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Reminder: AO3

* |ceCube (BSM) science

+ Atmospheric neutrino modeling in 0.1-10° GeV
+ Synergy btw MeV-GeV (SK) + TeV-PeV(lceCube)



Atmospheric neutrinos

ion

: L=13000km



3-flavor neutrino oscillogram

(Normal Hierarchy vs Inverted Hierachy)
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ROI: 0.1 - 20 GeV (Lee Kai Pik , PhD thesis 2012)



Precise v oscillation in future large v detectors

cos® =0.8 NH, sin’0,,=0.4, sin’ ,=0.025, 5=40°
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Cosmic-v, atm conventional-v/prompt-v

atmospheric prompt component :
decay from charmed mesons
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Indirect DM searches by v

IceCube 2011-2012 (IC86)

SKI-IV FC Galactic Halo search
Solar WIMP search 10° . , g
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Importance of precise atmospheric lepton flux modeling
both for oscillation and astrophysics :



Uncertainty in atmospheric v flux modeling

M. Honda et al.,
PHYSICAL REVIEW D 83, 123001 (2011)

~10% difference among
* different inputs 1.2
* different models 1
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Current uncertainty in HONDA flux
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For <0.1 GeV, maybe too conservative,
difficult to cope with correlation with other errors



Keys in atmospheric v modeling

* Primary CR flux, energy spectra, composition
* Solar modulation, geomagnetic cut off
* atmospheric density model

* CR hadronic interactions (hadronic cascade)

— p-A inelastic cross sections
— secondary particle spectra/nuclear effects

— K/p ratio, forward s-quark productions

We want revisit these above in the Honda mode one by one



Accelerator data systematics (NA61)
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Taking over legacy of HONDA v flux

Refurbish old FORTRAN codes to be embedded in C++

Investigate hadron production tables in the light of
recent new CR hadron interaction models and
measurements

— NA61, HARP, RHIC, LHC...EPOS, QGSIJET, SYBILL
Re-estimate systematic errors based on measurementﬁ
errors of hadron productions and cosmic ray {

measurements :

— Careful treatment of experimental systematic errors

Common treatment of hadron systematic errors with
that used in T2K flux model

— towards combined T2K-SK oscillation analysis

Common flame work for Ev = 0.01 - 10° GeV
— towards combined analysis with SK-lIceCube




Look into the HONDA flux codes (ATMNC)

simulation with ATMNC

p or a

* Full 3D inverse ray-shooting of primary CR in
geomagnetic fields

 Track all final states in each hadron cascade tree

 Tabulated "modified" interaction models ; DPMJET
(>31GeV) and JAM (<31GeV)

* Secondary "X "-distribution tuned by atm. muon
data

See Kazufumi Sato-san's poster



projectile angle 6 [rad]

Hadronic interaction models in Honda codes
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Air showers vs Atmospheric v
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CR interactions & particle productions

o “‘V
T(.iPle/:(riog 0o q Y
Wy | ¢. =
SN SPS low o] ©
Jalse e ~7 GeV . ’OA

A

Very forward central Projectile
dn/dy : ; : diffraction
SPS high ~102ey (non-diffraction)
B Gribov-Regge based
dn/d CR interaction models
’ T S A A RHIC aqguey
200 GeV * EPOS-LHC
= * QGSJET-04
4 S1Ngs - DPMIET3
dn/dy * SYBILL2.3c
% LHC ~g17ey  etc...
remnant €~

_ 7000 Ge
y verified in various energies




New inputs (accelerator experiments)
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Forward particle measurements at LHCf/RHICf
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High energy atmospheric component
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Forward Ks measurement by LHCf /RHICf ?
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Workshop for Atm-v productions (2019 3/20-22)

Workshop for Atmospheric Neutrino Production in the MeV to PeV range

20-22 March 2019 Searcl jo
Nagoya University

Asla/Tokyo imezone

https://indico.cern.ch/event/781361

This workshop focus on the atmospheric neutrino measurement and its flux calculation which are
Call for Abstracts getting more important for precise oscillation analysis in the low energy region and as background
estimation of neutrino astronomy. It aims at gathering experts related to the field and making a
fruitful and informal discussion among participants.

Overview

Timetable

Contribution List

Reglitration Subjects discussed in the Workshop are

Participant List e Measurements of atmospheric neutrinos
Tl and Worksto ° Method's énd resglts of atmo§pher|c neutrino flux calculation
Information e Hadronic interaction of cosmic-rays

o Supported by this Shin-gakujutsu

] menjo@isee.nagoya-u.a Y. Itow and H. Menjo




Common flux modeling in 0.1- 10° GeV
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Importance of cosmic ray measurements

Ground u by BESS (T.Sanuki et al, PRD75 043005) M.Honda et al (PRD75 043006)
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Summary

Atm. v is an important source/ background for
neutrino physics with gigantic detectors

Refurbish of the Honda flux code is ongoing to
include new hadron data and its systematic
errors in the updated way.

Thanks to recent hadron interaction modes/
data, unified atm. v code for the 0.1-10° GeV

Dedicated measurements are under
consideration ( atm-u, LHCf/RhICf Kaon, etc..)



Uncertainty estimates

Hadron production

Uncertainty zones

. E, (GeV) Pions Kaons
— 9 zones for pions (both al 0% 0% 20%
charges combined) 8-15(30% | 10% | 30% T W%
‘ s 3 15-30{30 10 5% 10% 30 20 10%
— 1 ‘zone’ for w*/m 30-500{30 Ton 0 o8
— 4 zones for K* >500{30 _ 15%+Encrgy dep. 40 30%+Energy dep
— 4 zones for K- 0 05 Xoan 10 05  x.a
* Treat K*/K- separately since & Gev Pions Kasons
there was little data on s —T——c— B8
* ks : D 4 W
associative production AK+ is=30| P TE T F X
e - o 30-500 H Y
* Neglect multiple interaction >s00l®  H+ i(Energy dep) Y+Z(Energy dep)
changes, neutrons, o, etc. 0 05 x4 10 05 x4
Primary Fluxes
— 4 zones a,b,c.d for protons Parameter Proton fluxes Nuclear fluxes
— 4 zones a.b.c.d for He a (normalization) 1.49 £ 0.10 0.060 £ 0.004
b 21540025 1.25+0.03
c ~221 4002 -0.14 +0.02
d (index) < 200GeV/n 2.74 £0.01  2.64 +0.02
> 200GeV/n 274 +003 2.64 +0.04

@(E,)= a(EA. +bcxp[-c\/E_K])_d

Giles Barr (WANP2019)




Conclusions: Uncertainty summary

100 MeV-2GeV

Neutrino energy —

2GeV-10GeV

3D effects

Important

Few percent effects
Use in full calculation,
Can short-cut for other
systematic studies

Hadron production

NAG61 will improve

HARP

Resonance induced hadron
production still important

NAG61/NA49 will dramatically
improve this region

Primary fluxes

Modern data will improve

Solar wind

Important (30% — 5%)

Smaller effect (5% — 2%)

Earth magnetic field

Time dependent, needs
studying which is not too
complicated. More models

Smaller effect

Atmosphere density

A number of energy dependent features (likely not too big)

Giles Barr (WANP2019)

A

Our current focus 4,




Relative Uncertainty

M.Honda PRD75 (2007)043006
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