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Brazilian Participation

Vitor de Souza
vitor@ifsc.usp.br

Cherenkov Telescope Array
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Astroparticle Physics Experiments
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Slide by Werner Hofmann
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CTA Targets

● Improve the sensitivity in order of 
magnitude

● Increase the energy range
● 20 GeV < E < 300 TeV

● Improve angular resolution
– 1­ 3 arcmin

● Operational flexibility
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Discovery Potential
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1 pc = 3 x 1016 m

CB
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CTA Consortium

11

32 countries
94 parties
208 institutes
1402 members (480 FTE)
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The Future of Research on Cosmic 
Gamma Rays (J. Knödlseder)

SITES

NEWS: 19 Sept 
2016
IAC-CTA  agreement 
signed
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CTA Brazil
       CTA ­ SP ­ MST

● IFSC­ USP

– Prof. Vitor de Souza 
– Profa. Manuela Vecchi
– Profa. Cibelle Celestino
– Dr. Humberto Huerta
– Raul Prado
– Rodrigo Lang
– Rodrigo Guedes Lang
– Danielle Kaori

● IF­USP

– Prof. Edivaldo Moura
– Douglas Pimentel

● UFABC

– Prof. Marcelo Leigui
– Raquel de Almeida

● UFSCar

– Dr. Gustavo Rojas
● UFPR

– Prof. Rita de Cássia
● EEL / USP

– Prof. Fernando Catalani
– Prof. Carlos Todero

● SAIFR / IFT ­ UNESP

– Dr. Fabio Iocco
– Maria Benito

CTA ­ SP ­ SST
● IAG – USP

– Profa. Elisabete dal Pino
– Prof. Rodrigo Nemmen
– Dr. Claudio Melioli
– Dr. Chandra Singh
– Dr. Grzegorz Kowal
– Dr. Reinaldo Lima
– Dr. Paramita Barai
– Dr. Luis Kadowki
– Tania Torrejon
– Renato Gimenes
– Pankaj Kushwaha
– Saib Hussain
– Carlos Fermino
– Raniere Menezes
– William Bohórquez
– Lucas Santos

● UNICSul

– Prof. Anderson Caproni
● EACH / USP

– Prof. Diego Falceta­Gonçalves
– Mohammad Ali

        CTA ­ Rio

● CBPF

– Prof. UIisses de 
Almeida

– Prof. Ronald Shellard

– Bruno Fontes

– Bernardo Fraga

● UFRJ

– Prof. João Torres

12 Instituions

18 Researches

19 Students

5 Technicians
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CTA in 2010

Brazilian Consortium Proposal

How did it all started....
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Invitation to participate
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MOU
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ASTRI: Astrofisica con Specchi a Tecnologia Replicante Italiana



  ASTRI PROTOTYPE INAUGURATION

September 24th, 2014
Mt. Etna (Catania, Sicily)

Slide by Elizabete dal Pino



Brazil @ ASTRI CTA Mini-Array 

                     
                                               

 Prototype testing, camera development, re-
assessment

 Engineering cooperation
 Knowhow acquisition 
 Development of hardware/software
 Construction and deployment of the SST 2M Mini-

Array
 Production of components for SSTs for CTA in 

Brazil; hand over to industry
 Science case developments (galactic & 

extragalactic targets)
 Human resources formation: several students & 

postdocs
Slide by Elizabete dal Pino



Brazilian engineers @ ASTRI:
Camera construction

Thermal Model 
Validation - telescope 
structure (Catania)

CAMERA: Nano Adapter PCB (Palermo)
 - FEE (Front End Electronics) 

Slide by Elizabete dal Pino



Brazilian engineers @ ASTRI:
structure/software development

Active optics tests (Torino)
• With Daniele Gardiol & Federico 

Russo

Performed task:
• Segment motion
• Data colection and callibration
• Repeatability verification

M1 Interface elaboration  (Catania)
• W/ Matteo Munari, Salvo Scuderi, 

Enrico Giro, Luca Stringhetti, Elisa 
Antolini 

Performed task:
• Actuator configuration as in  CANopen
• Screens preparation for driving motors
• interface implementation with users, 

scheduling tests, etc.
• Teaching on operation of logics for 

future change and implementation
• Teatching hardware & software 

Beckhof

Slide by Elizabete dal Pino



  
33

Brazilian contribution
MST

M
S
T

css



Building Brazilian CSS

• 2010: Regular Project FAPESP: Start.

• 2011: Studying the structure and looking for partners

• 2012: Regular Project FAPESP: design and 
prototype

• 2013: Design developed and approved

• 2014: Construction and installation of the prototype

• 2015: Prototype approved and improvements 
suggested

• 2016: Thematica project FAPESP: implement 
improvements in the design and preproduction

• 2017: Re-design finished - preproduction starting

• 2018: Instalation in the observatory site

• 2019-20: Data taking.
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STRUCTURAL ANALYSIS
STATIC AND THERMAL ANALYSIS

Input Output

Case Wind 
Load Ice Load Gravity

Global
Displacement

(mm)

Camera
Displacement

(mm)

Stress 
(MPa)

Buckling 
factor Safety Coefficient

3 X+ 50 
km/h Superior Y- 23,31 5,31 195 7,11 1,59

LOAD CASE 03:

­ Horizontal

­ 50 km/h

­ Ice load

­ Wind load X

PASSED ALL LOAD CASES

CSS Detailed Analysis
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CSS Construction
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Patent requested

Adjustment Device
Move tons with

 milimiter precision

Brazilian technology

for CTA
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Brazilian CSS: Mounting @ Berlin
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Brazilian CSS: Mounting @ Berlin
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Brazilian CSS: Mounting @ Berlin
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Brazilian CSS: Mounting @ Berlin
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Brazilian CSS: Mounting @ Berlin
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Brazilian CSS: Mounting @ Berlin



  
44

CSS Test Report

CEA/IRFU ­ France

IFSC/USP ­ UFABC ­ Orbital
 Brazil

Authors: Anja Schubert, Dirk Naumann, 
Stefan Schlenstedt,

Louise Oakes and Ulrich SchwankeDESY and Humboltd University Berlin
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CSS Test Report: Conclusions
• Vibration studies: both proposals meets the requirements
• Displacement under control for both structures
• Lack of pre­tension ropes is an advantage of the 

Brazilian proposal
• Better temperature balance of the Brazilian proposal 
• Galvanized steal in the Brazilian structure garantees 30 

years operation
• Adjustment device in the Brazilian proposal is 

advantange
• The increased shadowing of the Brazilian structure can be 

compensated with the use of two extra mirror facets ­ 
improved in the re­design

Authors: Anja Schubert, Dirk Naumann, Stefan Schlenstedt,
Louise Oakes and Ulrich Schwanke

Desy and Humboltd University Berlin 
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Slide by Ulisses Barres de Almeida
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While CTA is not ready....

● We are warming up:

– Dark matter

– Lorentz Invariance Violation

– Cosmic acceleration and gamma rays

– And much more: see Profa. 
Elisabete and Prof. Ulisses talks 
along these weeks.



  



  

UHECR produces gamma rays

Cascade in the radiation background

● Pair­production
● Nuclear 

fragmentation
● Photo pion 

production

● Pion decay
● Neutron decay
● Pair production
● (Inverse) Compton 

scaterring

Large number of GeV-TeV gamma-rays produced
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1 pc = 3 x 1016 m

CB
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Mean Free Path with LIV

Rodrigo Lang - Master Dissertation - IFSC/USP - submitted (2017).
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gamma-ray flux

Proporcional do UHERC luminosity

Source at distance D 
UHECR flux observed on Earth
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A.D Supanitsky and V. de Souza, JCAP 12 (2013) 023



  
56R.C. Anjos, V. de Souza and A.D.Supanitsky JCAP 07 (2014) 049

25 Fermi

1 MAGIC

2 VERITAS

3 Radio Galaxies

21 Seyfert

Sources:



57



58



  
59

Dark Matter

M. Doro et al.  Astroparticle Physics 43 (2013) 189–214
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Fermi
CTA

Master dissertation – Jessica Marcomini – IFSC-USP
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Take away message

● CTA is the next astroparticle physics 
experiment

● CTA Consortium is fit

● The Brazilian community is very actively 
participating 

● Collaborators are welcome

Thank you !
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