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lceCube v detector

* |ce Cherenkov v detector
e 1.5—-2.5 km underice

* 5,160 DOMs
* 86 strings

1450 m

* Spacing: 17/minz, 125 in x-y

e 1 km3 volume

* LE extension: DeepCore 2450 m
e 7minz aseti
* 40-70m in x-y




Penetrator HV Divider

IceCube v detector <

DOM
* Ice Cherenkov v detector Mainboard L

e 1.5—-2.5km underice

LED
Flasher
Board

o

Mu-metal

* 5,160 DOMs

grid

* 86 strings ‘
* Spacing: 17/min z, 125 in x-y X X §——= 73
e 1 km3 volume \\ — g
* LE extension: DeepCore ~ Nty
PMT RTV
* /minz : 4

* 40-70m in x-y Glass Pressure Housing
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Neutrino signatures

* Above a few GeVs it’s all Deep Inelastic Scattering

—

V/( K <\/§IJ * Hadrons, e and most taus are point like

—> cascades
W (@)
 Muons and PeV+ taus have a long range

'Y \ -> tracks
— }

= = Hadron
—

shower




Muon-track events




Muon-track events




Cascade-like events

13



Cascade-like events




Neutrinos accessible
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Small fluxes = large volume
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Neutrinos accessible

—— Comes next

Friday
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The low energy side of IceCube



Atmospheric neutrinos

* Some people’s background is another people’s signal
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Atmospheric neutrinos

* Free beam of neutrinos. Wide E range, varying travel distance.




Analysis strategy

* Background
* Aggressive vetoing to reject muons
* Select starting events only

* Reconstruction
* 8D likelihood w/track+cascade
* Using detailed ice description

* Particle identification
 Ratio of track+cascade/cascade only fit

* Parameterize systematic effects
* Fit together with physics parameters

Side view of lceCube
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Atmospheric neutrinos

Just right to measure neutrino oscillations

Relevant mass—splifting
2 2
‘Amlarge‘ > ‘Amsmall / 5

. . 5 [ Am? |
Plf;’_,VB(L,E) — sin? (26) sin” ( 472 L) |

and search for potential distortions from exotic phenomena




Standard oscillations in matter

Survival probabilities for atmospheric neutrinos (no approximations)
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Results: NuMu disappearance
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Results: NuMu disappearance

Cascade-like

* Analysis in L vs E space
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Results: NuMu disappearance
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Results: NuTau appearance

15
e Let tau neutrino vy Appearance (CC+NC) ~ — Observed
Feldman-Cousins
component float 10 - Expected (90% range

N

* Slightly below & Expected (68%
expected value (1.0) 5 -

* Not significant yet
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Sterile neutrino flux modifications

0.4}

* For a higher mass difference Lo

— higher E .
I

P2, (L, E) = sin® (26) sin’ (Amz L> g o
i V AE s

* Additional sterile mixing +
matter enhancements changes
oscillation amplitudes also at .

low energies E, (GeV)

0.2}
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Results: Sterile neutrinos - LE

Q9
. =6
* How would a sterile 74
. | 2
neutrino affect the o5
P, === SK, NO (2015), 90 % C.L. 'g' '5§'
Sample ‘ ==+ 8K, NO (2015), 99 % C.L. o o
025k m==  |ceCube, NO (2016),90% C.L. || | 7 o
R we  IceCube, NO (2016), 99 % C.L. '
o T el == |ceCube, IO (2016), 90 % C.L.
= T TN e IceCube, 10 (2016), 99 % C.L.
. § 0.20 -
Ve Uel UeZ UeS Ue Vl Cg: 0.15 i
VM — Uul Uu2 UMS Uu4 V2 %
_ I
V+ U‘Tl UT2 UT3 UT V3 \'__F 0.10 .
Vs .Usl Us2 UsS 54 .V4. =
0.05 - -
U'OO - L I T B | 1 L .I:Illl : 1 L IEI L1
Phys. Rev. D 95, 112002 (2017) 107 e (U YAt



Results: Sterile neutrinos - HE

* How would a sterile D
neutrino affect the -
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Summary from the low energy side

* Atmospheric neutrinos used for particle physics studies

* Events are hard to reconstruct, but we have thousands per year

* Measurements of standard oscillations improving rapidly

* Tau neutrinos from oscillations beginning to appear

* Exotic BSM ongoing: steriles, non-standard interaction, decoherence

Studies start to be limited by systematics
we need more calibration sources



The high energy side of IceCube
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The IceCube Upgrade

* More sensors in same volume

* Lower DeepCore E threshold
* Better oscillation physics

* New calibration sources
e Controlled light emission
* Improved ice description
* Better pointing at HE by factor 2
e Re-analysis of current HE data
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The IceCube Upgrade

[ I
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* Example of reanalysis of
data with improved
reconstruction

e Results from 2015 and
2017 used roughly same
detector livetime
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And at high energies

* Potential for better resolution

Median angular error

Equatorial

T T
0.0 6.5

E < 300TeV

25
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A step further: IceCube Gen-2
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A step further: IceCube Gen-2

Main detector
* +120 strings
e 240m inter-string distance

* 80 Oms per string

* 8 km3 volume
Extensions
 Surface array (CR and veto)

e Radio array (EHE neutrinos)
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Final words

lceCube: a neutrino observatory from GeV to PeV energies
* Neutrino oscillations
* Sterile neutrinos

Astrophysical neutrinos

Dark matter

Cosmic ray physics

More data and better calibration = constantly improving results

Upgrades proposed: maximize the science output at all energies
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