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\ult-Messenger Astronomy

ICECUBE

microwave optical neutrinos cosmic rays

AT ITPRL
_a T L TN Py P ~
y - - o
» - SR S . “ e - .
- 5 . 2 :
. » - N : C 15 -
“.y’ :-_...'“‘ ‘..\ 4. o .’. 2 > )
2 SAS SR P, e T B ‘ i e L ” Rl oY /
e o) A > el 5 »
7 g AL PN g 3 § L2y o
p S 0 S P g b S\ AL
10 - ¥ gl - C b}
" S b ,“ o . & |
e RN e of
=
F

- cosmological max of star formation
i opaque to photons;

: transparent to neutrinos
' nearest Blazar

10' E
10° k

- nearest Galaxy

=
9
<

Distance [Mpc]

-
Q

ol
-
N

Galactic Center Gravitational waves - ripples in space-time

10'3 L L | L L | | 1 1 L L | |
10 10% 10% 10° 10% 10* 10° 10%® 10 10 10 10'® 10'® 104

Energy [eV]

The Universe Is opaque for 1/5 of the EM spectrum



ICECUBE

ceCupe-Gen? Facllity

A wide band neutrino observatory (MeV - EeV) using several detection
technologies - optical, radio, and surface veto - to maximize the science

Multi-component observatory:

¥ Surface air shower detector

¥ Gen2 High-Energy Array

¥ Sub-surface radio detector Gen? Surface Veto

¥PINGU




Open guestions for neutrino astronomy / Gen? H=EA
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ICECUBE

I Resolve the source populations that produce the high
energy astrophysical neutrinos detected by IceCube "

I ldentify the sources of the highest energy cosmic rays "

| Learn about the environments responsible for the highest
energetic cosmic particles#"

| Study of galactic and extra- galactic propagation of CR
with neutrinos as tracers "

I Obtain a unique view Into the explosion of star s"

| Explore the very high-energy Universe when it was most
active



(Geometry optimization £

ICECUBE

¥Several layouts under evaluation
¥Example: OSunRowerO geometry with different string spacings
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~1500 -1500

¥~120 new strings, 80 DOMSs per string, instrumented over 1.25 km
¥~10 x IC volume for contained event analysis above 200 TeV



—xtended surmace veto
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IcCECUBE
GENZ2

Southern sky
observable

Potential gain for e.g. 75 km2 veto; V& SUrface vetc

~2X number of PeV tracks
~2X precision in spectral index



Performance. througn-going MuonNs
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Penetrating muon backgrouno
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¥Estimate effectiveness
of outer-layer veto
from IceCube data

¥2X Increase In string
spacing leads to ~3x
iIncrease In effective
energy threshold
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Predicting event rates in Gen?

Detector performance

Neutrino Rux
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—vent rates
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IcECUBE
GENZ2

100-1000

TeV 1-10 PeV >10 PeV

Event type 10-100 TeV

Contained

cascades 0(26)

20 (4.4) 15 (1.6) 2 (0.2)

Surface vetoed

muons 0 (0) 9.7 (0.06) 4.8 (0.051) 1.2(0.014)

Upgoing muons 100 (37) 55 (16) 11 (3.2) 1.6 (0.47)

Number of neutrinos per year irGen2 (IceCube), assuming
B4, = 0.95x1018 (E!/100 TeV)°13 GeV cnr? srt st per Ravor
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Discoverng a point source with Gen?
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Resoving the mysteries of the Ure Universe
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-INciNg the sources of Fz Neutrnnos :

ICECUBE
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Probing acceleration ervironments £

ICECUBE

¥Synchrotron cooling in the sources affects muons more

¥Energy- and 3avor-dependent cutoff, distinct from progenitor cutoff

at source at Earth
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Croping acceleration environments

ICECUBE
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~0INt source sensitivity ﬁ

ICECUBE

¥OJust a big lceCubeO has Sensitivity to steady point sources
~four times the point | | | |
source sensitivity leeCube

— (Gen2 (IC technology)

' ' - = (Gen2 (t t
¥Signibcant performance en2 (target)

Improvements expected
from new sensors:
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New sensor designs for improved performance @

ICECUBE
mDOM WOM LOM
N\
//
small PMT
______ adiabatic
light guide
I%]
: —____ wavelength shifter
coated cylinder
I
<€— pressure housing %
I
— R
36 cm 30 cm 11 cm 13 cm
¥ Directional information ¥ Directional information ¥ more sensitive ¥ Small diameter
¥ More sensitive area per ¥ More sensitive area per  area per $ ¥ Directional info.
module module ¥ Small diameter ¥ More area per
¥ Smaller geometry ¥ Lower noise rate module
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~relminary timeline

GENZ2

7-string DeepCore inpll
+ calibration devices
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he way forwaro

¥Sclence case maturing
¥Reconstruction performance improving
¥White paper In preparation

¥Converging to a multi-phase proposal
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Performance: starting events
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The lceCube-PINGU Collaboration
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surface veto technologies

IceTop tanks Scintillator panels

1.8m 3m

¥ Deployment requires ¥ Easy deployment

heavy equipment & ¥ Low cost (cheap

power materials and small
¥ Segmented PMTs)
¥ Operated at South Pole ¥ Segmented

since 2007 ¥ Prototype In testing at

South Pole See T17.5(this session)

a ICECU.BE Jakob van Santen - IceCube-Gen2 - MANTS 2016
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surface veto technologies

IceTop tanks Scintillator panels Air Cherenkov
telescopes
D T TN o
1.8 m 3m 1m
¥ Deployment requires ¥ Easy deployment ¥ Not segmented
heavy equipment & ¥ Low cost (cheap ¥ Low energy threshold
power materials and small ¥ Low duty cycle
¥ Segmented PMTS) ¥ Prototype deployed at
¥ Operated at South Pole ¥ Segmented South Pole
since 2007 ¥ Prototype In testing at
South Pole See T17.5(this session)

aICEBUBE Jakob van Santen - IceCube-Gen2 - MANTS 2016
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Vetoing cosmic rays at the surtace

F= Flux: 47.4 x 10® E**
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UV transmission N 1ce
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Pole, J. Geophys. Res., 111, D13203, doi:

10.1029/2005JD006687.
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