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Neutrino astronomy

» Photons are absorbed by the ISM
* Protons are deviated by magnetic fields
» Neutrinos are neutral, stable and weakly interacting particles

Signature of hadronic acceleration : sites of cosmic rays production



Neutrino astronomy
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Neutrino astronomy
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=> Which and where are the sources ??

- Need gOOd aﬂgU|ar aﬂd eﬂergy accuracy Next genera’[ion of deep_
- All neutrino-flavors to be taken into account |sea neutrino telescopes will

- Mu'tl_messenger programs bring new constraints !!




The ANTARES neutrino telescope

12 line detector completed in May 2008
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Neutrino follow-up of the first GW event

GW alert triggered by adv.-LIGO on sept. 14, 2015
=» Online follow-up by ANTARES and IceCube

——_ Within +/- 500s: 3 neutrino
candidates from IceCube,
0 from-ANTARES

3
5 Expected number of

background events:

GW (99% CL)
GW (90% CL)
GW (50% CL)
X neutrino

4.4 for lceCube
0.014 for ANTARES

#| AT [s] | RA [h]| Dec [°] | o [°] | E™® [TeV]|fraction
1] +37.2 8.84 -16.6 0.35 175 12.5%
21 +163.2 | 11.13 12.0 1.95 1.22 26.5%
3| +311.4 | -7.23 8.4 0.47 0.33 98.4%

https://dcc.ligo.org/public/0123/P1500271/013/GW150914 neutrino.pdf



https://dcc.ligo.org/public/0123/P1500271/013/GW150914_neutrino.pdf

Neutrino follow-up of the first GW event

GW alert triggered by adv.-LIGO on sept. 14, 2015
=» Online follow-up by ANTARES and IceCube
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=» Integrating emission between [100 GeV; 100 PeV] and [100 GeV; 100 TeV]:
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What can ANTARES say about the IceCube results ?

> Constraints in the Galactic Center region

Galactic Effective area in the Galactic Center region
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EMD, (GeV cm2 sr-1s1)

What can ANTARES say about the IceCube results ?

> Constraints in the Galactic Center region
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http://arxiv.org/abs/1602.03036
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What can ANTARES say about the IceCube results ?

> ANTARES / IceCube joint analysis: http://arxiv.org/abs/1511.02149
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http://arxiv.org/abs/1511.02149

KM3NeT

The Collaboration: 240 people, 42 institutes, 12 countries
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KM3NeT

Distributed research infrastructure with 2 main physics topics:

Oscillations and Astroparticle Research with Cosmics in the Abyss

LIRS 5 voner o

‘ The KM3NeT Research Infrastructure
3 Installation Sites in the Mediterranean

i KM3Nel-DataiCentre

1  KM3NeT-FR

i.ow-Energy
(ORCA) (KM3NeTi-Gr)
b KM3N§T—It

High-Energy
(ARCA)

N -

s N &
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KM3NeT - Letter of Intent

fk pwhat 1 owsfl
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http://arxiv.org/abs/1601.07459

KM3NeT
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« 18 OMs/line
e« 313" PMTs
« Digital photon couting

« Wide angle of view
 More photocathode than 1 ANTARES storey
« Cost reduction w.r.t. ANTARES




A phased implementation

PHASE 2
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BLOCKS

0.25

PRIMARY DELIVERABLES

shore and deep-sea infrastucture at
KM3NeT-Fr and KM3NeT-It

+ 31 lines (3-4 x ANTARES)

Proof of feasibility & first results

31 M€
FUNDED

and
ONGOING

2
ARCA

ORCA

Measurement of IceCube signal
All-flavour neutrino astronomy

Neutrino mass hierarchy

‘+95 ME

80-90 M€
Letter of
Intent

on Arxiv
01/27/16

30-40 M€

6 (+1)

Neutrino astronomy
including Galactic sources

(...and a beam to ORCA ?)

‘+11o M€

220-250 M€
ESFRI
Roadmap
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Status of Phase-1

December 4th, 2015: first line deployed at Capo Passero (Sicily)

04/12/2015:
Laid on sea-bed

Unfurled
Powered on
Taking data!

3439.8)

First reconstructed p seen! s

3476.99

\f;w-““""““’g‘“’ TH2ISE + 1 ST

ALT
5.08
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Status of Phase-1

December 4th, 2015: first line deployed at Capo Passero (Sicily)

KM3NeT preliminary

700 =L '_'l

C tructed
600F- o Uit
500F Lo
400F =
300F =

- Provided by K. Melis
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E ROV
1476.99

‘Q ANgL iy Tap Joam D-061) UM+ DR 2 ‘-'".1\ NS
e E“TH2ISE + | ST
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ROV 5.08
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KM3NeT /| ARCA - Expected performances

00 KM3NeT preliminary %0 KM3NeT preliminary
ARCA Ph 2 400} e S 1 400} o N
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of IceCube signal

Good reconstruction performances both on tracks (muon
CC channel) and showers (electron CC here)

v, CC, A>-5.8
1OJ..|..|.|| T L. T..T.ILTIT

—— [0 90% of the AW(vfit) distribution Ang. resolution vs E
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neutrino direction : 0.3° at 10 TeV cascade direction: median=2°
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KM3NeT /| ARCA - Sensitivity to diffuse flux

> Single-flavored energy spectrum parametrized as:

E,\ 7 E
_ -8 v . B 1 =2 =1 o —1
d(E,)) =1.2x10 (GeV) exp ( 3 PeV) GeV rcm s sr

KM3NeT prellmlnary

o))

5-0 significance:
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|

Tracks: 1.5 -2 yrs ARCA Phase 2

Cascades: < 1 yr i — tracks
Combined: ~6 months 30 R T d ------------------- -

N
|

Significance [O]

comblned
Vot conventlonal uncertamty
Vatm prompt uncertamty

with atmo. muons self-veto 2r

flux peré flavour 12 107 (E/1é GeV)? exép(-E/S PeV) GeV sr1 s'cm? E
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Observation time [years




KM3NeT [ ORCA - Neutrino mass hierarchy

I KM3NeT/ORCA Preliminary

ORCA Phase-2
1 building blocks

Credit: IceCube

P{v,~v ) with Travel Through the Earth - 10 GeV, 179

in KM3NeT-Fr ; E,:,.Z""‘"]
|- E _\
-» Measurement § ;
3 81 a

of the neutrino mass

hierarchy with atmospheric 3
neutrinos (1-20 GeV) £
a0 400 oo s00 10000

Length (km)
P(v,—sv,) with Travel Through the Earth - 8 GeV, 126

o

L — (m3)2 (m2)2
(Am2)sol
(m,)*

&
& O
i |

o
3]

Earth Density (g/cm*3)
P(v.—v,)

o
L )
T

b (Am’)

atm

(m,)*
(Amz)sol
(m,)’ () E— —

normal hierarchy inverted hierarchy

—
- NN
: 1

- b wbdnoNudDo




1

KM3NeT /| ORCA - Expected performances

Need a good angular and energy resolution both for tracks and cascades events

> e.g.. tracks: vy channel

KM3NeT/ORCA Preliminary |

KM3NeT/ORCA Preliminary |
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Very good angular resolution Energy resolution better than 25%
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KM3NeT /| ORCA - Expected sensitivity

ORCA’s data = event rates as a function of the reconstructed neutrino energy and zenith angle.
Distinguish between the two mass hierarchy cases by comparing these to the expected rates

Projected sensitivity: ~30 in 3 years, depending on true values of 623 and ocp

KM3NeT preliminary
. 2
sin“(0,5) ORCA Mass Hierarchy Significance for §.,=0°
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Conclusions and prospects

ANTARES is still observing the sky

Brings valuable constraints on the lceCube astrophysical signal
KM3NeT Is being deployed both in Italy and France sites
Technology and detection performances validated by prototypes
KM3NeT-It =» ARCA: HE neutrino astronomy

KM3NeT-Fr =» ORCA: neutrino mass hierarchy

Letter of Intent released on January 27th |

Birth of a new window on the Universe...stay tuned !
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Back-up slides
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Neutrino astronomy in the Mediterranean

> ook at high energy events

EeV

log (dN/dE)

PeV

~TeV log(E)
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Neutrino astronomy in the Mediterranean

> Mediterranean / South Pole

Complementary coverage:
- galactic center / extragalactic sources

Good pointing accuracy / Calorimetry

Optical noise (biolum) + K40 / no noise

Absorption / diffusion

Mediterranean : logistically attractive

ANTARES

B> 75%

O 25%-75%
O< 25%

TeV y-Sources
@ galactic
® extragalactic

lceCube
B 100%
O 0%
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KM3NeT prototypes

=» April 2013: Optical module deployed at ANTARES (-2500 m)

10° T
10° KM3NeT DOM GV S
w =it 1% |Validation of photon
_ 107 B combinatorial Background Sr: . : . )
2 & |counting & directionality
£ O
S S performance
10° QE:
10 5
10° .

5 10 15 20 25 30
Coincidence Level

=» May 2014: Mini string (3 storeys) deployed at Capo Passero

10.88m: Buofﬂ 25 oo | ® . First. benchmark of
ST @ oom L s 1 £ | Smooth operating
ssom| . g 1° | and data taking
bomL-.. : ¢ |* Muon track
72.02m Ropes 05p 1 reconstruction
Cable\M\égiccontainer 8: Powemget®® L S Capabilities '
.6 065 07 075 08 085 09 0.95 1

Anchor
COS ereco



KM3NeT launcher vehicule

Rises to the surface while slowly rotating and releasing the OMs
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Declination (J2000)
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KM3NeT /[ ARCA - Sensitivity to Galactic point sources

RX J1713.7-3946: % _ 166 x 10- [E_]e CJ=E ) Gevtem st
' CdE, 1 TeV g 2.1TeV

Vela-X: 9% _ 75410715, | L o Ev ) Gevlem2slgr!
©4E, & 1 TeV P 7Tev | %V M os st

KM3NeT preliminary - detector with 2 building blocks

— : . , : . |
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Point-like sources: muon channel 5 .- -
2:‘— V:Ela)( —
r [ vem conventional uncertainty | .
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Right Ascension (J2000) : i .
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Observation time [years]

Discovery potential (50):
= 10'6:- L B KM3NeT/ARCA (2 building blocks), 3 observation years
c},w B IceCube (IC86+IC79+IC59+IC40), 4 observation years
(E; Astrophysical Journal 796 (2014) 109
= = ' > B .. B Antares upper limits (133.8 days)
50 discovery potential as a function 8 | KM3NeT preliminary o Ls dorm 100
[] [] [] Lu —
of the source declination for one neutrino flavor < :

for point-like sources with a E-2 spectrum (3 yrs .5:_-"'--""'
of data-taking) U
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KM3NeT /| ARCA - Expected performances

KM3NeT preliminary - KM3NeT preliminary
ARCA Phase-2
2 building blocks g R R e SRR
in KM3NeT-It |

= Confirmation
of IceCube signal o oA e § R e e

Good reconstruction performances both on tracks (muon
CC channel) and showers (electron CC here)
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KM3NeT /| ORCA - Expected performances

> Cascades: ve channel

Median directional resolution [deg]

Angular resolution <10° at 10 GeV
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