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• Scientists:
Juan Estrada (Oscura) 
Guillermo Fernandez Moroni (Spec-5 R&D, MAS, skipper-CMOS)
Javier Tiffenberg (SENSEI) 

• Postdocs:
• Ana Botti R.A. (SENSEI, Oscura, quantum imager)
• Brenda Cervantez - Schramm Fellow (Oscura, SENSEI, DarkBeats)
• Nate Saffold - Lederman Fellow ( SENSEI, Oscura, DarkNESS)
• Claudio Chavez - Engineering Physicist (Oscura, IERC CCD lab manager, +)

People
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The SENSEI Collaboration 

Demonstrate 
sub-electron 

resolution

DM search with 
proto-SENSEI
(0.1 g) at 
surface

DM search with 
proto-SENSEI at 
MINOS 
(230 m.w.e.)

DM search 
with science 
grade 
(~2 g) at 
MINOS

Production (100g) 
+ commissioning at 
SNOLAB (6000 
m.w.e.)

   2017                     2018                    2019                    2020                    Ongoing

The SENSEI 
Collaboration
Phys. Rev. Lett. 125, 
171802 (2020)



Rates: 
• 1e- = 450 ev/g-day (1.6 10-4 e/pix/day)
• 2e- = 2.4 ev/g-day 

Phys. Rev. Lett. 125, 171802 – Published 20 October 2020
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New Horizons Award



2023: Milli-charged particles @ MINOS

arXiv:2305.04964 

arXiV:1902.03246

Using same analysis as PRL 125.171802, but extending up to 6e-

Proton collisions w/ fixed target -> mCPs 
collinear w/ NuMI beamline:

Extension of previous analysis to 6e-

S. Perez (UBA)

https://arxiv.org/abs/2305.04964
https://arxiv.org/abs/1902.03246
https://arxiv.org/abs/2004.11378


SENSEI @ SNOLAB:
The current results!

Setup:

● Copper box for 12 copper tray

● Each tray for 2 (4) ~2g CCDs.

● Cold copper box

● 6-in copper bricks and hat inner shield

● Vacuum pump (< 2x10^-4 mbar)

● Cryocooler + heater (~140 K)

● 2 layer of copper outer shield 

● 3-in lead

● 42-inch polyethylene and water shield

 



SENSEI @ SNOLAB: First results

PreliminaryPreliminary

Paper almost out… with very nice results!



SENSEI @ SNOLAB: Second science run
●19 CCDs ( ~ 40 g)
● Improved support
●Shield fully deployed
●Data acquisition starting 

soon

No details yet… but we 
are happy on how this is 
looking.



Skipper-CCD DM program : technology roadmap

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.



Oscura stages and deliverables

FY20-FY22


• sensors

• readout

• background

FY23-FY24


Project 
Execution Plan

FY25-FY27


Ship 10 kg detector components 
to underground facility.

FY28+


30 kg-yr science exposure

R&D design fabrication

install

operations

SNOLAB
SENSEI-100

DAMIC-M
Oscura Early Science



Completed R&D : sensors
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Designed new 
sensor(LBNL). 

This addressed the issue of the sensors. The optimization 
for the Oscura detector payload will depend a bit on cost 
and schedule decisions. It is good to have the two options!

Microchip 
fabrication 
received 2021. 

MIT-LL 
fabrication 
received 2022. 

New skipper-CCD 
work! 

S.Holland LBNL leading the tech transfer to 
new foundries.

Brenda



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

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

Claudio Chavez et al…

https://arxiv.org/abs/2304.13088


Completed R&D : electronics

Board we have been using until now for 
skipper-CCD. LTA with 4 channels.

New design with 16 channels that we plan to 
use in Oscura - LTA16. (We need 6 of this)

Extremely important to have the supper of Gustavo, Leo, Sho from the “Quantum and 
Astrophysics Systems” in “Real Time Processing Systems Division”.



Some more details of the design

Vessel with mods to fit into cage and rail.

Slide of 16 SM with inner 
shield



■ GW0 Approval Letter dated May 5, 2021
■ Following SNOLAB staff assigned to 

assist with OSCURA
■ Ian Lawson – Research Scientist
■ Paul Grylls – Project Manager
■ Graham Berardi – Engineering Lead for 

Conceptual Design Phase
■ WBS 10 Facilities Infrastructure added
■ Biweekly meeting established

GW0 - APPROVAL GW1 - APPROVAL

■ GW1 Approval Letter dated Jan 11, 2023
■ Contingent space allocation



Design: outer shield and installation inside SNOLAB

In the SNOLAB drift

Outer shield 
assembly

Detail of helium lines



PRELIMINARY Projected Internal Backgrounds 
(PNNL, B.Loer and R.Saldanha) 

Background from cosmogenic activation and materials is the next big 
challenge. Effort is focused on how to control this in an affordable way for the 
project. 



Oscura forecast

• Threshold considerations :
• 1e- : goal
• 3e- : requirement
• 4e- : current sensor performance



PRApplied. Reviewer A replied: "A natural question for a searcher in optics like me is: do exist some plans 
to commercialize such a camera at a reasonable price, and what could be the delay and the price?" 

Vacuum pump 
(10⁵ torr)

Cryocooler 
(130 K)

Vacuum 
Vessel

Read-out 
electronics

Temperature 
controller 

Power 
source

iXon Life 897 
EMCCD
(19 x 16 x 14) cm

We need to go from: To:But, if we want to have skippers 
at:

Quantum imager (A. Botti, R&D seed grant)



Not such a crazy idea:

Compact read-out Micro-cooler QIS detector New design with UHV 
components

11.2 cm 
(4.4 in)

Vessel parts already arriving at IERC. Working on inner components. 

Quantum imager (A. Botti, R&D seed grant)



Repurpose/redesign 
SENSEI and Oscura 

hardware

Skipper-CCD tracker

[10.1088/1126-6708/2009/11/027]S. Perez (UBA)

Tracking enhances sensitivity to high mχ

mCP

mCPs search using 
NuMI beam with 

Dark BeaTS

Pathfinder for future dark sector 
searches at accelerators (PIP-II, 

DUNE) with skipper-CCDs

Ongoing: Skipper-CCD to LHC!

Dark BeaTS: Dark sector searches at Beams using a Tracker with Skipper-
CCDs (B.Cervantes)



● Since their invention, skipper-CCDs have been 
used for:

○ Direct dark matter searches (DAMIC, SENSEI)

○ Neutrino experiments (CevNS)

○ Ground-based astronomy


● There is interest in using skipper-CCDs as single-
photon counting and X-ray detectors for space-
based imaging, but skipper-CCD operation in 
space has not been demonstrated

The DarkNESS Mission ( N.Saffold )

Collaboration between Fermilab and 
UIUC Laboratory for Advanced 

Space Systems at Illinois (LASSI)

DarkNESS is a 6U CubeSat housing 
four 1.3 Mpix skipper-CCDs that will 

search for dark matter (DM) 

DarkNESS: Dark matter Nanosatellite Equipped with 
Skipper Sensors 

Prototype DarkNESS 
detector module

1.6 cm

Space LTA



New idea from Javier…
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Skipper-CCD : going faster (QIS/ECA synergy)

Together with LBNL we 
have been working 
towards faster skippers. 
Trying two strategies:

16 channel CCD to 
readout x16 faster

MAS CCD

Low risk approach

Huge interest in new photon counting technologies for 
many HEP areas (Snowmass arXiv:2203.12542 , 
SDW 2022 workshop).

https://arxiv.org/abs/2203.12542
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Noise improves when 
different amps are 
combined.

MAS : works ! (R&D seed) 
Joint FNAL/LBNL development

No electron left 
behind.

choice for DESI-2 and maybe also Spec5.
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CD

SiSERO output

tr
an

si
ti

on

simulation predicts 
faster readout

FNAL, LBNL , MIT-LL, Universidad Nacional de Cordoba (Miguel Sofo-Haro).

SiSERO (2023!!!) — see RTS by Miguel yesterday
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SiSERO (2023!!!)
works! (X-rays) 

skipping also works
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Skipper-CMOS (FNAL+SLAC+Tower+Universidad Nacional de 
Cordoba+UNS+Instituto Balseiro)

concept layout

in hand (Tower)

under test  
now at FNAL

Also works!



• SENSEI producing world class science…

• Oscura to start construction soon (FY25). We know what to 
do, we are working on the optimization of cost/schedule.

• Very active in other applications of this technology.

Conclusion
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