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The ANTARES neutrino telescope

» 12 Lines

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

Completed May(08

currently the
largest neutrino
detector in the
Northern
hemisphere. |
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Search for astrophysical muon neutrinos looking for upgoing muon

DEpth 12475 m tracks (from below the horizon)

03-09-2014 ECRS 2014 - Erwin Visser 3/19



The ANTARES neutrino telescope
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Full sky diffuse tlux
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Full sky diffuse flux searches

Used data: 2008 — 2011

= Look for excess of high energy neutrinos

= Using tracks
0 Energy estimate based
on muonic energy loss

0 Ny, = 8.4,n.,. =38

0 Sensitivity:

0 Flux limit (with systematics):

m Using showers
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Used data: 2007 — 2012

=SS B,

Shower
energy
> 10 TeV

EVENT NUMBERS AFTER Cosmic Atmospheric

FINAL OPTIMIZED CUTS signal events  background events

Cosmic signal (test flux 1.2 * 108 per flav.) 1.75

Conventional atmospheric neutrinos | - 2.32

Prompt atmospheric neutrinos - 0.56

Tau neutrino estimation 0.78 0.02 (prompt)

Atmospheric muon extrapolation - 1.85

Correction for missing vertex showers | 0.26 0.16

in CC muon simulations

High multiplicity muon bundles - 0.01

TOTAL 2.79 4.92

= Sensitivity per neutrino tlavour:
90% +0.9 -8 -2 —1 -2 -1 -1
O °=22,-10"-E7GeV cm " sr s
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Used data: 2007 — 2012

ANTARES results

ANTARES Ilrellmmary = atmospheric v
- 3 3 s
= o | = atmospheric pu
‘_:L il = sum atmospheric
_—g’ 101 o = cosmic IceCube flux —
f HH Data
g 1T Cosmiic rceCube flux: 3
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{ 14 . 90% -8 -2 -1 -2 -1 -1
0 Flux limit: ®'"=39-10"-E~GeV cm ™~ sr s

0 Flux limit (with systematics): @) =4.9-10"-E7 GeV ' em ™ st s
23 TeV< E<7.8 PeV
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Used data: 2007 — 2012

ANTARES results

106 Limits and measurements of the diffuse neutrino flux
— T T

| msm Bartol atmospheric vy = - IceCube59 v, (2009-2010, 348 days) 1

: == Enberg prompt atmospheric v, mmm IceCubeb9 shower / 3 (2009-2010, 335 days) preliminary |

| | mmm BATIKAL NT200 shower / 3 (1998-2002, 1038 days) IceCube HESE E 2 fit (2010-2012) 1

|| = 1+ AMANDA-II v, (2000-2003, 807 days) IceCube HESE E~2 fit (2010-2013) |
m— AMANDA-II shower / 3 (2000-2004, 1001 days) - = ANTARES v, (2007-2009, 334 days)

|  AMANDA-IT UHE shower / 3 (2000-2002, 457 days) m 1 ANTARES v, (2008-2011, 855 days) preliminary I
== IceCube22 shower / 3 (2007-2008, 257 days) = ANTARES shower / 3 (2007-2012, 1247 days) preliminary ||

| == IceCube40 shower / 3 (2008-2009, 367 days)

| ANTARES Preliminary

ANTARES

E2® [GeVem 25 Lsr™1 per neutrino flavour

. | . s . . M . ] . —
103 104 10° 108 107 108
Neutrino energy [GeV]
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Dittuse tlux from the Galactic plane
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Neutrino signal from the Milky Way

Cosmic rays interact with
interstellar gas

Neutrinos produced
mainly via charged pion
decay

Pions do not interact
before decay

= Neutrino spectrum
tollows CR spectrum

Guaranteed signal

IceCube excess could be
caused by this mechanism

w  Neronov et al. Phys. Rev. D,
89 (103002), 2014
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Dittuse Galactic neutrino signal

U — Averaged fluxes: ———— GP neutrinos (NoDrift_simple) [1]
‘_::D - |b| < 4.5° ———— GP neutrinos (NoDrift_advanced) [2]
Nw — ——— GP neutrinos (Drift) [3]
'E 10— ————— GP neutrinos (Flux calculated from Fermi data)
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[1] Ingelman and Thunman, arXiv:hep-ph/9604286 .
[2] Candia and Roulet, JCAP09(2003)005 Galactic Centre (GC)

[3] Candia, JCAP11(2005)002
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Size of each

The aIlZLIYSiS region is 0.214 sr
/l \\Ti\\\%\ I Background region

[ Signal region
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= Background is measured from the data and compared to
number of events from the signal region
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Used data: 2007 — 2012

ANTARES results

70— NS — I Background region
///// 60/\ P s [ signal region
50 / 4  3N/2T3 triggered events

TQonly triggered events

60— . )

0 .

ANTARES preliminary

= Signal prediction: ~0.6 — 1.8 events
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Used data: 2007 — 2012

ANTARES results

70— ZiNS— I Background region
///// 60/\ = s [ signal region
50 / 4  3N/2T3 triggered events

TQonly triggered events

N
Ry
-50 - ~
(I —— S\ ANTARES preliminary

= Signal prediction: ~0.6 — 1.8 events

= Excess corresponds to 0.8c
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ANTARES results

ANTARES preliminary

ANTARES E*°v, +7, sensitivity (2007-2012)
ANTARES E™*®v, +¥, limit (2007-2012)

GP neutrinos (NoDrrift_simple)

GP neutrinos (NoDrift_advanced)

GP neutrinos (Drift)

GP neutrinos (Flux calculated from Fermi data)
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ANTARES results

"T:| — ——  GP neutrinos (NoDrift_simple) ——— ANTARES v, +V, limit (2007-2012)
‘_U) - ——  GP neutrinos (NoDrift_advanced) ———ANTARES v, +V, sensitivity (2007-2012)
Nw — ——  GP neutrinos (Drift) —— AMANDA-Il v, +V, limit
'E 10—4 = GP neutrinos (Flux from Fermi data) ——— AMANDA-Il v, +V, sensitivity
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ut
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153 GeV < E <52 TeV
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Conclusions and outlook

ANTARES is in its 7" year of operation

Full sky diffuse flux measurement with showers performed

+2.8
-3.0

a0 Compatible with background: flux limit set

0 8 events measured, where 4.972° are expected

Measurement of diffuse flux from Galactic plane performed
0 Small excess seen, compatible with background fluctuation (0.80)

0 Flux limits have been set

KM3NeT will be able to improve the results
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Two of the eight observed shower events

W

ANTARES Preliminary
Event 46852/51708
Fitted energy: 39 TeV
Fitted zenith: 143°

o 2250 5950
E 2300 2300
ANTARES Preliminary
Event 28722/45202 2480
Fitted energy: 39 TeV 2460
8150 2180 Fitted zenith: 106° 2440
2350 Y Im] 8200 2420 Y [m]
8240
x [m 8250 2300 8260 2400
[m] 8300 X [m] 8280 5200
19/19

03-09-2014 ECRS 2014 - Erwin Visser



Backup
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Shower reconstruction scheme

Hit » Evaluate a rough vertex estimation from the distribution
. of coincident and big hits
» Apply a cut on the time residual respective this vertex
Shower » 2-step Gulliver maximum-likelihood fit where the
. likelihood is calculated from Monte-Carlo based pdf
S values (idea firstly introduced by R. Auer)
——— N, pulses
[i—log LLH) = Z —log pdf;
probability that the whole event probability that one single hit has been
has been caused by a certain caused by a certain shower assumption
shower assumption (stored in tables that were filled from

Monte-Carlo simulations)
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Cumulative distribution

Detector performance

m Track events
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Diffuse Galactic neutrino flux models

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 / c¢cm?

Drift Candia Radially Higher in GC due to
JCAP11(2005)002 dependent drift of CRs
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Diffuse Galactic neutrino flux models

2. Use experimental data
o u+/-

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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