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Our current picture

Neutrino oscillations : mass eigenstates (v;; 1 = 1,2,3) and flavor
eigenstates (v,; o = e, 11, 7) are not the same.
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Beam Excess

The pieces that do not fit ...
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What does the World data say?

J. Kopp et al., JHEP 1305 (2013) 050

1071

tension between experiments
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On updated fits solutions
remain...

We need new measurements! 6



A global view:
the IceCube ShortBaseIme connection
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A closer look at atmospheric neutrinos oscillation

The neutrinos come from different zenith angles (6,) traversing
different layers of the Earth

core :
cosf, ~ [—1,—0.8]
mantle ;

cosf, ~ [—0.8, —0.1]
crust :

cosf, > —0.1

PREM, Dziewonski et al. (1981)
I I I I

Depth (km) 8



Stroke of luck...

In the Earth, for sterile neutrino of Am? = O(1eV?) there is a
matter resonant effect when

Am? cos 20
E;= = ~ O(TeV)
2v/2GgN
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Nunokawa et al. PLB, B562, 279 (2003). arXiv:hep-ph/0302039
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The IceCube experiment
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|DE|3UBE

Soum+ PoLe NELTRING DESERVATORY
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rough-goin
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Through-going nu-mu energy distribution

10*

| Experimeﬁtal data e E
% Sum of predictions -
¢ Astrophysical mmmmm
° Prompt atmospheric mmmmmm =

®e, Conventional atmospheric m—m 3

10°

10 10°
Muon Energy Proxy (arb. units)
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Through-going nu-mu energy distribution
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Through-going nu-mu energy distribution
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Through-going nu-mu energy distribution
10

Use to measure standard oscillations

Phys. Rev. D 91, 072004 (2015)

:
fO
w

= o :
(dp) B I
e - 0 f t t f f T
C 1 38l | — IC2014 [NO] - revised o SK'IV 2015 [NO] | |
q) 1 O 3.6 ==  MINOS w/atm [NO] NOvA 2015 [NO]
S ] == T2k 2014 [NO] I | A L

90% CL contours,.....,,.

0
10° | 13 ooy 7 (e R e
=] 102
C Lycco/ Breco (km/GeV)
a0
10 F
E

Muon Energy Proxy (arb. units)
Phys. Rev. Lett. 115, 081102 (2015) 19



Today

=Neutrino oscillations and the MSW effect
= |ceCube

= The IceCube sterile neutrino search

ARE THERE MORE
v THAN THREE D

& NEUTRINO <YIAVORSe
20



Through-going nu-mu energy distribution
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Oscillation probability as a function of energy and

zenith
Neutino

~ O(TeV)

sin“(26) =
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The Signall
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Events / 344 days

Ratio

Events / 344 days
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“*We unblinded one year of data

which had ~ 20 000 neutrino

events.

“*Distributions compatible with
the no sterile hypothesis.
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Main result!
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Also, IceCube + DeepCore analysis

|— Best fit expectaton § § Data (3 years)l
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Using events below a 100 GeV we can also obtain constraints
on sterile neutrinos by deviations from standard oscillations.
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Other new results from Neutrino2016
MINOS
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Future steps: Two ways forward

More statistics Better events
> Repeat the through going » Select only starting events.
analysis with five years of -
Y y » Better neutrino energy
data. .
reconstruction:
> Smaller systematics now track+shower energies.
become more relevant, e.g. .
_ &8 » Reduced statistics.
Ice.
Expected Stat Error, 5 years (%) 30 muon
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Take home message

“*We have performed a search for eV-sterile neutrinos using
one year of lceCube data. No significant signal of sterile
neutrinos was found.

“*IlceCube result is competitive with other limits and the
World best at ~ 0.1-1.0 eV-.

“* lceCube has several more years of data ready to analyze:

We are just getting started!

THANIKS!

See arXiv:1605.01990 for more details
29
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Gen-2 PRELIMINARY timeline

2016 ‘ 2017 | 2018 ‘ 2019 ‘ 2020 | 2021 ‘ 2022 ‘ 2023 ‘ 2024 | 2025 | 2026 | ‘ 2032

i enau

(
—

31



Relationship with other angles
> sin° 20ee = 4| Ueq|?*(1 — |Ues|?): reactor experiments.
> sin®20,, = 4|U.4|*(1 — |U.4l|?): MINOS, SK. (this analysis)
> 5in? 20,6 = 4|Uys|?|Uea|?: LSND, MB, KARMEN, NOMAD.

10"
00 _BF:|Ues|? = 0.023
N - 30: |Ueq|? = 0.048
O
~ | (Kopp et al. arXiv:1303.3011)
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9 JHEP 1305 (2013) 050 :ch 2
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A new global fit with IceCube

SBL SBL + lceCube
10° 10
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10-;0_4 10_3 10_2 10_1 100 10-]2.0_4. ..........3116_3. ...........{.6_2. ........-..:.I....E)_l. ............ioo
sin? 20,,, sin” 20,
Red: 90% CL Blue: 99% CL
3+1 |Ami; |Ues| |Upa| |Ura|[Nbins Xmmin  Xaun Ax* (dof)
SBL 1.75 0.163 0.117 - 315 306.81 359.15 52.34 (3)
SBL+IC| 1.75 0.164 0.119 0.00 | 524 518.59 568.84 50.26 (4)
IC 5.62 - 0.314 - 209 207.11 209.69 2.58 (2)

G.Collins, C.A., J. Conrad, M. Shaevitz (arXiv:1602.00671 and arXiv:1607.00011)33



Systematics!

Systematics are super important; some are more than others.
These are the systematics we considered:

» DOM efficiency

» Flux continuous parameters

Important

» spectral index
» 7 /K ratio
> v /U ratio

Air shower hadronic models
Primary cosmic ray fluxes

Hole ice
Neutrino cross sections

Bulk ice scattering/absorption
Earth model

vV vvyVYy VY

continuous systematics _
discrete systematic Not important
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Atmospheric flux decomposed
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Atmospheric neutrino flux uncertainties

Cosmic ray models:
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Very naive IlceCube + PROSPECT complementarity
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More experiments complementarity...

sin? 26, = sin® 2614 10.¢
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DANSS sensitivity estimation 95%CL with 1 year of data.
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