Chandra Grating
Observations of Cataclysmic
Variables

Eric M. Schlegel
Vaughan Family Professor

Department of Physics & Astronomy
The University of Texas at San Antonio



Co-authors:
Vikram Rana, Caltech (NuStar project)
Heath Shipley, Texas A&M (undergrad
when work done; grad student now)
Paul Barrett, US Naval Observatory and
George Mason University
Kulinder Pal Singh, Tata Institute, Mumbai

Support: Chandra X-ray Observatory grant;
Vaughan Family endowment



Chandra X-ray Observatory
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X-rays

Energy range: ~0.2-8 keV =1.55 A to 62 A
=0.15 to 6.2 nm

Accepted terms: soft X-rays: E <~2 keV
hard X-rays: E > ~2 keV

Typical equivalent temperature: 0.5-80 MK



Processes
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Cataclysmic Variable (schematic)
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Cataclysmic Variables

* Interacting binary stars: white dwarf +
red dwarf main sequence star

* typical orbital periods: hours

* Roche lobe overflow >> mass transfer
stream

* angular momentum >> accretion disk

« X-ray emission: weak for disk
systems; strong for magnetic systems
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CV Subtypes

Outbursting systems:
Dwarf novae
Recurrent novae
Classical novae
Magnetic systems
Polars (AM Her stars)
Intermediate polars (DQ Her stars)
Novalikes



Dwarf and Classical Novae

* Outbursts: build-up of H layer

* DNe: recur: cycles ~few days to
months; rise 2-6 mag (5 mag = 100x)

* CNe: recur? rise 8-15 mag
* weak X-ray sources



Magnetic CVs

* CVs with disks have fields <~0.1 MG
* Magnetic CVs have fields > 1 MG

* (1 MG =100 Tesla)



Polars = AM Her stars

* Field strengths >10 MG (> 1000 T)
* No accretion disk!
* Matter accretes to magnetic pole

* Strong, soft X-ray sources



Intermediate Polars = DQ Her
stars

e ~1 <field <10 MG
* White dwarf, red dwarf NOT locked

* >> X-ray modulations at spin, orbit
periods plus aliases

* Strong, hard X-ray sources






X-ray Emission

« <L, (DN)> ~103%31 erg/sec =102324 J/s

e <L, (AM)> ~103233 erg/sec =10%>?6 J/s:
soft (0.5-2 keV) X-rays dominate

« <L, (IP)>~1033 erg/sec =10%¢ J/s:
hard (2-10 keV) X-rays dominate



What's the science?

Accretion physics!

Numerous questions: how does
the accretion region work? What
feedback 1s present? Uniform
appearance with phase? Plasma
conditions (T, density, ...)? ...



Shocks

Expect hot gas:

simple thermal energy = gravitational potential
yields ~15-20 keV

kT, = (3/8)(GM/R) ~ 16 (M/0.5 M,, )(10%/R) keV



X-ray spectra ~ thermal

>> at low resolution, pure thermal
spectrum adequately describes:

differential: T-"2eE/Kt: total: T1/2

>> at high resolution, post-shock
emission lines
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High-Resolution Era

Chandra X-ray Observatory (US)

- High-Energy Transmission Grating
(HETG)

- Low-Energy Transmission Grating
(LETG)

XMM-Newton (Europe)
- Reflection Grating Spectrometer (RGS)
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Chandra Gratings: High-Energy
Transmission Grating (HETG)

Grating Resolutions: (1 A = 0.1 nm)
~HEG: 0.012 A = 0.0012 nm
~MEG: 0.023 A = 0.0023 nm

* Energy Resolutions E/AE:
—HEG (at 6 keV): ~1000
- MEG (at 1 keV): ~500
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Diagnostics
* T. H-alpha/ He-r
* T, density: He-like atoms

* notation: neutral atom = I;
once-ionized = II; ...

so O VIl = 6-times ionized O = He-like
O VIII = 7-times ionized O = H-like
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H-like Kot / He-like Ko
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Schematic He—-like atom
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Diagnostics

* He-like atoms --> rfi diagnostics:
c G=@zZz+x+y)/w=>{f+)/r~T
 R=2z/(x+y)=1/i ~density



R Ratio <<>> Number Density
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Problem with R: radiation!

Schematic He-like atom
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One Approach: Use Density
Diagnostic less affected by radiation
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Alternative: consider R ratio
modified by distance

Fobs
R(T) 1+RE(TJ/N(“+W(TJ¢/¢F

where W(r) = qﬁi[ﬂ?ﬁ 1] and ¢ =

1s the photoexcitation rate.
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Check thermal equilibrium:
combined G and H/He ratios
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Time Dependence: outburst, phases!
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Three Lines of Summary

* High resolution X-ray lines will lead to
T, density, possibly UV radiation field,
and atomic physics processes, but...

... requires larger effective area and
higher spectral resolution: E/AE~
1000-2000 instead of E/AE~500

* Current data: very tantalizing clues on
detailed physics of accretion process.:
especially time dependence, vertical
extent



Future Science

« 2014/2015: Astro-H/NeXT launch
* Carries X-ray calorimeter,

— E/AE ~ 1200-1500,
— non-dispersive spectrograph
* Gain: phase-resolved spectroscopy



Thank you for your attention!
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Ne/O Ratio

* A(Ne)/A(O) < Flux(Ne-r) / Flux(O-r)
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* Ne / O for CVs similar to Ne/O for
active corona stars

e Puzzle?

- expect CVs to undergo mass transfer
--> why does Ne/O match for all

subtypes?



EX Hya

* CV-IP

* orbital period ~90 min

* close: ~38 pc = X-ray bright

* goal: time-resolved X-ray spectroscopy
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