
Moon & Sun shadow
KM3NeT/ORCA 

 Luc C.  ·  17/11/2022 · IRN · IJCLab
1



KM3NeT

2

Detection Unit (DU)

Photo-multiplier 
tubes (PMT)

Digital Optical 
Module (DOM)

Launcher Optical 
Modules (LOM) Building Block (BB)

x31 x18 x115unfurl

detect cherenkov light from the charged 
products of neutrino interactions in 

sea-water
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KM3NeT



KM3NeT

● Dense array (1BB) optimized for [1GeV:100GeV]
● Atmospheric neutrino oscillation
● GeV/MeV neutrino astronomy 
● < 0.5° angular resolution

ARCA

ORCA

● Large array (2BB) optimized for [1TeV:10PeV]
● Neutrino astronomy: diffuse flux, point source search
● goal: < 0.1° angular resolution

→ knowledge of relative DOM position ~ 10cm
→ knowledge of absolute orientation < 0.1°
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today

11 DUs

21 DUs
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Moon/Sun cosmic ray shadow

cosmic rays 

~0.26° mean apparent angular 
radius seen from earth

absorption

https://forum.wordreference.com/threads/symbol-for-approximately.3660018/?hl=fr
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cosmic rays CR → π+/-  →  muons 

atmosphere

20-500km depending on 
zénith angle

0.1° angular deviation (intrinsic limit on ang. res.)
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cosmic rays 
KM3NeT

muons 

→ ORCA (-2500m)
→ ARCA (-3500m)

atmosphere

sea water

from muons > 500GeV  ←  CR > 1TeV 

earth

20-500km 
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cosmic rays 
KM3NeT

muons 

→ ORCA (-2500m)
→ ARCA (-3500m)

atmosphere

sea waterearth

Moon/Sun shadow
→ pointing accuracy
→ angular resolution

20-500km 
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cosmic rays 
KM3NeT

muons 

→ ORCA (-2500m)
→ ARCA (-3500m)

atmosphere

sea waterearth

Moon/Sun shadow
→ pointing accuracy
→ angular resolution
→ absolute positioning

search for point-like neutrino sources

Statistics:
● for 2000 CR in a 12° window around Sun/Moon → 1 blocked by Sun/Moon

● we need 500 CR blocked to see a shadow → ~ 1 year of ORCA6

Moon/Sun cosmic ray shadow

20-500km 

https://forum.wordreference.com/threads/symbol-for-approximately.3660018/?hl=fr
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Local coordinates (azimuth - zenith) - all events - ORCA



Local coordinates - Moon/Sun position 
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Sun Moon
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Local coordinates - events < 12° wrt. Moon/Sun position

Sun Moon



without moon disk: 
radius = 0.78°
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Simulation of the shadow on MC

0.78° radius moon 
(3 times the real one)

mc true without moon disk → mc reco 
→ perform a chi square scan



Fitting model
(x, y) coordinates from the zenith and azimuth angles:

 sky object (θsk , αsk) and tracks (θtr , αtr) 

`
parameterization of the track distribution in the absence of the shadow:

H0  : no-shadow hypothesis      ·

G : bi-dimensional Gaussian to fit the deficit of secondary cosmic ray events due to the 
shadowing effect

H1 : shadow hypothesis
14



Preparation on MC:
data/MC angular error estimate distribution

15beta0 [deg]

DATA 
MONTE CARLO



chosen cut

angular error estimate [deg]

sun
moon

sun+moon
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Preparation on MC:
angular error estimate scan to optimize track selection



Preparation on MC:
data/MC angular error estimate distribution

17beta0 [deg]

chosen cut

DATA 
● data events: 3.2 million 
● fraction of sel. events: 45%

MONTE CARLO
● MC events: 11 million
● fraction of sel. events: 45%
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chosen σres 

sun
moon

sun+moon

18angular error estimate [deg]

Preparation on MC:
angular error estimate scan to optimize track selection



Application to Data
Verify background model

Fit at nominal Moon/Sun position (xs,ys) = (0,0)
with free amplitude, width → significance

Determine shadow shape and pointing accuracy 
with fixed width (σres) 

 → shadow position with respect to nominal + contours 
Crosscheck with fake sources

19



Application to data:
Verify background model: nx = 0 · ny = 2
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Results ORCA6 - 499 days
from fit at nominal position: (xs, ys) = (0, 0)
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χ2
H1 - χ

2
H0 scan wrt. local angular distance from the Sun/Moon in 

azimuth, zenith: [xs,ys]

σres
● 0.53° +/- 0.04° MC
● 0.49° +/- 0.15° Moon  
● 0.65° +/- 0.13° Sun

Results ORCA6 - 499 days
from fit at nominal position (up): (xs, ys) = (0, 0) + fit with fixed width (σres ) (down)
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2 σ
1 σ

3 σ
● Compatible with nominal position 

→  > 60% compatibility with nom. position

● Best fit position compatible between Moon & Sun
→ no significant shift observed

● Sun - pointing results
○ xs (deg) = -0.01 +/- 0.11
○ ys (deg) = 0.10 +/- 0.12

● Moon - pointing results 
○ xs (deg) = 0.11 +/- 0.21
○ ys (deg) = 0.04 +/- 0.13

1σ 2σ 3σ contour wrt. local angular distance from the 
Sun/Moon in azimuth, zenith: [xs,ys]

Results ORCA6 - 449 days
from fit with fixed width (σres )
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Summary
 Moon (Sun) cosmic ray shadows were observed with a 4.2σ (6.2σ) 

statistical significance using 499 days of 6 DUs KM3NeT/ORCA data
 ·

→ good compatibility with the nominal positions of Moon/Sun,            
no significant shift in the absolute orientation was observed

 → good understanding  of the detector positioning and orientation after 
deployment and after the several acoustic calibration stages

 

 → The shadow observed in data is compatible with expectations 
from MC concerning the significance, angular width and amplitude

 
 → The Sun shadow amplitude is consistent with the effects of the 

Sun’s magnetic field in times of low activity  
 

 → Promising future studies with ARCA and ORCA
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THANKS
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BACKUP
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angle between true vs reco [deg]
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SUN
without cut → with beta_cut

using 180° range after cut:
→ mean opening angle sun: 2.28

→ median opening angle sun: 0.74

MOON 
without cut → with beta_cut

using 180° range after cut:
→ mean opening angle moon: 2.29

→ median opening angle moon: 0.73

GAUSSIAN
sig: 0.54°

angle between true vs reco [deg]
co

un
ts

 p
er

 s
q.

 d
eg

.

Preparation on MC:
comparison between actual angular resolution and used gaussian function
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