Meeting on Fundamental Physics, Benasque, March 2015
Status report on IceCube,
ANTARES and KM3NeT
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Neutrinos are expect
the interaction of high en
matter or radiation:

(N‘+X — o (K=.)+Y > nmi+n (0 )+Y
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Cosmic rays

Neutrinos are expected to be produced
in the interaction of high energy
nucleons with matter or radiation:

N+X —>p’+Y - gg+Y

Gamma ray astronomy
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Beyond ~5x10'? eV, the
flux should vanish due to

the interaction of protons
with the CMB (GZK limit).

High energy neutrinos
could give information
about the origin of cosmic
rays.



High energy photons

Proton-induced
cascade




Supernova Remnants
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Fermi (y-rays) resulis on IC 443 W44 supernova
remnants seem to indicate a beftter
agreement of hadronic models for low
energy - origin of low energy CRs¢

E® dN/E (erg cm™ s
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Magnetars

Magnetar burst sequence
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Micro-quasars: d
compact object (BH or
NS) towards which a
companion star is
accreting matter
Particle acceleration up
to high energies in the
jets

Mass-
donating companion
star (IR-optical)
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Active Galactic Nuclei




GRBs are brief e

In the fireball mode
with the surrounding
super-massive star (short G
objects (long GRBs, 30 s)

al and radio).

elocities collides
uld be a collapsing
merging of two compact

GRB FIREBALL MODEL"

Pre-Burst

E ~ 10511054 ergs -
e : Shoc
2 »': Formation

LOCAL MEDIUM

((\=))
T=‘0'$ T"1023
R =106 cm R~3x1012cm t1-23x103s
R~10"%cm




Starbust Galaxies

I —




Dark matter




Sources for DM searches

vy Clusters




Protons intferact with mcrowove background,

which limits its range at high energies (GZK cut-off). p
Yems 2 AT 2 nxt (or p n°)

1

@0 Mpc @E, =5" 10" eV

nCMB XS PGMB

The GZK cut-off also leads to a measurable 1o
Nneutrinos

p—>m+n_—e+n +n.+n,

~1 neutrino (E, > 2x10'8 eV) per km3year
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Nevtrino detection techniques




Baksan Conference, 1977
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M. Markov: “W ropse to install detectors deep in @ Idke orin
the sea and to determine the direction of charged particles with

Pk

bt .

the help of Cherenkov radiation.” (1960, Rochester Conference)



Detection Principle

Where to put the detector?

1) In a tfransparent medium

2) Neutrinos interact weakly -

-2 We need a LARGE target -2

=2 It has 1o be cheap =2 Natural medium
- Oceans (or lakes) or Antarctic ice

ght detectors
(ohotomultipliers)




Detection Principle
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Other signatures

cascade double bang
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1 km at 300 GeV 5-10 m long

25 km at 1 PeV diameter ~ 10 cm




Channels

time N

F =
CC Muon Neutrino Neutral Gurrent / CC Tau Neutrino

Electron Neutrino
am

Uu+ N —-p+ X Ve +N = e +X vp+N—=>17+X
-t N> X

ik

|
ii

track (data) cascade (data) “double-bang™ and other
signatures (simulation)
factor of = 2 energy resolution =~ *15% deposited energy resolution
< 1° angular resolution = 10° angular resolution (not observed yet)

(at energies = 100 TeV)



There are ty
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Water vs Ice

"I -Ye \'
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- Nob
- Easier de
- Lowerrisk o
= Anyway, a dete e in necessary for
complete sky coverage (Go enterl), and it is only feasible in

the ocean.




Veto or HE
threshold
techniques allow
SH... at a price

5433 | Gx339-4 Velai
Galactic
Centre




Pioneers
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History of the project:

1975: first meetings
for underwater
detector in Hawaii
1987 Test string
1988: Proposal: “The
Octagon” (1/3
AMANDA)

1996: Project
cancelled




kal

Bai

eutrino

issioned
ommissioned

¢ ' .
.....



Upgrades and plans for the
future:

GVD

Instrumented volume ~0.3
km3

2304 OMs
96 strings/ 12 clusters

Prototype line deployed in
2011

2014-2018: construction data
taking

Also plans for acoustic
detection




200 m 1997-99. AMANDA-B10
(inner lines of AMANDA-II)

10 strings
302 PMTs

Since 2000: AMANDA-I|

19 strings
677 OMs
20-40 PMTs / string

Latter merged into lceCube

May 2009: switched off




urces selected for search

Source

Crab Nebula
MGRO J2019+37
Mrk 421

Mrk 501

Ls T +61 303
Geminga

1ES 19594650
M=T

Cyvenus X-1

Equatorial sky map of 6595 events

recorded by AMANDA Il in 2000-2006 For 26 sources, p < Q.OO&S
The most significant point has 3.4c occurs 20% of the fime for
but this should happen 95% of the at least one source.

time with the present statfistics.









IC86: Wi
~ 5x101° muons/year
~ 20,000 neutrinos/year

IceTop ‘

80 pairs of ice
Cherenkov tanks
Threshold ~ 300 ' T
GeV { ‘ J [ {[L 145 ": [

lceCube Array | i

80 strings with 60 OMs
17 m between OMs
125 m between strings
1 km3. A 1-Gton
detector

Deep Core

6 strings with 60 HQE OMs E 5 S
Inner part of the detector : : :
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.
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Eiffeltornet

lceCube + Deep Core = 5160 OMs
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- Zenith 0.150148
below IC — . Azimuth 3.50723 "e
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' 5 megawatt power plant
10¢ kg of drilling equipment
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about 2 days to drill the 2.5 km hole
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2008-2011 data:

Livetime 1371 days

178k (upgoing neutrinos)
216k (downgoing muons)

-45°
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p-value=0.44 85°
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—&— Ahlers et al.
—M— Waxman-Baheall

Exclusion CL (%)

10 10° 106
Neutrino break energy z;, (GeV)

arXiv:1412.6510

Ahlers et al.: only neutrons contribute
Waxman-Bahcall: protons are allowed to escape and
contribute to the UHECR flux

our years of data
506 bursts studied
Only 1 coincidence
(non significant)
Strong constrains in
GRBs models

No more than ~1%
of the IC neutrino
flux consists of
prompt emission
from GRBs




2012: Looking for UHE neutrinos, two
events (cascades) appeared with
E~1PeV (0.14 expected, 2.360)...




HESE (High En
inside the dete

30 TeV) starting

This strategy allows to reduce the background due to atmospheric muons

because they would have left a signal in the external part of the detector
(veto)

It also helps to filter atmospheric neutrinos, since they are usually
accompanied by muons

Disadvantage: the volume is greatly reduce (only “contained” events)




22 November 2013 | S10

‘Science

Science 342 (2013) 1242856, 22

28 events in total
(including Ernie
and Bert)
Expected

background:

6.0x£3.4 atm. muons
4.6x1.5 atm. neutrinos

Significance: 4.90




in three years, 37 evel

0 Background Atmospheric Muon Flux
I Bkg. Atmospheric Neutrinos {(=/K)

Background Uncertainties
= Atmospheric Neutrinos {90% CL Charm Limit)
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Events per 988 Days

Showers —e—i
Tracks +--xX—

—_
[%2]
o
o
P
>
@

o

SN—
c

L

=
©

=
O
oy

(a)]

Deposited EM-Equivalent Energy in Detector (TeV)
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sin(Declination)

acks (muons), angular resolution
< | deg, to reconstruct the energy is
harder since the muon takes part of
energy out

Hiavaviine

shower

=

__h*

28 showers, angular resolution 10-30
deg, good energy resolution (15%)

hadronic hadronic
shower shower

S

=

== hadronic

shower

hadronic
showaer









X tracks
+ showers

Galactic

TS=2log(L/LO)

All events: p-value 84%
Shower events: p-value 7.2%




& tracks
® showers

(size « deposited energy )

31
absorption
>60%

Galactic

PRL 113 (2014)

All events: p-value 84%
Shower events: p-value 7.2%




Conventional atmospheric m——
Promgt atmospheric ———
E“ astrophysical We—
Sum of predictions
Experimental data e

Muon Energy Proxy (GeV)

“Standard” search for a diffuse of upgoing muon neutrinos
Two years of data

3.7 sigma — Measured flux compatible with HESE analysis
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arXiv:1502.03376 fe,®

muon-suppressed pion decay (0:1:0)
pion & muon decay (1:2:1)

neutron decay (1:0:0)

best fit (0:0.2:0.8)

9 showers and 8 tracks (superset
of HESE sample)
Best fit:

2.6 £ 0.15

Dy = (2.34+04) x 1078 GeV ™ st em2sr!

Confidence Level Exclusion (%)

(spectrum with HE cutoff also
disfavoured)
Best composition at Earth is
(0:0.2:0.8), but the limits are
compatible with all compostions
possible under averaged
oscillations



PHYSICAL REVIEW D 91, 022001 (2015)
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641 days: 283 cascades and 105 tracks
Measured spectral index y= 2.46+0.12 (y=2
rejected at 99% CL) in the 10-100 TeV range
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+ 12 lines (885 PMTs)
- 25 storeys / line
+ 3 PMT / storey

Junction /
, 3 A . box /
ar -y n ;| 100m
/l/ e 1 - - \ Electro-
“":‘_\, | IR l optical
60-75 m — — ' cable

l‘. Readout cables



Deployment




Connection
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Run 34927 Frame 7155
Wed Jun 18 00:08:10 2008

Trigger bits 80002020 -
Zenith : 34.8 Line 1-12 Physics Trigger (th reconstructed u 5

Fit on 5 line(s) neutrino candidat
detector lines:

123456 photons
- -

Time [ns]: -460.00

1000 1500

time (nsec)
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g -: IceCube 3 years
> - H IceCube 3 years sensitivity
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— APJL 786 (2014) L5

-0.4 -0.2

o b b b b b b b L
-0.8 -0.6

ANTARES full-sky limit - 1° bands (1338 days)
s ANTARES E, <100 TeV sensitivity
O

«nnn lceCube 3 years E, <100 TeV sensitivity

_—_ e e - o __--—
Name

a(®) 6(°) n. p-value ¢%%CL
HESSJ0632+057 98.24 581 160 0.07 4.40
HESSJ1741-302 265.25 -30.20 0.99 0.14 3.23
3C279 19405 -5.v9 1.11 0.39 3.45
HESSJ1023-575 155.83 -57.76 1.98 0.82 2.01
ES0139-G12 264.41 -59.94 0.79 0.95 1.82

0 02 04

0.6

0.8
sin(d)

1

Best limits for TeV-PeV
energiesin the Sourthern
Hemisphere

lceCube threshold for SH is
~1 PeV
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IC+ANTARES
limits

- IC 40+59+79

IC limits

- ANTARES

ANTARES limits

een done looking for point

iIng ANTARES and IceCube data
improvement in the declination
region corresponding to the crossing of
sensitivities, whose position depends on the
spectral index and a potential energy cutoff
Data (ANTARES 6y + IceCube 3y) has been
unblinded and a common skymap produced
(ho excess found)

pre-trial skymap

4og, (pval)




Diffuse fluxes
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Multimessenger




===+ SIMPLE 2004-2011

—— * COUPP 2010-2011 -
lceCube-79 :

Baksan .
., 1978-2009 s, ~

ANTARES R o 8
_ 20072012 -

Log, [5,,s, (PD)]

+1996-2008 .,

Baksan
1978-2009

WeW 2007-2012
- \RJ—
sl s

PRELIMINARY

10°
Mymp (GeV)
With only 2007-2008 data, already competitive with lceCube-79

Better angular resolution
Better visibility of the Sun
Energy threshold
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PRELIMINARY
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— Width = 0°
=== Width = 0.57

N
S
2

E? »X % CL (GeV cm?® 57)
3,

102
2¢10%;

5 -4 -3 -30 -25 20 -5 -10 -5 0

817

THE AsTROPHYSICAL JOURNAL LETTERS, 786:L5 (5pp), 2014

What can ANTARES say about thisg (seven
events in the HESE analysis close to the GC)

In arXiv:1310.7194 (Gonzdlez-Garcia, Halzen,
Niro), it is proposed to come from a point
source with flux 6x108 GeV cm2s-1,

ANTARES data allows to reject this possibility
(it is not a point-like source) at the flux
proposed there and limits depending on the
size of the source are set




ANTARES on IceCube signal (ll)

. r



A&A 566, L7 (2014) Astro nomy
DOI: 10.1051/0004-6361/201424219
Astrophysws

© ESO 2014

LLETTER TO THE EDITOR

TANAMI blazars in the IceCube PeV-neutrino fields*

E. KrauB'?, M. Kadler?, K. Mannheim?, R. Schulz'2, J. Triistedt', J. Wilms!, R. Ojha**>_ E. Ros®”8_ G. Anton’,
W. Bi-llll]lgiil'tlel'j. T. Beuclert"z. J. B]E-lll(,‘h{-ll”dm. C. Biirkel'2, B. C.'ﬂrpemej. T. Eberl”. P. G. Edwards!!,

Astronomy & Astrophysics manuscript no. antares_tanami_aa @©ESO 2015
January 16, 2015

Lerter TO THE EDrror

ANTARES Constrains a Blazar Origin of Two IceCube PeV Neutrino
Events

The ANTARES Collaboration: S. Adridan-Martinez!, A. Albert?, M. André®. G. Anton”, M. Ardid!, J.-J. Aubert®,

B Bdl."E‘l . B.lrrm'-f’ S. Basa”, V. BE.‘I‘[IIlﬁ S. BldEl" C. Bogdzzﬂ- R. Bc:u"nmlhl 13 M Bou Cdb{!
. i l2, 14 . - 17 L+ 10




KM3NeT




KM3NeT

KM3
cons
the Me
instru
cubic ki

It will also &
experimen
oceanograpy

40 groups of Astrc
Physics and Sea Scie
countries are involved

Prototype lines have already been installed
The construction of the first lines has started
The first KM3NeT line will be installed this spring







KM3NeT Optical Modules

. April 20

“ = Ref: Eur. Phys. C. (2014)
= 74:3056




Detector U

18 DOMs, sep
anchored aft se
kept vertical by buo
115 DUs = 1 building block
Deployable with launching vehicle:
fast ARCA
recoverable

safe
less dependent on weather conditions

(ARCA)

Prototype
installed at
== | Capo Passero
== since May 2014

—




Water: best a
All flavor astrono

KM3NeT/ARCA Preliminary
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KM3NeT/ARCA Preliminary
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