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KM3NeT/ORCA detector

115 Detection units

KM3NeT detectors m \ : -
- Water based Cherenkov telescopes | :
- Neutrino interactions result in charged
particles emitting Cherenkov radiation A LE
* Deployed in Mediterranean Sea at A ,
depths >= 2.5km Q e
ORCA s designed for low energy o ¥
* Interactions from atmospheric neutrinos
* Projected full detectorin 2025 Windmill for scale (16 m) g :
« Main goal:

measure neutrino mass ordering
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currently deployed ORCAG6 strings.
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Figure: The full ORCA detector in black, in red the
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Data taking with ORCA

ORCA4 ORCA6
- 1.0 |
. Steady data taking since 2019 with 4 g |
Detection Units (ORCAA4) 2% F
» Early 2020: 6 DUs (ORCA®G) = o | KM3NET preliminary i
» Detector size increase visible in rate increase m
i’ 12.5
+ Efficient data taking: = 100
* 96% uptime & 7.5
* 92% passes run selection =
E T Average /day
« ORCA4 exposure: 191.9 days g e M
T 61 -
- ORCAG exposure: 385.8 days S I
,\
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Selection criteria and cuts

ORCA®b, 354.6 days.

¢ Data 1 Atm. mu 1 Atm.nu
e Run selection: + Data,vsel. @ Atm.mu,vsel. [E@E Atm.nu, v sel.
108 .
ORCA®G6 354.6 days (out of 385.8 days) KM3NeT preliminary r'_,_._.-i---‘-"‘
106 r.——.—-—.-——'——.-l,'_u—#j_rrer
« Containment cuts Tr-'rrrf
: : %,
 Reconstruction quallty cuts g 10% .
. >
* Physics cuts L
102 A

1237 neutrino candidates
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Data / MC comparison:
/enith angle o Eomme B

150 KM3NeT |preliminary, - ‘ T “
. Good Data/ MC agreement 125 SESEER 1 - L
- Small set of muons that pass cuts: £ 1014 !
very clean signal, S/B = 40 a 75
v, appears at significant distances >0
 Only track hypothesis Is currently > — |
R, : 0 r ;
used: signal dominated by v, S ic BB .cc B cC mm
se 1.0
‘g 0.5

00 T I 1 I 1 1
-1.0 -0.8 -0.6 -0.4 -0.2 0.0
Reconstructed cos(6senjth)
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Strong dependence on shape of detector:

 Light captureis limited by size and shape
of detector

« The detector shape is "very vertical"

« Peak at 10 GeV comes from horizontal
detector size

* Tail towards 50 GeV comes from more
vertical events
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Data / MC comparison:
Reconstructed energy 4 o 2995509 .
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Neutrino oscillation pattern

* No oscillations vs oscillations
(normal ordering)

« Ratio with respect to 'no oscillations'

« Binning is chosento have similar statistics
per bin

* Dipis atlarger L/Ethan Nu-Fit 5.0

« Calculate Ay? for ORCAG: preference to
oscillations of 5.9 o
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Likelihood scan

KM3NeT preliminary KM3NeT preliminary
|

° SenS|t|V|ty to OSC|”a'[|On parameters > Profile likelihood scan Profile likelihood scan
—— ORCAB —— ORCAB
* Profiled: minimize all nuisance 4
parameters at sampled points, this results s
In the most conservative NLL estimate % 3.
* Includes systematic uncertainties E
2?
* The Nu-Fit best fit point is 1.9 ¢ away 1
from the found minimum
703 04 o5 06 07 1.0 1.5 2.0 2.5
5in%65;3 Am3, [1073 eV™2]
sin6,3 = 0.5073:034 (stat+syst) Am3; =1.95%3233 (stat+syst) [1073 eV~?]
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Sensitivity to neutrino oscillations

Systematics include
* Flux
* Cross-section
» Detector systematics
» Overall normalization

ORCAG is becoming competitive with
other experiments

Nu-Fit point is within 90% CL of current
KM3NeT analysis

Shower channel is not included yet
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Contours: 90% CL
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Summary & outlook

Summary:

« 5.9 o preference of oscillations over no
oscillations

* ORCAG neutrino oscillation sensitivity is
becoming competitive with other
experiments

Outlook:
 ORCA is ready for oscillation physics!

* Improvements:
* Include shower reconstruction
* Add Particle Identification

« Energy resolution improvements from a larger
detector

« September 2021, planned 7 DU
deployment for ORCA: 13 DUs in total KM3NeT Detection Units ready for deployment
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Backup
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Backup
-nergy resolution

* Energy resolution degrades for
| KM3NeT/ORCAG preliminary tracks larger than the detector

v simulation, all flavors ° H|gher = partic|es get pushed
towards ~10 GeV reconstructed
energy

» These particles have not oscillated
e Investigation Iin progress

 Work-around:
 Add cut at 50GeV
 No oscillations above 20GeV
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Backup
Angular resolution

» Excellent angular resolution

80 - KM3NeT/ORCA6L preliminary at current Scale

o v simulation, all flavors ] ]

S « ORCAG Is very vertical

S 601

= - * ORCAG has 5% of the volume
g 40- - —— of the full detector

<

True v energy [GeV]
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Backup

* All selected ORCAG tracks
are shown

 Color indicates track length

* More vertical tracks are
brighter

* Consistent with “detector
shape” hypothesis
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Detector shape impact
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Figure: Neutrino candidates in the ORCAG6 data set.
Color is a measure of length of the track, lighter

means longer. 14



Events [day~!]
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2021-03

Bioluminescence and hardware
Issues can cause large drops in
efficiency while data taking.

This is cut away through a veto and
rate cuts

Event rate after cuts

Efficient data taking and selection
(resp. 96% and 92%)

Neutrino MC matches data after
selection

Residuals show expected
statistical distribution
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Backup
-itted values for ORCAG

5 KM3NeT preliminary KM3NeT preliminary
Profile likelihood scan Profile likelihood scan
—— ORCAB —— ORCAG6
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