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Overview of talk

 Review of bright LM XBs and their GCs

e Chandraviews of 47Tuc and NGC6397:
the compad binary population revealed

e MSPsin 47Tuc & NGC6397: re-recycled?
* Binary gection & cluster disruption in buge

» Neutron stars vs. WDs in globulars

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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Luminous LM XBsin Globular Clusters
13 LMXBsin 12 globular clusters:
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Luminous LM XBsin GCs, cont.
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Luminous vs. quiescent LMXBs& CVs

Dim sources discovered & suggested to be primarily
CVsbut also gLMXBs (e.g. transient in N6440)
Hertz and Grindlay (1983)

Chandra can now resolve (just!) both in single GC:

Terzan 5: LMXB in outburst
(L, ~10%6erg/s) with 9 faint
sources at L, ~103>3erg/s.

X-ray colors suggest 5 CVs
and 4 gLMXBs
Heinke et a 2003, ApJ, in press

47Tuc, March 16-17, 2000
(Chandra ACIS-I, 70ksec)

2x2arcmin

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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47Tuc: Initial Chandra Data Results
(Grindlay et al 2001, Science, 292, 2292)

» 108 sources in central 2 x 2.5arcmin
> L (0.5-25keV) ~ 1-1000 x 10*erg/s

> Power Law X- ray LF dN/dL ~ L-08
{ ) VS.

47Tuc: initial Chandra data, addtl. results

» 108 sourcesin central 2 x 2.5 arcmin field
(Grindlay et al 2001, Science)

» 187 sources out to radius 4 arcmin
(Grindlay et a 2002, ApJ)

X-ray spectral Identifications of

* 2 LM XBs: kT ~100 eV H-atmos: constrain EOS of NS
(Heinke et al 2003, ApJ)
* ~30 CVs. kKT ~5-20 keV bremstrahlung; magnetic CVs?

HSI IDsifor >22 CVs, 1 gLMXB, 2 MSPs, 29 ABs
(Edmonds et al 2003, ApJ)

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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47Tuc: initial Chandra data results, cont.

* BY Draoonis stars
(chromospherically adive m-s
binaries, ABs) deteded in large
numbers: 29 HST IDs.

L, ~1-10 x 10%°, KT <1lkeV
(usually), Pyjnar,~0.5-2d

* Limit on central BH from
Bondi acaetion & n~0.1cm3
from variation in DM of MSPs
Mgy < 470 V5, but'dependent 6
tncertain (acdvecion®?) . aion

MSPsin 47Tuc: theinitial Chandra view

* 9 of the 16 MSPswith precise radio timing
positions detected firmly, 5 marginally (2
un-resolved)

 All but 1 (MSPJ) very soft: KT~0.2keV
emisson from polar caps. & L, ~1-4 x 10%°
departure from L, - Edot relation

e Significant underlying “red” source pop.
and incompleteness ~35-90IMISPs; tetal

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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47Tuc, March 16-17, 2000
(Chandra ACIS-I, 70ksec)

Chandra image (0.5—4.5keV)

MSP positions from
Freice et al. (2001)

i

Radia Distribution of MSPsin 47Tuc

Radio positions (16) all within ~3.5r, but
Chandra soft sources foll ow King profile:
n(r,) ~n. (r.)9, with q~1.5-1.7 & r, ~15+3"

Cumulative distribution

Monte-Carlo sampling of 16 soft sources (shaded band) vs. MSPs

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)



Chandra Observations of X-Ray Binaries and MSPs

A 1821-24/M28

A 7 oa

& Loallx) =1.13Loa(Edot)- 7.5 (Fieid & M28)

3400 34.80 3500
Log(Edot)

L, vs. Edot for MSPsin 47Tuc & NG6397 vs. Field
NS surface B-field dtered (muliipae?) by,
renewed aceretionin addirenal encouneis?
(Grindlay et al 2002, ApJ)

47Tuc: first looks at NEW Chandra data

Seroll threughismeethed (minimally)
Chandiralimages...

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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47Tuc, March 16-17, 2000
(Chandra ACIS-I, 70ksec)

O = MSP positions
Same minimall smeothing fier originall ACIS | image; alove; as
o e ACIS:Simages toifelliew,

47Tuc, Sept. 30, 2002
(Chandra ACIS-S, 65ksec)

O = MSP positions

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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47Tuc, Oct. 1, 2002
(Chandra ACIS-S, 65 ksec)

47Tuc, Oct. 3, 2002
(Chandra ACIS-S, 65 ksec)

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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47Tuc, Oct. 10, 2002
(Chandra ACIS-S, 65ksec)

Initial results from new 47Tuc Chandra data

» All resolved MSPs (15/17) detected; spectra
will be possible on summed images (> 100cts)

s At least 150iseurces detected significantly/ by
WAVDETECT In same 2 x 2.5 arcmin central
190X, MRy merelii Crewding consideied

ssNEvHiiaimRg (ImesilNAABS el alSeICVS7)rane
stezle\/ (VSRS @V2) salifces cleiccice]

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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Example light curve from new Chandraimages

W37, 2002

W37: source dosest S .
to cluster center, ~1” |EE Pt B

x X
X wx-ox X
X R o0 £

offset, and limiting L, |EEE NS e F 1 3
for any central bladk
hole (IMBH)

Softl (kT < 1keV)
emission: pessible
magnetic CV. (polar)
or' acereting NS?

47Tuc vs. NGC6397. Chandra Results

NGC 6397
distance (kpc) ~25
mass (M) ~2x10°
cor e radius (arcsec) ~5
core radius (pc) ~0.06

central density ~ 2% 10°
(Mg/PC?)

central velocity ~35
dispersion (km/s)

relative collision rate

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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NGC6397: Initial Chandraimaging results
49 ksec observation with Chanda ACIS |
~ 25 X-ray sources within < 2 (~ 24 core radi)
~ 20 cluster members
L, ~ 3x10%° —2x 102 erg/s
9 CVs (hard spedra: kT > 5keV); 8 with HSI IDs
1 glLMXB! (KT ~0.2 keV)
1 MSP(Sefit+:hard spedrum)
4 ABswith HSIFIds; neilHe-WDs (NES)
(Grindlay et a 2001, ApJ)

Chandra ACIS-| on NGC 6397

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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Ul18: MSP or
BY Dra?

NGC 6397: NEW Chandra data

2 % 28 ksec exposures with ACIS-S with
20 separation (May 13, 15, 2002)

Seroll threugh smeothed! (minimally)
Chandra images...

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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NGC 6397, July 31, 2000
(Chandra ACIS-1, 49ksec)

~2arcmin X 1.5arcmin
Same minimall smeothiing fier eriginall ACIS | inage;
aboye; asior newACIS:Simagesitorfelliow,

NGC 6397, May 13 and 15, 2002
(Chandra ACIS-S, 28ksec each)

~2arcmin X 1.5arcmin

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03) 14
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NGC 6397, May 27 vs. 30, 2002
(Chandra ACIS-S, 30ksec each)

2arcmin radius field

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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Initial results from new NGC6397
Chandra data

» CV2 highly variable; ethers relativey constant.
No new olvieus CVs (N ~9-10itetal in cluster)

o U118 relativey: constant: consisient with being like
knewn VISE: a deLbly-exdianczdisysenwitl
“redisiragder secondany/since eptical lDs sme: ..

SN VISEPNPSRIAS 820 SHpWsIncaiRal NV eIy
conslsiepr it rziele el g (Oue gt feclireel oy clziiz))

o releithvely sepzll rtienlosr ARS (Ol ~2 nehy Velrlzleles?)

Comparison Chandra Source Counts:
47Tuc vs. NGC 6397 (initial data)

Source 47Tuc NGCG397
gLMXB (NSs) 2 1
MSPs|(NSs) ~90 1

CVs (WDs) ~30 ~10
ABs (m:s sars) >30 ~4

I (rel. call. rate) =3 ~0.3
Misc (rel. mass) 5 (0
(NSIWD)Y/(IF . /M) ~5 ~0.6

NSs=AOX eveisineavs\VDsInEyatc((EeH]7)
QR C\/s graclteeel s VSRS sezitierec) 11 NESIY cafe o)l zlosed

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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Compact Binary Ejection?

» MISP in NGC6397 well out in cusp: ejected
Inisame encounter that swapped i RS secondary

s gLIVIXBs i INGE6652 eutiat>6ir. (Helnke et al
20015 =016 17, INNGE 6298 (Jonker et alf 2003)

o | EVIXBIIVISEEANEI 092981 andiethisinizalo

J Blesi eviclerleairan exierrel celzrdes €€ sollfees

Sco X-1 Ejected from a Globular?
(even?!)
Posting of Jan. 29, 2003, on astro-ph:
astro-ph/0301580 [abs, ps, pdf, other] :

Title: The origin of Scorpius X-1

Authors: |. Felix Mirabel, Irapuan Rodrigues
Comments: 4 pages, 1 figure. Animation and high resol ution figures can be retrived from the

NRAO pressrelease: this http URL
Journa-ref: Astronomy & Astrophysics, 398, L25--L.28 (2003)

We have used multi-wavel ength observations of high precision to derive the space velocity and compute
the orbit around the Galactic Centre of the prototype X-ray binary Scorpius X-1. An origin in the local
spiral arm of the Milky Way isruled out. The galactocentric kinematics of Scorpius X-1 is similar to that
of the most ancient starsand globular clusters of the inner Galactic halo. Most probably, this low-mass
X-ray binary was formed by a close encounter in a globular cluster. However, it cannot be ruled out that

a natal supernova explosion launched Scorpius X-1 into an orbit like this from a birth place in the galactic
bulge. In any case, the Galactocentric orbit indicates that Scorpius X-1 was formed more than 30 Myrs ago.

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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Conclusions

» CVs are indeed over-produced in globulars
(& confirms HG83 that CVs dominate gLMXBs)

» MSPsvs. CVs may probe IMEs or GC
inrtial conditions

s ActiVe binalies are bright X-ray narkers
eI BInaNAeHTANGH/EsiricHen (desiieyed
elanvele CVsimNGE6sor7)

O Coppoeiet Olflelfles fran) ECs frely/ gogtlzie
cellziciic gtllce

Josh Grindlay, Harvard (KITP Globular Clusters Conference 1/30/03)
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