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IceCube

& IceCube Neutrino Observatory
« 1 km3 detector in Antarctic ice

« Multi-purpose design:

IceTop (surface) & DeepCore (dense)

& Scientific Objectives

« Astrophysical neutrinos:
High-energy phenomena
(Supernovae, GRBs, Black holes)

« Fundamental physics:

Dark matter, Neutrino properties
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IceCube-Gen?2 @ s AReuxs

IceCube-Gen2. -+ ="+
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& IceCube major upgrade

- 8 X IceCube volume s
« Doubled string spacing I
€ IceCube-Gen2 !
« Wider spacing e ———r———»
—Lower low energy muon kmg
rejection | Detector
« Solution: Enhanced light “Gen2DOM”
collection
6IceCube-Gen2 Collaboration
© Osaka Metropolitan University All Rights Reserved. 3

TeVPA 2026, September 1, 2026



To enhance light-collecting power ﬁ s ABLILAE

@ Fiber Optic Module (FOM) m
Attachment for Gen2DOM

« Structure
Cylindrical wavelength shifting (WLS) fiber bundle

# Objective of this study FOM
Characterization of the optical performance of FOM |

-y e




Wavelength shifting fiber currently used 3* ARLIXT

€ WLS Fiber Specifications: Kuraray B-3(200)M
Diameter: 1 mm

Dye concentration: 200 ppm

/ Outer clad: 0.02 mm each

Attenuation length> 4.0 m

Outer

Core
1 mm

§

92 m

Inner

7

n =149

n=1.59

Core

n=142

% n : Refractive index

Inner

| Outer

1.1
L — ff\,k Emissions
i - II|III L
> Ld { \
=2 f
5 . /
¢+ i JL8] a3l i 4z =H! 143 il
O 1l '1... |
O .. \ { | Wave length[nm]
n- Lb Il. ll
LB H“u‘u;"l Absorption
)0



Measurement of the attenuation length ” ARBIXY

& Setup
- Pulsed LED, 365nm, 20mW
- L =116 - 166 cm

23.5
& Results — fit b=362.93 + 452 cm
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Performance evaluation by Geant4 ﬁ iz,

ICECUBE

& Particle-matter interaction simulation toolkit

€ Simulation Details
« WLS fibers modeled using Kuraray S nomlnal values
« Performance evaluation: B " -- \\
@ Single fiber

@ FOM with 100-300
fibers

Conptul rendelng



Effective area of a single fiber

& Definition of Effective Area
Ndetect >

Aeff_ fiber — Agen

Ngen

Ngjetect - Number of detected
photons

Ngen - Number of generated
photons

Agen : Generate area

—Dye concentration 1000 ppm
gives the maximum A ¢
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Photon exiting angles at the fiber end ﬁ L,

& Light collection by a 2-inch PMT
—>Detection condition: Exiting angle < 45°
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== Escape angle < 245 deg : 38.1 %
-------- Escape angle < 45 deg : 76.8 %
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Effective area of FOM with 100-300 fibers ”

€ Shadowing effect included
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mparison with Gen2DOM

Maximum A« limit: 0.5 X Gen2DOM
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Summary & Future Work 3& ARBIAT

€ Summary
« Wider string spacing
— Lower low energy muon rejection in IceCube-Gen2
« Solution: Enhanced light collection using WLS fiber bundles (FOM)
- Results:
« Measured attenuation length: 3.6 m (< nominal value)
« Maximum A.s: 0.5 X Gen2DOM

& Future Work
« Validation of attenuation length (multiple samples) & bending loss

« Integrated A.« evaluation (FOM + Gen2DOM)
— Veto capability assessment

 Performance validation using a physical prototype
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PMT Details

R14095-01 by HAMAMATSU

Parameter
Spectral Response

Wavelength of Maximum
Response

Photocathode - Material

Photocathode - Minimum Effective

Area

Window Material

Dynode - Structure

Dynode - Number of Stages
Weight

Operating Ambient Temperature

Storage Temperature

Description / Value

300 to 650
420
Bialkali

¢ 46

Borosilicate glass
Box and Line

10

approx. 84
-30to +50

-80 to +50

#
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nm

nm

mm

g
degree C

degree C
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Calculation of effective area ﬁ ABBIKS

& Definition of the effective area of a fiber

Ndetect
Acff fiber = N X Agen
gen

Ngetect - Number of detected photons
Ngen - Number of generated photons
Agen Generate area

& Calculation of the effective area of FOM

dN
Aetr rom (D) = j Aett fiber(A) * Eexit * H(A’D) - QE(4) dA

Amin

Amax

e _exit: Losses due to escape angle ~ 0.768
dN/dA (A,D) :  The Cherenkov Light Spectrum Reaching FOM
QE(A) : Quantum efficiency of PMT



Effective area of FOM ﬁ ABBITKS

& Creating FOM with Geant4
« Non-overlapping U-shaped fibers
« Gen2DOM interface: Photon warping

2m




Effective Area [cm?]

Effective Area of FOM and Gen2DOM ” ABRLUAT

€ Comparison of effective area by wavelength
Reinforcement of the shrinking short-wavelength range
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