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1. Astroparticle physics & Gamma-Ray astronomy
- the mistery of the CR origin
- Galactic PeVatrons

2. Imaging Cherenkov telescopes:
- the Cherenkov Telescope Array (CTA):

3. My PhD project

4. Conclusions and outlooks
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Gamma-Rays and Cosmic Rays
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1he hunt for Galactic PeVafrons
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1he hunt for Galactic PeVatrons

Gamma-ray Flux of the Galactic Center

A PeVatron is a parficle accelerator capable to accelerate
charged parficles af least at PeV energies
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Gamma-ray astronomy
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Detectors in Gamma-ray astronomy

MeV GeV TeV

Photon | | |

energy | |
Pair conversion telescopes Ground based
(until ~ 300 GeV) experiments

_ Fermi-LAT .
Collecton Area ~ 0.8 m? @ 100 GeV
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Imaging Atmospheric7
Cherenkov Telescopes -
Collection Area ~ 105 10 m2 @ 1 TeV.

o

Bigger Collection Area = Higher detection rates!
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== CTA will be the
s largest ground-
based gamma-
ray detection
observatory in
the world

\ 8

(LA Ihe C herenkoy lelescope Arre

k3

o ;
https://www .cta-observatory.org/

« 100om
] [
= o =
L] 7. ) \.\\ 5
9] 7 Q 7 o o \

o] . @ .O - [ ] "l
e © o © )
] l ,/’., .

] o ]
- " Circles:
n - 400 m
s - 800 m
- 1200 m

300 TeV oy




My Bl e B

. Spectral analysis of simulated gamma ray sources:
- potentiality of CTA in the defection of a very high energies spectral cutoff

. Optimization of CTA-North's sensitivity at very high energies:
- dedicafed reconstruction of the telescopes’ fruncated images
- comparison of the performance for the baseline - threshold configurations

Il. Prospective for the future observation of existing PeVatron candidates with CTA-North:
- HAWC J1Q07
- HAWC J2227
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Motivation:
study the effect of including truncated images in the profotype reconstruction pipeline of CTA
(profopipe) and to quantify the possible benefit at high energies ( > 10 TeV)
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& [runcated Images

Shower Events:

- with impact point distant from the ..will produce images at the

telescope position - camera edge and only partially

5 . ” : confained in if
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= O (in the camera frame) depends on r (in the ground frame) and on the shower’s energy
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Shower
Event

- True direction Geometrical reconstruction

(RA, DEC)

Random Forest: energy regressor

- True energy

rimary particle Random Forest: gamma/hadron classifier
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Prototype of CTA’s analysis pipeline: https://github.com/cta-observatory/proftopipe
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(i.e. probability of being
a gamma shower)
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- Image: Hillas parameters:
pixelized light distribution Moments of a 2D
Telescope’s camera In the camera 12 : distribution
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s Prototype Pipeline Reconstructed
ower : Shower
Event Images with centroid beyond the — Events
80%, of the camera radius, are NOT processed

TRUNCATED!
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Prototype Pipeline Reconstructed

Shower | | Shower
Event — Images with centroid beyond the B Events
80%_ of the camera radius, are NOT processed
y 4
Y 175 / #p.e. | 4000
150
’E\ 0.5 125 3000
shower ‘g 0.0 1o 2000
o 75
maximum S s o $
1000 TRUNCATED!
2,,—’:’:/" -1.0 =
,+ shower 0 0
W\ \\ L' -" axis v 800 > ﬁ’@\
A E 600
S oo 30 i
g 400 iﬁk
> o5 20 s Y
200 10
-1.0
-15 -10 -05 00 05 10 15 ° 5 -10 -05 00 05 1.0 15 0
X position (m) X position (m)

Prototype of CTA’s analysis pipeline: https://github.com/cta-observatory/proftopipe
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Alternative Pipelines

Shower Images with centroid beyond the Reconstructed
80% of the camera radius, are included and parametrized with: | Shower
Event > 1-"standard Hillas Fvent
. venrs
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size, ...
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new reconstructed events
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Baseline Array

PRELIMINARY

x2 @ 100 TeV

The Collection Area in each
bin of frue energy is given by
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Cnergy Resolufion
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Angular Resolution
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new reconstructed events
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E? Flux Sensitivity [erg/cm2 s]
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new reconstructed events
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New (January 2020) cafalog of gamma-ray sources emitting above 56 and 100 TeV from the
High Altfitude Water Cherenkov (HAWC) Observatory.

J1907

- Data avaible from
- HAWC ¢
- HESS ¢
VERITAS
- Fermi
- VLA (radio maps)
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—— eHWC J1825-134

E2 dN/dE (TeV cm~2s71)
o
|

HAWC Collaboration June 2020 doi:10.3847/2041-8213/abQb6cc

B | p— eHWC J1907+063 - lceCube
—-— eHWC J2019+368
—— Crab Nebula - Beftter visibility in the northern hemisphere
100 10! 102 HAWC Collaboration June 2020 doi: 10.3847/2041-8213/ab%6cc

HESS Collaboration April 2018 doi: 10.1051,/0004-6361/201732098
VERITAS Colaboration June 2019 doi:10.1088/0004-637X/787/2/166
lceCube Colaboration Febrary 2019
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> i
33828180?9'}'8'???6?5?47372?1?069586?6665 4342414039383?3635343332313029282?26252423222120191817161514131211 109 8 765
el

Energy (TeV)

EUN=

E> 100 TeV :

-101 2 3 456 78 91011

VTS



s el @il

riE L

New (July 2020) gamma-ray source wich is a PeVatron candidate for
High Altfitude Water Cherenkov (HAWC) Observatory.

o L AWC 1550 daye, posouree & witacrozo | J2227 - Data avaible from
------- Joint fit (hadronic model) 3 MILAGRO 2007 3 HAWC 0
T - VERITAS ¢
5 - CO emission
F - GeV dafa
v - X-ray dafa
- Modelization w:
10 - in the pure leptonic model for the
e T TR gamma-ray emission can be marginally
0 Fnergy [TeV] ruled outr by the X-ray and TeV data [6]
| RA - 330960 e - in the hadronic model gamma-ray datfa
o suggest that the emission may be
=® = Powered by the Pulsar wind nebula
Instead of shocks of the SNR
'S 60 Tg
2: 60.5 -

visible only in the northern hemisphere

w
~

346 342 338 334 330

' 334 Right Ascension [ - [1] HAWC Collaboration June 2020 doi: 10.3847/2041-8213/ab%6cc
Right Ascension ﬁ:L— [2] VERITAS Collaboration September 2009 doi: 10.1088/0004-637X/703/1/L6
420 2 4 6 8 10 12 14 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 [3] Xin et al. November 2019 doi: 10.3847/1538-4357/ab48ee
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Optimum ahservlng time, Cerra Paranal Observatory 289.5972F —24.6253, yaar 2020

Ntrtudn ut hﬁddla—ﬂurk-Trnn

o
=
a

I:IU

CTASSOUI. .

Visibility

[z CTA-North CTA-South

1w Min Zenith Angle Min Zenith Angle
[ 130 J1Q07/: ~ 35 J1907: ~ 85

Fis J22270 ~ 457 J2227: ~ 40°
B  Zenith

q0°
B0
F0oL-
&0°

&O®

=
()
a

Januery IFet:-ruury . March I o ) My : Jure : July ' AugustJSepter‘nb-er Oetobar INavemberlDecember
Optimum observing time, Roque de los Muchachos Observatery 342.1184E 28.76086, year 2020

Ntrtudn ut hﬁddla—ﬂurk-Trnu

Airmaas

J] QO7 B H— - T— ____________ .............. C—TA Nerrh
J2227_wg ___________ S SRS SOV J— AR SRS N

T e

........................................................................................................................................

— 1.02 L
1o Angle

— 1.08
— 1.10
— 1.14
— 1.22
— 1.30
— 1.41
— 1.55
— 1.74 o
— 1.99 Zenith Angle = 90" - Altritude above horizon
— 2.38

— 2.80

— 3.82

— E.B0

January  February March Lol My Jure . July ' Bugust  Septemnber  Jotober  Movember Decernbear



fere ei- -:c 8 ise

- Potentiality of CTA in the detection of a spectral cutoffs:
we have created specfral cufoff defection maps for simulated high
energy sources in order fo find the cutoff defection probability in the -
multi-parameter space of a simple power law exponential cutoff ‘
spectral model

&
w ratio [%)]

=
Detettia)

- Optimization of CTA-North's sensitivity at very high energies:
- I've compared the prototype pipeline (without truncated images)
with two alfernative ones in which truncated images were
paramfrized with a standard method (Hillas) or a 2D fit
- including fruncated images seems to significantly benefit the
sensifivity at high energies (> 10 TeV) only for CTA-Nortfh
threshold configuration (4LSTs 5 MSTs)

- Perspectives for the future observation of existing PeVaftron candidates:
an improvement of the Sensitivity at high energies for CTA-North
would increase the chances of detecting PeVatrons in the Northern
hemisphere and a specific study on J2227 and J1907 will be
perform in the last part of my project




Thanks for your attention




Gamma-ray astronomy
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Detectors in Gamma-ray astronomy
MeV GeV TeV

Photon | | |
energy |

1
Pair conversion telescopes Ground based
(until ~ 300 GeV) experiments
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Bigger Collection Area = Higher detection rates!



Steps to obtaln the final performance

1. Dataset of gammas: 3. Dafaset of gammas + protons + electrons:
- Image parametrization - direcfion reconstruction
- direction reconstruction .~ — €energy reconsfruction
<1 «- particle classification “gammaness”
Energy .. d
Regressor =TT
Optimization of the:
. - angular cut
2. Dataset of _ “gammaness” cuft
gammas + profons: In order to obtain the best point source
- Image parametrizafion sensifivity in a given observation time

- direction reconstruction
- energy reconsfruction

Particle Instrument —
Classifier =TT Response SeC“USr'%”V
Functions

Effective Area
Background rate
Energy Resolution

Point Spread Function




Std Method

Cleaning mask
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FIt Method
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Standard and alternative image

barametrization
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FIt Method
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CTA North significantly better than
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- Large differences in telescope dliuéiénces:
- VERITAS: ~100 m
-- CTAMSTs: ~175m

' Footprint of CTA-5MST array is more than 4x that = VERITAS
- of VERITAS 272 3.5 deg FOV T2

Gernof Meier CTA Consorfium Meeting October 2020
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The Sensitivity is defined as the minimal gamma

ray flux safisfying the requirements for 50 hours:

In each energy bin: 50
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HAWC

The HAWC Gamma-ray Observatory is a wide field of view, continuously operating, TeV gamma-ray telescope

HAWC monitors the northern sky and makes coincident observations with other wide field of view
observatories.

Have a 2 steradian (sr) instantaneous field of view to allow observations of diffuse gamma-ray emission from the
plane of the Galaxy over a broad range of Galactic longitudes reaching to the Galactic centerOperate for at least

five years with >90% duty cycle

Have a >95% hadronic background rejection for E >10 TeV

Energy resolution

angular resolution of <0.5° for E >1 TeV and 0.25° for E >10 TeV

Tank Layout

!
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¥ {m)
e

(a] HAWC tank layout. (b)) Water Cherenkov Detection Principle.



Performance
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www.cta-observatory.org/science/cta



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38

