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Fluxes of Cosmic Rays
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Scaled flux E*°J(E) (m?s'sr'eVv'™)
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Current Observatories of
Ultrahigh Energy Cosmic Rays
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Pierre Auger Observatory

3,000 km? water cherenkov detectors array

4 fluorescence Telescopes, Malargue, Argentina

~ 500 Scientists, 19 Countries
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CERN UHECR 2012 Working Group
Unified Spectrum
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"Cosmologically Meaningful
Termination”

GZK Cutoff
Greisen, Zatsepin, Kuzmin 1966



Greisen-Zatsepin-Kuzmin effect
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Greisen-Zatsepin-Kuzmin effect
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Greisen-Zatsepin-Kuzmin effect
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Propagation of UHE protons
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Source Model:
*Iinjection spectrum: E™
*injected composition
*redshift distribution

—
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Interaction Cross Sections, z evolution,
Intergal B fields, CMB, UV/Opt/IR
background, Primary, Secondary nuclei,
nucleons, e+e-, gamma-rays, neutrinos,...

Spectrum
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UHECRS Current Status

Leading Observatories: Auger & Telescope
Array agree on the shape of the spectrum

Energy scale: ~10% difference
Composition?

36
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Birth of ultrafast spinning
Pulsars
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Galactic Newborn Pulsars?

Auger—uniform case
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Multi-messenqger Predictions
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UHECRS Current Status

Leading Observatories: Auger & Telescope
Array agree on the shape of the spectrum

Energy scale: ~10% difference
Composition: controversial
Multi-messenger clues
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Cosmogenic (GzK, BZ*)
Neutrinos & Photons
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Neutrino Detectors
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Highest Energy Neutrino
Observatories

IceCube
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Neutrino Detectors
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Fluxes of Cosmic Rays

Space Missions
Future Satellites
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UHECRS Current Status

Leading Observatories: Auger & Telescope
Array agree on the shape of the spectrum

Energy scale: ~10% difference
Composition: controversial
Multi-messenger clues: not yet

Anisotropies?

56



E>20 EeV Cosmic Rays are EXTRAGALACTIC

No Galactic Plane Anisotropy

Auger Anisotropy limits: rule out Galactic protons to CNO as
dominant CR component E > 1 EeV and Fe above 20 EeV

Dipole amplitude (percent)
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“Known unknown”

Cosmic Magnetic Fields

R = kpc Z-' (E/EeV) (B/ uG)"
L= kpe 27 ) (B/uG) 1 EeV = 1018 eV

R, = Mpc Z*' (E/ EeV) (B / nG)"

Extra-galactic B?
B<nG weak deflection

E > 10%V

Galactic B deflection
<< 10° Z (40 EeV/E)
anisotropic in sky



Greisen-Zatsepin-Kuzmin effect
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A. Watson

- =

h . ' _ -_*
Correlation has fallen from ~ 68% to ~ 28% (2007 —> 2014)
compared with 21% for isotropy: about 1.4% probablity

Cen A may be a source: in 13° circle around: 12 seen/1.7

A clear message from the Pierre Auger Observatory:-
We made it too small (2 per month at energy of interest)




Anisotropy Hints > 60 EeV
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Anisotropy Hints > 60 EeV

Oversampling with 20°-radius circle

Dec. (deg) E > 57 EeV

e
'''''''''

- . \\

—16
Reconstruction with loose cuts optimized for '
statistics (72 events above 57 EeV in 5 yr). jie
“Hot spot” within the circle of radius 20° centered at ::
RA = 146°, Dec. = 43° [ApJ 790:L21 (2014)]. -

-3 Significance of excess 5.10 (pre-trial). - 4
After accounting for arbitrary position and opening I2
angles 15°, 20°, 25°, 30°, 35° the significance 3.40 .

(post tnal)

A TSVETILSY & L. TYESITILD



IceCube 37 Events

3 yr data; 30 TeV to 2 PeV

Galactic

Phys. Rev. Lett. 113, 101101 (2014)
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Neutrino & UHECR Coincidence

~20

Elepeyaitei ol

To=2iom sy 12 &

Fang, Fuijii, Linden, AO ‘14 -



Anisotropy Hints > 60 EeV
Statistically limited
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Anisotropy Hints > 60 EeV
Statistically limited

A clear message from the Pierre Auger Observatory:-

We made it too small (2 per month at energy of interest)

A. Watson
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Fluorescence
from SPACE




»JEM-EUSO Mission

> Universe Space Observatory (EUSO >
> Japanese Expéaiment Module (JEM§S




JEM-EUSO

Japan USA Korea, ME}(ICO, Rusma Algeria
Europe: Bulgarla France, Germany, Italy, Poland,

‘Slovakia, Spaifi, Switzerland, Sweden
16 Countries 300 researchers |

N ‘hg. o »
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- Increased€ r.;?\‘
- discc



Payload

Rear Fresyg

F‘recisinn
psnel lens

simulation  Worldwide




Science Instrument




Focal Surface Detector




Focal Surface Detector

26mm Y. Kawasaki, ID 0472
- 35mm M. Ricci. ID 0335

Elementary Cell

4932 2x2 PMTs = 256 pixels)

MAPMTs
(8x8 pixels)

\

Photo-Detector Module
(3x3 ECs = 2,304 pixels

Focal Surface detector
137 PDMs

= 0.3M Pixels
1 High Voltage / PDM

27



Fluorescence from SPACE

' = Fast Signal: 50 -150 us
S '
-
b)Scattered Cherenkon
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Full Sky Coverage

with nearly uniform exposure

Inclination: 51.6°
Height: ~400km 85



JEM-EUSO

1)

Sky Coverage

Relative exposure (Isotropic

Declination [°]
-30 I +30 +60+90
JEM-EUSD (ISS) /64,000 km*-sr

Auger (¢ = 35.5°S) / 7,000 km?-sr
TA ([p=39.1°N) / 1,800 km?-sr

-1 08-06-04 02 0 02 04 06 08 1
sin(Declination)
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JEM-EUSO

annual exposure =

10 x Auger
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JEM—=EUSO Collaboration, Astropart.Phys. 44 (2013) 76
Pierre Auger Collaboration, Nucl.Instrum.Meth.A 813 (2010) 29
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The EUSO
program

1. EUSO-TA:

Ground detector at 7 : AN

Telescope Array site: 2013 i 30° ¢

L . ; AN g ~

2. EUSO-BALLOON:

3 Balloon flights; 1st fror
Timmins, Canada 2014
CNES
(French Space Agency)

Fluorescence

T Cherenkon

\tmosphere




EUSO — Balloon

1st flight from Timmins, Canada (CNES)
August 24-25, 2014

aAa pathfindar miss|lon Tor JEM-EUSO

E U § 0 -8B A L L DO N




EUSO Balloon:
1% flight and first light on 24-25.8.2014
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US helicopter with lasers & Xe flashers
tracked the balloon
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20:53 LT launch
22:50 LT switched on 32 km

23:43 LT reached 38300 m+ ' . &
4:20 LT terminated FANT i
4:36 LT splashed down

the instrument booth floating above the
waterline




Next steps: EUSO-SPB

Super Pressure Baloon (SPB)

Ultra Long Duration flight
- first observations of UHECRSs




@ oson  FIFSt NASA Balloon Launched from Wanaka, NZ

 Launched from Wanaka, NZ on morning of 3/27/15.
v’ Afternoon of 3/26/15 EST.

« Balloon remains healthy 4/9/15 >14 days into the flight! e
v Floating at nearly altitude around 109,000 — 110,000 ft.

Flight: B62NT - GPS Altilude: [Feel)

1000031
BOO00 1
B0+

0000 4




3
Super Pressure Bal

Cisy:

E
loon = SPB

30+ days
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Cross Section (Xenon for Reterence)
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T B Black Hole
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Figure 4-8. The range of dark matter candidates’ masses and interaction cross sections with a nucleus of
Xe (for illustrative purposes) compiled by L. Pearce. Dark matter candidates have an enormous range of

possible masses and interaction cross sections.




Super Heavy Dark Matter

Aloisio, Matarrese, AO ‘15
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Aloisio, Matarrese, AO ‘15

Mass scale given by r

r=0.05, fa2
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Heavy Dark Matter

Aloisio, Matarrese, AO ‘15

My (GeV)
10"

102 . 107
tensor to scalar ratio r
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How many UHECRs > 60 EeV?

Auger + TA ~30 events/yr

JEM-EUSO
~200 events > 60 EeV/y (g S\ae o\

Earth - surface =~ 5 108 km?

~3.4 10% events/yr

105



How many UHECRs > 60 EeV?

Auger + TA ~30 events/yr

JEM-EUSO e
~200 events > 60 EeV/y-ai(8) s o\

Earfh& Qace ~ 5 108 km?

~3.4 10% events/yr
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dihe Energy Frontier Mysteries
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