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Overview (Baseline Model)

Model a population of X-ray sources (e.g. from Chandra Deep Field
Catalogue).
Start by assuming all X-ray sources are located by optical survey.
Source intensities estimated given photon counts from source and
background region.
Luminosity function specifies distribution of source intensities in a
population.

Goal: Estimate X-ray source intensities and obtain luminosity
function.
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Data

Data Description
ai area of the source region
Yi counts collected in source region (of area ai)
di area of the background region (around source i)
Xi background counts collected in source region (of area di)
ei telescope effective area [cm2] at source location
ri proportion of photons expected to fall in source region ⌘ 1

Data available from the Chandra Deep Field Catalogue.
n = 358 X-ray sources detected in data set.
Observation time T in seconds (T = 1960631).
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Model

In region i, observed photon counts Yi are sum of latent background
Bi and source Si

Yi = Si + Bi . (1)

Arrival of photons at detector modelled as Poisson process.
Source model:

Si

��_i

indep⇠ Poisson(riei_iT) (2)

Aim: Hierarchically estimate source intensities _i (count/s/cm2) and
their population.
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Estimation of the Luminosity Function

Stampoulis et al. (2018)

Piece-wise linear
log(N) � log(S) relation
assumed.
Flux S (erg/s/cm2).

(_1, . . . , _n) independent with double-Pareto hierarchical population
prior

p(_i |\1, \2, g1, g2) =
✓
\1

g1

◆ ✓
_i

g1

◆�(\1+1)
1{g1_i g2 }

+
✓
g2

g1

◆�\1 ✓ \2

g2

◆ ✓
_i

g2

◆�(\2+1)
1{g2_i 1} (3)
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Background Model: Case 1

Background rate b (count/s/pixel) uniform across source regions.
Observed photon count in background modeled via

X
��b ⇠ Poisson(AbT), (4)

with X =
Õ

n

i=1 Xi and A =
Õ

n

i=1 di (sum of background counts, areas).

Background count Bi in source region i modeled via

Bi

��b indep⇠ Poisson(aibT). (5)

=) Observed count in region i, Yi = Si + Bi , modeled via

Yi

�� (_i , b)
indep⇠ Poisson ((aib + riei_i)T ) . (6)
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Background Model: Case 2

Assume that background rate bi varies for different source regions i.
Observed photon count in the background of source i modeled via

Xi

��bi ⇠ Poisson(dibiT). (7)

Background count Bi in source region i via

Bi

��bi

indep⇠ Poisson(aibiT). (8)

=) Observed photon count in region i, Yi = Si + Bi ,

Yi

�� (_i , bi)
indep⇠ Poisson ((aibi + riei_i)T ) . (9)

Non-informative Gamma priors on bi and \1, \2, g1, g2.
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Extensions/Future Work

Overlapping Sources
Consider segments of overlap.

Incompleteness
X-ray sources existing without optical match.
Probability for X-ray source being included depends on its intensity
(and instrumental effects).

Unknown number of sources.
...
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Overlapping Sources

Photon counts YI(s) modelled in each of 14 segments s of overlap.
For highlighted segment: I(s) = {1, 2, 4} with counts YI(s) .
YI(s) consists of mixture of photons from sources in s and
background

YI(s) =
’

i2I(s)
Ss,i + BI(s) . (10)

Then, for each segment s

Ss,i

��_i

indep⇠ Poisson(rs,ies,i_iT). (11)
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Thank you very much for your time!
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Additional Data available:

Data Description
ai area of the source region
Yi counts collected in source region (of area ai)
di area of the background region (around source i)
Xi background counts collected in source region (of area di)
ei telescope effective area [cm2]
ri proportion of photons expected to fall in source region ⌘ 1

bg-sur-bri background counts /pixel (for incompleteness correction)
off-axis (off-axis angle - needed for the incompleteness correction)

sign (source S/N ratio)

Data available from the Chandra Deep Field Catalogue.
n = 358 X-ray sources detected in data set.
Observation time T in seconds (T = 1960631).
The count-rate to flux conversion for the reference point is 1.06E-11
erg/s/cm

2/cnt/s
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Likelihood Functions

Background case 1:
Likelihood function for (b,___), with ___ = (_1, . . . , _n),

L (b,___
��D) = exp(�AT b) (AT b)X

X !

n÷
i=1

exp[�(aib+riei_i)T ] [(aib + riei_i)T ]Yi

Yi !

Background case 2:
Likelihood function for (bbb,___), with ___ = (_1, . . . , _n) and
bbb = (b1, . . . , bn)

L (bbb,___
��D) = n÷

i=1

exp(�aiT bi)
(aiT bi)Xi

Xi !

n÷
i=1

exp[�(aib + riei_i)T ] [(aib + riei_i)T ]Yi

Yi !
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