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Introducing myself

Sardinian = Born and Raised in Sardinia, Italy

Hometown: Cagliari
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Introducing myself

September 2023: Post-Doc Fellow at 
University of  California, Riverside
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Introducing myself

1st August 2025: Started as Assistant 
Professor/Tenure Track at Queen’s!
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Phys. Rev. D 107, 112006 (2023)

DarkSide-LowMass ● 1 tonnes of  active UAr volume
● Optimized for the S2-only analysis
● Sensitive to the neutrino fog with 1 tonne 

year exposure
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Phys. Rev. D 107, 112006 (2023)

● 1 tonnes of  active UAr volume
● Optimized for the S2-only analysis
● Sensitive to the neutrino fog with 1 tonne 

year exposure

Can we lower the threshold?
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Development of  new scintillators by doping argon
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Scintillation in xenon-doped argon

JINST 19 (2024) 08, P08005

https://lss.fnal.gov/archive/2023/pub/fermilab-pub-23-0819-lbnf.pdf
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Scintillation in xenon-doped argon

JINST 19 (2024) 08, P08005

 Phys.Rev.D 103 (2021) 4, 043001

https://lss.fnal.gov/archive/2023/pub/fermilab-pub-23-0819-lbnf.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.043001
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Scintillation in xenon-doped argon

Nucl.Instrum.Meth.A 1011 (2021)

https://arxiv.org/pdf/2006.09780
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Some general disagreement 
on the actual decay times

Scintillation in xenon-doped argon

Nucl.Instrum.Meth.A 1011 (2021)

https://arxiv.org/pdf/2006.09780
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Loss of  the Pulse Shape Discrimination (?)
Fraction of  the scintillation light in the first 90 ns 
(F90) in a 2.2 tons LAr chamber + PMTs  

 Radiat Detect Technol Methods (2025)

https://link.springer.com/article/10.1007/s41605-024-00509-1
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Loss of  the Pulse Shape Discrimination (?)
Fraction of  the scintillation light in the first 90 ns 
(F90) in a 2.2 tons LAr chamber + PMTs  

Nuclear Recoils 

Electron Recoils

Not fundamental for DS-LM 
BUT fundamental question 
for ARGO eventual xenon-
doping 

 Radiat Detect Technol Methods (2025)

https://link.springer.com/article/10.1007/s41605-024-00509-1


26JINST 19 (2024) 08, P08005
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Xenon competes with Nitrogen quenching

Reduced impact of  the 
quenching due to nitrogen 
impurities 

JINST 19 (2024) 08, P08005

https://lss.fnal.gov/archive/2023/pub/fermilab-pub-23-0819-lbnf.pdf
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Xenon competes with Nitrogen quenching

Reduced impact of  the 
quenching due to nitrogen 
impurities 

Nitrogen doping to validate 
the doping procedure 

Birk’s law

JINST 19 (2024) 08, P08005

https://lss.fnal.gov/archive/2023/pub/fermilab-pub-23-0819-lbnf.pdf
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Increase of  Rayleigh scattering length

Argon is more transparent to 
light at 178 nm than 128 nm

JINST 17 (2022) 01

Improves the light yield and 
event reconstruction

Multiple synergies with DUNE

https://inspirehep.net/files/1e4e278c2167f30b0ac00f983ba7b4e2
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Increase of  the Photon Detection Efficieny

Eur.Phys.J.C 82 (2022) 12

Custom developed Silicon 
Photomultipliers can 
efficiently detect light at 178 
nm  -no need for wavelength 
shifters!

https://inspirehep.net/files/cb33b68c1ee6711df44c1449748e098c


32

Better light yield! General agreement with ~ 25 % 
increase at O(100) ppm xenon doping

 Phys.Rev.D 103 (2021) 4, 043001

59.5 keV gammas from 241Am

 Radiat Detect Technol Methods (2025)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.043001
https://link.springer.com/article/10.1007/s41605-024-00509-1
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Challenges: thermodynamic instabilities

Local thermodynamic 
perturbations may induce 
xenon crystals above ~ 100 
ppm (liquid/vapour interface, 
walls, pipes after argon 
condensation)

Only R&D so far: CHILLAX at 
LLNL (California)

Phys.Rev.C 108 (2023) 4, 045503

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.108.045503
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Challenges: Radon removal

Atom Van der Waal Atomic 
Diameter [A]

Ar 3.8 

Rn 4.16

Xe 4.10
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Atom Van der Waal Atomic 
Diameter [A]

Ar 3.8 

Rn 4.16

Xe 4.10

Adsorbent K [m3 kg-1]  in N2 @ 30 ℃

Chrypthophane 107 0.176 mmol/g adsorbed Xe

Activated charcoal 
Silcarbon K48

180 2.31 mmol/g asdorbed Xe

Ag-ETS-10 (Ag-Zeolite) 19940 0.988 Bq/Kg 226 Ra activity

Activated charcoal 
Carboact

182  0.0023 Bq/Kg 226 Ra activity
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Rn 4.16

Xe 4.10

Adsorbent K [m3 kg-1]  in N2 @ 30 ℃

Chrypthophane-A 107 0.176 mmol/g adsorbed Xe

Activated charcoal 
Silcarbon K48

180 2.31 mmol/g asdorbed Xe

Ag-ETS-10 (Ag-Zeolite) 19940 0.988 Bq/Kg 226 Ra activity

Activated charcoal 
Carboact
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182  0.0023 Bq/Kg 226 Ra activity

Pre
lim

inary
  (J

. B
usto, L

RT2024)
K = Rn in adsorbent/ Rn in the gas

Confirmed in: (https://arXiv: 2505.07979, May 2025, NEWS-G)
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Challenges: Radon removal

Atom Van der Waal Atomic 
Diameter [A]

Ar 3.8 

Rn 4.16

Xe 4.10

Adsorbent K [m3 kg-1]  in N2 @ 30 ℃

Chrypthophane 107 0.176 mmol/g adsorbed Xe

Activated charcoal 
Silcarbon K48

180 2.31 mmol/g asdorbed Xe

Ag-ETS-10 (Ag-Zeolite) 19940 0.988 Bq/Kg 226 Ra activity

Activated charcoal 
Carboact

182  0.0023 Bq/Kg 226 Ra activity

Both zeolites and chryptophane 
have adjustable porous size
• Silver zeolites promise for a low 

enough Ra activity
• Chryptophane-E (~100 A3) may 

be more selective

Pre
lim

inary
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. B
usto, L

RT2024)



40

Application to medical physics: the 3DΠ TOF-PET

• Total body TOF- PET scanner 
• Xenon-doped argon as scintillator 

medium + NUV-sensitive SIPMs 
• Low dose/ultra-fast scanning time!

Medical Imaging 2024: Physics of Medical Imaging,

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/12925/129254H/Using-xenon-doped-liquid-argon-scintillation-for-total-body-TOF/10.1117/12.3005372.short
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Organic Photosensitive dopants

• Need for measurements down to keV 
energy deposits

• Custom designed purification 
system

• Synergies with both DUNE and nEXO 
(so far!)

Nucl.Instrum. Meth. A, 245:361, 1986.

Low-Energy Physics in Neutrino LArTPCs

• Addition of  O(10) ppm 
Photosensitive dopants with 7.5–9.5 
eV ionization energies enhances the 
ionization signal!

• High-enough hydrogen in the 
dopants may allow for sensitivity to 
40x lower WIMP masses

https://www.bing.com/search?q=Nucl.Instrum.+Meth.+A%2C+245%3A361%2C+1986.&cvid=8f67466d6f0248ad80d9946bdf0e8a29&gs_lcrp=EgRlZGdlKgYIABBFGDkyBggAEEUYOdIBCDExMDJqMGo0qAIIsAIB&FORM=ANAB01&PC=LCTS
https://arxiv.org/abs/2203.00740


• Leading DarkSide-LM efforts in Canada

• Add Xenon-doping to GADMC-Canada

• Huge synergies with SBC, nEXO

• Development of  new purification systems

• Characterization of  new liquid scintillators

MI Meeting - August 
2025 Carleton University

In a nutshell


