Optical module characterization for P-ONE

V.Gousy-Leblanc, S.Bash, M.Buchner, M. Dinkel, K. Holzapfel, E.Jobst, S. Loipolder, N.Retza, A.Scholz, C. Spannfellner, L.Winter
for the P-ONE collaboration

Technische Universitat of Munchen (TUM) v.gousy-leblanc@tum.de

P-ONE Optical 1-Pacific-Ocean- 3-Optical Module
Module (P-OM) Neutrino Experiment!! Calibration Unit (OMCU)

* 405 nm single photon laser (diffuse and steady point)

» Angular acceptance (moving and steady light source)
° Slngle PMT or P'OM mOdUIe Diffuser ball i
* In development : il

« Quantum efficiency measurement

R g i .
tssom—Ne 3 0.0 08 B 1,90 o » Saturation measurement
M “ i e Polarization measurement
1 TRt
2.' Dark box
-2660 m

o 2

2-P-OM simulation |

¢
Geant4 model [5]

Rotation Stage Linear Stage

Single PMT+robot

1.25GHz DAQ

Simulated PMT scan
e ] PMT size

P-OM Monte- °

Carlo chain = 2|
£ o 0 | 5
« Knowing the most important N T .
-20 & 0.00008 1 3 30
calibration measurements R A s | 2,
-40 » ,//. [_. g;:(l);g::s % :
needed before the deployment | T o aowi | o e
-40 =20 0 20 40 0.00002 1 z : g;,cl):z::s . v unpolarized
Of P-ONE iS Cha”enging_ y [mm] : 1‘0 1'5 2'0 2'5 ' 3‘0 ’ * InCSiZencei\sngle [ZZg] b . ® In;?ience‘fngle [229] b ”
_ Simulated acceptance [5] rotage v
A Monte-Carlo chain of the P-
. . = rwitigehad -
OM will be built to evaluate the T Single PMT PMT + Gel pad
: : % 80 PMT 9 PMT 8 166
importance of the available PMT ————— = 50 e Gepsasie | ||
% 407 180
measurements on the | 5 g :
s 20° 160 - — = 4
reconstruction of simulated | \, - » g EM -
o : — O
event 0 20 40 60 80 = o | 15 qg’_ N 120 2
. theta [°] n y )
o 120 - 4 ; o Y 100 -
- - @ 1
. Faster then full MC to allow 5-Mainboard PMT .
100 A 5 T T T T T T
. . Y Y Y Y Y Y -60 -40 =20 0 20 40
quick adjustments readOUt O e y [mm]
PMT + Gel pad Integrated PMT
; Gumbel fit PMT 8 PMT 10
1-Muon event 1 Gelpad s 2t
6 - 180 elpad size 30 -
| A 220 - —
z § 160 2 % 20- 8 X
. D 4 - \ v — = p— .
2-Geant4 Slngle P-OM E \S\ £ 140 2 gg :Zz g
. . =3 1 N
module simulation &2 | 3 E 1o 58—k " a
Q'K N = N -
. 0 9 170 . g
o 100
3-Input (PMT position, . 9w
wavelength, intensity, - o ———
-60 -40 =20 0 20 40 -60 -40 =20 0 20 40 60
voltage y [mm] y [mm]

4-Output: General

waveform I(t) = A-exp (— (th“ +J)) 1

Overa_ll_fitw (typical gain calibration)

— Data 103 . 1eb Fétg%:?%.%gggggn 5.61711235

10 1 —— Gumbel Fit | 7.0 -
5-Electronic effects ‘- <§\
> (§ 5 U 6.0-

E 61 N 2

> & g
§ 4 - .\\ uCJ 101 - 5.5 4

> Q
N 5.0 -
2- Q
. 100
6-Reconstruction Om%w%&wp ,
S 25 - g 257
(G raph NeT[Z]) 60 80 100 120 140 160 180 200 @~ 2 0.0
A 0 A [}
time [ns] § o« —2.51 .
7 025 050 075 1.00 125 150 175 2.00 86 88 90 92 94 96 98 100
gain 1e7 Voltage in V
References
|NN©VAT|ONCA ‘erc European Research Council NSERC " Arthur B.McDonald DF Deutsche |
[1] P-ONE experiment https://pos.sissa.it/444/1219/pdf %o CANADA FOUNDATION | FONDATION CANADIENNE Established by the European Commission CRSNG 1 Bl e Bt b At PR Forschungsgemeinschaft

[2] GraphNet https://github.com/graphnet-team/graphnet

[3]T.Kersher,The Simulation of Polarized Light Propagating in Ocean Water. TUM,Master’s thesis, 2024
[4] M. Moorhead. ‘Reflectors in Cherenkov Detectors’. PhD thesis. University of Oxford, 1992

[5] N.Retza, The Pacific Ocean Neutrino Experiment: Advancements in the Optical Module Development
for the First Detector Line of P-ONE, TUM, Master’s thesis, 2023

LM
'l'llTlu

Science and INSTYTUT FIZYKI JADROWE) . ' INSTITUTE OF

Technology IM. HENRYKA NIEWODNICZANSKIEGO I ' m & PARTICLE : ORIGINS

Facilities Council )  POLSKIE) AKADEMII NAUK | X - M PHYSICS Excellence Cluster
M . s

™

% 4 GraphNeT

Deep Learning for Neutrino Telescopes



mailto:Mail_address@tum.de
https://pos.sissa.it/444/1219/pdf
https://github.com/graphnet-team/graphnet

