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lceCube-Gen2 Science Driver

radio/microwave infrared/optical gamma-rays
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The Universe is opaque to EM radiation at high energies — explore this uncharted

territory with IceCube-Gen2
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lceCube-Gen2

@ IceCube-Gen2is a The IceCube Gen2 Facility
versatile facility for future
South Pole physics

@ Radio Array

@ Surface Array
@ High Energy Array
» 120 strings x 90
sensors/string
» ~ 8 km? area with wider
string spacing
@ PINGU
» Low energy infill

Surface Array
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Point Source Sensitivity

@ Improved angular resolution

@ Order of magnitude better point sensitivity
@ Order of magnitude increase in number of TXS0506+056-like flares observable with

Gen2
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Measuring the EHE Spectrum

@ Understand the evolution
of the spectral index

» Does it soften at low
energies?

» High energy cut-off?
@ Connect the neutrino

spectrum to the cosmic
ray spectrum
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Measuring the EHE Spectrum

1 1 1 1 1 1 1 1 1 1
& Diffuse v (Fermi LAT) IceCube (Apd 2015)
& Cosmicrays (Auger) @ Gen2 (15 years)
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Measuring the EHE Spectrum

@ Understand the evolution
of the spectral index

» Does it soften at low
energies?

» High energy cut-off?
@ Connect the neutrino

spectrum to the cosmic
ray spectrum
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Flavor Ratio

Production Mechanism f,: f, : f. at source f,: f, : f. at detector

m decay 1:2:0 0.93:1.05:1.02
u cooling 0:1:0 06:1.3:1.1
n decay 1:0:0 1.6:06:0.8

14 m
muon-suppressed

<“—  pion decay

(0:1:0)

pion & muon
<«—  decay
(1:2:0)

neutron
. decay
PEN (00

Joshua Hignight IceCube-Gen2 November 3@, 2018 6/16



Flavor Ratio

Production Mechanism fs: f, : f. at source fo: f, : f- at detector
m decay 1:2:0 0.93:1.05:1.02
1 cooling 0:1:0 06:1.3:1.1
n decay 1:0:0 1.6:0.6:0.8

V1V, : v, at source )
W 0:1:0 i
e 1:2:0
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Flavor Ratio

Production Mechanism fs: f, : f. at source fo: f, : f- at detector

m decay 1:2:0 0.93:1.05:1.02

1 cooling 0:1:0 06:1.3:1.1

n decay 1:0:0 1.6:06:0.8
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Flavor Ratio

Production Mechanism fs: f, : f. at source fo: f, : f- at detector

m decay 1:2:0 0.93:1.05:1.02

1 cooling 0:1:0 06:1.3:1.1

n decay 1:0:0 1.6:06:0.8
E <1 PeV E>1PeV
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1000m

IceCube Upgrade: Stepping Stone to Gen2

@ 7 new strings

° [ ]
@ ~ 20m spacing °Q
between strings .‘.. .
‘ [ J °
. | [ ) [ ]
@ 125 modules/string o™ ¢ ¢
[ J L) ;g
@ 2.4m vertical module : . 17m !
spacing e T 7 %
@ Located inside I gg"

lceCube-DeepCore -9 .9 ® @

1450m  2100m  2140m
IceCube  DeepCore Upgrade JaZom  2a50m  2430m

Instrumented Depth
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IceCube Upgrade: Modules D-EGG: 2x8-inch PMTS, slimmer design, improved
UV acceptance

space for
calibration devices;
e.g. lightsources,
[ camera, and light
sensors

optical coupling elastomer

PMT #2
(upward-facing)

mDOM: 24x3-inch PMTs, better directional plastisiicons holder
coverag e UV transparent glass housing

silicone buffer
</ connector

HV board for PMT #1

mainboard
mainboard
—

magnetic shield

PMT #1
(downward-facing)

PMT holding
structure

etectoe pDOM: IceCube PMT and glass, improved
electronics

Penetrator
PMT Base
HV Supply
LED Flashers
Main Board
Delay Board
Waist Band
Pressure Sphere

O-ring

active
PMT base \

pur

«—__ pressure
vessel

Mu-metal cage
silicone Gel

PMT Photocathode
IceCube ev: Gen2
DOM Component identical DOM

Component eliminated
Component redesigned
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IceCube Upgrade: Calibration

POCAM

Piezo-module

=
y

@ Reduce primary systematic
uncertainties
» Better calibration of new and existing
sensors
» Improved knowledge of glacial ice

@ Integrated devices
» LED flashers
» Acoustic sensors
» Optical cameras ccD
@ Stand-alone light sources
» Precision Optical Calibration Module
(POCAM)
» ns-pulse LEDs with small opening
angle
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IceCube Upgrade Calibration
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@ Will have better angular resolution
» Median error not scaling with photon
statistics in IceCube
@ Will have better Ice modeling systematic
uncertainties

» Bubble column distorts angular
acceptance

» Anisotropy of photon scattering and/or
absorption lengths in ice

@ New calibrations will be applied to the
entire accumulated lceCube data set
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IceCube Upgrade: Science Goals

3 DeepCore
@ Better neutrino astronomy at high energies ‘
» Improved angular resolution and veto performance \\
» v, identification
» Multi-messenger astronomy
@ v, appearance analysis
» PMNS unitarity tests
@ Precision measurements of sin?(63) and Am2,
» Octant/Maximal mixing
» Complementary to LBL experiments
@ Neutrino mass ordering at 1.5-2¢ in 3 years

@ Improvement on eV sterile v searches, NSI, solar dark matter o5 Gev " CC
searches, and other BSM searches

color — hit time
size — hit charge
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IceCube Upgrade: HE Science

@ New calibration devices inside IlceCube
enhance HE science

@ Can simulate tau neutrino “double bang”
events with baselines of 20m
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IceCube Upgrade: v, Appearance

2.00
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lceCube Upgrade: v, Disappearance
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Projected limits on sin?(fx3) and Am3, competitive with dedicated LBL experiments.
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Conclusion
@ IceCube-Gen2 is a versatile facility for future South Pole physics.

» Has many components including a radio array and surface array.

» Better sensitivity to find more point sources!
» Will help us better understand HE neutrinos origin and production mechanism.

@ IceCube Upgrade now funded and should be completed by 2023!
» Stepping stone towards full IceCube-Gen2 program.
» Compelling science case on its own.

lceCube
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IceCube Gen2: Sunflower 240m
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IceCube Upgrade

. Degp.Core

. 25 GeV v, CC™

\ color — hit time
R size — hit charge
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lceCube Upgrade: Oscillation Physics

ORCA KM3NeT-ARCA
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IceCube probes oscillation physics at baselines and energies
inaccessible to LBL or reactor neutrino experiments.
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12 GeV 1, CC

color — hit time
size — hit charge -9 -9
IceCube

@ @

DeepCore  Upgrade PINGU
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PINGU: Science Goals

@ Augmenting the low-energy program of the upgrade.
» ~ 70k up-going atmospheric neutrinos per year

@ Neutrino mass ordering
@ v, appearance
@ sin?(f,3) octant sensitivity

@ Wide breadth of other science:

» Dark matter searches
» Earth tomography
» SN

> ...
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PINGU: Neutrino Mass Ordering
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PINGU: Neutrino Mass Ordering

Tracks Cascades
Y . . 0.20 30 H H
Preliminary, Preliminary | R...
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@ PINGU cannot differentiate v and 7: rely on difference in flux and cross-section
» Large statistical samples: ~33k v, + v, CC per year, ~25K vg + 7 CC per year
@ Distinct ordering dependent signatures for tracks (mostly v, CC) and cascades

» Intensity is statistical significance of each bin with 1 year data
» Particular expected “distortion pattern” helps mitigate impact of systematics
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PINGU: Neutrino Mass Ordering

_ o 7 10-median itivity 68% CL.-(stat.) . 95%.CL-{stat.)
11 [ = NO median sensitivity H
B 68% CL (stat.)!' H
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@ Sensitivities calculated with 2 different methods (LLR and Ay?) in agreement
NMO sensitivity strongly depends on true sin(623)

@ Median sensitivity of ~ 3o with 4 years of data for current best-fit values
» Current global best fit close to sensitivity minimum for both orderings!
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PINGU: v, Appearance
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PINGU: v, Disappearance

-2.15
-2.20
__—225
-2.30
-2.35

-2.40
—2.45

-2.50

@ Precision of sin?(f32) and Amz, 20
measurement is as good as LBL ~2.60

—2.65

experiments I

Amﬁ [10‘ ev?]

-
o

== PINGU 4 year, NuFit zom mp ts

O

PINGU 4 year, maximal mixin = TPINGU 4 yéar, Fogli 2012 dy, input

Inverted mass ordering assumed, 90% CL contours

)

.70
0.30 035 040 045 050 055 0.60 0.65

.
sin® gy

—n ]

@ 4 year octant sensitivity > 3o if:
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IceCube Upgrade: Sterile Neutori?rgos

@ Higher precision event
reconstructions increase
sensitivity considerably.

@ Upgrade should produce
similar improvements in
searches for non-standard

o
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sin® - cos? Oy,

s+ SK(2015), 90 % C.L.

=== |ceCube 2016 (3y), 90 % C.L.
== |ceCube, GRECO (3y), 90 % C.L. |
== |ceCube Upgrade (3y), 90% C.L.

“=0.10 -
neutrino interactions (NSI), o fmmm—
dark matter, and other BSM 0.05 [ —. '~,.,,'~ |
physics - under current ' vy v
investigation. . ~..._.;"_'_~-.'.' )
o 107 = 101
|Uﬂ4|2 = sin” O
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