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Outline

* Introduction

— White Dwarfs vs Neutron Stars & Black Holes vs
YSOs

* The Universal Phenomenology of Disk Accretion:

— Qutbursts, Variability, Outflows

* From Phenomenology to Physics
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Accreting White Dwarfs: A Primer
The Physical Structure of “Cataclysmic Variables”

*  White dwarf primary
Red Dwarf

“Main-sequence”

. secondary
White Dwarf

75 mins < P_, < 6 hrs

Roche-lobe overflow

Accretion usually via a
disk

*  “non-magnetic” CVs

Accretion- Disk

Excellent accretion

laboratories
Credit: Rob Hynes * bright

* numerous

But can we really expect accreting white dwarf€8each us |
anything useful about neutron stars, black hof@2‘GHEEHEMe-scales
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Neutron Stars and Black Holes

V)
: e o if | NS/BH: IR/Radio

| WD: (see later
YSO: Opt/Radia

Disk Wmd

NS/BH: X-Ray/(Opt)
WD: Opt/(E)UV
YSO: Opt

" Accretion Disk

NS/BH: Opt/UV/X-Ray
. WD: Opt/UV
- YSO: NIR/Opt

s

Central Objéct &
Boundary Layer ,
NS: X-Ray

wbD: (E)uv
YSO: Opt
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The Universal Phenomenology of Disk
Accretion

Outbursts
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Irne universail Fnenomenoiogy or DVISK
Accretion

Count Rate (Crab units)

* Many accreting neutron
0 100 200 stars and black holes exhibit
T | T T T T | T T T I T T T
i & XR = outbursts
E - ay ] _ .
- s‘% i e e X-ray transients
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B magnitude

Irne universail Fnenomenoiogy or DVISK
Accretion

Hartmann & Kenyon 1996
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* Accreting YSOs also show
transient behaviour
— FUOr and EXOr eruptions

Herbig 1977
(based on Meininger 1968,
1960 1965 1970 1972)
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; \J y —
| | 1 ]
40000

Christian

Department of Physics &
Astronomy

PR



Irne universail Fnenomenoiogy or DVISK
Accretion

SS Cygni * Most accreting WDs do the

1900-2010 {1-day means)
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outburst
fully ionized
high viscosity

Accretion

‘Cooling > Heating

T oA rr T

Heating > Cooling

-

quiescence
mostly neutral

low viscosity

Irne universail Fnenomenoiogy or DVISK

Temperature
or
Mass—Transfer Rate

J.Smak
Y. Osaki
J. Faulkner

J.Cannizzo

F. Meyer
E. Meyer-Hofmeister
J-P.Lasota
J-M.Hameury

Surface Density
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Mass transfer rate (g/s)

Does the DIM Work¥es!
Neutron Stars

1x10"° |

1x10"8 F

1x10"7 F

1x10"8 |

1x10" |

1x10™

Eddington limit (1.4 Mg))

Transient

Christian

Orbital period (hr)

10

XXX 0O poOobpOopoO0 | epOme>oO>-0NN

IGR 00291+5934
EXO 0748-676
Cen X-4

4U 1608-52

XTE J1710-281
1A 1744-361
GRS 1747-312
XTE J1751-305
SAX J1808.4-3658
XTE J1814-338
Agl X-1

XTE J2123-058

LMC X-2

4U 0614+091
4U 1323-62
Sco X-1

4U 1636-536
GX 349+2
Her X-1

4U 1735-444
4U 17486-370
4U 1820-303
4U 1850-087
4U 1916-053
4U 2129+12

Coriat et al. (2012)
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Mass transfer rate (g/s)

Does the DIM Work¥es!
Black Holes

1x10°°

1x1019

1x10'8

1x10"’

1x10"8 |

1x101%

Eddington limit (10 M)

<~p

Persistent

GRO J0422+32
A0620-00

GRS 1009-45
XTE J1118+480
GS 1124-683
GS 1354-64

4U 1543-57
XTE J1550-564
XTE J1650-500
GRO J1655-40
MAXI J1659-352
GX 339-4

4U 1705-250
Swift J1753.5-0127
GRS 1915+105
GS 2000+25

V 404 Cyg

High-Mass XRBs
(ignore)

ECrPboele>oEOPPOTIOP>PON

B o
V) 1E 1740.7-2942
GRS 1758-258

>0

Eﬁf Transient

4U1957+115
Cyg X-1

LMC X-1
LMC X-3

op>ono

Orbital period (hr)

Coriat et al. (2012)
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Does the DIM Work¥es!

White Dwarfs

109} | | | |
. \
- Persistent \
V393
RW Tri
%10182_ \
§ 107
= - UGem
Transient

| Schreiber &
Lasota (2007)

Miller-Jones et al.

3 4 5 6 7
Outer disc radius (10'° cm)

(2012)

Christian
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Effective Temperature

Does the DIM Work?

YSOs

Bell & Lin 1994
BRALLL BLALLL AL

ﬁ‘
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s

-11

‘ L1]s JJ..'J'_IIII,_JJLIJ,I L LIS
10° 10 10* 10° 10° 107 10°
Surface Density

(xni4 ssew )" 6o

Maybe... (Bell+94,05)
..but

Tryor = decades [Ja < 104
low a ] high 2

high Z [] gravitational
instability

Modifications &
Alternatives

MRI+GlI
(eg Martin & Lubow
11,13)
Planets
(eg Lin+85,
Clarke+05)
Gl+Fragmentation
(eg
Vorobyov+05,06,09,10)
Close Encounters
(e.g. Bonnell & Bastian

Christian
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X-ray luminosity

SOFT
=
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Accretion:
Hysteresis & State Transitions: Neutron Stars and
Black Holes

HARD

X-ray spectrum

* Recent insights from NSs and
BHS  (Fender, Belloni & Gallo 2004)

T. Munoz-Darias

— X-ray transients execute a g-
shaped path in the X-ray hardness
Vs intensity plane

T. Munoz-Darias

< Hysteresis

100 keV

GX339-14
Fender & Belloni (2012)
Esin et al. (1997)

= H Department of Physics &
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Accretion:
Hysteresis & State Transitions: Neutron Stars and

log Lj+Lyp ergs™
& b & IS s [ H
— [N ] () f & un (o] ~l
Li L L

£
o
T

Black Holes

L Recent insights from NSs and BHs

(Fender, Belloni & Gallo 2004)

— X-ray transients execute a g-shaped
path in the X-ray hardness vs
intensity plane

< Hysteresis

LLAGN

— Generalized “disk-
fraction/luminosity” diagram (DFLD)

may also apply to AGN (Koerding, Jester
& Fender 2006)

w
oD

0 0.2 0.4 0.6 0.8 1.0

Lpi/(Lyy+Lpy)
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Chl“IStlan P Astr%nomy

PR



log Flux (arbitrary units)

Accretion:

el S S

Hysteresis & State Transitions: Young Stellar

52003—01 -01 2004-01-01 2005-01-01 2006-01-01 Qﬂj e1C2€0§—01 -01
[ | I | |

10

! [ ]
b X-ray Audard et al. . Do FUOrs and EXOrs
! % 2010 | display hysteresis?
& & - 3 g :
B V1118
ol Gie WA Orionis @
Kmﬂf.\ A - w@.ﬂ) By, |
He o 4 M o Ao -, |
J e X t; % ok T ﬁa_
8 v
; |1 ' of w %Q e :%__
R AR P A &ﬁ_
a *
V EUE m f‘ x% 2 . lmu-
X
B o R x K
o U »d il
| | ‘! 2 :|3: |4 L 5| : |6| : 7 | |
2500 3000 3500 4000 4500
JD-2,450,000
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Accretion:

Hysteresis & State Transitions: Young Stellar
Objects
Near-IR: Yes? * Do FUOrs and EXOrs
9.0 T ] display hysteresis?
95 _ _ — Open question (?)
10.0; — Optical: No?
11 E . ' ' ]
1051 ': e N
: : 12F < Ng :
150 13F
08 1.0 12 14 16 18 20 22 — |
J-K 14F
V1118 15F T
Orionis ' : * '
AdEXQrdt al. =b B B:—3i0 3.5
2010
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Accretion:
Hysteresis & State Transitions: Accreting White

Wheatley Mauche & Matte[(}V(%ﬁ r fS
: * Do tramkericaedngtwigs Wilds -

o £ 7
© = :'é.. :T. . ._._ s, AAVSO
T o[ EEVE & L .
= : TR E
g - « "W B .
= S 3 ¢ &, ]
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2 “
8 - ﬁ +f +++ ¢?+
SF t't ! * 3
1 f ¥ 1 1 |
o [ | f t 1 f .
e
RXTE
T N
o
% 3 B . \-\- q:. 7
E . X-ray .
- . : o
c 8 — . : - —
3 w |
[ + - F
'." ‘-‘.f
el P N T ]
365 370 375
Date [JD—2450000]
Christian

icevadimarbero vaenw-hgtiewsis?

hysteresis?
— Remarkably few simultaneous multi-
wavelength observations!
— Remarkably few simultaneous

-rhedtewalabledgthsebs&ripdions!

— Multi-wavelength coverage matters!
— Best available data set: SS

Cyk: UV / Opt
- Corona/BL(t < 1): X-ray

- MGkCvEvBlength covérabeXray

matters!

Let’s take a look at the behaviourin
«different bands.... UV / Opt

* Corona / BL: X-ray
y

Department of Physics &
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Accretion:

Hysteresis & State Transitions: Accreting White

10

11

12

13

Dwarfs
- o © -
i o5 ™ ]
: SS Cyg |
: V :
N L™ |
i ® o ®
| @

Christian

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

— Optical colours do!

(Bailey 1980, Echevaria &
Jones 1983)

* Opposite sense to HID in

I

Department of Physics &
Astronomy



X-Ray Hardness []

30

i
o

—
o

N 4 S

Accretion:

Hysteresis & State Transitions: Accreting White

SS Cygni; RXTE/PCA DWarf..S
- T I —
FS Cyg )
McGowan et al.. (2004) O - Oct. 1996
_ e — Jun. 1999

O - Mar. — Jun. 2000

[ OPTICAL OUTBURST
l 1 1 1 | 1 1 1 l

2 4 6

X-Ray Brightness []

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

— Optical colours do!

(Bailey 1980, Echevaria &
Jones 1983)

* Opposite sense to HID in
XRBs

* Broadly consistent with
DIM (Cannizzo et al. 1987)

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

Christian

Department of Physics &
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Accretion:

DIM (Cannizzo et al. 1987)

Hysteresis & State Transitions: Accreting White
SS Cygni; RXTE/PCA Dwarfs : :
— 7 T 7 17 7 771° Dotransient accreting WDs
: o - Oct. 1996 1 -l.e.dwarf novae -- show
0 e — Jun. 1999 b hysteresis?
' o - Mar. - Jun. 2000 |
El ' — Optical colours do!
7)) (Bailey 1980, Echevaria &
o Jones 1983)
s 5 ’ .
o _— o * Opposite sense to HID in
= poog XRBs
> ! ISITION | . .
‘r:u , ® * Broadly consistent with
o _

—
o
T

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

AL OUTBURST

R S * Same sense as HID in
2 4 6 XRBs
X-Ray Hardness []

{4 .y 144

Department of.Physics &

Christian diagram for comparisesmto
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Accretion:

Hysteresis & State Transitions: Accreting White
White Dwarf DWBffS
White Dwarf [I\:Ieutrclm St;lr | Biack Hole
SS Cyg " Aqix1 1 aexssea] ° Only one attempt to construct a
AlB —=— AlB s gl | multi-A DFLD for accreting
.y '=' E3 “"Y 1 WDs (Koerding et al. 2008,
: T i T ..T i i g ™ T 1 Science)
. g 1V} T el
: . s .‘ : ’ = ‘*' ) .
| ! . ¥ % "% | —Remarkably similar to
_ j )i -r ] « | NS/BH XRBs
E:‘ .. 3 -'; E ,
i a ...but possibly wrong?
K 1g ] (Hameury, Lasota, Knigge & Koerding
. I 2017)
O 03 0.6 0.9 0.3 0.6 0.9 O 03 0.6
eUlbotlel)  Xravpariness . Xyay hardness
il S A

PR
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The Universal Phenomenology of Disk
Accretion

Variability
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The Universal Phenomenology of Disk

Accretion:

: e nriabil

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

Accreting YSO (Optical)

3500

3000

2500}

2000}

Accreting WD (Optical)

(van;de Sande 2014)

10
‘{ (Churazov 2003) 1500
8
7+ 1000
6-
sk 300 i 3 3 7
4
3 Accreting BH (X-Rays)
10 20 30 40 50 60 70 80 ' ' )
. (Churazov 2003)
(i A D I B L
(Pretorius+06) Rp16 5’{-‘5“'*;‘; __:-_* E i
7 L i s: . -E.“'-;‘ '?j Fb}:' —
17.5 C ;»‘ S T <
oY ) i3 ]
I FLE S | i ] 3
18 -"‘ %3‘?‘1\“ :'-:5 b:‘&" . =
- T W T e ]
- 3 LS . - I
[ . 1 Accreting WD g
18.5 - LRV ] i
i RP27 i é' H O ﬁg‘f’ K ] (Optlcal)
Ty i g L
19 [ L 1 | I L 1 1 | 1 L | 1 1 | 1 M M M
384.45 384.5 384.55 384.6 1065 1070 1075 1080 1085
Christian Department of Physics &
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Accretion:
Aperiodic Variability: Neutron Stars and Black

Holes Black Hole XRB (Uttley & McHardy 2001)

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

= ﬁt:ﬂ -
— Rules out “additive” (e.g. shot-noise) models

1000

Cygnus X—-1 &

w
o

kl‘ 4

'__.-'l+JttIey et al. (2q05)

-1

ount s )

— Applies on all time-scales [] log-normal flux

distribution
AGN (Vaughan et al. 2011)
55' T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ‘3‘
| : g T
4EF NGC 4051 * 3 -:,
£ (Seyfert1) 3 £
o~ E + 2
'n Si - P
c o]
5k t B S
n oF E
£ 2E +
= = ¢ *
E * .
1 P = =3 e TR T R R N a—Y
E . 3 0 0.5 1 1.5 2 2.5
0 E . ? B normalised flux
= 1 1 " " 1 " " 4 " 1 " " . " | " + " . | . PR— )
0 ) 10 15 20 25 30 .
count rate (ct s7%) @
o A I : 1

0 200 400
Flux (count s~!)
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Power (cts® s Hz™1)

W N I e R 2§ N ¥

Accretion:
Aperiodic Variability: Neutron

N & 8 § N ¥

lVlvyJ - ¥

e  w? § N

Stars and Black

108

10°

10*

Holes

Uttley & McHardy 2001

Cyg X-1 ¥
+ 4th flux quartile .o+
1st flux quartile

P | L L PR TR R N I |

0.1 1
Frequency (Hz)

Christian

* Flickering is characterized
by broken power-law PSDs

[] “red noise”

* What sets the break
frequency?

Department of Physics &
Astronomy
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109[T ,pserveq (days)]

The Universal Phenomenology of Disk

Accretion:

McHardy+2006

| | ] | | | | I | | | .
B 1 * V. SCales with
B - - MBH
i Active i — Accretion rate
~ Galactic .
— Nuclel T _
o -+ * Connects LMXBs and
B 1 AGN
— Stellar Mass . — 8 orders of
- Black Hole - magnitude!
| Binaries _
i | * Butis it definitely M., ?
B | | i

| | _5 | | | | 0 | | | ° RISCO _ MBH

100 Trecictoa (daYS)]

—For BHs, size and mass

Christian Dgartment of Physics &
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Accretion:
Aperiodic Variability: Accreting White Dwarfs and

TSPs .
* Accreting WDs and YSOs
display the same
- _ henomenology!
Accreting P 9y
WD —RMS-flux
—Log-normality
10°
Scaringi+09 1 y 1 :
- I YSO .
10’ . . T T T ) //, | 1 EO-
’ a ’ FIL()]((1049'151') ? ? ! é// 3—2- 0. .
40001 ) // 3 § 0 20 me‘:gl ﬂl?)? 80
- i3
12 3500 é ™
o QQ E_}
3000 /#’ E
A )
2500 1 /” F 4
2000 . o ' . : : : Scaringi+15
7 15 8 8.5 , _9_] 9.5 10 10.5 |
e = 1og(FrE§uency [Hz]) B
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* Both WDs and YSOs fit on
the BH scaling relation!

Accretion:
Aperiodic Variability: Black Holes, White Dwarfs,
Scaringi+15 YSOs
Stellar-mass
black holes

" Young stellar
objects

)

Accreting
white dwarfs

Supermassive
black holes

* They break the M-R
degeneracy [] V.. SCales

with

—Inner Disk Radius

— Accretion rate

-5

0
Log(v b,predicted [Hz])
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Accretion:

Quasi-Periodic Variability: Black Holes, Neutron Stars &

White Dwarfs
* Like BH and NS XRBs, accreting WDs also

exhibit (quasi-) periodic oscillations on Warner & Woudt 2004
~dynamical time-scales T T T T

B T e . W,

124 - . [nset - F o
* Key result in acgret ,fm'gﬁ,' Ss é@‘BHsE .

i,
it ‘;_r'\:;gt o .", ”"" 5

— strong cggrelatigns betweety:
especially "19§ger—kllohertz""and hoﬁlz@ntal
branch” gscillatjons _ % f*»ae

V Mag

12.8 —
* “Dwarf-nova ascillations” and “QPOs” ML :
in CVs lie on the same correlation! LR sl

1 3 1 1 1 I 1 1 1 1 I (lWa rnle I’-I l 1 1 1 1 I 1 1 1
& Woudt [2002...2010], M@uihe [2003)35 0.4 0.45
Time (HID — 2451580.0)

DNOs in VW Hyi
Woudt & Warner (2002)
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AH Her Hildebrandt et al
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Accretion:
Quasi-Periodic Variability: Black Holes, Neutron Stars &

']_']1_'_I|'|'E'|||'I

Oscillation Period  _{| v

P

|I|]|I|I:$

[ 1 I |

Lol a1
l3|0?¢}6|3£|3|0|2l4|6l8

0.2

rTl’

T

T

LN LN LA AL
Oscillation

Amplitude

I I

T I A I T A A

1—|||IiI|I

IIIlI]l|I’]IIT—[TlI]l
Xy Count rate
i)
d ot
g

a
O

x 0
(m]

| T S N |

]
o ® o i1 Te

302 4 6 8 1012 14 16 18
DATE (JUNE,U.T.)

(19%{hite Dwarfs

* As with accreting BHs and NSs,
)) variability properties of CVs depend
on accretion state

— X-ray power spectra change during
outburst

— Optical DNOs become faster and
brighter during outburst, but disappear
near maximum

* Ram-pressure quenching of
magnetosphere?

— Multi-A behaviour and connections to
other system properties remain largely
unknown!
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The Universal Phenomenology of Disk
Accretion

Outflows
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Accretion
Jets: Black Holes, Neutron Stars & Accreting

* Relativistic radio jets are seenWQlﬁ%ngK@ffS
NS/BH systems
* Strong connection to outbursts/states (render, Belloni &

Gallo 2004, ....) White Dwarf Neutron Star Black Hole
IAqI x11  axaseal
- B gri AlBge Toqh ]
— Steady jets exist only in the hard state A T l[ T ?
— Near outburst peak, spectrum softens and jet ultimatel : ] Rl .
disappears - 3 Y- N\
; ,. "t ;
— Hard [] soft transition is accompanied by radio flares o K
* transient ballistic jet ejection episode - - =
(I) OI.3 OI.6 O‘.9 6.3 OI.6 OL.9 EJ OI.S O.G;
* What about accreting WDs? Lp /{Lp+Lp )  X-ray hardness  X-ray hardness

Koerding et al. (2008)
— Are CVs capable of launching jets?

* Early searches all negative, but focused on high-state
systems

. o s iterctf .
Ch!'IStlan " ?np;m'q ;;;;hanm?n



The Universal Phenomenology of Disk

Accretion

* 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)

"V-Band
Visual
VLA86 GHz e
£ MERLIN 1.4 GHz
>
= 1F N
£ §
o
g H
o
_>;‘“ . +
T
S ~® -
= e
% 0.1 ii |
? ! TP |
Yl i it B
54190 54200 34210 54220 54230 54240 54250 54260
MDY
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The Universal Phenomenology of Disk
Accretion

Jets are
(of course)
also seen in
YSOs

Jets from Young Stars HST - WFPC2

PRC95-24a - ST Scl OPO - June 6, 1995
C. Burrows (ST Scl), J. Hester (AZ State U.), J. Morse (ST Scl), NASA
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The Universal Phenomenology of Disk
Accretion

— e

But relation to “state” is

Guillem-Anglada+16

10N
| R

(G|

- Serpens
S+C+X Bands

2000 AU |

10 3 0 =35 -10

RA Offset (arcsec)

This even includes non-
thermal (synchrotron)
radio jets!

0.6

0.4

| 0.2

Xapu| |eJpads

unclear!

A Resolved Jet in the FUOr Z CMa

[O1]

cont-subtracted

deconvolved

Ha -

cont-subtracted

deconvolved

: 100 mas

—’j Antoniucci+16:
& E
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The Universal Phenomenology of Disk

Accretion
. : _ SS Cygni
Recentnsighgdisir@rXBB XRBSa(ron) et al. 2012) e —— Ponti et al. (2012)
- High-inclincation LMXBs show blue-shifted X-ra ' ngh inclination- dlpplng LVIXB | HILD
- '5‘69&;598”%95'8& BM%%%F@]W Y phydted X- of p |
absorptign lines, but only in hlgh/soft(|sh) ‘
t eyerin har /jet statés -0.5¢ “
* Nenbtfoladfetiansitishod@ompanied (caused?) by o -1F .
switch from collimated jet 2> disk wind § {5 *
* Hard-to-soft transition accompanied < ) v
caused?) by switc collimated jet I —<f
. Relat&mﬁ cﬁ% i%;’ "93’6 whitedWa r?s"1 J % B 5-Fe Yol detedtions V
' 0 . .EW:-zsev
— Disk Wihd? are present in a‘II high—M CVs'! | = _al : 1‘:3" 10163047
. blue—|?h|fted uv ab‘so‘rptllc‘)n I|n‘es |T1 Io‘tN—| systems 4 S_Few upper limits GROILE55-40 -
+ RelatiBi B5° 4 CUERRG WL Qe ) e H1743-322
- VY e
— In DNe, wind-formed blue-shifted UV absorption only S __GRS1915+105

— Biskiypnespsecprigseniingt high- CVs ! -1 08 -06 04 -02 0

* blue-shifted UV absorption lines in low-i Log(Lumg_,/Lum, ¢ )
systeragalogous to XRBs? e

* uneclipsed UV emission lines in high-i : L) W_,_4 ouind of
SyStemS 1500 155 1600 1650

\Vavelength (A)
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Irne universail Fnenomenoiogy or DVISK
Accretion

Nick Winde- Y, ollar (b

A T Tauri Disk Wind Mundt 1984 * Disk winds are also seen in
T YSOs

[ =Tl b ke ar Gt =t 5 |
155-._ | | - o
\/558 Cygm iy ) ] — Optical P Cygni lines

im8

* Present in both TTaus and FUOTrs

— No “state” dependence?

5a

— Is the apparent state

dM L e dependence in BHs, NSs and
MA) WDs definitely real?

A FUOTr Disk Wind

Miller et al.
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From Phenomenology to Physics

GOALS:
The Great Observatories Accretion Legacy
Survey

= = Department of Physics &
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Anatomy of an Erupting Accretion Disk
Dissecting a Dwarf Nova Outburst

Diskaanniukusebeaoemestalristadvidingerdiaton @ weeatimgawlave in

arardc

— OptirebhirorowitogislpaHemsapproximatettiripgdated predicted
(AAVSO, CBA) (AAVSO, CBA)

FII@I@WI@W@N@?Qﬁﬁéﬁ@@ﬁéﬁ%ﬁé Wheedlskpraediokaitsve

§ed optical, UV and X-ray photometry

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

- X- rays from BL/COI’?DEThA@hWnﬁgMWﬁPIQMP NsEeR68S
X-t8Y ST, B Srana prgRtéN as onto WD increases

E'I?]\ﬁru éolVFadu)l’(kﬁgCP B%%T /SéJ E\,}OSC ﬁﬁ%?ﬂkaﬂ@ﬁémi Swift)
D|

e-resolved EUV, Uvgj;) optical spect

MNindds darn m@me

Cis sufficiently hot and brigh;

E Il " 4

............

. StI8Ag rr%sﬂ’i&eﬁalﬁé’gug\fc?f& gﬁﬁﬂjﬁWﬁgﬂsﬁﬂ%’r disk reach)es centre

handra, HST, Swift, ground-based
— Radio andinfrared monltormg

Strongrsadieflare due to jet ejection when inner disk reachf_

- DRadigrenguafiaied asansgHstosphere is crushed onto WD

— High-speed optical, UV and X-ray phOtOme(MLA’ ground-based)

DNO%4are delenchedvas magnetosphere is crushed onto WD|

- BlHerhissien switiché sUoan Xxapniebbi¥rastitppecomes optically thick
~ Time-resolved X-ray and EUV sl ERAGAM, HST, Swift, XMM, Chandra)

BLERIESTHH SHTEEHEEFRSNTXeray to EUV as it becomes optic

uv

,,,,

............

— Time-resolved X-ray and EUV spectroscopy

1 i i

............
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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 []J EUV switch coincide with radio flares or DNO quenching?

Is there still a hot corona after the switch?

— 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?
° W
c h riStia n Department of Physics &
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We can actually do this!

* Requires roughly 1-2 weeks ~ 0.5-1Msec ~ 100-200 HST
orbits

— big, but not ridiculous

* Coordinated observations from radio to X-ray

— ground-based, VLA, HST, Swift, Chandra, XMM-Newton, NuSTAR,
INTEGRAL, ...

* Can probably be scheduled as non-disruptive ToO

— several weeks notice

* Observatories seem up for the challenge!

* Need critical mass across the accretion community!

chif¥QH are interested, get in touch! Department of Physics &

Astronomy
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