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Spectra for disk annuli
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Dwarf Nova Outbursts
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Eclipses on the
Rise to Outburst
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Disc Radius Variations
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Eclipse Mapping
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AS 4024

AB,

Spectra on the Rise to Outburst
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Heating and Cooling
. Heating : (viscous dissipatign )
Q+:E?ﬁ?d_W9 n =a c, H
. Cooling : (radiation )
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Thermostat
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Thermal Equilibrium S-curve
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Heating and
Cooling Waves

Outburst triggers at
small /large R for
small / large Mdot

Low i &5

Heating wave
switches disk to
outburst state

Inmoving wave is

faster (avalanche)

Cooling wave
switches disk to
guiescent state

AS 4024

Rinarv Stars and Accretion Disks



Disk Instability Models

T 1 [ T 1 | T T 1 | T 1T | T 11 [ T 11 | 17T | 11 L AR B B | ] L g T T TTT L I T 1 | I:
ME | f\ r[%
- - J -
Luminosity = }—:
] 3
i) ]
| \ __
L L 11 | L' Ll L1 l 111 | 111 | 11 |-.- . L | | ol | 111 [ | | L1 1 | 1 L J:
M i 40 T80 a0 iy BED L 8&0 Bag oo B L] fef 0] 1000
ﬁE'r1-||r||!|||||||||||Tr|r]|T||||1||:||1||||||||'1“T"r'f'1_‘1[1‘rl||| =
| 3
Radius ¢ ﬁ
;? 2B
a4

42 Ll l 1 1. I e | I | | Ll b Lo oty g b by by 8 |_':1

)| 720 740 TEG A 00 az20 244 fEL BAL te 220 G40 G960 DA 1000
E|_1_|—|_|_1'_-'"|"|_| 1 I' LI | |' L |' T 11 | T 11 | LI l Tt | [ | 1Tt 'I_r T 'I il |-| L ] R ] T ]
M ED Fao- _:
ass 2 b E
; ¢ ]
3 \

AT A AR A AN A il S N A RN i N j I T

FO0 Teh L) g0 Tag Ban B24 840 Ba BED 90 920 9440 H| 440 Ha
14.5 LA I I L L L L LA 11 | 1T |' rTT T T T T TT i it TiT T '|' L | I—_
Angular ;M E
Qo 3
- 1-3.5 -
momentum ~ E
- 13 -
- E
125 —
12 L1 1 1 1 11 ]_J 1 L1 1 i | | 1 13 1 11 I | | 1 1 4 | (=

700 Feo L Ted 7an B0 820 LI 8e0 Ba0 B 20 D 2 11H] A 1000

TIE [day)
AS 4024 Rinarv Stars and Accretion Disks



Magnitude
14

-1
R

Short, Long, and Slow-Rise

3 15 X Y ] %
o 8 o — o E—3 T
[ - E a = = = - S
= = x -= - E= =
— - - i E i = E W ot =
- 2 ¥ = H = - = T =
I = £ - E [— i = = -
- I % = = IR = H ;=
== mem . - W= . m .- . == E_ I = | _
| e D EaE iy . C—S————— A —— = —— oo — S ]
e bt T e : - ] T=roan

2445000 24451 00
Julianm Day Number

-=— Maqgnituda

=Short Slow rise

Long

2
F

H

3
§
&

Tirng —==

AS 4024

Rinarv Stars and Accretion Disks



10

Z Cam T

14

Outbursts

nilude
o

12

14

19—

12 —

20000 K 14 —
T
FLLLIY S
1Q
K 12
3 T oy >
14

AS 4024

1ara’ ' : " 10 '

HELERLS HL H %*H_
ﬁ hw, b i

E‘!fd'* E-!Ev i‘i“iwﬁ! 44 E#;E'# kﬂﬁ' '*!I'i
gl ,-4;".5;‘.:.'&'*' = '=:--'.,
h i
iy ’é“ﬁ i1l 'Hﬁ* ﬂ?i
P HH H??hﬁﬂgﬂﬂﬂﬁ 1

Rinarv Stars and Accretion Disks



Longer and
brighter

than normal
outbursts
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Relafive intensity

Super Humps

Photometric modulations with
period a few percent longer than
the orbital period.

Occur during Super Outbursts

_12 _I - I . 1 : | 1 I 1 I 1 I 1 I 1 I
— &= L) - £ -
10 — - s S
— & . ® - r - ;o =
= o O '-HE - g Ei ) = - \.
— - = = = ;w ':"""..ﬁ' = =" H :
I == -y - T _'-- q_-h f
© — - - = - _‘-?‘5_,!' _1" - "H._f _!
=t y - = F - . - T E
| - - - - T 2
= I - = - * = =
o L1 | | | I | I | I | I | I |
Tt =53 6 =t =) [t ] Lty e, Lty =S 6
Time (days)
DV UMa
AS 4024 Rinarv Stars and Accretion Disks



AS 4024

Superhump Period Changes
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Tides and
Resonances A

Disk Tide

angular momentum
moves from the disk
to the binary orbit.

3:1resonance

3 cycles around
the disk per orbit

Slow precession of
resonant orbits
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Eccentric
Precessing Disc

Orbit period -- few hours
Precession period -- few days

Beat period = superhump period

Superhumps caused by extra tidal
heating of outer disc as the
eccentric bulge precesses past
the companion star.
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Observed Shape
of Eccentric Disc

Derived from eclipse
timings at different
superhump phases.
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Super-Cycle Models
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Tidal Heating keeps disk in outburst longer
when disk radius is larger.
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