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Th_e Neutrino Flux: overview
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The Cosmic Neutrinos
Production Mechanisms

“On-source” v TeV - PeV
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| | ! ' lceCube Array
| BB strings including 8 DeepCore sirings
| 60 oplical sensors on each string
| i I 5160 optical sensors
l December, 2010: Project completed, 86 strings
_— 2004: Project Start 1 string
e 2011: Project completion 86 strings
DeepCore
-_____..--"73 sirings-spacing optimized for lower energies

480 optical sensors
Eiffel Towear

Configuration

2450 m
>

Full operation with all strings since May 2011

chronology
2006: 1C9
2007: 1C22
2008: 1C40
2009: IC59
2010: IC79
2011: IC86
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Constructions
2005-2011

Drill House

Detectors shipped from Japan

IcCECUBE




IcECUBE

Topological signatures of
lceCube events

Down-going track

e atmospheric p

* secondary produced
ufromv,
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Run 119316 Event 36556705 [10000ns, 10482ns]

Up-going track
p-going Cascade (Shower)

directly induced by v
inside the detector volume

e atmospheric v,

e via CC from v,

{5go0ns, sesznal *via NC from v, 2

all 3 flavor sensitive




Neutrino Signatures
UHE (>100 PeV) VHE(>100 TeV)

CR
Background:

Atmospheric muon

Ais-reconstructed atms. p~

Downgoing atms. p

Atmosphericv

TeV astrophysical V
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Y Mid Energy (60 TeV-)

Science

look for only events with their interaction vertices
within the fiducial volume

<-1450m

veto region I 90 meters
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Mid Energy (60 TeV-)

IceCube collaboration
IceCube 3 years data (2010-2013) Phys. Rev. Lett. 113, 101101

IcECUBE

| [ Background Atmospheric Muon Flux Southern Sky (downgoing) Northern Sky (upgoing)
U lEmm Bkg. Atmospheric Neutrinos (=/K)

Background Stat. and 5 Uncertainties ' ' :
i | — Atmospheric Neutrinos (90% CL Charm Limit) ; |E,, > 60TeV
- Signal+Bkg. Best-Fit Astrophysical E* Spectrur
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| B 0 Eev
Mid Energy (10 TeV-)

veto + “cascade”

0 02 Northern Hemisphere, 0 <sind < 1

Bl /K Atmospheric v
Atmospheric
E~7 Astrophysical v

lceCube Preliminary
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LE (<10 TeV)

Energy-dependent active veto
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LE (<10 TeV)

= Penetrating p [ 1 Astrophysical v
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| PeV EeV

LE (<10 TeV)

IceCube 2 years data (2010-2012)
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B Pe Eev
VHE (100 TeV-PeV)

The “traditional” v , search
looking into upgoing tracks

IceCube 2 years data (2010-2012)
vV, 2> U
"—_detected as upgoing track

.
IcECUBE

Conventional atmospheric m—
Promgt atmospheric m—
E™ astrophysical m—
Sum of predictions
Experimental data e

3.9 c excess
over the atmospheric BG

E2 ((E)~9.6 x 10°°
Vi [GeV/cm? sec sr]

Muon Energy Proxy (GeV)



IcCECUBE

VHE (100 TeV-PeV)

The “traditional” v , search
looking into upgoing tracks
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UHE (PeV-EeV)

Detection Principle — All flavor sensitive

IcECUBE

up-going down-going
G — —

Signal Domain

“Energy”
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IcECUBE

test—samPIe data atmospheric atmospheric v sighal GZK v
IceCube2010 conventional only
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UHE (PeV-EeV RIVERSITY

The model-independent upper limit on flux
IceCube 2 years data (2010-2012)

ANITA-11(2010)

systematics included IceCube collaboration
Phys. Rev. D 88, 112008

.
IcECUBE

RICE(2012)

“x_ PAO2012) v, limit x3

-8

any model adjacent to the limit
is disfavored by the observation

IceCube2012

Effective v, .. detection exposure

6x10” m2 days sr @ 1EeV

= 0.2 km2sr year

= Ahlers et al. (max) NOte: (I)CR(>1 Eev) ~ 20/km2 Sr year

« Ahlers et al. (best) v with CR comparable flux should
Yoshida et al. have been detected

Cosmogenic v models
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----- Engel et al.

O(E ) [GeV em sec! sr]

- Kotera et al. (FRII)
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IceCube all combined
GZK signal MC
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\ Veto by arshower array (lceTop)

SLC + HLC pulses
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IceCube 6 years data (2008-2014) all combined

Search Results coming soon



The Cosmic Neutrinos
Production Mechanisms

“On-source” v TeV - PeV

’hatt@,. PP >nT2V

p\ \"\O“ ypénév

photopion production

“GZK” cosmogenic v |EeV

100EeV p
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Constraints on the optical depth
and extra-galactic CR flux

& MWW
p YP>mT>V V
d\a’{,\o‘\ photopion production
o

optical depth
(<1)

% ~ Fozk cr R_cosmic E-* 1(E) C.»(Z’ M, Zay E)
dE GZK

Fixed to the Star Formation Rate
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Constraints on the optical depth
and extra-galactic CR flux

) e cosmic ray flux
ata by IceTop)

-

[GeV/(cm*sec sr)]

the highest bound
due to the observed flux

KASCADE-Grande
“light” component

Esz

the lowest bound
due to t<1

10PeV

Energy [GeV]
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Constraints on the optical depth
and extra-galactic CR flux

hl

Yoshida, Takami
arXiv:1409.2950
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extra-galactic proton flux
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optical depth must
be >10-2

10" 1078 107t

Cosmic—-ray Energy Flux @10 PeV
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Constraints on the optical depth
and extra-galactic CR flux

—Ipa rticle
ux
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Flux

Suppose the PeV v emitters
are also UHECR (E~7100EeV)

" sources
Cos,m.c ra
Y f/ux
extragalactic ~ _
P extending to EeVs
—————————— >




Constraints on the optical depth
and extra-galactic CR flux

R

e extra-galactic proton flux
must
in the all-particle CR flux
@ 1 EeV(=1000PeV)

Disfavored

 optical depth must
be

Optical Depth

| al-“particle
cosmicoray flux

The observed

1078 1007 1078

Cosmic—-ray Energy Flux @lEeV
[GeVi(em $ec sr)]
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How the 3" population

(exrtagalactic?)

turns over is still open question
Ahlers et al, Astropart.Phys. 34 106 (2010)

The “cross-over at ankle” case

1 - The “dip” case
_ * HiRes Il 1031 * HiRes Il _
: * HiRes | 1 - * HiRes | 1
N © Auger 1 N ¢ Auger 1

o
ha

3" EG
population

E*J(E) (GeV*em™ s sr')

E (GeV)

10 10'° 10" 10
E(GeV)

12

!
10"

36

Structures 1) and 2) are consequence of propagation in extra-galactic space



The Cosmic Neutrinos
Production Mechanisms

“On-source” v TeV - PeV

e, pp2>1mT—>V
P /
PN o YPOTDV
(06\0“ photopion production

“GZK” cosmogenic v |EeV

‘

100EeV p




UHE cosmic ray and GZK v fluxes

Cosmic Ray flux
(lceTop)

UHE CR flux GZK cosmogenic V’s
. T /  (AugeriTA)

)]

-:" . - -
Ser sr

allowed range of the v flux
Ahlers et al, Astropart.Phys. 34 106 (2010)

=

=
- o .
=
—_
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€L
2
[

the v fluxes from strongly
evolved and no evolved sources

SY et al, Prog.Theo.Phys. 89 833(1993)

dE

EztiJ

Ranges more than an order
of magnitude

10° 10" why?
Energy [GeV]
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Tracing history of
the particle emissions with v flux

color : emission rate of ultra-high energy particles

Intensity gets higher I e e
if the emission is more € oo e e e e e
. o (e o e o o o o o o o o o O O S S S e e = .
active in the past V <—————— ——— — — -
(o o o o o o o EE o Em EE EE EE o e e o Em E e e e
because v beams are it =
penetrating over PREpERE
cosmological distances frequent _ >
Present Redshift (z) Past
Hopkins and Beacom, Astrophys. J. 651 142 (2006)
The cosmological evolution 0 1 3

Many indications that the past was
more active.

Star formation rate—>

(Mg yr ! Mpe™?)

The spectral emission rate

p(z) ~ (1+z)™

m= 0 : No evolution



l«, @ 1EeV is an excellent indicator
for the UHECR emission history

present

evolution dependence

107

—__Efiergy \\!

dt

s | o ,

Q
apd
®
| .
c
9
2]
)
£
o

GeV

Kotera, Allard, Olinto
JCAP 10 013 (2010)

V = early history of cosmic radiation!
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Ultra-high energy v intensity

depends on the emission rate in far-universe
Yoshida and Ishihara, PRD 85, 063002 (2012)

1018 eV)

more than an order of
maghnitude difference

intensity above 1 EeV(

“quiet” “dynamic”
particle emissions in far-universe &



GZK cosmogenic v intensity @ 1EeV
in the phase space of the emission history

Yoshida and Ishihara, PRD 85, 063002 (2012)

GZK v flux ¢ =(m, z

max)

“— xlceCube Exposure

A 4

Number of events
we should have detected

!

We have seen null events
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FIG. 2 (color online). Integral neutrino fluxes with energy
above 1 EeV, J [em™= sec™!sr™!], on the plane of the source
evolution parameters, m and 4.
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The Constraints on evolution
(=emission history)
of UHE cosmic ray sources

IceCube collaboration
Phys. Rev. D 88, 112008

The solid bound by
the GZK v

Ahlers et al, Astropart.Phys. 34 106 (2010)
The best guess
from the cosmic ray spectrum

AGNs with
Star Formation radio-loud jets

Rate
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The Constraints on evolution
(=emission history)
of UHE cosmic ray sources

IceCube collaboration
Phys. Rev. D 88, 112008

The solid bound by

The region scanned by
IceCube 2008-2014

coming soon!

AGNs with

Star Formation radio-loud jets

Rate
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The Multi Messengers:
UHE v - vy (or any other messengers)

look up this direction!

\Y; “GFU” Y
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UNIVERSITY UHE (PeV'EeV)

Online Analysis for y-ray/optical follow-up

IcCECUBE

event topology separation track




UNIVERSITY UHE (PeV'EeV)

Online Analysis for y-ray/optical follow-up

IcCECUBE

-~

background

log, (NPE)

>
X
O
(5
o
>
o.
(.
o
c
m.

-1 08 -06 -04 02 0 02 04 06 08 1
cos(0)

for Vg.,.. ©
E2p = 3x10-8GeVm-2sec!sr!
GZK: ~ 0.3-0.9 event/year

We will send you: BG: ~ 2-3 eventlyear
* direction
* Energy (proxy) A0~0.3 deg

e rating of signal-likelihood .



IcCECUBE

120 strings
Depth 1.35t0 2.7 km
80 DOMs/string

2 300 m spacing
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Next Generation: lceCube HEX

Photo-detector development
I oo

o GUTENRERG  WWavelength shifter
INIVERSITAT MAINZ coated tube

NE %‘hw

IcECUBE

A la KM3Net




: Next Generation: IceCube HEX

'EE Photo-detector development

!nr Two 8 Hamamatsu R5912 High-QE PMTs

CHI BA eup/down symmetry: good for veto, reco etc
UNIVERSITY

Maximal Diameter customized glass shape/curvature
®284mm » designed best match curvature to
' N our PMT
e less thickness top/bottom part
(9mm-10mm where PMT cceptance)
for better light transmittance

Slightly enhanced diameter
and glass thickness in the
middle for a mechanical
strength




Next Generation: lceCube HEX

Photo-detector development

IcECUBE

.;lll
CI:I‘I"BA A god improvements in 300nm-400nm
UNIVERSITY e s S y ; -
N [l TR e R B b L L L L) ]
A T
| | I_;f . / ;
= ATTTTTTA NS
L HER P E
~ | —point A Odeg | .
g gt f 1 | ,r point B Odeg | |
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= &0
E —_— TFMI’:AK Dd&_g__-_-
5 .0 B :I.’ 15 B
30 ' : il / =l
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Next Generation: lceCube HEX

Photo-detector development

QE@340nm
UNIVERSITY 7% (present icecube) 2> 24%

: ¢ ‘bare PMT
....-a;----i----*;g}ass-htjusiﬂ
¢ écoated glass

©
©
o
[=T1]
Q
=
Sy
@
@
)
[-T1]

0'83lt]20 340 360 380 400 420 440 460 480 500
A[nm]
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AW\ Next Generation: ARA

p
1]
L.
E
ASKARYAN RADIO ARRAY

o Deployed
ARA Station

Planned ARA
Station

Planned for
02014;15

Planned for
® 2015/16




Next Generation: ARA

Antenna Assembly and calibration

chamber transmission coefficient

transmission coefficient

meas. bottom
""""" simulation bottom
meas. top

simulation top + cables

200 400 600 800 1000 1200
frequency [MHz]
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Next Generation: ARA

“end-to-end” calibration

LINAC at Telescope Array site @Utah

Antenna Measure signals with
I after antenna, filter a

65 70 75 80
Time [ns]

— v il

lce (90 kg)

& 40 MeV electrons

Sy Electron Light Source
A ==
7 — ) Generator (80 kW)

g Cooling unit container
Contrel room a— :
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CHIBA Executive Summary

V = THE smoking gun
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