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ORCA within KM3NeT

ORCA is part of the KM3NeT 
research infrastructure:

● Same technology
● (Much) more compact detector
● Few GeV energy threshold

Aimed at studying neutrino properties 
through oscillations:

● neutrino mass hierarchy
● mixing parameters

But also supernovae, dark matter,  … 
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Motivations
Neutrino Oscillations described by 6 
mixing parameters … 

● 3 mixing angles (PMNS matrix)
● 2 squared mass differences
● 1 CP-violating phase

All mixing angles have been 
measured: θ13 is large!

Next steps: 
● Neutrino mass hierarchy: Normal or 

Inverted?
● Octant of θ23
● Value of CP-violating phase δ?

Opportunity for large underwater/ice 
neutrino detectors

NH
IH

Octant of θ23?
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Method
Possible strategy for the determination of NMH: 
probe νe   νμ oscillation in presence of matter 
effects which allow to resolve the sign of Δm2

13

The oscillation enhancement is maximal

Critical aspects:
● Energy resolution
● Direction resolution
● Particle ID.

challenging 
measurement!
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ORCA detector geometry

1 KM3NeT building block, with 
less spacing

115 detection units, 20m spaced

18 Optical Modules (OMs) per 
detection unit

6m vertical distance between OMs 

OM with 31 3''PMTs

Instrumented volume: ~3.75 Mtons 

Estimated cost ~40 M€ (additional)

Geometry optimisation study 
ongoing
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ORCA feasibility study

● Monte Carlo simulations
● Event reconstruction: tracks & cascades

– Direction reconstruction

– Energy estimation

● Sensitivity study 
– Likelihood based global fit

● Option with a neutrino beam
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Simulation chain
● Atmospheric νe νμ  (+ anti) → 1 – 30 GeV 

(Bartol flux: Agrawal et al. PRD 53, (1996) 
1314)

● Neutrino interactions: QE+RES+DIS (GENHEN), 
and GENIE, both charged and neutral currents

● For all particles crossing the can size (~ 3 
absorption lengths around the detector):
tracking + Cherenkov light emission

● Down-going atmospheric muons generated 
using MUPAGE parameterization (Carminati et 
al., Comput. Phys. Commun. 179 (2008) 915-
923)

● Optical 40K background: 5kHz/PMT flat noise + 
500 Hz/PMT time correlated

Detector used for this study: 
 50 detection units, 20 OMs each
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Two event topologies

● Track (anything with a muon in the final state)

– All νμ and anti-νμ charged current

– ~17% of  ντ charged current

● Cascade
– All neutral current events

– All νe and anti-νe charged current

– ~83% of  ντ charged current
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Muon track reconstruction
Direction:

● Multi-step fit procedure adapted 
from ANTARES

● Maximum likelihood fit on  time 
residuals distribution

Energy:

● Muon energy estimated from 
track length

● Vertex fit

● Project hits on the track 

● Estimate length from projected 
emission points density 

P0,t0
Reconstructed Muon track

Hit

P1,t1

P*1,t*1

θC

θC

Hit
P*0,t*0

Hit

P2,t2

P*2,t*2

θC P3,t3

θC

Hit P*3,t*3

Pn,tn θC

Hit

P*n,t*n
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Muon track reconstruction 
performances

Energy reconstruction can be improved 
by including the energy released in the 
hadronic shower at the interaction vertex
(work ongoing)



Atmospheric muon rejection
● Main background: atmospheric muons reconstructed as upgoing

● Efficiently suppressed by cuts on:

– Angular error estimate: β < 2°
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Cascade reconstruction
Cascade events (νe and anti-νe ) contribute 
considerably to the final sensitivity: very 
important to reconstruct them!

Preliminary reconstruction adapted from 
ANTARES:

● Vertex fit
● Direction reconstruct (maximum likelihood)
● Energy estimation based on number of 

OMs hits

Improved algorithm under development

PRELIM
INARY

PRELIM
INARY

“PREMIUM” contained events
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Effective masses
Tracks Cascades

PRELIM
INARY
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Sensitivity study
Global Fit Approach

maximum likelihood ratio test 
with nuisance parameters

Can improve precision on 
oscillation parameters
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Sensitivity

Hierarchy determined 
@~3σ in 3 years

(115 detection units)

● 1st octant assumed for θ23 
(pessimistic)

● State of the art reconstruction 
resolutions (E-θ) included

● Channel misidentification 
tracks ↔ cascades included

● Neutral currents: not included 
(optimistic)
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Beam option

● νμ beam (2-8 GeV)

● νe appearance channel

● Optimal baseline 2600 km

● Possibility to build beam in 
Protvino (baseline 2588 km)

● Assuming Npot = 1.5E21:  
7sigma measurement can 
be achieved in a few years
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Summary

● The measurement of NMH is a great opportunity for 
underwater/ice Cherenkov detectors

– Very challenging but … 

– … fundamental physics measurement!
● ORCA could achieve a 3σ discrimination of NMH in 3 years:

– Relying on KM3NeT technology and infrastructure

– With solid basis on ANTARES experience in running a deep 
sea Cherenkov telescope

– Relatively cheap! 40M€
● The detector could be built in 4 years

● LoI within the end of this year … stay tuned!
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