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‘GCs are old stellar systems with hlgh steflar dens:tles ln
| the core (up to 1 06 stars/pc3) -

Dynamlcal mteractlons mewtable : e _'
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Why 1Bs in Globular Clusters?

CBs play a vital role in the*evolution of Gés: e g

*«-Binding enérgy of"a_(féyv); (_}_Bs rivél.-s that of a’mbdest GC =

-+ GC core get d’enSer due to l%ggs.éégmgation, the
timescales depend on'the binary population of the cluster
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+ - Many CBs - heat the cluster.and causeits expansion and -
evaporation on significantly sharter timescales - -

i L]

" s Knowledge of closé binary populafion in GCs is important
if we are to understand.the -evolution of GCs . - .
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%lnally proposed to ex lain overabundance of LMXBs
Cs compared to the alactlc fi eld .
(Fabran et aI 1 975) B s P g i
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o Three-body lnteraotlon,s* i‘)teha?:ge mteraqtlon w:th a
primordial b mag
(e.g. Dawes & enz 1996 Ivano.va 2006) ‘

«  Since WDs are far more commo‘n than NSs we also expect :
more CVs than LMXBS in GCs . '

o More than 100 CVs predlctedl 47 Tuc -
(DI Stefano & Rappaport 1.994 Ivanova et al. 2006)
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Evolutlon of primordial bmanes el '.. _. T s
(Davies 1997) .., S _ ‘

.. Primordial bman;,-s ‘produce CVs in the Galactlc fi eld

i D}/ namical interactions with other stars’in the dense core
or a GC will likely destroy such primordial binaries

* " In low-dense regions: (glutster outsklrts) such pnmordlal
binaries mlghtsurwv*e i‘ ;o

o o i.
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Townsley & Bﬂdsten*2005 L

all CVs in 47 iTuc can be explamed by pnmordlal binaries :
Pooley & Hut 2006:- - - = - & =

no of X-ray soyrces scales with encounter rate rather than

with-mass, all CVs in 47 Tuc have dynamical ongm
] s - il . w

— Still ongoing discussion! A e



“Why FUv?

* Exotic stellar populatlons show a SED quer than that of - |
other cluster members Fr g . é

¢ MS &red giants too cooL to show up
L crowdlng is not an lssue inithe core reglon'

— FUV is ideally su:teq fo detect end study these hot stellar
populat:ons’ s P

‘ g (5
But: so far only very few FUV studles i

* FUV counterparts to known CVs cenf"h irm thelr status and
detect new.anes (47 Tuc) - .

+Study HB mofphology in the de (NGC 2808)
. BS sequence ! :

. WD.and CV. bandldatesm fane
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Why M157?

+ " One of the oldest and most metal-poor GCs .
* Compact gorg oyl el L . .
o Core-collapsed? L i

"¢ 'IMBH or concentratlon ef coMpact Stellar ob/ects?

*, Only € GC w:chLMXBs' Nlyg Xl 80 e
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. Other mterestlng stellar pepulatlons BSs RRL yrae
¢ Phoemc:s Cephelds**MSPs BHBs & EHBs

.

From obsefvatiqn'al pqiht o_f vie|7|'/':' :

oo’ Small core " gt i B Tl Sen
el .« . —dess expensive in observing time
» Lowreddening!- ey '
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Varieble stars {(circles):
ER Lyrae & candidate=

CV eandidetes
LMXE {squeres)}
eclipsing & other varinbles

ZAHB

FUV-NUV [mag]

e FUV-NUV:-CMD:

« 2731 FUV sources
*« 9164 NUV sources

o 2137 common sources

*-BS & HB sequences

« WDs

«-gap Sources — CVs &
MS-WD binaries

* MS & red giants

— deepest FUV-NUV CMD

of a.GC so far!



. 25 WD candtdates w:th FU V < 22, o) mag

. Scale from no. of HE'Stérs

\/\/mze varrrb

- .

_. J HB [Ifetlme ~ 108 yrs 'l # 1 _“ .. ‘ -' . SR
. WDmM15atFUV~‘225mag TE L il
Teff== 26 ooo;g & coolmg age ~ 4*107 y,s T .

How many _WD___s. ;c_a_n' b_@ eXpecfed? i ; .

& .

ey EHB) "* :'};-'*t ¥ 430
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— = 50 WDs can be expecte.d |
- most of our candldates are mdeed WDs o
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Ce ta c,I/srrm Varl rlOIES‘

o =60 gap seufe'es in 'eui' CMD' S

How, many CVs can be expected’? | b-_" .
e In 47 Tuc & 200 dynamlcally formed CVs are expected i
. (Dl Stefano & Rappapoi'f ﬁ'94 7vanova et.al 2006)

Lol
ey PN

« Scale with central Iummos:ty dens:ty and core radius:
Fxphe*r Co,-e2 o (Hemke et al. 2003)

* Given our detectlon. Ilmlts and FOV we expeci 10—20 CVs
— Some, but not: all, gap sdurces-are CVs -
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Radial Distribution:

.- ‘gap.sources are the
most centrally
concentrated

. BS more centrally
concentrated than HB

—+ mass-segregation?

—*nreferred birth place?
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- [EHB more concentrated
than.BHB inthe cluster
core — dynamical origin,
i.e. WD mergers?




BJD-2453308 . 8844 [d]

» - Short timescale variation with a few tenths mags
— Flickering (common in CVs)
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Susoe ted dwarf novae:

Two faint X-ra Y sources within our FOV.-*
(Hanmkamen et al. 20095)

* - HHCV2005-A: only detectable in our fourth FUV observmg
epoch, too faint in the master lmage
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| MXBS in M15 51 ACZ11 & M15 X-2

« Early observatlons suggested jUSt one X-ra y brlght source: «
4U2127+119 S S it ‘

]

‘. Accretlon dlSC coroha 'sour'ce- s AT

; [ ]
... e

o 1988 2000 2 b‘nght Xfraif.bursts —> NS dfrectly observed'

i‘l.'-d'r ik W -‘ .l i_ ]

.« Chandra data reveafed 2)(-ray sources;
separated by only 2, 7 . (Whlte & Angelml 2001 )

.l___ &

. New source .CXO J21298 17l-121002 or M15 X2
: ===2 S bnghter than ACZ1 < AP .
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FUV counterparts to_AC211 & M15 X-2'- -
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Lighteurves of AC211 & M15 X-2:

AC211 M15 X-2

FUV — FUV_,,

-16.12 -16.08 -1604 -18 -15.98

—16.12 —-1608 -1604 16 15486 -—-15.892 -15.00

-16.92 -1b.88

FUV — FUV_,,_

] T

1 1 1
-6.92 7.44 7.48

Eov b v F o v b F b R o R 1
—ia.8E T .8 18,12 18,158 Ev.38 3GL.76 3.8
BID—2453308. 8844 [Iﬂ.]

» Both LMXBs ¢learly variable
 Note the different amplitudes!

L 1 1
18.12 18.18 27.32 35.76 358
BID—2453308 BB44 [d]




ACZ211:

One of the optically brightest
LMXBs know:(U = 15.53 mag)

Is the brightest FUV source in
our CMD (FUV .= 13.88.mag)

Lightcurve indicates eclipse in
our last epoch

AC211: period 17.1 hrs TN i e s
(llovaisky et al. 1993) 2450306,8044 [




M15:X-2

Semi-amplitude < 0.1 mag

Variability on much smaller
timescale

FUV = 16.96. mag
U =19 mag

SuspeCted UCXB due to its -5.82 V.44 7.48 18.18 18.16 27.38 30.76
[ BID-24563308.8844 [d]
Ly/L,p ratio




. *I T _' .. i -l_.f-\ - W, ; 1_‘;.1
UJ'[facomoac;r. A-—r-ay binaries. L

- UCXBs areasubclass ofLMXBs e SR i R
_tlght (107°¢m orblt) mteractmg binaries |

consisting of a NS (BH?) and-a low-mass (<0.1 MQ)
;Idegenerate compamon RS,

¥, . . | ]

: - ‘_:;_1 _:_.. £a P ! i P
‘ penods < 80.min" Ay ’f‘h' v
mrght be preferent[aliji'formed in. dense N )
globular cluster cores’ = L
-are most LMXBs m GCs UQXBS? (e g Homer 2003)
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The perjod of M15 XB-2

* Relative photometry from 90
images, covering 3 months

o x4 fits to trial fréequencies

— periogogram peaks at
22.58 min

« * Extensive Monte.Carlo
¢ 100, simulations; signal is
consistent with being
coherent over entire time
20 40 60 80 100 120 140
frequenzy [d™!] Coverage

period = 22.5806 min




The period ot M15 X-2:

FUV — FUV___

-16.12 —-18.08 -1604 -16 -1586 -1592 -15.88
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-592 744 748 18,12 18.18 27.32 3576 358
BJD-2453308. 8844 [d]

Sine wave with
22.5806 min period

Fit coherent over 3300
cycles



«. SED from additional narrow
band photometry

o SED rises towards bluer
wavelengths
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». Can be fitted with. Power law
FA~ A-Z.O

o.  Excess flux in F150N

— additional C IV.{(A-= 1550 A)
and He Il (A = 1640 A) line
emission




Evidence for-line emission:

Peak in SED might either be caused by additional line
emission, or by a turnover in an otherwise smooth continuum

Colour-colour diagram:
. Blackbodies

* Power law with C V.
emission

*  Powerlaw with He Il
emission
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_..SED best descnbed,with power law (index -2.0) + C IV
T4550 EW =30 A + He IFM640EW.~ 30 A



M_LS Jegmerry or he.system
., * For small masswat:o dens:ty of donor is a functlon of
o P, thainly " v e AR | (Eggleton 1983)
— cons:stent with ] Iow-mass WD . g
4 .:.,'_';__':__ :; “ ot .3_ " . | ST .
] P .. -.!!- o '1; vl S - i ¥
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. Mass-radlus relatlohsﬁ'ip (Deloye & Blldsten 2003)

|||||

“— minimumrdonor mass 0. 02 .0.03M,
LR mmlmum donor radlus 0. 03 0. 04 R
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'« ‘BB with T,= 32000 K= rBB = o 1 R, «  Accretion
| , disk = 0.2 R R i e B
= FUV light from accretlon drsk not WD st | |

- :_; --._ (it\nons&ng 19.93)

L (White & Angelml 2001)
_O’GM yr’* .- R E

p Accretlon rqte from mass transfer dnven by Qrawtatronal
‘radiation: .+ - el e AR
— 2. 4X101° M‘ yr-1 _' i

iy i

. lncllnatlen angle = 30°

. Ly =1. 4><1036 erg sec” 153 5
R accretlon rate BM/vSt

R
-l-

— Observed X-ray emlssm.n can be powered by -
grawtatlonal radlatlon-drlven UERS transfer
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| FUV extremer useful to detect and study IBs and other Ry
exotic stellar populatlon in GCs U .

Gap sources include seme CVs =
Gap sources & BS most centrally concentrated B
= mass segregatlon?h. TR o

~ Preferred birth place%’ T S

|||||

Both LMXBs are (among) the bnghtest FUV sources and
are clearly vanable RS- .
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' Es lfr]frlrlr)/

—Penodof2258mm _' el T

— SED best descnbed w:th power-law with a= -2 and

_additional C | V-and He I line emission:
— FUV light comes from the accretlon d:sk

— X-ray emission pavyegd b) }4 gra‘wtatloqal radlaflbn-dnven
mass transfer 5 O TN _

. -t . ; g o f'“.:-‘“f.. 5 n t. A3 '-:.- - _" i
— 3’d'conﬁrmed-UCXB"in-a GCs.:. ., i - ¥ e
. Hegl
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Dieball e_i al.-2005, ApJ 634, L105. ; ;

Dieball et al. 2007,-ApJ submitted -~ - , "
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