Moon & Sun shadow
KM3NeT/ORCA
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e lLarge array (2BB) optimized for [1TeV:10PeV] :
e Neutrino astronomy: diffuse flux, point source search
e goal: <0.1° angular resolution
— knowledge of relative DOM position ~ 10cm
— knowledge of absolute orientation < 0.1°
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Moon/Sun cosmic ray shadow

absorption

~0.26° mean apparent angular
radius seen from earth


https://forum.wordreference.com/threads/symbol-for-approximately.3660018/?hl=fr

atmosphere

CR > TH- — muon®

20-500km depending on
zénith angle
0.1° angular deviation (intrinsic limit on ang. res.)



from muons > 500GeV «— CR > 1TeV
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atmosphere

Moon/Sun shadow
— pointing accuracy
— angular resolution
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Moon/Sun cosmic ray shadow
Statistics:

e for 2000 CR in a 12° window around Sun/Moon — 1 blocked by Sun/Moon
e we need 500 CR blocked to see a shadow — ~ 1 year of ORCAG6

atmosphere

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

sea water

20-500km search for point-like neutrino sources
— ORCA (-2500m) .

. ARCA (-3500m)


https://forum.wordreference.com/threads/symbol-for-approximately.3660018/?hl=fr

Local coordinates (azimuth - zenith) - all events - ORCA
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Local coordinates - Moon/Sun position

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

Sun Moon
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Simulation of the shadow on MC

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

0.78° radius moon
(3 times the real one)
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x = (Qsk — Q) Sin Oy, x = (Qskp — Qgr)Sinby. 13



Fitting model

(X, y) coordinates from the zenith and azimuth angles:
sky object (6, , a ,) and tracks (6, , a,)
x = (Qsk — Q) SiN Oy,

Yy = Hsk - 9t7‘

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

z(nz —1+thzz ;z:[xay]

H, : no- shadow hypothesis
Ho = p- Py(ng) - Py(ny)
G : bi-dimensional Gaussian to fit the deficit of secondary cosmic ray events due to the
shadowing effect

AR,” (= 25)° + (Y —ys)°
G A, ares,xs,ys - eXp |:'— ]
( )= 202, 207,

H, : shadow hypothesis
H1 = Ho —pP- G
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Events
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Preparation on MC:

data/MC angular error estimate distribution
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X*(H1) — x*(HO0)
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Preparation on MC:

angular error estimate scan to optimize track selection
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Events

Preparation on MC:
data/MC angular error estimate distribution
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Preparation on MC:

angular error estimate scan to optimize track selection
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Application to Data
Verify background model
Ho = p- Py(ng) - Py(ny)
Fit at nominal Moon/Sun position (xs,ys) = (0,0)
with free amplitude, width — significance

AR32 w"‘msz"i" y—ys2
G(A, Ores, Ts,Ys) = S5 P [— ( )2(,2 ( ) ]

Determine shadow shape and pointing accuracy
with fixed width (o _ )
— shadow position with respect to nominal + contours
Crosscheck with fake sources
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Application to data:
Verify background model: n = 0 - n, = 2
Ho = p- Py(ng) - Py(ny)

.......................

Figure 1: Event distribution in z and y for the Sun data sample (blue crosses) compared to
the polynomial fits from the Hp hypothesis (black lines).



Results ORCAG - 499 days

from fit at nominal position: (xs, ys) = (0, 0)

Parameters Moon 1D Moon 2D Sun 1D Sun 2D
Creg /0.49° £0.11°Y 0.49° £+ 0.15° |(0.66° +0.08°\ 0.65° + 0.13°
A 0.69 £0.17 0.71 =0.27 1.38 = 0.31 1.31 +0.34
A1 w0 -20.7 21.3 47.2 -43.0
Significance 4.20 4.20 6.50 6.20
Events/deg® \___ 2886 2892 \___ 3166 ) 3161
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Figure 2: Event density as a function of the distance to the Moon on the left and the Sun on
the right. Data (blue crosses) are compared to the Hop fit (black) and the Hi fit (red).




Results ORCAG - 499 days

from fit at nominal position (up): (xs, ys) = (0, 0) + fit with fixed width (o) (down)

ores

e (0.53°+/-0.04° MC

e 0.49° +/-0.15° Moon
0.65° +/- 0.13° Sun

Xs [deg]
X4 - X4 SCan wrt. local angular distance from the Sun/Moon in

azimuth, zenith: [x_,y ]
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Results ORCAG - 449 days

from fit with fixed width (o)
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10 20 30 contour wrt. local angular distance from the
Sun/Moon in azimuth, zenith: [x_,y ]

A azimuth [ded]

res

Compatible with nominal position
— > 60% compatibility with nom. position

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

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

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

Moon (Sun) cosmic ray shadows were observed with a 4.20 (6.20)
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 o
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Preparation on MC:
comparison between actual angular resolution and used gaussian function

opening angle

counts per sq. deg.
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