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Cosmic Radiation:

Victor Hess measured a radition increase with altitute
showing the source was extraterrestrial.
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Extraterrestrial source: cosmic rays/radiation
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1eV =1.6 x 10~ 12 Joule
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Planck Sattelite
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X-Rays
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18



For example,
the Crab Nebula
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http://www.eso.org/
public/images/
eso00903a/

HESS Coll. - Nature,
volume 582, pages 356-359
(2020)
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Summary of the introduction

Gamma-rays TeV and charged particles EeV are the
most energetic messenger of the Universe and

they are related to extreme phenomena in Nature.
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Instruments we participate

cta

cherenkov telescope array

OBSERVATORY

Cosmic Rays Gamma-rays
EeV TeV
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Auger @ Brasil - Instrumentation

Anel Corretor Schmidt
build in Indaiatuba/SP

27 1n operation

M. de Oliveira et al. NIM A 522 (2004) 360
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D. d’Enterria et al. Journal of High Energy Physics 08 (2016) 170


https://link.springer.com/article/10.1007%2FJHEP08%282016%29170

Extragalactic Origem

Equatorial coordinates - Hammer projection - E > 8 EeV
* Galactic center
- - - Galactic plane

Science 357 (2017) 1266-1270
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cta

cherenkov
telescope
array
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: 1709.07997
s g




CTA Targets

» Improve the sensitivity in one
order of magnetitude

 Widen the energy range
e 20 GeV <E <300 TeV

» Increase the field of view

» Improve the angular resolution
- 1- 3 arcmin

e Flexibility in operation
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cta
KEY SCIENCE PROJECTS cherenkor telescope aray

Cy ERL g w IO ek

10.
11.

CTA Galactic Plane Survey

CTA Extragalactic Survey

Exploring extreme particle acceleration in the Galaxy

Probing DM with precision measurements of the Galactic Center
CTA studies on active galaxies

On the connection between cosmic rays and the star-formation
process

Observations of clusters of galaxies
Observations of the LMC

Observations of the Cygnus region
Observation of Galactic DM dominated targets
Observations of transient phenomena

40% of the obervational time of the first 10 years



L ow-energy section

Core array

High-energy section
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Telescopes




LST-1:. Ready and taking data

L5T1 Telescope Site - 2023-08-23 12:05 - http:/fwww.lstl.iac.es

https://www.|stl.iac.es/webcams.html
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Dispositivo de ajuste

Mover toneladas
com precisao de
milimetros

Tecnologia brasileira
Para o CTA

Patente
depositada
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JORNAL VANGUARDA
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https://globoplay.globo.com/v/11960264/
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Sensitivity
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Angular Resolution
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Discovery Potential

adapted from
Horan & Weekes 2003
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Science with the CTA:

https://arxiv.org/abs/
1709.07997
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Summary of instruments

This is how we detect the
most energetic particles and radiation

of the Universe.
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Sensitivity: DM + GC

1072,

backeround: CR + [EM (Gamma)

1 = hackground: CR + [EM (Gamma) + FB
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TS e s ik
1 o —— projected mean upper limit
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Distance about
160000 LY,
known to 1%

Credit: NASA/CXC/M.Weiss
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; Credit: ESO/ZABATaDR
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(ta

-66°00' 4

LMC model with

" 71SNRs
" 10iSNRs
6800’5 " 91 PWNe
2 " 167 pulsar halos
- (see also Milky Way model)
-70°00' 4
-72°00' 4

90°00' 85°00' 80°00' 75°00' 70°00'
Riaht Ascension

https://doi.org/10.1093/mnras/stad1576 *?



Declination

-66°00'" 4

-68°00' 4

-70°00"

-72°00' -

(ta

Telescope pointing
pattern:

90°00' 85°00' 80°00' 75°00' 70°00'
Right Ascension

https://doi.org/10.1093/mnras/stad1576

331 pointings of 1 h each
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from “Science with CTA”
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Dark Matter in LMC Cta

Sensitivity curves for NFW-mean profile
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Pair-production + LIV

10°

10°

10

A [Mpc]
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1 0—3 1 | | | | I 1 | | | I | 1 | 1 1 1 | 1 1 1

Iog10 (EyfeV)
R. Lang et al. Phys. Rev. D 99, 043015 (2019)
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f dz’

o  Ho(l+2) \/Qﬁ+£’21+z -
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R. Lang et al. Phys. Rev. D 99, 043015 (2019)
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H / no cut Berenzinsky et al, '02
He / 10%9% y Allard et al. '08 (a)
M/ 10205 Allard et al. '08 (b)
5/ 10205y Allard et al. '08 (c)

intermediate + p Muzio et al. '20

light / 1087 Aloisio et al. '14
intermediate / 107038 v Taylor et al. '15
Unger et al. '15 (b)

light / 10385 v
(S 10785 V) Unger et al. '15 {é]

Not LIV sensitive
{intermediate / 10°*%* v) Pierre Auger Collaboration '17 (a)

flight / 10°“"# v) Pierre Auger Collaboration '17 (b}

fight r 10 v Pierre Auger Collaboration '17 (c)

fight £ 10**** v} Pierre Auger Collaboration '17 (d)

(mostly 8 /10952 v} Pierre Auger Collaboration '17 (e)

{light 1 10°%*% vy Pierre Auger Collaboration '17 (f)

(llght y 10*** v) Pierre Auger Collaboration '17 (g)

(intermediate + p / 103 v) Luce et al. '22

—24 73 R ) T =
log10(—56y,0)
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Astrofisica
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Raios o Raios
Cosmicos F|§|ca Gamas
EeV Particulas TeV
INVARIANCIA
DE LORENTZ

E? = p2% 4+ m2c P,



Take away message

 CTAis launching
* Auger producing interesting results

* Even prior to launch, CTA is making many
iImportant contributions

 CTA s a great opportunities for young people

 CTA will open a new window of discoveries
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UHECR Propagacao

3D trajectories projected on X-Y plane
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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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Mean Free Path
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Cinematica das interacées a +b — ¢+ d

w_ (B
P , s Pxy Pys Pz

Ph +py =Pk + P
Aproximacoes
E>>mcz—>Ewpc E, >> E

Solucao



i = (Eq + E3)* — (Pa + )¢’
sp = (Ee + Eq)* — (p. + pa)c”

Inelasticidade

E. E, = KE,
K== b
Ey=(1— K)E,

L

Solucao

!f

¢ my ¢
s; = (m2 +mi)c* + 2E,Ey, (1 — cos; + cos 0; Mg =y
2 A m2cd

55 = (m?+m3)ct + K(1 - K) (w;{z e H)o)
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Producao de pares: Y+YOB — e’ +e
Mg, = Ty = 0
My = Mg = M

Qual a energia minima(€:n) de YCB para que a interacgéo
aconteca ?

S; — 2Ef},€th(1 — COSQ?;) — 4Ef},€th
sp=2me® + K(1 - K)(%% + 255)
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Qual a energia minima (eg¢  “V(pAra que a
interacao aconteca supondo LIV ?

E? = p2(32 1+ midt - 51p303

s v = E2 _pQCQ — m2 51p3c:3

2 01 E?

LIV MeC v

T 4R K(1— K)
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