Neutrino studies In the
Mediterranean: the KM3NeT/ARCA
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IceCube Collaboration,
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Neutrinos from cosmic rays

KM3NeT
component:

e 1—100 GeV: neutrino mass hierarchy w. atmospheric flux ORCA

e 100 GeV - 30 TeV: various galactic (TeV gamma) sources
e 30 TeV — 3 PeV: IceCube signal (astrophysical flux)

Atmos
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Solar
Reactor

Big Bang
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Formaggio & Zeller, RevModPhys 84 (2012) 1307

C.W. James for KM3NeT, CosPA, Sydney 2016
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u (from EAS)

The ‘track’ channel

v, 7@ shower

!
V,—c—>V, + shower

vV,——> shower

V,——7c—>7 + shower

T——, >V, + shower

TéNU% v, + u+vu

e Mostly sensitive to muon neutrinos only
e Highest effective area, good angular resolution
e High atmospheric muon background: look at events from below only

C.W. James for KM3NeT, CosPA, Sydney 2016 4
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Detection principles: shower-like events

——>V/ + shower

T——, >V, + shower

TéNU% v, + u+vu

e Most sensitive to electron neutrinos
e Clean neutrino signature: studies over 411

e ‘Good’ energy resolution, worse directional resolution: diffuse flux!

C.W. James for KM3NeT, CosPA, Sydney 2016
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IceCube astrophysical neutrino flux

(more next talk by Jenni Adams!)
e Brief overview

Discovered using ‘starting events’
Seen from ~30 TeV-3 PeV
Detected in the muon channel
Tension in North/South fluxes

No source identified!

Aartsen et al., ApJd 809:98 (2015)

Conv. atmospheric (v, +v,,)

=== Prompt atmospheric (v, +v,, 90% C.L.) |]
I Astrophysical (v, +v, +v,)

104 10° 108 107

E, [GeV]

C.W. James for KM3NeT, CosPA, Sydney 2016

ICECUBE PRELIMINARY ___ T

Galactic

B |
0 TS=2log(L/LO) 13.1

arXiv:1510.05223v2

e Questions:

What are the sources?

Galactic vs extragalactic?

|s there a spectral break?

Flavour composition?

All constrained, but weakly 6
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The ANTARES neutrino telescope

e |ocated off Southern French Coast
e Completed 2008
e 12 lines, 60-70m spacing
e 25 storeys per line
e 3 X 10-inch PMTs per storey
0~0.02 km3

C.W. James for KM3NeT, CosPA, Sydney 2016

HYERES
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Results — point-source limits

-5
= 10 ANTARES 2007-15 sensitivity [PRELIMINARY]
(7 N T ANTARES 2007-15 sensitivity (Ev <100 TeV) [PRELIMINARY]
- . o a ANTARES 2007-15 limits [PRELIMINARY]
o E2 pOInt sources e wiwimimimimimimins  ANTARES 2007-15 50 pre-trial discovery flux [PRELIMINARY]
;’ 6 IceCube 7 years sensitivity [arXiv:1609.04981]
10°7°| ---mmmmmaes IceCube 7 years 5c pre-trial discovery flux [arXiv:1609.04981]
° AN TARE S 8 nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn IceCube 3 years MESE sensitivity (E < 100 TeV) [ApJ 824(2016)2 L28]
— -
e lceCube o ™,
Q -
8@ 10—7 E_ “an \
o -
w — g e
[ -”"l\”‘l-“'ﬁb_"\,‘_,-._.'nmwlw”‘“w'w'w!l --------------
s T P . oo “,:/
10— E 5 L 20N o
10°E |
10—10lllllll[llIIIlllllIIlllllll[lllIlllllll
-1 -08 -06 -04 -0.2 0 02 04 06 0.8 1
sin(d)

e ANTARES: combined track (0.3-0.4°) and cascade analysis (3°)
e Limits origin of IceCube flux at southern declinations

C.W. James for KM3NeT, CosPA, Sydney 2016



\

‘N ERLANGEN CENTRE
n FOR ASTROPARTICLE
w17 physics

-y

What to do next?

¢ In Antarctica: Build lceCube Gen2 (more next talk)

e 5-10 x current IceCube detector
e Sparser layout: large number of HE events

o Current design stage — white paper in preparation

e |n Mediterranean: Build KM3NeT

o |ceCube-scale detector
e |Improved angular resolution of seawater: neutrino astronomy

o Similar event rate, higher precision
e View of the southern hemisphere: target Galactic accelerators



KM3NeT: an undersea research infrastructure
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KM3NeT: digital optical module

e Optical module: e |Launcher vehicle:
e 31x3"PMTs e rapid deployment
e 411 Sr coverage e autonomous unfurling
e directional resolution e recoverable

e dynamic range

Y -w%-..

— 17—

C.W. James for KM3NeT, CosPA, Sydney 2016 11



ARCA: Astroparticle Research
with Cosmics in the Abyss

ARCA: TeV-PeV

e ARCA: 2 blocks:
e 115 ‘detection units’ per block
e 90m horizontal spacing

e Detection unit:
e Line anchored to the sea floor
o 18 optical modules
e 36m spacing

e Total volume: 1.2 km3
e Site: 3.5 km depth
e Shore station:

Capo Passero
(Sicily)

C.W. James for KM3NeT, CosPA, Sydney 2016

Google Maps

~1 km

3.5 km
under
da sea!!

w2l

8 12



ORCA: Oscillation Research
with Cosmics in the Abyss

ORCA: 3-100 GeV Antoine Kouchner (Monday)

e 1 ORCA block:
e 115 lines
e 20 m horizontal spacing
e 9 m vertical DOM spacing

C.W. James for KM3NeT, CosPA, Sydney 2016
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KM3NeT 2.0: ARCA & ORCA

STRATEGY REPORT
ON RESEARCH
KM3NeT 2.0 INFRASTRUCTURES

o | etter of Intent for KM3NeT 2.0:
e J. Phys. G, 43 (2016) 084001
o https://arxiv.org/abs/1601.07459

e KM3NeT 2.0: ESFRI roadmap

Letter of Intent
for
ARCA and ORCA
llation Research with Cosn

>-ph.IM]26 Jul 2016

1111111111

arXiv:1601.07459v2 _[astro

nnnnnnnnnnnnnnnnnnnnnnnnnnn

& KM3NeT:HQ

The KM3NeT Research Infrastructure
3 Installation Sites in the Mediterranean

I KM3NeT-Datai€entre

__ & KM3Nef-FR
0

KM3NI§T-Gr
& KM3NeT:It
e

~

C.W. James for KM3NeT, CosPA, Sydney 2016
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Cost breakdown

e Phase 1: funded!

e Phase 2: ESFRI roadmap

e Phase 3: neutrino astronomy

M Shore station (incl. computing)
B Deep-sea cable network
H Deployments

. W Strings (without PMTs)

B PMTs (incl. base and reflector)

Phase | Total costs | Building blocks | Start | Primary deliverables
(cumulative)
M€
1 31 0.2 2013 | Proof of feasibility and first science results.
2 Study of the neutrino signal reported by IceCube;
2.0 125 1 2017 Determination of the neutrino mass hierarchy.
3 220-250 6 2025 | Neutrino astronomy including Galactic sources.

C.W. James for KM3NeT, CosPA, Sydney 2016

16
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KM3NeT Phase 1 (2013-2017)

o 24 ARCA lines at KM3NeT-It (Capo Passero)
e 7/ ORCAlines at KM3NeT-Fr (Toulon)

° Status & KM3Nel:HQ
e Funded!
_ The KM3NeT Research Infrastructure
e Construction begun 3 Installation Sites in the Mediterranean
e Goals: & KM3NeT-DataiCentre
 Proof of technology | KM3NeT/FR w, S
e Prototype module ,9 %ﬁr |
EPJC (2014) 74:3056 KM3NeT-Gr

o X KM3NET- It
E

e 3-DOM test line:
EPJC (2016) 76:54

e 3 Lines deployed: 1
recovered for testing

ARCA Phase 1: largest neutrino telescope in the Northern Hemisphere
C.W. James for KM3NeT, CosPA, Sydney 2016 17
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KM3NeT

KM3NeT Phase-1
Infrastructure (March 2016):

3 Installation sites
@® 2pPmT preparation sites
@® 4pom integration sites

@ 3 DOM integration sites
proposed/planned

O 3 base module integration sites
@ 3pu integration sites

3 DU test and preparation
to deployment.sites

[ ) Atheer’ms‘;é,,-;h A
KM3NeT-Gr & ;
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Deployment

e Sea-level deployment
e Remote unfurling (acoustic signal)
e ROV connection to underwater cable

e Deployment test (2013):

e https://youtu.be/7THKHWOhLxt4?t=44s

C.W. James for KM3NeT, CosPA, Sydney 2016 19
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40K940Ca

' —

e Natural radioactive decays from 4°K 4
e Cherenkov light
a

Self-calibration: 499K

e ~5 kHz rate in PMTs
o Filtered by CPUs at on-shore DAQ

o Self-calibration mechanism! KM3NeT First DU Preliminary
% DOM 2, PMT pair 401 ' ' '
e Calibration tells us: S I s -
o Time offset (centre) s
0.6

o Efficiency (area)
 Single-photon spread (width) 4

e Long-term stability observed 0.2

C.W. James for KM3NeT, CosPA, Sydney 2016
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Further calibration

o Flashers at line base
e Scattering, absorption, time

e Muon calibration:

#hits/pulse

107

10°

10 §

e V=Cc => most precise time offset

o N ! L L L L ]:I

700 :_ A o KMB3NeT First DU Preliminary
- Hit

600 :_ ®  Triggered hit

500 :_ Muon fit

400 =

300 =

200 =

100 —
- _ 06 Feb ) 2016 04:18:14+327335521 [ns] | ]

1000 1500 .2000 2500
Photon arrival time [ns]

0 500

C.W. James for KM3NeT, CosPA, Sydney 2016
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o
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EPJC (2016) 76:54




ARCA: Event reconstruction performance



photoelectrons [p.e. s’ u'1]
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DOM response <~ reconstruction accuracy

e Multi-PMT DOM: uniform coverage, high dynamic range
e Low scattering in water:

e Most photons w/in 10 ns
o Excellent event topology

1
N

10

1073

PMT response to 1 TeV muons at p=50m

'KM3NeT PMT: facing towards

facing away e ]
background - - - - -

| PDFforE=10TeVatr=100 m

= p@bal_&y of_g 1 hit

P(detect a photon)
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J KM3NeT

Track channel: direction reconstruction AEC M .
il
e Step 1: use timing for position/direction B3R -
e Limit from interaction kinematics | Rt
e Median, , 90% quantiles Simulated . ..
0.1° at 100 TeV o fl track event \ l
: ~astro flux
’ 2 eV (~astro flux) KM3NeT
° 020 at 10 TeV (~Ga|actlc) % 10 'E' ""'-;- ..... R T s p
L : S I '| IceCube th h-goi
o Step 2:fit hits to determine energy 5 | S 1600 04081 0T
e 0.27inlog,, E o s |
2 3000F 10 Tev <=E, <= 100 PeV S c_zs TR
Lﬁ i Mean -0.01 D P NN
5 25001 Sigma 0.27 E
£ 2000}
§ : VM 10_1 Lo :
1500F i
5001 102 bt e N
F o | 10° 10* 10° 10° 107 10°
%55 1 05 0 05 1 15 2 E, [GeV]

reco

log, (E.__/E,)
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0 KM3NeT

Resolutions on cascades

00000

e Step 1: fit a point-like origin! LRI
P .p . g , Simulated =~ =
e Resolution on neutrino interaction vertex: cascade event -

Distance to interaction along the shower axis vs EV | | Distance to interaction perpendicular to the shower axis vs E_ |

— 20

Distance [m]

—
o
_.L.J..L..;..L..L,J..;..J.,L..L. ..L.J..L..;..L..\..l..;,.l..L.J..‘..\..J..L..;..L..L.l..;,.J..L.J..t..\..&..\..

10’
E, [GeV]

o N A O @

BT

i I i
10° 10°

e \ertex resolution limited by shape of cascade

C.W. James for KM3NeT, CosPA, Sydney 2016 25
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Resolutions on cascades

e Step 2: fit for direction/energy:

e 1.5 degree resolution on cascade events (insensitive to systematics)
e 5% energy reconstruction error (sensitive to systematics)

|Ereco/E, VS E, | Ang. resolution vs E_

10— T T T T
.5 gg_ RN =2 ...... -1 lceCube HESE .....
% PR IS N ..... .| PRL 113 101101 .....
»n : : —_—
9;3 7B b S e e L
g BE— b
()]
§: 5 e b

4 .................................

3 g g g

2f

1F i

R 10 107

E, [GeV] E, [GeV]

C.W. James for KM3NeT, CosPA, Sydney 2016 26



v, ———>T + shower

T

T
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~83%

~17%

e ~no atmospheric tau: clean signal!

v_ + shower |

vV, + u+v,

et

{ = 4.9mL
100 TeV

e Resolves v, and v_ fluxes

e Two-vertex reconstruction:

Begin with single vertex

Scan along direction

Search for secondary peaks
Use excellent timing!

Resolution to 5m decay distance

C.W. James for KM3NeT, CosPA, Sydney 2016

)’ PHYSICS
10°

T 46.8

o

=

g 46.7

8166 nu_vertex tay_vertex
o

e

46.5

46.4

46.3

] |

E,~E,

200 -150 -100

10°

X

PR IR R RN RN
-50 0 50 100 150

distance along prefit trajectory [m]

43.2
43.1

=3
w

neg. log likelihood
N
N
©

42.8
42.7
42.6
42,5
42.4

nu_vertex

E~2%E,

—200 —150 —100

il L | L Ll L L L L
-50 0 50 100 1 50 200

distance along prefit trajectory [m]

27



ARCA: Expected sensitivity
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(simulated) KM3NeT analysis example:
Diffuse astrophysical flux in the cascade channel

KM3NeT

1

B R o

e Cosmic flux appears near 100 TeV
e Well-reconstructed 107k

e Containment criteria

...,.....4...‘..4..“4.,$

e Energy/direction-based cut

Well reconstructed

Selected events / Triggered events

—— MDP selection

1072 z“
. . Contained
e Machine-learning (event topology) - | — toreu
H O S - —— MDP selection

e Maximally efficient above 60 TeV N I T T
) 1075 10* 10° 10° 107 108

e Strong muon suppression E, [GeV]
1 e aM3Nel

@ g | : R 3

(0] E : d : =

g r : : : ]

102 R T s —=

g f — i

T - R S S -

% - l/l'atm =

% 10_4 %“ —'— ’ : Well recon;lructed é

E E 3 Contained E

§ 10—5 = o ToT cut =

3 | | ;

L1 Ll L

10° 10° 107
Ebundle [GeV]

o 50 100 150 200 250 300 350

i L

—_
<
(o))

- |
C.W. James for KM3NeT, CosPA, Sydney 2016 10*
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Total diffuse flux

e ‘Cut and count’ event numbers:
o +self-veto effect: -25% atm nu

e Full sensitivity:
e 50 in 6 months of ARCA

e Major uncertainties: atm.
neutrino fluxes

e Goal: don't just re-discover the
lceCube flux, investigate it!

flux per flavour 1.2 10°® (E/ GeV)2 exp(-E/3 PeV) GeV™'srs cm? ]

Vatm CONVeNtional uncertainty:|
V aim PrOmMpt uncertainty

reconstruction level | after preselection cuts | after final cuts
Matm 2.4 x 107 5.5 x 10* 6
v 1.0 x 10° 49 20
Vim 7.1x10° 23 19
vE o 352 34 11
Ve 304 49 41
V6o 250 34 26
5-yr event numbers
KM3NeT
B o
o) ‘ '
O  Blifodi il e 4
[ 4
©
O
g ................................................................................................. ........................................ _
N tra(;ks
2 cascades ]
combined :

b 05 1 15 2 25

3 35

Observation time [years]
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Sensitivity to point source with E-2 spectra

Discovery potential (50):
e Broad coverage .
— 10T T KM3NeT/ARCA (2 building blocks), 3 observation years
. y n -
e Fills ‘southern gap " - IceCube (IC86+IC79+IC59+1C40), 4 observation years
S B Astro i
. L physical Journal 796 (2014) 109
(&)
e Galactic sources! 2 [ -
fo) B Antares upper limits (1338 days)
O Apj L5 (2014) 786
o -
L C .
Source > m ]
Density S -
12f mE ufm N
1.0 108 |
0.8 E E
0.6 : :
_\_/f N
,l 10—9 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
P -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
8 Source .
o5 -10 05 ' 05 10 15 Declination S|n(6)

_to- |
Vissani, Aharonian, Sahakyan, Astroparticle Not most up to-date results!
Physics 34 (2011) 778-783 (by anyone)




ERLANGEN CENTRE

é\}—" PHYSICS
-y

FOR ASTROPARTICLE

=

Neutrino flux prescriptions:

Specific sources

o
S7

RX J1713: Kelner et al, Phys. Rev. D74, 034018 (2006)
VelaX: Villante & Vissani, Phys. Rev. D78, 103007 (2008).

e RX J1713, Vela X, Galactic centre

5
b

E? dN/JE (GeV cm® s™)
o

107'%F

— RXJ1713
— VelaX

(o] -11 Lol Lol LN
04 10 " . '
10 10 10
i 4 E, (GeV)
misn 10 TeV PSF mion " —
iE 16.8 x 1071° [ITZV] -exp (— 51 WII'eV) GeVlcm 2571t
F. Aharonian et al, A&A 464 (2007) 235
~1.36
do =72x1071°. [ Ev ] - exp (—i) GeV lem™2s7t
C.W. James for KM3NeT, CosPA, Sydney 2016 dE, 1TeV 7TeV 32
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Sensitivity

e Neutrino spectra cut off near 10 TeV

© 5]

5 yr event numbers = ]
o ]
reconstructed tracks | after preselection cuts | after final cuts g /| S N 1 W s U
o F .
Katm 2.7 x 108 1.5 x 10° ~ 2.0 £ .
S o 3
U;l:tm 1.6 x 10° 1.2 x 10* 11.6 .CT) 3:__ __
Ve 6.0 x 10* 545 0 - _ : 5 i
Ijng 334 235 81 2‘_4_ ................ ....................... ‘ Velax __
- ‘ | ] v, conventional uncertainty ||
=3 = H —
gl — o8 ° N/ RXJ1713.7-3946 -
Vax 12.3 2.55 0.57 [ vaum conventional uncertainty |
0 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I ]

0 2 4 6 8 . 10 12
e Low background, low source flux Observation time [years]

e We resolve the sources — discovery < morphology
e Comprehensive studies of galactic sources: need more sensitivity
e KM3NeT Phase 3: expand ARCA to 6 blocks (~3.5 km?3)
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Galactic plane

e |nner region, muon

7T

KM3NeT

tracks only

Significance [0]

F lbl<g®lll<30°

1/ Tuxper flavour 5 10° (E/1GeV)?* exp(-VEA Pev) GeV's em? s

— T T

| RN NS S S|

e Improvements:

L - B B

5 6 7
Observation time [years]

e Add cascades (resolve GP!)

e Include structure

Gaggero et al, arXiv: 1507.07796

»IO—B: T T LR RLLL B R L 7
- Flux spectral index: —2.457
IL
0
— -10
I 10 3 E
" E
N C
|
o
% —11 Flux spectral index: —2.53
— 107 E
[— r p
G
g
Y
[}
N
e 107"%k E
© E
o~ r KRA, (cut 5x107 GeV) v
L M o==--—- KRA, (cut 5x10° GeV) |
r KRA (cut 5x107 GeV) N
Lo------ KRA (cut 5x10° GeV) \
\
107 L il vl e i el N
_2 -1 0 1 2 3
10 10 10 10 10 10

E, [TeV]

1 10 100 1000
M.Ackermann et al, ApJ 730 (2012) 3
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80 T ll"l’l’T‘ll’ T l"ll]"r[ T 1vrnn] rvlnll T r!lnlrl T

Long

_ !
Neutrinos and Transients ks Tl -
e General paradigm: .
e Short transient from black hole creation (e.g. °F -
hypernovae, merger of compact objects) R~ S R
o Jet formation: EM & hadronic acceleration B Duration scconds)

« Messengers: Neutrinos, gamma rays, radio, GWs  '™age credit: Swinbourne U. Tech

e Phenomena: GRBs (short and long), GWs, FRBs,

Unknown phenomena?
P FRBs: e.g. Lorimer et al.

(/mage credit: The Da/ly Ma//')
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Transients — same sky, all the time
ANTARES,

KM3NeT
e ARCA & transient alerts

o Rapid reconstruction (few seconds)
e Good resolution: limit field of search
o Northern hemisphere: view Southern sky
e Sydney: 46.5° from ARCA antipode

e ANTARES multi-messenger follow-ups:
e Optical: ROTSE, TAROT, Zadko
o X-ray: Swift XRT

o Radio: MWA, Parkes MWA — ‘
« GWs: Ligo/Virgo SKA1-low &
R . Parkes =~ =
e Next-generation instruments: ATCA

e SKA1-low, CTA...



Other stuff KM3NeT will do
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Indirect dark-matter searches (A. Margiotta, Pat Scott)

e Search with WIMP annihilation signature: Xy Xwne — ¥V, bb, W W', 777", u '
SUN —107% GC

—_

g 'E w =~ [ [==—— ANTARESGCT T
— - °’E F | mmmea- IceCube GC t* 1
-3 C Sl wn IceCube GC + cascade t* ©
° A 10 = FERMI dSphs
S107 s = FERMI + MAGICdSphs | _.e"
= E \Y - HESS GC Einasto t* v "
= 2|

3 - 10~ =
2 . &

2 -
210 E .* 1 lceCube W* W' (2011) 1 108 —
S E XENON 100 (2013) LR : =
= C s =
) ; _
S ~ | PICO (2014) K W* W (2012) 10°24
01073 = . E
Q E E
) = E
° E C
£ B 1075 =
o3 o T~ NI Y = .
@ 10* §_ l SuperK low mass t% (2012) ‘ ANTARES <7 (2012) - ~ V

E p TT 10726 ?/
10® Lol Lol Lol L 1027 Lo Ll | Ll

10 102 10° 10* 102 10° 10* 10°
WIMP mass [GeV] WIMP Mass [GeV]

Adrian-Martinez et al, PhysLett B 759 (2013) 69

—_
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Sensitivity to the mass hierarchy

e Depends on CP-violating phase, true hierarchy, mixing phase

0.4 0.45 0.5 0.55 ‘s
T | B

E . NH,()23=420 'E' 7EI : | T l T | T — | T
E_ .............. CH R R e 8 6.5;— ................................ ...................... ,,,,,,,,,,,,,,,,,,,,, R
S ol T D T - — KM3NeT =~ e -
g ..... NH,()?Z3=48° o} 5.5F ;
E aeme IH, ();23 =‘:4_8°" 5
:._...‘..- ------------- 4.5
}.-.‘--____4.-""'-- .......................................... 4
= D i IR N S 3.5
= 3
7 2.5
= | | [ |
2

50 .
Time [years] O3 [ ]

e Baseline message: 3 sigma hierarchy measurement in 3 years
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Sensitivity to mass splitting and mixing

e ORCA (3 possible true values shown), Minos, T2K (2020), NOVA (2020)

0,5 (degree)
35 40 45 50 55
2.8 T I I T T I I T T T T | T T T T I I T T I I T

______________ . KM3NeT

NH case

e Dashed: with energy-scale uncertainty in ORCA

C.W. James for KM3NeT, CosPA, Sydney 2016 40



\

i \\ ERLANGEN CENTRE
. FOR ASTROPARTICLE
- <l ]
-

PHYSICS
\ g

Earth and Sea Sciences (ESS)

e ESS nodes on each station: e From ANTARES (~KM3NeT-Fr)

Deep-Sea Research I 58 (2011) 875-884

Contents lists available at ScienceDirect b ]
Deep-Sea Research |

ELSEVIER journal www.elsevi

ESS-Consortium

Acoustic and optical variations during rapid downward motion episodes in

the deep north-western Mediterranean Sea

_Gr si neutrino
KM3NeT-Gr site Ocean Dynamics (2014) 64:507-517

detector DO 10.1007/510236-014-0702-0

ESS
node

data centre
data repository

uoijels aIoys

High-frequency internal wave motions at the ANTARES site
in the deep Western Mediterranean

neutrino

shore station

Hans van Haren - The ANTARES Collaboration

shore station

KM3NeT-It site

OPEN @ ACCESS Freely available online @. PLOS ‘ ONE

) Deep-Sea Bioluminescence Blooms after Dense Water
ESS-Consortium

ESS:Gonsortium Formation at the Ocean Surface

neutrino

detector

e From NEMO (~KM3NeT-It)
e Climate, marine biology, tracking R —
whales, ...

ARTICLE

Received 17 Aug 2011 | Accepted 11 Apr 2012 | Published 15 May 2012
Abyssal undular vortices in the Eastern
C.W. James for KM3NeT, CosPA, Sydney 2016 Mediterranean basin
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Blazars — multimessenger paradigm

e Neutrino production < flaring activity

e Reduce background using blazar light curves

e ‘Big Bird’ coincides with flare from Pks B1424-418

“BigBird”

e, se. -

caad
ot

BEYICCC

AG=159"

e 5% chance coincidence. ARCA: rule it out — or 0.05% (3.50) discovery

a) 2010 2010.5 2011 2011.5 2012 2012.5 2013 2013.5
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M. Kadler et al, Nature Physics 3715 (2016)
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Conclusion

e Neutrino detection in the deep Mediterranean sea
o Successfully established by ANTARES
o KM3NeT: next-generation instrument
e Includes ORCA - resolve the neutrino mass hierarchy!
e Phase 1: currently being deployed!

e KM3NeT/ARCA: HE neutrino astrophysics
o Excellent angular resolution: perform neutrino astronomy
e Study IceCube flux from a different hemisphere
e Discover galactic plane emission, and galactic sources

o |etter of Intent for KM3NeT Phase 2.0 published

o First sensitivity estimates extremely promising

e Many improvements still to come: galactic centre, tau searches, starting
events, extended source templates, optimisation...

e Phase 2: completion as early as 2020 — stay tuned!
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Trigger-level effective area (ARCA)

e Effective area at trigger level to neutrinos

KM3NeT

10¢

Effective area [m?]

—h
TTT T

107"
102}
10—3;.

10740
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ANTARES resolutions (A. Margiotta, Monday)

e Tracks and cascades

N e e S B
=1 } vy NC
v, CC

—
N W

| L) LLLL L ||||!ITH!ITW

Angular resolution [°]

QLN WPAPUOON®O

1072

10° 10° 10° 108 107
E, [GeV]

l0g(E,,/GeV)
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IceCube results — tension

e Different analyses of astrophysical signal

e |C Combined: mostly sensitive to Southern Hemisphere
e |C tracks: Northern Hemisphere track sample

e Tension at ~3.3 sigma

w
)
-

b
ot

b
o

—_
ot

.
o

D00 / 10718 GeV 'em2s1gr!

<
ot

I
o

3.5 ———s

IC tracks (6yr)
IC tracks (2yr)
IC HESE (4yr) -~
IC combined 7

V4
IC cascades -
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—_—— - -
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Flavour uniformity? TRV,

+ + —
u - —e +v,+v,

e Initial flavour ratios: V. Vv, Vv, N—>pep+e +V
e 1:0:0 (neutronisation) —
o« 1:2:0 (pion decay) C e 00 2 —20

o 1:2:0 1.00

e 0:1:0 (muon damped)
e Astrophysical distances
e Maximal mixing
e v_ holds most information

C.W. James for KM3NeT, CosPA, Sydney 2016 Aartsen et al., ApJ 809:98 (2015) 48
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ARCA visibility (c.f. IceCube)

e Source visibility as a function of declination
e Horizon-limited
e 6° above horizon
e 10° above horizon

g — 111 horizon ]
> -
% 100 | : : : 6° above the horizon
g : 111 — 10° above the horizon
80— 111
B 111
- 111 lceCube
60— |
B I
«— ARCA |
B |
B I
20— |
B |
B |
0 | | | | (l) L

6
Declination [°]



o
-

‘,r

ERLANGEN CENTRE
FOR ASTROPARTICLE
PHYSICS

40K self-calibration: stability

e 18 DOMSs, 6 months

Rate [Hz]

0.8

KM3NeT First DU Preliminary

DOM 2, PMT pair 401

—— Gaussian fit

=~ 1.8 T T KM3NeT First DU Preliminary | T .
Q
<
X
i~ ot
> 1
QM :
AN —
0 8 '} 'l 'l '}
' Dec-31 Jan-30 Feb-29 Mar-30 Apr-29
? L] L]
=} —
%) i, e —
i
: =
E ’ i e
g —
M —6 L L L L
] Dec-31 Jan-30 Feb-29 Mar-30 Apr-29
2015 2016 2016 2016 2016
Run date

C.W. James for KM3NeT, CosPA, Sydney 2016
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i KM3NeT First DU Prelimi

J
B
16 [ F

13 |
e 18 DOMSs, 31 PMTs/DOM 1 "

e Systematic trends due to support
structure

K40 calibration DU1 results
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200 \ ‘
DOM response <> Reco accuracy ' iy we |
o 140 F ]
1 = 120 f ]
e Uniform coverage S ol
e High dynamic range 5 80
5] 60 -
e Low scattering in water: -
e Most photons w/in 10 ns 23 ’ | KM3NeT PRELIMINARY
o Excellent event topology ! 0 ) 03
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Multimessenger paradigm — issues

e Gamma rays: leptons vs. hadrons
e Hadronic models: high-energy gamma rays from piO decay
e Leptonic models: direct e- acceleration, bremss., inverse compton,...
o See talk by Nigel Maxted on trying to disentangle this

e Cosmic ray sources: |= gamma/nu sources? Pcr t P £ 0
o CRs made visible through interactions Do 47 Per/ N+,
e DSA s slow — too many interactions kills the CR spectrum R
o Strong B-fields: secondaries may radiate their energy before decaying

+ s gt
Tt U+,

+ + —
u —e +v,+v,
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Multimessenger paradigm — issues n

e Beaming vs bending:

o Beamed sources produce beamed gamma/neutrino flux Cr(p"A

o Cosmic rays diffuse — observable sources may differ

—»

e Horizon problem
e CR diffusion timescale are long; UHE CR see CMB photons

e TeV gammas attenuated by photon backgrounds
e Neutrinos have no horizon!

cr(p, He, .

e Cosmic ray paradigm:
o Galactic sources at PeV energies, extragalactic at EeV (Jose Bellido)

o What about ‘galactic’ neutrino sources from all galaxies in the observable
universe?
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Sources of neutrinos? Galactic CR acceleration

HESS J1a834 087 HESS 11835437 HESS J1B13-178
HESE J1HST.08

e Wide variety of sources .-
e SNR (RX J1713)
e PWN (Crab, Vela X) 2

. -4
e (Galactic Centre 4
HESS J1804-216 GCHESS J1745-290
® A - 2
3
" . 3
e Diffuse flux from CR propagation %°
=2
. T 2z
e (e.g.traced by Fermi) £
o COSV0AMESS J1747-261,  HESS J1745303 .
4 10 5 4 0 . 395 350
ot s e T e 4 HESS 1708410 18
- RXMTI3.7T-2046 HESS J1€40-485 HESS J1832473 HESS J1614.518 16
14
120
108
8 =
68
o 8
l 02
_-HESSJ1T13-381 n 5HE55J1‘!IIZ4ZO 340 PESSJ1EM72335 HESSJ1516-SJE.330 :4

Galactic Langitude (%)

1 10 100 1000 H
M.Ackermann et al, ApJ 730 (2012) 3 Aharonian et al, ApJ 636 (2006) 777
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Starting tracks

e Channels:

@M + shower
,vﬂ

!
——=—>V, + shower

V,——c—> shower

V,———>T + shower

T——, >V, + shower

TﬁNU% v, + ‘LL+VM

e (Good energy and directional resolution!
e Currently: not a track, not a cascade...

C.W. James for KM3NeT, CosPA, Sydney 2016 56
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Tau ‘double-bang’

e Channels:

V,——c>u + shower

!
V,—c—>V, + shower

V,——c—> shower

shower

V. écc T

T—— >V \+ shower

TéNU% v, +

100 TeV
e Background free ~no tau neutrinos in atmospheric flux

e |dentification difficult: no tau ‘double-bangs’ identified in IC signal

C.W. James for KM3NeT, CosPA, Sydney 2016 57
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Tau ‘double-bang’ => muon!

e Channels:

V,——c>u + shower

!
V,—c—>V, + shower

V,——c—> shower

V,———>T + shower

T——,—V, + shower

e Background free ~no tau neutrinos in atmospheric flux
e Good energy and direction reco — but rare

C.W. James for KM3NeT, CosPA, Sydney 2016 58
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Particle fluxes

10° ¢ .
e Background particle fluxes: -
e Muons from cosmic rays i
. . 107 ¢ —_— At heri
e Neutrinos from cosmic rays g o e
T 10°E h=1680 m.w.e. 3
n 3 ;
Ccr W 107k
<\-'E 10_11 _ —gtlrjr(;zss?heric _
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|_?>j 10™ w
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