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The (obvious) Need for Assay Databases
Published data:
Clearly there is much related published assay data. Some “random” examples:

225 measurements
91 measurements

https://doi.org/10.1016/j.nima.2017.04.049

.. And many others (some referenced therein)
But no one paper contains all the world’s copper measurements for example.

Conceptual Experiment Design:
o Need library of known realistically obtainable materials to design and show proof of 

principle of initial detector concept.  
o Radiopurity.org serves well for surveying the published data to find realistic 

assumptions about obtainable material. (I look up my own data there often).
o But then must source and measure new items.
o Logs are born from materials or parts received.

- Multiple samples and/or measurements come later.  
- History naturally fits hiearchical data structure well.
- Radiopurity.org top level entry is a measurement.
- Logbooks can link to measurement ID, but it’s not as cohesive and ID’s don’t obtain 

conversational meaning.
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Some History: Birth of a database
We’ve all sat in design meetings that went like this:

Joe:    “What’s the background if we use the new aluminum?”
Sue:   “The new aluminum from last year.”
Joe:     “Yeah”
Matt:  “40 uBq/kg… converting to ppt, I mean ppb.”
Sue:    “You forgot the branching ratio.”
Jack: “Wait, wait, that’s with old-new aluminum, not the new-new aluminum.”
Joe:     “Some grad student figure this out for next week.”

Next week 
Joe: “What’s the background if we use the new aluminum?”
Sue: “The new aluminum from last year….”

Random Post doc (that was me):  “Hey, let’s use our e-log and write this stuff down!”

This costs real time and productivity.
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More than just numbers 
A real experiment needs to track complex and in-house information.

• Invoices
• Quoted text from email conversations with suppliers.
• Information on batches, quantities, locations, handling, cleaning.
• Preliminary (not always publishable) analysis results, still under discussion.
• Measurements of “trade secret” parts and materials, sometimes under active development 

with corporations, even with NDA’s. (non-disclosure agreements).
• How material connects to internal design decisions/applications.

These things sound like experimental log books, not public data summaries.
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The simple solution: PSI E-log
• In EXO-200 we gave a material or part a numbered e-log entry.
• Sub id’s like 34.a and 34.b assigned by hand (text).  For batches, varieties, etc. 
• Extensive notes about dates, batches, handling methods etc.
• Summarized and attached analysis reports.
• Sometimes attached related MC background reports as well.
• Related entries were “linked” simply by writing about them.

Pros:
-Very easy to setup when it was needed yesterday.
-Encouraged communication with complete thoughts and stories.

-Real log-booking like scientists should do.
-Helps avoid tunnel vision, missing details.
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Cons:
-No structured data
-No automated overview of assay results
-Overview summaries were made by hand in   excel.
-No revision history or dates => updates to 

summaries required diligent oversight or reviewing 
EVERY entry for changes.



Beyond logging: Bkgd Estimations

Programmatic spreadsheet to 
summarize :

1)  Materials assay (auto-linked to elog)
2) Monte Carlo efficiencies.

3)  Parts. Could create parts on-the-fly (during meetings) to estimate backgrounds
o Select material
o Enter mass/quantity
o Choose closest existing MC (guess) efficiencies.
o Estimates background impact. 
o For quick decisions, MUCH faster than waiting for a new MC, and often good 

enough.
• Includes functions to standardize Bayesian limit calculations and prepare latex 

table for publication, but it wasn’t very friendly to most users.
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Incremental advance: Present CUP Materials Database

• Motivation again dominated by deployment speed (and learning curve/resistance).
• Reimplementation (by me) of e-log in Twiki environment. 
• Does about everything E-log does (except maybe threaded replies).
• But with power of Twiki (now FosWiki):relative links, advanced search, formatting, tables, etc.

Big Advantage: Revision History
-Can sort entries to find recent changes.
-Can show differences and old versions, (mostly meets no-erasure logging requirements).

• Integrated with/auto-linked-from CUP assay request queues.

Cons:
Still just log entries at its core.
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(Brief) Outline of a Gen 2 Database
4 Parts of an advanced Database (based on EXO-200 experience, outlined for nEXO)

1) “Material” Entries:  
• Track materials and/or parts having potential bkgd impacts to experiments.
• Track samples, assays, and quantitative results.

2) Monte Carlo:
• Database for MC efficiencies in re-normalizable units:  ex:  hits per decay in ROI.
• Better yet, root file of full MC output, or both.

3) Detector Models, 
• Multiple detectors definable for development/hypotheticals
• Consists of parts defined by:

o Material
o MC
o Mass or extent (cm^2 of reflector, cm of cable, ea PMT etc) and count.  …

4) Background Impact Estimation
• Estimate backgrounds from detector models and parts.
• Depending on level of detail stored in MC database, can be simple bkgd ROI estimates, or full 

virtual experiment sensitivity estimations.

Of course include revision date and history.
Full design defined efforts and interfaces in detail.  Forethought is required.
More detail of original concept provided in backup slides.
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nEXO “Cabinet” Datbase (“Gen 2” design)
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• Programmed by R. Tsang, inspired by concept above.

Raw data or 
limits?

Click to 
convert units.

Sub samples, 
sub-
measurements
, sub-analyses.

Assay, MC, and Backgrounds.

Summary view:

Software:
• Couchdb database engine
• Json document format
• Elasticsearch searching

Store MC root files

Cons:
Attachments, formatting, 
linking etc.. less advanced 
than Twiki (for now).



Cabinet Assay Entry
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Sample 1

Remarks fields 
replaces elog text. 
(poor example)

Measurement 1

Analysis 1

Attachments

Revisions



Cabinet Detector 
Model

• Detector models

• Built from parts.
(defined by material, MC, etc)

• Generates background 
spreadsheet.
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Cabinet Background Summaries
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• Many, many, tables and views provided to assess bkgd contributions.
• What-if analysis can be done at spreadsheet level or starting in database.
• Limits using Bayeseian/FC/truncated-gaussian.



• Radiopurity.org  (previous talk)

• Majoranna : 
o

o
•

•

•

o

•
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(Some) Other Databases
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(Some) Other Databases contd..



Final Thoughts
• Real experiments complicate software and data structure demands.
• Json is flexible (extensible), difficult to query, but unanimous favorite.
• Hieararchy may limit compatibility though.
• Can databases be similar enough to easily transfer data to a world database? 

Probably yes, but will it anyone spend time on automated translation?
• Published data needs review of details anyway.

• Now considering Cabinet (nEXO) database for future of CUP  experiments (and 
elsewhere?)
o May use professional development support.
o Other similar efforts ongoing, let’s keep in touch when possible.

• Is too much structure bad?
o Do people still pause to write down what happened?
o Do they see a logbook?

… Or a computer system with check boxes?
o Do they just ask (ok, ok, but which boxes do you want me to tick?)
o Is e-log (or the Twiki replacement) still the best?
o Can we ever know all the data structure we’ll need?
o Is json flexibility enough to overcome that (does nothing without human work)?

• Fast estimates from existing MC and assay are crucial to efficient design cycle.
• Decisions are facilitated by structured databases providing the latest answers and 

summaries.
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