Performance of a proposed event-type based
ana_lysis for the Cherenkov.’TeIescope Array
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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 e s _
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 Iinstrument response functions (IRFs). An alternative
approach is the use of event types, as implemented in experiments such as the Fermi-LAT. In this approach, el
events are divided into sub-samples based on their reconstruction quality, and a set of IRFs is calculated for Energéticas, Medioambientales
each sub-sample. The sub-samples are then combined in a joint analysis, treating them as independent SR
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 ICRR
applying such an event-type classification with respect to the standard procedure. Institute for Cosmic Ray Résedrgh
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The success of Fermi-LAT in the use of event- 0.103 < E < 0.125 Tev 0.103 < E < 0.125 TeV

type partitioning [1] justifies exploring such an o BN B
analysis approach for CTA. @ o
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Methodology s E
We propose the following methodology to @ =
compute CTA event-type-wise IRFs: ‘ A o e 50
®Starting from available “DL2” analysis prediction
products (event lists with all reconstructed 4 _ Minimal Flux Satisfying Requirements for 50 hours __ Effective area optimized for 50 hours observation )
quantities), a regression machine learning |- | = BT IS N === mANTiia
algorithm is trained to L — cepes gl == =
of each event : B s & 6
®On an independent sample, we apply the | = == i~ L L
algorithm and according to | =" — — = —  fwi-= ST T
their expected reconstruction performance, . EmEEi==tniS= T T
and separated into N event types (each with T o 1 = 1 A A 1 N1
equal event statistics) g — = Sa0f — | F (Top left) Sensitivity vs)
N —— — B e = N 1 = == O reconstructed energy of a
®We compute Instrument Response Functions o A A A SO el e i 1 == B potential  layout ~for the
from each of these N samples . Reconstrltj)zted energyl/OITeV * . o True?:‘ergy/ TeVlol ” ;Ozuet(;\ ergngrrazo(léml\gﬁfjsli;ren(;
ReSUItS Angular resolution achieved for 50 hours observation Energy resolution achieved for 50 hours observation Telescopes) for a pOiﬂt-SOUI"CG
By using a multilayer perceptron (MLP) neural — R I e located at the centre of the
network, we compute point spread function | g - s - s observation. time. Ratios are
(PSF) event-wise IRFs to explore the potential Sosf = — S ons | calculated with respect to the
of this alternative approach: ; mat] |1 > =1} if;zi;\rgf?eucttﬁgtlr;\éztleg tﬁlg
®Effective area comparison shows that by S — g oas = ] energy for the same array and
combining all event types we retain more data < e iy S [ i ;%g%‘lt;cr’”s' reBS‘(’)TE‘t’IO'“n 'ef\fs)
than the standard analysis event selection 2%2: T O T e T R R Wil aiiiieniiiinn reconstructed energy for the
- - _ T L T = same array and conditions.
®Angular reconstruction quality seems to be | &i» —  —0 S ——" " "= ||Bottom  right)  Energy
well characterized by each event type, with 'I;;3;;;'_j_-_;j;j_jj_j_-_j_-_j_-_j:_—jjj_j:_j:_jj_—j:_jj:_;_jj_—j_-_e_-_;j_—f____ . u ;er]seo:utic]c)(r)wr : st saﬁgogrsrt;ucgﬁg
the event-type 1 ShOWIng a \0.50 o Reconstrltj)s:ted energyllb'll'ev . . - Reconstrljzted energyllé':'ev . / @nd?t%ons- ’ J
Conclusions

®As angular and energy reconstruction are

highly correlated, event-type 1 is also
associated with an improved energy @Event reconstruction quality is properly predicted, and the proposed methodology

resolution could be realistically implemented for the future CTA data analysis

Here we show the potential of event-type partitioning for CTA high-level analysis:
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