Accretion disks In (ultra)compact
binaries

| | | |
i o P&
16.0 6 i = PTFJO719+48 O FIN
5.0 o . |
o  S@o Levitan et al., 2011
16.8 | ° © NO 4
o Q © NO
ul
o o
170 NC _
o o o
184 F & _
. o
Super o o o # o
19.2 + by Cutrst 3%3 %E o o =) o0©° o 9 e o EI:E‘: a i
%‘; | | | | | | |
— 0 10 20 30 40 50 60
-Q; 04 = UT 2010 Cct 28
+= | |
En 5 Neremd PSL Psz o
% 16.0 | Ea Outouzst NQ? HCS o )
= o o @o (2011 Jan 29} o
m
16.8 | ® @ Do © NO o .
3.8 R :
176 o P R'Il?éfu‘:t |
=
184 ) o o NO? |
Super :%i HE a a o
Catkurst
19.2 oo fz'l,'lllt,tm: EQUEDEDBE °of o = Yog o o = o .
| | | | |
€0 20 100 120 140

HJD — 2455497.0

Paul Groot,

Thomas Kupfer, David Levitan, Roque Ruiz-Carmona, Deanne Coppejans
Tom Prince, Gijs Nelemans, Patrick Woudt, Danny Steeghs, Tom Marsh, Elmar
Kording, Shri Kulkarni, Christian Knigge, Gavin Ramsay



Jet

WD/NS/BH

Accretion Disk

Donor Star

Radboud University



Radio to Infrared

X-rays to UV

Optical to UV

Optical to Infrared

Radboud University



woe Classes

Cataclysmic Variables

"

Accretor: White Dwarf
Donor: Low-mass star (H-fusing)
Solar composition material

10 °<M<10"M

sun

[ yr
75 min < P <12 hrs
R ~R R, .<100-200 R,

disc sun ’ disc

3000 K<T, < few x 104K

Thousands of systems known
Show dwarf novae outbursts

Review: Knigge et al., 2011

AM CVn stars

* Accretor: White Dwarf
 Donor: White Dwarf/ semi-deg. He star

* Hydrogen deficient: helium-dominated discs

- 10 °<M<10 "M

sun

| yr
e 54 min<P0rb< 65 min
e R, <R R,..<50R,,

disc sun ! disc

« 10000 K< T, <fewx 10*K

* Only 51 systems known
 Show dwarf novae outbursts

Review: Solheim et al., 2010; Nelemans et al., 2005
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Accretion disc ISsues

1) Stability in high-mass transfer rate (AM CVn) systems
2) Dwarf novae outbursts in AM CVn stars
3) Accretion in long-period AM CVn stars, disc structures
4) Spiral density waves in outbursting CVs

5) Radio emission from Cataclysmic Variables: Jets?
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Stability; efidisks
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Shoft peried AVl CVn system
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Shoft peried AVl CVn system

Four years of high cadence Kepler data... :

1.3 million data points
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Figure 5. Fourier transform of the light curve obtained with Kepler of SDSS J1908.
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Dynamic Fourer Spectra
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Palomar Transient Factory light curves: recurrence time dwarf nova outbursts in AM CVn systems

-

Magnitude

orb

Magnitude

Magnitude

14

15

16

17

18

16
17
18
19
20

21

15
16
17
18
19
20
21
22

i B ; - | P, =46d
e - v E 5 . & & ] SOB
. ‘ t K . oty L | * . L 98 ) 13.5
i ' o, A4 . . : ! !
(RS s I .. L | 14.0 | >, |
§ " o § ? 45t ) .
£ : . i Ll " i i °fe = s0f 5
iy 8° 2 ssk - R
I l} ih ieg E T
CR Boo 8 § g eor i
Po-pb = 245min § 16.5 —.. .. % ]
I 170" . -
! ! ] ] ] | 17.5 [~. ) . e .. .;
0 500 1000 1500 2000 2500 P s . .
3 HJD — 2452647.0 0.0 0.5 1.0 1.5 2.0
PTF1J0719+4858 . Phase
. P, =26.8min s 8 ' . 1 A
" - # # & e s ! 4 .‘
§’ ® L | ®
I ; t, . . v 1 M
- i :E‘ .. .. ™ 4 ik ® |
* E ; +z 3 ; T i §“g o X
L 343 g i3 $! 3 s 9 i ﬁ ;"?ﬁ; 15 _
L : g | ‘ T ?‘ ;r Ly P R 5‘:
| | | | |
0 500 1000 1500 2000 2500
HIJD — 2453687.9
- V406 Hya X * il
| Forp = 33.8min Levitan et al., 2015
. 4 ]
[ % ]
it _ ) & i
b | §
i I I '3 . i i
- | ] | ] ] |
0 500 1000 1500 2000 2500 Radboud University §%;

E et



900

500 |

Outburstin

200

Palomar Transient Factory
light curves: recurrence time
dwarf nova outbursts in AM
CVn systems
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Cool Stable: AMI CVn dises
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[Doppler temography,
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Clear inner and outer disc velocities from the emission profiles

Kupfer et al, 2016
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[Doppler temography,
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[Doppler temography,
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Ongoeing aceretion? Yes
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doppler map

IP Peg at peak
He 126678 [1]

L

| p e

o —
o |
o
o
T L - =1 um"
Pe. o gt e ey iy
—1000 0 1000
Velocity (km/s)
I=B4.2 WM1=0.75 g=0.750
s - : . )
“n
0.5 ~.
g
g =
2 oof = o
> ® =
- (@]
=
=05 1 L]
=
—_— ]
l— :.0 - J:(;? 0.0 0.5 1 .JD
v, [ 1.0+08)
U Gem at peak
He 11 A4686 [3]
1000 «
g 3
= ==
= ok _I =
2 n g
> =

2
2
5}

L L
1000 4] 1000

Velocity X (km/s)

1000

0

-1000

WSZ Sge at decline
of superoutburst
He 11 A4686 [5]

L 0 ] 1My

— 1000

e ey

B @AstroRoque

| See poster
routside!!

l_

—1000 0
Velocity (km/s)

DQ Her in quiescence
He 1 A6678 [7]

1000

Spirals are
rare...

= L) —TW(M) 0 S0

Viedoc ity (kmys)

Velocity {kmis)

walogity Bl

PTF51118m Ha

ST -540 500 100

[]
Welochy (kmisk

PTFS1115aa He | A5876

1600

—-1000 =300 00 1000

a
Velocity (kmy'sh

PTF512000 He 1 6678

—500 S50 o0

Q
Velocity (kmis)

PTFS1215t Ha

-500 (]
Welocity (kmish

PTFS1122s He | A7075

-

B T T TTE T
Welecky (kmish

PTFS1117an He | A5015

= 1006

300 1000

=500

a
velocity (kmish

V795 Cyg He | A6678

o

L]
-800 -&00 -400 200 O

00 a0 oo 800
vielocity (kmysh

EC211178-54
He 11 A4686

=500 500 1000

a
Velocity (emish



Mass ratio
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Outflews/Jets durng; DINI eutlhuist

Black Hole Neutron Star White Dwarf
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— Should lead to (radio) jet launcing from inner disk at start outburst




Outflews/Jets durng; DINI eutlhuist
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Oddball. or common?

Radio emission in dwarf novae during outburst:
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Oddball. or common?

Novalike CV are also significant emitters!
4 out of 5 detected with VLA

Deanne Coppejans et al., 2015

Spectral indices are all over the place. No clear picture yet.
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MeerKAT & MeerlLICHT

Situation soon to change: MeerKAT Radio array coming online
MeerLICHT optical telescope to be twinned to MeerKAT.

MeerKAT: 64 dishes , now 24+ operational
MeerLICHT: 65cm wide-field (2.7 sqd) telescope at 0.56"/pix
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Synoptic Survey Array at ESO La Silla
Phase 1. 3 telescopes, start 2018
Phase 2: 15 telescopes, start 2020(?)

Phase 1. Phase 2.

* 3 wide field telescopes < Expansion to 15 telescopes

* 8 square degrees total * 40 square degrees

* 65cm diameter each (“ZTF South”)

* g=23in 5 minutes

« ESO La Silla Science:

 Seeing limited (<1") GW counterparts

* u,0,q,5,1,Z filter set Southern Sloan
(“PTF South”/ “Proto-LSST") « Fast Transients & Variables

Nearby Universe Survey




