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Multi Messenger Paradigm

e Neutrino production is closely
related to the production of cosmic
rays (CRs) and ~-rays.

» Flux predictions are based on CR
and ~-ray observation.

o Status summary:
X No “surprises” yet.

v/ Sensitivity has reached the level
of “serious” models.

=*» Implications of neutrino limits on
UHE CR sources:

M. Ahlers ARENA 2012




pion production in CR interactions
with ambient radiation
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pron fraction: wuhecr ™~ 1 x 1077 eV/cm?
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Why Ultra-high energy v ?
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UHECR [Z&5BRAIFHDRNE?
Yet far from conclusive!
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Diffuse v limits — global picture

lceCube before NeUtr|n02012
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10 & As of 2011 reported

All “IlceCube” is “a half IceCube”
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Diffuse v limits — global picture
lceCube before NeUtr|n02012
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Data samples 22 stringe (2007

Effective livetime of 672.7days 40 strings (2008)

2010-2011 - 79 strings config. 2011-2012 — 86 strings config 59 strings (2009)
May/31/2010-May/12/2011 May/13/2011-May14/2012 79 strings (2010)
Effective livetime 319.07days Effective livetime 353.67 days 86 strings (2011)
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The UHE Event Selection Criteria
at the final level

lceCube

lceCube 2010-2012 (672.7 days) observation
Expected Background (atmospheric v + u-bundle) 0.14 events

GZKv 0.5~4.0 events

Energy of incoming particle < Energy-losses in detector e« number of photo electrons (NPE)
* Optimization based MC and MC verification based on 10% experimental ‘burn’ sample

(GZK) MC

“Burn-sample” Data

17Signal

£
£ 0.8
1]

o
© 0.6
0.4
0.2

" Background | Y
0.144/livetime

-0.8

=]
I‘I\\llll‘l\Il\I\llll‘\l\l\l\‘llll\l

_:!-HH\H..\H i b b b L 10°
log NPE log NPE log NPE

A. Ishihara Neutrino 2012




§ N TRAF
A. Ishihara Neutrino 2012 Chiba University

Two events passed the final criteria

2 events / 672.7 days —
background (atm. u + conventional atm. v) expectation 0.14 events

Preliminary
p-value 9.4x10-3 (2.360)

Super-nicely contained

cascades!
Run119316-Event36556705 Run118545-Event63733662
Jan 3792012 August 9th 2011
NPE 9.628x104 NPE 6.9928x104
Number of Optical Sensors 312 Number of Optical Sensors 354
cos(Zenith) -0.8658 Caution!! cos(Zenith) 0.05 —

These zenith were obtained by
the “improved line-fit” used in the search process.
Large errors should be expected for these cascade-type events

A




lceCube

Comparison with the models"
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-- “in-ice” Energy distribution --

V energy range |

GZK v Yoshida m=4 Zmax = 4 y=2
GZK v Kotera FR2, Emax 316 EeV

GZK v Ahlers m=4.6 Zmax=2vy=2.5

EX = 1x 10" GeV em? sr! 57!

Atmospheric prompt v Enberg std.

Atmospheric conventional v Bartol model

7

8 9 10 1

1

lngm Energy at Detector /GeV

A. Ishihara Neutrino 2012
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IceCube UHE Sensitivity 2010-2012

Primary IceCube Sensitivity

Significantly
Improved from
the previous
IceCube results

The world’s best
sensitivity!

Will constrain (or
detect) the
neutrino fluxes
down to mid-
strong
cosmological
evolution models

A. Ishihara Neutrino 2012
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6
GZK-CMB v intensity @ 1EeV
Measurements of the evolution

Yoshida and Ishihara, PRD 85, 063002 (2012)

p - (1 +Z)m 5 . lu-lﬁ GZK(‘CMB) AY% flUX
0<z<z, 45 . T x lceCube Exposure
3.5 ”E - 1
o 0 = Number of events
\ ] g we should have detected
25 E
I % Evolution of UHECR sources
1.5 108 = l
> 3 4 5
- Identify classes of

FIG. 2 (color oline), Tntegral S " astronomical objects
5. 2 (color online). Integral neutrino fluxes with energy .
above 1 EeV, J [cm™2 sec™! sr™!], on the plane of the source responsnble for UHECRs

evolution parameters, m and z;,.

15



Zmax

5

& FTRXE

Chiba University

Constraints on the evolution

IceCube 2010-2012

P~ (1+2)
| O<z<z.,

Preliminary

1 ¢ A strongly evolved astronomical

object (like FR-Il radio galaxy)
has already been disfavored

e any scenario involving sources
evolved stronger than SFR

will soon be ruled out by IceCube
if we see no events in EeV rage.
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* Neutrino 2012 (June 4-9) by A. Ishihara €<= 1stannouncement
* ARENA 2012 (June 19-22) by S. Yoshida
* Centenary Symposium (June 26-28) by T. Gaisser
e Gamma 2012 (July 9-13) by |. Taboada

* VHESS Symposium (August 6-8) by F. Halzen
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ARA-
ollaboration

« ARA is an international
Collaboration
*» THE UNIVERSITY

- 1 4 In StItUtlon S Design and Initial Performance of the Askaryan Radio Array flE-il—iJ, QfA D E I—A I D

Prototype EeV Neutrino Detector at the South Pole

uy B i
— ~50 authors ,
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A. Laundrie,” T. C. Lin,° L. Macchiarulo.® K. Mase,!" T. Meures,” R. Meyhandan.® C. Miki.® R. Morse,*
THE UNIVERSITY M. Newcomb,” R. J. Nichol,” K. Ratzlaff,'* M. Richman,’ L. Ritter,® B. Rotter,” P Sandstrom.? D. Seckel,'*
o 1. Touart,” G. S. Vamer.* M. -Z. Wang.® C. Weaver,'> A. Wendorff.* S. Yoshida,'' and R. Young"

(ARA Collaboration)
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Radio Pulses from Neutrino

EM cascade resembles a large negative
excess charge moving exceeding speed of light
(Askaryan effect)

Compton scattering:
yte —->y+e

Positron annihilation:

ett+te >y+y
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The radlo detection

V interaction Polar diagram E(o field

EM shower \

AB(®)
The Askaryan effect

Conditions for coherent radio emission

1. Net exccess charge

2. Aqps > Shower dimensions

MHz — GHz antenna array

1 Coherence!!

W~(N€Aq)2? .../”4./‘ ® O
...;,/:./'./."?z}
000000600

J. Alvarez—Muniz & E. Zas (2005)



Cherenkov Radio Pulse measurement
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b ARA 37 geometry

SKARYAM RADIO ARRAY

~ 200 km?!
(? @0 3 @ ARA37
b —— Cable runs
@ \@ . ./\ Power Hubs
@\ P/ OGP
TestBed

® @ ﬁ

R&D 2010-

IceCube

Deploy them THIS YEAR!
2 ki Our R&D base
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SKARYAM RADIO ARRAY

= Moy L=l

Components of a single station

™~ Station Controller_ 1, p AQ/power hub
50-80m /
— “::I',.J ~ T ~.LNA + Equalizer
g 9 7D~ \heusing * 5holes 200m depth
10 TN\ Vol » 16+2 antennas
i \ antenna
£ \ (8 h-pol, 8 v-pol, 2 cals)
— . Hpol
200 m antenna
4 /10-50 |
Calibration . i -'
antenna . T 4/ Lower
_ ________7/ antenna pair
denﬁdié configuration

Antenna cluster
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e aep Radio Pulser — Radio Attenuation length
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o ayy@ent reconstruction from the pulser
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R&D 2010- 2011 q O TRxE

Japan’s program — Detector Synchronization

< The results did not change. 1 satellite 6 satellites
2 satellites

3 satellites 8 satellites

3

1 1 L L _b_ |
] w 10 LEo] il a5 5 P ':m
Time difference Entries 400030 | | Time difference between events | Eniries 409090
i = Mean 3516 2t F_ Meoan 1. 64008
= i i i i RMS 5.B46 i i i i .| RMAS 0.B4E2
asooo-— 10tal spread: ~4 21 ndf 7osajas | TO0O0L |t toar 04530004 48
— Constant 2.855e+04 = 59 X Constant 2 DGfe+dd + B3
n Mean 35.16 + 0.01 GR0s0 - | mesn 0005408 D.001085
250001 Sigma 5.604 + 0.008 - || sigma 0174 5 D.0O014
20000 1 Eec{;nnd Allan deviation: 3.1 x 10-1° (310 ps)
15000/ -
- 30000/
10801 20000/
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Time difference [ns] Time difference between events [ns]
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ARA 2012 (Japan)
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ASKARYAN RADIO ARRAY

NSF (MRI-R2) grant funded ~$2,000,000
Total $3,000,000 (3years) for Phase I+l
Kickoff meeting March, 2010

& FRAF

Chiba University

Schedule Toward ARA37

Phase |: Testbed (2010-2011)
A prototype antenna station closest to IceCube lab.
Measure RF noise off the lceCube
Deploy a deep pinger in an IceCube final string
1 measure refraction index in the shallower ice
Develop Hpol + Vpol dipole antenna

Phase II: ~10 km? Radio Antenna Array (2011-2013)

Testing communication + DAQ, Turbine, Inter-station sync.

finalize the antenna + front-end readout

C—

S ZZODEEMEE

ARA-37

Phase Ill: 2013~
~200 km? Radio Antenna Array

31




2012-13: ARA phase-Il 10km? Detector

The first results expected from Aral-3 2km x 6km antenna
array in 2013
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Excerpt from the collaboration breakdown sheet
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CAL-|5
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CAL- 7
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CAL- 9
CAL- 10
CAL-/11
CAL- 12
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CAL-114
Subtotal

Microcontroller
Internal splitters,/combiners
downhole RF cable

Hpol borehole pulser antennas
Vpol barehole pulser antennas

internal RF cable parts
SV supply

TTL boost

Moise source
Feedthru adapters
pulser module

pulser boost amplifier
antenna TX RF cable

ARA station cable (ASC)

ASC 1
ASC 2
ASC 3
ASC 5
Subtotal

power connector plug
testbed connector backshell
ferrites

Junction box plug

data-archiving system (DAS)

DAS- 1
DAS- 2
DAS- 3
DAS- 4
Subtotal

Comms TX
Comms TX antenna + mount
Comms RX antenna + mount
Comms RX

ZX10-2-12+
LDF2-50 3/8" diameter

LMZ1200 series switcher
TTL-BOOST
NMA2510-2T
SM4233
RFPOCWV3
ZKL-1R5
LMR-00
SUBTOTAL

FGZ4PN

MS3312 type
SUBTOTAL

SUBTOTAL

CO Pk P 0O PR PR PR PR B P R R R

20

R =R

10

£a
]
]
]
£a
est
£d
ea
£a
£a
]
]
]

=]
ea
ea
=]

ea
ea
==
==

5200
560
$1,320
5500
5500
5200
5100
5§50
$1,825
5§50
$200
5150
5§35

585
5150
53
$40

5250
5100
5100
5250

. Budget Breakdown

Hardware only - Software, A % &<

1 station 7=V
Detector sync. (FFREIRIHI%R) 2505 H

FRAXZ

Chiba University

BAYI)IL—T 1248 D commit

$400
$120
52,640
52,000
52,000
5400
5200
$100
53,650
$400
$400
5300
5280
514,290

585
5150
$60
$120
S415

5250
5100
5100
$250
5700

rough costs
rough costs

small quantity quote

engineering estimate

estimate

rough costs

guess
guess
guess
guess

UMD
umMD
UMD
UH

UMD
UMD
UMD
UMD
UMD
UMD
UMD
UMD
UMD

KU
kU
KU
KU
KU

Chiba
Chiba
Chiba
Chiba
Chiba

UMD
UMD
UMD
NTU

NTU

UMD
UmMD
UmMD
UMD
UMD
UMD
UMD
UMD
UMD

KU
KU
KU
KU
KU

Chiba
Chiba
Chiba
Chiba
Chiba

procu
procu
procu
build

build

procu
procu
procu
procu
procu
build

procu
procu

procu
procu
procu
procu

procu
procu
procu
procu
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PeV (sub-EeV) detector?
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PeV (sub-EeV) detector
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Summary of Future Sensitivities
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(Published) Reference

Calculations of UHE v propagation and the tactics for
their detection by IceCube

SY et al Phys.Rev.D 69 103004 (2004)

The detailed description of GZK v search by IceCube
and the 1st results using 2007-2008 data

IceCube collaboration, Phys.Rev.D 82 072003 (2010)

The follow up results using 2008-2009 data: The world
tightest limit as of today

IceCube collaboration, Phys.Rev.D 83 092003 (2011)
An analytical approach to constrain UHECR origin with
ultra-high energy v flux

SY and A.lshihara, Phys.Rev.D 85 063002 (2012)
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