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THE CHERENKOV TELESCOPE ARRAY

* The next generation of VHE gamma-ray detectors
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CTA performance evaluation

* We estimate CTA performance via MC simulations: see O. Gueta contribution!
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CTA performance evaluation

e How are CTA IRFs calculated?

1) Low-level analysis reconstruct shower parameters

2) Using all reconstructed events, we find the cuts that maximize sensitivity

3) From the few surviving events, we compute IRFs



CTA performance: not all events are the same

* In the low-level analysis, we have a lot of information on the quality of each event:
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All our knowledge on individual events is lost when computing IRFs.
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CTA performance evaluation

* We propose changing this approach (as done in e.g. Fermi-LAT):

1) Low-level analysis reconstruct shower parameters
2) Rank event “quality” and separate events into independent samples
3) Using all reconstructed events, we find the cuts that maximize sensitivity

4)From the few surviving events, we compute IRFs
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CTA event types implementation
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CTA event types implementation

PSF prediction & partitioning
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CTA event types implementation

PSF prediction & partitioning Event type evaluatiog
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CTA event types implementation

PSF prediction & partitioning
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Performance of a proposed event-type based
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/ Pé{.resano“, I. Vovks

CIEMAT;jAw: Complutense, 40, 28040 Madrid, 5

L (), 5 ©
. . . o
[ ] l 2DESY, Platanenallee 6, 15738 Zeuthen, Germany, ey
Department of PhySics, TUDortmund University,. Otto-Hahstr.&a, 44227 Dertmuhid; Geri &
) - “AIM, CEA, CNRS, Universite Paris-Sacla '&mver;'t’e Raris Diderot, SorbonneReris Cite, F-01291 Gif-sur-Yvette, France,

°See WWWCta- observatory org %, ' , cherenkov
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The Cherenkov Telescope Array (CTA) will be the next-generation observatory in the very-high-energy
(20 GeV to 300 TeV) gamma-ray astroparticle physics field. Classically, data analysis in the field maximizes
sensitivity by applying quality cuts on the data acquired. These cuts, optimized using Monte Carlo Supported by:
simulations, select higher quality events from the initial dataset. Subsequent steps of the analysis typically

use the surviving events to calculate one set of instrument response functions (IRFs). An alternative Ciemat + techiscnounnersat
approach is the use of event types, as implemented in experiments such as the Fermi-LAT. in this approach, —remat T

events are divided into sub-samples based on their reconstruction quality, and a set of IRFs is calculated for Energécicas, Medioambiencles

each sub-sample. The sub-samples are then combined in a joint analysis, treating them as independent risees

observations. This leads to an improvement in performance parameters such as sensitivity, angular and

energy resolution. Data loss is reduced since lower quality events are included in the analysis as well, rather

than discarded. In this study, machine learning methods will be used to classify events according to their

expected angular reconstruction quality. We will report the impact on CTA high-level performance when T
applying such an event-type classification with respect to the standard procedure.
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The success of Fermi-LAT in the use of event-
type partitioning [1] justifies exploring such an Q |

subset of CTA events e -

We propose the following methodology to

compute CTA event-type-wise IRFs: L
eStarting from available “DL2” analysis
products (event lists with all reconstructed
uantities), a regression machine learning = = 1.
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*Event reconstruction quality is properly predicted, iiiitiese

algorithm and r he ts according to

their expected ‘reconstruction performance,

and the methodolofy could be implemented for CTA msas=nams

*We Fi i f sicnin “
from each of these N samples a2
Results

By using a multilayer perceptron (MLP) neural
network, we compute point spread function
(PSF) event-wise IRFs to explore the potential
of this alternative approach:

 Source localization and confusion will significantly ‘e w e e o

than the standard analysis event
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= = = = ®Angular reconstruction quality seems to be
well characterized by each event type, with
the event-type 1 showlng a 25% improved
s all CTA ener
L - 28s 3"9"'3' and. energy reconstruction (are :er‘::vinsmwthe ial of itioning for CTA high-level analysis:

highly correlated, event-type 1 is also L 9! y
associated  with an improved energy ®Event reconstruction quality is properly predicted, and the proposed methodology
resolution could be reali: hcally |mp|emented for the future CTA data analysns
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