


(Very) high-energy gamma-rays

¢+ Photons extremely energetic
¢+ From a few GeV to 100 TeV
¢ Point to production source

+ Travel long distances % '

+ Probes for the most violen ocesges known in the Universe

T

¢+ Supernovae; Active Galaxy Nuclei; Pulsarsy=.o

+ Allows to perfbrm strong tests to fundamental physics

+ Dark matter indirect searches; Lorentz invariance; Quantum gravity; ...
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High-energy gamma-ray detection techniques

Incoming gamma ray

Collision with atmospheric
nucleus

Extensive Air Shower

Particles from air shower penetrate
particle detectors, interact and are
detected

PARTICLE
DETECTOR ARRAY

Particle from air
shower

Detector tank

Water

Cherenkov
Light

z
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10
CHERENKOV TELESCOPE B
ARRAY H
'S
/'n E
,:‘,/‘/1 y Photosensors detectJ
"VA'\‘_' ;;/'/A/! Cherenkov light
‘ 2N i
40 [ t-----1-3 km

Ruben Conceicéo 4



Py

g A LS W
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETR A E N EEEEE EEEEEEEEE N EEEEEEEEEEEEEEEEEEEEEE NN EEEEEEN
R
. " l: y

L M

e

® Built IACT
@ Built Array

(O Planned IACT
() Inconstruction Array




Py

g E A LS W

) et e “TAR HEN ;} _

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE N EEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE N &#I...v ‘mn’
: Joe ¢ o i

S A‘»,L.
- ’ 3 ‘

© Built Array
() In construction Array




%
"'“-.,.'.’.- ~ et Y, pr
T SR TR T,

. o — g
& o "::(‘g‘%\ .

3 @ e - g
.,)f V&, FORE 4 '

o~

o
P
e 2
i
. y
™. -
—l P =
gn
v ‘,'..."
¥ ,
- v
W% 27 el
el )
8 2 4
,.’;."V‘ » .
A 1
&
4
o
EEEEEEEEERN

G |

—
HEEEEEEE N EEEEEEEEEEEEEEEEEEEEETSN 1

».

7

=g

S

-

> ' v
S
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Cherenkov Telescope Array project
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LATTES

+ Design of a hybrid detector able to
cover the sensitivity gap between
satellite and ground-base experiments

+ Water Cherenkov Detector
+ Resistive Plate Chamber

+ Collaboration between Brazil, Czech
Republic, Italy, Portugal

¢ https://www.lip.pt/experiments/lattes

0.5m

Astroparticle physics 99 (2018) 34-42
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https://www.lip.pt/experiments/lattes

More projects in the world besides LATTES

STACEX

bl Loy oy | uralf il ENEEAE A |
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Towards convergence

Wide field-of-view gamma-ray observatory in the Southern hemisphere

20-22 May 2019
LIP

Europe/Lisbon timezone

Overview
Timetable
Contribution List
Registration
Participant List

Venue & Travel
Information

Workshop Dinner

Accommodation

™ ruben@lip.pt

™ bernardo@lip.pt

This meeting aims to be a further step towards the construction of one wide Field-of-View Gamma
Ray Observatory in the Southern Hemisphere able to cover the energy range of 100 GeV to 100 TeV.

It follows the meeting held in Heidelberg last October. Both the scientific case and the different
proposed designs will be reviewed and discussed.

Starts 20 May 2019, 13:00 LIP

Ends 22 May 2019, 15:00 Lisbon, Portugal

Bernardo Tomé
Fabian Schussler
Harm Schoorlemmer
Michele Doro

Ruben Lopez-Coto
Ruben Conceigao

There are no materials yet. p

& Registration
You are registered for this event.

See details ¥

Meeting in Lisbon on May 2019
www.lip.pt/GammaRaySouthernObservatory
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SWGO collaboration

3-year R&D project to design and plan the next generation wide field-of-view
gamma-ray able to survey and monitor the Southern sky

The scientific goal

+ Southern Wide-tfield
Gamma-ray Observatory

¢ Formea at July 1st 2019
+ 10 Countries
+ 44 nstitutes

+ More than 100 scientists

swgo.org

Ruben Conceicao 1 1



SWGO collaboration

3-year R&D project to design and plan the next generation wide field-of-view
gamma-ray able to survey and monitor the Southern sky

+ The collaboration is organized
in five major working groups:

Countries in SWGO

Institutes

Argentina®, Brazil,
Czech Republic,
Germany”, ltaly,
Mexico, Peru, Portugal,
United Kingdom,
United States

Ruben Conceicao 1 2



SWGO collaboration LIP

3-year R&D project to design and plan the next generation wide field-of-view
gamma-ray able to survey and monitor the Southern sky

+ The collaboration is organized
in five major working groups:

Science

Countries in SWGO Simulation and Analysis
Institutes Supporting
_ _ scientists
Argentina®, Brazil, | .
Australia, Chile,

Czech Republic,
France, Japan,

Germany”, Italy, o
Mexico, Peru, Portugal, Slovenia O £ h Dete ctor R&D
United Kingdom, *also supporting utreacC

United States’ scientists

Ruben Conceicao 1 3
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Highlights of activities at LIP

Submitted to MNRAS, arXiv:2001.04503

2.0

exp. SWGO
B no trig. CTA-S

+ Investigate capability of SWGO to
detect transient phenomena at
sub-TeV energies

Events per year
=
(&)

10 | 0.5}
1 0.0 —_— .
o AGN 1 hr GRB (E =150 GeV)
= Event class
>
—
7 01 AGN flare Neutron Stars Merger
%’ ¢ .
W, 001
Flares distribution observed by Fermi 0.001 L — e
0.01 0.1 1

E (TeV)
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Highlights of activities at LIP

) DS e A —11T
s RIS ;?
AT AN
. ‘ . .'"_" L\ TN .‘s;gi?‘i \f\///? '/'/
¢+ Develop a common simulation T EZ‘I.‘.s-.;’,,;/i Vi4
SN, B 1% 7
framework ll 2= i'iggf’iéj’ i
A 2 N ——% ¥ =
. = = (XN U Y %/ 17
¢+ Coordinated by LIP member L —

¢+ Design and concept WCD station
with a matrix of photo-detector

+ Use of SiPM

¢+ Novel analysis strategies to improve:

Combine shower curvature and signal to
identify shower age

+ Primary energy reconstruction

+ Gamma/hadron discrimination

Ruben Conceicéo . 1 8



Enhanced gamma/hadron discrimination at SWGO

¢+ Use Machine Learning algorithms

¢+ Analysis of shower patterns at
the ground

¢+ Joint work with the computer
science group at DElI Coimbra

Ruben Conceicao

Gamma Proton
I ;! . lm
.'. : LS : ;... ‘l. . g
l’l’_ﬂ % e p L 102 .

-25 0 0 % ®wwo T =i = =
xxxxxxxxxxx

Improvement of a factor of 2 in the sensitivity at 1 TeV

1.0 1 =—— Compactness
S40
—— Fisher
0.8 4 — Fast DENSER++ (best)

- Fast DENSER++ (ensem ble)

0.6 A

Signal efficiency

0.4 1

0.2

0.0

10°° 1074 1073 1072 1071 109

(1 - Backaround rejection)

IEEE Access, vol. 7, pp. 110531-110540, 2019
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Enhanced gamma/hadron discrimination at SWGO

Universidad
de Granada

5 Ky
A\ )\
7§ Jt AN
| NIRRT
o Sl |-
“’ 'Tji OIS /‘J
\ B e LT =& /<
S
N © ‘:'} A, y
Q. TS 3 7S

¢+ Use Machine Learning algorithms

SiPM 4

Signal (p.e.)

t (ns)

¢ |dentity the presence of muons
at WCD

+ Joint work with the Granada
university (physics and
computing departments)

Electron : Photons

Ruben Conceicao 20



Machine Learning algorithms at SWGO

+ All analyses are based in RPC

simulations

¢+ Itis crucial to perform calibration
with real data

+ RPC hodoscopes would be able to RZa i i
porovide such data

Ruben Conceicéo 2 1



Highlights of activities at LIP

TMY / APEX - Lateral Adiabatica, Selective Paint

00000

+ Prototype RPCs able to perform at high-

i M ” ‘ “’ M)' ‘ H} m

re [2C]

L A

. g _“; i ! il | I it %80 =
altitude (Iow pressu re) ol h |( .rh.!rw H i ‘ | |,|\'t M_o I
. . & _5.‘ ‘ \‘|‘ l\ M] Il 'M “ }'” ’ I ” ‘ ‘ | ‘l " \ £ [100

¢+ Hypobaric chamber built to perform N i pw MY
LAB studies emE] e || s ™ |

¢+ Develop thermal simulations to
investigate behaviour of WCD and
propose insulation strategies

Muoes na Mina
do Lousal

+ Installation of a muon hodoscope at the
Lousal Mine

+ Qutreach talks at Lousal Ciéncia Viva

Ruben Conceicao 22



Summary

+ SWGO R&D phase ends in November 2022
+ Physics case
+ Detector design
Site

¢ LIP plays a major role in:
+ Explore sub-TeV energy region
+ Science and detector design
+ Explore new analysis methods

¢+ ML and complementary detector core

Ruben Conceicéo
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Backup slides
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Possible sites

Martinigue (FRANCE)

\ Caribbean Sea ST. LUCIA
Nelherlands. ST VINCENT AN BARBADOS
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Scale 1:35,000,000
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dd,

T
I\ 500 Miles

Doundary representation is
not necessarily authoritasive

Chajnantor region, Chile

Ruben Conceicéo
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WIMP annihilation

® New generation of instruments reaches the critical sensitivity

® Thermal relic WIMP accessible over a very wide mass range
(Galactic Centre/Halo observations @ VHE)

-23 N
':"\10 E l—l lllllll 1 | lllllll | 1 IIIIIII | 1 IIIII: —/.\10 23: L ' | L | | | IllllI t
G - bb arXiv:1906.03353 - » - T =
= - == SWGO GC Halo 10 yr 1 & - == SWGO GC Halo 10 yr :
L : CTA GC Halo 500 hr 7 ) 5 CTA GC Halo 500 hr -
A — LAT 15 dSphs 6 yr | _ Y = LAT 15 dSphs 6 yr ]
E 10"24 === LAT 60 dSphs 15 yr bb - C>D 10724 " LAT 60 dSphs 15 yr ' b —
V - K, : Vv - .
- D o - . N
[~ ({Q o’ = - —
— Q@ o' - - al
1072 E = 1072 Q}(o E
E : : « 5
nermal : \/ : :

. L > R
Relic? . r -
-26| | _ oF

10 / . CTA SWGO : 10 26 7 R —E
(e ) - CTA -
- i Lol Lol L1l P11 1111 - ,"l L 1 11111 UL L L 1Ll L1 L L1111 L1 1 111l
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Mass (TeV) Mass (TeV)
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CTA and SWGO: complementary

SWGO Strawman
10.000.000 ¢ 10.0 .
f SST | SST
- (Cta — | |
1.000.000 | o 4 : ; i 1.0 ¢
T | vsT A |
= SWGO Strawman i
g -
g 100.000 | 0.1 - ~
.0 - LST
U I ( _
b |
a
10.000 * 0.01 |
: | CTA 25 h/y
I SWGO 25% obs.
1.000 , ‘ , ‘ - i — = e A 1 1 1111l i Ll 1l 111l
0,01 0,1 1 10 100 1000 0,01 0,1 1 10 100 1000
CTA South Energy (TeV Energy (TeV)
Detection Area Annual Exposure

® Short timescales: If CTA can get there = more sensitivity

® Steady sources: If background can be suppressed = more
sensitivity than CTA over several years

Ruben Conceicao 28



Angular resolution [deg.]

Reaching the highest energies

0.25_ ' L L) v Y " VPO ND v LI L AL | j B | T llTTIII T T TT'YTT[ | T lllllll | T llllll] | _
i SWGO - i HAWC )
0.2 - 10" 1-5 years Current —
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_ telescopes 1 w10 _ =
A i ° Fermi -
- L I —
0.1 - i " ~ 10 vyears _
n . | E - |
- Fermi > . —
- Pass 8 41 &
o — 13| .
0.051 1 10T E CTA South =
i CTA South i . 50 hours .
O_ 1| 1 1111111 1 1 111][11 1 1 [111[11 1 1 111[[11 1 - » | | | llllll | | | llllll | | | llllll | | | llllll | -
1072 107" 1 10 10° 1072 10~ 1 10 10°
Energy E[TeV] Energy E[TeV]
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Gamma or Hadron?

Using the same data set

+ Use “classical”

dseririnat S ¢+ Use Machine Learning (ML)
ISCrimination variaples techniques Fittest CNN
+ Steepness and bumpiness o [ e
+ Fully explore patterns at the s
Of LDF - CompaCtness input: | (None, 100, 45, 1)
ground con L e
¢ Cluster tar away from uti p uti | | — o
shower core - S40 + Evolution of convolutional neura
networks cman [ {2
¢ Astropart.Phys. 99 1
(2018) 34-42 ¢+ https://cdv.dei.uc.pt/denser/
¢ Similar results published -
- omputer e [ [
by HAWC in Astrophys.J. sc'eFr)u:e 3=
I input:' (None, 1543)
843 (2017) nO. 1/ 39 UNIVERSIDADED departmen.t " output: (None, 2)
COIMBRA
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Exploring the pattern of showers at the ground

IEEE Access, vol. 7, pp. 110531-110540, 2019

1.0 9 =—— Compactness
— 5S40
— Fisher
0.8 4 —— Fast DENSER++ (best)

(>; Fast DENSER++ (ensemble)
C
9
O 06-
RS
S 04- Improvement of a factor of 2
D in the sensitivity

0.2 -

0.0 -

10-° 104 10-3 102 102 100

(1 - Background rejection)
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Gamma/hadron discrimination

+ Look tfor muons or/
and high-energy
sub-showers

Elevation [km)]

N
—_—
C—

ek
-

300 GeV gamma

1 TeV proton

Lateral extension in x [m|

Ruben Conceicao

Lateral extension in x [m]
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Gamma/hadron discrimination

+ Look for difference in
the patterns at the
ground

WCD15x15x 1 ms3

<> Look.for muons or/ Muon Electron : Photons
and high-energy sub-
showers

B B = o D = I

Ruben Conceicao 33



s there a muon in the station? .

¢ SIiPM total measured signal WCD station

¢+ Asymmetry between SiPM

. SiPM total
¢ Use a DNN to estimate the probability of a recorded
station to contain a muon signal

¢ Train with single muons in station . /

+ Needs to be optimized but first results are
encouraging

¢+ On-going work

¢+ a new master student joined this project Challenge identity the muon
very recently with nearly no false positives

Preliminary results

Universidad

de Granada Te,m, ~ 99 94% - Tp ~ 29%

Ruben Conceicao
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SiPM 4

Signal (p.e.)

10

20

30
t (ns)

40

50

Future

¢+ Use a CNN to exploit the complex features of each
individual SiPM signal time trace

Signal (p.e.)

Signal (p.e.)

Signal (p.e.)
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A road towards an enhanced gamma/hadron
discrimination

Low energy showers High energy showers
\ nearly no muons \ many muons
\ patterns at ground (clusters) \ uniform shower footprint

Assess patterns at the
ground with a CNN

Assess WCD signal with

a DNN to find muons

Shower Reconstructed Energy

100 GeV 1 TeV 10 TeV 100 TeV

Ruben Conceicao
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A road towards an enhanced gamma/hadron
discrimination

Low energy showers High energy showers
\ nearly no muons \ many muons
\ patterns at ground (clusters) \ uniform shower footprint

Assess patterns at the . Probabil . Assess WCD signal with
ground with a CNN a DNN to find muons

Combined algorithm to
perform g/h discrimination

Shower Reconstructed Energy

100 GeV 1 TeV 10 TeV 100 TeV

Ruben Conceicéo
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Activities @ L|P

Neutron Stars Merger

+ Science capabilities

+ Studies on the sensitivity to:

+ Transient astrophysical oo
phenomena

+ Explore hadronic interactions the
forward region

tau-neutrino

¢ Dark matter annihilation
¢ Detect Neutrino physics

¢+ BSM physics

Ruben Conceicao




Energy & Timing
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