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In Milky Way globular clusters
form LMXBs efficiently

Small sample!
Look at M87

M87 richest globular cluster
system in local universe
Increased GC sample of ~ 14000

Study properties of GCs hosting
LMXBs
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Spherical collection of stars
orbiting a galaxy

Small and dense

Dust and gas free

Diameter independent of mass

Old systems, mainly population
Il stars

Luminosity Function used as
standard candle
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4U 1820-30

Binary Systems
Neutron star or blackhole
primary
Late-type secondary
M < 2.0M,
Mass overflow (Roche lobe
filling)
L ~10% —10% erg/s
Older than 10%r
Possible formation

Direct formation
Tidal capture
Binary exchange processes



ACS Wide Field Camera
202" x202" FoV
2x560s + 90s F850LP (~ z band)
2x375s F475W (~ g band)

ACIS Imaging mode
8'x8' FoV (S3)
105 ks exposure time



Analysis

Obtaining optical data
HST Search Form

Archive Status

File Upload Form

Search Reset Clear Form

Target Name Resolver Radius (arcmin)
M87 SIMBAD ] |3.0
Declination Equinox

Right Ascension
12000 |

Proposal Release
Date

Imagers Spectrographs Other Start Time Exp Time
ALL | ALL | ALL | D Date
[ [pao1

Standard Form

NONE | NONE | NONE |
[~ STIS " FGS Dataset Filters/Gratings Obset ID %
| |

Observations

[~ STIS
r
NICMOS [~ NICMOS

" HSP I
~WFPC2 ~ GHRS Target Descrip
DJ.Kusterer, A.Bayo, S.Alis, G.Micheva GCs and LMXBs in M87

Apertures




Data Analysis

Obtaining optical data

Archive Status HST Search Form
Standard Form File Upload Form

“ Search Reset Clear Form

Resolver Radius (arcmin)
SIMBAD 0

Right Ascension Declination Equinox

12000 |

Pr |
Imagers Spectrographs Other g 1 Exp Time ﬂ:&

ALL ALL ALL D) Date
NONE NONE NONE paor
STIS [ STIS I Fas Dataset Filters/Gratings Obset ID
NICMOS [ HSP

r
NICMOS
~WFPC2 [~ GHRS Target Descrip  Apertures  Observations

r

=
[~WF/PC [~ FOS Science ~ Calibration

[“FOC [ FOC Pl Last Name
I~ ACS I~ ACS
User-specified field 1 Field Descriptions _ User-specified field 2 Field Descriptions

Dataset B Dataset

Output Columns
oo

DJ.Kusterer, A.Bayo, S.Alis, G.Micheva

GCs and LMXBs in M87



Data Analysis

Processing optical data
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Software: SExtractor

Source extracting in both bands

DETECT_MINAREA 5
DETECT_THRESH 3
PHOT_APERTURES 4 8 10 16
SATUR_LEVEL 65000
MAG_ZEROPOINT 26.068
(F475W, AB)
MAG_ZEROPOINT 24.862
(F850LP, AB)
PIXEL_SCALE 0.049
SEEING_FWHM 0.098
BACK_SIZE 32




Data Analysis

Processing optical data

o
20 21 22 23 24 25 26 27
F475W (mog)
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2608 sources (F475W)
2372 sources (F850LP)

1911 sources (cross-matched) with
TOPCAT




File Help

kS

Match Criteni
|lgorithm: [Sky -
Max Error: 0.1

==

Table 1

Table: [ 1: Fa7aw

RA column: [RA J [degrees ~ |
Dec column: [DEC IIEI]I’EIS -

Table

Table: [ 2: F83OLE

RA column: [RA v || degrees ~
Dec columm: [DEC J degrees v

Output

Match Selection: (8 Best Match Only O All Matches
Join Type:[1and 2

2608 sources (F475W)
2372 sources (F850LP)

1911 sources (cross-matched) with
TOPCAT




. Data
Data Analysis AU (D

Filtering optical data

rroperics [~ ox]

Properties of the filter "Filter0"

in th
adin

Choose a predefined filter .
Predefined fiite |

Or enter your own filter definition  ex: ${Emagj <10 {draw red square}

Pick:  Columns - UCDs | Actions - Maths. Units .
& 1. elong} &¥{elong} —

a}
.
Help
.
Examples
.

e
Save fiter | Load filrer

with all filtered sources

Apply | Close
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Propertics of {

Aditter allows you to custornize and ¢

Properties of the fifter | Filtero

Beginner mole|
Choose a predefined filter

Predefined fifters
Or enter your own filter definition  ex: {8

Pick:  Columns | UCDs

$£9_mag} >=19864 (g~} >=0. 5888 ]
tdraw rhorib red

i1
Help

Examples

Export | Create a new plane with all fiftered so

Appl
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Data Analysis

Analyzing optical data
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Data Analy

Obtaining X-ray data

Chandra Observation Search

x-lay Center nowseach Retrieval List  Help

Chandra Data Archive
Search Rese

ms7 Resolve Name RALongn 12304942 DecfLavb[+1223 2804 Radius 10 aremin

Name Resolver SIMBAD/NED +| Coondinate System [ Equatorial J2000 =] Equinox [2000
Observation ID 707 Sequence Number Prposal Number 03400562

Proposal Title PIName Observer Name
Start Date Public Release Date Exposure Time (ks

Solar System
Stars and WD

Science Category | WD Binaries and CV
BH and NS Binaries
SN, SNR and Isolated NS

Status

Ohserving Cyele

Sort Order Status | & ascending € descending
Display Format [HTML x| Row Limit | 50 =l

Coordinate System | Equatorial 2000 x| Equinox [2000 Format | Sexagesimal (hh/dd mm ss.ss) v

Foronline support please contact the CXC Helpdesk.
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Data Analysis

Obtaining X-ray data

Observation Search
X-ray Center no s

[Ca— Resolve Name. Rt [2304002  petanfB80 &
[SNBADINED =] Coontinte Sysen Equatoral 2000 =] Easines 000

l—mn..mumu.

Archived Solar System

Observed Soa
g parialy Ovsered S Cussons (WD Binares and CV
BH and NS Bina
=

[Sams ] © ecending  descending
Formt[HTMC ] Rowtin[50 =]

Coolinate Systen Eouatorial 2000 ~] Eawines 000 Fomna [Sexagesimal (1dd mm s5.59) <]

Foronline support plesse contac the CXC Helpdesk.
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Data Analysis

Processing X-ray data
% fv: Summary of acisf02707N001_evt2.fits.gz

File Ed Tools

Index Extension i View

Primary Image o Header | Image | Table |
EVENTS Binary 18 cols X 6455032 rOWS Haaner ﬂlﬂlll Select |
GTI Binary 2 cols %11 rows Header ﬂlﬂlll Select |
GTI Bihary 2 cols X3 rows Header ﬂlﬂlll Select |
GTI Binary 2 cols X1 rows Header ﬂlﬂlll Select |
GTI Bihary 2 cols X3 rows Header ﬂlﬂlll Select |
GTI Bihary 2 cols X 4 rows Header ﬂlﬂlll Select |
[l e

Select |

GTI Binary 2 cols X 2 rows Header | Hist |
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Data Analysis

Processing X-ray data

vtz fits.ge[1] [=[x]

2 sinary Tableof

_inodeid _|expno | chipx | chipy | tdetx | tdety I detx
10 1 1 1 1 1E
pixel  pixel  pixel  pixel pixel
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Processing X-ray data
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6 ACIS chips
Using Software CIAO to:

Cut to S3
Restrict the image to HST
FoV




Data Analysis

Processing X-ray data
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Time
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celldetect source extraction
algorithm (alt. wavdetect)




celldetect source extraction
algorithm (alt. wavdetect)
Manual removal of problematic
regions




Data Analysis

Analyzing X-ray data
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RGB image (ds9)
Red: F850LP (~ Sloan z)
Green: F475W (=~ Sloan g)
Blue: X-ray




Cross-matching the catalogues
Green: Optical catalogue
White: X-ray catalogue
Red: Cross-matched




Cross-match performed with
TOPCAT
Using RA & DEC for matching
(0.1" threshold)

1769 optical sources

179 X-ray sources

57 cross-matches



Results and Conclusions

Properties of optical counterparts

06 0.8 1.0 1.2 1.4 1.6 1.8 06 0.8 1.0 1.2 1.4 1.6 1.8
g-z 9-z
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THANK YOU!
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