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Ov[3[3 and the Neutrino Mass Hierarchy

- Relationship between effective mass for Ovp[3 and lightest neutrino
eigenstate depends on neutrino mass hierarchy

- If the hierarchy were
known to be inverted,
a null result from next-
generation Ov(33
experiments with
O(15 meV) sensitivity
could rule out Majorana
nature of neutrinos
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lceCube DeepCore and PINGU

* lceCube Neutrino Observatory

« km? ice Cherenkov detector IceCube Lab
at the South Pole >}'\-'.-_:::_: .:_:/lceTop

e =W - T 81 Stations

50m :\..j_.’.-:.° ............ 324 optical sensors
- TeV-PeV neutrinos from = |

. | |
astrophysical accelerators ‘ lceCube Array

1 : 86 strings including 8 DeepCore strings
1 5160 optical sensors

« DeepCore | (
. : . ’ I
Infill array deS|gn§d for g0
10-100 GeV neutrinos DeepCore
/ 8 strings-spacing optimized for lower energies
. . j 480 optical sensors
- Operational since 2010 i
' q Eiffel Tower
- PINGU 2450 m o

2820 m

» Proposed further infill to
reach few GeV threshold
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Oscillation Physics with Atmospheric Neutrinos

* Neutrinos available over a wide range of energies and baselines

- Oscillations produce distinctive Vi
patterns in energy-angle space *

« Approach: control systematics
using events in “side band”
regions — trade statistics for
constraints on systematics vy

- Hierarchy-dependent matter
effects on v or v (MSW etc.) Vu
below 10-20 GeV

* No direct discrimination: rely on
differences in flux and cross section,
high statistics to determine hierarchy
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PINGU Sensitivity to the Mass Hierarchy

- With baseline geometry, a determination of the mass hierarchy with 3o
median significance appears possible with 3.5 years of data (first

octant: worst case)
arXiv:1401.2046

- Maximal mixing or the . 6 . .
. < : : ;
second octant improve g || 1st Octant, IH true | g 5 -
expected significance ! gl = Tracks O P .\/I/..;.,../.f ......... §
S — Cascades g P
w — Multich | : '
- Based on full Monte O 4r A b T T
Carlo simulations of 5
S B T T -
detector performance c
@)
» Primary systematics: D2 T e :
v and Vv cross sections, S , , , ,
energy calibration = - T SRR, -
- More detailed studies of ; i L PBELIMINARY
systematics underway 0 2 6 8 10

4
PINGU livetime [yrs]
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http://arxiv.org/abs/1306.5846

The Experimental Landscape

- A very large volume atmospheric neutrino detector such as PINGU
seems to offer the best experimental opportunity for measuring the

hierarchy in the coming decade
after Blennow et al., arXiv:1311.1822

- Bands show median
results (i.e., 50%
chance of better or
worse outcome),
widths illustrate
Impact of main
uncertainty
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+ PINGU/INO: 823 0

(38.7°-51.3°, 40°-50°)


http://arxiv.org/abs/1306.5846

Supernova Neutrinos with PINGU

« Multi-megaton fiducial volume will allow very high statistics
observation of neutrino emission by a Galactic supernova

- Individual events are below threshold, but the collective effect of many
iInteractions raises the overall light level detected by photosensors
 Millisecond time resolution on neutrino light curve
* Directly measure neutrino+antineutrino luminosity

- Constrain neutrino energy spectrum via ratio of isolated to coincident
photons
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PINGU and IceCube GenIwo

- An expanded IceCube-based facility is being proposed for the South
Pole following the discovery of high energy astrophysical neutrinos

« PINGU for GeV-scale physics (neutrino oscillations, dark matter, SNe)

* A high energy expansion for 100 TeV — PeV scale neutrinos

- Design will closely follow that of lceCube
- Similar photodetectors with upgraded electronics

* Reduces R&D cost and technical, schedule and budget risk

- Estimated PINGU share of facility cost: $55M US + $25M non-US

« PINGU to be deployed first, as early as late 2018 through early 2021 in a
favorable funding scenario

- Statistically significant determination of the hierarchy possible by 2024
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The lceCube-PINGU Collaboration
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