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The 25 first days of the nova event
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Novae Classification

Explosive event (TNR) in the degenerated envelop
(accreted from a main sequence star or a red giant) at the surface of a white dwarf
Recurrence = +++ 100 to +++ 1000 vy for « classical novae » (observed once)
< 150y for recurrent novae (several nova outbursts observed in « modern times »)
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RS Oph 2021 - Lightcurve

Previous nova events RS Oph AAVSO V 2006 & 2021
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RS Oph 2021 Rise Max — 0.5 day

First spectrum of the event in the database
Secured by J.B. Desrosiers
Alpy R = 600

Near Maximum Luminosity RS Oph 2021-08-09.065
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RS Oph in quiescence

-

7
7

RS Oph in quiescence - simplified model
Iopjz*a’tion front
HY 7

High density symbioticpébu‘_aIO V~30km.st

Ne = 10%-10°cm3 M>107 Mgy
Te=10-20.103K /

!

babl onDisk 1 0™ rhig : Distance

Probable Accretion Dis VeryHl?gh Accretionra RG Subject to debate
. Q — 'M~10" Mg /y K711 S Not clarified by Gaia
- '.‘ T ~3500 K (Scheaffer)
| L~ +++1000 Lg

Accreting -~ \

Envelope Low mass donor R.V.=-40.2 km.s1
(degenerated) 0.8 M) (Fekel+ 2000)

Massive WD (~ 1.2 to 1.4 M ¢) |
[ ~C L

Bold: ~
Main differences/typical SySt 1A.U. RN

P =455.7(0.8) d Fekel+ 2000  ~-._



RS Oph in quiescence

Monitoring upon a request of Natalia Shagatova and Augustin Skopal

Last spectrum in quiescence
P. Dubovsky RS Oph 2021-06-07.969
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RS Oph 2021 - F. Teyssier



RS Oph in quiescence
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RS Oph 2021 - F. Teyssier

1. Main emission FWHM =~ 160 km.s!
+ shoulder in the red part

2. Deep Central absorption RV = -63 km.s?

3. Very broad —variable- pedestrial RV ~ 1900 km.s™!

Spectra:
Tim Lester
Echelle R = 14000
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RS Oph Nova outburst

Simplified model lonization front

4 H 7 4v~10-30 km.s?
1 7
I;/nlr:;:u;burst & S o | M107Mefy
Pt >P .
2TNR V 3000 km.s?
T ﬁ >T Fermi
vV T ~3500 K N
< O L ~+1000 Lg
IVJ“

Nova event V

Degeneracy removed (T > T;)
Expending Envelop

Ejecta (bipolar ?) Symbiotic nebula
Fast wind (?) Ne = 108-1010cm. Ho
v Te=10-20.103K  “~..
Ht e
° o\\\
[1] see: ~1A.U.

http://www.astronomie-amateur.fr/Talks/2020_Novae_Partl_EN.pdf



RS Oph 2021 Nova outburst day max + 0.5d

le—10 RS Oph 2021-08-09.803
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RS Oph 2021 Early decline (max + 0.5 day)

Echelle spectrum
Near Peak

RS Oph 2021-08-09.957
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F. Teyssier Remote station SMM-SP with a NOUT- Joan Guarro- (R =9000) mounted at the focus of a SC 16”



RS Oph 2021 Nova outburst The first 24 days
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RS Oph 2021 Nova outburst day ~ 1.5 (max + 0.5d)
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RS Oph Nova

Max+1.5d

o\,
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outburst

lonization front

H*
Colliding ejecta/nebula o
V ~ 3000 km.s™!

Mej ~1.1 10
T ~3500 K

<

Envelop at ~¥ Rmax
Giant dimension
Ejecta (bipolar ?)

Wind (?)

Disk blown (?)

[1] see:

http://www.astronom
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RS Oph 2021 Nova outburst The first 24 days

ARAS Database: https://aras-database.github.io/database/rsoph.htmi
339 spectra at resolution 500 to 30000 from to 23-03-2011 to 03-09-2021

Daily monitoring with echelle spectra (R = 9000 to 11000)
and for the first time with echelle spectra on 14th of August: 12 hours time scale

=Very fine timing (+/- 0.5 d) of the major events, notably the rise of high ionized lines
AND

= Detection of fluctuations which were unknown despite the modern observations of several outbursts

Echelle spectra used in this presentation were secured by:
Stephane Charbonnel (FR), Colin Eldridge (AU), Olivier Garde (FR),
Joan Guarro (SP), Olivier Thizy (FR), Francois Teyssier (FR-SP)

Page 11: the development of the spectrum

using LISA spectra (R = 1000) obtained by David Boyd, Pavol Dubovsky, Keith Shank
and Alpy spectrum obtained by Jean-Bruno Desrosiers

RS Oph 2021 - F. Teyssier


https://aras-database.github.io/database/rsoph.html

RS Oph 2021 Nova outburst The first 24 days

RS Oph 2021-08-15.9 (dark blue) 2021-08-20.9 (cyan)
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RS Oph 2021 Nova outburst The first 24 days

RS Oph 2021-08-15.9 (dark blue) 2021-08-20.9 (cyan)
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RS Oph 2021 Nova outburst The first 24 days

Relative intensity

RS Oph 2021-08-15.9 (dark blue) 2021-08-20.9 (cyan)
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RS Oph 2021 Nova outburst The first 24 days

RS Oph 2021-08-15.9 (dark blue) 2021-08-20.9 (cyan)
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RS Oph 2021 Nova outburst The first 24 days

H alpha
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RS Oph 2021 Nova outburst The first 24 days
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Fe Il (42) 5269 A
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RS Oph 2021 Nova outburst The first 24 days

RS Oph - Halpha 6563

RS OPh 2021 - EW (Ha)
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RS Oph 2021 Nova outburst The first 25 days
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RS Oph 2021 Nova outburst The first 24 days
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RS Oph 2021 Nova outburst The first 24 days
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RS Oph Nova outburst

~ 3000 km.s?

N

/N

TNR ending
The envelop retracts

T #A (perfect gaz law)
UV, soft X &

? lonisation states

lonization front

Symbiotic nebula
Ne = 108-101°cm3« _

Te=10-20.103K

el V~10-30 km.s?

T~3500 K

L~ +1000 Lg

[1] see:

http://www.astronomie-amateur.fr/Talks/2020_Novae_Partl_EN.pdf
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RS Oph 2021: high ionised lines

RS Oph - He Il 4686
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RS Oph 2021: high ionised lines

R5 Oph - Raman QN GB26
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RS Oph 2021: high ionised forbidden lines

ArtiErary unit

RS Oph - [Fe VIl 6087
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RS Oph 2021. Next steps: very high ionised lines

Provisionnal assessment

1day cadency monitoring at R = 9000-11000 on the visual range

We produced —very probably- the best monitoring of a nova event in RS Oph system- sut see also: https://arxiv.org/abs/2109.01101
- Fine timing of the evolution +/- 0.5 day

- Demonstration of significant short-term fluctuations in the evolution of certain lines

Ongoing monitoring at 1 day cadency High cadence of both photometric and Thanks to amateur

- With perhaps new surprises spectroscopic observations as provided photometric and spectroscopic

. . . data, we are now able to monitor the
- Towards very hlgh ionized Species by AA\./SO and ABAS databases allows evolution of symbiotic systems on
a detailed mapping of usually fast

timescales which were not previously
events of outbursts

available.
A. Skopal, 2019 R. Galis& al., 2019

Follow the monitoring

On ARAS Forum Your observations, taken with higher cadence than usually followed in the literature will be key

http://spectro-aras.com/forum/viewtopic.php?f=36&t=2804&start=80 to understanding this in a broad range of systems. S. Shore, 2015
Your dedication, interest, and persistence are continuing gifts to the community, to future
generations who may eventually be able to understand these phenomena because of the
precision and care of your contributions. You may think it's just one spectrum, or one datum, but
without the history any inferences are tentative at best and misleading at worst. S. Shore, 2020
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Pre-nova outburst monitoring 8
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Symbiotic stars

TCrB

T CrB high state since 2015
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Munari +, 2016
lelkiewisz+,

0 Low state : MIIl + weak Balmer lines

[ High state

Increase of
 Balmer, He |

* Helll, ClII/NIII, [Oll]

Flux (argfcmisaciy)

LISA spectroscope R = 1000
D. Boyd, F. Teyssier

2E-12

1.5E12

1E-12

5E-13

{3

HWN“MME
g

Low state High state
925010 2011 2012 2013 201. 2015. 2016. 2017 2018
I T I I
10 -
s e
) R R
® 105 [} o E) :' e deo o
E . %_‘ :‘ wca # ¥ 'g
 mr LS L 2R DI o f?‘ ®
s o ° ° 'S LRI
L A ;é "oy .
153 .. O UNEE ¥ & oo
. o ® 'f b SR *3, ¢ !
Ty, ﬁ{' e ; JD 2450000
12 » . I I o | I | |
5500 6000 6500 7000 7500 8000 8500
AAVSO B band lightcurve — 1 day mean
T CrB
T
= — 2014-05-04.014
:‘i':-’ — 2015-04-15.928
— 2016-04-12.916
o i
= T r.,;f
=4 =
= = |
i O =) \ e
|
| f"‘fn (1 I bl .('( I
LU
dwﬁf W lr —’N" "‘

4000

4500

5000 5500
Wavelength (Angstrom)

6000

6500 7000

2019

+



Symbiotic stars

TCrB

Maximum EW(Ha) = 6

Continuing analysis following
llkiewicz & al. (2016)

Pale blue: published values
Dark blue: our analysis

Global trend of decline
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Symbiotic stars

Last échelle spectrum

TCrB 2021-08-27.831
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Last échelle spectrum obtainted by Joan Guarro
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who are contributing
to the monitoring

of RS Oph 2021 event

All my (and our)
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for his tireless support

ARAS Eruptive stars database

The
Astronomer’s Telegram

ARAS Group spectroscopic monitoring of the latest
outburst of RS Oph

ATel #1488, 5.

on 23 Aug 2024 11:31 UT

Continuing ARAS Group spectroscopic monitoring of
RS Oph: appearance of high ionization lines

ATel #14881; 5. N. Shore (Univ. of Pisa By
on 28 Aug 2021; 12:30

ARAS Group monitoring of RS Oph 2021: Rapid profile
variations of He Il detected

ATel #14883: 5. N. Shore (Univ
Sh 5 J
on 29 Aug 2024; 00:36 UT



ARAS Eruptive stars database

Some lectures

What to expect and why:
RS Oph and Symbiotic-like recurrent novae (2021)
by Steve Shore

http://www.astrosurf.com/aras/novae/InformationLetter/ARAS_EruptiveStars_2020-04a.pdf

ARAS observing proposal: Recurrent symbiotic nova RS Oph A. Skopal & N. Shagatova (2019)
https://ui.adsabs.harvard.edu/abs/2019ESIL...42....2T/abstract

Multi-wavelength Spectroscopic Study of Shock Phenomena Driven by Explosive Outbursts in Symbiotic-like Recurrent Novae.
Alessandra Azzollini Thesis (Supervisor Steve Shore)

http://www.astronomie-amateur.fr/Documents%20Novae/Tesi Azzollini.pdf
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