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Time resolved spectroscopy

e Spectroscopy as a diagnostic of the accretion flow
- Helium accretion discs ; outbursts/superhumps
- Novel accretion geometries

¢ The nature of their stellar components
- Spectral features from the primary and/or donor
- Abundances

e Establishing system parameters
- Direct determination through radial velocities
- Doppler mapping of accretion flow ; hot-spot
- Spectroscopic orbital periods
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The AM CVn stars

High mass transfer rate systems _

- AM Cvn P,,=1028s

- HPLib Po,=1119s

Helium Dwarf Novae \
- CR Boo P,p,=1471s
- V803 Cen P,,=1611s £
- CP Eri Po,=1724s

- KL Dra P,,=1502s

Low mass transfer rate systems

- GP Com P,,=2790s

- CE-315 P, =3906s

Ultra-compacts

- V407 Vul / RXJ1914+24 P=569s

- KUV 01584-0939
- RXJ 0806.3

P=620s
P=321s
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CP Eri

in quiescence

(Groot, Nelemans, Steeghs & Marsh 2001)
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The binary nature of AM CVn
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Spectroscopic period for AM CVn
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Accretion disc + bright spot emission
(Nelemans, Steeghs & Groot 2001)

S-wave !
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Accretion disc precession?

Line-skewness as a function of precession phase
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(ala Patterson, Halpern & Shambrook 1993)

Line morphology over 13.38hr precession period Disc simulation (Wood & Simpson 1988)
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System parameters

e AM CVn’'s binary period is 1028.73s

¢ Disk hot-spot at V=403 km/s

constrains donor velocity;
210 < K, < 280 km/s

500

¢ Line morphology changes on
13.38hr period confirms that AM
CVn is a permanent superhumper
which suggests q = 0.087

Velocity (km/s)

¢ Follow-up spectroscopy on AM CVn
(covering supercycle) and HP Lib,
V803 Cen is under analysis

-500

-500 0

Velocity (km/s)

Danny Steeghs

Danny Steeghs, CfA (KITP Ultracompact Binaries 2/01/03)




Optical Spectroscopy of AM CVn Binaries

Low accretion rate systems: GP Com & CE-315

VLT echelle spectroscopy
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GP Com Hel line kinematics

Spectrum
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Doppler maps ; g = 0.02
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Ultra-compacts

¢ Three new AM CVns?

- V407 Vul / RXJ1914 ; 569s X-ray + optical period
- RX30806.3 ; 321s X-ray + optical period
- KUV 01584-0939 ; 620s optical period

e Spectroscopy is crucial in order to determine the true
nature of these extreme binaries

KUV01584-0939 Magellan spectroscopy
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emission line light curve
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Period from emission lines

indistinguishable from photometric

period (Warner & Woudt 2002)

Helium EW lightcurve

Periodogram
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phase resolved spectroscopy

UT (hrs)

Hell 4686

Frequency (day?)

620.29 s

Danny Steeghs

Danny Steeghs, CfA (KITP Ultracompact Binaries 2/01/03)




Optical Spectroscopy of AM CVn Binaries

KUV01584-0939 folded trails

Hell 4686 Hell 5411

Trailed spectrum
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mean subtracted trails

Hell 4686 Hell 5411
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Accretion disc structure or direct-impact accretion ?

M1 = 0.5, M2 = 0.1
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Marsh & Steeghs (2002)

e Lindbladt resonances in extreme g discs ; tidal density waves / precession

* Non-disc accretion modes ; stream overflow / direct impact / magnetic

Danny Steeghs

KUV01584-0939 as an ultra-short period binary

ePrimary white dwarf (M1~0.7Mg )

eDegenerate, hydrogen deficient donor star (M~0.066Mg, for Roche lobe filling white
dwarf)

eMdot driven by gravitational wave losses (Mdot ~ 10-8 Mg/yr ~ 1018 g/s)

o Accretion luminosity L ~ 5L ~ 2 103* erg/s

« Binary separation ~101%m ~ 10 R4

0.4

M (My)
0.3

0.2

0.1
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V407 Vul with GEMINI (GMOS)

] e \ Heavily reddened spectrum dominated by stellar
3 & ! absorption features

n amplitude

i e o s
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Blue, featureless oscillation spectrum

Continuum lightcurve (folded) ‘

Conclusions & Outlook

¢ Phase resolved spectroscopy is a powerful tool for
system parameter determination

¢ Doppler tomography, like in hydrogen-rich CVs, can
map the dynamics of the accretion flow in detail;
- Hot-spot dynamics for system parameters
- Accretion disc properties
- Novel accretion geometries can be tested

e Optical should be complemented by IR and UV
spectroscopy in order to determine their evolutionary
path

Danny Steeghs, CfA (KITP Ultracompact Binaries 2/01/03)
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DB white dwarfs
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AM CVns among DBs?
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AM CVns among DBs?
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