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Red novae
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Red novae
are
stellar mergers

V4332 Sgr
eruption 1994

Sullain Cygno
obseruata a
GobrHevelio

{ no 16y0. Atz 2.5 Fui ”
[
/

V838 Mon
eruption: 2002

7m

s ©

8m

T T !

T — ™
2004 | 2005 | 2006 | 2007 | 2008 |2009:]

V1309 Sco
ol eruption 2008

S 1 .‘ £
Yo .
“ M >
) f.' @ %
i e L I
» hopi e -
10™ i \\\P\ 13 A \ E S .
r . E . E
14
1M1 § > . = /
°
3

120 | o ) | CK Vul
i | . " A (Nova 1670)
14 B I ] - .. OGLE-2002 W

: ] -BLG-360 {

NE
5000

T
11 E- 2001 | 2002 | 2003

w4

—=
P

I (magnitude)
> o
T
!
|

[
S G

15™ |
o1 ELi oy P I
j 2000 3000 4000

Py
16™ 5 R b % ',j = HID 2450000+
= v = e A

. . 2 oo S eruption 2003-2005

500 1000 1500 2000 2500 3000 35(




V838 Mon
eruption: 2002

merger remnant in V838 Mon
optlcal studles 2005 vs 2009
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SWARM spectrum of V838 Mon
O-rich gas: CO, SiO(+iso), SO, SO,, H,S, AIO
T.=70-210 K (LTE)
column densities (= relative abundances)
total mass 0.05 M, (at canonical H,/CO)
Nandez et al. 2013 or 1% of the mass of the merged system
3 | (progenitor binary of 8 M, and 0.3 M)

lost just before or after the 2002 explosion?

E,.,= 104 erg

Kaminski et al. 2018
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narrow-band observations with ALMA of two other Galactic red novae
= similar gas composition
= and physical conditions as in V838 Mon
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First mm detection of BLG-360

First mm continuum detection in a young red nova

SMA filler from July 2 & 7, 2018

25 20 15 160 5 O -5 —-10 —-20
Relative J2000 Right Ascension {arcsec)

7x1073
ex107?
5x1072
4x107°
3x107°

2%x1073

(Woeq/AT)

1073

~1073 *total mass:
~2%1073 @ 8.2 kpc
—3x1073 @100 K

@ ISM grains



T IIIIIII| T

T T IIIIII|

T IIIIIIII

T III]IIII

I S0 e | ! ! l 7

SSES pajative abundances | 2 submm spectra of red novae are similar

AIOH === n .

B= . 1 tospectra of O-rich evolved stars
_ = similar molecules abundances
] = similar excitation conditions

ﬁ E 2 _I 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I_
VY CMa V838 Mon V4332Sgr V1309 Sco CK Vul

APEX

cO

CK Vul is the only % V1309 Sco
i ALMA
C-rich red nova > =
@)
S V4332 Sgr LWJ\’\
& ALMA
8 241 —JWM
o I
2
V838 Mon
SMA
2
AGB star — aomdbmictmudt ‘ e Mira
VY CMa APEX
. SMA
red supergiant— |42 4 A gl Sl
: . +
4 | _
1 I L L L 1 I L L L 1 I L L L 1 I 1 L L 1 I 1 L L L I 1 L L L I 1 L L L
3445 345 3455 346 346.5 347 3475

Rest frequency (GHz)



x

s

some planetary nebulae and
pre-planetary nebulae can be
stellar merger products

E,.. =10%% erg
(as in red novae)
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Most peculiar isotopic composition
(single dish)

CK Vul Solar

RCMBC=38+1.0 893
BC/MC> 141

MN/PPN= 20 + 10 441 CAUTION

60/180=36 + 14 4988
180/1702 5 54 '.'
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CK Vul’s progenitor: CNO processing
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>~ hot CNO burning and incomplete He burning



Nova 1670 = CK Vul
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MgAl chain
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COMPTEL map of the Galactic emission from 2°Al decays




