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COSMIC BACKGROUND RADIATION
from m-wave to g-rays

radio IR/optical X-ray g-ray
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THE END PART OF 
BACKGROUND 

RADIATION

Cosmic Rays

protons & nuclei with energies even
up to 1020 eV!

g-rays cosmic rays
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tA < tE ~ D/c

Must be physically large,
But very few satisfies the requirements

Very likely 
Extra-galactic

COSMIC ACCELERATORS?

But no observational evidence
to identify cosmic ray sources
even after more than 100 yrs
of discovery of cosmic rays!4



3C279 – A POWERFUL QUASAR
It was a strong candidate to stream out ultra high energy cosmic rays
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FORNAX CLUSTER – A CLUSTER OF GALAXIES
another type of cosmic accelerator candidates

a still viable candidate of  high energy cosmic ray hometown

but hard to prove it – why?
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CHARGED PARTICLES ARE NOT GOOD MESSENGERS
cosmic rays are unfortunately charged

Neutrinos are Savior
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NEUTRINO ARE EVEN MORE POWERFUL
TO EXPLORE HIGH ENERGY UNIVERSE
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HOW COSMIC RAYS PRODUCE NEUTRINO MESSENGERS 
TO TELL HOW AND WHERE THEY ARE BORN
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“On-source” n

“GZK” cosmogenic n EeV

pp → p→ n

gp → p→ n

gp → p→ n

nphotopion production

CMB
100EeV p

p

p

TeV - PeV



A BIG CHALLENGE
HIGH ENERGY 

NEUTRINO FLUXES ARE 
SO LOW

you need a huge detector 
to catch them up
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THAT IS WHY ICECUBE NEUTRINO 
OBSERVATORY WAS BUILT
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ICECUBE’S
SCIENCE 
MISSION
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NEUTRINO AS COSMIC 
MESSENGERS
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The IceCube Detector

neutrino energy: 5GeV-100GeV

neutrino energy: 1TeV-100EeV

• String spacing ~70 m, DOM spacing of 7 m

• String spacing 125 m, DOM spacing of 17 m
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ICECUBE EVENT TOPOLOGY
Track Cascade (shower)

nm → m
nt → t

NCCC

CC

(only at ultra-high energies)

ne → e + X
CC

nx → x + X x=e, m, t
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BERT & ERNIE KICKS OFF
HIGH-E NEUTRINO ASTRONOMY

the Discovery of Cosmic n flux

IceCube collaboration

Phys. Rev. Lett. 111, 081801 

(2013)



NOW WE HAVE MEASURED COSMIC NEUTRINO 
BACKGROUND RADIATION

after a decade of the big efforts with IceCube

g-rays cosmic raysneutrinos

n upper limit
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TeV                                 PeV                                   EeV

MOSTLY EXTRA GALACTIC

Bert

Gal.Center

Big Bird

Ernie

IceCube 3 years data (2010-2013)

but cannot find any remarkable counterparts
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NEUTRINO POINT SOURCE SEARCH MAP 

found no sources yet
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ONE THING WE CAN TELL

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

Redshift (z)Present Past

color : emission rate of  ultra-high energy particles

rare

frequent

n

Intensity gets higher

if  the emission is more

active in the past

because n beams are

penetrating over 

cosmological distances

Many indications that the past was 

more active.

Star formation rate→

r(z) ~ (1+z)m

The spectral emission rate

The cosmological evolution

m= 0 : No evolution

neutrino flux is a marker to trace history of comic ray radiation
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TeV                                 PeV                                   EeV

The Constraints on evolution (emission history)
of ultra high cosmic ray (UHECR) sources

excluded

allowed

UHECR source
is cosmologically

LESS evolved

r ~ (1+z)m

0<z<zmax

Any sources with evolution 
compatible or stronger than
star formation rate are disfavored

FRII (FSRQs)

GRBs

IceCube collaboration
Phys.Rev.Lett.117 241101(2016)



we want to discover
n and cosmic ray sources!

where are they?
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NEUTRINO SOURCE HUNTING WITH
MULTI-MESSENGER DETECTION

optical

g-ray
X-ray

n
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m n

p g (p,n) p

2g

e n n

g-ray observations

Cosmic Ray 

observations

MULTI-MESSENGER FRAMEWORK 

n observations
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m n

p g (p,n) p

2g

e n n

g-ray observations

Cosmic Ray 

observations

MULTI-MESSENGER FRAMEWORK 

Fermi-LAT collaboration, Science 339, 807 (2013)
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m n

p g (p,n) p

2g

e n n

g-ray observations

Cosmic Ray 

observations

MULTI-MESSENGER FRAMEWORK 

Fermi-LAT collaboration, Science 339, 807 (2013)

But eZ→ egZ
eg→ eg

(Bremsstrahlung)

(inverse Compton)
could produce g-ray27



m n

p g (p,n) p

2g

e n n

g-ray observations

Cosmic Ray 

observations

MULTI-MESSENGER FRAMEWORK

n observations

The smoking gun
||
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REALTIME MULTI-MESSENGER
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South Pole

Northern Hemisphere

GCN-TAN

< 3 minutes time lag



ICECUBE REALTIME ANALYSIS CHAIN

TeV PeV EeV

TeV                                 PeV                                   EeV

veto-based

HESE

EHE (Ultra-High Energies)

high chance of real cosmic neutrino signals

all neutrino flavor sensitive

angular resolutions so-so

high chance of real cosmic neutrino signals

good angular resolutions

all neutrino flavor sensitive

signal flux highly uncertain

High cosmic n purity samples.

Launched in 2016!

The breakthrough event 
detected in this channel

Deliver of public alerts via GCN
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AND THE MESSENGER ARRIVED!
IceCube-170922A
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OPTICAL FOLLOW-UP
Kanata’s follow-up 

1.5 m dish at Hiroshima, Japan

TXL 0506+56

September 23 September 24 Residual
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ICECUBE-170922A EVENT
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Fermi Telescope

Magic telescope

Kanata telescope

neutrino observed Optical telescopes

neutrinos

gamma-rays

optical light

• 2017/9/22 20:54:30.43 UTC
• 5th and the most cosmic neutrino signal like EHE alert
• automated alert was distributed to observers just 43 seconds later

...and many more telescope

Science 361, eaat1378 (2018) 

Blazar TXS0506+056



ASSOCIATION WITH G-RAY FLARE FROM TXS0506+056
~ 4s significance of association

(~ 3s post-trial)
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SED
MEASURED BY
MULTI-WAVE 
MESSENGERS

A  mystery
This is a typical SED of g-ray blazars

X-ray band is dim
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THE SOURCE IMAGES IN MULTI-WAVELENGTH BANDS
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radio optical x-ray g-ray



ICECUBE REALTIME ANALYSIS CHAIN

veto-based

HESE

EHE (Ultra-High Energies)

version 2 now online!

GFU (Gamma-ray Follow Ups) 

inheritance from the version 1

new addition!

purity of cosmic neutrinos

>50%

>30%
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FUTURE MOVE ON THE ICECUBE SIDE

Which one is Cosmic Pevatron ??

So many counterparts as neutrinos are penetrating
messengers even from even z ~ 1

We need to limit number of counterpart candidate!
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FUTURE MOVE: INTRODUCING MULTIPLETS

n ns

singlet : A high energy n
multiplet: multi high-E n’s

within O(days)
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MULTIPLET WOULD CERTAINLY LIMIT REDSHIFT
examples – still toy calculations

SNe like : well populated, so-so luminous
(yet-unknown) ultrahigh energy CR source-like

rare, but super luminous 
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NEUTRINO ASTRONOMY IS BLOOMING

Multi-messenger observations will answer key questions
of high energy universe

• neutrino sources
• cosmic accelerators
• physics beyond SM

43


