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Quick Recap

e Chandra Observations of

two old elliptical galaxies:
NGC 3379 & NGC 4278.

e Multi-epoch observations:

e 5 pointings 324-ks
(D25 98 sources
[ «~6x10°¢ erg s')
e 06 pointings 459-ks
(D25 180 sources
Lx~1x103%" erg s!)
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 Based on a sample of 6 galaxies, Kim E. et
al. (2006) concluded:
e GC and Field LMXBs both follow stellar light
e But may be some issue of GC contamination (not Hubble)

e Which does not apply to GC-LMXB

« Ifa GC is a background galaxy it will not emit
detectable X-rays

o Statistics from deep Chandra field
 |nstead, based on a sample of 5 galaxies,
with Hubble observations, Kundu et al.

(2007) concluded
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 Based on a sample of 6 galaxies, Kim E. et
al. (2006) concluded:
e GC and Field LMXBs both follow stellar light
e But may be some issue of GC contamination (not Hubble)

e Which does not apply to GC-LMXB

« Ifa GC is a background galaxy it will not emit
detectable X-rays

o Statistics from deep Chandra field
 |nstead, based on a sample of 5 galaxies, |
with Hubble observations, Kundu et al.
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Field and GC-LMXB Radial
Distribution

 Based on a sample of 6 galaxies, Kim E. et
al. (2006) concluded:
e GC and Field LMXBs both follow stellar light
e But may be some issue of GC contamination (not Hubble)

e Which does not apply to GC-LMXB

« Ifa GC is a background galaxy it will not emit
detectable X-rays

o Statistics from deep Chandra field
 |nstead, based on a sample of 5 galaxies,
with Hubble observations, Kundu et al.

(2007) concluded

e GC-LMXBs follow GC distribution
e More extended than stellar light and field LMXBs

e ...However, for nearby galaxies sources at
radii < 10" are crowded/confused with
Chandra
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Radial Distribution

Sy, Individual galaxies, deep observations
e Large LMXB samples
The overall (number) LMXB distribution (field
& GC) follows the optical light
(Brassington et al 2008, 2009; Kim et al 2009).
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01 fF %, e« Large LMXB samples
001 The overall (number) LMXB distribution (field

& GC) follows the optical light
oo (Brassington et al 2008, 2009; Kim et al 2009).

o I The radial (number) distributions of field and
GC sources are consistent with each other
(Kim et al. 2009; R>10").
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0.1 3%, e Large LMXB samples
The overall (number) LMXB distribution (field
Y & GC) follows the optical light

oo (Brassington et al 2008, 2009; Kim et al 2009).

o I The radial (number) distributions of field and
GC sources are consistent with each other
(Kim et al. 2009; R>10").
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e [gnoring the centermost
confused ~10".

e The GC-LMXB distribution
IS more centrally peaked
than the GC distribution.
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e Chandra’s sub-arcsecond resolution
allows spatial distribution of LMXBs to
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 Three examples of non-uniform
distributions in ellipticals:

e NGC 720 (Jeltema et al. 2002) shows arc at
larger radii.
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Non-Uniform Distributions

 Chandra’s sub-arcsecond resolution .
allows spatial distribution of LMXBs to
be investigated.

 Three examples of non-uniform

distributions in ellipticals:
e NGC 720 (Jeltema et al. 2002) shows arc at
larger radii.

e Zezas et al. (2003) present non-
uniform distributions in two elliptical
galaxies:

e NGC 4261 does not follow the optical profile at
confidence levels > 99.9% from K-S test.

e NGC 4697 can rule out at 98% confidence that
LMXB distribution and optical profile belong to
the same population.

o See talk by Andreas later
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Short Archival Observation

e |nvestigate both old ellipticals for
evidence for spatial anisotropies.

e NGC 3379 does not contain a non-
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significance.
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Short Archival Observation

e |nvestigate both old ellipticals for
evidence for spatial anisotropies.

e NGC 3379 does not contain a non-
uniform distribution of LMXBS,
following optical profile with any
significance.

e From first observation of NGC
4278, some suggestion of diffuse
component in SW region of galaxy.

e This observation of 37-ks detected
sources to Lx~5x103" erg s™.









NGC 4278 Distribution

 The 5 recent, deeper observations have revealed more LMXBs,
detecting sources to Lx~3x10%° erg s (10% completeness L,~6x10% erg 5.

o All the diffuse emission has been resolved into X-ray sources.

e Importance of deep, sub-arcsecond resolution observations
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NGC 4278 Distribution

Average 3 Regions

SW Region
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SW Region
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e Average of three quadrants to optical x? = 3.5/5
« Fitting the SW region to the optical profile x* = 12.0/5
« Comparing sources in same radial bin >30 excess in SW















Binning Dependence

e Altering the binning still gives an excess of >20 in every case.
o Also looked at azimuthal distribution of sources in radial bins.
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Binning Dependence

e Altering the binning still gives an excess of >20 in every case.
o Also looked at azimuthal distribution of sources in radial bins.

e All were consistent bar the 60" bin, where in the SW
guadrant.

30 arcs

60 arcs

No. of Sources/Areca

Radius (arcseconds)
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Field and GC LMXBs
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e 3 Average Field: x?=4.75/5
SW field x2 = 1.75/5

3 Average GC x? = 3.0/5
SW GC x2 = 11.8/5

We know that LMXB formation
efficient in GCs, therefore separate
GC and Field LMXBs.

Compare GC/field LMXBs (in HST)
The SW bin at 60" has excess of 30
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e X-ray Luminosity distribution. AR

GC-LMXB properties

|
e Do these GC-LMXBs have different ] =
properties? |




GC-LMXB propertles

—
e Do these GC-LMXBs have different 1 A,
properties? ’

o X-ray Luminosity distribution. Lo
e GC-LMXB color distribution. . ""




GC-LMXB properties

)
e Do these GC-LMXBs have different l
properties? |
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Distribution of GC population

« The LMXBs in the excess region i
have similar properties to the whole
LMXB population.

 \What about the distribution of GCs?

e The SW bin at 60" has excess of
20, which is the same bin at the
GC-LMXB excess.

e Similar situation to NGC 4261:
LMXB anisotropy has close
association with the GC
population, which also has a

peculiar distribution (Giordano et
al. 2005).
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GC-LMXB properties

Do the GCs in the excess region have different properties to
the rest of the GC population?

 The V-band magnitudes of GC in excess Vs. rest come from
different populations at >99.9% (from K-S test).

e “Rest” of GCs compared to e GC-LMXBs in “rest” and
excess region. excess region.
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History of NGC 4278

For both NGC 720 and NGC 4261, non-uniform distributions
explained by merging event.

From single population modeling stellar age of NGC 4278 ~9 Gyr.

However, Hl data (Jones 1984; Morganti et al. 2006) seen in form
of extended tidal tails - indicative of major merging event.

Further, ISOCAM detects an excess of
15um in the galaxy (Xilouris 2004 ) =
presence of warm dust.

Heard earlier in week - SSC form from
merging events (e.g. Jay Gallagher’s
talk).

Therefore, this observed excess could

be the result of merging activity (>1 Gyr
< ?7).
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Summary
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irrespective of globular cluster specific frequency.
Field and GC-LMXB profiles are consistent.
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NGC 4278 exhibits tantalizing non-uniformity in LMXB population.
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Summary

Radial distributions of LMXB population follow optical light

e irrespective of globular cluster specific frequency.
Field and GC-LMXB profiles are consistent.
GC-LMXBs more peaked than the GC distribution

e This could be through LMXB production favored in the central region.

NGC 4278 exhibits tantalizing non-uniformity in LMXB population.
o Similar to NGC 720, NGC 4697 & NGC 4261.

This excess appears to originate from GC-LMXB sources.
GC distribution also hints at excess in same region

e Are GC distribution shaped by recent interactions (Oleg Gnedin’s talk)?

Two HI tails suggest that NGC 4278 subject to major merger (even
though SSP ~9Gyr).

Thought that SSCs can form from merging events, leading to over-
abundance of LMXBs in that region (e.g. NGC 3310).
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Radial Distribution

« LMXBs are expected to follow the optical
profile of the galaxy.

e Average profiles of both galaxies follow the
optical profiles well

Optical profiles from
multi-Gaussian
expansions of |-band
data (Cappellari 2006).

Flattening in central
bins due to source
confusion.




