TOPIC: AM Canum Venaticorum stars

Lihteet:

o  Wikipedia: AM Canum Venaticorum star

e  Physical properties of AM CVn stars — New insights from Gaia DR 2 (G. Ramsay et. Al 2018)

e AM CVn Stars: Status and Challenges (J.-E. SOLHEIM 2010)

e SLIDE representation: The Evolution of AM CVn Binary StarsMatthew Green(Yerevan,
September 2019)he/him

AM Canum Venaticorum star

Name comes from AM Canum Venaticorum that is a star

e Binary variable

e Hot Blue color

e Absence of hydrogen — Helium dominated spectrum
e very small period: 5-65 minute range

56 known systems (9/2018), with 1 eclipsing (Y2Lmi) and 1 total eclipsing (Gaial4aee)

Are difficult to find: SDSS Sloan Digital Sky Survey has investigated one million spectra and AM CVn:s
are missing. May also need fine-tuned setup.

Due to SDSS findings, Most known systems are in northern hemisphere

Theory and photometric observations:

e  Consist of white dwarf accretor and compact companion star that is lower mass white
dwarf or semi-degenerated helium rich star that is donar.

e Accretion disk is the main source of visible radiation, some from accretor, and donor is too
faint

e BUT Observations: AM CVn:s are too bright to fit model

-Theory: binary radiates gravitational waves and loses angular momentum
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/////-Theory: Magnetic braking (?)... (in some systems) /////

-Theory and OBS: direct impact mass flow in some systems

Helium nova V445 puppis

e Single discovery (about 2000) Kato et. all

e itis possible but not verified that this belongs to AM CVn family

e Derived luminosity suggest massive white dwarf accreting from helium star companion
e Hidden inside expanding dust shell



AM CVn as progenitor of Supernova 1la

1% of AM CVn are estimated to become SN 1a
All known AM CVn:s don’t have enough mass to become supernova 1a
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Fig. 2. An HR diagram made using Gaia DR2 data. In red we show the
absolute & magnitude, M,;. as a function of the blue-red colour, BF-RP,
for AM CVns with known parallaxes. No reddening or extinction cor-
rections have been applied to this figure. For comparison. in grey points
we show a sample of essentially randomly selected main sequence stars
which have a parallax better than | percent. For single white dwarfs
shown as slightly larger grey points) we have used the sample of white
dwarfs within 20 pe (Hollands et al. 2018). The majority of AM CVns
appear to be brighter than the single white dwarf track, though some
long-period systems lie on the track. A clear outlier is V407 Vul, which
has BP-RP = 1.5 through a combination of severe reddening and con-
tamination from an unresolved nearby G-star.



Distance and absolute magnitude:

e AM Cvn stars distance was not accurately measured and their absolute magnitude was not

accurate

e They are acquired from comparison with 5 systems that has parallax measured by Hubble
Space Telescopes and from model flux (?)

e But 25.4.2018 Gaia data release 2 gives parallax to 41 of 56 known AM CVn stars

Orbital periods:

e Orbital periods are taken from time series spectroscopy. 48 systems have orbital period

estimated.
e has been challenging: systems are faint, donor is not visible, short exposure times

Table 2. Gaia DR2 and HST parallaxes of the five AM CVn stars
which were measured using the HST Fine Guidance Sensor.

HST Gaia
Source parallax parallax

(mas} {mas)
AM CW¥n 165030 3351 0045
HF Lib 507033 36220053
CR Boo 297+034 N/A
VED3Cen 288024 N/A
GP Com 1334033 1373006

Parallaxes of 5 AM CVn systems



Soures Outburses” Mag. Range  Reference Parallax 7 Distance v
(filter (mas) (mas) () (pd)
X 11 1
¥ 2 1786
X 3
X 43
AMCVn X 4
SDSS T1908+3940 X 5.6
HPLb X 7
PTFI 11919-4315 8
361 X 9
ASASSN-l4ce 4 0

194 (B)
166-196

504 433

m

SDESS J1721+2733
ASASEN-ldmr
ABAREN-14ai

936 603
883 643

YZ LMi Gaialdaae

(discovered Anderson et al. 2005)  (discovered Campbell et al. 2015)

ULTRACAM + CHIMERA, r' phase-folded data

Mar 2006, night 3

0.10

Phase Phase

Copperwheat et al. 2011 Green et al. 2018

Two known eclipsing AM CVn systems Gaial4aae has total eclipse. Smaller change after deeper
comes from bright spot.



Time series show 3 different types of behavior:
-Outburst state, high state, Low state (from wikipedia)

1. Outburst state:
e Strong variation 20-40min period

e QOccasionally longer and sometimes little brighter superoutbursts that has weaker helium

emission line and iron emission line is at minimum

e Spectral lines are typically doubled: broad flat-bottom absorption lines and sharp double

peaked emission lines
e Most common type that has been found but others may not been detected
e  Superhump:

2. High state:
e Variations in 0.1-1.0 magnitude
e  Multiple short periods - about 20min
e One or two strong periods and beat period in between
e Mainly Helium absorption lines
e Similar to permanent outburst
Low state:
No brightness variation
e Spectrum varies 40-60min period
e  Mainly emission spectra
e Similar to a permanent minimum of the outbursting star

Superhump:

e Brightness variation with a period few percent of the orbital period of the system
e In high state, either permanently or during an outburst

Formation - 3 channels proposed:

1. Double white dwarf binaries that start mass transfer at orbital periods 2-3 min
e Unstable mass transfer and leads often merger
Some survives and become AM CVn stars- but the fraction is not known
2. Another star is helium burning star
e  Minimum period at formation time is 10 min
e Gradually becomes degenerated
Hydrogen-rich cataglysmic variable
Companion star is at the onset of mass transfer
e Loses hydrogen during evolution
e AM CVn with period near long end of range of 5-65min

The importance of each channel is not known

The envelope phase, where both stars are inside common envelope, is difficult to model



Fate:
Donor star is expected to become helium core 0.01-0.1 solar masses with temperature 1000-2000 K

Other possibility is that the accretor becomes type 1a supernova

CLOSE BINARIES

’

MAIN-SEQUENCE BINARY .
(SUPER)GIANT + MS @

COMMON ENVELOPE .
hN .
OUTFLOW OF .
COMMON ENVELOPE
“ "

y
y

WD + (SUPER)GIANT ® .

> o @ "Hydrogen”

, °
WD + M5 AM CVn STAR

DEGENERATE CO OR He CDHE‘/ \NDNDEGENEMTE He CORE

COMMON
COMMON ENVELOFE
ENVELOPE

| -‘l'. WD + He STAR
OUTFLOW OF e @ He-DONOR
COMMON ENVELOPE . ‘/ \ AM CVn STAR
DOUBLE DEGENERATE .4'. J

|

v

>
AM CVn STAR @ SN la or SN .Ia:

—> e+ WD + PLANET

SN Ta or 5N .Ia?



—1.1

—1.2

—1.6

—1.1

& —1.3
—
F-14

—1.6

—-—

Evolved CV _;

e -
...............

?.

=== Galaldaae

) .y
~~He star donpr

-

™

————
S

- —
-
—

—2.00

—-1.7 =150 =125 =100 —=0.75

log (M / Mg)

—1.50 —1.25
log (Mz / Mg)

—1.00  —0.75



v
1
ey \ + .
C 61 ! "
+ 1 ¢
T \ .
= vy
o 1‘\
© 8- \
= 8 1y + .
= 1\\ * i
= ~
LT LR
2 >
£ 101 RN
7 =
Sl L]
F?-' h - ++l
= 12 A Sw '
=== M=0.65+ hot donor Sa e Seo ‘ )
Ty,
- W=0.65+ cool donor ~~a kS
14 T T T T T “h? -‘-
0 10 20 30 40 ol G0 70
Period (min)
10-€ 4 *]lg“ === M=0.65 + hot donor
\ === M=0.,65 + cool donor
ko
1077 4\
AN
x‘Tes
M
-~ 107® 4 .
~ HP
L K.
- N, B350 @ ®1amv
a 1{]—’9_ o
= B ~
—r LY LS
§ \\ ﬁl\-\.
b "||.
= 10-1° - ‘"‘«. 15:5
] S 411 14ue
V396
=11 ~o J1208 1137
10 “'- f ﬁl]lil
'ﬂ‘h-_h
1{'_12 1 ‘-"-""'-..-.
10 20 Eli] 40 50 60 70
Porb {mins)

ADDED: these pictures show that AM CVn seems to be brighter than expected

Phases of evolution of different types of AM CVn stars after birth

e -detailed view in paper: “AM CVn Stars: Status and Challenges” (J.-E. SOLHEIM 2010)



The spectrum of AM CVn Gaial4aae:

4 M. J. Green et al.
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Figure 1. Above: The average WHT spectrum, obtained in 2015 July, created by combining 78 spectra with 240s exposure times that did
not coincide with eclipses. The join between the red and blue arms of lhe spectrum is around 5400 A. The positions of various identified
spectral features are marked. For wavelengths < 3900 A, the leng ik is liable and we therefore do not identify these
features. Below: Close-ups of selected spectral features. As can be seen, detections of N1 and O1 are marginal relative to the noise.
Several absorption lines are still unidentified, including the feature next to the Can K line.

AM CVn:s can be divided into 4 subgroups:

1. Ultrashort periods and no disk P less than 12 min

2. Large stable disk in superoutburst state, as for novalike CV, P between 12 and 30 min

3. Variable-sized disk, no outburst, occasional superoutburst, like the SU Uma subclass of
Dwarf Novae. Period between 20 and 40 minutes

4. Small stable disk, like dwarf novae in quiescence. Period more than 40 minutes



