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Introduction to Symbiotic Stars

O Introduction to symbiotic stars
L ARAS monitoring and collaborations
O A look at the activity of a few symbiotic stars

EG And: orbital variations

AX Per: orbital behaviour and 2019 outburt

Z And: 2018 outburst

AG Dra: monitoring of outbursts

CH Cyg:

T CrB: monitoring of a recurrent nova before expected outburst
V3890 Sgr: recurrent nova
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Introduction to Symbiotic Stars

Merrill, 1919

A VARIABIE STAR WITH A PECULIAR SPECTRUM

« »
R Aq & the_ platypatus The long-period variable star R Aquarii 233815 has been found
« A pec uliar spec trum » recently to possess a very peculiar spectrum. The data concerning

On the first three plates the chief nebular lines N1 and N2, and
A\4363 are very conspicuous. On the later plates they are relatively
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Introduction to Symbiotic Stars

Merrill, 1932

A Bricut LiNe or loNizep HeLium, 44686, 18 THREE
STELLAR SpECcTRA WITH TrranNium Baxps

In the spectra of these stars bright hydrogen lines and a nar-
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Introduction to Symbiotic Stars

Z And

Merrill, 1958

Prototype in the GCVS

31 — SYMBIOSIS IN ASTRONOMY : INTRODUCTORY
REPORT

Symbiotic concept

spectrograms. Thus Z Andromedae has become the prototype for

Low-temperature absorption spectrum those anomalous «symbiotic» stars in which high-excitation emis-
High-excitation emission lines sion lines are superposed on a low-temperature absorption spec-

relative intensity

ii

trum, usually of type M.

ZAnd 2016-01-16 18:14:19 R =903 J. Guarro
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Introduction to Symbiotic Stars

A spectroscopic definition (Belczinski & al., 2000)

1. The presence of the absorption features of a late-type giant; in practice, these include

(amongst others) TiO,H20, CO, CN and VO bands, as well as Ca |, Ca ll, Fe | and Na | absorption

lines.

2. The presence of strong emission lines of Hl and He Il

and either

— emission lines of ions with an ionization potential of at least 35 eV (e.g. [Olll]), or

—an A- or F-type continuum with additional shell absorption lines from HI, He Il, and singly-

ionized metals.
The latter corresponds to the appearance of a symbiotic star in outburst.

3. The presence of the 6825 emission feature, even if no features of the cool star (e.g. TiO

bands) are found.

“every known symbiotic star has, at one
time or another, violated all the classification criteria invented”
(Kenyon, 1986)

“a binary in which a red giant

transfers enough material to a WD

for the interaction to produce

an observable signal at some waveband.”
(Sokolovski, 2017)

Catalogs

Allen 1984
Kenyon 1986 135 20
Belczinski & al. 2000 188 28

On line catalog:
Jaroslav Merc, Rudolf Galis, and Marek Wolf (2019)

http://astronomy.science.upjs.sk/symbiotics/galactic-symbiotic-stars/
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Introduction to Symbiotic Stars

Radio survey of symbiotic stars
Seaquist, Taylor, Button 1984

Wide interacting binaries (orbital periods 1 to 3 years)

* Red giant (RG) as the donor star

* Accreting white dwarf (WD) : T, = 10° K L,, 101-10%* Lo
* Nebula partially ionized by the hot component

X = 4mal (mH v)z
a M’

a = séparation

L = luminosity of the ionizing photons
v = speed of the stellar wind

M’ = RG loss rate




Introduction to Symbiotic Stars

Spectral type of the Red Giant Distribution
Later type than single RG

- High mass loss

- = condition of symbiotic pheomenon

MO M1 M2 M3 M4 M5 M6 M7 M8

Simples W Symbiotiques

[Murset & Schmid, 1999]

Cool component classification

Keyes & al, 2004
Miurset & al., 1999
Kenyon & al., 1987

Density
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RG Mass loss rate from Single RG
Reimers (1975)

M = 4.10"Byr (L.R.)/(M.))
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L* R* / M* ~ 100 000 M”en M@/year
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Temperature Distribution — S type
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Symbiotics : M~ 107 Mg, / an

Radio emission
[Seaquiest, 2019]

Nebular emission
[Skopal, 2005]

[Akras, 2019]
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Hot Component

Nuclearly powered
Accretion on WD: 3 regimes

M. > M. Expending envelop - Mass loss
© BRI L B L T Classical SySt in outburst
— = Expending envelop Mstable = L~ Lega ZAnd, Cl Cyg
- 1 M gabie < Mae < Mg Steady H burning
- 5
B . T=>10°K Classical SySt at quiescence
N _ M .. L~afew10°Lg Z And, AG Peg
= Steady burnin critical
\® -
> = FE ==
o = E -
O RS - P
> - Novae . acc ~ Vlstable Accretion powered
- . Degenerate envelop = nova
0 . T=5-810%K EG And CQ Dra
- — L=10-100L RSyN: T CrB RS Oph V3890 Sgr
— :I 1 ] I ] ] 1 I 1 ] ] I ] 1 ] I ] ] 1 F
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Adapted from Wolf & al. (2013)



Introduction to Symbiotic Stars

Accretion

166 ROA [gem ] g

Most of RG in symbiotic systems do not fill their Roche Lobe

Bondi Hoyle accretion: too low accretion rate for steady burning regime
- Wind Roche Lobe overflow (WRLOF)
- Wind compression model (WCM): rotation of the RG

Subject to debates

Accretion disks

No evidence for permanent accretion disks [e.g. Mirset & al., 1991]

Formation of accretion disk during outbursts
e.g. Z And 2006, 2010

WCM

Accretion disk in accretion powered symbiotics
Source of X-rays (boundary layer) Skopal & Carikova, 2015

e.g. T CrB, RT Cru (Luna & al., 2019)
M, xfactor 5-10
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Classical Symbiotic model

Ht 7 ’ V +10 km.s™?
Ne 10%-101°

oo [ M107Moly
Te 10-20 10° K

V +100 km.s? ,’I
T i RG
M 108-107 Mg /Jy !
o L o/y ', T 3500 K
O .‘ L +1000 L
WD
T~10°K Quiescent state
L 10_104'—@ \\\ Hot Component releases energy at ~ constant rate
Accretion Mass loss lonization in equilibrium
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Introduction to Symbiotic Stars

Scenarii for the outbursts . .
Increasing accretion rate

T Enhanced mass outflow from the hot component

Expansion of the envelop
M 108-107 Mg /y

N
— O =
Y\

WD
Wind : increasing
l T :cooling
n Formation of a neutral disk-like zone Orbital inclination:
+ mmmm—— - .
H WD High

™. V_ =2000 km.s!

\ [ / Low
HO >o<

Subject to debates
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Lightcurves y
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Composite spectrum as a result of the 3 components of the system

Augustin Skopal
In ESIL n®, 2016 =

RG E
Hot
Nebula

AG Peg spectra:
K. Graham
U. Sollecchia

Flux (107" erg cm

AG Peqg

Quiescent phase

4000

4500 5000 5500 6000 6500 7000 750

Wawvelength [A]

]

—T T

AG Peg | -

\ctive phase SEE

— T T T T T T T T T

Fe

4500 5000 5500 6000 6500 7000 750

Wavelength [A]

log Flux [erg cm

+ 1

log Flux [erg cm

ha

(=]

b

(=)

Z And

Quiescent phase

k]

spectE

Lam

hotomat Ey

Gliant
Hot star
Hebula
SEL

3.6 3.8 4.2 1.6
log Wavelength [A]
T T 1 T

gpectrum ——

Z And photometry @

Gliant
Active phase Hot star —
Hebula —

SED

3.6 3.8

log Wavelength [A]

L]




Introduction to Symbiotic Stars

Emission lines in quiescence

Hell4686 2015-08-27

Cl Cygni 2015-12-26
phase

Ha profile

S0 II; 540
velocity (km/s)

FWHM =57 km.s!

| _ Regions of formation

220 |
-500 0 500

O Emission core FWHM = 104 km.s!

] Broad wings FWHM = 330 km.s!
Wind hot star / Scattering (?): subject to debates

O Blue-shifted Absorption FWHM = 63 km.s!

Dashed line : Systemic RV = +15 km.s!

[ONSO0T 2015-09-27

500 I; S0
velocity (km/s)

A peaks = 63 km.s?

[QIE300 201 5-05-27

500 Li] 500

velocity (km/s)

FWHM = 54 km.s!

Hel58T6 2015-09-27

velﬂmh_,; (km/s)
FWHM =79 km.s?

Hel6678 201 5-06-27

veloc |t1,;r. (km/s)

FWHM =52 km.s?
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Emission lines: orbital variations
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Emission lines in outbursts

Quiescence __AG Peg -H beta
Outburst

AG Peg -He |l 4686
10 B .

| 2013-08-11
| 2015.07-29 |

| 2013-08-11
| 2015-07-29

arbitrary unit
arbitrary unit

Increase of the velocities
- 1000 — 2000 km.s

L L L 0 L L
-1000 -500 0 500 1000 -1000 -500 0

500 1000
velocity (km/s)

velocity (km/s)

Add FWHM and % FWZI
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Orbital éléments: Cl Cygni

Cross correlation (ISIS)

Ay WW A

Range 6370-6460 A

Cl Cygni

13 Lyr M6 Il Reference

Echelle spectra (33)
R =9000 to 13000
F. Teyssier (FR)

J. Guarro Flo (SP)

T. Lester (CA)

Orbital elements
Computed with SBS
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Y km.s1 18.4+/-0.4 14.96 +/-0.23 15.33+/-0.24
KiI  |km.st 7.0+/-0.5 6.70+/-0.23 6.63+/-0.37
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Monitoring and Collaborations

Symbiotic stars monitoring by ARAS group
4600 spectra of 56 objects

Since 2009

At resolution 500 to 15000

Acquired by ~ 40 observers

Using

- Slit spectrographs (R = 500 to 15000)

- Echelle spectrographs (R = 9000 to 14 000)
Mounted on small telescopes (20 — 50 cm)

e Autonomous observing program

* Use of the data for publications

and

e Collaborations with professional teams

MagV=7to14
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Symbiotic stars at quiescence

EG And

Low luminosity
Accretion powered

Two 75 000 K

Lwo 16 Lg

Mwo 0.4 (0.1) Mg

Muo 9.10°Mg/y

Sp.type Ml 2.4
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Porb 482.6 d (F;(')‘g(')f‘a'
e ~0
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Symbiotic stars in quiescence

EG And
V mag)
Data: Sekeras & al., 2019 / . o
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Symbiotic stars in quiescence

EG And

Collaboration: N. Shagatova, A. Skopal

Ho profile: Orbital variations
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Symbiotic stars in quiescence

EG And
Collaboration: N. Shagatova, A. Skopal

Ho profile: Orbital variations

Ha orbital variations of the symbiotic star EG And
from optical spectroscopy
Shagatova, N. & al., 2019

Contributions of the Astronomical Observatory Skalnaté Pleso, vol. 49, no. 2, p. 406-410

Fitting of O Ha profile with 3 components
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Symbiotic stars in quiescence

EG And
16 1ARAS © e« [ ' ' '
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Symbiotic stars monitoring: AX Per

AX Per

Classical symbiotic

Eclipsing
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Symbiotic stars monitoring: AX Per

AX Per

Classical symbiotic

May 1988

July 2007
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Symbiotic stars monitoring: AX Per
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AX Per
Outburst 2019
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AX Per
Flux in erg.cm_,.s
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AX Per: T, during the outburst

Thot derived from lijima’s (1980)
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Symbiotic stars monitoring: Z And 2018 outburst
Z And

The activity of the symbiotic binary Z Andromedae and its latest outburst

Merc & al., 2019
Proceedings of the 50th Conference on Variable Stars Research, vol. 197, 2019
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Symbiotic stars monitoring: AG Dra Outbursts and Quiescent states

AG Dra

Yellow symbiotic 10 - AGDra_2019-07:-06_04:21:14 R=1048 Forrest Sims |

Low metallicity, pulsating K3l
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Symbiotic stars monitoring: AG Dra Outbursts and Quiescent states

AG Dra
2 AG Dra Raman OVl 2018402-26
Raman OVI AA 6830, 7085
Mysterious lines marked « ? » in number of publications before 1990
Identified as Raman scattering of OVI A\ 1032, 1036 by H° g0
in 1990 by Schmid £
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Symbiotic stars monitoring: AG Dra Outbursts and Quiescent states

AG Dra

Collaboration: J. Merc, R. Galis, Leedjarv

Outburst monitoring
Orbital variations
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Symbiotic stars monitoring: AG Dra Outbursts and Quiescent states

AG Dra
550 spectra obtained since 2015 2016 2017 2018 2019
. ] T T T 8
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Two types of outburst in AG Dra

Cool outburst

Hot outburst

Decrease of the temperature (10-25%)
= expension (R, 4 X 2-6) /cooling of the WD
Longer and brighter

Increase of the temperature of the WD at ~ constant radius
Longer and brighter

« The variety of behaviours cannot be fully described
because of the scarcity of the observations during the early stage of the outburst »

Gonzales-Riestra & al. (1999):

-

Quiscence 110 000 K 0.08
Cool burst 86-96 000 K 0.25-0.45 5600-10200
Hot burst 115-131 000K 0.11-0.14 3400



Symbiotic stars monitoring: AG Dra Outbursts and Quiescent states

AG Dra
Analysis of ARAS Spectra (Galis & al., 2019b)
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Symbiotic stars monitoring: AG Dra Outbursts and Quiescent states
AG Dra

The fourth outburst during the present active stage of
symbiotic binary AG Dra

ATel =1133%; R Galis, J. Mere (UPJS in Hosice), M. Frastak (CA45), F Tevssier, T. Lester, I
Bovd, W Sims (ARAS Group), L. Leedjary {Tartu Observatory)
on 22 Apr 2018; 14:23 UT
Credential Certifieation: Rudelf Galiz (rudolf galis @upis. sk
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Symbiotic stars monitoring: AG Dra Outbursts and Quiescent states
AG Dra

Merc & al., 2019
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Symbiotic stars monitoring: AG Dra Outbursts and Quiescent states
AG Dra

Recent outburst activity of the symbiotic binary AG Draconis

Merc & al., 2019

Evaluation of the temperature
of the hot component
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Mysterious A 5018 line detected during outbursts

Appears during outbursts
Similar shape to He | A 5016
Same variation of the EW

AG Dra - EW 5018
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Symbiotic stars monitoring: AG Dra Outbursts and Quiescent states
AG Dra

Quiescence

Outburst

relative intensity
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AG Dra Mysterious A 5018 line detected during outbursts
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Symbiotic stars monitoring: T CrB before nova event

TCrB

Recurent symbiotic nova

TWD
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Symbiotic stars

TCrB Low state High state
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Symbiotic stars

TCrB
Collaboration: > _
. . . . I | ! *
llkiewicz, Mikolajewska =% “r
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Figure 1. Variability of the equivalent width of Ha, other se-
lected emission line fluxes and the Ha to HS flux ratio.



Symbiotic stars

TCrB 5og
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Symbiotic stars

TCrB

T CrB radial velocities

Orbital elements 10 g
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Symbiotic stars
TCrB

Pre-nova outburst monitoring 8

B magnitude
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Adapted from Brad Shaeffer

Diamonds : 1946 Brad Shaefer data
Dots : AAVSO B band - 1 day mean
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Symbiotic stars

CH Cyg
2011 2012 2013 2014 2015 2016 2017 2018 2019
Collaborations: ' ' ' ' ' ' ' ' ' -
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Symbiotic stars
CH Cyg
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Symbiotic stars
CH Cyg

H beta absorption
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CH Cyg

Flickering at short time scale
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CH Cyg
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AG Peg 2015 outburst 20155 201575 2018
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V3890 Sgr
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V3890 Sgr
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New symbiotics

Observing program

On the request of Adrian Lucy and Jennifer Sokoloski
(Columbia University)

Hen 3-1768 identified as a symbiotic star by Terry Bohlsen

< 10712 Hen 3-1768 2018-05-16 13:27:54 TBohlsen
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Discovery of a Hot Symbiotic Star in the Cold Antarctic Sky:
Symbiotics Are Qutliers in SkyMapper vvgrizPhotometry

Adrian B. Lucy-*2 058, 1. L. Sokoloski®~=, N. E. NufiezZ, C. Wolf3= 12, T. Bohlsen®, and G. J. M. Luna™&=2
Published 2018 December 12 = & 2018. The American Astronomical Society. All rights resered.

Research Motes of the AAS, Volume 2, Number 4

iy

Suspected Symbiotics Stars
Summary of Observations

Obzersations

2018 2018

Name RA Dec ¥ maqg” .M I_Em

[(2000.0) | [(2000.0) giant Limes (05| 04| 10 1] 12| 01| 02) 03[ 04
GAls OF2 4636EE4963717A00032 | 01504953 | -TE43 426 129 no i
LA AR OEBEEIIE | 1144053 12.3 no 1
GOS JO7H4ES-195434 07 314682 | 1954345 13.2 1
ASASSM-Y_JOSE23.00-111138.49 02132300 | -N1N384 125 no 1
L AET S T 0% 34 4515 | 5026 58.2 13.7 no 1
G5C3507. 2243 031083 -BRET L2 nz 1

12012093 | 7920147 123
Gals OF2 413158750027 23612230 295965 | 1244380 139 i
ASASSM-Y NE4007.54-382216.1 E400754 | 3822161 13.86-14.74
Gals DR2 B019T20519446935984 | 16453178 | 3622 16 124
W2096 Oph 1656 0546 | -24 08 37.0 12.9-14.0
ER Oph ITO04214 | 2610124 182148
ASASSM-Y T0231.98-275954.2 17023198 | 2759544 [ 13981494
Gals DR2 43345356650491663104 | 1706 0344 | 1058 330 4.3
55 295 ITOT 3896 | -07 44 486 131 i i
W2525 Oph T 05.27 | -0922501 1.3-415.1 i
Gals DR2 41150212917 23497024 1717 4567 2131169 137
GSC 0927600130 171208 -E7 BT 26.0 136 1
Gals OR2 41630219037 067I2672 | 17252634 | OV 48275 4.3 i
Gals OR2 4117 79762929583232 261827 | 2212464 141
Gals DR2 4120809606303456596 | 17270269 | -2129045 131
Gals DR2 5913382120059095296 | 17205839 | -BE 239534 126 no i
ASASSH-Y NTIZIZA3-492840.2 17383242 | 4923401 | 13.96-1455
FASTT 1100 ITE345.30 | 0107462 | 14041420 Ha i i
Gals OF2 115044 60101329653192 1TEE 0434 | 1310034 131 M4 i
Gals DR2 41500997 32733146112 17594387 | 1368320 139
5% Cra 1B032154 | 4237568 13.0-16.5p
Gals OR2 B3452737I8283774048 | 12141207 | 86559065 nr no i
Gals OR2 4049162377 12693632 | 182831128 | -28450249 13 no 1
ASASSM-Y NE542170-274827 4 1864 2170 | 2748278 | 12891363
EM Sqr 19224208 | 1359565 11.95-14.61 HI 2z
ASASSRM-Y N92916.53-224040.3 1921653 | 2240403 | 12521202 M35 HaHb i
A585 195948-0202.7 1949484 | 8252375 e yes 2




New symbiotics

Identification of new stars (SN, DN, Symbiotics)

First spectra of TCP J19544251+1722281

identified as HbHa 1704-05 in outburst, obtained by Paolo Berardi

« 10712

TCP J19544251+1722281 2018-08-09 20:08:54 Paoclo Berardi
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The Asitonomai™s Teleg:am

i

HBHa 1704-05: a bright and newly discovered symbiotic
star, currently undergoing an "hot-type" outburst

ATal #11937; LT Munart (INAF Padova), 8. Dallaporea. P. Valisa (ANS Collaboramon), P.
Ochner (Univ. Pedova), . Fidrich (HA4/VES), P. Berard:, (. Gards, €. Buil (ARAS Group)
on 11 Aug 2018; 11:20 UT



ARAS Eruptive stars database

R. Galis & al, 2019

... the presented results showed also the importance of professional/amateur collaborations. ARAS Group is a perfect example that such
collaboration can be very successful and can bring important results. Thanks to amateur photometric and spectroscopic data, we are now
able to monitor the evolution of symbiotic systems on timescales which were not previously available.

K. llkiewicz & al, 20xxx

we are thankful to members of the ARAS group for their wonderful work.



ARAS Eruptive stars database

Open database
56 objects

Names Belczynski K. & al. 2000 Aras Spectral Data Base

e ot o 4600 spectra (R = 500 to 15000)

Observers codes
Observatories codes

Current campaigns CH Cyg AG Dra SU Lyn Z And R Aqr RS Oph .

Current surveys €l Cyeni TCrB BF Cye AX Per AG Peg FI rst CheCk
Stars of interest

Outbursts AX Per

- Identification
send spectra to : francoismathieu.teyssier at bbox.fr - Ca I i b rat i O n

Updated .
- Atmospheric response
# Name AD (2000) DE (2000) Mb. Of spectra First spectrum Last spectrum Days Since Last Frequency
1 EGAnd 044371 4040457 126 12/08/2010  18/02/2019 159 30 sy
2 AXPer 136227 541525 285 04/10/2011  05/07/2019 2 8 CO N d Itions Of use:
3 V471Per 158497 5253484 30 06/08/2013  14/02/2019 163 30
4 OmicCet 219207 258395 33 28/11/2015  09/02/2019 168 30 _ k I d b d d b
5 BDCam 034293 6313 0.5 a7 08/11/2011  02/07/2019 25 30 A nowie ge ment to observers an A RAS atabase
6 StHa3 0437456 0119118 5 02/03/2018  25/01/2019 183 8 . . .
7 UV Aur 05 21488 3230431 g1 24/02/2011  28/03/2019 121 30 W|th a ||St Of Obse rve rs and Jou rnal Observat|on
B VI2610r 0522186 83958 17 22/10/2011  29/12/2019 -155 30
9 StHASS 05 46 42 64348 10 17/01/2016  0B/02/2019 169 30 . . . .
0o SrE = 5 mEms SoaE = 5 - Observers included as co-authors if pivotal observations
11 FT O n72412 a0 REIG1T A1 2a/nalan11 21 fnafna L r an

or contribution to the analysis

Refe re n Ce Coulrib. Astron. Obs. Skalnalé Pleso 49, 217227, (2019)

Eruptive stars monitoring

and the ARAS database

F. Teyssier
Observatoire Rouen Sud, France
(E-mail: francoismathicu. leyssier@gmail. com)

Received: October 31, 2018; Accepted: December 19, 2018

https://ui.adsabs.harvard.edu/abs/2019CoSka..49..217T/abstract



Information letter

Eruptive stars spectrosg
Cataclysmics, Symbiotics, Novag

Eruptive Stars
Information Letter n® 41 #2019-01 18-05-2019

Observations of Jan. - Mar. 2019

Main results in a quaterly newsletter
42 issues downloadable: http://www.astrosurf.com/aras/novae/InformationLetter/InformationLetter.html|

Indexed in NASA/ADS Since January 2019 Spectroscopic observations of symbiotic stars in 2019-Q1
’
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Martineau, G.; Buchet, Y; Diarrassouba, |.; Michelet, J.

Ed u Cat i O n Of th e O bs e rve rs : 198 spectra of 23 symbiotic stars at reselution from 500 to 15000 were obtained during 2015-Q1 by 18 observers. AG Dra is monitered before the expected outburst in

2019. At the current date (2019-05-18) no sign of outburst has been detected. From medium resclution spectra we have detected the appearence of an emission line in
the red edge of He | 5016 during outbursts. The identification of the line is discussed. AX Per soen after the end of its eclipse has been detected in strong classical

Texts fro m outburst, characterized by the weakening of high emissien lines [Fe VII]. CH Cyg is in low luminosity, several spectra have been cbtained during a short flare. V694 Mon
in high luminosity, has been monitored at high cadence during the season. The profiles of Balmer and Fe |l lines is unusual, showing a classical P Cygni profile and the

Steve S h 0 re disappearance of the broad blue absorption lines
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