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Lepton physics at Berkeley

• Spans from very low to very high energy

• From bench-top to 10s of ktons

• Mu2E, DUNE, LEGEND, Katrin, CUORE/
CUPID, SNO+, Theia, Eos
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Demonstrated 5 keV energy resolution 

•  < 5 keV resolution routinely achieved in our R&D runs.  

•  Obvious temperature dependence.  

•  CUORE’s new cryostat 
–  10 mK base temperature ! higher signal 

–  Independent suspension of the detector array from the 
dilution unit. ! smaller noise 
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Resolution (KeV) at 5.4 MeV 

" T(Work) >15mK" 

" T(Work) < 15mK" 

R&D Runs: CCVR CUORE baseline 

TAUP Asilomar, Sept 11 2013 4 Ke Han (Berkeley Lab) for CUORE 



Mu2e: lepton flavour violation
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contact ygkolomensky@berkeley.edu, dave_brown@lbl.gov, or RBonventre@lbl.gov for details



The Berkeley Mu2e group
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The Mu2e experiment

5

Why are there 3 generations?  Why are lepton flavors conserved? 
Lepton flavor violation in muon→electron conversion

Fully funded experiment at FermiLab, slated to operate in ~2026
Technical and science development at Berkeley focused on precision tracking

+ developments of novel detection techniques for a Mu2e upgrade 
Opportunities for 1-2 students

Probing lepton flavour violation with 1017 muons
104 sensitivity improvement over the previous experiment



Mu2e status
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Mu2e construction is 
80% complete

Cosmic ray 
commissioning starts 

this year



DUNE: long-baseline neutrinos
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contact Daniel Dwyer <dadwyer@lbl.gov>, Callum Wilkinson <cwilkinson@lbl.gov> for details



Neutrinos in the LBL Physics Division
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Neutrinos in the LBL Physics Division



LEGEND and Katrin: neutrino mass 
and nature

10

contact Alan Poon <awpoon@lbl.gov> for details

mailto:awpoon@lbl.gov


Physics of the M(ajorana)L(EGEND)K(ATRIN) group 
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First row:
Gabriela Rodrigues Araujo (Visiting PhD student from Zürich)
Alan Poon (Group leader)
Phoebe Andromeda (BSc student from Oregon State)
Ann-Kathrin Schütz (Postdoc)
Lisa Schlüter (Postdoc)
Second row:
Yannick Müller (Visiting PhD student from Zürich)
Steve Eberly + Falcor (Undergrad student + assistant)
Yuen-dat Chan (retired)
Alexey Drobizhev (research scientist)*
Marco Turqueti (electronics engineer, ENG)
Third row:
Lucas Brouwer (Staff Scientist, ATAP)
Björn Lehnert (project scientist)
Rebecca Carney (research engineer, ENG)*
Amanda Krieger (ASIC designer)
*denotes former postdoc of the group who became a career staff at the Lab
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M(ajorana)L(EGEND)K(ATRIN) group projects 
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M(ajorana)L(EGEND)K(ATRIN) group projects 



CUORE / CUPID & MOLLER: 
Fundamental symmetries
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contact Yury Kolomensky <ygkolomensky@berkeley.edu> for details

mailto:ygkolomensky@berkeley.edu


Tests of Fundamental Symmetries
Kolomensky group: CUORE, CUPID, MOLLER (& Mu2e, see previous)

15

CUORE and CUPID

Shujie Li, Hall A Collaboration Meeting            
Jan 24, 2018  

*   
“Patience is a virtue” 

Achilles and the Tortoise è Tritium students and the schedule 
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MOLLER

+ very many 
undergrads



CUORE & CUPID
• Neutrinoless double-beta decay (Lepton Number 

Violation) at Gran Sasso Underground Lab in Italy

• CUORE: one of the most sensitive running experiments. 
Data taking to 2025-2027

• CUPID: upgrade with x10 better sensitivity,                 
to start construction soon

• Technical and science leadership at Berkeley

• Large group at UCB and LBNL 

• Opportunities for 1-2 students 
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Demonstrated 5 keV energy resolution 

•  < 5 keV resolution routinely achieved in our R&D runs.  

•  Obvious temperature dependence.  

•  CUORE’s new cryostat 
–  10 mK base temperature ! higher signal 

–  Independent suspension of the detector array from the 
dilution unit. ! smaller noise 
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R&D Runs: CCVR CUORE baseline 

TAUP Asilomar, Sept 11 2013 4 Ke Han (Berkeley Lab) for CUORE 
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Figure 1: (Left) Graphical schematic of a proposed CUPID crystal: as well as providing a bolometric
signal, light detectors would read out either scintillation or Cherenkov light in order to distinguish
the ↵ background from the �� signal. (Right) The observed spectrum in CUORE (black) and the
projected impact of removing the ↵ background (red). FIXME Can we overlay your ROI on this
figure?? Also, need better quality figs please.
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Figure 2: (Left) Projected contribution of different background event types to the ROI in the SNO+
liquid scintillator detector in the first year of data taking. Background is dominated by the directional
8B solar neutrinos, thus a directional detector such as THEIA can expect to reduce this background
dramatically and, thus, improve signal sensitivity. (Right) Projected sensitivity for CUPID and THEIA
experiments.
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MOLLER

• Parity violation in e-e- scattering: MOLLER at Jefferson Lab

• Look for new physics at TeV scales by probing weak 
interactions with exquisite precision

• Under construction: physics run in 2025-2026

• Technical and science developments at Berkeley 

• Opportunity for 1 student 
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Detector
Array

Electron
Beam

28 m

Ebeam = 11 GeV

APV = 35.6 ppb

δ(APV) = 0.73 parts per billion

δ(QeW) = ± 2.1 % (stat.) ± 1.0 % (syst.) 

K.Kumar

3 𝜇Moles of electrons !



SNO+, EOS & THEIA: neutrino 
properties and rare-event searches
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contact Gabriel Orebi Gann <gabrielog@berkeley.edu> for details

mailto:gabrielog@berkeley.edu
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“Underground physics” @ Berkeley
SNO+
• Multi-purpose scintillator experiment

• Deepest, largest operating scintillator 
detector in the world

• Solar neutrinos, reactor neutrinos, geo 
neutrinos, supernova neutrinos, ND

• Neutrinoless double beta decay

• Berkeley leadership of multiple 
working groups: solar neutrino, 
nucleon decay

• Lead roles in physics results, published 
in PRL, Phys. Rev. D (lead author, lead 
analysts, backgrounds, coordination)

Orebi Gann research group: undergroundphysics.berkeley.edu

Group
• PI: Gabriel D. Orebi Gann

• Project scientist & post docs: Tanner Kaptanoglu, 
Logan Lebanowski, Leon Pickard

• Grad students: Max Smiley, Martina Hebert

• Lab assistants: Sawyer Kaplan, Ashley Rincon

• Undergrads: Joseph Koplowitz, Hong-Joo Ryoo

Recent papers: 
arXiv:2309.06341 (accepted to PRD)

Phys.Rev.Lett. 130 (2023) 9, 091801

Phys. Rev. D 105, 112012 (2022)

JINST 16 P10021 (2021)

JINST 16 P05009 (2021)

Phys. Rev. D 102, 062006 (2020)


Phys. Rev. C 102, 014002 (2020)

Phys. Rev. D 100, 112005 (2019)

Phys. Rev. D 99, 112007 (2019)

Phys. Rev. D 99, 032008 (2019)

Phys. Rev. D 99, 012012 (2019)

Phys. Rev. D 99, 032013 (2019)

Phys. Rev. D 98, 112013 (2018)

http://undergroundphysics.berkeley.edu


Designed for flexible upgrade paths & to be 
redeployed at a neutrino source → 
demonstrate viability of future applications
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“Underground physics” @ Berkeley
Eos
• Flexible testbed to demonstrate impact 

of novel technology 

• Particle detection using hybrid 
Cherenkov + scintillation signatures

• Validate models to support performance 
predictions for next-gen experiments

Theia
• Long-baseline sensitivity (CPV) comparable to a LAr DUNE module

• Complementary supernova sensitivity (primarily anti-ν, fast response: trigger)

• + broad (new!) additional physics program

• Broad physics program: nucleon decay, solar, geo, beyond-ton-scale 0νββ

Orebi Gann research group: undergroundphysics.berkeley.edu

Large, multipurpose 
detector

• Baseline: 25 ktonne
• Ideal: 100 ktonne

Theia-25

Theia-100

THEIA: An advanced optical neutrino detector Eur. Phys. J. C 80, 416 (2020)

Stretch goal 
upgrade path

http://undergroundphysics.berkeley.edu
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