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>2000 nuclear explosions
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Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO)

How tests are detected

Release of 
radioactive fission 

products

A simple air sampler at UU
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Air sampler at UU

HPGe detector

Air filter

γ

How tests are detected
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The International Monitoring System (IMS)
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The CoSpeR project

CoSpeR: Coincidence Spectrometry for Radionuclide Monitoring
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Air filter
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Measuring detector performance

The minimum detectable activity

Compared to a 
single detector:

(absolute efficiency)

(intensity)

(measurement time)

(detection limit)

Lower

Lower

About the same

The same

➔ Develop method to simulate MDA for coincidence detectors (in Geant4)

Lower?
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Simulating detector efficiency

Includes 
● Internal conversion
● X-rays
● True coincidence summing
● Angular correlation of γ-rays
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Simulating background radiation

E. Arnqvist et al. https://doi.org/10.1016/j.nima.2026.171461 

γ

Dominant background (usually)

The SURE (Spherical Uniform Radiation 
Environment) model

γ
γ

Negligible background (usually)

https://doi.org/10.1016/j.nima.2026.171461
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Simulating background radiation

E. Arnqvist et al. https://doi.org/10.1016/j.nima.2026.171461 

Does the SURE model work? 

Unfolded SURE source spectrum from experimental data

https://doi.org/10.1016/j.nima.2026.171461
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Simulating background radiation

N.Q. Hung et al. 
http://dx.doi.org/10.1016/j.apradiso.2016.12.047 Limited performance in shielded environments: 

SURE model underestimates by about 40%

E. Arnqvist et al. https://doi.org/10.1016/j.nima.2026.171461 

http://dx.doi.org/10.1016/j.apradiso.2016.12.047
https://doi.org/10.1016/j.nima.2026.171461


12

Simulating background radiation
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A dual-detector setup

Coaxial p-type HPGe detectors
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A dual-detector setup
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A dual-detector setup



16

A dual-detector setup

Coaxial HPGe

Coincidences are (usually) better. 
Bigger is (usually) better. 
An n-type is (usually) better. 
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Next: more complex detectors

F.J. Pearce et al.  
https://doi.org/10.1016/j.nima.2021.166044 Mirion Technologies

https://doi.org/10.1016/j.nima.2021.166044
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Thank you for your attention! 

Summary 
● CoSpeR: coincidence spectrometry for radionuclide 

monitoring
● Simulate MDA (background and efficiency)
● The SURE background model seems to work well in 

unshielded environments
● Parametric design optimization of detector designs

Advertisement for 5 ECTS PhD course:
Register by email: peter.andersson@physics.uu.se

Advertisement for PhD position:
Active neutron interrogation for nuclear disarmament 
verification 
https://www.uu.se/en/about-uu/join-us/jobs-and-vacan
cies/job-details?query=932444
 

mailto:peter.andersson@physics.uu.se
https://www.uu.se/en/about-uu/join-us/jobs-and-vacancies/job-details?query=932444
https://www.uu.se/en/about-uu/join-us/jobs-and-vacancies/job-details?query=932444
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Backup slides
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A dual-detector setup
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Simulating background radiation

Response function: 

c (E)=∫
0

∞

R (E , E ' )s(E ' )dE ' c=R s

Measured 
spectrum

Simulated 
response 
function

Solve for source 
spectrum

Matrix form:
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Simulating background radiation

Background in two cases: 

Shielded at FOIUnshielded at UU
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Quantifying detector performance

Introduction

S / t=A I γ ε γ

Peak count rate
Activity Gamma intensity

A= S
I γ ε γ t

MDA=
LD
I γ ε γ t

Detection limit

Minimum detectable activity

Peak counts: S
Detection efficiency
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Example

MDA=
LD

ε γ γ I γ γ t

γ γ

Distance d
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