« Xeff »:
a multivariate-approach to

H.E.S.S. data analysis




Introduction

Basic Idea: Need to go further a “simple” (Hillas) parameters cuts approach.

Status: New and successful attempts to a multivariate approach of IACT data
analysis, Neural network, Random forest and any other possible
classification and regression method suitable for the IACT application.

Purpose: Improving y/h separation
(critical at lower energy threshold — HESS |I, CTA)

Intent: Looking for the form of a generalized predictor based on a set of
uncorrelated “methods”.

The multi-dimensional space: Hillas (and some additional) parameters,
“Goodness” estimator of Model analysis,
“Rescaled-width” from 3D model analysis.

Training samples: MC-y, ON and OFF data
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Analysis methods

e Hillas :

— 2D gaussian distributions of charge shared by
camera pixels
— Parameters :
e Mean scaled width and length
(variables independent on energy and direction)
e Independent Cuts on them to minimize residual B tails.
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Analysis methods

e Model :
— Likelihood function depending
on: sop
» Shower energy ook
= Shower direction zsné
— Discriminating variable ™3
Goodness-of-fit : oof-
= A mean scaled variable sof- .
independent on energy and oF it s 3y
direction: 4 | & 4 | ‘l L i |
(L)-L
G=
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THE X . ESTIMATOR

Our original “Goal”:
— Improve the morphological study of extended sources of limited statistics:
By minimizing B population and maximizing the Quality factor Q
(increasing the Significance 0).

(Implicitly we assume the method being already powerful for point-like sources.) [...]

Purpose:

— When the variables are less discriminating a combination (Xeff estimator) of n
dimensions:

gain in selection efficiency.
— Optimization of a unique cut on and “hadroness” (Xeff) estimator.

— The hadroness estimator can be applied event by event for a weighting method
approach.

Xeff originally applied in the ALEPH-LEP experiment and described in
Buskulic et al. (Physics Letters B 384 449-460)

It is alternative to other iterative regression methods with final Hadroness estimator.
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THE X . ESTIMATOR

ey nIlg
e Definition : X4 =
" Il +(1-n)II;
HB,S = H pde,s

Variables

e Combined variables :
— MeanScaledGoodness (Model)
— MeanScaledWidth (Hillas),
— MeanScaledLength (Hillas).

0.8
Xeff
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Variables’ correlation

e Uncorrelated for signal:
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e Some correlation for the background case:
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Combining analysis methods

Probability density finctions (Pdf) :

— Monte Carlo for signal (y),
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Combined estimator: MC crosscheck
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Finding ETA..

N = b/(s+b) estimated by means of the
maximum likelihood method

Xlie =1 g +(1—m)IIg

— [ 3"~ In(X . (77, Events)) ] > _m

Events

— Validation through MC , knowing “a priori”
the «b» and «s» statistics:
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| Zenith angle=0,spectral index=2.8 |
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& i . 2 | ndf ;
Galactic Centre Likelihood _ L R

p0 9843 + 5.306
p1 -3605 + 20.88

8950 i

8945

P2 3514+20.46

Signal-Pdfs: Gamma-MC 8940
Background-Pdfs: OFF data
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=052

30y
DB
05 208
II.5: n.4 _V v
5o 10y
Keffcut = 0.4 "KeffCut=0.1 XeffCut = 0.1
u-JI|I||||I||||||||I|||||||||||||||I||||I|I||I|I||| “]III||||I||||||||I|||||||||||||||I||||I|I||I|I||| o e bbb bbbl
0 04020304 050680.70808 1 0 0402030405080.70808 1 0 0402030405080.70808 1
Xeff Xetf Xeff

=« LCAlITIICAIITIIICA VVIAL OUVY | Tl JaJ. vvorkShOp 21/11/2007



COMPARING RESULTS

GC
(2004+2005) | A¥ OFF Y S/B o
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S/B
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Receiver Operator Characteristic (ROC) diagrams

They show gamma acceptance as function of hadron acceptance,
to compare y/h separation in a test sample (Vela X) by Xeff and by Hillas scaled

ROC hadrons/gamma curve

Ganma efficier
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Point-like source

e PKS2155
— July 2006-flare

[ Sanieance wap |
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EXAMPLE 2: J1718-385

- SAME PRESELECTION AS PUBLISHED BUT XEFF APPLIED

Y OFF o S/B
Xett 226 | 3988 | 11.2 0.7
Hillas 343 7.6
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%a'z 180} HDpos 61.2 live hours
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PUBLISHED BEST FIT
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The peak energy Epeai 18 (7% Lar 1sys) TeV, the differential flux normalisation Ny = (1.3£0.35p5:%
0.557s)x 1072 TeV em™ 57  and 8 = —0.7 £0.35tar = 0.45ys. This fithas a y*/d.o.f. = 3.2/3. The
integral flux between 1 — 10 TeV 1s about 2 % of the flux of the Crab nebula in the same energy

range (Aharonian et al. 2006b). This spectral fit was used to derive the energy flux used later in

Table 2.
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J1718-385 COMPARISON

(CURVED POWER LAW)

. v & =3 logl K s f‘.;
fh‘\‘ t ' M | 1
$g | —

dls a \ 1_*.-‘|| ,
o B v2/ ndf
Xots 0.994+0.40 | 0.23+0.13 37.8/20
Hillas (Not
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J1718-385 COMPARISON

(EXPONENTIALLY CUT-OFF POWER LAW)

f?;l_-'q"r'-'rl."l dE = _.."'-,r.'"l:l_E— E,—E_.-'_E:.l._

r Ec,i (TeV) x2/ndf
Keft 1.0%0.3g4 9.7x4.7 g5 34.3/20
Hillas
(published) 0.7£0.65,; 61 3. 1.6/3
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Sources etendues

Excess Map
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Spectral analysis

2 [ ndf 4997 /8
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X.-Morphology

e 4 wedges :
— 0° to 0.32° from the pulsar,
— 0.32° t0 0.57°,
— 0.57° to 0.8°,
— 0.8° to 1.2°.

e Spectrum fitted by Power law from 0.4 TeV to 20 TeV
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SkyMap vs Energy

Excess SkyMaps vs Energy
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SkyMap vs Energy

Excess SkyMaps vs Energy

4 energy bands (TeV) :
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Vela X extension

Ny o) Ny o)

Al 11193.1 1 B1 | 60 | 1.5

A2 | 56 (2.2 | B2 | 77 | 2.9

A3 | 37 |09 B3 | 45 | 1.1

A4 | 81 (20| B4 | 57 | 1.4

A5 | 34 1.3 B5 | 53 | 2.0

A6 1081 2.9 B6 | 40 | 1.0

eExcess events found at the East of the source between 0.8° and 1°,
and at the North (not correlated with radio emission), but not really
significant.

eNeed more observation to have a better estimation.
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Conclusions

Multivariate approach provide simultaneous
application of different complementary,
uncorrelated analysis methods

Xeff i1s validated, successful and promising in S/B
especially at low energy (e.g HESSII, CTA)

Morphology studies improved already in HESSI
data analysis.

To be done: get rid of residual correlation among
variables for bg. (Correlation function instead I1

of Pdfs)
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