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KM3NeT/ORCAG6

433 kt-yr - 02/20 to 11/21

previous data results in blue

6 Detection Units (DUs) configuration
5% of the total fiducial volume
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42°48.42'N
433 kt-years
stable data-taking conditions
KM3NeT/ORCA Preliminary 42°48.36'N
ORCA6 ! ORCA10-18
1200 All Runs (1198 kt-yrs) 1200
m==Analysis Runs (433 kt-yrs)
10001 i t 1000
g 8001 800 42°48.30'N
]
I>‘ 1
C 6001 i r 600
o
e
Y4
400 - r 400
200 - E F200
0 : 0

S ¥ o S ¥ QO S ) 9 ) S ' S
,LQ'LQ’Q ,LQ’LQ’Q ,LQ'LQ'Q 1Q1X'0 107_\'0 ,LQ’LYQ ,LQ'L’L'Q ,)_Q'LTQ 10’1—7"0 1013,0 ,LQ'L?"Q

Date

6°1.56'E 6°1.62'E 6°1.68'E 6°1.74'E
AB1
.
AB3
.
DU1 DuU2 DU3
[ » ——
\Mii| -~ DU9 DU10DU1M1
\. =
Node1
0 100 200 m

AB2
.

6°1.56’E

6°1.62'E 6°1.68'E

6°1.74'E

42°48.42'N

42°48.36'N

42°48.30'N



KM3NeT/ORCA6-10-11

715 kt-yr - 02/20 to 12/22

data used in the latest results in blue
6-10-11 Detection Units (DUs) configuration KM3NET/ORCA Ty 2022

6°1.560E 6°1L620E 6°1.680°F 6°1.740E

Feb. 2020 — Dec. 2022
0 100 200 m
o
715 kt-years +40%
stable data-taking conditions
o ou oz PUs P
- \ " .DU? ‘DUID ’DUU.DUH .
o e -
KM3NeT/ORCA Preliminary = =
X
[] [l ] ]
ORCA6 ;ORCAlOi = i a | ORCA18
1600 All Runs (1616 kt-y) ! & i 3 i 1600
=== Analysis Runs (715 kt-y) oo o :
14004 Previous Analysis Runs (433 kt-y) ! o ! o ! [ 1400 s =
‘ 1 1 1
1200 | | | i t1200
g : : LA
D 1000 { i i i i £ 1000
2 N
g 800 4 : : : : L 800 42°48.240'N 1 .RAEI 42°48.240'N
S | i d | — . -
¥ 1 | 1 1 6°1.560'E 6°1.620'E 6°1.680'E 6°1.740°E
600 ! T ! ! t 600
y i i i
400 1 ] i i i r 400
1 1 1 ]
1 1 1 1
1 1 1 |
200 i i i i t 200
1 1 1 |
1 1 1 |
1 1 1 ]
0 . . . - 1 1 1 . —Lo
oY ol o ol oY ol oY ol o
107'6 107—0 rLQ'L\‘ 107} ’LQ'I:L ,LQ'I:L 10’2-3 10’1-3 ,LQ’LB‘

Date



KM3NeT/ORCA23

today (summer 2024)

current status
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23 Detection Units (DUs) configuration
after sea operation June 2024

20% of the total fiducial volume

1.6 Mt-year of data on tape I R e -




atmospheric neutrinos
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neutrinos oscillations

e muon neutrino disappearance [10-40 GeV] — Am?,, & sin®6,,
e v/anti-v asymmetry in matter resonance [4-10 GeV] — NMO
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KM3NeT/ORCA preliminary, 715 kton-y
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2D fit

e 3 PID classes: [17 bins HP-tracks, 17 LP Tracks and
19 Showers] x 10 cos(zenith) bins

— 530 bins used in the fit

e 2D-profiled likelihood scans of Am?

other parameters of interest)

317

sin“6,, (and

e —2AInL between fixed Am?,./sin’6,, and free (Best Fit)
e 14 systematic uncertainties on flux, x-sec,
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KM3NeT/ORCA

- events [energy-cosB_] distribution
top : data

middle : simulations at best fit
bottom : no-oscillation simulated

effect of oscillation visible in the
track channel event distribution
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standard oscillation
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small preference for 10
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e small preference for 10

KM3NeT/ORCA

3.50pr—

e maximum mixing preferred
e competitive in sing,,
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small preference for 10

— non-significant rejection

2log(L10/Lno) = 0.61

KM3NeT/ORCA

715 kt-yr

KM3NeT/ORCAG-10-11 Preliminary, 715 kt-y
L] L] I L] L] L] I L] L] L] I L] L]

[ True NO ]

|
10F True 655 NuFIT v5.0 :
— [ Upper Octant I 1 TruelO 7
& B -
— l = = Data
n 8 : _
Hor i
A I ]
G I a
2 g p-value: ]
2T NO = 0.08
= 4f [0=08 .
= o ]
8 B =
- i -
[al 9 k

2(In L0 — In Lyo)

17



tau-appearance
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motivation ?

e rare observation — only ~2100 detected so far
o full KM3NeT/ORCA will measure 3000/year
e help to constrain tau neutrino cross section

19



KM3NeT/ORCAG6

Sr = (0-48+8:j11?)

half the expected number of CC tau neutrinos
FC corrections incorporated — effect of limit
large errors compatible with nominal

already competitive with other experiments
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KM3NeT/ORCAG6

433 kt-yr
median CC nu tau energy 20.3 GeV . _KUSNeTIORCAG 433kton-years
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beyond 3-v oscillation ?
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lies non-unitarity of
the neutrino mixing
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- uncertainty on the neutrino
mixing matrix elements
e Ww. unitarity constraints

— low constraints on the tau
row of the PMNS

41 Vo V3
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theoretical framework

new non unitary motivated by the
seesaw mass generation model
assume nxn unitary matrix U
parametrise non unitarity with a
new neutrino mixing matrix non
unitary N

V| c term relevant in contrast to
untarity case

new states kinematically accessible
— low scale

N S N3x3 SBX(n—B)
U = w T = \ wn-3)x3 p(n-3)x(n-3)
a11 0 0

o= |Oz21|6i¢21 Q29 0
|a31|67;¢31 |a32lei¢32 a33

N=U+a)Upuns

HX3 = A+ N'VN
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UNMvs a,, =-0.1 w/wo
matter effects

12750 km of average earth
density

earth matter density enhance
the effects of non-unitarity
particularly in the muon
disappearance channel

effect

— UNM

UNM, p=0
035=-0.10
045=-0.10, p=0

Neutrir118 Energy (GeV)

Neutrirlg Energy (GeV)

2
Neutrirlng Energy (GeV) 1e
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improve current limit on a,,

thanks to the earth matter

KM3NeT/ORCAG6

433 kt-yr

KM3NeT/ORCA Preliminary, 433 kt-y
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KM3NeT/ORCAG6

433 kt-yr
. . . . KMSNeT/QRCA PreIin?inary, 433 k:(—y
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other beyond 3-v
oscillation studies ?
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KM3NeT/ORCA115

future

e 1.7 Mt-yr of data on tape
e from 2028 completion ~3000 tau neutrinos per year
e NMO known by 2030
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THANKS
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KM3NeT/ORCAG6

433 kt-yr

systematic pulls wrt. nominal divided by the 10 post fit
uncertainty — < ~20

impact of 10 shift of the systematics on the
measurement

KM3NeT/ORCAG6 Preliminary, 433 kton-years

(fBF - Ecv)/U

—4 -3 -2 -1 0 1 2 3 4
T T T T T T T
HE Light Sim | I
NC Norm | ——-
Shower Norm | _— -
Muon Norm | '—‘—-
Track Norm | e .
Overall Norm | "‘._’—
Energy Scale |- '_-—‘
Vhor [ Voer | —=1
Spectral Index |- '{'
7 o ‘—‘|_'
va/ve|r ——
Vﬂ/é‘l‘/ff i ._{-—‘ Plus shift
23 l B Minus shift
Am3 I e I ~~  Syst Pulls
Il

L L L 1 i L
—1.00 —0.75 —0.50 —0.25 0.00 0.25 0.50 0.75 1.00
(Sshift _ GbY /47



KM3NeT/ORCA Preliminary, 715 kt-y
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L/E ratio

- L/E ratio showing BF
- ag,vsa,

- High NulD — High purity

- looks like fluctuations
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KM3NeT/ORCA Preliminary, 433 kt-y
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Ve/Pe 0.00275:97
) Y/ ve —0.0025:02
- nuisance parameters table High-cnergy Light Sim. | 1547032
Energy Scale 0.98J_r8j(1,é
) Overall Norm. 147132
- physics parameters table Track Norm. 0.91°5%
Shower Norm. 0.801'8:82
o i Muon Norm. 0.14%9:31
- probabilities at best fit Snc 0917318
S, 0.997513

Table 1: All systematic uncertainties for data and their best fit values along with their
post-fit 1o uncertainties given by the profiles.
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