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What are variable stars? w
' White
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" What are variable stars?
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Cataclysmic variable stars

Donor White dwarf

Accretion disk
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Stellar spectra White
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Spectral classification of stars
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What are ultra-compact binary systems? @,
White

[
L

Ultra compact binaries (UCBsS)
~ - AM CVn system - interacting WD+WD; WD+He star

- Porb < 1 h => small separation; - : . ®
- blue objects; no H line, He lines

-Why UCBSs?

1), Stellar evolution - late'phases

2) Progenitors of SN la - > Double vs smgie degenerate channels
3) GW - verification sources for LISA -

4) Rare: ~50 AM CVns; only 7 with P < 22, min

How compact are these binaries?

Cataclysmic Variable

iy Facor s UCB with Porb~10min UCB with Porb~5min
RX J1914+24 RX JO806+15
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" T Omega
' *The OmegaWhite survey w
: | White
- Aim 1: AM CVns in MW -> space denSIty - OmegaCAM @ VST (2 6m)

3 A|m 2: rare interesting variable stars - - FOV: 1 deg?

4

How to find AM CVn systems?

- outbursts => transient (PTF)

- He emission lines (SDSS) |
-'variability on short perlods (P <20 min)

.=>ngw space: faint short per variables
(succesor of RATS survey):
Strategy . - g

1. high cadence data - 3.5 min: - . '

-> g band + data from VPHAS+ ~

-> 38 exposures (TEXP = 39s) in 2 hours

-> limit magnitude: g = 21.5 (100)
gms to cover a sky area of 400 deg?

alactic plane Iatltude Ib] <= 5°

- 2. follow-up data for |dent_|.f|cat|on
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| The cﬁa*llenge: false positive detections -
- : f : ' ~ White

# j '

2 i oSy altazimuthal mount = >’ rotating diffraction spikes
- > optimize the pipeline ' ' **
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LS sample: 613 stars’
examples: 24 stars
SALT observations
UCB candidate
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P88 - 26 fields: ~ 1.4 x 106 all stars

~ 50 x 16? stars/field ; (Macfarlane, Toma et al., 2015 — Paper 1)
sample: 613 stars ~ 0.04% ' =
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OW J0741 - The bluest UCB candidate in P88 data - 22.6 min ﬂ
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SALT: No Ha, but evidence of other Balmer lines.
— pulsating subdwarf?
Comparison star spectra |
H+ HE Ha
1.8 | -
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Macfarlane, Toma et al. 2015, MNRAS, Paper 1
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Follow:up data => OW J0741 - First UCB ®»
Shortest SAOB + WD | . White

"

PLS=22.6 min

Keck Rv shift= 200 km/s (5 min apart)

=> binary system, unseen massive WD
Porb.= 44 min - > ellipsoidal variation

. *

Magnitude

(Kupfer et al., 2017, ApJ — Paper 5)
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OW J1753'- The second magnetic warm DQWD @, .
| ' White

P = 35.2.min
rapid rotator? (Maecfarlane et al., 2017b, MNRAS, Paper 4)-
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New eclipsing dwarf nova

DIA photometry Differential Aperture photometry
OmegaWhite Light curve _1 Differential photometry Light curve
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Toma et al. 2016, MNRAS (Paper 2) & Macfarlane et al. 2017a, MNRAS (Paper 3)
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Hen2-357 - a symbiotic binary with a magnetic field? K7
White

OmegaWhite light curve - 31.7 min

0010 | Hen2-357
owss ]
0.000:][ ]l ]l J{ J[ ]l

0.005 J[

0.010F -

0 20 40 60 80 100
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Z And — the only other magnetic symbiotic binary (28 min).

Toma et al. 2016, MNRAS (Paper 2) & Macfarlane et al. 2017a, MNRAS (Paper 3)
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ariable stars in open clusters

Why?

- Cluster parameéters known -> var stars known => test theories
- Short, faint variable space: not studied before im open clusters ~ ,
Use MWSC Catalogue and GAIA-DR3

-> Global Survey of star clusters inthe MW (Kharchenko, 2013)

Results: * . _

- OW data => 62 open clusters; 20 complete data; 4! in GAIA data
217 candidates; 92 variable stars, 10 members, 2 high probable;
5P<60min; 1P =29.8 min. -

M108+ Christmas Tree " M11 - Wild duck

| Omega

White
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Variable stars on GAIA EDR3 HR Diagram &
- _ ' White
Members
Field Stars
Member?

Toma et al., Paper 6 ;
MNRAS, accepted
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Conclusions o

White
- 1000s short period variable stars;
. I‘I n ‘
- Many rare examples of unusual stars;
Question: - o -
- Wide field synoptic surveys are.either not best means to identify AM
CVn_'binaries with P < 30 min - or they are quite rare; S

- Follow-up photometric and spectroscoplc observations
—> essential ‘'steps; _ |

- Indicates - objects expected to:be found by similar surveys:
Ongomg ZTF, GOTO :
Future LSST, BlackGEM, MeerLICHT, etc.

- Contact: ruxandra.toma85@gmai|.cbm, ruxandra.toma@aira.astro.ro


mailto:ruxandra.toma85@gmail.com
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@ - *'RATS and OmegaWhite

Whl e ‘
tnapld Temporal Survey (RATS) | The OmegaWhite Survey
(2003 22010) | (2011 - present)
- wide field, synoptic survey - wide field, synoptic survey #
- Aim: space density of AM CVns in Milky - Aim: space density of UCBs in MW:
Way => test population'synthesis models => test population synthesis theory
- new parameter space: P < 20 mins - new parameter space: P <20 mins

> _WFC@INT (2/5m)

- WFI@MPG/ESO:2.2m - ' " -> 0OmegaCAM @ VST (2.6m) , : b
Strategy: ;
-> white light observations + (BVI Ug'r HeII) Strategy
-> high cadence -1 min - -> g band + data from VPHAS+
-> 7’7 exposures (TEXP = 30s) in 2 hours -> high cadence - 3.5 min
-> limit magnitude: g’=23 . -> 38 exposures (TEXP = 39s) in 2 hours
-> low galactic latitude: |b| <= 10° : -> limit magnitude: g = 22.5 (100)
- : _ : _ -> low galactic latitude: |b|] <= 5°
> cpvered a sky area of 40 deg? -> aims to cover a sky area of 400 deg?

10x => better constraints on space density
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0w LS False alarm probability (FAP)

White

A pow'e'r spectrum Is composed of:
" . - periodic signal
- Gaussian noise _
X(t) = Xo Sin(oooti'+ ¢) + R(t), 1=1,2,...No

: FAP probablllty of detecting a peak in the periodogram caused
by random noise. For a frequency interval [z, z+dz]:, r o4

.FAP:1-(1-e3N

where N - number of independént frequencies |n the sample
(Scargle,. 1982).

- Median absolute deviétion of the median (MAD) of FAP (xi = FAP)):
! MAD, = b medi|x- medix|, =12, ...n (Hampel, 1974)
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