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How close binary stars evolve?

Before During? After

P ~days/year
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How close binary stars evolve?

Before During? After

Common Envelope Evolution
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*T THINK You SHOULD BE. MORE. EXPLICIT HERE. IN STED Two™

e.g. Paczynski, 1976

P ~days/year
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Pathways binary evolution

Channel 2:
Unstable mass transfer
and

(}O Common Envelope (CE)

Channel 1:
Stable mass transfer

(Interacting SN progenitor? Planetary Nebula?) (Blue / red straggler? Ble] star?)

Compact binary Merged star
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Pathways binary evolution

PO

Channel 2:
Unstable mass transfer
and
Common Envelope (CE)

e o —@=

Compact binary Merged star
(Interacting SN progenitor? Planetary Nebula?) (Blue / red straggler? Ble] star?)

Channel 1: .
Stable mass transfer .
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Yeom (dOnor radii)

Approaches to the study of Common Envelope

Theory, simulations

t—t =-250.61

15 -10 =5 0 5 10 15 —15 =10 =5 0 5 10 15
Xeom (donor radin) Xeom (donor radii)

MacLeod, Ostriker, Stone 2018
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Observations

Astrophysical transients: Luminous Red Novae
(LRNe)

Image: V838 Mon, Hubble Space Telescope
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Time evolution of Luminous Red Novae

Years to peak
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3 - Dynamical ejection "
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Luminous Red Novae: Gaia’s contribution

1 - Outburst from Luminous Red Novae
2 - Pre-outburst brightening (precursor)
3 - Progenitors

Years to peak
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Detecting transients: Gaia Science Alerts

Survey Parameters

2 telescopes

1 focal plane

 FOVs 1+2 sep by 106.5m
* spin period 6h

« precession period 70d
 Field revisited every ~30d
- 1200 square degrees/day
- G=20.7

Slide courtesy of Simon Hodgkin, loA, Cambridge, UK



Alert Detection: Dally
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o Fllters in AlertPipe

—
mw BigDipper

B Planet/B*

— 1. Most false positives are environmental
i FalseNew _ -

m Parasitic IN origin, examples:

1. wings of bright stars

2. planet or bright stars close to
pointing

3. near neighbours
2. But we also classify/reject:
1. Known SSOs
2. Known DR3 variable stars

3. High amplitude red variables

Slide courtesy of Simon Hodgkin, loA, Cambridge, UK



Ground-based follow-up: binary microlensing event

Gaialbaye Wyrzykowski et al. 2020)
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Cambridge Calibration Server

* observers upload astrometrically calibrated catalogues
e we apply photometric calibration from APASS, SDSS
e about 25% of published alerts have follow-up data

e >20000 measurements for Gaial6aye from 33 telescopes

Cais Lot Ao b ARy Lty T h vy Klnk e Abed it Covm

AAVSO, USA . OmicronC2PU, France

APT2, ltaly . Ostrowik, Poland

Aristarchos Telescope, Greece . Palomar 200-inch telescope (P200), Caltech, USA
ASAS-SN, Hawaii, USA . PIRATE, Tenerife, Spain
Asiago, Italy . pt5m, La Palma, Spain

ASV, Serbia . RTT150, Turkey

Bialkow, Poland . SALT, South Africa

Kryoneri, Greece . Skinakas, Greece

Leicester University, UK . Sternberg Observatory, Russia
LCOGT/SUPAscope network . T100, Turkey

Liverpool Telescope, La Palma, Spain . T60, Turkey

Loiano, INAF-OABO, Italy . UBT60, Turkey

Joan Oro Telescope, Montsec, Spain . University College London, UK
Mercator, La Palma, Spain . Watcher, South Africa
Montarrenti, Italy . Wise, Israel

NOT, La Palma, Spain . Yerkes-41, USA

Ondrejov, Czechia



Ground-based follow-up - Telescopi Joan Oro (Pl Josep Ma Carrasco)

TelescopiJoan Or6 . 1

Alerts observed: 133
Images taken: 46,902

2nd contributor (after 0.5 La Palma)

TJO science alerts (29/08/2023, galactic coordinates)

All alerts published &
~ = Observed with TJO
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Gaia Science Alerts reported the Luminous Red Nova AT 2018bwo

Blagorodnova et. al. 2021
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The progenitor of Luminous Red Nova AT 2018bwo

HST ACS/WFC
+ 2004-06-01

M= 11 Mg

Hertzsprung gap
star!
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The progenitor and precursor of the Luminous Red Nova M101-20150T

(also observed by Gaia, although not reported)

Years Before Outburst
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Absolute Magnitude
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Precursor brightening as mass loss from the binary
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Tylenda et. al., 2011
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Mass loss shrinks the binary!
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A likely LRN precursor from Gaia

Gaia20bsc / AT2019aabm
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Can we predict a LRN... in the MW?

1 - Search for Gaia sources in “the gap”

2 - variability study Addison, Blagorodnova et al. 2022
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Can we predict a LRN... in the MW?

1 - Search for Gaia sources in “the gap” 2 - variability study Addison, Blagorodnova et al. 2022
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but... We predicted an X-ray binary outburst!

V520Mon

[ Previous | Next | [ ]
The hard X-ray transient MAXI J0655-013 is a Be/X-ray

Years after discovery

e e ; - binary
! | ATel #15612; P. Reiq (Institute of Astrophysics/FORTH), A. Tzoubanou (University of
1100 Our discovery 0 Crete), V. Pantoulas (Institute of Astrophysics/FORTH)
» & T on 12 Sep 2022; 07:35 UT
11.81 gﬁa Credential Certification: Pablo Reig (pau@physics.uoc.gr)
i i
v 120k Subjects: Optical, Binary, Neutron Star, Transient, Pulsar
g
p—
§ mD‘CS MAXI J0655-013 was discovered by MAXI/GSC as a bright X-ray transient source on June
o 12.2 TN 18, 2022 (Serino et al., ATel #15442). Its hard spectrum suggested that the source is an X-
Uﬁ g det. ray pulsar or a black hole X-ray binary in the hard state. A NUSTAR follow-up observation
12.4r jin ﬁ D of MAXI J0655-013 revealed 1129s pulsations, confirming that the source is a binary X-ray
i &[@j ;%E pulsar (Shidatsu et al., ATel #15495). lts optical counterpart was proposed to be the 12.5
12.6F @@ L mag long-period variable star V520 Mon (ATel #15495). V520 Mon was confirmed as the
optical counterpart to MAXI J0655-013 when a precise location was provided by Swift
12_8.;1 —— ) (Kennea et al., ATel#15564). Zaznobin et al. (ATel #15582) abtained an optical spectrum of
-2500 =200 -1500 -1000 —-500 0

V520 Mon and reported strong Halpha emission, placing MAXIJ0655-013 in the group of
Be/X-ray binaries. In this telegram we report optical spectroscopic observations of V520

MJD - 59748.13 [days]

Nadejda Blagorodnova | nblago@fga.ub.edu | ICCUB | The Milky Way Revealed by Gaia: The Next Frontier | 5th September 2023



mailto:nblago@fqa.ub.es

searching for LRN progenitors among Hertszprung gap Ha emitters

A Hertszprung gap primary star
7~ . Accretion & outflows: emission lines

Hertszprung gap primary

IR emission from dusty disk

Time variability in brightness

\ 4

Gaia DR3 provides Bp/Rp spectrophotometry! —> search for Hao emission

YSG 87 28
2.00F ? EW (nm) | EW error (nm) | Statistical Significance
Ha: 0.487814 0.862883 0.221389
— H 0.87971 0.631244 €. 739808
v 1.75¢ Hy:  -0.442068 0.605368 0.673824
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Undergraduate thesis, Gerard Garcia Moreno, Universitat de Barcelona
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Interesting candidates

: Sources with
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200+ HR emission
dust
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- Common Envelope is a critical, but poorly understood phase in binary evolution - each part
IS studied separately.

- Observations are needed to connect the pieces.

-+ Luminous Red Novae (LRNe), as Common Envelope Transients, allow us to directly observe
the CE phase in binary systems

- (Gaia’s contribution consists in:

- Better understanding the LRN progenitor systems

- Combined with time-domain data

+ Detecting the outbursts based on time-domain information

+ Predicting outbursts for LRNe in the MW and beyond.
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