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Neutrino signal tfrom the Milky Way
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Neutrino signal tfrom the Milky Way

Cosmic rays interact with
interstellar gas

Neutrinos produced
mainly via charged pion
decay

Pions do not interact
before decay

= Neutrino spectrum
tfollows CR spectrum

Guaranteed signal

IceCube excess could be
caused by this mechanism

u  Neronov et al. Phys. Rev. D,
89 (103002), 2014
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Estimating the neutrino tlux

Theoretical models

Model name Reference Matter density | Cosmic ray flux

NoDrift simple Ingelman and Thunman | constant: constant
arXiv:hep-ph/9604286 1 nucleon / cm?

NoDrift_advanced | Candia and Roulet constant: constant
JCAP09(2003)005 1 nucleon / cm?

Drift Candia Radially Higher in GC due to
JCAP11(2005)002 dependent drift of CRs
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Estimating the neutrino tlux

2. Use experimental data
o +/-
. IJ/' ? \Y%

o Use GALPROP to
estimate fraction of y’s
from neutral pion
decay and IC scattering

= Ackermann et al. Ap],
750 (3), 2012

0 Uncertainty of neutral
pion contribution is

estimated from range in
models

0 Convert neutral pion to
charged pion flux
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Estimating the neutrino tlux
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The ANTARES neutrino telescope

Cherenkov light

from muon

GC: 68% visibility
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The analysis

90% neutrino purity

= Optimise size of signal region for best flux limit (MRF method)
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MRF versus longitude and latitude bound (NoDrift_advanced):
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Size of each

The aﬂaIYSiS region is 0.214 sr

I Background region
[ Signal region

—

o
{{“_“‘-m

o gAY = :

= Background is measured from the data and compared to
number of events from the signal region
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The background

1 Atmo Sphe l'iC muons Parameter Description Cut value
B angular error estimate | < 8.0°
0 Reducible background — =&, event topology 16
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The background

1. Atmospheric muons

-
o
w
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0 Reducible background
a0 Only consider high

quality, upgoing events

Spectral index ~2.6

/

GC direction

GP neutrinos (NoDrift_simple)

GP neutrinos (NoDrift_advanced)

GP neutrinos (Drift)

GP neutrinos (Flux calculated from Fermi data)

2. Atmospheric neutrinos

0 Irreducible background

a0 Use energy estimator to

suppress
Trigger E,..[GeV]
Default trigger > 350
Low energy trigger > 250

Atmospheric neutrinos (angle averaged) C R
- ‘ ‘ ‘ 1 1 ‘ 1 1 1 1 ‘
107 2 3 4 5 6
log, (E, [GeV])
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Used data: 2007 — 2012

ANTARES results

4 3N/ 2T3 triggered events
TQonly triggered events
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= Signal prediction: ~0.6 — 1.8 events
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Used data: 2007 — 2012

ANTARES results

I Background region

——| [ Signal region
4 3N/ 2T3 triggered events
TQonly triggered events
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= Signal prediction: ~0.6 — 1.8 events

= Excess corresponds to 0.8o
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ANTARES results: flux upper limits
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ANTARES results: flux upper limits

GP neutrinos (NoDrift_simple)
GP neutrinos (NoDrift_advanced)
GP neutrinos (Drift)

GP neutrinos (Flux from Fermi data)
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Conclusions and outlook

Measurement of (muon) neutrino flux from cosmic
ray interactions in the Milky Way has been performed

Small excess seen, compatible with background
fluctuation (0.80)

Flux upper limits have been set

KM3NeT will be able to improve limits
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Backup
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Theoretical models
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Assumption 1:
cosmic ray flux

DISK SYMMETRIES HALO SYMMETRIES
axisymmetric spiral (ASS) dipole
bisymmetric spiral (BSS) quadrupole

Assumption 3:
magnetic field

TOP VIEW
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Theoretical models
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Assumption 1:
cosmic ray flux
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Assumption 3:
magnetic field

Vi

et/

= NoDrift_simple model
0 Constant matter density

0 Neglect magnetic field

= NoDrift advanced model

+ Take CR composition
1nto account

m  Drift model

+ Magnetic field gives drift
of CRs to GC

+  Model the matter density
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Matter density in the galaxy (Drift)
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The ANTARES detector

» 12 Lines

« 25 storeys / line
* 3 PMTs /storey
* 885 PMTs

”ﬁﬂ-?ﬁ I'I'I__‘ _r..--"

Depth : 2475 m

Search for astrophysical muon neutrinos looking for upgoing muon

tracks (from below the horizon)

Completed May(08

currently the
largest neutrino
detector in the
Northern
hemisphere. |

Junction |
box ¥

Electro-
optical
Cable
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Cut optimisation
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Number of Events / bin

Data/MC

Number of Events / bin

Data / MC

Signal region:

Data-MC comparison

Sum of 8 background regions:
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Data-MC comparison
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ANTARES data (2007-2012)

= GPv,+ \7:“ simulation (Flux calc. from Fermi data)

Atr u )
Atmospheric v, +V, simulation
GP v, +7, simulation (Drift)

# GPv, +7, simulation (Flux calc. from Fermi data)

ANTARES data (2007-2012)
Atmospheric p simulation
Atmospheric v, +V, simulation
GP v, +V, simulation (Drift)

—— 1 | | |
—1 1
——|
|
—
= ANTARES preliminary ==
L 1l ! I | . . . . | L L
= L A
E ' ' — Tt 1 1 1
15 1 05 05

log, (B [deg])

Number of Events / bin

Data / MC

Number of Events / bin

Data/ MC

O O N W b

—_—— e —
TTTe——
—+ —_=
—_—
; =, 1
ANTARES preliminary =
I S S N N R el S SN RIS MR | . ISR N !
- - — e
= —_— —_— T
-7 65 3 55 5 45 4 35 3
A
ANTARES data (2007-2012)
= Atmospheric p simulation
— Al ic v, +7V, si {
GP v, + ¥, simulation (Drift)
Eg GP v: + V: i ion (Flux calc. from Fermi data)

Sum of 8 background regions:

ANTARES data (2007-2012)

Atmospheric p simulation

A ic v, +V, si ion

GPv, +V,si ion (Drift)
=== GPyv, +V, simulation (Flux calc. from Fermi data)

T e
| E———— e ——

-1.5 -1 -0.5 0 0.5

log, (B [deg])

24-06-2014

TeVPA/IDM 2014 - Erwin Visser



