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Presentation overview

Reference papers: DOI: 10.48550/arXiv.2202.04590
DOI: 10.1086/161295

* Workflow of an IACTs analysis
* Event reconstruction
 Multivariate Analysis

- Background modelling

* Detection Significance
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Workflow of an IACTs analysis

inference analysis
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dE dA dt

Convolve @’ with IRFs to obtain intrinsic source flux ®



Event Reconstruction Techniques
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What we want from the images:

e the energy of the primary gamma-ray
e its arrival direction
 and one or more discriminating variables
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Event Reconstruction Techniques

Hillas Method
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Semi-Analytical Method
What we want from the images: MC Template-Based Analysis
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Event Reconstruction Techniques

Hillas Method
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Semi-Analytical Method
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MC Template-Based Analysis
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Multivariate Analysis
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Background Modelling

General case: background unknown

Estimate it by performing OFF measurements, supposedly void of any signal

Wobble or reflected-region background: Ring background

Event Map
-29

Event Map

-29
35
30
25

-30 L7 20
Observation -~ -

Positions - | | 15
. 10
5

on Region

-31 ) A
Observation’ -~
Positions

22h02m 21h58m 21h55m 21h58m 21h55m

. Berge, Funk, Hinton, 2006
Berge, Funk, Hinton, 2006

DESY. Statistical tools for results in Gamma-rays | Science club 23.03.2023



Detection Significance |

Construction of analysis-specific likelihood-ratios and powerful test statistics:
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Photon counts from gamma-ray experiments
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For counting experiments:

* integer number of observed events follow
a Poisson distribution

 independent events occurring
within a fixed time interval

 not always a perfect model for gamma-ray
experiments (emission rate is high)

a

Px=a,u = 'M—e_“
a!

. Standard deviation = square root of the mean: ¢ = \/ﬁ

« If ais large, Poisson is approximately normal
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Detection Significance lll

Let observed data X = (x1, x2, x3, ..., XN), unknown parameters ® = (E, T) = (ef, ..., en,
t1, ..., tn), and statistical hypothesis:

Null hypothesis: £ = E,
Alternative hypothesis: £ # E,

. e

. LX|EyT) PX|Ey,T,)
PX|E,TY PX|ET

\

Wilk's theorem: if N,,,,, N, are not too few: —2 log 4 ~ y*(1)

on? o

If u is a standard normal variable, u”> ~ )(2(1)
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Detection Significance IV

Let observed data X = (x1, x2, x3, ..., xXN), unknown parameters ® = (E, T) = (e, ..., en,
t1, ..., tn), and statistical hypothesis:

Null hypothesis: £ = E|,
Alternative hypothesis: E # E

S LX|EyT) PX|Ey,T,)
PX|E,T) PX|ET

IACT case: Data: X = (Non’ Noff)
Unknown par: T=(<N,>, <N, >)

Null hypothesis: <N,> =0
Alternative hypothesis: < N, > # 0
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Detection Significance V

PX|E,T) » N,,, N, independent. Poisson maximised at:
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Detection Significance VI

1= 3(X|EO, Tc) - a Non +N0ff : 1 NO” +N0ff
FX|E,T) |1+a

Wilks theorem: if N,,,,, N, .- are not too few: —2 log 4 ~ 721

on? o

If u is a standard normal variable, u* ~ y*(1) ->

Li&Ma

DESY. Statistical tools for results in Gamma-rays | Science club 23.03.2023 14



[0+ ¢ . [0+ o
4 a=01 t m’l x=0.5 |
10F Ny = 140 k L (Nyy) = 28 t :
N = 340,000 N = 340,000
0+ . /0 4
0 ! 2 3 4 J 0 1 2 3 4 5
S S
F1G. 2a F1G. 2b

DESY. Statistical tools for results in Gamma-rays | Science club 23.03.2023

N, — aNOff

S = =
G(NS) \/Non + azNOff

NO}’l - aNOff

G(NS) \/a Non + Noff)

15



