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Introduction

A few selected highlights from Swift

The super-soft sample

Two objects not much discussed so far

Summary & my questions
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Bur's1' Alert Telescope (BAT)
Coded mask imager
- 1 arcminute positions
- New CdZnTe detectors
- Detects ~90 GRBs per
- Most sensitive gamma-ray imager
- 15-350 keV

X-Ray Telescope (XRT)
- Arcsecond positions

- CCD spectroscopy
- 0.2-10 keV

UV/Optical Telescope (UVOT)
- Sub-arcsec imaging
- 6rism spectroscopy
- 24' mag sensitivity (1000 sec)
- 170-650 nm

Spacecraft
- Autonomous re-pointing in 1 min
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Potential sources of X-ray emission from novae (Krautter 2008):

* Thermal emission from hot white dwarf
» shock breakout
» residual nuclear burning after ejecta dispersal Swift

* High velocity shocks Swift
« internal shocks within the ejecta
* shock of ejecta with shell from previous nova or planetary
nebula
* shock of later fast wind with earlier slower wind

« Re-established accretion Swift
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+ Swift has observed 56 novae within 4000 days
of outburst

-+ 35 detected in X-rays

* 9 novae have >100 ksec each: N Mon 2012,
T Pyx, U Sco, KT Eri, N LMC 2009, HV Cef,
V2491 Cyg, V458 Vul & RS Oph

+ Observations start within 1 day (pre-nova for
V2491 Cyg, U Sco & T Pyx)




University of

Leicester

XRT count s™' (0.3-10 keV)

hardness ratio
(0.6-2) / (0.3-0.6)

0.1

300

200

100

10

AR \} \l’s Tl s
| ~N I 4 .
A sf P"~ “ :a;lf‘:
IHII ll ﬂ“ i Py i"' N“ ...:‘"’,.'
"ll I “" ® 30 3/ 10

l'.!" Iy

! |

! '1 '
K .. |
’é‘|l'lll' o ' !
i 3
i ' g
I ';I uﬁ ‘JW- ) ' |
F W o 3

0 " 50 100 '

day since outburst

Osborne et al 2011

X-ray (0.3-10 keV)
light curve shows:

» Cooling hot gas
emerging from red
giant wind

- Noisy onset of
super-soft phase,
which lasts ~64
day in total

* Turnoff time —
MWD~1'35 Mg
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A quasi-periodic modulation
RS Oph (0.3 - 10.0 keV) 1024 bins/interval
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V2491 Cyg was observed - and detected - pre-outburst as part of the BAT
survey follow-up. The source may have been the X-ray counterpart of the
BAT source.
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Blackbody fit parameters
while the super-soft
source was visible

Absolute values probably
not reliable

A rising tfemperature and
shrinking radius are seen
between days 30 - 57

Where is the expected
constant luminosity
nuclear burning phase?

Grey points show
luminosity upper limits
from linking X-ray to UV,

V2491 Cyg - Page et al 2010
-
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Pre-Swift samples:

e Orio, Covington & Ogelman (2001) 108 novae observed by Rosat,
>50% were hard sources, but just 3 were SS. Showed Tsg ¢ <10 yrs

« Greiner, Orio & Schartel (2003) compiled 9 SS novae with limits on
Tss, off. Anti-correlations: Tgg ot-Veyn, Tos, offPorbs & poss correlahon
of TSS o+~ Un-ejected mass. 20%102 '

1.5%1022

Ness et al 2007 (paper 1):
« 12 Swift CNe, obs'd few x10 - few x100 days

« b5 faint X-ray sources, 2 of which were SS 5_0,(,0,.:

1.0x1022

H | column density (cm™)

o A B A /-2 L T FTE TR
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« All public pointed X-ray observations of novae to 1 Aug 2010
« Rosat, BeppoSax, ASCA, RXTE, XMM-Newton, Chandra
 but most data from Swif+t

« By far the largest exposure time on X-ray data on novae to date

« 57 Galactic & 5 Magellanic Cloud novae

« 7 -10 recurrent novae

« 26 novae seen as Super Soft Sources

« Not an un-biased sample:

« mostly TOO observations of recent optically & X-ray bright
hovae (observations continuing)

* biased towards fast novae

« Expansion velocities, decline rates, orbital periods, etc taken from
literature
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SS (& prob SS) defined as (H-S)/(H+S) < -0.3, where
H=1.0-10 keV ¢/s & 5=0.3-1.0 keV c¢/s

» High expansion velocity = high WD mass
» High expansion velocity = early & short SS phase
- Absorption & a strong hard component can be confusing

* The fastest novae have an early hard phase
- Internal shocks in ejecta: kT, = (3/16)xm>V?

* Lack of SSS in previous samples due to observations
being insufficiently early or late
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* Beardmore et al 2010: initial summary in AN
» Beardmore et al 2012: full paper - A&A 545, A116
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« 177 day modulation: orbital (cf GK Per) or poss precession
* Broad modulation suggests large emission region
« UV peak dips like SSS Cal 87 (bright inner accr'e‘rlon dlsk7)
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Tri-peaked optical emission lines - which move

Also seen in some Compact Binary SSS

‘jet emission’ / bipolar ejecta / accretion disk ??

Hard to get both disk edge and high velocity jets in line of
sight (unless they are broad)
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™ .I..-.-I
et e

LR T | O e

L S |

S ' Wagner et al 2011
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Galex spectra:

* no spectral variation  somo—————————r—7—

. 2.0x107
+ few thousand times A A
~ z 1.5%10™" igp Y k
extrapolated X-ray ; e, e :
SPBCTI"UI’T\ T T T zZ c3 s
\:' : OX’O-II:SO ‘ISlOO 15l50._‘ 16.;0 16.50 170;-
* but we know UV is © el

modulated at 1.77 d :
like X-rays R
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Wavelength (4)

UV must come from
inside accretion disk

Stella Novae, Feb 2013, Cape Town
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« Suggests we see only scattered X-
rays (T<<1), while UV reflector S T
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« Helps to explain R ~ few 10”7 cm
from X-ray spectral fits (Rauch
atmosphere model) - See P&O
poster
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e What about the trend in the periodic X & UV photometric
variation?

« X-ray max declines, min stays constant
while
« UV max stays constant, min declines

 Cannot be due to changes in disk rim height or size of
Inner scattering region

« No explanation to hand: worry about scattering cloud -
UV reflection - disk obscuration concept?

Stella Novae, Feb 2013, Cape Town
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Nova Mon 2012

uvw2 mag XRAT rate (count 57")

uvmz2 mag

uvwi mag
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Stella Novae, Feb 2013, Cape Town

Lomb-Scargle
periodogram of SSS-
phase UVOT data (all
filters look the same):

Period is 0.2957 days
(ATEL 4722)

Window function
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XRT

w2

m2
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Nova Mon 2012: high cadence monitaring
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X-ray & UV
vary in phase
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Nova Mon 2012

I-band photometry by Mark
Wagner using 1.3m at Kitt Peak
(Wagner+)
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0.3-0.5 keV

0.5-0.8 keV

HR
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Nova Mon 2012
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No spectral
signature of 7.1 hour
period in soft X-rays
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Is the large variability
like that of RS Oph, or
is it due to periodicity?

X-rays appear to have
constant range of
variability

Fit with:
rate = f(a+b.sin(c.t))

a, b & ¢ fixed from high
cadence data
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Most of the large
variability may be due
to secular rise and
fall of SSS




S\Vlﬂ Summary & Questions 1/2

Swift has transformed novae studies with prompt, dense, and
extensive X-ray spectral & UV monitoring

Sample is biased to faster novae
Models are still catching up

Model atmosphere fits through the SS phase show ~Lg 4 and constant
tfemperature

The super-soft phase starts & ends earliest in fast novae (high M)
Super-soft phase turn-on can show large rapid variability

RS Oph & KT Eri show gpo ~35 sec

Fast novae have an early hard X-ray phase

SSS T not correlated with P,

SS X-ray flux is correlated, anti-correlated, or uncorrelated with UV
Some novae show optical plateau during SS phase (as per Hachisu+08)

- """ =
Stella Novae, Feb 2013, Cape Town



S\Vlﬂ Summary & Questions 2/2

HV Ceti has a very sub-luminous SS spectrum, a smooth 1.77 d
modulation with the X-rays & UV in phase, and a strong UV excess. All
points to disk rim obscuration of inner scattering region

Ne nova Mon 2012 entered SS phase ~150 days after Fermi
detection. It has a 7.1 hr optical/UV/X-ray period with variations in
phase. SS variability due to random phase sampling of slow rise & fall

Questions:

What is the cause of the early high-amplitude variability in RS Oph &
others?

What is the origin of the ~35 sec period in RS Oph & KT Eri?

Does the SSS live because it is fed by the re-formed accretion disk?
Are compact binary SSSs just unrecognised low M, hovae?

How can we get more X-ray grating data?

Stella Novae, Feb 2013, Cape Town



