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Gamma-Rays

Cosmic	Rays

Neutrinos

~ double the energy range for Astrophysics

Cosmic Particles 



Cosmic Ray Spectrum
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Cosmic Ray Spectrum
simplified
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Cosmology and Cosmic Rays

Indirect	Dark	Matter	searches:
- DM	particles	generate	CRs	in	annihilation	or	decay?
- DM	Galactic	profile

History	of	Star	formation,	chemical	evolution	in	Galaxy	
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Cosmology and Cosmic Rays
UHECRs:
- Source	distribution	and	
evolution	(negative		
preferred	for	shock	accel)

- Cosmological	Backgrounds	
and	Magnetic	Fields	
(Intergalactic	space?	
primordial?)

- Relic	CR	production?						
Super-Heavy	Dark	Matter;	
Topological	Defects

- Beyond	SM	interactions					
500	TeV equiv CM	energy	for	
hadrons

- Neutrinos	EeV cross	section
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Ground	Experiments

Space
Experiments
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Voyager	
I	&	II

ACE/CRIS
PAMELA

AMS

ISS

ISS-CREAM
CALET	2015

Space	Missions
2017 Free	Flyers

FERMI-LAT

DAMPE

NUCLEON

14	Aug	2017





Positron Fraction

Malkov et	al	ICRC	2017

Poor	fit	disfavors	DM	as	explanation	
for	positron	excess	–
SN	+	Pulsar	Wind	Nebulae

M.	Boudaud et	al	ICRC	2017



Anti-Protons

2	sigma	excess	
at	high-energies

correlated	with	GeV excess??
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Cosmology and Cosmic Rays

Indirect	Dark	Matter	searches:
- DM	particles	generate	CRs	in	annihilation	or	decay?
- DM	Galactic	profile

History	of	Star	formation,	chemical	evolution	in	Galaxy	



V.	Bindi TeVPA17

Cosmic Ray Spectra: new features
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Cosmic Ray Spectrum
simplified



16Dembinski et	al	ICRC17

Cosmic Ray Spectra: new features
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Cosmology and Cosmic Rays
UHECRs:
- Source	distribution	and	
evolution	(negative		
preferred	for	shock	accel)

- Cosmological	Backgrounds	
and	Magnetic	Fields	
(Intergalactic	space?	
primordial?)

- Relic	CR	production?						
Super-Heavy	Dark	Matter;	
Topological	Defects

- Beyond	SM	interactions					
500	TeV equiv CM	energy	for	
hadrons

- Neutrinos	EeV cross	section
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NOW

Ground	Experiments
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ankle

knee

Extragalactic	
Sources

Galactic	Sources
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~1%

Galactic	Supernova	Remnants	 ?



ankle

knee

ankle

Ultrahigh	Energy
Cosmic	Rays
E	>	1018 eV
=	1	EeV



LHC
white	
dwarf

Kotera	&	AO‘11

LHC
white	
dwarf

Hillas Plot: Emax required



ankle

knee

1	km-2 yr-1

0.1	km-2

century-11	m-2 yr-1
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Leading Observatories of
Ultrahigh Energy Cosmic Rays 

Pierre Auger 
Observatory

Mendoza, Argentina
(19 country 

collaboration)
3,000 km2 array
4 fluorescence telescopes

Telescope Array
Utah, USA
(5 country 
collaboration)

700 km2 array
3 fluorescence 
telescopes



Argentina, Australia, Brasil, Bolivia*, Croatia, Czech Rep., France, Germany, Italy, Mexico, Netherlands, 
Poland, Portugal, Romania*, Slovenia, Spain, UK, Vietnam*



Telescope Array 

3 FD stations overlooking an array of 

507 scintillator surface detectors (SD)  

Area:	700	km2

Belgium
Japan
Korea
Russia
USA
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31

No	Recovery	
nor	new	

components	
yet!
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Auger + TA: Full Sky Coverage



ankle

knee

GZK



“Cosmologically Meaningful 
Termination”

GZK Cutoff
Greisen, Zatsepin, Kuzmin 1966

p+γcmb→ Δ+→ p	+	π0
→ n	+	π +

Proton	Horizon
~5	x	1019 eV



Propagation of UHE protons

Berezinsky,	Gazizov,	Grigoriev	 ‘05

Modification	 factor

Spectrum
Recovery



WIMPs

SHDM or
WIMPzilla

Super Heavy Dark Matter



Super Heavy Dark Matter

38
Aloisio,	 Matarrese,	AO	‘15

POEMMA	

ARA

β inflaton potential POEMMA	



Composition observable: 
shower maximum

average and fluctuations
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Bellido et	al,	ICRC2017



Bellido et	al,	ICRC2017



GZK or Emax?
(TA	ICRC11)

Kotera,	AO	‘11

Fang,	Kotera,	AO	‘13
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Negative Source Evolution 
to agree with shock acceleration injection



Auger Dipole !!!

Taborda et	al	ICRC17



Anisotropy Hints > 60 EeV

E	>	5.7x	1019 eV 20o smoothing	 ≈	3.4	σ
5.1	σ pre-trial	Telescope	Array

Auger	Observatory

≈	3	σ pretrial

ov
er
la
p

arxiv.1404.5890





E>	39	EeV at	13o

Giaccari et	al	ICRC17
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No	Recovery	
no	new	

components	
yet!

EXTRAGALACTIC

Source	Hotspots



No	UHE	
Photons
Yet!

Niechciol et	al	ICRC17

Auger Photon Limits



T.	Cohen	et	al	2017

Gamma-ray Constraints on Decaying Dark Matter

Pierre	Auger	Limit



Cosmogenic (GZK, BZ*) 
Neutrinos & Photons

p+γcmb→ Δ+ → p + π0 → γγ
→ n + π +

n → p + e- + νe
π+ → µ+ + νµ
µ + → e+ + νe +νµ

*Berezinsky &	Zatsepin ‘69



Limit on diffuse Neutrino flux

52

Auger LIMIT to normalization of dN/dE = k E-2

1 Jan 04 – 31 Mar 17 => k ≤ 5.0 x 10-9 GeV cm-2 s-1 sr-1
Assumed

flavor ratio (1:1:1)

1	Jan 04	– 31	Mar	17

Zas et	al	ICRC17
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Galactic	Cosmic	Rays	

Cosmology and Cosmic Rays

Indirect	Dark	Matter	searches:
- DM	particles	generate	CRs	in	annihilation	or	decay?
- DM	Galactic	profile

History	of	Star	formation,	chemical	evolution	in	Galaxy	
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Extragalactic	
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Galactic	Cosmic	Rays	

Cosmology and Cosmic Rays

UHECRs:
- Source	distribution	and	evolution	(negative		preferred	for	
shock	accel)	– cosmology	input	to	CRs

- Cosmological	Backgrounds	and	Magnetic	Fields	(Intergalactic	
space?	primordial?)	– CRs	give	B	once	sources	are	id’ed

- Relic	CR	production?						
- Super-Heavy	Dark	Matter;	Topological	Defects:	CR	limits	
- Beyond	SM	interactions					
- 500	TeV equiv CM	energy	for	hadrons
- Neutrinos	EeV cross	section	– Once	BZ/cosmogenic Neutrinos



Muon excess	and	
composition	 with	
surface	detector



POEMMA:
Probe of Extreme Multi-
Messenger Astrophysics



Extensive Air-shower 
Fluorescence 
from SPACE

58

OWL
2002 
design

EUSO:
Extreme Universe Space 

Observatory

JEM-EUSO 
on the 

Japanese Experiment Module



arXiv:1606.03629



Auger	ICRC	2017

Statistically	
Limited
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Stowed

Deployed

POEMMA 
Probe of Extreme Multi-
Messenger Astrophysics



Large	Reflectors	

Realizing	Large	Structures	in	Space	- Jeremy	A.	Banik,	9/2015

JWST



Hybrid Focal 
Surface

50 FSU 
focal surface
units

111 PDMs

Elementary	Cell	 (EC)
SiPM (8x8)

PCB1
Si-Diode

PCB2
Interconnector



EUSO-SPB 
launch, 

April 25, 
2017
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WANAKA	2017	Campaign
Super	Pressure	Balloon	(SPB)	EUSO	mission



EUSO-SPB2

Cherenkov Emission
from UHECRs
Tau Neutrino 
background

arXiv:1703.04513



Nadir for UHECR: 
Radius 200-400 km

POEMMA

Limb for Neutrinos: 
Radius 2.6-3.7 103 km

POEMMA to measure UHECR spectrum, composition at the highest energies 
(to understand the source mechanisms), find significant anisotropies (to 
identify the sources), and search for cosmogenic neutrinos . 



UHECR Exposure History
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Towards Space Probes of 
UHECRs and BZ/Cosmogenic

Neutrinos

JEM-EUSO EUSO-SPB1

EUSO-SPB2

EUSO-
Balloon

OWL

Mini-EUSO


