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Common tasks for 
low background detectors

• Track and share radioactivity assay measurements

• Predict the background budget  for each component and 
material
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• Main site radiopurity.org hosted by SNOLAB

• Private collections can be visible to collaboration 
members only and later made public

▪ SNOLAB HPGE

▪ SuperCDMS

▪ nEXO

• Or run a server locally

▪ DUNE at PNNL 
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S. Sekula, TAUP 2023 

https://indico.cern.ch/event/1199289/contributions/5445810/attachments/2703590/4692

931/2023-08-TAUP-Radiopurity-org-Sekula.pdf  

https://indico.cern.ch/event/1199289/contributions/5445810/attachments/2703590/4692931/2023-08-TAUP-Radiopurity-org-Sekula.pdf
https://indico.cern.ch/event/1199289/contributions/5445810/attachments/2703590/4692931/2023-08-TAUP-Radiopurity-org-Sekula.pdf
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Material Assay Data Format (MADF)
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MADF is a data format

designed for assays. Tracks

details on:

• Sample

• Measurement

• Data source

Can add user-defined fields

for additional information

C. Jackson, CPAD 2023 

https://indico.slac.stanford.edu/event/8288/co

ntributions/7476/attachments/3614/9916/radi

opurityDatabasePoster.pdf 

https://indico.slac.stanford.edu/event/8288/contributions/7476/attachments/3614/9916/radiopurityDatabasePoster.pdf
https://indico.slac.stanford.edu/event/8288/contributions/7476/attachments/3614/9916/radiopurityDatabasePoster.pdf
https://indico.slac.stanford.edu/event/8288/contributions/7476/attachments/3614/9916/radiopurityDatabasePoster.pdf
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Radiopurity.org future plans

• SNOLAB hosts and maintains main site

• Development supported by US DOE Detector R&D 
program

• Planned capability for Azure cloud deployment for full 
reliability/uptime

• Make it easier to share internal data to main site when 
ready to publish

• Community feedback is welcome! Contact 
radiopurity@snolab.ca with suggestions or data to share
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Building a background model
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Widget
Material: copper

Mass: 10 g
Surface Area: 30 cm2

Location: vessel_flange

Bulk Material Assay
Material: copper
238U: 10 uBq/kg

232Th: 20 uBq/kg

Radon exposure history
210Pb: 10 mBq/cm2

Hit Efficiencies (Simulations)
238U, vessel_flange bulk: 1 DRU/Bq

232Th, vessel_flange bulk: 0.5 DRU/Bq
210Pb, vessel_flange surface:1 mDRU/Bq 

~100 ~10 ~1000
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Model definitions

• All components and radiopurity specs contained in a single 
document

• Full version history preserved

• Multiple versions can test design alternatives
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Building a background model
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Widget
Material: copper

Mass: 10 g
Surface Area: 30 cm2

Location: vessel_flange

Bulk Material Assay
Material: copper
238U: 10 uBq/kg

232Th: 20 uBq/kg

Radon exposure history
210Pb: 10 mBq/cm2

Hit Efficiencies (Simulations)
238U, vessel_flange bulk: 1 DRU/Bq

232Th, vessel_flange bulk: 0.5 DRU/Bq
210Pb, vessel_flange surface:1 mDRU/Bq 

~100 ~10 ~1000
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Define components
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Components associated with 

multiple “Emission specs” (bulk 

contam, cosmogenic activation, 

radon or dust exposure)

Components placed into (nested) 

hierarchy of Assemblies. Multiple 

“copies” can be in different places
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Building a background model
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Widget
Material: copper

Mass: 10 g
Surface Area: 30 cm2

Location: vessel_flange

Bulk Material Assay
Material: copper
238U: 10 uBq/kg

232Th: 20 uBq/kg

Radon exposure history
210Pb: 10 mBq/cm2

Hit Efficiencies (Simulations)
238U, vessel_flange bulk: 1 DRU/Bq

232Th, vessel_flange bulk: 0.5 DRU/Bq
210Pb, vessel_flange surface:1 mDRU/Bq 

~100 ~10 ~1000
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Define Emission Specs
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Multiple radioactive source specifications with uncertainties or limits. Can override 

database queries and normalization to handle edge cases. 
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Building a background model
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Widget
Material: copper

Mass: 10 g
Surface Area: 30 cm2

Location: vessel_flange

Bulk Material Assay
Material: copper
238U: 10 uBq/kg

232Th: 20 uBq/kg

Radon exposure history
210Pb: 10 mBq/cm2

Hit Efficiencies (Simulations)
238U, vessel_flange bulk: 1 DRU/Bq

232Th, vessel_flange bulk: 0.5 DRU/Bq
210Pb, vessel_flange surface:1 mDRU/Bq 

~100 ~10 ~1000
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Upload JSON Hit Efficiencies

• Follow predefined format
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• Tell bgexplorer how to 
interpret your data by 
subclassing 
SimulationDatabase

Data format options:

OR
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Predefined data format
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Match components and emission 
specs to specific Hit Efficiencies
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Explore results
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Each cell is a link to generate a spectrum



18

Explore results with dynamic filters
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Export calculation results to CSV
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Background Explorer
Planned developments: version 3

• Finer-grained permissions (view, edit, delete)

• Configure all settings within web interface

• Improved handling of combinations of upper limits and 
uncertainties

• Attachments and part tracking

• Better version control

• Full test coverage
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Common technologies

• Python Flask server

• MongoDB database, easy conversion to/from JSON

• Docker containerization
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Want to run your own server?

> git clone <repo>
> docker compose up
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More info

• radiopurity.org 

• github.com/pnnl/Radiopurity-
database-assistant 

• radiopurity@snolab.org

• Chris Jackson 
christopher.jackson@pnnl.gov 
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• bgexplorer.pnnl.gov/demo
(user: demo , pass: bgexplorer)

• github.com/bloer/bgexplorer 

• github.com/bloer/bgexplorer-
docker 

• Ben Loer ben.loer@pnnl.gov 

https://radiopurity.org/
https://github.com/pnnl/Radiopurity-database-assistant
https://github.com/pnnl/Radiopurity-database-assistant
mailto:radiopurity@snolab.org
mailto:christopher.jackson@pnnl.gov
https://bgexplorer.pnnl.gov/demo
https://github.com/bloer/bgexplorer
https://github.com/bloer/bgexplorer-docker
https://github.com/bloer/bgexplorer-docker
mailto:ben.loer@pnnl.gov


Thank you
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