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This talk
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• SENSEI Experiment (Results and plans) – from Javier Tiffenberg
• DAMIC Experiment (Results and plans) – from Alvaro Chavarria
• Oscura
• R&D done
•



Snolab EAC meeting· Feb 2024

First results from SENSEI @ SNOLAB: 

33

Light mediator

World-leading result using Snolab Run-1 data: arXiv:2312.13342 (Paper 
submitted on Dec-2023)



Snolab EAC meeting· Feb 2024

SENSEI @ SNOLAB: Second science run
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Setup and operations:
● 19 CCDs (~40 g) 
● Commissioning: DONE!
● Science: 11/2023 - present
● Dark current measurement: DONE!
● Data acquisition for new DM limit in 

progress

Thanks to Snolab for all the support!



DAMIC
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PRL 125 241803 (2020)

PRD 105 062003 (2022)

In 2020, we observed 17±8 excess bulk events with E~100 eVee. 
Critical for DAMIC-M and Oscura

‣ Two 24 Mpix DAMIC-M skipper CCDs (18 g Si target) installed in Oct-Nov 2021.

‣ Single-e- resolution, 2 x 10-3 e-/pix/day, 10 d.r.u., 18 g.

‣ Nominally the same detector components, i.e., very similar background 
environment.

‣ Science run from March 2022 to January 2023 (4.8 kg-day).

2022 Upgraded to skipper-CCDs



Results (June 2023)
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Most likely from a source of radiation in the DAMIC detector that is not 
included in our background model

arXiv:2306.01717

‣ Excess measured again with 5.4 𝝈 statistical 
significance.

‣ Results from skipper upgrade consistent with 11 kg-
day analysis.

‣ Disfavors most (all?) possible “instrumental” origins 
of the excess.

‣ However, radiation environment of the detector 
remains the same.

arXiv:2306.01717

Hard to reconcile with results from liquid argon arXiv:2308.12176



Back-thinned CCDs
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‣ Back-thinning removes the region of partial charge collection (PCC) on the back of the CCDs.

‣ PCC degrades the ionization signal from surface events so they populate the low-energy region where the 
DM signal is expected.

‣ These events are not the cause of the excess but could be an important background for Oscura.

Partial charge collection

‣ Two back-thinned CCDs of the same 24 Mpix format as 
before deployed in July 2023.

‣ We are acquiring data since July to study the 
backgrounds in back-thinned CCDs.  Analysis underway.

‣ Expect results throughout 2024.



Oscura
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Skipper-CCD DM program
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Oscura is an ambitious program that brings together the DAMIC, SENSEI and 
DAMIC-M teams for the development of ultimate DM experiment with skipper-
CCDs.



Skipper-CCD DM program
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THIS IS A SNOLAB PROGRAM!





R&D Milestones : 3 high priorities (done)

• SENSOR:  Before Oscura skipper-CCDs were fabricated at DALSA. DALSA will 
discontinue this production line. The highest priority for Oscura R&D was developing a 
new fabrication process with more modern technology. We tested new sensors and these 
work (2 vendors) [arXiv:2304.04401].  

• READOUT: Oscura will have ~20,000 CCDs. Developed new cold front end electronics 
for this. Solution designed and tested [arXiv:2304.13088, Sensors 2022, 22(11), 4308].

• BACKGROUND: SENSEI is designed for background of 5 d.r.u. (events/kg/day/keV), 
DAMIC-M 0.1 dru, Oscura has a goal of 0.01 dru. Major effort in background control 
material selection. Module simulations completed (Geant4), initial material budgets 
produced, established the cosmogenic activation limits. [arXiv:2007.10584, Phys. Rev. 
D 102, 102006 (2020), arXiv:2303.10862 , arXiv:2306.01717 ]
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https://arxiv.org/abs/2303.10862
https://arxiv.org/abs/2306.01717


Completed R&D : sensors
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Completed R&D : sensors
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1x10-3

News 2024!

Moskita@MINOS



R&D detectors



Completed R&D : electronics
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Designed, Fabricated and Tested the MIDNA 
ASIC. Cold front end electronics for skipper-
CCD. 4-channel.

Back end : 
Designed and tested a 
multiplexer solution for the 
back end. Operated 160 
CCDs with single readout 
channel. 

Sensors 2022, 22(11), 4308

Cold front end:

https://arxiv.org/abs/2304.13088

https://arxiv.org/abs/2304.13088


MIDNA ASICs

https://arxiv.org/abs/2304.13088

We designed, build and tested the MINDA2 ASIC for our readout. 
We need 6,000 MIDNAs. This was a big part of our cost.

It turns out that the MIDNA is so small that we can use 
some space that is available for free on a large scale 
fabrication process at FNAL.
(CMS+microelectronics)

So will have all our MIDNA done before we start the 
project. This will cover all the ASIC needs for Oscura, 
with parts for other skipper-CCD efforts:

• MIDNA 2 (fully tested)
• MIDNA 2.1 (lower gain for better dynamic range)
• MIDNA 3 (16 channel + multiplexer) 

4MIDNA board for 1 MCM



Completed R&D : electronics/packaging Multi Chip Module
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MCM concept 2021 6” ceramic MCM 2022

Circuit layout Functional test cold Low background solution (Silicon)

6” Si MCM 2022 : fabs and ANL + FNAL

After a few iterations on the design of 
the Si-MCM we have now tested it, and 
are confident we can achieve the Oscura 
specs. 

Mechanical prototype of 
the Oscura Supermodule 
with 130g of CCDs (16 
MCMs)

2023



Background Control

Simularions by B.Loer (PNNL)

Oscura
Geant4 sim



Background Control

Used for forecast GoalSimularions by B.Loer (PNNL)

No coverlay



Current status

R.Saldanha (PNNL)



Current status

Reset clock (baking)



Current status

Reset clock (baking)

Post fab baking (50%)10.75
~0.026 DRU (scaling from 5 days)Very close… but need to understand cost



Another small advantage

R.Essig (SBU) et al arXiv: 2310:02316

Our forecasts assume flat background, but the 
Compton background dominating at low 
energies is not really flat. Ongoing effort to 
measure and model this background for 
skipper-CCDs show that a background at lower 
e-bins will benefit from this shape (x5 in 2e- 
bin).



R&D done. Now get final design! 
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Some more details of the design

26

Vessel with mods to fit into cage and rail.

Slide of 16 SM with inner shield

Preliminary proposed routing of 
flex cables including connectors.

We have a budgetary quote now…



Pressure vessel fluid/thermal simulation

LN2@450 PSI NOVEC 700 N2 gas 15 PSIN2 gas 100 PSI

BEST (baseline) Too much backg. works (lower cost) works (lower cost) 

Pushing towards lower pressure



Design: outer shield and installation inside SNOLAB
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In the SNOLAB drift

Outer shield 
assembly

Detail of helium lines



We know what do to, it is a 
matter of cost now…

10kg ~ $15M



Cost Drivers : MCM interconects 

Need ~100 of these (Supermodule)

Need ~1600 of these (MCM)

The MCM interconnects are expensive, but recently 
was able to find another vendor that could mean big 
savings ($1M).

High density cryogenic connectors



Cost Drivers : MCM factory
(clean room with no cosmics, sounds familiar?)

There is a balance here between buying new ideal equipment vs building facility and 
using less expensive equipment…



MCM Assembly Robot
Micro-bonding



Estimated Uncertainty

Still need final design.

We have quotes for most things:
Sensors, connectors, Si circuits, electronics, 
packaging robot. 



• OSCURA risks have been identified, analyzed and documented in the risk register in the 
Fermilab-standard format. Risk data were recently reviewed and updated by the project.

• Risks are being actively managed; four significant risks have already been closed:

OSCURA Risk Register

23 Aug 2023 Lucas Taylor, Fermilab Risk Manager                   Oscura Risk and Contingency Analysis2



• MC model aggregates stochastic risk costs
– Direct risk costs (triangle impact functions)
– Burn rate costs of (triangular) delays  

  = $44k / month x stochastic delay
– Note: risk opportunties save money

• Risk cost = $   697k (mean)
• Risk cost = $2,172k (at 90% CL)

• Total cost contingency = $4.7M
 = $2.5M Estimate Uncertainty + $2.2M risk
This is 47% or the $10M total base cost
  ~ 40% is typical for Fermilab projects

• Burn rate cost contribution will decrease if 
the schedule risk impacts are reduced

MC model results:  Cost contingency

23 Aug 2023 Lucas Taylor, Fermilab Risk Manager                   Oscura Risk and Contingency Analysis6



Estimated Uncertainty

Risk = $2.2M
Total contingency (EU+Risk) = $4.7M



Oscura testing vessels at FNAL

SENSEI Copy
(AKA : Dark Beats)
 ~160 CCDs (10 MCMs) 
in vacuum. Electronics 
test. Future beam 
experiments.

3 MCMs operating in nitrogen 
gas (15 PSI). This is a test of the 
MIDNAs + operations in gas. 
Can have up to ~200 CCDs

Future integration test (~1kg)
Lower background and to be use 
to test SM before installation.
(Up to 1500 CCDs)

Moskita
Single Detector test at 
MINOS to measure DC.



Low pressure ( 15 psi ) operations of 3 MCMs 



6 SM

Readout electronics
(Sketch)

6” lead box

x1 x96 X96

Part of R&D, could do 
some early science, and 
will test all the SM.

Operated underground.

Getting ready for the 6 SM (1,500 CCD test)



What’s next for Oscura

• April 5th review: 
• Preliminary Project Execution Plan (FNAL) 
• Preliminary Design (SNOLAB/FNAL) 

• End of 2024: 
• Ready to start construction 

• This is part of the DMNI effort at DOE, good support from P5 report.





Oscura

Sensors

Fabrication 
(Steve Holland)

Packaging/testing 
(Brenda Cervantes)

Mechanical

Vessel 
(Juan Estrada)

internal shielding

cryogenics

Data

readout electronics 
(Miguel Sofo-Haro, Claudio 

Chavez)

Multi-Chip Interconnects 
(Ana Botti)

DAQ

HW database 
(Javier Tiffenberg, Dario 

Rosriguez)

Software 
Computing 

(Rocio Vilar, Nuria Castello-
Mor)

Radiation Background

Shield 
(Ben Loer)

Background Control 
(Richard Saldanha)

UG work

installation planning

UG facilities 
(Paul Grylls)

CAMS



• OSCURA has the 8 Open risks:  6 Threats and 2 Opportunities

Risk Register

23 Aug 2023 Lucas Taylor, Fermilab Risk Manager                   Oscura Risk and Contingency Analysis3

Impacts are all zero !?



• Made summary (toy) schedule in Primavera P6, with a 
project duration of 3 years: Oct 2024 – Sep 2027

• Built risk MC model using the standard Fermilab risk 
framework: Oracle’s Primavera Risk Analysis (PRA)
– Modeled min/likely/max cost and schedule impacts using 

triangle probability distribution functions  
– Assumed risk delays are all on critical path (conservative)
– Assumed risk delays occur in series (conservative)
– Burn rate cost of risk delays = $44k / month

• Marching army labor and increased escalation due to delays
• In the MC model, burn rate costs are proportional to the 

stochastic risk delays

MC model to determine cost and schedule contingency

23 Aug 2023 Lucas Taylor, Fermilab Risk Manager                   Oscura Risk and Contingency Analysis4

Risk Opportunity
Costs may decrease
Finish may be earlier 

Probability

Impact

Max

Likely

Min

Mean

Probability

Impact

Min

Likely

Max

Mean Risk threat
Costs may increase
Finish may be later



• Project finish without any risks
– Project finish: 30 Sep 2027

• Allowing for stochastic risks
– Mean finish: 15 Sep 2028 à Mean delay is 11.5 months
– 90% CL finish: 21 Sep 2029 à Schedule contingency need is 23.7 months (at 90% CL)

• 2 years of schedule contingency for a 3 year project seems to be excessive

• Suggest revisiting the assessments for the schedule risk drivers :
– Supply chain delays: P = 50% min / likely / max =  6 / 12 / 24 months (P*mean = 7.0 months) 
– Procurement delays: P = 50% min / likely / max =  6 / 9 / 12 months (P*mean = 4.5 months)

MC model results: 
Schedule contingency

23 Aug 2023 Lucas Taylor, Fermilab Risk Manager                   Oscura Risk and Contingency Analysis5



Phase-1 

• Build the vessel for 10kg, install 5kg.
• 3 years from now, maybe we could get better performance with some of the 

new sensors we are developing (sisero, skipper-cmos, double-sided-CCD,…).
• This could also accelerate the schedule ~6mo…

Cost 
reduction.





Oscura is an emerging Science Collaboration (not fully formed).

Oscura has a “Statement of Collaboration Culture”. We have named two ombudspersons to address any 
internal issues. 

Soon, we will establish spokespeople, science collaboration groups, a publication board, and a speakers 
bureau.  Science Collaboration Constitution.

Collaboration Health  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