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http://www.worstpolluted.org/Why Focus on Lead?
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Why Focus on Lead?
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How Much Lead Matters to Human Health?

0.01 mg/l = 1E-5 g Pb/1E3 g water = 1e-8 g/gm = 0.01 ppm 
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What does this have to do with   
Dark Matter? 



Direct Detection of Dark Matter   
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Observable: Small Energies
1 bullet fired    1E3 J

1E-7 J      1 flying mosquito

1E-11 J      1 nuclear fission

1E-16 J      dark matter-induced
             nuclear recoil 
             (100 keV)

1E-19 J      1 visible photon
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In dark matter experiments...
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Anything else that does this 
can fake a dark matter signal! 

… and Tiny Event Rate
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Rate vs. Energy

Challenge: detecting rare events with small energies!
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1

0.1

100 GeV/c2 WIMP mass
1E-45 cm2 WIMP-nucleon SI σ
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Can’t shield a detector from uranium and thorium present in trace amounts 
inside detector materials, however daughters and associated decay particles  
can mimic dark matter signals…   

Why Detecting Small Concentrations is Important

  so dark matter experiments “screen” to identify low-radioactivity materials. 
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Material Screening, 
Example
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Developing New Screening Techniques, Example
Target Pb-210 concentration in DEAP-3600 experiment is 1E-21 gm of Pb-210 per gm of acrylic! 

x20 below sensitivity of current techniques, so developed new method to achieve this: 

17 keV beta and  
46.5 keV gamma,  
measured in  
coincidence system, 
at Boulby Laboratory  
M. Widorski (2015)
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Is it plausible that Particle 
Astrophysics techniques can  
address global challenges? 



Positron Emission Tomography

nuclear medicine functional imaging technique,  
observes metabolism of a tracer taken by the patient in the body
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Smaller Energies = Earlier Detection

many dark matter research groups exploring liquid noble PET
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Photosensor Development

DarkSide-20k: first large-scale use of large-area  
    cryogenic SiPMs, 45% photon efficiency 

complementary with LHC: exploration of very  
    high masses with direct search 

5 cm x 5 cm  
tiled SiPM

next-generation 2-phase liquid noble TPC at LNGS,  
20 t liquid argon target 
using SiPMs
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Digital SiPMs

      Jocelyn Monroe                                                                                                                                       Oct. 22, 2018, p.24



Outline 

1. What is GCRF? 

2. Why Focus on Lead 

3. Overview of the Materia Oscura Project 

4. Goals for this Meeting

      Jocelyn Monroe                                                                                                                                       Oct. 22, 2018, p.25



Materia Oscura GCRF Project
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Materia Oscura GCRF Project

“Moon Shot” goal:
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Materia Oscura GCRF Project: Work Package 1
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Materia Oscura GCRF Project: Work Package 2
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Materia Oscura GCRF Project: Work Package 3
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Materia Oscura GCRF Project: Timeline (from Proposal)
M

ateria O
scura: Instrum

entation D
evelopm

ent to O
bserve the Invisible

G
A

N
TT C

hart 

GCRF Aug 23, 2017

Gantt Chart 3

NameName Begin dateBegin date End dateEnd date

Training Visits to Boulby 1 / 1 / 1 8 3 / 3 0 / 1 8

Assess GeoPark Facilities 1 / 1 / 1 8 4 / 3 0 / 1 8

Installation of Geopark Ser...5 / 1 / 1 8 8 / 2 9 / 1 8

Deploy BEGe counter 8 / 3 0 / 1 8 12 /31 /18

Calibrate BEGe counter 1 / 1 / 1 9 2 / 2 8 / 1 9

Train University Students 1 2 / 3 / 1 8 4 / 3 0 / 1 9

Perform Assays 5 / 1 / 1 9 12 /31 /19

Measure Pb in water 1 / 1 / 1 8 3 / 3 0 / 1 8

Develop mobile phone alg...1 / 1 / 1 8 10 /31 /18

Implement background su...6 / 1 / 1 8 12 /31 /18

Quantify measurement ca... 1 / 1 / 1 9 4 / 3 0 / 1 9

Simulate and measure att... 9 / 3 / 1 8 6 / 2 8 / 1 9

Proof of principle demons... 7 / 1 / 1 9 12 /31 /19

Dark Matter Experiment P... 1 / 1 / 1 8 12 /31 /19

2018 2019 2020

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

Training Visits to Boulby Implement background subtraction

*Requires revision given funding start Aug. instead of Apr.’18!

**However the funding still ends on original timescale.
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Materia Oscura GCRF Project: Management Plan
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https://indico.cern.ch/event/764896/
bi-weekly meetings Fri. 9:00 MX / 15:00 UK, slides on indico, vidyo web conference



Materia Oscura GCRF Project: Management Plan
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https://indico.cern.ch/event/766675/timetable/#20181022

https://indico.cern.ch/event/766675/timetable/#20181022


Materia Oscura GCRF Project: Awarded Funding
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Mechanism for disbursement of funding quarterly specified in Collaboration 
Agreement document, coming up on first go at this (Nov. 1, 2018).



Materia Oscura GCRF Project: Travel Funding
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Goals for This Meeting 

1. Get to know each other 
2. Learn a lot about Pb and how to measure it 
3. Define realistic plans and schedules for each work package (WP) 
4. Schedule training trips (WP1) 
5. Prepare for WP2 deployment  
6. Coordinate R&D for WP3 
7. Budget plan 
8. Define goals for and schedule future meetings 
9. Prepare for “Grand Challenges” GCRF stage  
10.Kick-off the project! 
11.  … 

Thanks for coming / connecting!


