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Introduction ~ Cataclysmic variables (CVs) and dwarf novae

cataclysmic variable (CV) = white dwarf + late type companion star

optical
emission lines

@ Disk instability => dwarf nova outbursts

@ Magpnetic field of the white dwarf => disk truncation or disruption
—> Intermediate polars (IPs) and polars

Mathieu Servillat (CfA) Dwarf novae in globular clusters 29 June 2011 2/16



Introduction ~ Globular clusters

Morphology and evolution of globular clusters

Definition

@ 10°76 stars

@ Strongly bound by gravity
e Old (> 10'% yr) -> Compact objects
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Introduction ~ Globular clusters

Morphology and evolution of globular clusters

Definition

@ 10576 stars
@ Strongly bound by gravity
e Old (> 10'% yr) -> Compact objects

”
Dynamical evolution

@ Thermalization, mass segregation

@ Core collapse < 1010 yr

T
Other factors
& \ @ Million body problem + stellar evolution
(@ '1'9' B [Heggie et al. 2006; Fregeau et al. 2008]
@ Intermediate mass black holes?
o [Maccarone & Servillat 2008] - M31-G1? - HLX-1?

@ Close binaries!

V.
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Introduction ~ Globular clusters

Close binaries as a central source of energy

here are the binaries

@ Crowding issues in the optical...
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Introduction ~ Globular clusters

Close binaries as a central source of energy

Where are the binaries?

@ Crowding issues in the optical... Opticak
@ An excess of X-ray sources [Clark 1975] :
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Introduction ~ Globular clusters

Close binaries as a central source of energy

here are the binarie

@ Crowding issues in the optical... 100} Neutron star 1

Ouiescent low-mass X-rav binaries

@ An excess of X-ray sources [Clark 1975]

o Correlation with encounter rate
[Pooley et al. 2003, 2006]
[Gendre et al. 2003]
[Heinke et al. 2003]

n
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Introduction ~ Globular clusters

Close binaries as a central source of energy

here are the binarie

o Crowding issues in the optical... 100 Bright X-réy sources(;4e3l erg/s‘) ¢

Cataclysmic variables

@ An excess of X-ray sources [Clark 1975]

@ Correlation with encounter rate —+

[Pooley et al. 2003, 2006]
[Gendre et al. 2003]
[Heinke et al. 2003]
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Introduction ~ Globular clusters

Close binaries as a central source of energy

here are the binarie

o Crowding issues in the optical... 100 Bright X-réy sources(;4e3l erg/s‘) ¢

Cataclysmic variables

@ An excess of X-ray sources [Clark 1975]

@ Correlation with encounter rate —+

[Pooley et al. 2003, 2006]
[Gendre et al. 2003]
[Heinke et al. 2003]

& 1 10 100 1000

@ Are CVs intrinsically different in GCs? )
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Introduction A lack of outbursts?

14 dwarf novae in 157 Galactic globular clusters

M5-V101

47Tuc-V2 o First detection in 1941 on plates
M15-CV1(A) @ M5-V101 confirmed with spectrum, P=5.8 h

M22-CV1 @ All have X-ray counterparts >103! erg s~1
47Tuc-AKO9 4 have Hubb! tra with emission i

M55-CV1 @ 4 have Hubble spectra with emission lines

NGC6397-CV2
NGC6397-CV3
M80-DN1
M80-DN2
M15-C
M22-CV2
NGC6752-B1

M13-CV1

[Servillat et al. 2011]
ApJ, 733, 106
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Introduction A lack of outbursts?

14 dwarf novae in 157 Galactic globular clusters

M5-V101
47Tuc-V?2 o First detection in 1941 on plates
M15-CV1(A) @ M5-V101 confirmed with spectrum, P=5.8 h
M22-CV1 @ All have X-ray counterparts >103! erg s—1
47Tuc-AKO9 . T
M55-CV1 @ 4 have Hubble spectra with emission lines
NGC6397-CV2
NGC6397-CV3 Claim of a lack of outbursts
M80-DN1 @ 47 Tuc with Hubble [Shara et al. 1996]
M80-DN2 o CASE (16 GCS) [Pietrukowicz et al. 2008]
M15-C
M22-CV2
NGC6752-B1
M13-CVv1
[Servillat et al. 2011]
ApJ, 733, 106
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Introduction A lack of outbursts?

14 dwarf novae in 157 Galactic globular clusters

M5-V101
47Tuc-V2 o First detection in 1941 on plates
M15-CV1(A) @ M5-V101 confirmed with spectrum, P=5.8 h
M22-CV1 @ All have X-ray counterparts >103! erg s~1
47Tuc-AKO9 . T
M55-CV1 @ 4 have Hubble spectra with emission lines
NGC6397-CV2
NGC6397-CV3 Claim of a lack of outbursts
M80-DN1 @ 47 Tuc with Hubble [Shara et al. 1996]
M80-DN2 o CASE (16 GCS) [Pietrukowicz et al. 2008]
M15-C 4
M22-CV2 . .
NGC6752-B1 Possible explanation
M13-CV1 @ Excess of intermediate polars?
[Servillat et al. 2011] @ More massive white dwarfs?
ApJ, 733, 106 [Grindlay et al. 1999; Dobrotka et al. 2005, lvanova et al. 2006]
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Observational constraints ~ CVs in NGC 2808

Testing the excess of intermediate polars

NGC 2808:
Identifications of CVs

@ ~ 15 in X-rays
@ ~30in

@ Distinct populations

/Z//I, ntermedi atx
4

polars

102
/\<' \
14 4 CVs-X

X 10 = =
X/Uv

2

Servillat et al. 2008a,b
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Observational constraints ~ CVs in NGC 2808

Testing the excess of intermediate polars

NGC 2808:
Identifications of CVs

@ ~ 15 in X-rays
@ ~30in

@ Distinct populations

;/,I'Memedim;\ Intermediate polars?
10® [/ poer e In NGC 2808:
14 4 CVs-X

X 10 = = = =

o 30% of observed

/ o ~ 7% total
9% @ In the Galaxy: 5-10%

2

Servillat et al. 2008a,b
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Observational constraints ~ CVs in NGC 2808

Testing the excess of intermediate polars

NGC 2808:
Identifications of CVs

@ ~ 15 in X-rays
@ ~30in

@ Distinct populations

;/,I'Memedim;\ Intermediate polars?
10® [/ poer e In NGC 2808:
14 4 CVs-X

X 10 = = = =

_ o 30% of observed
/ o ~ 7% total
9% @ In the Galaxy: 5-10%

@ Large uncertainties J

2

Servillat et al. 2008a,b
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Observational constraints ~ Search for dwarf novae in M13

How to detect a dwarf nova?

@ Long coverage (years)
@ Dense coverage (days/weeks)
@ Angular resolution?

@ Image subtraction

Faulkes Telescope North, Maui, USA

Roberts et al. 2008; Lewis & Roche 2009; Las Cumbres Observatory Global Telescope Network
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Observational constraints ~ Search for dwarf novae in M13

How to detect a dwarf nova?

Recipe

@ Long coverage (years)
@ Dense coverage (days/weeks)
@ Angular resolution?

@ Image subtraction

| A

Faulkes Telescope North

@ 2m Telescope

@ Education and outreach

Faulkes Telescope North, Maui, USA

@ Science products

Roberts et al. 2008; Lewis & Roche 2009; Las Cumbres Observatory Global Telescope Network
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Observational constraints

M13: Variability search

@ 78 images over 1 year

@ 5 epochs

@ Image subtraction

@ 16 variables, most are

BL Her, RR Lyr

Search for dwarf novae in M13

Modified Julian Date
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Observational constraints ~ Search for dwarf novae in M13

M13: Variability search

Modified Julian Date

53419 53423 53431 53433 53472 53475 53476 53477 53495 53806

@ 78 images over 1 year * t 4
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@ 5 epochs = i b g&
@ Image subtraction =
@ 16 variables, most are Fraction of day '
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Observational constraints ~ Search for dwarf novae in M13

M13: X-ray study

29"
/\ = Chandra sources
O = detected variables
[J = known variables
_ 28"
g
g
&
27
+36°26'

50s ass a0s 16ha1m3ss
RA (J2000)
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Observational constraints ~ Search for dwarf novae in M13

M13: X-ray study

/\ = Chandra sources
O = detected variables
[J = known variables

28"

X-ray source X6

@ Aligned with star 4
@ Lx=18-102 ergs!

Dec {J2000)

27
@ =1440.2

@ Ny =1.1-10%° cm?

o Flare

+36°26'

V38
(2]
3

o
50s ass a0s 16ha1m3ss
RA (J2000)
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Observational constraints ~ Search for dwarf novae in M13

able optical counterpart with Hubble

T T T
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Observational constraints ~ Search for dwarf novae in M13

M13: Comparison with estimates

(Estimate | Shara et al. 96

Initial number of CVs  [lvanova et al. 2006]
Fraction of dwarf novae [Downes et al. 2006]
Duty cycle [Szkody & Mattei 1984]
5 epochs = 5 chances (1 — duty cycle)’=>

Completeness correction

Servillat et al. 2011, ApJ, 733, 106
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Observational constraints ~ Search for dwarf novae in M13

M13: Comparison with estimates

(Estimate | Shara et al. 96

Initial number of CVs  [lvanova et al. 2006] 150
Fraction of dwarf novae [Downes et al. 2006] 50% 75
Duty cycle [Szkody & Mattei 1984]

5 epochs = 5 chances (1 — duty cycle)’=>

Completeness correction

Servillat et al. 2011, ApJ, 733, 106
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Observational constraints ~ Search for dwarf novae in M13

M13: Comparison with estimates

(Estimate | Shara et al. 96

Initial number of CVs  [lvanova et al. 2006]
Fraction of dwarf novae [Downes et al. 2006] | 50%
Duty cycle [Szkody & Mattei 1984] | 15%
5 epochs = 5 chances (1 — duty cycle)’=>

Completeness correction

Servillat et al. 2011, ApJ, 733, 106
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Observational constraints ~ Search for dwarf novae in M13

M13: Comparison with estimates

(Estimate | Shara et al. 96

Initial number of CVs  [lvanova et al. 2006]
Fraction of dwarf novae [Downes et al. 2006] | 50%
Duty cycle [Szkody & Mattei 1084] | 15%
5 epochs = 5 chances (1 — duty cycle)®=> | 54%

Completeness correction

Servillat et al. 2011, ApJ, 733, 106
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Observational constraints ~ Search for dwarf novae in M13

M13: Comparison with estimates

(Estimate | Shara et al. 96

Initial number of CVs  [lvanova et al. 2006] 150

Fraction of dwarf novae [Downes et al. 2006] 50% 75

Duty cycle [Szkody & Mattei 1084] | 15%

5 epochs = 5 chances (1 — duty cycle)®’=> | 54% 42

Completeness correction 66% 28
. —

Servillat et al. 2011, ApJ, 733, 106
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Observational constraints ~ Search for dwarf novae in M13

M13: Comparison with estimates

(Estimate Y Shara ct al. 6

Initial number of CVs  [lvanova et al. 2006] 150 150
Fraction of dwarf novae [Downes et al. 2006] | 50% 75 | 50% 75
Duty cycle [Szkody & Mattei 1084] | 15% 1%

5 epochs = 5 chances (1 — duty cycle)®’=> | 54% 42 | 5% 3
Completeness correction 66% 28 | 66% 2

Servillat et al. 2011, ApJ, 733, 106
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Observational constraints ~ Search for dwarf novae in M13

M13: Comparison with estimates

Shara et a. 96

Initial number of CVs  [lvanova et al. 2006] 150 150
Fraction of dwarf novae [Downes et al. 2006] | 50% 75 | 50% 75
Duty cycle [Szkody & Mattei 1084] | 15% 1%
5 epochs = 5 chances (1 — duty cycle)®=> | 54% 42 | 5%
Completeness correction 66% 28 | 66% 2

Can we really claim a lack?

@ Initial estimate uncertain, but low impact
@ Proportion of dwarf novae likely biased
@ Duty cycle extremely biased

o Evidence for faint CVs with long duty cycle [Gansicke 2009]
o Should dominate the population (70%) [Kolb 1993]

Servillat et al. 2011, ApJ, 733, 106
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Observational constraints ~ Spectroscopy of dwarf novae in M22

M22: The cataclysmic variable CV1

XMM-Newton

Lx=1240.2-10% erg s7!
Bremsstrahlung kT = 10+ 3 keV
Outbursts (1999, 2000, 2001, 2002, 2003, 2004)
Red: larger star than main sequence?
Mgog=2.6 => P~ 12 h

Webb et al. 2004; Anderson et al. 2003; Bond et al. 2005
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Observational constraints ~ Spectroscopy of dwarf novae in M22

M22 CV1: Period from VLT /VIMOS

gL
z TE
< 3
b 3
4 )
: :
B Jdullon Dote (+2453160 days) -
40‘00 45‘00 5000 55‘00 60'00 65‘0‘(‘)”‘ ° 7]
Wavelength (Angstroms) ~
@ Optical spectrum of a core CV ]
@ Possible short period ~1.2 h :
@ Not consistent with standard evolution § 1
@ Result of a recent collision? : :

19.14 19.16
Jullon Date (42453160 days)

Webb & Servillat, submitted
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M22 CV1

o %

9|

4102

Observational constraints ~ Spectroscopy of dwarf novae in M22

VLT /FORS1 optical spectroscopy

3 % 3 3
3 [N @ 2 on @ o " 0
38 8 g 2 8
A A ¥ ¥ nY © © e} °
378 8 £ 4
‘
i

R e EEy ]
Hel

S

10" erg s’ om* A
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-----]—H-2
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Tell

10°erg's’ om* A

3800 4000

4200 4400 4600 4800 5000 5000 6000 7000 8000 9000

wavelength (&) wavelength (4)

@ Emission lines: accretion disk
@ HeI and HeIl lines : high temperature, magnetic nature?

Servillat & Webb, in prep. (preliminary)
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Observational constraints Spectroscopy of dwarf novae in M22

M22 CV1: Radial velocity curve

250

200

0.25

[T .
i
i I
N “

Radial velocity (kmis]

150

Time + —32768 [MID]
o
N
B

[
o

Preliminary results
@ Short period: 1.12 to 1.25 h
@ Consistent with VIMOS period

@ Very low amplitude...

4B40 4850 4860 4B70 488D
Wavelength [A]
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Conclusions

@ Detection of dwarf novae in globular clusters are suspiciously rare
@ Previous authors reported a possible lack of outbursts

@ An excess of intermediate polars could explain such a lack

Population study in NGC 2808

@ No clear excess of intermediate polars

@ Weak constraints due to low number of sources

A dwarf nova in M13

@ Detection of an outburst consistent with a dwarf nova (optical, X-ray)

@ This single detection does not imply a dearth of outbursts in GCs

@ Indicates strong biases in our reference population

A\

Spectra of dwarf novae in M22

@ First radial velocity measurements of a GC core dwarf nova

@ Possible short period of CV1, inconsistent with its brightness

A\

@ To be tested: peculiar CVs in GCs <=> dynamical influence
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M22: The cataclysmic variable CV2

XMM-Newton

Lx =4.640.8-10%! erg s7!
Bremsstrahlung kT > 10 keV
Outburst in the optical (2000)
P =2.039£0.003 h

Webb et al. 2004; Pietrukowicz et al. 2005
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M22 CV2: FORS1 and XMM-Newton

0 o wo ©
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@ H, HeI and HeII emission lines

@ HeII/HQ : intermediate polar
[Silbert 1986]

w0 wmw w0 mw me @ XMM: 2h eclipses?

wavelength (4)

@ Magellan 6.5m recent
l observations

0000 5000, 20000 /000 30000
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