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Cherenkov telescope - counting experiments
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Background - no escape

Proton MC
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Counting events - Signal & Background

Dect

assumed
source
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Counting events - Signal & Background
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Standard Analysis

parametrise distance of events to
source

significance based on Gaussian
likelihood ratio test

sky position of excess = skymap

excess events in each energy bin
= spectrum

Time =6.83n
Ner = 2800; N = 20940 =26.4
N, = 706.0

Significance (LisMa) = 12 540

6% [ deg? )
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Standard Analysis

» parametrise distance of events to

source ,
Spia =V2 {Non In {1 Z & (%)}
» significance based on Gaussian on T Noff ;
likelihood ratio test Nogy 2
+ Nof/hl |:(1 +a) <Ngn T No/'f>:|
> sky position of excess = skymap Li,Ma ApJ 1983 272 317

> excess events in each energy bin
= spectrum
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Standard Analysis

» parametrise distance of events to
source

» significance based on Gaussian
likelihood ratio test

> sky position of excess = skymap

> excess events in each energy bin
= spectrum

DEC [deg]
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Standard Analysis

» parametrise distance of events to
source

> significance based on Gaussian
likelihood ratio test

» sky position of excess = skymap

> excess events in each energy bin
= spectrum
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Issues of the “classical” approach

Dec

N requires source to be roundish

» source extends beyond wobble
distance

assumed
source

> overlapping sources
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Issues of the “classical” approach

HESS J1857+026
HESS J1858+020
PSR J1856+0245
Fermi-LAT J1857+027
MAGIC J1857.2+0263
MAGIC J1857.6+0297

> 62 requires source to be roundish -

> source extends beyond wobble
distance

» overlapping sources

19 18.95 18.9
RA [h]

Aleksic et al. A&A 571A 96M
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Overlapping sources or sub-structures

— Fit to minor source
1%« Residuals after subtr. major source
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Overlapping sources or sub-structures

— Major source

Minor source
— Fit to major source
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Poisson likelihood

What to fit?

InL = anln(w) Eew >~ In(ng;!)

with measured counts 7 in bin (7, j) and expected value of 6;;.

Likelihood ratio test
Ts=—-2(nLy—1InLp)

~ X2 distributed (Wilk's theorem)

Fermi-LAT like approach: Mattox et al. Apd 1996 461 396M
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How to construct the model

» source model
» convolve with PSF
» add background

> scale with acceptance
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How to construct the model

» source model

» convolve with PSF

v

add background

v

scale with acceptance
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How to construct the model

» source model

» convolve with PSF

v

add background

v

scale with acceptance
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How to construct the model

> source model [
1
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» convolve with PSF y
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add background
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scale with acceptance
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Get the IRF right = Alt/Az dependence

Alt1

3

track of the
source L H -

boxes from which

MCs are sampled
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Mind rotational frames - Alt/Az vs. Ra/Dec

to north

to zenith
pole

S = 7
> DNV
— T




Max-Planck-Institut fiir Physik
(Werner-Heisenberg-Institut) 13/15

Example on the standard candle - Crab Nebula

Original image, PSF convolved,
[counts/(pixel cm? sec)]

Fitted image, 2xPSF convovled,
[counts)/(pixel cm? sec)]

100
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Relative residual. in std. deviations
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Example on the standard candle - Crab Nebula
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Thank you for your attention and interest!

> “classical” analysis method has weaknesses for non-point sources

> Poisson likelihood offers versatile and consistent approach

» construction of IRF and models non-trivial task



