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Ultra-Energéticos?




Neutrinos: O Que Sao e
Para Que Servem?
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Nuvens de Magalh3es

p & Cometa McNaught

Miloslav Druckmuller (Brno University of Technology)
January 28, 2007, Nahuel Huapi 2014 m, Patagonia, Argentina




Sidereus Nuncius 1610
Mensageiro Sideral ou
Estrelado
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T e N . Galileo Galilei 1609 constroi
Galileo mostra ao Doge de Veneza o poder telescopio comeca astronomia
do telescope (fresco de Giuseppe Bertini) e observacional (ondas dpticas

ou visiveis).
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pink floyd
the dark side of the moon

Luz visivel




1800 William Herschel da luz infra-vermelha
do Sol. 1830-60 inicio da astronomia infra-
vermelha.

-

William Herschel

1887 Heinrich Hertz produz ondas de radio previstas por Maxwell

Galileo Galilei 1609 constroi

telescopio comeca astronomia
(ondas oOpticas ou visiveis).




1800 William Herschel da luz infra-vermelha
do Sol. 1830-60 inicio da astronomia infra-
vermelha.

-

William Herschel
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James Clerk Maxwell  Heinrich Rudolf Hertz
1887 Heinrich Hertz produz ondas de radio previstas por Maxwell

1931 Karl Jansky descobriu ondas de radio emitidas pela Via Lactea.

Galileo Galilei 1609 constroi
telescopio comeca astronomia
(ondas oOpticas ou visiveis).




Atmospheric
Opacity

Frequency
(Hz)

4
00 10

th
/

\\ ‘e ]
=

-
\. -
“\_ﬁ;.

' t\l\\“\-
v AWMy

LIPSt .
e

ELECTROMAGNETIC SPECTRUN

The diagram shows the entire spectrum of

electromagnetic waves. The scale at the

bottom indicates representative objects

that are equivalent to the wavelength Atomic Representative
scale. The atmospheric opacity determines ; Nucleus ~ Objects

what radiation reaches the Earth’s surface. |
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Espectro Eletromagnetico ou "Luz’

15 ordens de grandeza
equivalente a 5 “pianos”

Visible Light

L

= — Ultra Viclet X-rays Gamma
A ey ) s . A NAALA

Hadio waves Microwaves nfrared

\ J
{ \ | \
y \ | |
y 1 \

ers; 10¢ 1'm 10'm

o Ap / @ & [

wavelength  football field human bee pin head cell bateria virus

Astronomia Multi-Frequéncia ou Multi-Wavelength (comprimento de onda)
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Telescopios de Radio
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Gran Telescépio Canarias (GTC)

Visibie Light
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Keck Telescopes — Mauna Kea
(Hawaii)

Magellan Telescopes — Las
Campanas (Chile)




Telescopios de
Raios Gamma
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nuvens de Magalh3es

Cometa McNaught

(2007)

Miloslav Druckmuller (Brno University of Technology)




Via Lactea
vista em Luz Visivel




Infra-vermelho
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Via Lactea em
Raios Gamma







Centaurus A em ondas de Radio
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Nucleos Galacticos Ativosgh

Centaurus A .




Hubble eXtreme Deep
Field, 2 x 2.3 arcmin?

# - 5,500 galaxias

-

Observable Universe
~2 TrilhOes galaxias




Seeing back into the cosmos
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Hubble Space Teleseope, 2.4 m
Near-infrared, visible®light, ultraviolet
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James Webb Space Telescope
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Age of the universe (billions of years)




Imagem do Universo com
380,000 anos!

Imagem em Micro-ondas




1800 William Herschel da luz infra-vermelha

1887 Hertz produz ondas de radio
prewstas por Maxwell

William Herschel

James CIerkMaxweII

Galileo Galilei 1609 constroi
- . telescdpio comeca astronomia
>a0 ralos cosmicos ; (ondas 6pticas ou visiveis).

1912 Victor Hess descobriu que raios ionizantes

’
ranz Hess

nucleos atdbmicos . /
primeiros mensageiros distantes l
Victor,

ndo electromagnéticos

1931 Karl Jansky descobriu ondas de radio emitidas pela Via Lactea.
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1912 Descoberta dos Raios CoHsmiicos

Chamber 1

Chamber 2
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Victor Hess
mostra que radiagao ionizante vem de fora da Terra




Raios Cosmicos
nucleos atdmicos, relativisticos (altamente energéticos):

N e Elactrane = # Bratanc
Group — 1 3 4 s 6 7 8 9 10 11 12 13 14 15 omic Number Z = § Electrons = # Protons

| Period

Matéria Comum = Atomos

Lanthanides

Actinides

neufron

61 w 1< 1078 m
SN quark
-

atom

1070m

Raios césmicos = nucleos atomicos, relativisticos (altamente energéticos):
Hidrogenio (protons), He, C, O, Fe, ...




Raios Cosmicos

nucleos atdmicos, relativisticos (altamente energéticos):
Acelerados em regides extremas do Universo —aonde?

Supernova e Pulsar do Caranguejo Galaxia Cenj-auros._A

Tamanho 11 ly (anos luz) Tamanho 60,000 ly (anos luz)”
Distancia 6,5 kly Distancia IOyMly

Possivelmente em ExplosOes Estelares (Supernova), Choques interestelares,
Choques intergalacticos, Jatos de Buracos Negros Supermassivos, ...




Materia Comum = Quarks e Leptons

» 2.4 MeV/c?

» 2/3

. » 172 U
up

4.8 MeV/c?
-1/3 I
1/2

down
0.511 MeV/c?

-

electron

. De

1/2

electron
neutrino

1.27 GeV/c?

2/3

1>
charm

104 MeV/c?

-1/3

12

strange
105.7 MeV/c?
-1
. M
muon

<0.17 MeV/c?

muon
neutrino

171.2 GeV/c?
2/3 t
1/2

top

b

bottom

1.777 GeV/c?

N

tau

<15.5 MeV/c?

L Du

1/2

tau
neutrino

=126 GeV/c?

91.2 GeV/c?

. &

Z boson

80.4 GeV/c?

W

W boson




mass -
charge -

spin—
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Neutrinos

“uns 100 bilhdes atravessam o seu polegar a cada segundo!”
A. de Gouveia (Fisica em Casa)

1.27 GeV/c?

2/3

1>
charm

104 MeV/c?

-1/3

12

strange

105.7 MeV/c?

muon
neutrino

171.2 GeV/c?
2/3 t
1/2

top

b

bottom

1.777 GeV/c?

N

<15.5 MeV/c?

L Du

1/2

tau
neutrino

=126 GeV/c?

91.2 GeV/c?

Z boson

80.4 GeV/c?

W boson




O Sol em “Luz de Neutrinos”

<0.17 MeV/c? <15.5 MeV/c?
. De | Dw ., Dr
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electron muon tau
neutrino neutrino neutrino




Particulas Cosmicas

~ dobram o alcance da Astrofisica em energia
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Multi-Mensageiros

~ triplicam o alcance de energia da Astrofisica : 40 ordens de grandeza
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Multi-Mensageiros
Raios-Cosmicos

Neutrinos

Ultra-Energéticos
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Extensive Air Showers
(Chuveiros.de ar extensivos)

1937: Pierre Auger
Raios Cdsmicos ~ 101 eV
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1962 John Linsley
~1020 eV event




Rai0s ,_ 6smicos Ultra Energeticos:
. 10%eV
10,0000 X Energia LHC




Observatérios mais importantes de
Raios Cosmicos Ultra-Energéticos

Telescope Array
Utah, USA

(5 country
collaboration)

2 ) . ‘ e -»' , ’;‘ .-,ﬁ; .___ .. ' ' .
700 km? array Fale i ““ion V. A " Pierre Auger
3 fluorescence  {' o M8ESS L. ' Observatory
telescopes . %" & Mendoza, Argentina

(19 country
collaboration)

4 3,000 km? array
4 fluorescence telescopes




»

Pierre Auger Observatory

3,000 km? water Cherenkov detectors array
4 fluorescence Telescopes, Malargue, Argentina

James W. Cronin
1931-2016

OBSERVATORY

~ 500 Scientists, 19 Countries




Andes & 1 detetor







Sugestao das Anisotropias >4 x 101° eV

Total SD events with E>32 EeV : 2157
Total exposure 101,400 km2 sr yr

SBG: StarBurst Galaxies
AGN: Active Galactic Nuclei

CenA

NGC4945

Centaurus A

3.9 o effect (post-trial)
for E>37 EeV, 287 window




Galaxias Starbursts ou Nucleos Galacticos Ativos?
Starbursts Galaxies or Active Galactic Nuclei?

M82 — Starburst Galaxy

Event Horizon Telescope
Image of M87

Sculptor Galaxy NGC 253 | R
Centaurus A — starburst + AGN
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Galaxias Starbursts ou Nucleos Galacticos Ativos?
Starbursts Galaxies or Active Galactic Nuclei?

M82 — Starburst Galaxy
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2. Event Horizon Telescope
. T . Image of M87
Sculptor Galaxy NGC 253 o .
Centaurus A — starburst + AGN
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Telescopios de Neutrinos

IceCube — no Polo Sul ANITA — voos na Antartica
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Inicio da Astronomia de Neutrinos

PeV (10> eV)neutrinos first observed by IceCube (Apr’13)

fue Aug 9 07:23:18 201 fue Joan 3 03:34:01 2012

Bert 1.05 PeV Ernie 1.15 PeV




Q%’gz, POEMMA Design at NASA GSFC

IDL (Instrument Design Lab) Jul 31-Aug 4, 2017
MDL (Mission Design Lab) Oct 30-Nov 3, 2017

>




XtMy,

SHUTTER DOORS

INFRARED CAMERA

CORRECTOR PLATE

LIGHT SHIELD

FOCcAL SURFACE

DEPLOYED STRU

MIRROR

DATA PROCESSOR

TABLE I: POEMMA Specifications:

Photometer Components Spacecraft

16.48m
Optics Schmidt 45° full FoV Slew rate 90° in 8 min I
Primary Mirror 4 m diam. Pointing Res. 0.1°
Corrector Lens 3.3 m diam. Pointing Know. 0.01°
Focal Surface 1.6 m diam. Clock synch. 10 nsec 11.74m
Pixel Size 3 X 3 mm? Data Storage 7 days
Pixel FoV 0.084° Communication S-band
PEC MAPMT (1us) 126,720 pixels Wet Mass 3,450 kg
PCC SiPM (20ns) 15,360 pixels  Total Power 880 W i
Photometer (One) Mission (2 Observatories)  7.52m
Mass 1,550 kg Lifetime 3 year (5 year goal)
Power 500 W Orbit 525 km, 28.5° Inc
Data < 1 GB/day Orbit Period 95 min g

Observatory Sep. ~25 - 1000+ km \
~——4.57m

Each Observatory = Photometer + Spacecraft; POEMMA Mission = 2 Observatories ~——5.00m
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Nadir for UHECR:
Radius 200-400 km

Uberaba
.

Curitiba
s8/ Paanag

W

Observing Modes
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o

we \t -
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Limb for Neutrinos & UHECRs
Radius 2.6-3.7 103 km
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POEMMA Neutrinos

POEMMA designed to observe neutrinos with E > 20 PeV
through Cherenkov signal of tau decays.. i




EUSO-SPB2

FS filled with ECs
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Cherenkov camera
SiPMs
1/10 nanosecos

Fluorescence Camera 100 Milhoes fotos/segundo
MAPMTs; 1/microsecond

1.000.000 fotos por segundo




EUSO-SPB 1

Extreme Universe Space Observatory ona
Super Pressure Balloon
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radiator

electronics subsytems
on "dry shelf"

PDM

instrument booth

Fresnel lens L3
fixedAtight

Fresnel lens L1

adfagiaiie Ultrafast Camera:
- evacuation Photo-Detector Module

holes

.. Baffle& (PDlVl)

o (3x3 ECs = 36 MAPMTS ;
2,304 pixels)

optical bench







WANAKA 2017 Campaign Ng\%“
Super Pressure Balloon (SPB) EUSO mission B

2015 2016 2017

NASA Engineering Flight COSI EUSO-SPB

™~ l

46 d 20 h




Mini-EUSO na Estacaae Espacial Internacional (ISS) en 2020

https://www.youtube.com/watch?v=I1XedBGVHc40&t=62s




Sondas Espacias de
Particulas Cosmicas Ultra-Energéticas

EUSO-SPB2

Atmosfera Terrestre como
Observatorio de Particulas




StV

POEMMA
UHECR and Neutrino Observations




EUSO-SPB1 Launch from Wanalka), NIZ
April 24, 2017
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Artist's rep NS-NS merger.
Credit: Credit: NSF/LIGO/
SSU/A. Simonnet.

Ly VO

Artist's rep BH-BH merger.
Credit: NASA / JPL/
Swinburne Astron.Prods

Artist's rep WD-WD merger
Credit: Ars Technica

SWIFT NEUTRON STAR
COLLISION V. 2

-NS merger Animation

NASA@/Berry & Drezek

ANIMATION: DANA BERRY
310-441-1735

PRODUCED BY ERICA DREZEK

IGRB Reverse
Shock (ISM)
IGRB Reverse
Shock (wind)

Binary
Coalescence

TDEs 14 x Mg =8 Mg
Lunardini and Winter |18
1.07 x 10® 100.03 Mpc Msypu = 1 x 10° Mg Strong
Blazar Flares - 8

9.88 x 10* .66 2.49 Mpc Murase

2,05 x 107 3.7t 37.36 Mpc Murase

BH-BH

nwrgvr

POEMMA
Neutrino TOO

(Targets of Opportunity)
Venters et al 2019

Artist's rep TDE (star torn BH).
Credit: NASA / CXC / M. Weiss

Transient Events

few to 100 Million neutrinos/event Tidal Disru ption Events

10 neutrinos up to 120 Mpc!
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Newborn Pulsars

arXiv:1906.07209

Crab 965 years éﬁ'-

Largest Distance for

1.0 v per event
L 3.88
1. 10*

ny

bdit: Credits: X-ray: NASA/CXC/ASU/).Hester et al.;
Optical: NASA/HST/ASU/J.Hester et al.

12.96 Mpec

Blazar Flares
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Newly-born
magnetars (Fe)




Sargitarius A

s

Buraco Negro Supermassivo
no centro da nossa Galaxia

4 bilhoes de Massas Solares

S0-1

S0-2
® S0-4

S0-5
® S0-16
® S0-19
@ S0-20




