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Overview

® ANTARES description
® Full sky searches

® Special region searches
® Fermi bubbles
o Milky Way

® Future plans
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The ANTARES detector
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Detector performance
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Diffuse cosmic vuﬂux

» Updated analysis: 2008-2011 (855 days livetime)
» Improved energy estimate based on dE/dX
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E°d,,, = 4.8 x 108GeVcem= stsrl (45 TeV< E < 10 PeV)

» 1.4 expected signal event for E2dy,, = 1.2 x 108 GeV cm? s'tsrt
(IceCube HESE measurement)
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Shower analysis

29 Jan 2007 - 31 December 2012 (total livetime: 1247 days, burn sample: 135 days)

Shower reconstruction algorithm. Compares well with simulation (“run-by-run Monte Carlo” with
environmental conditions simulated).

Selection chain:
Muon filter -> Hits -> 2 lines -> No spark events -> Fitted zenith > 94° & E, .., > 10 TeV

Sensitivity per neutrino flavour: E2 . ®ggo = 2.211_8:% . 1078 GeV/(cm2 ST 8)

Event numbers after the final cuts

Contribution to the event counting o Atmospheric background
Cosmic signal events

events
Cosmic signal 1.75
(test flux 1.2*¥10-8 per flavour) '
Conventional atmospheric neutrinos 232
Prompt atmospheric neutrinos 0.56
Tau neutrino estimation 0.78 0.02 (prompt)
Atmospheric muon extrapolation 1.85
Correction for missing vertex showers
in CC muon simulations Oico 016
High multiplicity muon bundles - 0.01
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Shower analysis -unblinding

Fltted shower energy (after quality and zenith cuts)
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Limits on normalization for an E-2 flux: Fitted shower energy [GeV]

® Feldman-Cousins 909% CL upper limit
E? - gy, < 3.9-107° GeV/(cm2 ST 8)
® |ncluding systematic uncertainties using Pole
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Diffuse flux summary

Analysis type Showers Track
Nu flavours All flavours Muonic
Period 2007-2012 2007-2011

(1247 days) (835 days)
Exp. background events 4.9 8.4
Observed events 8 8
Upper limit
2 2

E7 Poo | GeV/{em™sts) 4 9x108 5.1x10°
(per flavour, 909, CL,
systematic included)
Energy range 23 TeV<E<7.8PeV 45TeV <E <10 PeV

Schnabel 2014, Phys. P
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E2® [GeVem 25~ 1sr71] per neutrino flavour

Limits and measurements of the diffuse neutrino flux
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Special regions

Fermi Bubbles Crocker & Aharonian, 2011 Phys. Lett. B 106 10

® Excess of %amma rays (together with X-rays and radio) in
extended “bubbles” above and below the Galactic Centre.
Homogenous intensity, hard spectrum (E2) probably with

cutoff d®
E2d—E’y ~3—6x10""GeVem 2s tert

® Galactic Wind scenario and other hadronic models predict
neutrino flux. Its muonic component can be estimated as:

dq)l/ v
B2 01224 %1077 GeVem 25 Lsr?
Milky Way dr

® The Galactic plane is the most populated region
CRs can interact and produce neutrinos.

* E26 gspectrum expected (leptons can decay due to the low _
| en5|ty) Magnetic field can enhance the neutrino S|gnal p—
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Special regions

Fermi Bubbles
Gamma-rays observation

with hard E2 spectrum
(Fermi-LAT)

Credit: NASA/DOE/FERMI LAT/D. Finkbeiner et al.

Milky Way
CR interact with interstellar medium

Pion decay: neutrinos, gammas

FERMI-LAT diffuse flux (E=3.4 GeV)




Search zones, offzones

Fermi bubbles zone is
approximated with
Le)mniscate of Bernoulli (0.8
Sr

Size of the Galactic plane
region is optimized according
to different models and MRF

Background is estimated

from the off-zones (same o — ——

size, shape and average oot e S

detector efficiency) “ —

Number of off-zones is fixed . . R\

for Fermi bubbles analysis — & | . 0 v = %4 : "l

three . )/
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Depends on the on-zone size SN

for Galactic plane (eight after B SR
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Fermi bubbles: results
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e 2008-2011 data analyzed (806 days of livetime)

® 16 events observed (11 background expected)
® 1.2 sigma significance

® 909% C.L. upper limits are set
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Galactic Plane - results

10° ANTARES preliminary e — GP neutrinos (NoDrift_simple) ~———  ANTARES v, + 9, limit (2007-2012)
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e 2007-2012 data analyzed
® Observed 177 events (166 background expected)

®* (0.8 sigma excess — 909, C.L. are set

Model name Reference Matter density | Cosmic ray flux

NoDuft_simple Ingelman and Thunman | constant: constant
arXivhep-ph/9604286 | 1 nucleon / cm®

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

Duft Candia 1
JCAP11(2005)002
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Special regions - summary

e Upper limits for the neutrino flux from the Fermi bubble
' ; d®, .,
resions E? dlg £ <« Ax1077GeVem ?s tsr!

® no energy cutoff: A=5.3 (6 TeV<E, <2 PeV)

e 500 TeV cutoff : A=8.4 (b6TeV <E, <0600 TeV)
® 100 TeV cutoff : A=16.0 (b TeV<E, <200 TeV)
® 50 TeV cutoff : A=24.3 (5 TeV<E, <160 TeV)

Adrian-Martinez et al. 2014 EPJ C 74 2
® Upper limits for the neutrino flux from the Galactic Plane

central region (909 of the signal):

dq)y 1%
dg L <461 x 107*4(E[GeV]) %% GeV tem ?s tsrt

a(1/8 GeV < E, < 70.8 TeV)

A
?RE\»\N\W\P
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Conclusions and plans

® ANTARES - the first undersea Neutrino Telescope. It is in
its 7t year of operation.

® Despite its moderate size, but thanks to its location and
excellent angular resolution it is yielding:

® Diffuse flux sensitivity in the relevant range

® Best limits for the Galactic Centre and the Fermi bubble
regions

® The measurements can be improved:
® |tis planned to run during 2015 and, probably, longer
® More data are already collected and not analyzed yet
® Joint track and shower analyses are in development

Prepare for the next generation Mediterranean neutrino
2lescope — KM3NeT
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® two of the 8 observed events (diffuse flux analysis with
showers

'L2050
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