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LZ  Phys. Rev. Lett. 131, 
041002 (2023)
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Our goal

LZ  Phys. Rev. Lett. 131, 
041002 (2023)



First DM detector with a target > 1 tonne
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non-Xe target

without a TPC

Current picture and achievements of DEAP-3600
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Potential path for next generation

Most stringent limits for standard WIMP SI interaction 

with a:

in single phase
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More exotic DM scenarios already presented @ LIDINE last year by 
Michela Lai:

- Best limits for xenon-phobic DM Phys. Rev. D 102, 082001 (2020).
- Prospection of unpopulated regions of the parameter space at 

Planck-scale masses (ultra heavy) Phys. Rev. D, 100, 072009 (2019).

Current picture and achievements of DEAP-3600
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● Singlet state   fast decay (~ns) 
dominantly populated by nuclear 
recoils

● Triplet state   slow decay (1.6 μs) 
dominantly populated by electronic 
recoils

● No electric field
● Pulse shape allows us to discriminate 

against gamma and beta 
backgrounds.

● Position reconstruction 
and fiducialization allow 
us to reduce surface and 
external backgrounds.

The DEAP-3600 detector: Ar scintillation



8
LIDINE, Madrid, September 2023 - Vicente Pesudo

● Singlet state   fast decay (~ns) 
dominantly populated by nuclear 
recoils

● Triplet state   slow decay (1.6 μs) 
dominantly populated by electronic 
recoils

● No electric field
● Pulse shape allows us to discriminate 

against gamma and beta 
backgrounds.

● Position reconstruction 
and fiducialization allow 
us to reduce surface and 
external backgrounds.

The DEAP-3600 detector

Check Ludovico’s 
poster!
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● 3.3 tonne LAr target in ultraclean 
acrylic vessel (R = 85 cm).

● In-situ vacuum evaporated TPB on 
inner 10 m2 surface.

● Bonded 50-cm-long light guides:  
distance to PMTs

● 255 PMTs: Hamamatsu R5912 HQE. 
8” - 32 % QE - 75% coverage.

● Immersed in water tank with PMTs 
to veto muons (Cherenkov light).

● Located 2 km underground @ 
SNOLAB: 6000 m.w.e  ->  0.03 
muon/m2/day
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Prospects in a nutshell
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3. Exploit this science machine and learn 
for DarkSide-20k, ARGO and beyond

1. Tackling limiting factors to WIMP 
sensitivity (hardware upgrades)

2.   Finalize refined analyses (better 
detector model + Profile likelihood + 
machine learning) and unblind

LIDINE, Madrid, September 2023 - Vicente Pesudo
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See Shawn’s talk 
after the coffee 
break!



Recovering sensitivity
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Unfortunate combination of:

· Surface activity

· Condensation on neck surf.

· Many photons not detected

· Topologic pattern mimicking 
good NR events

Bkg 1: surface 210Po on the 
neck (above target)

LIDINE, Madrid, September 2023 - Vicente Pesudo

PRD, 100 (2019), p 022004
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Bkg 1: surface 210Po on the 
neck (above target)
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Bkg 1: surface 210Po on the 
neck (above target)
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Bkg 1: surface 210Po on the 
neck (above target)
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CNN trained against 
this bkg gives very 
good results!



Recovering sensitivity
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Fix 1: WLS modifying the time 
profile of alpha scintillation

NIM A 1034 (2022) p 166683

LIDINE, Madrid, September 2023 - Vicente Pesudo

● Neck events will have a 
different time profile.  

● distinct PSD pattern. 
● More light collected.
● Out of the ROI.
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different time profile.  

● distinct PSD pattern. 
● More light collected.
● Out of the ROI.
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Hardware upgrades

LIDINE, Madrid, September 2023 - Vicente Pesudo

● Deployment canister + hoist 
installed. 

● Neck replacement in progress
● Neck seal fixed simultaneously

Allowing for full detector fill
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Recovering sensitivity

21

Bkg 2: degraded alphas 
from dust particulates in 
suspension

E lost in the dust 
itself does not 
produce photons.

LIDINE, Madrid, September 2023 - Vicente Pesudo

DEAP operated with no 
recirculation or filtration



Recovering sensitivity

22

Fix 2: New 
recirculation+filtration 
system to remove dust 
from target

External cooling 
also prevents 
condensation in 
the neck!

Already @ SNOLAB
LIDINE, Madrid, September 2023 - Vicente Pesudo



Recovering sensitivity
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Upgrade to be finished early 2024

Ar fill scheduled for spring 2024

Data taking scheduled to resume in 
Summer 2024

LIDINE, Madrid, September 2023 - Vicente Pesudo

Data taking for 2 more years

Finalize refined analysis and unblind



More results
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Recent precision measurement 
of 39Ar activity in atmospheric 
Ar: 
0.964 ± 0.001stat ± 0.024sys Bq/kg

More physics in the oven:

Solar axion search

Alpha scintillation 
quenching

Muon flux and 
instrumentation

Half life of 39Ar

Search for 
Boosted DM

Solar neutrinos

LIDINE, Madrid, September 2023 - Vicente Pesudo

Eur. Phys. J. C 83, 642 (2023)
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● Backup
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Current picture

28

Broadly accepted picture… which relies on two unknowns:

- Standard Halo Model
- DM-nucleon coupling which is not essentially bad, but 

worth keeping an eye on 
LIDINE, Madrid, September 2023 - Vicente Pesudo
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Exploring different scenarios

30

different WIMP distributions

Recoil rate in Ar for 

Phys. Rev. D 102, 082001 – Published 22 October 2020; Erratum Phys. Rev. D 105, 029901 (2022)’
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.029901


Exploring different scenarios
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Phys. Rev. D 102, 082001 – Published 22 October 2020; Erratum Phys. Rev. D 105, 029901 (2022)’

Recoil rate in Ar for different non-relativistic 
effective operators
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.029901


Exploring different scenarios
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● Mχ = 100 GeV/c^2.
● Isoscalar coupling (cp 

= cn).
● Arbitrary cross 

section considered, 
just for comparison of 
shapes. 

LIDINE, Madrid, September 2023 - Vicente Pesudo
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Exploring different scenarios

33

Phys. Rev. D 102, 082001 – Published 22 October 2020; Erratum Phys. Rev. D 105, 029901 (2022)’

Recoil rate in Ar for different ci
0 / ci

1 escenarios
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.029901


Exploring different scenarios
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Phys. Rev. D 102, 082001 – Published 22 October 2020; Erratum Phys. Rev. D 105, 029901 (2022)’
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.029901
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