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Gamma Rays
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Current IACT

Imaging
Atmospheric
Cherenkov
Telescopes
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Namibia
5 Telescopes

More is better!! g
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Ideal Telescope
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Science-optimization Cta

99 Telescopes * Low-energy y  high y-ray rate, low light yield _
e 4 ST =» require small ground area, large mirror

e 70 SSTs = High-energy v Iow ' rate high light yield
=» ¥equire large ground area, small mirror

area
few large telescopes
for lowest energies

~km? array of
medium-sized
telescopes

\ 4 LSTs / large 4.5 km2 array of

small telescopes,

. N 'jm-s /7\"' "
1 E L ; . "" . 'y " /

~70 SSTs

~25 MSTs plus
~24 SCTs extension
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CTA Consortium Cta

August 2018

31 Contries

92 Parties

202 Institutes

1466 members (513 FTE)
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México ‘ Cta

* 7 Scientist
- Ruben Alfaro
- Alejandro Lara
- William Lee
- Maria Magdalena
- Lukas Nellen
- Andrés Sandoval
- Gagik Tovmassian
« 2 Engineers
- Fernando Garfias
- Arturo Iriarte

10
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Brazil

CTA-SP - MST

* IFSC- USP
- Prof. Vitor de Souza

- Profa. Manuela Vecchi
- Profa. Cibelle Celestino
- Dr. Humberto Huerta
- Dr. Aion Viana
- Edyvania Martins
- Rodrigo Lang
- Luan Arbeletche
- Andres Delgado
- Rodrigo Guedes Lang
- Danielle Kaori
* IF-USP
- Prof. Edivaldo Moura
- Douglas Pimentel
* UFABC
- Prof. Marcelo Leigui
- Raquel de Aimeida
* UFSCar
- Dr. Gustavo Rojas
* UFPR
- Prof. Rita de Cassia
* EEL/ USP
- Prof. Fernando Catalani
- Prof. Carlos Todero
SAIFR / IFT - UNESP
- Dr. Fabio locco

- Dr Ekaterina Karukes
- Maria Benito

CTA Braazil

12 Instituions
25 Scientists
16 Students

5 Technicians

CTA-Rio
- CBPF

- Prof. Ulisses de
Almeida

- Prof. Ronald Shellard
- Bruno Arsioli

- Bernardo Fraga

- Rodrigo Cardoso

- Amanda Carvalho

humbertomh@ifsc.usp.br
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CTA-SP - SST

IAG — USP

- Profa. Elisabete dal Pino
- Prof. Rodrigo Nemmen
- Dr. Rafael Batistai

- Dr. Chandra Singh

- Dr. Grzegorz Kowal

- Dr. Reinaldo Lima

- Dr. Paramita Barai

- Dr. Luis Kadowki

- Dr. Claudio Melioli

- Dr. Juan Ramirez

- Tania Torrejon

- Renato Gimenes

- Pankaj Kushwaha

- Saib Hussain

- Carlos Fermino

- Raniere Menezes

- William Bohérquez

- Lucas Santos

UNICSul

- Prof. Anderson Caproni
EACH / USP

- Prof. Diego Falceta-Gongalves
- Mohammad Ali

Slide by V. De Souza
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The Array Locations

Array Coordinates
Latitude: 24° 41 0.34” South
Longitude: 70° 18’ 58.84" West

CTA South
Chile, Paranal

area covered by the
array of telescopes

humbertomh@ifsc.usp.br

< W CTA North |
Spain, La Palma

area covered

by the array of
@ telescopes
Array Coordinates
Longitude: 17° 53’ 31.218” West
Latitude: 28° 45’ 43.7904" North 12
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The Array Locations

-»
' .
R15 Google, Inst. Geogr. Nacional @ Array Sites

Paranal Map" & ogle
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® CTAO Offices @ Science Data Management Centre
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Large-Sized Telescope (LST)

Northern Hemisphere Array 4 LSTs

Southern Hemisphere Array 4 LSTs

POTNRN - ) | NEREENS > Circle: 400m

LST Main Parameters

Energy Range 20 - 200 GeV

Mechanical and Optical Parameters

Dish Shape Parabolic
Dish Diameter 23m
Focal Length 28m
Total Weight 103 tons

Camera Parameters

Type of Sensors Photomultiplier Tubes
Number of Pixels 1855
Field of View 4.5°

(Numbers are estimations.)

LGEEENE 1000 m (RIS > Circles: 400 m, 800 m, 1200m

Small-Sized Telescope (SST)
Medium-Sized Telescope (MST)

[ ) Large-Sized Telescope (LST)

Energy range
20-200 GeV

14

45m

36m

27m

18m

MST

LST



Medium-Sized Telescope (MST)

Northern Hemisphere Array 15 MSTs Southern Hemisphere Array 25 MSTs

[ J
G | 250 m S Circle: 400m PR 1000 m REEES > Circles: 400m, 800m, 1200m
Small-Sized Telescope (SST)
MST Main Parameters @ Wedium-Sized Telescope (MST)

@ Large-Sized Telescope (LST)

Energy Range 100 GeV - 10 TeV
Proportions

Mechanical and Optical Parameters
Dish Shape Modified Davies Cotton 45

m
Dish Diameter 2m E
nergy range .

m
Total Weight 82 tons 1 OO G V

27m
Camera Parameters FlashCAM NectarCAM 10 TeV
Type of Sensors Pl iplier h iplier 18m
Tubes Tubes

Number of Pixels 1758 1855 9m
Field of View 77° 8°
(Numbers are estimations.) 15

SST MST LST



Large-Sized Telescope (LST

Southern Hemisphere Array 70 SSTs

@ Small-Sized Telescope (SST)
Medium-Sized Telescope (MST)

@ Large-Sized Telescope (LST)

< >
Circles: 400 m, 800m, 1200 m

SST Main Parameters

Energy Range 1-300 TeV

Mechanical and

.
Optical Parameters ASTRI 6cT SST-IM Proportlons
Dish Shape 2-Mirror 2-Mirror Davies Cotton

Schwarzschild- Schwarzschild-

Couder Couder
Dish Diameter 43m 4m 4m 45m
Focal Length 215m 228m 5.60m E n e rg ra n ge
Total Weight 19 tons 7.8 tons 8.6 tons y 36m

1-300 TeV 27m

Camera Parameters

Type of Sensors Silicon Silicon Silicon 18m
Ph iplier Ph ltipliers  Ph iplier:

Number of Pixels 2368 2048 1296 9Im

Field of View 10° 9.2° 9°

(Numbers are estimations.) 16

SST MST LST



CTA Phases and Timeline cta

International
Convention / ERIC

1 Design l
2 Pre-Construction Construction Phase

3 Pre-Production

NOW

4 Production

= 2017-8: Hosting agreements, site preparations start
= 2019: Start of construction
= Construction period of ~6 years

PPRRs
& MoU

= |nitial science with partial arrays possible before construction end

Slide by Rene Ong.
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CTA - Differential Flux sensitivity threshold Cta
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CTA performance

Energy resolution
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www.cta-observatory.org/science/cta-performance/ (prod3b-v1)

Angular resolution
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The y-ray horizon

whole universe visible 1pc=3x10"*m
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The y-ray horizon
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CTA Key Science Projects (KSPs) Cta

/Bin]

Excess

ml A !! MM —— Transients

Time from GRB [sec]

Dark Matter
Programme

Star Forming
Systems

Galactic
Plane Survey

—— PeVatrons ——

@ Science with the
Cherenkov Telescope Array
arXiv:1709.07997 ~20 pp

Galactic
Centre

L
e
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Three major study themes

Understating

The origin and
role of relativistic
cosmic particles

Probing

Extreme environments

cta

Exploring

e Accelerate
e Propagate

® neutron stars
¢ black holes
e Relativistic jets

Frontiers in Physics

¢ Fundamental
physics
- LIV
e Dark Matter
e Axions




Testing the frontiers of physics

Gamma rays
produce electron-
positron pairs
when interacting
with EBL photons

humbertomh@ifsc.usp.br
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cta

Exotic processes
such as LIV or
coupling to axion-
like particles could
modify the
absorption,
resulting in
characteristic
spectral features.

https://www.cta-observatory.org/what-
propogation-of-energetic-light-can-tell-us/
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Lorentz Invariance Violation ‘ Cta

E? — p2 + eA? = 7n27 E > m, A general modification to the
dispersion relation would rather

involve a general function of
€ — E(A) energy and momentum

E// O 6/// 0
e(A)A% = €(0)A% + €/(0) AP 4 %A@“) + %A(“?’) ...

The dispersion relation:

n>1
B2 — p? £ 5,A"2 = m?, |6, = " /M" = 1/(E{3,)"
!

it is not necessarily bound to a particular LIV-model, which allows LIV negligible at the
to generalize to some point the search of LIV-signatures. lower standard energies

humbertomh@ifsc.usp.br 25
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Pair production

A’)’,nm:+2 + IEey — ]. — 0

E’y E’}]/_,I (I’l+1)

Xy = —= - —
v LI’ y,n —
E’y 46

.

The threshold equation

1

n+2 a2 —
Oy ™ + 4E € me—K(1 ~K) 0
Critical point
5lim — 4 € (n + 1)n+1
YT E,I;I (n+1) (n 4 2)n+2
Background:
+1
LIV me _ Oy £
th " 4B K(1-K) 4

humbertomh@ifsc.usp.br

A, <O

cta

Threshold-shifts

LI scenario

+2nd Threshold

26
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H. Martinez and A. Lorenzana
Phys. Rev. D 95, 063001 (2017)
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Lorentz Invariance Violation

101M Pair production
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cta

1
LIV me _ Oy B
th " 4B, K(1 - K) 4

Allowed production region
will change with the LIV
parameter and the Energy

27
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Lorentz Invariance Violation

cta

+1
LIV me _ Oy nEry
th " 4B, K(1 - K) 4

e [eV]

Allowed production region
will change with the LIV
parameter and the Energy

-9
107} No Lang, Martinez & De Souza
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Optical depth Cta

Z C
(B, z,n) = dz element
7B 2 m) /o Ho(1+ 2)\/Qa + (1 + 2)3
o0 Density of
X / de ’n,fy(e, Z) BKG photons

th

Pair Production

1
1— 0 :

X / d(cos ) %J(E,Y, €,2,cos0) cross section

1

Breit & Wheeler
1934; Heitler 1960

De Angelis, Alessandro et al.

Mon.Not.Roy.Astron.Soc.
humbertomhe@ifsc.usp.br 29 432 (2013) 3245-3249


http://inspirehep.net/author/profile/De%20Angelis%2C%20Alessandro?recid=1221203&ln=es
mailto:humbertomh@ifsc.usp.br

Optical depth + LIV ( Cta

humbertomh@ifsc.usp.br

Ho(1 + 2)/Qna + Qun (1 + 2)3

o0 1
1 —
xble n~ (€, 2) x/ d(cos@)ﬂa(E,y,e,z,cosﬁ)
ctir” = ’

A

2 Oy n BT
LIV _ me _ Yrny
LIV “h T 1B, K(1 - K) 4
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Optical depth + LIV Cta

z o0 1
(n) ¢ 1 —cosf
T,Y(E,anELIV):/ dz de n (€, 2 d(cos) ————o(E,,¢€,2,cos0
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Optical depth + LIV Cid

(n) - & 1 1 —cos6
E, zn E = dz d ’ - 7 5(E 0
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29, (EY/eV) More photons!! 32
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Absorption coefficient [exp(—au(E))]

EBL absorption

EBL models (z=0.034)

T T T T TTT | T T T T T TTT | T T T T TTT
100:_-'-77_9'-::-,,--------------------------------:
1071 -

LI - dominguez i

Dom. Band
1072 1 1 Ll 1 | I | I 1 I 1 | |

10! 10° 10"

Energy [TeV]
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Absorption coefficient [exp(—au(F))]

LIV

EBL models (z=0.034)

T T T T T TTT] T T T T T TTT] T T T 171
100 ——————————————————————————
10" =
- LIV-dominguez. Ejv = 1x10¥GeV
| —— LIV-dominguez. Erpy = 5x101GeV |
Dom. Band
-2 ] | ! Lol [
o7 10° 10' 10

Energy [TeV]
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EBL absorption

LI

EBL models (z=0.034)

T T TTTT]

10!

Absorption coefficient [exp(—au(E))]

| = LI - dominguez
Dom. Band

|

|

T

Ll

I |

Ll

102 Lol
00T 10°
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10!

Energy [TeV]

Absorption coefficient [exp(—au(F))]

LIV

EBL models (z=0.034)

T T T T T TTT | T T T T TTT | T T T T TTT
100 ——————————————————————————
10"+ -
- —— LIV-dominguez. E;y = 1x10"GeV .
| — LIV-dominguez. By = 5x108GeN i
Dom. Band
2 ] | | [ | i
ctools:
Energy [Ti cherenkov telescope array
> ,
gammapy
Gamma-ray astronomy Python tools

34
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Simulating a LIV signature with CTA

cta

T I [

Lol

oo
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NS | | T | |
107
| =
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= }
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<
E 10-1 = nuv =1,10g10(Ey v/ Epr) =0.0
% - Prod3 North, T ;. = 11 hours
~— -
<, _
'U —
™ ——  Spectrum w/ LIV

107" £ —— Spectrum w/o LIV
~ 4 Simulated CTA spectum
_I L1l | ] L1 11111 | | |
10! 10°
Energy (TeV)
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F. Gate et al (CTA Consortium) ICRC’17
arXiv:1709.04185
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Simulating a LIV signature with CTA Cta

RS | | T | | T | | |
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F. Gate et al (CTA Consortium) ICRC’17

arXiv:1709.04185
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Simulating a LIV signature with CTA Cta

RS | | g | | T | | |
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F. Gate et al (CTA Consortium) ICRC’17

arXiv:1709.04185
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CTA outreach

Cherenkov Telescope Array.

Exploring the Universe
at the Highest Energies

https://www.cta-observatory.org

P REPRODUCIR TODOS

Exploring CTA Science with Ted
and Friends

Cherenkov

Telescope Array SUSCRIBIRSE 103
Observatory

~ CTA Telescopes in Simple Words

Cherenkov Telescope Array

La exploracion del
. erso en altas energias
TTE Media g

Find the latest news, fun facts, videos and images on our social media feeds. Click on an icon below to get connected!

You
( X )

Facebook YouTube Fickr

Tuitter

CTA's social media accounts are managed by the CTA Outreach and Communications Officer. Contact: mgrunewald@cta-observatory.org.

3 9 https://www.cta-observatory.org/wp-content/uploads/2017/06/cherenkov-
telescope-array-observatory_brochure_june-2017.pdf



Conclusions and remarks

- CTAis an unprecedented World wide effort for the benefit of all.
- It will be a venture beyond the high-energy frontier.

- It will have a large improvement in sensitivity and resolution
over wide energy range.

« CTA Consortium is working to show the capability of CTA to
explore various science cases ranging from cosmology to
fundamental physics with an unprecedented sensitivity.

- Such is the case of LIV signatures even beyond the Plank e
scale (a =

Sez

8cie % ¢ i
Wwith h nce e

- CTA science program: b Chereng,

Telescope” ...
Ar ray"‘"\;? =

https://arxiv.org/abs/1709.07997



LST-1 Inauguration: 10 October 2018,

Palma!

NOTA DE PRESA

BAJO EMBARGO HASTA:
10 de octubre 2018, 16:00 CEST

Debut del Primer Telescopio prototipo del CTA

1T Hdal Aarmelasmrmminmten mmrtm deal O e merntmrim CTA miim metbl Immmliomd

cherenkov
telescope
array

Hoy miércoles, 10 de octubre 2018, mas de 200 invitados de todo el mundo se han reunido en el emplazamiento norte del
Cherenkov Telescope Array (CTA) para celebrar la inauguracion del primer prototipo del Large-Sized Telescope (Telescopio

Grande, LST por sus siglas en inglés). Se espera que el telescopio, Ilamado LST-1, se convierta en el primero de los cuatro

= (cla

On Wednesday, 10 October 2018,
more than 200 guests from
around the world will gather on
the northern array site of the
Cherenkov Telescope Array (CTA)
to celebrate the inauguration of
the prototype Large-Sized
Telescope (LST). The telescope,
named LST-1, is intended to
become the first of four LSTs on
the CTA-North site, which is
located on the existing site of the
Instituto de Astrofisica de
Canarias’ (IAC’s) Observatorio del
Roqgue de los Muchachos located
in the municipality of Villa de
Garafia on the island of La Palma.

https://www.cta-observatory.org/
Ist-1_inauguration/
#1537438338748-138fee30-0502



https://www.cta-observatory.org/
http://www.iac.es/eno.php?op1=2&lang=en
http://www.iac.es/eno.php?op1=2&lang=en
http://www.iac.es/eno.php?op1=2&lang=en
http://www.garafia.es/
http://www.garafia.es/
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