
10th International Geant4 Tutorial in Korea 2023 
November 6 (Mon) - 10 (Fri), 2023 
Jeju National University, Juju, Korea

Jeewon Seo (jeewon.seo@ibs.re.kr)

Center for underground physics, Institute for basic science

Background simulation for AMoRE-II 
experiment using GEANT4 toolkit

¿¥”�•‡ B

¿¥”�•‡�” ¿���‚¶̄ '‚ƒ –�”»�‚•  ̨�‡„��  ̈�����  ̨¿�…�• ,̨ –�̂ �̊œ̇ —¿‹–‚¿ł�  ̇– �̇§¿  ̋̇ ����� ¿�–‚� ·̇  ́��¿º̇ �‚æ��‡“ ��‰ …̃”�� ¿�–‚� ·̇  ́‚¯̂ …¿¡ �ß¿º� ·̈�. Basic System

Design Standards Manual

BS-402

Type A Type B Type C Type D

Type E Type F Type G Type H



AMoRE: Advanced Mo-based Rare process Experiment

• Direct measurement of the Majorana neutrino 

• Existence of a lepton number violating process 

• Estimation of the effective neutrino mass ⟶ 
Neutrino mass hierarchy can be verified
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It aims at searching for neutrino less double beta decay (𝟢𝜈ββ)

100Mo Q-value 
3034.40 keV

T0ν
1/2 ∝

M ⋅ T for zero background
M ⋅ T

B ⋅ ΔE for finite background

Measured half-life is related to the detector mass M, 
measurement time T, the number of background B, 

energy resolution ΔE

A simulation study was conducted to estimate the background level of the AMoRE-II experiment. 
Goal for zero background level in ROI: < 10-4 count/kg/keV/year



AMoRE hall in Yemilab
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Water Cherenkov detector

Detector room

Preparation room

Changing room

Underground laboratory next to the Handuk mine at Jeongseon, Gangwon-do



AMoRE shielding structure
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Determination of the shielding layer
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Difference between Geant4 version for neutron simulation
• Neutron simulations were performed with different versions of Geant4. 

• Neutron background was 10 times larger with the Geant4 10.5.1 

• We have checked the neutron process and it seems that there is a problem with the neutron process 
cross-section in Geant4 10.5.1.
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Determination of the shielding layer
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Copper ShieldCrystal Frame

Copper  
Plate

Boric acid rubber

Neutron captured material

Captured volume of copper material

By neutron simulation
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20 cm lead 
~ 53 tonne

5 cm low radioactivity  lead 
~ 10.5 tonne

1.5 cm 

95.2% of single hit events are 
coming from near the surface 
close to the detector.

Vertex positions of single hit events

15 cm 

Lead shield

Determination of the shielding layer
By lead simulation
• We found that the 210Pb background self-absorbs in lead shields with thicknesses greater than 5 cm. 



Background simulation using Geant4
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Background sources on AMoRE experiment

Environmental background 
Cosmic muon, gamma from rock, radiogenic 

neutron, radon from the air 

Cryostat and shield materials 
Copper plate, SC lead shield cryostat can, lead 

shield, neutron shield …

Detector module components 
Reflector, epoxy, solder, sensor, frame, bolts… 

Crystal internal background 
𝟐𝜈ββ background
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QGSP_BERT_HP physics list with Geant4-v10.7.3

Rock

Pit 
(16.3-tonne rebar)

AMoRE hall

H-beams 
(7.5-tonne iron)

Water Cherenkov detector

Shielding structure 
& detector tower

H-beams 
(5-tonne iron)



Geometry in the simulation

9

10-inch PMT 22 pcs. &  8-inch PMT 26 pcs. 
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Electronics room

30 cm poly ethylene

70 cm poly ethylene

6 cm thickness  
muon veto detector
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30 cm space for H-beam

6 cm thickness muon veto detector

20 cm lead shield
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Crystal tower

Inner lead shield  
+ 

Copper plates

Cryostat cans  
(Copper, stainless)Aluminium 

profile

2nd floor
1st floor

Post 20.2 g (19 g)

Top frame 
56.6 g (47.2 g)

Photon sensor holder 
14.1 g (12.6 g)

Phonon sensor holder 
13.9 g (12.5 g)

Bottom frame 
47.8 g (46.8 g)

64 μm Vikuiti 
(0.905 g)

Araldite 0.53 mg 
(resin:hardner=1:1)

Heater

32 µm Al wire

Stycast 4.15 mg  
for MMC,SQUID sensor 
(resin:hardner=100:28)

0.13 g Pb-Sn solder  
for PCB

Clamps 
(2.442 g)

Cryostat and shield material

Detector module components



Radioassay and simulation

Backgrounds of AMoRE-II
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B~10-4 ckky, ∆E =10 keV FWHM

Background estimation
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1000 pseudo experiments with 5 years of simulation data

Sensitivity estimation 
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0𝞶ßß 90% C.L. 
S=4.4

Best fitting

Pseudo data

•    

•   

•

L = ∏
(S + B)N

N!
e−(S+B)∏ f(x)

S = ϵΓ0νNisot = ϵ
ln2
T0ν

1/2
Nisot

f(x) = f ⋅ pdfs + (1 − f ) ⋅ pdfb

•  

•   

( ,  years)

Niso = NA ⋅ a ⋅ M/A = 5.92 × 1027

T0ν
1/2 >

ln2 ⋅ ϵ ⋅ Niso ⋅ t
SC.L.

ϵ ∼ 0.7 t = 5

 yearT0ν
1/2 > 4.2 × 1026



Stage of AMoRE-II
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Summary
• The shield layer was optimized through several simulation studies. 

• There were version issue with the neutron simulation. 

• Most of the necessary background components have been considered. 

• The total background level in ROI is B < 1.77 × 10-4 ckky. 

• The sensitivity was evaluated by fitting on the pseudo-data. 

• Exclusive sensitivity is  years 

• We have plan to do the detailed simulation for AMoRE-II stage 1 run.

T0ν
1/2 > 4.2 × 1026
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