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Programa do dia:

Introducao historica

Apresentacao do problema em astrofisica

Experimentos: Pierre Auger e CTA

Perspectivas futuras



Mensagem pra levar pra casa:

Astrofisica de particulas é uma area com grande potencial de
descobertas fundamentais e propicia para a inovacao
tecnolégica

A comunidade brasileira ocupa uma posicao de destaque no
cenario internacional

Observatorio Pierre Auger:

* Resultados histoéricos ja publicados

e Ainda tem muito a produzir na préxima década

Cherenkov Telescope Array (CTA)

* O proximo experimento em Astrofisica de
Particulas



Em 1900 ...

Eletromagnétismo recem apresentado
como uma teoria completa

Primeiras pequisas com “radiacao” estao sendo
realizadas: raios-X e tubos de raios catodicos

Desenvolvem-se detectores de radiacao:
- Camara de nuvens
- Filmes
- Contador Geiger



Radiagao Natural

No nivel do solo mede-se uma radiacao
gue deve ser gerada por

material radiativo no solo

A Intensidade da radiacao deve diminuir
com a altitude



Raios ou Radiacao Cosmica:

Victor Hess realizou medidas com baldoes e mostrou que
a intensidade da radiacao aumentava com a altitude
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Radio (408 MHz)
C. Haslam et al., MPIfR, SkyView
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Radio (1420 MHz)
J. Dickey et al., NRAO, SkyView
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Fundo de Micro-ondas
Satélite Planck
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Infravermelho
Dirbe Team, COBE, NASA
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Visivel
por Axel Melinger
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Ultravioleta
J. Bonnell et.al., GSFC, NASA
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Raios-X
S. Digel et. al. ,GSFC, ROSAT, NASA
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Gama > 100 MeV
CGRO, NASA
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Raios Gama > 10'? eV
TeVCat
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KASCADE
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AGASA
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Pierre Auger Observatory

E>5.7x 107 eV
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Intensity (arbitrary units)
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Emissao nao-térmica

H.E.5.5. Collaboration et al.: Discovery of VHE y-ray emission of 1RXS J101015.9-311909
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Nao termica - Aceleracao

e Mecanismo de Fermi: 12 e 22 ordem

- Colisdes das particulas com ondas de
choque magnetizadas

- Processo coletivo: muita energia do meio
concentrada em poucas particulas

- Elite energeética
 Producao de radiacao:
- Radiacao Sincrotron
- Bremmestralung — Radiacao de Freamento
- Efeito Compton Inverso

30






Astrofisica de Particulas

A ciéncia que estuda 0s processos
fisicos ocorrendo em objetos
astrofisicos atraves da deteccao de
particulas de alta energia.

Interacao entre

Astrofisica das fontes ,
particulas
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Astrofisica de particulas
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Experimentos de Raios Cosmicos

Tp.Fe...

1 — BalSes e satélites:

detecgao direta do primério

2 — Telescopios de luz Cerenkov:
deteccao de fétons Cerenkov

3 — Arranjo de detectores:
detecgao direta das particulas 4

-2

4 — Detector de fluorescéncia

10 eV 10 eV 10 eV 10 eV




Chuveiro de Particulas
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RAIOS COSMICOS DE ALTAS ENERGIAS

RAIOS GAMAS
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Propagacao

3D trajectories projected on X-Y plane
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Wdowczyk and Wolfendale
Annu. Rev. Nucl. Part. Sci. 1989. 39: 43-71
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Figure 5 Cosmic-ray energy density as a function of the threshold CR particle energy.
Curves are shown for both particles and y rays. The arrows relate to energy densities for a
variety of other phenomena: (Emc?),nivere = rest energy of total mass in the universe; BX/8n
is the Galactic magnetic field; (}pv”)s, represents Galactic gas clouds; G.S. is Galactic
starlight; I.G.S. is intergalactic starlight; and (PE); is the gravitational potential energy of
galaxies.
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Experimentos que participamos

cta

cherenkov telescope array

PIERRE
AUGER

OBSERVATORY
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time=266us
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Observatorio Pierre Auger

O maior experimento de raios

PIERRE L pn 2 . _
AUGER  €Osmicos ja construido para medir

cessruarory com grande estatistica a regiao de
energia acima de 1018 eV

Colorado, EUA

(em projeto) Mendoza, Argentina

(em funcionamento)




Observatorio Auger

Em funcionamento:
- 1624 tanques
- 24 telescopios




Observatorio Auger
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Qual é o problema em astrofisica

abordado pelo Auger ?
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Perda de Energia
Colisao com fotons
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3D trajectories projected on X-Y plane
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Fatos:

- Existem poucas fontes capazes de acelerar
particulas com energia maior que 10" eV

- As fontes tém que estar proximas

- O universo € altamente anisotropico
e "vazio" dentro de 100 Mpc

- O desvio dessas particulas no campo
magnetico € pequeno
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Fatos:

- Existem poucas fontes capa lerar

particulas com energia

— As fontes

-0 ssas particulas no campo
ICO € pequeno
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Astronomia:

LUZ

1609 Galileu Galilei

PARTICULA

2009 Observatorio
Pierre Auger

56



COMO SE FAZ
ASTROFISICA COM

PARTICULAS?
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Astrofisica de particulas
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Auger: Resultados

Espectro: Corte GZK presente
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Astrofisica de particulas
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Core of Galaxy NGC 426l

Hubble Space Telescope
Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

380 Arc Seconds - 17 Arc Seconds
88,000 LIGHTYEARS 400 LIGHTYEARS



Pierre Auger Collaboration, Science (2007)

O Eventos com energia acima de 5.7x10" ev

* Nucleos Ativos de Galaxias (AGN)

Exposicdo do Observatorio

63



Auger: Resultados

Espectro: Corte GZK presente

Mapa das fontes: Evidéncias de Anisotropia

64



Astrofisica de particulas
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Auger: Resultados

Corte GZK presente

Evidéncias de Anisotropia

Desvio angular compativel com proton

Medidas da composicao indicam massa
iIntermediaria
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Cen A + Milky Way

Is it possible that Cen A + Milky Way

accounts for the large majority of

cosmic rays we measure on Earth ?

logsoE> x dN/dE (arb. units)

l Ezbreak 1/E2cut0ff

= 1+2+3+4

= 14243

log4oE (arb. units)

Supernovae up to 10! eV

Reacceleration in the
jets up to 10%° eV
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Modeling Cen A
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Modeling Cen A
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Open questions

Is the flux suppresion due to the interaction with
the CMB or is it the sources

running out of power ?

How to reconcile correlation with AGN and Z > 1 ?

« Weaker magnetic fields ?

* Close by source ?




Open questions

Are AGNs the sources or only tracers ?

Can we study particle physics

with energies above LHC ?

79



Answers are expected from:

* Continous operation of the Pierre
Auger Observatory for at least one
decade

e Multiparametric analysis

- Muon: AugerPrime

 Multi-messenger approach:

-Neutrinos
- GeV-TeV gamma rays

80



Astrofisica de particulas




Trabalho no IFSC

Forma do espectro para E > 109°

|dentificacdo das fontes

Determinacao do tipo da particula primaria

Extensdoes: HEAT e AMIGA
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cherenkov telescope array

. an advanced facility for ground-based gamma-ray astronomy
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Discovery Potential

adapted from

Horan & Weekes 2003

——p Distance kpc Mpc Gpc

SNR/PWN Blazars

Binaries
Pulsed
Current

Sensitivity

Future=

Colliding Starbursts  Clusters GRBs  +Dark Matter
Winds

+UHECR Sig.

Flux



HESS (1 241}-1-1,
wnder constructlon

HESS I 12 m
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Building telescopes: MST

1 — Foundation
2 — Tower
3 — Counterweight
4 — Optical Support Structure
5 = Mirrors

(CSS) 6—Camera Support Structure
/ — Camera
8 — Camera Lock
9 - Head

BUILD YOUR UWN

(ONPUETE PLAS FOR FIVE TELESCORES YOU AR BUILD WITH SHPLE HAND T00ES

N TELESCRPE

Figure 1: Description of the telescope structure




2011:

2012:

2013:

2014:

2015:

Building the CSS in Brazil

— Studying the demands and searching for partner

companies

— Funds secured
— Development of the conceptual design

— Conceptual design approved
— Development of the detailed design

— Prototype construction
— Prototype transport, instalation and test

— Funding request to produce 25 CCS

I/ 12

Sustainable

Universidade Federal do ABC

89



CSS Detailed Analysis
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Figure 14: Case 03 stress and displacement analysis Figure 15: Case 03 stress detail
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CSS Construction
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Adjustment Device

Move tons with
milimiter precision

Brazilian technology
for CTA

Patent requested

o

vacao
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Brazilian CSS
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Mounting @ Berlin
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Brazilian CSS: Mounting @ Berlin
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Brazilian CSS: Mounting
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@ 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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While CTAIs not ready....

* We are warming up:

- Dark matter
- Lorentz Invariance Violation

- Cosmic acceleration and gamma
rays

- Detector configuration
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An upper limit on the cosmic-ray
luminosity of individual sources from
gamma-ray observations

A.D Supanitsky and V. de Souza, JCAP 12 (2013) 023
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Upper limits on the total cosmic-ray

102

E, = 0.1 GeV

Sources:

3 Radio Galaxies
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25 Fermi
1 MAGIC
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Dark Matter

= T
= Fermi combined DSG analysis (10 DSGs), 2 years
: semmmememe- Farmi"qambinad DSG analysis; 10 years
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M. Doro et al. Astroparticle Physics 43 (2013) 189-214
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Fermi CTA

Sculptor
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Speed of light
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Mensagem pra levar pra casa:

Astrofisica de particulas é uma area com grande potencial de
descobertas fundamentais e propicia para a inovacao
tecnolégica

A comunidade brasileira ocupa uma posicao de destaque no
cenario internacional

Observatorio Pierre Auger:

* Resultados histoéricos ja publicados

e Ainda tem muito a produzir na préxima década

Cherenkov Telescope Array (CTA)

* O proximo experimento em Astrofisica de
Particulas 105



Astro-particle physics @ IFSC-USP
Studing particles from outside the Solar System

_,::: { Open questions:
M # Where do. they-come from ? |
51 N\ | # How arethey produced ?
T T | # What is the Universe made
T fperiieon. B of ?
L P Rreremm— ——— | |

Theory:
Astro + Computacional
+ Particle Physics

cta

cherenkov telescope array ! C on t a Ct .
PIERRE Prof. V. de Souza (vitor@ifsc.usp.br)
AUGER fProfa. M. Vecchi (manuela.vecchi@ifsc.usp.br

CBSERVATORY




Astro-particle physics @ IFSC-USP
Studing particles from outside the Solar System

i . TP | Open questions: |
| ® Where do they come from ?
% °l | | ¥ How are theysproduced ?
s i | # What'is the Universe made }
Nl o |
o, e N | — 1

10" 10t 10
Energy (eV)

Prof. Vitor de Souza e Profa. Manuela Vecchi
Pos-doc: Maximo Ave
Doutorado: Raul Prado Ribeiro
Mestrado: Rodrigo Guedes Lang, Guilherme de Sousa, Alexandre Benatti,

Victor Barbosa Martins, Vinicius Mikuni, Vitor Lordello
IC: Danielle Kaori, Rafael Geurgas, Eliane Karasawa, Eduardo Ferronato
Bueno, Lucas M. Maia, Anderson Aparecido do Espirito Santo
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