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Next Generation lceCube (NGIC)

lceTop

High Energy lceCube

Extension (HEX)
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The IceCube Neutrino Observatory

IceCube e ea e a e

e 86 Strings, 5360 DOMs R~ i aitas

Etnresn ~ 100 GeV |
- astrophysical neutrinos N
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digital optical module (DOM) | |
housing 10 inch PMT |
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The IceCube Neutrino Observatory

IceCube e e

. 86 Strings, 5360 DOMs R~ tinii

Ethresh ~ 100 GeV
-> astrophysical neutrinos




Extragalatic origin of cosmic neutrinos?

Galactic




Current Sensitivity
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Current Sensitivity x 10
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Current Sensitivity x 10

More science:

<> Neutrino flavor composition

— probing the conditions at origin

<> Spectral shape

—> connecting to cosmic rays
<> Cosmogenic neutrinos
—> composition and prop. of UHE cosmic rays

<~ Galactic sources
—> PeVatron accelerators
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Configuration studies
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e Surface area: ~5 km?2
 Volume: ~6.5 km3
* Angular resolution: 0.2-0.6°

\'91'UN11,&
rek Kowalski | Next Generation IceCube | 30.9.2014 | Page 9 % 2
> +

UM
w B4




Configuration studies
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e Surface area: ~5 km?
 Volume: ~6.5 km3
« Angular resolution: 0.2-0.6°
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Surface Veto

cosmic neutrino
(detected early 2014)




Surface Veto

> Surface detector for ~1 PeV cosmic primary to reject most
atmospheric muon AND neutrino background above 100 TeV.

> 100 km? surface veto = ~ 5 bg. free cosmic neutrinos / yr

) | X N ! PMT ASSY
2 | ~1000 modules < 2§§ >
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Distance to the center of Icecube [m]
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lceCube — DeepCore

IceCube e A

. 86 Strings i

Ethresh ~ 100 GeV
-> astrophysical neutrinos

DeepCore
8 denser strings
* Ethresh ~ 10 GeV

-> neutrino oscillations

Initial demonstrator analysis:
Gross et al. (TUM), PRL (2013)




lceCube — DeepCore

IceCube
* 86 Strings

Ethresh ~ 100 GeV
=> astrophysical neutrinos

DeepCore
» 8 denser strings
* Ethresh ~ 10 GeV

-> neutrino oscillations

Initial demonstrator analysis:
Gross et al. (TUM), PRL (2013)

Juan Pablo Yanez (DESY), Neutrino 2014
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lceCube — DeepCore

Juan Pablo Yanez (DESY), Neutrino 2014

800
ICECUbe - MC best fit =1
. 600}| - - - MC expectation .
* 86 Strings @ § Data P . ‘-
§ 400
200}
-> astrophysical neutrinos IceCube Preliminary
0 L
10! 10° 10°
Deepcore ‘ ‘ Lrecol/Erecol(km/'(}eV)' :
3.8} = |ceCube 2014 [NH] — T2K 2014 [NH]
° 8 denser Strings Lol — MINOS w/atm [NH] — SK IV [NH]
) 90% CL contours
* Ethresh ~ 10 GeV 34| IceCube Preliminary
=> neutrino oscillations L 32
°'°: 3.0}
Initial demonstrator analysis: = 2al
Gross et al. (TUM), PRL (2013) ]
2.6}
24}
2.2}
2.0 0.130 0.135 0.‘110 0.;15 0.I50 0.155 O.EISO 0.%55 0.170

sin’ (053)

Lyris™



lceCube — DeepCore — PINGU

E.Resconi
IceCube :
400!
* 86 Strings ao0]
Etnresn ~ 100 GeV o I
. : R 1o O
-> astrophysical neutrinos af el oY
u BRRRLEIRE
DeepCore GG pedcinii b
: ~ oo a00 200 | 0\ {200 | a0p 600
8 denser strings A{ﬂ L0 |
o Ethresh~ 10 GeV %g {-1550 i :
: e 5§82
-> neutrino oscillations 8g ™ E
§E £ arso }10 DOM's
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PINGU (planed) 29 f 17501680
e 40 strings é“ dust layer
* Ethresn~ 1 GeV o e s ’ DeepCore PINGU
_ _ e les 50 DOM's 60 DOM’s
=> neutrino mass hierarchy PEERE Tmepachng  5mspacing
3 o
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Neutrino Oscillations with atmospheric Neutrinos

* First oscillation minimum at
24 GeV, i.e. DeepCore
energies

» Hierarchy-dependent matter

effects below 12 GeV g o
(e.g. Akhmedov et al. JHEP2013) ‘7 B b &9 Vi

Energy / GeV

lceCube
DeepCore
0 o 0 PINGU
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PINGU and the Neutrino Mass Hierarchy

. Events ID'd as tracks (\(p CQO)

30Events ID’d as cascades (ve, NC)

0.20 '
Letter of Intent 024
25 0.15 - 25} L. Schulte, S. Boser - '
— 010 |, & — (Bonn/Mainz) 016 | 3
> = > 2
o 20 1005 o 20} 1 |do.08
> d000 E > 1000 B
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c | nf 10 =
w 10 -0.10 ZN L -0.16 ZM
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5t -0.15 5 -0.24
, , , , -0.20 , . . : .
-1.0 -0.8 —-0.6 —-0.4 —-0.2 0.0 -1.0 -0.8 -0.6 -0.4 -0.2 0.0
cos(®) cos(dJ)

> Cannot distinguish v from v directly — rely instead on differences
in fluxes and cross sections

» Distinctive NMH-dependent signatures for tracks and cascades

» Full simulation for detector efficiency, reconstruction, and particle ID

o
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PINGU and the Neutrino Mass Hierarchy

With baseline geometry, for PINGU a determination of the mass
hierarchy with 3o significance appears possible with 3.5 years of data

» Optimization of analysis 8
techniques and more
detailed treatment of
systematics underway

IH true, Multichannel
M — 1st Octant
6kl — 2nd Octant

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

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

» Synergy with JUNO:
Nearly a factor two better

constraints from combination

(e.g. Blennow, Schwetz, arXiv:
1306.3988)

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

................................................................................
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» And there is more: Neutrino
oscillartions, dark matter,...




PINGU and the Neutrino Mass Hierarchy

With baseline geometry, for PINGU a determination of the mass
hierarchy with 3o significance appears possible with 3.5 years of data

4.0

» Optimization of analysis 90% confidence contours, NH true
techniques and more — IceCube 2014 © © Best Fit Points
detailed treatment of T MINOSW/AM M (et fit osc.)
systematics underway. 3sH PINGU 3yr

y y SuperK IV E3 (max. mixing)

> Synergy with JUNO: Prc?limin

Nearly a factor two better

constraints from combination

(e.g. Blennow, Schwetz, arXiv:
1306.3988)
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The IceCube-PINGU Collaboration

Sweden
Stockholms universitet
Uppsala universitet

Clark Aﬂanta Umvec?ity ' L =5 & & g ‘ 8 »%Hun\boldt—Unwersltat zu Berlin
te of | %l%ogy \ E | Max-Planck-Institut fiir Physik

Lawrence B eley Natw ; ra 4 Ruhr=Universitit Bochum

‘Ohio State Unive 2 ‘ > RWTH Aachen

Pennsylvania St: ) , —— p : > Technische Universitit Miinchen

South Dakota School of Mines & Technology Universitdt Bonn

Southern University and A&M College Technische Universitit Dortmund

Stony Brook University 5 e -y Universitit Mainz
University of Alabama Université L|Pre d_e’ 3 ? L Universitit Wuppertal
University of Alaska Anchorage Université de Mogg

Universitei

el Université de Genéve, Switzerland
Vrije Universiteit B

University of California, Berkeley
University of California, Irvine

University of Delaware

University of Kansas —
University of Maryland = 3
University of Wisconsin-Madison - o ) “‘
University of Wisconsin-River Falls N
Yale Unwemty s

iversity of Adelaide, Australia

¥

University of Canterbury, New Zealand

Fonds de la Recherche Scientifique (FRS-FNRS) Deutsches Elektronen-Synchrotron (DESY) Swedish Polar Research Secretariat
Fonds Wetenschappelijk Onderzoek-Vlaanderen Inoue Foundation for Science, Japan The Swedish Research Council (VR)
(FWO-Vlaanderen) Knut and Alice Wallenberg Foundation University of Wisconsin Alumni Research

Federal Ministry of Education & Research (BMBF) NSF-Office of Polar Programs Foundation (WARF)
German Research Foundation (DFG) NSF-Physics Division US National Science Foundation (NSF)



Summary & Outlook

» Building on lIceCube's success, expand to lower/higher
energies

» Enormous science potential from neutrino astronomy to
particle physics

» Next Generation IceCube planed with 120 strings and
~8000 DOMs

» NSF-MREFC proposal in 2015 for funding in 2017,
significant international contributions expected

» Construction to start in 2019 — PINGU first

» German community already strongly involved
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Helmholtz Alliance for Astroparticle Physics
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Local Organisation:

Jan Auffenberg, Christopher Wiebusch
Program Committee:

Gisela Anton (Uni Erlangen),

Klaus Helbing (Uni Wuppertal),

Timo Karg, Marek Kowalski (DESY)

{‘%‘,‘Q hap2014@physik.rwth-aachen.de
Q% http://hap2014.physik.rwth-aachen.de
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