
WBS1.06 Background Control

CUPID LBNL Project Review
December 16-17, 2024

T.O’Donnell
Virginia Tech



T. O’Donnell, Virginia Tech LBNL Project Review, December 16-17, 2024 2

• Organization 
• Requirements
• Scope and Technical Specification
• Risks
• Cost and Schedule
• Interfaces
• Lessons Learned
• Summary

WBS 1.06: Overview
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WBS 1.06: Organization

1.0 CUPID Project
Technical Coordinator: M. Biassoni (INFN MiB)

IT Project Director/Chief Scientist: F. Bellini (Sapienza Roma)
US Project Director/Chief Scientist: Y. Kolomensky (UCB)

1.01 Project Management
IT: L. Cardani (INFN Roma)

US: B. Fujikawa (LBNL)
FR: A. Giuliani (IJCLab)

1.03 Detector Structure
IT L2: L. Cardani (INFN Roma) 

FR L2 : C. Nones (IRFU)
US CAM: B. Fujikawa (LBNL)

1.04 Host Lab Infrastructure 
& Cryogenic Systems

IT L2: A. D’Addabbo (INFN LNGS)
US CAM: B. Fujikawa (LBNL)

1.05 Data Readout
US L2: B. Welliver (UCB)

US CAM: T. Stezelberger (LBNL)
IT L2: P. Carniti (UniMiB)

1.06 Background Control
IT L2: L. Pagnanini (GSSI)

US L2/CAM: T. O’Donnell (VT)
FR L2: P. Loaiza (IJCLab)

1.01.03 Project Controls
US L3: G. Zehnder (LBNL)

1.01.04 Project Management 
& Travel

US L3: B. Fujikawa (LBNL)

1.01.05 Environment, Health & 
Safety

US L3: J. Bramble (LBNL)

1.01.02 Conceptual Design
US L3: B. Fujikawa (LBNL)

1.05.01 Management 1.06.01 Management

1.03.08 Storage & Logistics
IT L3: S. Dell’Oro (UniMiB)

1.05.02 Electronics: FEE
IT L3: G. Pessina (INFN MiB)

1.05.05 SW DAQ & Trigger
US L3: B. Welliver (UCB)

1.05.07 Comp.& Data Storage
US L3: B. Welliver (UCB)

1.04.04 Detector Installation
IT L3: T. Napolitano (INFN LNF)

1.04.02 Wiring
IT L3: E. Ferri (INFN MiB)

1.06.02 Screening Labs IT
IT L3: S. Capelli (UniMiB)

1.06.03 Screening Labs US
US L3: C. Grant (BU)

1.01.01 Project Reviews 1.03.01 Management 1.04.01 Management

1.01.06 Project Engineering & 
QA

US L3: T. Stezelberger (LBNL)

1.06.04 Screening Labs FR
FR L3: D. Poda (IJCLab)

1.06.05 Crystal Validation Runs
IT L3: L. Marini (INFN LNGS)

US L3: K. Alfonso (VT)
FR L3: E. Olivieri (IJCLab)

1.03.02 Detector Structure 
Design

IT L3: T. Napolitano (INFN LNF)

1.03.03 PTFE & Copper Parts
IT L3: C. Tomei (INFN Roma)

1.03.04 Assembly Line
IT L3: V. Pettinacci (INFN Roma)

FR L3: A. Gallas (IJCLab)

1.03.07 Parts Cleaning
IT L3: G. Keppel (INFN LNL)

1.03.09 Cryogenic Detector 
Wiring

IT L3: E. Ferri (UniMiB)

1.04.03 Clean Rooms
IT L3: V. Pettinacci (INFN Roma)

1.04.05 Cryostat Upgrade & 
Commissioning

IT L3: A. D’Addabbo (INFN LNGS)

1.04.06 Calibration
US L3: P. Slocum (Yale)
IT L3: L. Marini (GSSI)

1.04.07 Acoustic & Vibration 
Sensors

US L3: P.T. Surukuchi (Pitt)

1.04.08 Ambient Control
US L3: J. Wilhelmi (Yale)
FR L3: P. Loaiza (IJCLab)

1.05.06 Slow Control & 
Monitoring

US L3: P.T. Surukuchi (Pitt)

1.03.10 Tower Assembly
IT L3: M. Biassoni (INFN MiB)

1.05.03 Electronics: Power 
Supplies & Pulsers

FR L3: D. Baudin (CEA)

1.05.04 Electronics: Filters & 
Digitizers

US L3: H. Huang (UCLA)

1.01.07 Procurement
US L3: K. Lingua (LBNL)

L3 first name: primary responsibility
L3 second name: secondary responsibility

1.03.05 Tower Bonding
IT L3: I. Colantoni (CNR Roma)

1.03.06 Gluing
FR L3: P. Mas (IRFU)

1.04.09 CUPID/CUORE Joint 
Operation

IT L3: P. Gorla (INFN LNGS)

1.02 Detector Components
US L2/CAM: L. Winslow (MIT)

IT L2: M. Sisti (INFN MiB)

1.02.02 100Mo Enrichment
IT L3: M. Sisti (INFN MiB)

1.02.03 LMO Crystal 
Production

IT L3: C.Tomei (INFN Roma)

1.02.07 Muon Veto
US L3: K. Heeger (Yale)

US L3 Deputy: J. Torres (Yale)

1.02.05 NTD Ge Thermistor
US L3: R. Maruyama (Yale)

US L3 Deputy: D. Speller (JHU)

1.02.06 Heater
IT L3: S. Dell’Oro (UniMiB)
FR L3: A. Zolotarova (IRFU)

1.02.04 Light Detector
US L3: V. Singh (UCB)

FR L3: K. H. Khalife (IRFU)

1.02.01 Management

1.02.08 Neutron Shield
IT L3: G. Mazzitelli (LNF)

1.01.08 Risk Management
US L3: E. Imani (LBNL)

1.04.10 Optical Injection 
System

IT L3: S. Copello (INFN Pavia)

1.05.08 Data Readout 
Integration

IT L3: P. Carniti (UniMiB)
US L3: T. Stezelberger (LBNL)

1.01.09 Pre-Operation
IT L3: M. Biassoni (INFN MiB)

US L3: B. Fujikawa (LBNL)

US responsibility
Italy responsibility
France responsibility
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CUPID: L1 Requirements 

•Science driver: background budget of  ccky to achieve design sensitivity
•Requirements for WBS1.06 flow down from this  

1 × 10−4

Table 47: CUPID L1 Requirements (columns 1 and 2) and the L2 systems involved (col-
umn 3). Numbers in the third column identify the WBS: 1.02 Detector Components, 1.03
Detector Structure, 1.04 Host Infrastructure & Cryogenic System, 1.05 Data Readout, 1.06
Background Control).

Pileup BI 0.5·10�4 counts/(keV·kg·yr) 2 6
Radioactive BI 0.47·10�4 counts/(keV·kg·yr) 2 3 4 6

�/�-↵ Discrimination E�ciency 99.7% 2 3
Light Detector Risetime 0.5 ms 2 3 4 5

Light Detector S/N after NTL amplification 60 2 3 4 5
Detector Cooling Time 6 weeks 2 3 4

Minimum Achievable Operating Temperature 10 mK 2 3 4
Light Yield+ 0.36 keV/MeV 2 3

Combined Signal Selection E�ciency⇤ 86.3% 2 3 4
Fraction of Working LD At Beginning of Operation 0.98 2 3 4 5
Fraction of Working HD At Beginning of Operation 0.995 2 3 4 5

Readout Wires Total Capacitance 500 pF 3 4 5
Total Cross-Talk -65 dB 3 4 5

Hardware/Spare Operation Time 20 yr 2 3 4 5
+ e↵ective Light Yield i.e. amount of light produced by the crystal and collected by the LD.
⇤ probability that a 0⌫�� signal in the ROI is accepted by analysis.

Table 48: CUPID 1.02 L2 Requirements.
Crystal Mass 280 gg

Number of Instrumented Heat Detectors 1596
Number of Instrumented Light Detectors 1710

Table 49: CUPID 1.03 L2 Requirements.
Copper Surface Radiopurity < 4.8 (226Ra), < 5.5 (228Th)nBq/cm2

PTFE Surface Radiopurity < 4.4 (226Ra), < 1.5 (228Th)nBq/cm2

Table 50: CUPID 1.05 L2 Requirements.
Readout Bandwidth 5 kHz

Absolute Time accuracy ms

D Acronyms

0⌫�� neutrinoless double beta decay

2⌫�� two-neutrino double beta decay

169

Requirement Value
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Background budget components

• Total background budget requirement:  ccky
• There many paths to meet this requirement

1.0 × 10−4
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Quick reminder of jargon

Software

Agata : BDTP geometry

implemented

+

Ares

GEANT4 rendering of MC geometry

Radioactive background
1 / 24
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Software

Agata : BDTP geometry

implemented

+

Ares

GEANT4 rendering of MC geometry

Radioactive background
1 / 24

Cryostat and Shields refers to the cryogenic 
and shielding infrastructure already in place 
from CUORE which will remain in CUPID

Quick reminder of jargon
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Software

Agata : BDTP geometry

implemented

+

Ares

GEANT4 rendering of MC geometry

Radioactive background
1 / 24

T. Napolitano  INFN-LNF                                       CUPID GM@GSSI  21/11/2024

VSTT & BONDING

BONDING close-up view
 (to be tested on real components)

LD ASSEMBLY SEQUENCE

PTFE SPACER
IN PLACE

CRYSTAL

COPPER FRAME

PTFE CORNER 
(new shape)

T. Napolitano  INFN-LNF                                       CUPID GM@GSSI  21/11/2024

T. Napolitano  INFN-LNF                                       CUPID GM@GSSI  21/11/2024

VSTT SINGLE MODULE

PTFE PTFE
Copper

Ge-LD

LMO

NTDs,Heaters,transition pieces, Au 
wires

CuPEN strips

Copper

  A. D’Addabbo – Wiring heat load                                                  CUPID general meeting - 18 Nov 2024 @ GSSI

CUORE detector 
19 towers, 988 TeO2 crystals, ~2200 wires

CUPID detector  
57 towers, 1596 Li2100MoO4 crystals, 1710 LD, ~7300 wires 
LMO: (1596 + 114) x 2 = 3420 wires; LD: (1710 + 114 + 114) x 2 = 3876 wires

4

CUPID wiring

x3.3 more than CUORE

Quick reminder of jargon
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LD ASSEMBLY SEQUENCE

PTFE SPACER
IN PLACE

CRYSTAL

COPPER FRAME

PTFE CORNER 
(new shape)

T. Napolitano  INFN-LNF                                       CUPID GM@GSSI  21/11/2024

T. Napolitano  INFN-LNF                                       CUPID GM@GSSI  21/11/2024

VSTT SINGLE MODULE

PTFE PTFE
Copper

Ge-LD

LMO

NTDs,Heaters,transition pieces, Au 
wires

CuPEN strips

Copper

Quick reminder of jargon

Crystals refers to active/sensitive 
detector elements, namely LMO 
crystals and Ge-LDs 

Close components refers inactive 
detector elements near the sensitive 
elements: Cu frames, PTFE, 
CuPEN, and small parts such as the 
NTDs, heaters, transition pieces and 
Au wire 
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Background budget components

• Total background budget requirement:  ccky
• There many possible paths to meet this requirement
• We have adopted this path as it presents low risk to meet requirement   

1.0 × 10−4

Figure 10: CUPID project BB, defined starting from CUORE and CUPID-Mo background models
and the R&D work performed on scintillating cryogenic calorimeters. These values indicate the
goal set by the CUPID collaboration for each of these backgrounds to reach the total BI allowing
for the design 0⌫�� sensitivity.

particles. Despite the current uncertainty on the exact location of these contaminants, a
conservative estimate of their contribution to CUPID BI is 0.1·10�4counts/(keV·kg·yr)
and we set this as the associated BB requirement.

– Crystals: From the results of the CUPID-Mo background model, we can extrapolate
the bulk and surface contamination for the LMO crystals. Without including the
expected improvement due to the use of CUORE procedures and clean rooms, we
extrapolate an BI of 0.12·10�4counts/(keV·kg·yr), dominated by � decays of 214Bi and
208Tl isotopes on the crystal surface. We set this as the BB requirement for this
component.

– Close components: the major contribution to the CUPID BI is expected from 238U
and 232Th contamination on the surface of the detector holder parts (copper and PTFE).
The daughter nuclei 214Bi and 208Tl are particularly important, being �-decaying iso-
topes with high Q-value. The decay of these nuclei can produce events in the ROI pass-
ing the selection removing ↵ events. From the experience of CUPID-Mo and CUPID-0,
we know that this background can be reduced by exploiting time correlation between
subsequent ↵ decays [74]. To further control this contribution, we plan to reduce the
surface contamination level of CUORE using cleaner machining and more e↵ective han-
dling and storing procedure for inactive detector materials, mainly copper and PTFE.
We elaborate on these procedures in Section 7. Assuming these improvements, we
budget a contribution of 0.25·10�4counts/(keV·kg·yr) for this component.

The summary of these values is shown in Figure 10. These values represent the budget set
by the CUPID collaboration for each of these backgrounds to achieve the total BI allowed
by the design 0⌫�� sensitivity.

30
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Background budget components

Figure 10: CUPID project BB, defined starting from CUORE and CUPID-Mo background models
and the R&D work performed on scintillating cryogenic calorimeters. These values indicate the
goal set by the CUPID collaboration for each of these backgrounds to reach the total BI allowing
for the design 0⌫�� sensitivity.

particles. Despite the current uncertainty on the exact location of these contaminants, a
conservative estimate of their contribution to CUPID BI is 0.1·10�4counts/(keV·kg·yr)
and we set this as the associated BB requirement.

– Crystals: From the results of the CUPID-Mo background model, we can extrapolate
the bulk and surface contamination for the LMO crystals. Without including the
expected improvement due to the use of CUORE procedures and clean rooms, we
extrapolate an BI of 0.12·10�4counts/(keV·kg·yr), dominated by � decays of 214Bi and
208Tl isotopes on the crystal surface. We set this as the BB requirement for this
component.

– Close components: the major contribution to the CUPID BI is expected from 238U
and 232Th contamination on the surface of the detector holder parts (copper and PTFE).
The daughter nuclei 214Bi and 208Tl are particularly important, being �-decaying iso-
topes with high Q-value. The decay of these nuclei can produce events in the ROI pass-
ing the selection removing ↵ events. From the experience of CUPID-Mo and CUPID-0,
we know that this background can be reduced by exploiting time correlation between
subsequent ↵ decays [74]. To further control this contribution, we plan to reduce the
surface contamination level of CUORE using cleaner machining and more e↵ective han-
dling and storing procedure for inactive detector materials, mainly copper and PTFE.
We elaborate on these procedures in Section 7. Assuming these improvements, we
budget a contribution of 0.25·10�4counts/(keV·kg·yr) for this component.

The summary of these values is shown in Figure 10. These values represent the budget set
by the CUPID collaboration for each of these backgrounds to achieve the total BI allowed
by the design 0⌫�� sensitivity.

30

WBS1.02.04 Neutron shield
• Italian scope — design simulations 

implementing conventional shielding 
solutions used to set this requirement, 
thus can be met with low risk 

• Total background budget requirement:  ccky
• There many possible paths to meet this requirement
• We have adopted this path as it presents low risk to meet requirement   

1.0 × 10−4
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Background budget components

Figure 10: CUPID project BB, defined starting from CUORE and CUPID-Mo background models
and the R&D work performed on scintillating cryogenic calorimeters. These values indicate the
goal set by the CUPID collaboration for each of these backgrounds to reach the total BI allowing
for the design 0⌫�� sensitivity.

particles. Despite the current uncertainty on the exact location of these contaminants, a
conservative estimate of their contribution to CUPID BI is 0.1·10�4counts/(keV·kg·yr)
and we set this as the associated BB requirement.

– Crystals: From the results of the CUPID-Mo background model, we can extrapolate
the bulk and surface contamination for the LMO crystals. Without including the
expected improvement due to the use of CUORE procedures and clean rooms, we
extrapolate an BI of 0.12·10�4counts/(keV·kg·yr), dominated by � decays of 214Bi and
208Tl isotopes on the crystal surface. We set this as the BB requirement for this
component.

– Close components: the major contribution to the CUPID BI is expected from 238U
and 232Th contamination on the surface of the detector holder parts (copper and PTFE).
The daughter nuclei 214Bi and 208Tl are particularly important, being �-decaying iso-
topes with high Q-value. The decay of these nuclei can produce events in the ROI pass-
ing the selection removing ↵ events. From the experience of CUPID-Mo and CUPID-0,
we know that this background can be reduced by exploiting time correlation between
subsequent ↵ decays [74]. To further control this contribution, we plan to reduce the
surface contamination level of CUORE using cleaner machining and more e↵ective han-
dling and storing procedure for inactive detector materials, mainly copper and PTFE.
We elaborate on these procedures in Section 7. Assuming these improvements, we
budget a contribution of 0.25·10�4counts/(keV·kg·yr) for this component.

The summary of these values is shown in Figure 10. These values represent the budget set
by the CUPID collaboration for each of these backgrounds to achieve the total BI allowed
by the design 0⌫�� sensitivity.

30

WBS1.02.07 Muon veto
• US scope — this requirement can be met 

with conventional muon tagging solutions, 
see dedicated WBS1.02.07 talk 

• Total background budget requirement:  ccky
• There many possible paths to meet this requirement
• We have adopted this path as it presents low risk to meet requirement   

1.0 × 10−4
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Background budget components

Figure 10: CUPID project BB, defined starting from CUORE and CUPID-Mo background models
and the R&D work performed on scintillating cryogenic calorimeters. These values indicate the
goal set by the CUPID collaboration for each of these backgrounds to reach the total BI allowing
for the design 0⌫�� sensitivity.

particles. Despite the current uncertainty on the exact location of these contaminants, a
conservative estimate of their contribution to CUPID BI is 0.1·10�4counts/(keV·kg·yr)
and we set this as the associated BB requirement.

– Crystals: From the results of the CUPID-Mo background model, we can extrapolate
the bulk and surface contamination for the LMO crystals. Without including the
expected improvement due to the use of CUORE procedures and clean rooms, we
extrapolate an BI of 0.12·10�4counts/(keV·kg·yr), dominated by � decays of 214Bi and
208Tl isotopes on the crystal surface. We set this as the BB requirement for this
component.

– Close components: the major contribution to the CUPID BI is expected from 238U
and 232Th contamination on the surface of the detector holder parts (copper and PTFE).
The daughter nuclei 214Bi and 208Tl are particularly important, being �-decaying iso-
topes with high Q-value. The decay of these nuclei can produce events in the ROI pass-
ing the selection removing ↵ events. From the experience of CUPID-Mo and CUPID-0,
we know that this background can be reduced by exploiting time correlation between
subsequent ↵ decays [74]. To further control this contribution, we plan to reduce the
surface contamination level of CUORE using cleaner machining and more e↵ective han-
dling and storing procedure for inactive detector materials, mainly copper and PTFE.
We elaborate on these procedures in Section 7. Assuming these improvements, we
budget a contribution of 0.25·10�4counts/(keV·kg·yr) for this component.

The summary of these values is shown in Figure 10. These values represent the budget set
by the CUPID collaboration for each of these backgrounds to achieve the total BI allowed
by the design 0⌫�� sensitivity.

30

WBS1.02.04 Light detector
• US + Fr scope — projected LD 

performance can meet this requirement, 
see dedicated WBS1.02.04 talk 

• Total background budget requirement:  ccky
• There many possible paths to meet this requirement
• We have adopted this path as it presents low risk to meet requirement   

1.0 × 10−4
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Background budget components

Figure 10: CUPID project BB, defined starting from CUORE and CUPID-Mo background models
and the R&D work performed on scintillating cryogenic calorimeters. These values indicate the
goal set by the CUPID collaboration for each of these backgrounds to reach the total BI allowing
for the design 0⌫�� sensitivity.

particles. Despite the current uncertainty on the exact location of these contaminants, a
conservative estimate of their contribution to CUPID BI is 0.1·10�4counts/(keV·kg·yr)
and we set this as the associated BB requirement.

– Crystals: From the results of the CUPID-Mo background model, we can extrapolate
the bulk and surface contamination for the LMO crystals. Without including the
expected improvement due to the use of CUORE procedures and clean rooms, we
extrapolate an BI of 0.12·10�4counts/(keV·kg·yr), dominated by � decays of 214Bi and
208Tl isotopes on the crystal surface. We set this as the BB requirement for this
component.

– Close components: the major contribution to the CUPID BI is expected from 238U
and 232Th contamination on the surface of the detector holder parts (copper and PTFE).
The daughter nuclei 214Bi and 208Tl are particularly important, being �-decaying iso-
topes with high Q-value. The decay of these nuclei can produce events in the ROI pass-
ing the selection removing ↵ events. From the experience of CUPID-Mo and CUPID-0,
we know that this background can be reduced by exploiting time correlation between
subsequent ↵ decays [74]. To further control this contribution, we plan to reduce the
surface contamination level of CUORE using cleaner machining and more e↵ective han-
dling and storing procedure for inactive detector materials, mainly copper and PTFE.
We elaborate on these procedures in Section 7. Assuming these improvements, we
budget a contribution of 0.25·10�4counts/(keV·kg·yr) for this component.

The summary of these values is shown in Figure 10. These values represent the budget set
by the CUPID collaboration for each of these backgrounds to achieve the total BI allowed
by the design 0⌫�� sensitivity.

30

• Reuse the CUORE cryostat and shields
• Background measurement with CUORE 

used to set requirement. 
• No improvements needed to meet this 

requirement

• Total background budget requirement:  ccky
• There many possible paths to meet this requirement
• We have adopted this path as it presents low risk to meet requirement   

1.0 × 10−4
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Background budget components

Figure 10: CUPID project BB, defined starting from CUORE and CUPID-Mo background models
and the R&D work performed on scintillating cryogenic calorimeters. These values indicate the
goal set by the CUPID collaboration for each of these backgrounds to reach the total BI allowing
for the design 0⌫�� sensitivity.

particles. Despite the current uncertainty on the exact location of these contaminants, a
conservative estimate of their contribution to CUPID BI is 0.1·10�4counts/(keV·kg·yr)
and we set this as the associated BB requirement.

– Crystals: From the results of the CUPID-Mo background model, we can extrapolate
the bulk and surface contamination for the LMO crystals. Without including the
expected improvement due to the use of CUORE procedures and clean rooms, we
extrapolate an BI of 0.12·10�4counts/(keV·kg·yr), dominated by � decays of 214Bi and
208Tl isotopes on the crystal surface. We set this as the BB requirement for this
component.

– Close components: the major contribution to the CUPID BI is expected from 238U
and 232Th contamination on the surface of the detector holder parts (copper and PTFE).
The daughter nuclei 214Bi and 208Tl are particularly important, being �-decaying iso-
topes with high Q-value. The decay of these nuclei can produce events in the ROI pass-
ing the selection removing ↵ events. From the experience of CUPID-Mo and CUPID-0,
we know that this background can be reduced by exploiting time correlation between
subsequent ↵ decays [74]. To further control this contribution, we plan to reduce the
surface contamination level of CUORE using cleaner machining and more e↵ective han-
dling and storing procedure for inactive detector materials, mainly copper and PTFE.
We elaborate on these procedures in Section 7. Assuming these improvements, we
budget a contribution of 0.25·10�4counts/(keV·kg·yr) for this component.

The summary of these values is shown in Figure 10. These values represent the budget set
by the CUPID collaboration for each of these backgrounds to achieve the total BI allowed
by the design 0⌫�� sensitivity.

30

• Radiopurity demonstrated in CUPID-Mo 
used to set this requirement

• No improvements over demonstrated 
radiopurity needed to meet this 
requirement

• Total background budget requirement:  ccky
• There many possible paths to meet this requirement
• We have adopted this path as it presents low risk to meet requirement   

1.0 × 10−4
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Background budget components

Figure 10: CUPID project BB, defined starting from CUORE and CUPID-Mo background models
and the R&D work performed on scintillating cryogenic calorimeters. These values indicate the
goal set by the CUPID collaboration for each of these backgrounds to reach the total BI allowing
for the design 0⌫�� sensitivity.

particles. Despite the current uncertainty on the exact location of these contaminants, a
conservative estimate of their contribution to CUPID BI is 0.1·10�4counts/(keV·kg·yr)
and we set this as the associated BB requirement.

– Crystals: From the results of the CUPID-Mo background model, we can extrapolate
the bulk and surface contamination for the LMO crystals. Without including the
expected improvement due to the use of CUORE procedures and clean rooms, we
extrapolate an BI of 0.12·10�4counts/(keV·kg·yr), dominated by � decays of 214Bi and
208Tl isotopes on the crystal surface. We set this as the BB requirement for this
component.

– Close components: the major contribution to the CUPID BI is expected from 238U
and 232Th contamination on the surface of the detector holder parts (copper and PTFE).
The daughter nuclei 214Bi and 208Tl are particularly important, being �-decaying iso-
topes with high Q-value. The decay of these nuclei can produce events in the ROI pass-
ing the selection removing ↵ events. From the experience of CUPID-Mo and CUPID-0,
we know that this background can be reduced by exploiting time correlation between
subsequent ↵ decays [74]. To further control this contribution, we plan to reduce the
surface contamination level of CUORE using cleaner machining and more e↵ective han-
dling and storing procedure for inactive detector materials, mainly copper and PTFE.
We elaborate on these procedures in Section 7. Assuming these improvements, we
budget a contribution of 0.25·10�4counts/(keV·kg·yr) for this component.

The summary of these values is shown in Figure 10. These values represent the budget set
by the CUPID collaboration for each of these backgrounds to achieve the total BI allowed
by the design 0⌫�� sensitivity.

30

• Remaining space in budget used to set 
requirement on Close Components

• Meeting this requirement necessitates a 
factor of 1.6 improvement in surface 
radio-purity relative to CUORE

• We expect this can be achieved due to 
simpler design of CUPID close 
components, allowing contact-less 
machining and easier cleaning

• Total background budget requirement:  ccky
• There many possible paths to meet this requirement
• We have adopted this path as it presents low risk to meet requirement   

1.0 × 10−4
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WBS 1.06: Overall Scope

Contain US 
Project Scope🇺🇸

1.0 CUPID Project
Technical Coordinator: M. Biassoni (INFN MiB)

IT Project Director/Chief Scientist: F. Bellini (Sapienza Roma)
US Project Director/Chief Scientist: Y. Kolomensky (UCB)

1.01 Project Management
IT: L. Cardani (INFN Roma)

US: B. Fujikawa (LBNL)
FR: A. Giuliani (IJCLab)

1.03 Detector Structure
IT L2: L. Cardani (INFN Roma) 

FR L2 : C. Nones (IRFU)
US CAM: B. Fujikawa (LBNL)

1.04 Host Lab Infrastructure 
& Cryogenic Systems

IT L2: A. D’Addabbo (INFN LNGS)
US CAM: B. Fujikawa (LBNL)

1.05 Data Readout
US L2: B. Welliver (UCB)

US CAM: T. Stezelberger (LBNL)
IT L2: P. Carniti (UniMiB)

1.06 Background Control
IT L2: L. Pagnanini (GSSI)

US L2/CAM: T. O’Donnell (VT)
FR L2: P. Loaiza (IJCLab)

1.01.03 Project Controls
US L3: G. Zehnder (LBNL)

1.01.04 Project Management 
& Travel

US L3: B. Fujikawa (LBNL)

1.01.05 Environment, Health & 
Safety

US L3: J. Bramble (LBNL)

1.01.02 Conceptual Design
US L3: B. Fujikawa (LBNL)

1.05.01 Management 1.06.01 Management

1.03.08 Storage & Logistics
IT L3: S. Dell’Oro (UniMiB)

1.05.02 Electronics: FEE
IT L3: G. Pessina (INFN MiB)

1.05.05 SW DAQ & Trigger
US L3: B. Welliver (UCB)

1.05.07 Comp.& Data Storage
US L3: B. Welliver (UCB)

1.04.04 Detector Installation
IT L3: T. Napolitano (INFN LNF)

1.04.02 Wiring
IT L3: E. Ferri (INFN MiB)

1.06.02 Screening Labs IT
IT L3: S. Capelli (UniMiB)

1.06.03 Screening Labs US
US L3: C. Grant (BU)

1.01.01 Project Reviews 1.03.01 Management 1.04.01 Management

1.01.06 Project Engineering & 
QA

US L3: T. Stezelberger (LBNL)

1.06.04 Screening Labs FR
FR L3: D. Poda (IJCLab)

1.06.05 Crystal Validation Runs
IT L3: L. Marini (INFN LNGS)

US L3: K. Alfonso (VT)
FR L3: E. Olivieri (IJCLab)

1.03.02 Detector Structure 
Design

IT L3: T. Napolitano (INFN LNF)

1.03.03 PTFE & Copper Parts
IT L3: C. Tomei (INFN Roma)

1.03.04 Assembly Line
IT L3: V. Pettinacci (INFN Roma)

FR L3: A. Gallas (IJCLab)

1.03.07 Parts Cleaning
IT L3: G. Keppel (INFN LNL)

1.03.09 Cryogenic Detector 
Wiring

IT L3: E. Ferri (UniMiB)

1.04.03 Clean Rooms
IT L3: V. Pettinacci (INFN Roma)

1.04.05 Cryostat Upgrade & 
Commissioning

IT L3: A. D’Addabbo (INFN LNGS)

1.04.06 Calibration
US L3: P. Slocum (Yale)
IT L3: L. Marini (GSSI)

1.04.07 Acoustic & Vibration 
Sensors

US L3: P.T. Surukuchi (Pitt)

1.04.08 Ambient Control
US L3: J. Wilhelmi (Yale)
FR L3: P. Loaiza (IJCLab)

1.05.06 Slow Control & 
Monitoring

US L3: P.T. Surukuchi (Pitt)

1.03.10 Tower Assembly
IT L3: M. Biassoni (INFN MiB)

1.05.03 Electronics: Power 
Supplies & Pulsers

FR L3: D. Baudin (CEA)

1.05.04 Electronics: Filters & 
Digitizers

US L3: H. Huang (UCLA)

1.01.07 Procurement
US L3: K. Lingua (LBNL)

L3 first name: primary responsibility
L3 second name: secondary responsibility

1.03.05 Tower Bonding
IT L3: I. Colantoni (CNR Roma)

1.03.06 Gluing
FR L3: P. Mas (IRFU)

1.04.09 CUPID/CUORE Joint 
Operation

IT L3: P. Gorla (INFN LNGS)

1.02 Detector Components
US L2/CAM: L. Winslow (MIT)

IT L2: M. Sisti (INFN MiB)

1.02.02 100Mo Enrichment
IT L3: M. Sisti (INFN MiB)

1.02.03 LMO Crystal 
Production

IT L3: C.Tomei (INFN Roma)

1.02.07 Muon Veto
US L3: K. Heeger (Yale)

US L3 Deputy: J. Torres (Yale)

1.02.05 NTD Ge Thermistor
US L3: R. Maruyama (Yale)

US L3 Deputy: D. Speller (JHU)

1.02.06 Heater
IT L3: S. Dell’Oro (UniMiB)
FR L3: A. Zolotarova (IRFU)

1.02.04 Light Detector
US L3: V. Singh (UCB)

FR L3: K. H. Khalife (IRFU)

1.02.01 Management

1.02.08 Neutron Shield
IT L3: G. Mazzitelli (LNF)

1.01.08 Risk Management
US L3: E. Imani (LBNL)

1.04.10 Optical Injection 
System

IT L3: S. Copello (INFN Pavia)

1.05.08 Data Readout 
Integration

IT L3: P. Carniti (UniMiB)
US L3: T. Stezelberger (LBNL)

1.01.09 Pre-Operation
IT L3: M. Biassoni (INFN MiB)

US L3: B. Fujikawa (LBNL)

US responsibility
Italy responsibility
France responsibility

• Screen detector materials using 
techniques with appropriate 
sensitivity (ICPMS, NAA, HPGe and 
bolometric screening)

• Document results
• Monitor integrity of handling 

procedures by screening witness 
samples

• Deliver decision on whether or not 
material is consistent with  
radioactive BI requirement
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WBS 1.06:Low level requirements methodology

• Lower level requirements on sensitivity of screening flow down from the 
background budget 

• The low-level requirements are determined using the CUPID detector 
simulation which can estimate the radioactive background index 
corresponding to a given amount of radio-contamination of materials

• In the following we state the low-level requirements in terms of bulk and 
surface radioactivity levels

• Due to CUPID’s alpha discrimination ability, the dominant contributors to 
the background budget are high Q-value beta+gamma emitters (226Ra and 
228Th chains), particularly surface contamination with these emitters 

• The surface radio purity requirements also lead to requirements on 
recontamination for example with radon or dust 
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Material Mass (kg) Surface Area (m2)

LMO Crystals 446.487 19.391

Copper structure 89.650 18.049

Light detectors (Ge) 10.077 7.721

PTFE holders 8.290 4.538

PEN Flex cables 0.879 2.910

Heaters + Transition pieces (Si) 0.056 0.111

NTDs (Ge) 0.104 0.072

Au wire 0.001 0.008

(Detector geometry + simulations + detector response) + background budget  set 
the radiopurity screening requirements for detector materials

WBS 1.06: Inventory of Materials
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Material Bulk  (uBq/kg) Surface (nBq/cm2) Planned Assay method

LMO Crystals 0.4 (226Ra) 
0.4 (228Th)

2.0 (226Ra) 
2.5 (228Th) Bolometer/ICPMS/NAA

Copper structure 6.6 (226Ra) 
17.3 (228Th)

4.8 (226Ra) 
5.5 (228Th) Bolometer/NAA/HPGe

Light detectors (Ge) 20 (226Ra) 
10 (228Th)

10 (226Ra) 
10 (228Th) Bolometer/NAA/ICPMS

PTFE holders 100 (226Ra) 
32 (228Th)

4.4 (226Ra) 
1.5 (228Th) Bolometer/NAA/HPGe

PEN Flex cables 500 (226Ra) 
400 (228Th)

10 (226Ra) 
10 (228Th) NAA/ICPMS/HPGe

Heaters + Si pieces 2000 (226Ra) 
600 (228Th)

100 (226Ra) 
50 (228Th) NAA/ICPMS/alpha spect.

NTDs (Ge) 5000 (226Ra) 
2000 (228Th)

100 (226Ra) 
50 (228Th) NAA/ICPMS/alpha spect.

Au wire 10000 (226Ra) 
4000 (228Th)

100 (226Ra) 
50 (228Th) ICPMS

WBS 1.06: Requirement on Radioactive BI 
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Material Bulk  (uBq/kg) Planned Assay Method

100MoO3 powder
2500 (226Ra) 
800 (228Th) 
100 (40K) 

HPGe/ICMPS/NAA

Li2CO3

500 (226Ra) 
500 (228Th) 

15 (40K) 
HPGe/ICMPS/NAA

Screening requirements on precursors are more modest as our 
experience is crystal growth significantly purifies the material 

WBS 1.06: Requirement on Radioactive BI 
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WBS 1.06: Requirement on Radon Recontamination

• Simulations + Background budget set Rn recontamination 
requirement: 80nBq/cm2

• More relaxed than 226Ra and 228Th due to active PID 

• Mitigations:
• Nitrogen-flushed glovebox handling 
• Rn impervious storage 
• Rn-free air when glovebox handling not feasible (installation) 
• Monitoring by deploying and counting witness samples
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WBS 1.06: Requirement on dust

• Simulations + Background budget set surface dust 
requirement: 10ng/cm2

• Mitigations:
• Clean room handling 
• Nitrogen-flushed glovebox handling inside cleanroom 
• Monitoring dust by deploying and counting witness surfaces 
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• Manages Screening Resources in US other than bolometric 
screening

– Screen samples of precursor powders for crystals with HPGe, ICPMS 
and NAA

– Screen samples of LMO crystals with ICPMS
– Screen samples of PTFE(small parts) with ICPMS and NAA
– Screen samples of light detector and NTD Ge with ICPMS and NAA 

WBS 1.06.03: Screening Labs US — Scope
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• Manages Screening Resources in US other than bolometric 
screening

– ICPMS 
• Contract with PNNL, routinely achieves 10-15-10-12 g/g sensitivity on U/Th 

contamination which meets our requirements
– HPGe Screening 

• Access to low background counting facility at SURF for screening precursors, 
sensitivities better than 0.1 mBq/kg which meets our requirements 

– NAA
• Neutron Irradiation at MITR 
• HPGe detectors at BU and VT for counting 
• Sensitivities of 10-14-10-12 g/g on U/Th contamination which meets our 

requirements

WBS 1.06.03: Technical Specifications
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• NAA, HPGe and ICPMS are well-established techniques 
that meet our scope requirements

• L3 Manager has decades of experience with these the 
techniques

WBS 1.06.03: Maturity 
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• Bolometric screening of final detector-quality components operated as mini-array 
in dilution refrigerator

• This is our most sensitive screening technique. Designed to achieve sensitivity: 
<0.2uBq/kg bulk LMOs 
<2nBq/cm2 surface LMOs 
<2nBq/cm2 surface on LDs

• Runs will be performed in HallC cryostat at LNGS
• US scope is to perform 4 CCVR runs (run 3, 6, 8 and 10) 

• Assemble CCVR array
• Installation and cooldown of cryostat
• Data taking and data analysis 
• Warmup and dismounting array 

WBS 1.06.05: Crystal Validation Runs  — Scope
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WBS 1.06.05: Technical Specifications

Description Specification
#LMO crystals 12 (3 floors of 4) randomly selected
#LDs 16 (4 floors of 4)  randomly selected
#NTDs / Heaters 28 / 28 randomly selected 
#NTL HV channels 16
#Cu frames +PTFE Enough for 3 LMO floors and 4 LD floors 
Cryostat run time 60 days 

Cryostat base temperature 10mK
DAQ live time 40 days
Analysis Efficiency 80%
Measured LMO Energy resolution Be able to measure 5keV FWHM at 2615keV
Measured Light Yield Be able to measure 0.3keV/MeV



T. O’Donnell, Virginia Tech LBNL Project Review, December 16-17, 2024 29

• Crystal validation runs are a well-established technique in 
the CUPID collaboration. 

• Method was used successfully to validate the crystals of 
CUORE

• HallC cryostat has been used to run CCVR for CUORE and 
R&D runs for CUPID which meet the technical specifications

WBS 1.06.05: Maturity
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WBS 1.06: KPPs

Threshold Objective

WBS 1.06 Delivery to LNGS of  screening results of samples with 
required screening technique and sensitivity Same as Threshold
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• L2 and L3 managers maintain this section of the risk registry
• Some examples  

WBS 1.06: Risks

Risk ID Description Likelihood

Consequence

Cost Schedule Technical Mitigation

106030055 Turnover of key personnel Very likely Marginal Significant None
Hiring schedule, 

overlap training, train 
deputies

106030052 Material fails screening Unlikely Marginal Significant None
Float between 
screening and 
material usage

106030054 Instrument/facility 
downtime/unavailable Likely Marginal Significant None Redundant backup 

instruments available 

Risk Rating Low Medium High
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WBS 1.06: Cost, Schedule and Interfaces

• Methodology
• Schedule and logic developed in Primavera P6
• List of tasks screening tasks developed in consultation with L2s and L3s for each 

WBS 
• Resources required: time, labor, internal and external facilities, materials, were 

estimated in consultation with instrument operators and stakeholders using 
bottoms-up approach

• Past experience with similar tasks 
• Vendor quotes 
• Dependancies tracked in P6 as predecessors and successors 
• Iterate/scrub regularly
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WBS 1.06 FY Budget by Country

• Fully loaded resources for US costs
• IT and FR only M&S costs shown

Unit: $k
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WBS 1.06 US Budget
• Breakdown of US costs by FY in $k 



T. O’Donnell, Virginia Tech LBNL Project Review, December 16-17, 2024 35

1.06 Budget

• Budget 
Breakdown  
by WBS and 
stage

Unit: $k
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1.06 US Budget by Resource Type (in $k)

Stage 1 Stage 2

• US costs breakdown by Labor vs Non-labor
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WBS 1.06 Personnel requirements

• US labor requirements by skill-type vs FY

Unit: FTE
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WBS 1.06 Personnel requirements

• US labor breakdown by skill-type vs institution
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WBS 1.06: Schedule

• Fully loaded schedule from P6 for staged deployment
• Not on critical path except for final CCVR test (crystals 

needed for final tower)
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• Dependancies tracked in P6 as predecessors and successors 
• L2 and L3 managers control interfaces, draft interface control documents in place

WBS 1.06: Interfaces

• Interface matrix
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• Dependancies tracked in P6 as predecessors and successors 
• L2 and L3 managers control interfaces, draft interface control documents in place

WBS 1.06: Interfaces

Sample exchange and screening results 
 between WBS1.02.02 and WBS1.06.03 
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• Dependancies tracked in P6 as predecessors and successors 
• L2 and L3 managers control interfaces, draft interface control documents in place

WBS 1.06: Interfaces

CCVR crystals interface  
between WBS1.02.03 and WBS1.06.05 
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• Dependancies tracked in P6 as predecessors and successors 
• L2 and L3 managers control interfaces, draft interface control documents in place

WBS 1.06: Interfaces

Readout for CCVR interface  
between WBS1.05 and WBS1.06.05 
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• Technical review held in July 2023 
• Review committee provided three recommendations 

WBS 1.06: Lessons learned/Technical Review Response

experience, where no significant batch non-uniformity was observed. Crystals from each
batch will be CVR-tested.

● The interfaces between L3 in WBS 1.06 and other L3 elements in the project were
shown, and the communication and coordination between them were described.

Comments:
● The Collaboration should consider the initiation of background measurements at the

NEXUS facility and analyze the impacts of backgrounds on the Crystal Verification Run
(CVR).

● Requirements for the allowable levels of dust on all surfaces should be set; the science
drivers that influence the dust requirements should be clarified.

● The Collaboration should consider a cross-calibration of the screening facilities to ensure
the reliability and consistency of their assay results.

● To avoid having things fall through the cracks at the L2 level of 1.06, the Collaboration
should consider appointing a single chairperson or "czar" who pays attention to
background activities in all three countries. The czar would “own” the radioactivity
database linked to detector sub-system milestones. This can be a rotating position.

● The Collaboration should consider a procedure review process to ensure proper
cleanliness procedures are followed and to mitigate the confusion that will inevitably
come about during personnel transition, which was identified as high risk by the project.

● Establish a procedure (at least at the conceptual level) for the actions that need to
happen if a background screening measurement (a witness plate, for example) comes
back high.

● Consider real-time monitoring of the neutron environment with (for example) 3He
detectors or similar.

● As new facilities for crystal fabrication are in the plan, make sure cleanliness protocols
are implemented. Conditions in the fabrication contract alone may not be sufficient.
Explore the possibility of accessing the facilities for oversight.

● Include a crystal handling risk in the risk registry (i.e., if crystals are damaged or suffer
contamination during transport, handling, or installation).

● Consider modifications to the project plan if PNNL's availability and response time are
unfavorable to the project.

● Clearly establish the workflow, responsibilities, and deliverables in fabrication in matters
of cleanliness and background control between 1.02 and 1.06.

Recommendations:
● The Collaboration should make sure to have the risk registry in order for CD-1.
● The Collaboration’s message on the background index (BI) is not perspicuous. The

differentiation between their goal and KPP on BI can be sharpened (e.g., a clear
delineation of the achieved level and projected improvements, as well as their tie to the
goal (UPP)).
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● To avoid having things fall through the cracks at the L2 level of 1.06, the Collaboration
should consider appointing a single chairperson or "czar" who pays attention to
background activities in all three countries. The czar would “own” the radioactivity
database linked to detector sub-system milestones. This can be a rotating position.

● The Collaboration should consider a procedure review process to ensure proper
cleanliness procedures are followed and to mitigate the confusion that will inevitably
come about during personnel transition, which was identified as high risk by the project.

● Establish a procedure (at least at the conceptual level) for the actions that need to
happen if a background screening measurement (a witness plate, for example) comes
back high.

● Consider real-time monitoring of the neutron environment with (for example) 3He
detectors or similar.

● As new facilities for crystal fabrication are in the plan, make sure cleanliness protocols
are implemented. Conditions in the fabrication contract alone may not be sufficient.
Explore the possibility of accessing the facilities for oversight.

● Include a crystal handling risk in the risk registry (i.e., if crystals are damaged or suffer
contamination during transport, handling, or installation).

● Consider modifications to the project plan if PNNL's availability and response time are
unfavorable to the project.

● Clearly establish the workflow, responsibilities, and deliverables in fabrication in matters
of cleanliness and background control between 1.02 and 1.06.

Recommendations:
● The Collaboration should make sure to have the risk registry in order for CD-1.
● The Collaboration’s message on the background index (BI) is not perspicuous. The

differentiation between their goal and KPP on BI can be sharpened (e.g., a clear
delineation of the achieved level and projected improvements, as well as their tie to the
goal (UPP)).

● The Collaboration has not established a written agreement with SuperCDMS on the
usage of the NEXUS facility. The Collaboration should pursue this agreement to secure
the availability and priority of the facility for its CVR.

Response: Risk registry is now in place

Response: We now state the background budget with a breakdown of requirements by 
component. We identify levels that have been achieved and levels which assume 
projected improvements

Response: We no longer plan to use NEXUS
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• Scope of WBS 1.06 Background control is to assess radiopurity of detector 
materials

• CUPID radiopurity requirements come from background budget and mature 
simulations of detector geometry and response

• Well-established techniques are available, validated by data from the current 
generation of low-background experiments

• The management team (L2s and L3s) have experience in Background 
Control 

• Risks are manageable

WBS 1.06: Summary
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