7

‘, —

—

i
NN (N
Yy Fyr 11

Red novae

stellar mergers
Wlth LSST Tomek Kaminski

Nicolaus Copernicus Astronomical Center
Polish Academy of Sciences
Torun, Poland




R CrB stars

the great eruption
of n Car

Belfgeuse”

some pre-plahetary
nebulae

HD 45166

% chemically peculiar stars
% R —type stars

(Boomerang)

Biue Ring Nebula S -
e Bl re ; ~ pEr I :
apomelous Cepheidet, ., pro-tostars

-OMCl .seurce l

TYC25977351 '

% some blue strugglers
% hot sub-dwarfs
% Be & Ble] stars

*. v s ‘o : by
thepliogenitor o *&
of SN 1987A




z0o of
light curves
of red novae
Galactic and
extragalactic

40.5

41}

37}

36.5

(luminous)
red novae

wAT2018hso
=SN1997bs

AUGC12307-20130T1% ;

*NGC3437-20110T1
*NGC4490-20110T1
»M101-20150T1
+SNhunt248

- AT2017jfs

= AT2014ej

- V838 Mon

aV1309 Sco
0M31 LRN 2015

3
o
n]
a

oL

0
.
.
.
0
.
.
.
.
.
0
0
0
0
0
0
0
0
0
.
.
.
..
.

-200 -150 -100 -50

0 50 100 150 200 250
Days since first peak

300




log L/Lg

V838 Mon

eruption: Jan. 2002

~| 1T T 1 ] 1T T 1 { T T T { T 1T T 1 {_
i % g4 luminosity -

% . .
I S ]
i "% ]
: ! |
I % ]
|y . ° %%K B
I ]
I “Ho ]
i 3]
| | | | | | | | | | ‘ | | | | ‘ | 1 | |

&
1 1.5 2 2.5 3
log time (days since 1 Jan.2002)

8000

6000

Teff(K)

4000

2000

Relative flux

Red novae

as a class of

transients
LA B L L
I % temperature |
:*%: ;92,.;1 :
i A ]
; %% *%*%%%é
T B BT A
1 1.5 2 2.5 3

log time(days since 1 Jan.2002)

(oS)

ottt
25 [— 28.0202 Ha —
S R 08.03.02 -
2 |— 18.03.02 —
L | -—— 26.03.02 -
1.5+ \ —
| . - SN
0 ejecta ™=
L | vellocities i
| | | |
-400 -200 0 200 400
Radial velocity (km/s)
[ T T N T T I{/."I ] }/ T T 1 [ 1T T 1
" radius & b/c .
3.5 [ F s ¥ R
- ;‘.‘ :{'/.l,: o \% ]
o) N /¥ ’ \&ﬁ B
S id : i
E r ,“5 ‘.4! %\L&
w 3 :; *. @\jﬁ\ o
¥
[ ?g -
25 | T N
‘ | | | | ‘I | | | | 1 | | | | 1 | 1 | ‘
1 1.5 2 2.5 3

log time(days since 1 Jan.2002)



CK Vul
(Nova 1670)

V1309 Sco
eruption 200

" B
.
q
- |
N
" B
m

= v‘_r.._&”

500 ‘IOOO 1500 2000 2500 3000 35(

15°
0°§

-15°

8

V4332 Sgr
eruption 1994
60

5+ Galactic
red novae

Iw(magnitude)

) OGLE-200
-BLG-360

+2003- 2@05

V838 Mon
eruption: 2002




CK Vul
(Nova 1670)

V1309 Sco
eruptlon 2008

n L% e o T

V4332 Sgr
eruption 1994
60

5+ Galactic
red novae

> OGLE- 2002\'\.
-BLG-360

500 1000 1500 2000 2500 3000 35(

21eru ption-2003- 2@05

V838 Mon
eruption: 2002




ZTF SLRN-2020 (subluminous red nova, <10 M,,,+1 M) 100 L

K. De at al. May 2023, Nature

Other transients reported: ASASSN-15qi,ASASSN-13db (possibly YSOs)
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extragalactic (luminous) red novae:
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and more !

too weak to be observed after their outbursts
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LSST to the rescue?




predicted red-nova rates:
> observed rates corrected for completeness, biases

- B | » population synthesis plus some model of merger
~ physics
c | Soker&Tylenda 2006: 1 in 10-50 yr in MW
E ‘ albsollut‘e n"laglnitludé l
13 3 E HHWV Kochanek et al. (2014), based on bright MW
: X =°F HH 11 events, no correction for incompleteness:
donor mass (M,) E e 2 faint red novae per decade per galaxy
T G 2 (one V1309 Sco/10 yr)
3 g:u : §§ plenty of missed low-luminosity events
T ~| 14 ) }
Stellar Mergers are Common * [, oanitwde (@1 Mpe) N~L at -11<M<-16 mag

e Bayesian statistics
C. S. Kochanek!?, Scott M. Adams'? and Krzysztof Belczynski®*

L Department of Astronomy, The Ohio State University, 140 West 18th Avenue, Columbus OH 43210
2 Center for Cosmology and AstroParticle Physics, The Ohio State University, 191 W. Woodruff Avenue, Columbus OH 43210
3 Astronomical Observatory, Warsaw University, Al. Ujazdowskie 4, 00-478 Warsaw, Poland (kbelczyn@astrouw. edu.pl)

4 Center for Gravitational Wave Astronomy, University of Texas at Brownsville, Brownsville, TX 78520 Howitt et al . (2023) used population Synthesis
e 8x1074 Mpc3yr
« 2 bright event per 10 yr per galaxy

But! No red nova in the MW since 2008



predicted red-nova rates:

> observed rates corrected for completeness, biases

> population synthesis plus some model of merger
physics

THE ASTROPHYSICAL JOURNAL, 948:137 (27pp), 2023 May 10

102
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10-3 —— ZTF sample (this study) ZTF survey (extragalactic events only)
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Karambelkar et al. 2023



Red novae in LSST**, 10 yr cadence

300-1500 red novae detected (Mr<13.5 mag)
how many of these will be recognized?
strong contamination from accretion events, especially from YSOs
few will be bright enough for spectroscopic follow ups

a few cases of contact binary decay as in V1309 Sco (cadence 10 yr!)

use LSST rates to get populations synthesis / merger physics right
possible binomial distributions for mergers vs common envelope systems
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**Based on calculations of
Howitt et al. 2020, Karambelkar et al. 2023




Red novae in LSST**, 10 yr cadence

300-1500 red novae detected (Mr<13.5 mag)
how many of these will be recognized?
strong contamination from accretion events, especially from YSOs
few will be bright enough for spectroscopic follow ups

a few cases of contact binary decay as in V1309 Sco (cadence 10 yr!)
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use LSST ratei : thesis / merger physics right
possib,. - \-\K\b s for mergers vs common envelope systems
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Howitt et al. 2020, Karambelkar et al. 2023
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