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while Photosphere recedes to smaller radii
the spectrum shifts to increasingly high energies.....
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= SSS phase

.... until the peak of the spectrum reaches soft X-rays

Photosphere

--> direct observations of nuclear burning
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Swift observations of RS Oph 0Osborne et al. 2005)

Q l—.—-—.—-—,—-—.—-—.—.—.—-—.—J
" shock phase SSS phase

nebular phase

®
-
Qo
5 &L | -
e R l
, i
| & "
m S o

>, - L~ s I
! G_ 3 | 2 = | |
§ = 2 s ’%I‘ z g ll
5 £z s C |I @
= - R | :
> 5 > I o

1 |Il4 Jll |' ©

I I .Il ‘” . -Q
0 a0 100

day since outburst



BSC
420
zaf]

120

EEB

330

a0g

200

.'3_'118

1050

1141B

SF0C

3530
176G

p

A

34

10G

5t

S

3t}

G

248 1.24 083 0.50 1 TS
| day 13,31
Chondra MEG
. .
day 13.81
— Chandra,HES
Y
| day 13.85
i MM RGS
o
day 26.13
— J;L FMM/ROS T
| day 38,69 ]
ChondraLETG
r.S B, .
| day 54.05 ]
XM RGS
day 65820
- ChorndraLETG T
| days Z204-—-203
Chardra /LETG I |I| h [ I |
| day2D5.25
X W RES
Al n
| oy 207.92
Chondra,LETG 1 l l ﬂﬁ !|| H l ﬂ 1
| day 239,15 ]
XMW RGES




phcem™ {10%s)7 A7

40

3T

20

10

h:1

— RS Oph:13.8 days after outburst H-like ions
- S He-like ions
: - other lines
- g
% 0 (FeXVII - FeXXV)
- £ = > . 1
;E - & $ simultaneous
Chandra and XMM_
| z_ spectra
| 3
i x =
i »{ Sl CEE
i l ol | EE
! WL o725 8
_ 41 | o= ©
| ! I I

5 10




58.5

57.0

56.5

h

-@-\-
—_—
—_— T —

“?

[ A= 2

=H.8.30
=8.080
P. 7.080
A=7.530
A=7.330

hf%:g |

.0 B.o
Fri Moy 23 13:27:37

7.0
CEST 2008

leg(T/K)

5.0




| | | | | | | | | | | | | | | | | |
D85
o8.0 —
oo
S
& -
>
?::‘:l 5?.5_—
£
_|:'::, -
270
B M o A=E 7o —
— ) L UM ) ———
| i
56.5 - 51 {A=7.860] ——
i | ] ] ] ] | ] ] ] ] | ] ] ] ] | EI .'llll'.lz?rIEIEIIi:| ] ] |
©.0 £.5 7.0 7.2 RN 8.0

Fri Moy 23 13:23:32 CEST 2008  log{T/K)




0.4
- N high —%
i _ -
b2 CNO-cycled
O i material
o~
>,
o, U - solar @twice @ten times
i solar solar
—0.2 -
—0.4
i ! | \ \ I \ | \ \ | \ | \ ! |
0.0 0.2 0.4 0.6 0.8 1.0 1.2

IN/Fe]



0.4 -
: RS
0.2
s i
L
& i
o Lor
—0.2 - RS Oph secondary has
- IN/Fe]=0.9:
i (Pavlenko et al. 2008)
—0.4 = => 20-40% of N from
- | | | olutburst | |
2.0 0.7 ! 0.6 0.8 1.0 1.2

IN/Fe]



| | | | | | | | | I | | | I
I Samplk of M giants by
i Smith & Lambert (1985/86)
0.4
- —
0.2
© i —
L
e
o 00F
—0.2 RS Oph secondary has
i IN/Fe]l=0.9:
i (Pavlenko et al. 2008)
—0.4 - => 20-40% of N from
- | | | | outburlst |
C.0 0.7 0.4 0.0 0.0 1.0 1.2

IN/Fe]



[0/ Fe]

Mg/ Fe]

- :_ Sample of M giants by Rich et al. (2007)““_.

0.4 f— B

0.0 it ' *

GI};,,,H,,,,,,H,,,”,,,H,,,”,,,H,,,H,,H,,,H,,,H,

0.6 F *

Dﬁ?é T N T e

0.2 F T

0.0 T
. 0.2 .5 0.4 0.5 D



phcem™ {10%s)7 A7

40

3T

20

10

h:1

— RS Oph:13.8 days after outburst H-like ions
- S He-like ions
: - other lines
- g
% 0 (FeXVII - FeXXV)
- £ = > . 1
;E - & $ simultaneous
Chandra and XMM_
| z_ spectra
| 3
i x =
i »{ Sl CEE
i l ol | EE
! WL o725 8
_ 41 | o= ©
| ! I I

5 10




20

20

1

1o
A

1 month later
from
° @ @Wie Dwarf
|

10

v lv v by v v 1
o o - e -
=+ M i) —

= (801} z-Wo yd



.20 F s o ' T ]
n stt:lm:lc:lrd DbSDFDtIGH }{?d—'] 4. 3[] -
- 0B === reduced absorption Yiag— | =G0 - ——-~- —
< - day 39.7 for 2308 dof 1
@ 0.15 = ~ CI=30% -
© oo Dblackbody E
Soo0.05 =
000 Pl T .
[ day 54.0 2 =173.45 .
U a7 T
= 0.8 for 2188 dof
' - Ol=0% A
i B -
I __
IE B |
I:'} B —
£ 02 —
581
= T XS0 S ]
e O for 2308 dof
2 - OI=0% |
g 02 -
= - -
0.0

10 15 AN

» A ﬁess et —ng. (20657)



flux [107"° ergem™ sec™ A™']

A oY B )

—

O

PHOENIX models for RS Oph {doy 66.,9) with Chignti
I I | I I I 1 I | | I I |

T650,lg085,

eX
X

NVII edge
\

| |
T600.Ig08S.wli101.st12
wl101.st12
T700.1g08S.wl101.st12/1

NH=

7.95: R=19598.20

NH=B.72; R=6437.49
NH=5.86; R=3251.58

solar abundances

Q0. w.Rassum, JU Ress (2007)

OVII edge o =
\ =
/ | =
. lj | —
= h | I gy
@ [ 1|f ' {| | %
ARAL '}
% 0 II i
f e
MN i
ol el ',r;__:" -
-J-—-ﬂ'hr‘-'—’-"ll ! ! | : | | Bk 0
15 25 30



ConTS

calnts

cCoLnts

CoLNTS

234
200

120
104
al)

254
200

150
1040
a0

E-DB
=00

404

200
200
100
EDH
500
400
206
200
100

--l| ] V4 d % N

M - )
Iy, 1 - dg'l
1' - ry

I‘WI"‘E TEA

Ness et al (2007) =1.13

: ‘“ dﬂyEEQ

nga.?aﬁ
v=0.66

a2 1,604
=1.01

OvIZ 1. B0A

X=1.24

MVIIZ 4., TBA

=024 . =

MWl 12, 784
212

T, uurlcl'ble
----- T.=1

r:nwn;.a.g?ﬂ c:wnga.g?a
y'=1.19 X'=2.85 1
—gon]  =2a00 —:WGD i 1000 2000 =000 —=2600 —I-EIDEJ 0 1400 2000
w (km zec™) v (km ssc™)

200

150

100

—elirt=



Lines are significantly shifted
and broadened

=> considerable expansion velocity
of >1000 km per second
but models are static.

Expansion may wash out the
absorption edges and needs to be
taken into account.



Some other novae:



Chandra LETGS Light Curves of V4743 Sgr (Sept. 2002)
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Swift observations of V723 Cas (1995)
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Steady burning in permanent SSS

Accreted material is nuclearly processed
at the accretion rate

no buildup of hydrogen -> no explosion

-> can go on for ever until Chandrasekhar
mass limit is reached

== Possible Supernova Ia progenitors
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Summary

- While the concept of nova evolution
is relatively simple, we have
witnessed some puzzling behaviours

- The SSS phase is the brightest
phase but is most difficult to model

- For novae we need expanding
atmosphere models, while static
models can explain SSS like Cal83



Concluding remarks

- In order to understand the various
phenomena, systematic X-ray
observations have to be taken

- Multiwavelength studies are needed
to interpret the information of
each waveband in a broader context

- High-resolution X-ray spectra are the
only way to determine abundances



More will be covered on Friday in session C.2 with
Talks by Orio, Hernanz, Adamczak, Terada, Ishida

Other recent novae:

V5116 Sgr (Sala et al. 2008, poster C.4)

V458 Vul (Poster C.7 by D. Takei et al.)

V382 Vel (Orio et al, 2001ab, Ness et al. 2005)
V2362 Cyg (Lynch et al. subm.: Rebrightning!)

V2491 Cyg (brand new XMM observation last week)
Swift is presently obtaining similar light curve as

that for RS Oph and has observed many novae
(see sample by Ness et al. 2007)
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Talks by Orio, Hernanz, Adamczak, Terada, Ishida

Other recent novae:
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V2491 Cyg (brand new XMM observation last week)
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that for RS Oph and has observed many novae
(see sample by Ness et al. 2007)



Really bright novae are rare
and only three of themwere
observed with X-ray gratings

=> Our community is hoping for
a long life time of XMM-Newton
and Chandra!



Additional information
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The 6 outburst of the recurrent nova

RS Oph in X-rays
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