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Data sample

9 years of data (2007-2016) - 2830 days of lifetime
7710 events selected, two reconstruction procedures

track channel only, E,_ ., from muon range

A binned likelihood fit (Poisson statistics) is performed in
two dimensions (log,(E,..,), C056,;")




Systematics

* Unconstrained normalization for neutrinos

* Normalization for atmospheric muons
* Prior from data
* exponential extrapolation into signal region

* Unconstrained spectral index

* Flux shape systematics from Barr et al.

* Implementation from IceCube
e Kindly provided by Th. Stuttard

e Cross section from Genie
* Leading effect M,

* Test MC with variation in detector response
* 15% absorption length variations
* 10% PMT efficiencies variations

* = both effects are well described by
normalization®spectral index



Results

* The E/cosB plot illustrates the oscillation effect
* The fit is NOT performed on this 1D distribution !
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Comparison with earlier Antares result

Factor three larger data sample

Many more systematics taken into account

Still significant improvement

No-oscillation hypothesis excluded at 4.60 (was 2.20 in
former analysis)
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Comparison with World Data

* Result comparable to sensitivity estimate
* Data prefer slightly lower value of Am,,?
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Search for sterile Neutrinos

 Same data sample, similar fit

* 3+1 model with Am?2,, > 0.5 eV?

* Modifies oscillation minimum

* Improvements of earlier SuperK and IceCube results
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KM3NeT

KM3NeT is a research infrastructure with 2 main physics topics:

- The origin of cosmic neutrinos (high energy)
- Measurement of fundamental neutrino properties (low energy)
- Deep Sea Observatory (Oceanography, bioacoustics, bioluminescence, seismology)

J KM3NeT-HQ

The KM3NeT Research Infrastructure
3 Installation Sites in the Mediterranean

: KM3NeT-Data€Centre

Single Collaboration
Single Technology

Single Management , KM3NSTGr
§ b s KM3NBT It

. High-Energy
. (ARCA)

ARCA- Astroparticle Research with Cosmics in the Abyss
ORCA- Oscillation Research with Cosmics in the Abyss 9



KM3NeT Collaboration
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From MeV v to PeV v
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KM3NeT Building Block

-----
-------
[

String spacing 23 m
OM spacing 9m

Depth 2470 m
Instrumented 8 Mton
mass
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KM3NeT Technology

!

Optical module
‘ Launcher vehicle

31 x3” PMTs

PMT HV

LED & piezo inside
FPGA readout

Photon counting
Directional information

rapid deployment

autonomous unfurling

recoverable

13



Neutrino Signatures
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Effective Mass

After triggering, atmospheric muon rejection and containment cuts:

e
o

o
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* Energy threshold determined by DOM spacing
e 8 Mton@10 GeV
 50% Efficiency at 5 GeV

g 9§— KM3NeT?ORCA preliminary
E i3 === Events/yr (atm):
E oo v.CC: 20,000

i v,CC: 25,000

e v.CC: 3,000

13 NC: 5,000
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Energy Resolutions

v,-CC, classified as tracks

;-100 _
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Close to Gaussian -
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Shower/Track Identification

Discrimination of track-like and shower-like events

via Random Decision Forest
Classified as Track
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KM3NeT Preliminary :
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At 10 GeV:
* 90% correct identification of v ¢
e 70% correct identification of VMCC
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, cos(0)

Measuring Neutrmol\/lassHlerarch\Q

* Measure neutrino direction and energy

Search for oscillation patterns from matter effects

* Requires large statistics and good energy and direction*es“ﬂ_,

v, +V, (NH-IH)/ NH
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Median Significance [o]
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Neutrino Mass Hierarchy

Sensitivity to measure
Neutrino Mass Hierarchy
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Measuring Oscillation Parameters

90% measurement contours for Am?;, and sin?0,,
2% in Am?;, and 5% in 0.,
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£
T2K (2015)
NOVA (2018)

lceCube (2017)
MINOS (2014)
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SuperNovae

Count coincidence signals on individual Optical Modules
Excess of DOMs where 6-10 PMTs fire together

10 MeV anti-nu e from core-collapse SN

>80% of all Galactic SN with single building block

i~ i
E = " Single DOM PMT coincidence rates (KM3NeT preliminary)
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Tau Appearance

* About 3000 v, CC events/year detected
* Rate constrained within 10% in 1 year
* Weak constraints from other experiments

OPERA [PRL 120, 211801 (2018)] | + 1
Super-K [arXiv:1711.09436] k & 1
IC/DeepCore 3y sensitivity [PURI PR 4
[J.Phys.: Conf.Ser. 888 01202]
PINGU 1y sensitivity [arXiv:1401.2046v2] k- == ranges: 1o

8 L ........ ......... CC .......... e e e ........................ _;
-\ vCCappearance, |/ | 3

6 -\ 1yearsensitivity / =

H : : : : : : H : : \‘\ \
1 2 3456 10 20 30 102

0 0.5 1 15 2 0 E [Go
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flux normalisation

CC
T

A%

Tau Appearance

* v_appearance tests PMNS unitarity and BSM theories
- 20% deviation of unitarity can be detected with 50 in 3y
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Dark Matter

ORCA 3 years, track+showers
Competitive for Spin Dependent coupling
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L 3

ORCA Status | Main Cable, 2015

Construction started
First Data arrived in 2017

250 ] Junction Box, Sept 2016
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A Manifold (MF)
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Deployment First Line 22/09/2017

https://www.youtube.com/watch?v=omIFkdCkbYk
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Early Muon bundle

Evt: id=40 run_id=2280 #hits=211 #mc_hits=0 #irks=0 #mc_trks=0
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ORCA1: Data vs MC

KM3NeT preliminary
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Early Neutrino Candidate

Evt: id=3860 run_id=2609 #hits=87 #mc_hits=0 #trks=0 #mc_trks=0
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150 o
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50— ' .
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—400 -200 0 200 400 600 800 1000
hit time(ns)
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First Neutrino Analysis

82 days of data taking with first ORCA line

10°
> = — data
5 10
o — atm. muons
£ t tri
— atm. neutrino
cos(theta) >0 [0.5] 2 10°

observed: 13 [10] 10°
atm. muon: 1 [0]
neutrino: 8.33 [7.36] °
nu_mu : 544 [4.89]

| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| 1T
+

nu_e : 136 [1.17] 'E LLL
nu_tau : 0.96 [0.83] 10_11 iy ++++ s i
. = £
nu_nc : 0.57 [0.47] 5{{ fﬁﬁfﬂmﬂf]‘j ﬂl } t m_ﬁ f
102 s 06 w04 02 0 02 04 06 08
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Typical Neutrino Candidate

* From the selected sample
* Estimated neutrino energy : 5-15 GeV
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2nd Line ready for deployment

Deployment of 4 lines planned after summer 2018 in
a single sea operation
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P20 : Protvino to ORCA

e Baseline 2588km ; beam inclination : 11.7° (cos0 = 0.2)
* First oscillation maximum 5.1 GeV

e Matter resonance maximum 3.8 GeV
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Protvino accelerator complex
(100 km South of Moscow)

Proton radiography U-70
70 GeVl 1-100
2 1100 MeV
1.5 km circumference U-1.5
1.3 GeV
URAL -30
30 MeV
[svo ][Foos N [Hyeperion] [Radiobiology]
‘. A ~_ \ Exp. Hall
— ;:f,-‘ - \
bid.2a " bid 2 '«" ‘;’/
[SPII‘;] A[ISTIIQAol. [@cpex (SPASCHARM)
[TNF-Atias| [VES| [MiIS-TEP]
U-70 accelerator constructed in 1967

Now operates at 8 - 15 kW for ~ 60 days / yr
Upgrade to 450 kW feasible
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Possible location of the near beam detector
Bend of proton beam in: I - Sl
horizontal plane — 21.7° |
vertical plane —-11.8°
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Comparison of LBL Projects

* Energy versus baseline

nP(v,2v)

15t Mi

Ft Max P(vuéve)

Daya Bay (2km) 4.0 MeV Baseline (km)
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Comparison of LBL Projects
* Main Signal : Appearance of v, : P(vuéve)

Oscillation Probability

o
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0.18

016+

012t

0.0

0.0

0.04 Faaainssasian;

0.02 - trdt

*e
‘e
"""""
'''''
."
e

102 10°
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Normal

| hierarchy

Inverted
hierarchy
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Neutrino Flux

e Used for current study : IHEP
Protvino internal note 2015-5

* Designed for Beam to Gran
Sasso (2200km)

« Beam power  450kW -
4¢10%° p.o.t. per year

* Fermilab-Nova : 700kW —>
6210%° p.o.t. per year

Flux per [cm? 0.2GeV 4-10%pot]

Focus m* (Neutrino beam)
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Oscillation Probabilities  P(v,2v,)

Oscillation Probability

Y R S A B oy (;P= 0|

0.12_ 4O%Varlauon ........................ ......................... 80P _ 1802
.................................................................... b Bcp = 270

L 2590km
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Normal hterarchy
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> 4 6 8 10 12 14 16 _18_ 20,
E, [GeV]



Event numbers — Neutrino Beam
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Event numbers — Neutrino Beam
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Modified Multi-Parameter fit

 Combined fit of nuisance and oscillation parameters

* Choice of nuisance parameters and priors inspired by LBNO study

6., 33.4° fix fix Normv,CC fromv CC fix fix
Am?[eV?] 7.5310>  fix fix Normv,CC 1 0.05 1
0., 8.42° 0.15° 8.42° Normv,CC 1 010 1
She 41.5° 1.3° 41.5° Norm NC 1 0.05 1
AM?[eV?] 2.44103 0.06 2.44103 PID 1 0.10 1

Ocp many no many
Only used for CP fits, not for NMH



NMH determination

 ORCA detector, 1 year neutrino beam
e Better than 50 for all combination of parameters

- =
- N
I

c [1 year]
o
Tyrrrngnrna

N W = (3] (=2 ~ (o] O
FTTRErrr g rryrerrryrn
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o [3 years]

Sensitivity to Ocp

 Sensitivity of measuring non-zero CP-violation, i.e.
Op different from 0° AND 180°

e After 6 years non CP-violation excluded for 35% of

O.p values at about 30

"""""""" NH neutrino beam

N A A I

150 200 250

o [6 years]

"""""" NH neutrino beam

N . " A I

150 200 250



o [3 years]

o [3 years]

Measurement of O,

3..‘,y.e‘a‘r,s ......... ........................ ....... 5~ 3:()?, ,,,,,,,
NH neutrlno beam
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Conclusion

« KM3NeT / ORCA construction has started

* First atmospheric neutrino signal has been seen
* End 2018 : several detector lines operational

e 2021 : detector completed

* Rich physics program beyond determination of
neutrino mass hierarchy

* Interesting options for “Phase 3” > CP violation
* Neutrino Beam from Protvino
* Denser detector SuperORCA —> Jannik Hofestaedt



