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Measuring the neutrino mass hierarchy with KM3NeT/ORCA 115 strings, 20m spaced,
18 DOM/string, 9m.spaced

KM3NeT is the next-generation underwater neutrino telescope in the Mediterranean Sea: (r@%" 5.7Mt instrumented mass
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¥ ORCA - dense megaton-scale detector for neutrino mass hierarchy determination ms) talk by J. Brunner A il Ll )
& ARCA - sparse gigaton-scale detector for high-energy neutrino astronomy mm) falk by M. Taiuti (Foome) .

Same technology and detector design: 3D-array of multi-PMT digital optical modules (DOMs). -
Letter of Intent of KM3NeT 2.0: J.Phys. G43 (2016) no.8, 084001

The neutrino mass hierarchy can be resolved with matter oscillation effects. ORCA is optimised for b, - RERER B G G R Rt

measuring the zenith-angle and energy-dependent oscillation pattern of few-GeV atmospheric neutrinos. T f it LT[ (TR T L1

Event reconstruction is a key task and substantial for this measurement. 2475m depth = © = \ ]
40km offshore Toulo

-

-

Shower Reconstruction o |
F ol ® 0. (v.CO) Direction Resolution |
Phenomenology = _Q;Q*. KM3NeT ¢ Y% reco Reconstruction able to find electron
. . = B 0, e I I in Y
% Cascades of energetic particles R Yo e | directioninveCC events
iy — — _ 7)) B v,reco e . . . . . . . .
% Initiated by ¥, CC, ¥NC and (V;%Ot_u cC 8 15__@04.: 5 O, rece -> neutrino dlrgctlon limited by intrinsic
% Point-like light emission (el tion<5m) £ [,YO0 @ T By v-e scattering angle
*» Point-like light emission (elongation<bm S L . .
’ J J | | g [, ZO s, —> estimation of Bjorken-y feasible
<+ Cherenkov cone from each energetic particle 5 0w, ©© *r .
. c L 0%, T
** Large event-by-event fluctuations 3 <><’>‘ T % . ¢ : + .
] ] q’ -
- < Light signature = 5L %0, . $ Q@ é %
e e T conserved over i 00 $
20 large distances i
N | | | | I | | | | | | | | | I | | | | | | | | | I | | | | |
ool due to large 0 5 10 15 20 25 30
~ f photon scattering J.Phys. G43 (2016) no.8, 084001 Neutrino energy [GeV] Energy Resolution
S of _ : : . : -
ol length in seawater Gaussian-like and limited by intrinsic
s fluctuations of Cherenkov light yield
1o | (from hadronic shower component)
: = F
B T BT~ Q L KM3NeT Bjorken y: KM3NeT
Olded] - = 0.0<y<0.1
o 1= = ().2<y<0.3
2 - 0.5<y<0.6
2 - — (.7<y<0.8
(@) ~
< - 4/, \\\ Al My T e
2 i T v, andv, CC e = O T
Methodology s |= 8 <E /GeV <9 =
2 1. vertex: based on hit time 2 10—  Cherenkov peak 40 < d/m <50 <
: : : . ~ Atmospheric v, & v, CC (2.5:1 ratio):
(assuming spherical light emission) 2 F from electron - Preric v & ¥, GL { )
_ _ _ c B 0.1— | —o— Nominal Lol
“» 2. energy & direction & Bjorken-y: g - L | eee@eeee MC truth contained
based on number and pattern of hits I Overall limit, " unresolved
’ ’ . -2 o v i +
% Designed to find brightest cone 107 ar ity - L= ?Vefa”l"m't, ° feSO"lfed 1
- electron in most v, CC events - ShewsriE. | | 'alfio | 4 & 8 10 12 14 16 18 20
_ ] ] ] | ] ] ] | ] ] ] | ] ] ] ] ] ] ] ] ] ] ] ] ] ; , ;
“ Expectation from simulatedv, CC 0 20 40 60 80 100 120 140 arXiv:1612.05621[physics.ins-det]  Ey [GEV]
\ J.Phys. G43 (2016) no.8, 084001 angle w.r.t. electron [deg Resolutions for ORCA detector with 6m vertical spacing between DOMs /

4 R
Track-Sh S ti g T : h
racK-onower separation [ -
7)) B Lo meEEmgm==aEEEE (PT L i e e e S -
o 0.8F
* Discrimination between shower-like (v.CC,vNC, Vv_..CC) ° T
=i : (—) (—) = - :
and track-like event topologies (v, CC, v, CC) 8 ol S
based on reconstruction observables and hit time distributions o T — numuce
< Classification uses ‘Random Decision Forest’ as machine- S 04l — nuels
. . > .
learning algorithm I -+ anumUGC
- i -==: aNUeCC | ,.
% ' ' © o .- anutauCC % |
“* Also suppression of atmospheric muons S ol | X
-> few percent contamination in final neutrino event sample S Il T~ o e L . jannik .hofestaedt@fau.de
LI_ T | | I L1 1 1 I I I I | | | I I | 1 1 1 I-'I. | I-I I--I I..I 7-1 I-I .I-
% 5 10 15 20 25 30 35 40
J.Phys. G43 (2016) no.8, 084001 Neutrino energy [GeV]

N ) \_ /
¥ U Acknowledgment: EU H2020 Grant Agreement 739560
=== == == FRIEDRICH-ALEXANDER
o (Wi ey
== mw wm - ERLANGEN-NURNBERG




