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Cosmic Particles

~ double the reach for Astrophysics

The Multi-Wavelength Sun

radio waves microwave infrared visible light ultraviolet X-rays gamma rays neutranS G a m m a - ra yS

- up to
10%eV

T

NORM 17CHE 2020-03-31 080001

\ , \ / VN AILN/S N/ \/ 1] , Gamma-Rays
warnedength - . | | ; \ J ¥ UUIR
meters) 102 1'm im 10 10 109 10" 10 10°m 10'm 10 0% 10 0! 0"
; @ ,’ Yo Neutrinos
bee virus ato cle

wavelength  football field human pin head cell bateria



Cosmic Particles

~ double the reach for Astrophysics

The Multi-Wavelength Sun
radio waves microwave infrared visible light ultraviolet X-rays gamma rays neutranS C O S m i C R a yS

» up to
10%%eV

T

NORM 17CHE 2020-03-31 080001

\ , \ / VN AILN/S N/ \/ 1] , Gamma-Rays
warnedength - . | | ; \ J ¥ UUIR
meters) 102 1'm im 10 10 109 10" 10 10°m 10'm 10 0% 10 0! 0"
; @ ,’ Yo Neutrinos
bee virus ato cle

wavelength  football field human pin head cell bateria



' & MuﬂlttuﬂMessenge]rs SR
- "". T (Cosmmc Ratys I\eutarun'us Ga.irmma:«][{ays o
& W Tk PR
- ~. $ ...: ....:: ’.Vi ," ." . . ".. s: anig, 8 .. -
. ope iV ":-;-":“é‘. P e -

" ) . - o3 . . 8
e 4 ) :
2o, g SN, O

. 2 Vo s .‘o'\'- v‘.". -m... (-' ," .. .-' .‘.. - ,’.'“‘. ‘ ¥
* ve <y "l.. ‘0_ e ) - \ - . : g . '
Proion s ammaays e e .
- . - . e A R 1 . "y r sy v’
' . . -‘ '... . : - ? - P ¥ phmon ; . .. ; / 3 ". /r"/
" w °C05m|c Rays. <o T\ 4 O AN R |
. \ < . * -~ PR . ; ." . - e » - 4 - 9 b y ’ o .
. . \‘ . 4 4{... ... ." -~ .: ¢4 . -n.‘.:-. .~ p & .'. - p
.. ' : b BTl s F
Z .“n. (B .. ' "' .".. - J ~ 8
’. -‘ » o AR 3 .
" e 0 't - i -"
‘ YA e \ -:.: - " " Se,
v " \ - A P o~
: SEAe '-:Yv:}"- L vwale
L . . . l. " —y r' Ve
' » bl L . 1S
R PR NIRRT XM G
. . '.;' :‘ : - ‘. - i : ... -
- e -~ T h . s \...-.. W -
» " . \"' - ". g 3 -‘ r. .
. - ?: o Wy . R Ll Nr S 8 . e
. ® .Q g b e g - s -
- . ~ o X N < '
> ’ Sater b ' 3 e, s
. ' - g .'.. P \'l. 'S : ”
. . ) ‘. ‘ - aﬁ . 4 -
- .-"
» . : F It .:o >
‘ ‘- : - » . ..\. " .Q.' ‘: -..' X
s y -l .
ol & R Rk L
- . o ‘ - .



Group — 1
| Period

strange

Lanthanides

Actinides

uon neutrino tau neutrino

eptons




Mul - -Messengers
~ Tr|pIe the reach for Astrophysics — 40 orders of magnltude

Hio waves microwave infrared visible light ultraviolet

G e neutrinos

Strain (1/7Hz)

Gamma “

m 10 10 10 10 10%m 10 10 109 10 0 10

Frequency (Hertz) b

Gravitational Waves

4‘;/@@4

; @ Neutrinos
bee pin head cell bateria S

EIectromagnetic Waves

ootball field

Cosmic Particles



Astroparticle Physics Open Questions:

What are the sources of the Ultra-High Energy Cosmic Rays (UHECRs)?

What are the sources of Astrophysical Neutrinos?



Outliune:

I What are the sources of the Ultra-High Energy Cosmic Rays (UHECRs)?

S S Q
Cosmic rays with energy above 1 EeV = 10" eV

1

What is the spectrum of UHECRSs?
What is the (C(ounnlp@s[Ut[[(onnl of UHECRS?

1

What is the sky distribution of arrival directiomns?

1

1

Neutrino and gamma-ray secondaries?

1

What physical processes do UHECRs probe?

2a. What are the sources of Astrophysical Neutrinos?

2b. Future Outlook
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GZK Cutoff . . .
Greisen, Greisen-Zatsepin-Kuzmin Effect
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Auger Spectrum ICRC 2021
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Auger Spectrum+Composition ICRC 2021
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What is the sky distribution of arrival diurections?
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Auger Spectrum ICRC 2021
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Where are the neutruno and Qramnumia=ray secondaries?
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Cosmogenic (GZK, BZ*)
Neutrinos & Photons
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