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The most energetic universe

The Cosmic Rays
Mostly protons

Some light nuculei
He, Li, ....

Heavy nuclei (ex. Fe)
may dominate at
higher energies

Not so sure
at the highest energy end

Theoretically favors protons



The Cosmic Ray Spectrum
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challenge

No clear correlations.....

Two possibilities

Arrival directions of UHE cosmic-rays measured by Auger
and the Integral X-ray map (above) or the nearby clusters
(arxiv-1101.0273 D.Fargion et al)
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1. Our hypotheses on the high energy

cosmic ray emitters are totally wrong

We may not be so smart.

2. Cannot handle pointing them back

to their radiation points
Magnetic field?

Particle charge?
Proton or even iron?
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1. Correct more and more events

A super high statistics may resolve B, charge, and
source locations, all of which are uncertain at the moment

2. Neutrinos!!
No electric charge. Coming to us straight

Highly complementary — v can travel over a LONG distance

The cons : measurement of v’s is really a tough business

They are weakly interacting particles 2> a huge detector

The atmospheric v or u backgrounds dominates
- needs excellent filtering programs




NEUTRINO BEAMS: HEAVEN & EARTH

Y proton - bIaCk hOIe

0 accelerator

o target

directional
beam

T
g
B
&
0
| |
I
+ I
i

magnetic
fields




NEUTRINO BEAMS: HEAVEN & EARTH
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The Cosmic Neutrinos
UNIVERSITY Production Mechanisms
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Th_e Neutrino Flux: overview
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=\ +— SN relic v

aamll Atmospheric v

The main background for astro-v

“On-source” astro-v
produced at the UHECR sources
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Tracing history of
the particle emissions with v flux

color : emission rate of ultra-high energy particles
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Intensity gets higher € = ——— = - = - =

if the emission is more DI
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because v beams are PR
penetrating over ;r;q;e; P — o
cosmological distances Present Redshift (z) Past

Hopkins and Beacom, Astrophys. J. 651 142 (2006)
The cosmological evolution

Many indications that the past was
more active.

Star formation rate—~>

The spectral emission rate
p(z) ~ (1+z)™

m= 0 : No evolution




Tracing history of
the particle emissions with v flux
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IRMOPT/UY Kneiske 2006 mixed composition

Fermi-LAT at the sources
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Decerprit and Allard, A&A (2012) Yoshida and Ishihara, PRD 85, 063002 (2012)
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The model-independent
upper limit on flux in UHE
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The Constraints on evolution
(=emission history)
of UHE cosmic ray sources

.
IcCECUBE

The solid bound by
the GZK v

AGNs with
radio-loud jets

no high-redshift emission

consistent with
the star formation rate
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IceCube + ARA(Askaryan Radio Array)
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The ARA Sensitivity
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