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0.Eruptive Stars Monitoring with decimeter-class telescopes

Generally : 20-40 cm [ED 76mm — T1000]
Slit and echelle spectrographs R=600 to 15000
Commercial (essentially Shelyak) and Home Made

* Reactivity
* High cadency
* Long term monitoring

1. ARAS program
2. Requests from professional teams

ARAS Eruptive stars DataBase (asdb) 12800 spectra
https://aras-database.github.io/database/symbiotics.html s - .

Since 2013 (spectra from 2010) Symbiotic Stars (N = 103): 8263
Design and fonctionnalities improved by Joroslav Merc (2022) Novas (N=65) 14163

_ _ Dwarf Novae (N=33) : 377
e  Minimum resolution: 500

* Free access Used in ~100 publications

. ..
Prellmlnary CheCk https://ui.adsabs.harvard.edu/user/libraries/jd9bULL8SU-uBHbblit3Xw
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0. Spectroscopy with Very small telescopes

NOUT at Santa Maria de Montmagastrell (SP, Catalunya)

o Remote observatory Joan Guarro Flo

o Meade SC 16” Fork Meade Mount

o NOUT échelle R =9000 Home made (optical concept: Tim Lester)
At the focus of the telescope

o CMOS ASI 2600MM

o Range 3800-10000 A
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Selected examples

Classical nova Cas 2021 (V1405 Cyg): Oscillations at maximum and nebular phase
Recurrent nova RS Oph 2021

BX Mon: an eclipse in an accretion powered symbiotic star

AX Per: classical symbiotic star

T CrB: recurrent symbiotic nova before nova event

LnhEwneE
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0. Eruptive Stars

Disk

 Dwarf Novae ) . :
* Disk partially or totally disrupted

MS Star

Dwarf nova outburst (TS: days to years)

Late type
-‘ (thermal disk instability)
Nova events (TS: 1000 years)
White Dwarf Donor Star

Accreted envelop = (TNR in the accreted degenerated envelop = ejecta)

Degenerated or no

Re P: few hours

== ":'\‘ * Recurrent nova outburst (TS: 10 years)
G Red Giant
Accretion
K-M
* Symbiotic outburst (Z And in GCVS)
~ Z:’ * Symbiotic nova outburst
Nebula Myind * High and Low states

o—0

A.U. P: few years

Accretion powered

* Symbiotic Stars
Y * Hsteady burning (L, = 100-1000 L )
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1. Very Slow Nova with multiple rebrightnings

Nova Cas 2021 = V1405 Cas

Classical nova
Oscillations at maximum
Jitters

546 spectra
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1. Very Slow Nova with multiple rebrightnings Movs Cas 2021 - Halpha 6363

Nova Cas 2021 = V1405 Cas
Classical nova
Oscillations at maximum 2021
Jitters
g
=
E
g
—I:IEDDI} =Z000 =1000 1] 1000 pra i [ ] AT 7
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1. Very Slow Nova with multiple rebrightnings

Nova Cas 2021 in nebular phase

2022-01 to 2022-07
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1. Very Slow Nova with multiple rebrightnings
Nova Cas 2021 = V1405 Cas

le—12 Mova Cas 2021 V1405 Cas
— 2022-03-17
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2. Recurrent symbiotic nova RS Oph

2021 outburst

RS Oph
Accretion powered symbiotic
Recurrent nova: 1898, 1933, 1958, 1967, 1985, 2006, 2021

RS Oph 2021
High cadency
Optical spectroscopic monitoring

F. Teyssier, J. Guarro Flo

Nova Cas 2021 Light Curve {AAVSO V) & ARAS Monitoring
P, 453.6d
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http://www.astronomie-amateur.fr/Documents%20Symbiotic%20Stars/ROOM9_SS18b_1215_Teyssier.pdf
http://www.astronomie-amateur.fr/Documents%20Symbiotic%20Stars/ROOM9_SS18b_1215_Teyssier.pdf
http://www.astronomie-amateur.fr/Documents%20Symbiotic%20Stars/ROOM9_SS18b_1215_Teyssier.pdf

2. Recurrent symbiotic nova RS Oph 2021 outburst

RS Oph in quiescence - simplified model
lonjzation front
He
High density symbiotic nébuﬁo V~30km.s*
Ne = 108-10%°cm3 M>107 Mg /y

Te=10-20.103K ,/

T V ~ +100 km.s? /

Probable Accretion Disk High Accretion rate

RG

- O = 'M~107 Mg /y K71l -
b ‘.\ T ~3500 K
l L~ +++1000 Lg
Accreting -~ \
Envelope Low mass donor
(degenerated) 0.8 M)
Massive WD (~1.2t0 1.4 M )
® \\‘\ ®
Bold: ~
Main differences/typical SySt P =455 7 (OJS-)AdL::ekeH 2000 \\\\
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Distance

Subject to debate
Not clarified by Gaia
(Scheaffer)

R.V.=-40.2 km.s1
(Fekel+ 2000)
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2. Recurrent symbiotic nova RS Oph
RS OPh  Intensity Continuum. H alpha
:
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2. Recurrent symbiotic nova RS Oph

Method

RS Oph 2021 EW. [Ar X] 5533
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2. Recurrent symbiotic nova RS Oph
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2. Recurrent symbiotic nova RS Oph

2021
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3. Long term monitoring of AX Per, classical symbiotic star

Classical Symbiotic
Steady burning

High states and outbursts
Eclipsing

AX Per Light Curve (AAVSO V) & ARAS Monitoring

60

Arbitrary Unit
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4500
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3. Long term monitoring of AX Per, classical symbiotic star

Classical Symbiotic model

lonization front

7

AX Per in quiescence
H* // V~10-30 km.s?
Two 105000 K Ho M 107 M o /y
Lwo /10Le Ne=10:100cm? /.
Muw 0.4 Mg Te=10-2010°K

N V +++100 km.s? '
w o 3.107 Mgly T

RG M5 1 M10%-107 Mo /Y | T73500K
“ O ) L~ +++1000 Lg
Mg 1.1 Mg '
G \
P, 682.1d l \
o 0 WD \
| T~105K Quiescent state
3357 pc ~ R
L~ 103Lg Hot component releases energy at ~ constant rate
Accretion - Mass loss - lonization in equilibrium
® \\i\
~1A.U.
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3. Long term monitoring of AX Per, classical symbiotic star

AX Per EW H beta

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 250 - 18
250 » A 17

ﬁ :. 200 s o
200 - i § Cow e 16
| 1 | R A -
i . ' i 150 4 oY .
150 - s f . : L s

100 4 . . R L I ' PR I e
. Il . ‘ . y “ o ' ! é SR R
5 : . 'y o} . s 20 . Lol 5
50 . “-‘- . h ] LAY 501 oS LT
L i . ! i L ] ., v X ) ]
0 ? ? = G0 oz o+ os os 1o ©
T T T T T L] T T phasel
AX Per EW Hell 4686
'2013 2014 2015 2016 2017 2018 ; '2019 2020 , '2021 2022, 2023 18
801 ' t .’ 80 :
: U L 70 . v
' - . . *
- i ik L . 1.
60 | y ‘ ; » 60 -."-:~ . et 16
i t.. o 50 "'.-; ,‘.Q..,‘
| . ' b .é . -2 W o
| ) d | L 3 2 : PP ; 15
40 _ P a- . ° o g
- L % . | nE
[ ] ! "N . M 30 1 . 14
20 | . 20 Y
.' 101 13
.
. | ? 04 i ‘ ‘ i . 1
0 - - i - I - - . r I T r 0.0 0.2 0.4 0.6 0.8 1.0
phasel
AX Per EW [Fe VII] 6087
20 - |2013 |2014 |2015 |2015 |201‘.' |2015 |2019 |2020 |2021 2022 [2023 b
| | | 15.0 .y
17

. 12.5 {

15 A

16
10.0

757 3~

]
4
H ' H
i R i . -
1o- 4 L
504 wi . . R s .. ., 14
X 1 ] ) . LA e . ' . D
Dashed line: 5 4 _ w., & . L ; 25 oL RS s

ot

LI X Y.

Eclipse IR - ] i '_'j 00 R
) o . 7 ’ 00 02 04 06 08 10 z
[SkOpal, 2011] 0 1L b . i u I — phasel

6000 6500 7000 7500 8000 8500 9000 9500 10000 10500
JD - 2450000

Small Telescopes Conference Il Tatranska Lomnica Sept.2023 18



4. An eclipse in BX Mon

BX Mon
Spectroscopic orbit RG Photometric periods
P =1259d P =1250 to 1400d
e =0.44
[Fekel+,2000]
BX Mon - AAVSO Vis.
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4. An eclipse in BX Mon

2011-10-22.150 sp. phase = 0.906 2017-12-30.964 sp. phase = 0.703
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4. An eclipse in BX Mon
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4. An eclipse in BX Mon
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4. An eclipse in BX Mon

Synthetic spectrum
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4. An eclipse in BX Mon

Flux of the continuum
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BX Mon TiOl Index
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6. Preoutburst monitoring of the recurrent symbiotic nova T CrB

Interacting semi-detached binary

Lyst. RV.=-27.8 km.s! @

Nebula
H, He, N, O, Ca Inclination 60-70 °
Partially ionized (Te 10-50 eV)

WD
1.2 (0.2) Mg 13]
LHC40 L@ wind  wind

1@

. . BL Hot Spot | 1
Accretion Disk Xrays [s,6]

Distance= 806 (33) pc [s] 0.5(0.1)ua @

P Orb. =227,56 d [2]
e=0
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6. Preoutburst monitoring of the recurrent symbiotic nova T CrB

TCrB

Accretion powered symbiotic L, ,, =
P=228d
Recurrent symbiotic nova (1866-1946- from now)
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We have not the full story: only 3 episodes in season 2
What is the current M, ?
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6. Preoutburst monitoring of the recurrent symbiotic nova T CrB
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6. Preoutburst monitoring of the recurrent symbiotic nova T CrB

OFlickering
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https://www.astronomerstelegram.org/?read=15916

6. Preoutburst monitoring of the recurrent symbiotic nova T CrB

Spectroscopic evolution
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6. Preoutburst monitoring of the recurrent symbiotic nova T CrB

The high state 2015-2023 is over
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6. Preoutburst monitoring of the recurrent symbiotic nova T CrB

_ blue: line
_red: HD147232
_black: profile (b-r)

Current status: H alpha
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6. Preoutburst monitoring of the recurrent symbiotic nova T CrB

Current status: back to quiescence
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Contributions for T CrB Study
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Campos, A. Leduc, K. Shank, V. Lecoq, S. Curry, , J.R. Foster J. Montier, L. Franco,U. Sollecchia, C. Buil, K. Graham,
V. Bouttard, T. Medulka, CDZ, J. Martin, J. Michelet,M. Rodriguez, R. Ehlert, P. Cazatto, O. Garde, F. Boubault, M.
Verlinden, Y. Markus, P. Berardi, S. de Visscher, X. Dupont, G. Bertrand, J. Coffin, M. Le Lain, C. Laulhere, R
Ehlert, J.D. Hinnefeld, , J. Lecomte, S. Charbonnel, G. Martineau, Y. Buchet, J.P. Godard, T. Rodda, X, E. Bertrand,

H. Boussier, J.B. Desrosiers,).P. Masviel, D. Li, C. Revol, A.J. Wilson, C. Kreider
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