X-rays and y-rays from classical novae:
constraints on models from the observations

Margarita Hernanz

Institut d’Estudis Espacials de Catalunya
IEEC-CSIC Barcelona (Spain) & KITP

] Basic scenario of classical novae
4 y-rays: theory, observations,challenges for
Instrumentation

 X-rays: lessons from XMM-Newton observations
and from ROSAT (Nova Cyg 1992)

9 May 2007 KITP — Accretion and Explosion: The Astrophysics of Degenerate Stars M. Hernanz



Origin of X-ray emission (1)

« Residual steady H-burning on top of the white dwarf:
photospheric emission from the hot WD:

T.+(2-10)x10°K (L[10%8erg/s) —» supersoft X-rays

» detected by ROSAT/PSPC in only 3 classical novae,
out of 39 observed up to 10 years after explosion):

GQ Mus (N Mus1983), N Cyg 1992, N LMC 1995

» duration related to turn-off time (theory: t
observations: <9 yr)

=100yr,

nuc
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Origin of X-ray emission (ll)

 Internal (external) shocks in the ejecta produce hard X-
rays

» detected early after explosion (N Her 1991, N Pup
1991, N Cyg 1992, N Vel 1999): internal shocks

Reestablished accretion: emission “as a CV”. How and
when?
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Origin of X-ray emission (lIl)
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Compton degradation
of y-rays emited by
classical novae CAN
NOT be responsible of
their early hard X-ray
emission:

«Cut-off at 20 keV
(photoelectric abs.)

*Fast disappearence:
2days (W.rt T, ..l
before visual outburst)

Gomez-Gomar,Hernanz,José,lsern,
1998, MNRAS
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X-rays from novae: observations of
recent post-outburst galactic novae
with XMM-Newton
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Target Discovery Date of obs. — Time after XMM EPIC
date outburst detection
N Sco 1997 June 5 Oct. 11, 2000 — 1224 d, 3.4 yr
V1141 Sco Mar. 24, 2001 — 1388 d, 3.8 yr
Sep. 7, 2001 — 1555 d, 4.3 yr
N Sgr 1998 March 22 Oct. 11, 2000 — 934 d, 2.6 yr Yes
V4633 Sgr Mar. 9, 2001 — 1083 d, 3.0 yr Yes
Sep. 7,2001 — 1265 d, 3.5 yr Yes
N Oph June 15 Feb. 25, 2001 — 986 d, 2.7 yr Yes
1998 Sep. 5,2001-1178d, 3.2 yr Yes
V2487 Oph Feb. 2002 — 1352 d, 3.7 yr Yes
Sep. 24 2002 — 1559d, 4.3 yr Yes
N Sco 1998 | October 21 Oct. 11, 2000 — 721 d, 2.0 yr
V1142 Sco Mar. 24, 2001 — 885 d, 2.4 yr
Sep. 7,2001 — 1052 d, 2.9 yr
N Mus December 29 | Dec. 28, 2000 — 730 d, 2.0 yr
1998 Jun. 26, 2001 — 910d, 2.5 yr
LZ Mus Dec. 26, 2001 — 1093 d 3.0 yr
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3 ° Nova Sgr 1998 — V4633 Sgr
E o o 1|h gy(ékeVJ i
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. ﬁHiM #__ I —i?jf! Hernanz & Sala, ApJ 2007
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Nova Sgr 1998 — V4633 Sgr
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Nova Sgr 1998 — V4633 Sgr

15% Observation ond Ohservation 3" Observation

accC reti on ” Solar abundances

kTgrsy(keV) 0.07 — 0.16 0.06 — 0.10
EMRs1( =107 cm—2) 01 —24 0.5—6.4
kTrsz(keV) 0.6 —1.0 0.2—-1.0
EMgsz(x10°%cm—3) 0:8 =27 0.4 —2.0
kTrg3(keV) >5 >3
EMpsgs(%1055cm—3) 8 —14 6 —10
Funabs.0.2—10.0 kev (X 10 Bergem—2s—1) q—13 233
Lunabs.0.2—10.0kev ( x10%%ergs—1) 3—13 2 — 32
X 1.16 1.22

ej ecta “ C0O abundances
kTgaq(keV) 0.07 —0.15 0.05 —0.13
EMgsi(x10°%°cm—3) 0.3 —5.8 0.5 —11.0
kTRsa(keV) 0.6 —1.1 04—1.1
EMpgo( %105 cm—3) 0.6 — 2.0 0.2—17%
kTges(keV) > 5 > 3
EMpgs(»10%%cm—3) 2 .5
Funabs,0.2—10.0 keV ( * ]-D_la':’-rg cm™? 5_1‘.:' 2—8 2—-6
Lunabs,0.2—10.0kev (% 10%3ergs—1) 28 2—-6
v2 0.92 1.25

9 May 2007 KITP — Accretion and Explosion: The Astrophysics of Degenerate Stars M. Hernanz



CO WD atma=phare + MEFAL (2T] + lina

Nova Oph 1998 — V2487 Oph .= %" 1% (e ssermeten
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Soft component : hot emitting region on the WD photosphere (equival ent radius
~107cm, i.e., less than 1% of the whole surface)
Hard component : thermal plasma (simulated with MEKAL) and  fluorescent Fe Ka
line(s): signature of accretion, restablished as soon as 2.7 years after nova explosion
L(0.3-8.0 keV)=5x(d/10kpc) x103%erg/s (Hernanz & Sala 2002, Science, 298, 393)
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ROSAT PSPCC SURVEY WG932046P_N1_SI01 ff.
Field Title: RASS 3/20/46 ff. AllgllSt 1990

Positional correlation
: with a source
----- - - previously discovered

: by ROSAT (RASS) in
1990 suggests that the
site of a nova explosion
had been seen in X-
rays before the
outburst

Declination (J2000)

17h 32m
17h 30m

Nova Oph 1998 —
V2487 Oph
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Nova Oph 1998 — V2487 Oph

4th observation (Sept. 24, 2002)
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Nova Oph 1998 — V2487 Oph

4th observation (Sept. 24, 2002)
Fe complex lines
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three Gaussian lines at 6.4, 6.7 and 6.97 keV (¢=0.05, 0.05
and ~0 keV | respectively). These energies correspond to Fe Ka fluorescence line
(6.4 keV) and to lines from highly ionized Fe (Fe XXV, around 6.7 keV and Fe

- XXVI, around 6.97 keV).
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V5115 Sgr (2005) — 1.5 yrs after outburst

¥5115 Sgr 2005 (1.5 years after outburst)
dota and folded meodel
source mns‘l grp15 pi snurce mosE grplh.pi source pn— grp'IE p|
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Different behaviours in X-rays of post-outburst novae (1-4 years
old), as seen with XMM-Newton:

- supersoft, still burning H (not very often) - V5115 Sgr (2005):

=) \WD properties: M, ., M., chem. comp., turnoff

wd? env’

- soft and hard X-rays, reaching E~10 keV

» ejecta (heated by shocks) - V4633 Sgr 1998: T and n
distribution, chemical com.

» “cataclysmic-like” emission accretion - V2487 Oph 1998:
accretion disk/stream, (magnetic field, periodicities)
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X-rays from novae: constraints on
models from ROSAT observations
of V1974 Cyg 1992:

supersoft source during various
months
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V1974 Cyqg:. ROSAT's soft X-ray light curve

KRAUTTER ET AL.
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Krautter et al. 1996, ApJ
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X-RAY SPECTRAL EVOLUTION OF NOVA V1974 CYGNI 1992
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Table 1.| ROSAT observational results for V1974 Cyg.

Day after Kab R ot kT"
outburst 1075 (10° cm) (eV)
A 255 0.6-2.4 1.8-3.7 34.3-38.3
B 261 (0.3—-0.9 1.3-2.3 38.4-41.8
C 201 0.4-0.8 1.5-2.1 41.2—44.3
D 434 0.32-0.36 1.3-14 494497
E 511 0.22—-0.26 1.1-1.2  50.6-51.0

“ Normalization constant of the white dwarf atmosphere model, K =
(R/ DY, where R and D are the photospheric radius and the distance to

the source.

? Results from Balman et al. (1998).
“ Photospheric radius for a distance of 2.5 kpe.

Balman et al. 1998, ApJ
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Models for the soft X-ray emission
of post-outburst classical novae

G. Sala and M. Hemanz
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Envelope models for the supersoft X-ray emission of V1974 Cyg

G. Sala and M. Hemanz
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stable high L branch  MODELS (steady H-burning)

D64 G. Sala and M. Hernanz: Envelope models for post-outburst novae
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Fig. 1. Total luminosity (left panel) and envelope mass (right panel) versus effective temperature for our white dwarf envelope mod-
els: ONe75 (dotted line), OMNe30 (short dash), ONe25 (long dash), and CO30 (short dash—dot). Effective temperature iz given in eV,
KTog(eV) = 8.617 % 1003 T4 (K) Solid lines indicate envelopes without convective regions. Five series of models are plotted for each chemical
composition, corresponding to total masses 0.9, 1.0, 1.1, 1.2, and 1.3 M. A line indicating the luminosity-effective temperature relation for
constant photospheric radius is over-plotted in left panel for comparison.
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Model *'h{c Lp]ateau kT:j}tM Tnl}tax Jfmax !.w'min A jIlI.’.:?]

=11y (=11 10 eV

=
(M) | (10* La) | (eV) | (10°K) | [(107® Mg)  (107° Mo} (days)

0.9 39 57 6.6 2.3 1.9 47

ONe75 1.0 4.4 64 7.4 1.4 1.2 24
(X =0.18) 1.1 3.2 73 8.5 0.84 0.71 12
1.2 5.7 86 9.9 0.40 0.35 4.6

1.3 6.2 103 11.9 0.16 0.15 1.1
0.9 3.5 53 6.1 2.9 1.5 160

ONe50 1.0 4.1 60 7.0 1.7 1.2 78
(X =0.35) 1.1 4.7 69 8.0 0.99 0.72 37
1.2 5.2 81 9.4 0.45 0.35 14
1.3 5.6 98 114 0.19 (.15 4.9
0.9 29 49 3.7 3.0 2.2 430
ONe25 1.0 3.5 56 6.5 2.1 14 210
(X =0.53) 1.1 4.0 64 1.5 1.20 0.81 a8
1.2 4.6 77 8.9 0.60 0.39 36

1.3 5.2 93 10.8 0.22 0.16 12
0.9 3.0 54 6.2 29 1.9 230

CO50 1.0 4.2 61 7.1 1.8 1.2 G0
(X =0.35) 1.1 4.7 70 8.1 1.0 0.72 48
1.2 5.4 82 9.5 0.49 0.35 19

1.3 6.0 99 14.7 0.19 0.15 6

“ Time needed for the envelope to evolve from kT = KT — 10 eV to KT 7.

o8 Nz
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Fig. 1. Luminosity versus effective temperature for the high luminosity branch of COS0 and ONe30 envelopes. Time in days needed for the
envelope to evolve between two adjacent ticks is indicated.

Quasi-static temporal evolution
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Comparison

model-observation:

: o'
evolutionof T .«& R 8x108 E

(or L)with time

» IMPORTANT:

T max. would
directly constrain
de’

of distance
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Models that best explain the supersoft X-
ray emission of V1974 Cyg 1992 and its
evolution

M, 4=0.9 Mg, 50% mixing with CO core (but V
1974Cyg 1992 was a neon noval)

or
M, 4=1.0 Mg, 25% mixing with ONe core

[iIn goog agreement with recent models of the optical
and UV light curve (Kato & Hachisu, 2006)]

e M,,,~2X106 M
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