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Fedynitch et al, EPJ Web of Conferences 99, 08001 (2015)

1. Neutrinos at IlceCube

Atmospheric neutrinos

- Conventional, from n&K-decays, ~E-37, dominant from ~100 MeV to ~20 TeV
- Prompt (not identified), from D-decays, ~E3
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Fedynitch et al, EPJ Web of Conferences 99, 08001 (2015)
Austin Schneider (ICRC2019), ArXiv:1907.11266

1. Neutrinos at IceCube

Atmospheric neutrinos

- Conventional, from n&K-decays, ~E-37, dominant from ~100 MeV to ~20 TeV

- Prompt (not identified), from D-decays, ~E3

Astrophysical neutrinos

- Low-energy neutrinos (not identified), ~20 MeV, observed as increase of background rate
- High-energy neutrinos, from ~60 TeV to few PeV, (60 TeV ~ 6,000PE)
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Austin Schneider (ICRC2019), ArXiv:1907.11266
Juliana Stachurska (ICRC2019), ArXiv:1908.05506

1. Neutrinos at IlceCube

Atmospheric neutrinos

- Conventional, from n&K-decays, ~E-37, dominant from ~100 MeV to ~20 TeV
- Prompt (not identified), from D-decays, ~E3

Astrophysical neutrinos

- Low-energy neutrinos (not identified), ~20 MeV, observed as increase of background rate
- High-energy neutrinos, from ~60 TeV to few PeV, (60 TeV ~ 6,000PE)

Astrophysical high-energy neutrinos
- ~60 events in 7.5-yr data

- Unlikely atmospheric neutrinos

- Sources are unknown (diffuse)

- Confusion in spectrum index

- Production flavours unknown
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2. Neutrino cross-section results
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IceCube, Nature551(2017)596

2. High-energy neutrino cross section measurement [Leess secton ]| oficiency

flux l target l
v v

. . . Eventrate N = &XxXoXTXe
Earth absorption for neutrino cross-section measurement

- high-energy neutrinos have high cross-sections with Earth material.
- Assuming astrophysical neutrino flux, and the Earth model, cross section is extracted from event rate.
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IceCube, Nature551(2017)596
Bustamante and Connolly, PRL122(2019)041101

2. High-energy neutrino cross section measurement s secton ]| effciency
flux target
AT

Eventrate N = &XoXTXe

Earth absorption for neutrino cross-section measurement
- high-energy neutrinos have high cross-sections with Earth material.
- Assuming astrophysical neutrino flux, and the Earth model, cross section is extracted from event rate.

- first time Q? suppression is observed _ Center-of-mass energy /s [GeV]
N 3 4 5
2 & -31 10 10 10
~ \/Zg M21+ 2 =10 EL?SP o T ‘trl I‘::"HHIL}QCI - F(AIC B
F 8M2 Q Q E evatron (;‘, ,,’E
6‘2~ i . 'E GZK v ',*' |
>< NG i &/ T |
+10%2L R N -
g% : | :
-® Neutrino L\{c.j C &/ '-ig # ]
0.8 -& Antineutrino 8 [ \ ’ _.,-'g /// ]
— Weighted combination B 3 /’
~ 07 aht ==t . 8 -33 p 4
L ﬂﬁzﬁ—:‘: - — This result 2 10 = ¢ . =
& o6 - @ F T, - % IceCube 6-year 3
& e C HESE showers ]
S 05 3 [ ]
;—’ 0.4 fr—H 8 i 7.(_*_‘ ---- Gandhi 98 T
i’-. m i § 1073}/ Connolly 11 .
Y 034 1 ) ]
3 o r/ ==== Cooper-Sarkar 11 ]
0.24 Accelerator g f — Block 14 v ]
data
0.1 E i —— Argiielles 15 v
ol —_— = 10730 Lt ol e e
15 25 35 45 5.5 6.5 D 10* 10° 100 107 10®% 10° 100 10U
log[E, (GeV)] z Neutrino energy E, [GeV]
ING'S
College Teppei Katori 19/12/12 8

LONDON



IceCube, Nature551(2017)596
Bustamante and Connolly, PRL122(2019)041101, Tianlu Yuan (ICRC2019), ArXiv:1908.07027

2. High-energy neutrino cross section measurement [Lersssecton | ficiency

flux l target l
v v

Eventrate N = &XoXTXe

Earth absorption for neutrino cross-section measurement
- high-energy neutrinos have high cross-sections with Earth material.
- Assuming astrophysical neutrino flux, and the Earth model, cross section is extracted from event rate.

- first time Q? suppression is observed _ Center-of-mass energy /s [GeV]
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IceCube, PRD99(2019)032004

2. High-energy neutrino inelasticity measurement

Visible inelasticity y,;s reconstruction

- Ecasc: hadronic shower

- Erack: muon track

- Yvis = Ecasc/ (Ecasc + Etrack)

- Low E inelasticity is important for v/v separation
(NMO measurement)
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Dziewonski, Anderson (PREM), Phys. Earth Planet.Inter.25,(1981)297
Donini, Palomares-Ruiz, Salvado, Nature Physics 15(2019)37

2 . E a rth to m Og ra p h y cross section efficiency

flux l target l
v v

Eventrate N = &XoXTXe

Earth absorption for Earth density measurement
- PREM (Preliminary reference Earth model)
- Standard earth density model used by T2K, NOVA, etc

- Earth density profile is extracted by assuming flux and cross section
- Cross section, CSS model —0.98

- Measure Earth moment of inertia and Earth mass by neutrinos Y — ‘
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Taboada, Neutrino 2018, Lu Lu (ICRC2017), arXiv:1710.01191

| lceCube preliminary

2. Glashow resonance

A 5.9 PeV event in IceCube

Glashow Resonance i
e Resonance: E, = 6.3 PeV Work IN Progress
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IceCube, PRD99(2019)032007
Ribordy and Smirnov, PRD87(2013)113007

3. Neutrino interaction models

Low energy neutrino interaction model, GENIE
- GENIE v2.8.6
- Used for oscillation analysis (<100 GeV)
- MAQE and M4RES are nuxsec systematics
- NMO measurement may need more error

(y-measurement - hadron errors)

ING’S
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e.g.) lceCube t-appearance analysis

Analysis A
Parameter Prior (CC +NC) Best fit (CC)
Neutrino flux and cross section:
v./v, Ratio 1.0 £0.05 1.03 1.03
v, Up/Hor. Flux ratio (o) 0.0+1.0 —0.19 —0.18
v/v Ratio (o) 00+1.0 042 -0.33
Ay, (Spectral index) 0.0+0.1 0.03 0.03
Effective Livetime (years) A 2._21 2.24
M(E (Quasielastic) (GeV) — 0.9970%48 1.05 1.05
M’® (Resonance) (GeV) 1.12+0.22 1.00 0.99
NC Normalization 1.0+0.2 1.05 1.06
Oscillation:
613 (°) 8.5+0.21
0 () - 4938 50.2
Am3, (1073 eV?) 2.53 2.56
Detector:
Optical Eff., Overall (%) 100+ 10 98.4 98.4
Optical Eff., Lateral (o) 0.0+1.0 0.49 0.48
Optical Eff., Head-on (a.u.) —0.63 —0.64
Local ice model
Bulk ice, scattering (%) 100.0 + 10 103.0 102.8
Bulk ice, absorption (%) 100.0 £ 10 101.5 101.7
Atmospheric muons:
Atm. p fraction (%) 8.1 8.0
Ay, (u Spectral index, o) 00+1.0 0.15 0.15
Coincident v + yu fraction 0.0+0.1 0.01 0.01
Measurement:
v, Normalization 0.73 0.57
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Cooper-Sarkar, Metsch, Sarkar, JHEP08(2011)042
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etC Table 1. Neutrino CC and NC cross-sections on isoscalar targets, along with their uncertain-

ties, in the perturbative DGLAP formalism at NLO, using HERAPDF1.5 (both with and without
member 9).
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Alfonso Garcia (ICRC2019), ArXiv:1908.10077
Shivesh Mandalia (Nulnt15), ArXiv:1602.00083, PhD Thesis (Queen Mary 2019)

3. GENIE high-energy extension

O ChagedCument ] §25000F £ ]
GENIE-HEDIS (KM3NeT) E, =107 [GeV] L Foon
- NLO DIS, HERAPDF1.5 HEDIS-LOI : - | ]
. . HEDIS-LOI (top) f 3 15000 i} & -
- v-nucleon interaction (of course) T rscoswn 3 - i 11 ]
. . - = 10000F : -
- valid 1<Q? (GeV)<109, 108<x<1 HeDIs 5R (op) o7 3 : ‘ai
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R s g g ey '4‘)'.Is' 0 Og====t =y _H‘; T
0g, v 09X
GENIE-PYTHIAS (lceCube)
- PYTHIAG is obsolete (not maintained, Fortran 77)
- New features for GENIE: beam remnant and underlying events, radiation correction
- PYTHIA choose quark+diquark (and more)
- Multiplicity prediction gets worse (PYTHIAS is tuned LHC)
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Conclusion
IceCube has a rich program using atmospheric neutrinos and astrophysical neutrinos

Conventional atmospheric neutrinos (E<20 TeV)
- For mainly oscillation physics (standard, tau-appearance, NSI, sterile, etc)
- GENIE

High-energy astrophysical neutrinos (60 TeV<E)
- For astrophysics, new physics search, etc
- CSMS model

Future: high-energy extension of GENIE?
2\ |K@ odel (>100 GeV) !

-PYT
- These are ready and can be used in the next versnoﬂf GENIE' ' ‘
(no compatibility with low-energy models) =

@nk you for your attent)lggﬁ




Formaggio and Zeller, Rev.Mod.Phys.,84 (2012) 1307

1. Atmospheric neutrinos, natural laboratories of new physics

Atmospheric neutrinos cover ~100MeV - 20 TeV (conventional) coming from all direction
(diffuse). However, direction is related to the propagation distance.

- They are the highest energy particles (~20 TeV) with the longest baseline (12700km)
propagating the highest density material (~13g/cm3) on Earth.

10"
10° Extra-Galactic
107 Galactic
107 Accelerator
E Atmospheric
= 10" SuperNova
=]
@ 9
1
@ 10
2
O 10%
10% Atmospheric Earth is not
e neutrinos transparent
10°
L N ¢ B IR Y Y HY HY Y Y Y Y Y R Y I
10* 10? 1 10° 10 10° 10° 10 10 10" 10" | 10"
ING'S Neutrino Ener
] ergy (eV) =
College Teppei Katori Vs IAFIaP) 18

LONDON



1. Atmospheric neutrinos, natural laboratories of new physics
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