁg%?' 2011)

- Most accretlon light is produced in optlcaI/ UV E

4F f =

= nieed high-cadence, long-term optlcal light curves

" 3F . NGC 4051 E

3 [ >ciepler! ¢ _

2 2F ‘ £

Act:reétmg WDs also show the rms-flux :

relation.. S (Scaringi et al. 2011; van de _

Sandeéagal 2Q15) ‘ E
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White Dwarfs as Universal Accretion Laboratories

li: Jets

« Are CVs also capable of launching jets?

— Strong implications for jet formation theories (Livio 1999)

— Early searches negative, but focused on high-state
systems

— If analogous to NSs/BHs, should focus on the hard-

to-soft transition during outburst!

White Dwart Neutron Star Black Hole
SS Cyg Agl X-1 | GX 339-4 |
B £ AlB T ’
e E3 :
F x ','
; 3 ® ooy
I \
[ [ )
]
S
o
" L
of
o ‘: o
- -:
0 0.3 06 09 0.3 0.6 0.9 0 03 06

Le/(Lp+Lpy)

X-ray hardness

X-ray hardness

Koerding et al. (2008)
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White Dwarfs as Universal Accretion Laboratories

li: Jets

« First attempt: the proto-typical dwarf nova SS Cygni

Disovery of the first jet in a CV via detection of a radio flare

(Koerding, Rupen, Knigge, Fender et al. 2008, Science)

Optical flux in Jy, Radio in mJy

54190 54200 54210 54220 54230 54240 54250 54260

0.1 ¢

+
+
-

' V-Band '
Visual

VLA 8.6 GHz e

MERLIN 1.4 GHz

; T ¢
L R

M.ID

This campaign would have
been impossible without the
patient, careful and high-
cadence optical monitoring
that was provided by
amateur astronomers and
coordinated by the AAVSO!
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White Dwarfs as Universal Accretion Laboratories

IV: Disk Winds
. SS Cygni
* Recent insights from BH XRBS (Ponti et al. 2012) c yan' Ponti et al. (2012)
— High-inclincation LMXBs show blue-shifted X-ray 03T igh Inclination-dipping LB -, 2 HLD
absorption lines, but only in high/soft(ish) states Or r“. T
* Never in hard/jet states _0 &l : ]
0.5 P ih

* Hard-to-soft transition accompanied (caused?) -

by switch from collimated jet - disk wind 5l : ¢
. | o y

Fe xxvi detections
—2.5".Ew=-25ev V
. =-10eV

* Relation to accreting white dwarfs?

— Disk winds are present in all high-M CVs !

, C , , =3[ ¢ =lev 4U1630-47
* blue-shifted UV absorption lines in low-i systems A I ¥
* uneclipsed UV emission lines in high-i systems =3.5 Wew>-25ev
4 G s H1743-322
il  GRS1915+105

— In DNe, wind-formed blue-shifted UV absorption only ‘ . ;
develops near outburst maximum -1 08 -06 -04 -02 0

Log(LumG_ ; o/L”ms-s keV)
- analogous to XRBs? A
2 ' end of
-~ e outburst
Wavelength (A)

= = Department of Physics &
C h rIStIan Astronomy



From Phenomenology to Physics:

A Sketch of a Coordinated Multi-
Wavelength DN Outburst Campaign
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Anatomy of an Erupting Accretion Disk

Dissecting a Dwarf Nova Outburst

Disk annulus becomes unstable, sending a heating wave inwards

— Optical monitoring allows approximate timing to be predicted
(AAVSO, BAA, CBA)

Flickering and DNOs strengthen and speed up as disk moves inwards

— High-speed optical, UV and X-ray photometry
(ULTRACAM, HST, Swift, XMM, Chandra)

X-rays from BL/corona brighten as onto WD increases

= Time-resolved X-ray photometry/spectroscopy
(Chandra, XMM, NuSTAR, INTEGRAL, Swift)

Disk wind is launched once disk is sufficiently hot and bright

— Time-resolved EUV, UV and optical spectroscopy
(Chandra, HST, Swift, ground-based)

Strong radio flare due to jet ejection when inner disk reaches centre

= Radio and infrared monitoring
(VLA, ground-based)

DNOs are quenched as magnetosphere is crushed onto WD

— High-speed optical, UV and X-ray photometry
(ULTRACAM, HST, Swift, XMM, Chandra)

BL emission switches from X-ray to EUV as it becomes optically thick

— Time-resolved X-ray and EUV spectroscopy
(Chandra, XMM, NuSTAR, INTEGRAL, Swift)

Christian

X-ray
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What would this answer?
Predictions and Open Questions

Are jets and disk winds causally connected?

— Do radio flares precede or follow the development of UV wind lines?

Do jet ejection and oscillation quenching signal the disk reaching WD

— Does DNO quenching coincide with radio flares?

Does the BL become optically thick at the same point?
— Does the X-ray - EUV switch coincide with radio flares or DNO quenching?

Is there still a hot corona after the swich?
— Are there residual hard X-rays in outburst?

Is flickering PSD a good tracer of the inner disk edge?

How does the rms-flux relation evolve?

Are there lags between variability in different wavebands?

Do disk winds signatures dominate UV and optical spectra?

When and how do disk winds turn off?

What is the total amount of accreted and ejected material?

= = Department of Physics &
C h rIStIan Astronomy



We can actually do this!

Requires roughly 1 week ~ 600 ksec ~ 100 HST orbits

— Big, but not ridiculous

Coordinated observations from radio to X-ray
Optical (crucial role for amateur astronomers!), VLA, HST, Swift, Chandra, XMM, NICER...

Can probably be scheduled as non-disruptive ToO

— several weeks notice

Can we get critical mass in the professional and amateur communities?

Are observatories willing and able to try this?
— How do you propose for such a campaign?
— Coordinated planning of observations
— Triggering and continuous monitoring
— Only possible through close collaboration between professional and amateur communities

— Requires dedicated effort by amateur community

= = Department of Physics &
ChrIStlan Astronomy



In the meantime...

« Carefully designed pro-am collaborations will always
yield great — and sometimes surprising — results!

 Two recent examples:

— VW Hyji

« Great results from just a pilot multi-wavelength campaign

— TCP J21040470+4631129

« A new 9" magnitude DN !
» Discovered by an amateur (Hideo Nishimura)

C h riStian Department of Physics &

Astronomy



Castro Segura et al. (in prep)
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Best data set for DN colour evolution

Castro Segura et al. (in prep)
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Great Multiwavelength Coverage

Castro Segura et al. (in prep)
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No Radio Detection:
Where is the jet???

Castro Segura et al. (in prep)

1018 5
— L)
= 1 -
= *
‘253-’ 1016
&
m L
e | T
é 1019 =
= ] DN
= ¢ NL
3 10 5 Polar
4y x IP

1013 - VW Hyi

- | | | [
0.02 0.10 0.20 0.30 0.40 0.45
Orbital period (days)
C h riStian Department of Physics &

Astronomy



TCP 21+46
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The Space Density of CVs from Gaia
DR2
—ldayhe we actually know all C\/s outfo =130pc
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What else are we missing?

However, we cannot exclude that some WZ Sge sys-
tems, nova-like CVs and polars within 150 pc remain to
be identified: ASASSN-14dx, a WZ Sge star located at d =
81.0 +£ 0.3 pc with a quiescent magnitude of V =~ 16,2 mag
(Thorstensen et al. 2016), and TCP J21040470+4631129,
another WZ Sge-type CV located at d = 109 + 2pc with
a quiescent magnitude of V = 17.7 mag (Atel #12936), have
only been discovered in 2014 and 2019, respectively, follow-
ing a dwarf nova outburst.

Pala et al. 2019
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A(nother) WZ Sge Magnetic Propeller?
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TCP 21+46

A(nother) WZ Sge Magnetic Propeller?

Campana et al. 2017
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“Dips” are common in WZ Sge stars...

...and not understood at all!

WZ SAGITTAE 2001 SUPEROUTBURST
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“Dips” are common in WZ Sge stars...
...and not understood at all!

Neustroev et al. 2017
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Could WZ Sge stars have been hiding a

completely unexpected transition between
disk and propeller accretion in plain sight?

Christian

Kimura et al. 2016
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Summary

« Disk-accreting systems — including CVs — exhibit remarkable
similarities
— Outbursts associated with disk instabilities
— Hysteresis associated with these outbursts
— Radio jets (particularly associated with state transitions during outbursts)
— Disk winds (only in high/soft states)
— Flickering that produces linear RMS-flux relations

- Much of accretion physics seems to be universal...

« CVs are the perfect laboratories for discovering turning this
phenomenology into physics...

» Pro-am collaborations are the perfect teams to make it happen!

We better get started, because there is a lot left to be discovered and understood!
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