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Cosmic Ray Acceleration and Neutrino Production

Fermi shock acceleration: dAN/AE ~ E-2
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1:2:0 flavor ratio at source

Similar processes (incl.p+p) happening in: astrophysical source
* cosmic ray sources (ambient light, gas) neutrinos
* outer space (cosmic microwave background)  cosmogenic neutrinos

* FEarth’s atmosphere (N, O, etc. nucleus) atmospheric neutrinos
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lceCube from the Air
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The lceCube Detector

IceCube Lab

\ = IceTop
B - i / 81 Stations

324 optical sensors

IceCube Array
86 strings including 8 DeepCore strings
5160 optical sensors

1450 m
DeepCore

8 stnngs sracmg optimized for lower energies
480 optical sensors

|y

Eiffel Tower
324 m

2450 m
2820 m

digital optical module (DOM)
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Detection Principle

astrophysical 'V
cosmic ray :

Northern Sky

Cosmic-ray muons: ~3000 / second
Atmospheric neutrinos: ~| / 5 minutes
Astrophysical neutrinos:~1 / month

cosmic ray
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Fvent lopologies

Positions, times, and amplitudes of Cherenkov light deposition: neutrino direction + energy

Ve + N = e +X vy + N o714 X
A ” M
track (data) shower (data) “double-bang” (£ 10 PeV)
and other signatures
factor of = 2 energy resolution = +|5% deposited energy (simulation)
< | angular resolution at high resolution
energies = |0° angular resolution (not observed yet)

(at energies £ 100 TeV)



High-Energy Starting Event Search

* High-energy starting
event ("HESE") search

* Veto layer excludes
atmospheric muons
and some atmospheric
neutrinos

e Sensitive to all flavors,
all directions

courtesy C. Kopper
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Latest Results (2010-2014 data)

; arXiv:1510:05223
* 54 events N | 347 days update of PRL (2014), Science (2013)
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* Significance over ' s +++ 3
background-only wop T L %f .
hypothesis: ~70 10° 10°

Deposited EM-Equivalent Energy in Detector (TeV)
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Highest-energy HESE Event
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Skymap (HESE)

X tracks
+ showers

ICECUBE PRELIMINARY

..........................

Galactic

0 TS=2log(L/LO) 13.1

No significant clustering found, including around Galactic plane
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Point-source Search Skymap
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What are the Sources!

Blazar stacking flux limit

2LAC Blazar Upper Limit - - Eequal Wéighting ]
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" IceCube collab, ApJLett. 2014
2 Bechtol et al, arXiv:1511.00688
3 IceCube collab, submitted to Ap).
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No resolved neutrino point
source yet

No source-class correlation
observed yet

Constrained:

— flux < ~1% GRBs!
< ~ 5% starburst galaxies’
< ~30% blazars?

Unconstrained so far:

— radio AGN

— supernovae

— “choked’ source models



Multi-messenger Neutrino Follow-up

X-ray (Swift)

A’.A\\\_\

o/l/fli ».@ \

__ SN/GRB

Optical Telescopes
(iPTF, MASTER, ‘

Tarot, Pan-STARRS, r

ASAS-SN)
Cherenkov ‘
t

“'i Radio Telescopes
(MWA)

Telescopes
(MAGIC, Veri
HESS)

.
IceCube

* Neutrino candidates identified with South Pole online system

 Partner observatories alerted

* Public GCN via AMON for HESE track-like + EHE (extremely high-energy) events
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From DOMs to Neutrino Alert

Iridium RUDICS
2.4 kbps/modem

: ”
processing & R AR Madison,WI
data acquisition filtering e i AN
Z N
D AQ PnF I3MS satellite I3MS
| ~20 sec
trlgger .‘ | filter custom
~5 sec ” ~0 sec messaging
system followup
server
DOMs | l
from photon at DOM to neutrino alert:

< | minute
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Looking Forward: The lceCube—Gen2 Facility

HE layout for s =183.30 m, N=120 + (17 downwind, 1 edge, 1 hazard)
in IceCube (X,Y) coordinates

* |ceCube—Gen2 High-Energy
Array

— high-statistics energy spectrum

— high-energy track events to
pinpoint sources

1 Dark Sector
1 Downwind-left Sector
1 Downwind-right Sector |-
I Clean Air Sector
I Quiet Sector
=3 Old SPS Hazard Area
3 IceCube

* PINGU
— low-energy infill of DeepCore

— preaision oscillation and mass
hierarchy

e Extendedsurface detector +
veto

e Additional radio detection
technology
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Streamlined Drilling & Logistics

* Next-generation Enhanced
Hot Water Drill
— reduced footprint

— smaller crew

Fuel Bladders * Transport equipment and
fuel using South Pole
Traverse

Electrical Heater

— fewer flights needed

Electrical Closet

J * May also reduce hole
EE= == e e e e e B diameter

— reduced fuel usage
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lceCube—Gen? Target Sensitivity

Baseline Gen2 DOM

* updated electronics

New technologies
more PMTs
wavelength shifters

* narrow profile
* better glass, gel
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Summary

lceCube has observed a diffuse flux of
high-energy astrophysical neutrinos

— “firstlight” for neutrino astronomy

* No evidence of anisotropy
— likely partially extragalactic
— no point source found yet

* Stacking analyses limit contribution
from GRBs, blazars

* Robust multi-messenger campaigns In
progress

* Design of new lceCube—Gen2 facility
underway
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