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Jeter Hall

jeter@snolab.ca

Research interests:

• Exploring the new energy frontier of 1 meV – 1 eV
o What are the natural sources of quanta in this energy range?

• Improving quantum bit performance by controlling environmental backgrounds
o Is dark matter a fundamental limitation to certain quantum tech?



Stephen Sekula – Research Group 
Manager, SNOLAB



5

Rare Interaction Detection

Helium and Lead Observatory (HALO)
• 79 tonnes of lead and 128 embedded 

cylindrical He-3 counters
• Shielded from cosmic ray radiation and 

ambient neutrons

• Detects burst of neutrons from neutrino-

Pb interactions

• Galactic supernova early warning 
detector

• Long periods of stable operation (>99% 

uptime)

PICO – superheated liquid detector
• Currently 70kg freon target at 12C and 27.5psia

• Shielded from cosmic ray radiation and ambient 
neutrons

• Detects bubbles from nuclear interactions 

(alphas, neutrons, dark matter) using cameras, 

fast pressure sensors, and acoustic sensors

• Active data-taking program, commissioned in 
2023.

nEXO – next-gen. neutrinoless 

double beta decay
• Liquid Xenon TPC enriched in Xe-

136 (~5000kg)

• Aimed toward CD-1 process in U.S. 
Scoped for construction at 

SNOLAB-like underground lab.

• Focus on radon reduction during 

construction and radioisotope 

mitigation in material fabrication.



James Thomas – Lecturer in Quantum 
Technology, QMUL
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James Thomas

j.o.thomas@qmul.ac.uk

Research interests:

• Exploring molecular species and 2D materials for quantum transport and information processing
• Increasing transistor performance through quantum interference effects

  Nat. Commun., 13, 4506 (2022)

Devices Spin and phonon effects
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James Thomas

j.o.thomas@qmul.ac.uk

Research interests:

• Exploring molecular species and 2D materials for quantum transport and information processing
• Increasing transistor performance through quantum interference effects

arXiv:2304.08535
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Pietro Giampa – Science & Technology 
TRIUMF / McDonald Institute

15-Jan-2024
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Beyond The Standard Model Research
Strong Emphasis on Dark Matter Detection

Research Targets:

• Dark Matter searches for ultra-low masses, which 
require detectors with sensitivity in the meV-eV energy 
deposition range.

• Photo-detection techniques with sub-ns timing.

Historic Research:

• In the past I mostly focused on Liquid Nobles and 
Silicon based detectors for Dark Matter detections.

• DEAP-3600, SBC, LoLX, SiPM R&D

• Also involved in precision physics with Ultracold 
Neutrons (UCNs). Neutron Lifetime & Quantum Gravity.



Caleb Fink – Los Alamos National 
Laboratory, NM

cwfink@lanl.gov
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Qubit Based Sensors for meV Scale Phonon 
Sensing

Quantum Materials for Low Mass Dark Matter Detection

Novel Quantum Materials and Qubit Sensors for Low Mass Dark Matter

• Detector physicist focusing on developing meV scale sensitive 

charge and phonon sensors using novel materials and 

superconducting qubits

• Collaborative effort between LANL, SLAC, and UIUC

• Formerly part of SuperCDMS and Tesseract 

Caleb Fink – cwfink@lanl.gov



Max Hofheinz – Institut quantique, 
Université de Sherbrooke

max.hofheinz@usherbrooke.ca
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Josephson photonics

Working principle

• Based on inelastic Cooper-pair tunneling

• Matrix element depends on Z(ω)

• Z(ω) can be engineered at will

• Operation kT to gap: µeV (GHz) to meV (THz)

Devices

• Amplifiers

• Photon counters

• Photon sources

• ...

Max Hofheinz

max.hofheinz@usherbrooke.ca

Related activities at IQ

• Impact of ionizing radiation on 
superconducting qubits: 
Mathieu Juan, Alexandre Blais

o Single-photon avalanche detectors:
Serge Charlebois, Jean-François Pratte



Michel Calame – Empa & University of 
Basel

Transport at Nanoscale Interfaces Laboratory, Empa, Switzerland
 Department of Physics, University of Basel, CH, Switzerland
www.empa.ch/tnilab
 michel.calame@empa.ch



Transport at Nanoscale Interfaces Lab
Materials to Devices

Transport & Devices
Nanofabrication, quantum transport, 
(opto-)electronic, thermoelectric properties

Michel Calame | www.empa.ch/tnilab

Low dimensional materials
Integration

Synthetic
Quantum Dots de Arquer et al. Science (2021)

IR Photodetectors
Nanoprinted colloidal QDots

Integration in miniaturized Spectrometer
Integration on optical fibers

I. Shorubalko et al.

Shorubalko et al., : Adv. Optical Mater. (2019); Adv. 
Science (2021);  ACS Appl. Mater. Interfaces (2021), Nat. 
Photonics (2022, 2023); 

Kara et al., Adv. Mater. Technol. 
(2023)



Transport at Nanoscale Interfaces Lab
Materials to Devices

Transport & Devices
Nanofabrication, quantum transport, 
(opto-)electronic, thermoelectric properties

Michel Calame | www.empa.ch/tnilab

Low dimensional materials
Integration

Synthetic
Quantum Dots de Arquer et al. Science (2021)

<100 nm

Graphene 
Nanoribbons

TEM Cross Section, O. Braun et al. 3.4 Å 

20 nm

Huang et al., ACS Nano (2023)

Nanocarbons (GNRs, CNTs) integration
QDot physics and mesoscopic transport

Edge contacts to GNRs
Encapsulation in hBN

M. Perrin et al.



Transport at Nanoscale Interfaces Lab
Materials to Devices

Transport & Devices
Nanofabrication, quantum transport, 
(opto-)electronic, thermoelectric properties

Michel Calame | www.empa.ch/tnilab

Low dimensional materials
Integration

2D Materials

Novoselov et al. Science (2016)
Synthetic

Quantum Dots de Arquer et al. Science (2021)

<100 nm

Graphene 
Nanoribbons

Twisted 
n-layer graphene 

Zhang et al., under review
Huang et al., Phys Rev. Res (2023)

Graphene: Viscous charge flow

2D materials integration
Mesoscopic transport

Hydrodynamic regime, Strong e-e correlations
Moiré structures

M. Perrin et al.



Transport at Nanoscale Interfaces Lab
Materials to Devices

Imaging & Spectroscopy
Structural & Chemical (Optical, Raman & 
THz, Atomic Force Microscopy, Electron and 
Ion-beam)

Michel Calame | www.empa.ch/tnilab

Raman Spectroscopy, 
Photoluminescence, THz-TDS & Imaging

M. Dimitirievska et al.

Proteins
Aggregates

Profiling
Protofibrils

Liquid-based Atomic Force Microscopy (AFM), 
Infrared (IR)-AFM, Raman Spectroscopy

P. Nirmalraj et al.
Nirmalraj et al., 
Science Advances (2021)



Jan Mol – Queen Mary University of 
London

j.mol@qmul.ac.uk



Measuring quantum 
entropy

Electronic measurements of entropy 
in meso- and nanoscale systems.

Pyurbeeva et al.

Chem. Phys. Rev. 3, 041308 (2022)

Measuring quantum
motion

Nature Materials | Volume 22 | February 20 23 | 180–185 184

Letter https://doi.org/10.10 38/s41563-0 22-0 1460 -6

which involves the displacement of the edge atoms with respect  to the 

backbone, indeed appears at  ħωv= 7 meV, in excellent  agreement  with 

the experiments (Fig. 4e,f ). Removal of the bulky side groups lowers 

the mode energy slight ly to 5.4 meV, with a larger displacement  of 

the edge atoms, without  alter ing the effect  on the MGNR backbone 

(Supplementar y Fig. 17). All vibrons at  frequencies ωv and the associ-

ated elect ron–vibrat ion coupling st rengths gv can be included in a 

quantum-mechanical descript ion of the elect ron transfer rates through 

the MGNR density of states27:

Ke =
1

𝜋𝜋
Re

∞

∫
0

ei(E−μ)t/ℏ e−t/τξ(t)dt

where τ is the line broadening associated with the electronic state life-

t ime, µ is the MGNR energy level, t is t ime, i is the imaginary unit , E is 

energy and ξ(t) describes the nuclear dynamics associated with electron 

t ransfers, as modulat ed by a t ime-dependent  Franck–Condon factor 

ξ(t) = exp {∫
J(ω)

ω2
[(cosωt −1) coth (

ω

2kBT
) − i sin ωt]dω} where ω is the 

frequency and kB is the bolzmann fac tor and where the vibrat ional 

spect ral density is J(ω) = ∑
v

g2
v𝛿𝛿(ω−ωv)  for the MGNR modes. The 

outer-sphere background, produced by the weak coupling of the MGNR 

with the subst rate, can also be included by adding a super-ohmic spec-

tral density with an exponent ial cut-off (Supplementar y Informat ion)22. 

Excellent  agreement is obtained with the data, and the ent ire current  

map can be faithfully reproduced (Fig. 4a).

These results demonstrate electronic devices of extreme cleanli -

ness made out  of MGNRs, with sharply def ined elect ronic features 

that  are much superior to those of previous observat ions. Chemically, 

this opens a whole area of synthet ic design aimed at  placing differ -

ent  and increasingly eff icient  solubilizing groups on the edges. The 

result ing regularly spaced structural elements allow one to avoid the 

disorder associated with surfactants and the decrease in performance 

that  has plagued CNTs. The result ing debundled solut ion is simply a 

two-component system without  surfactants and other addit ives. For 

nanoelect ronics, this result  reveals completely new perspect ives: 

ult ra-clean details are now available for graphene nanodevices that  

have atomically def ined shapes. For the vibrat ional propert ies, this 

allows one to establish a direct  correspondence between the vibrat ional 

modes of the specif ic edge structure and the observed electronic fea-

tures. Remarkably, it  is not  necessary to suspend the nanoribbons to 

clearly observe the physics of vibrat ional states, and the result ing elec-

t ron–vibron coupling is comparable to that  of ult ra-clean CNT devices, 

validat ing the predict ion of superior electron–vibron coupling23 and 

opening the path to the envisaged nanomechanical devices based on 

atomically precise nanoribbons28. Strategies towards higher conduct -

ance by tuning the contact  resistance or increasing mobility can now be 

explored, for example by using wider MGNRs or by int roducing doping 

with elect ron-rich side groups; and chemical preselect ion of the MGNR 

lengths, for  example, via size-exclusion chromatography, opens up 

the path to low-impedance contacts. As nanoribbon states are now 

resolved in t ransport  at  microelect ronvolt  energies, the predicted spin 
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Fig. 4 | Electron–vibron coupling in nanoribbons with enhanced solubility. 

a, Detail of vibrat ional state suppression in the different ial conductance G versus 

VSD and VG for 2 (left ) and corresponding simulat ion using a quantum rate-

equat ion model (right). Arrows indicate the excited states, and measurements 

are at T = 20 mK. b, Scheme of the Franck–Condon blockade in the transport  

propert ies of nanodevices, with the equilibrium coordinates represented 

horizontally for two adjacent  charge states (green and blue). Strong vibronic 

coupling exponent ially suppresses ground-to-ground-state t ransit ions, while 

ground-to-excited-state ones become available at  higher bias. S, source;  

D, drain. c, Lift ing of the Franck–Condon blockade for a t ransmission channel 

upon increasing the temperature from 25mK (blue) to 500 mK (green),  

together with Lorentzian f its to the data (lines). d, Blockade peaks as a funct ion  

of  the chemical potent ial µ as experimentally observed (blue line) and as 

expected by Franck–Condon theory for maxima (green) and minima (yellow). 

Shaded areas represent  confidence intervals (as described in the main text ). 

e, Relat ive displacement  of the atoms for the 7 meV vibrat ional mode at  the Γ 

point. f, Energy dispersion of the lowest  vibrat ional modes, with the one at 7 meV 

highlight ed in green.

Exceptionally clean single-electron 
transistors from solutions of 
molecular graphene nanoribbons. 

Niu et al.

Nat. Mater. 22, 180–185 (2023)

Measuring quantum
transport

Understanding resonant charge 
transport through weakly coupled 
single-molecule junctions. 

Thomas et al. 

Nat. Commun. 10, 4628 (2019)



Adrian Bevan – Queen Mary University 
of London

a.j.bevan@qmul.ac.uk



Developing new technologies and building new 
detectors for fundamental science applications

Searching for new phenomena and testing 
fundamental symmetries: CP, T, CPT tests, rare decay 
searches. (see more on Thursday)

e.g. ATLAS tracker upgrade systems for the High 
Luminosity Large Hadron Collider at CERN.

e.g. Organic semiconductor radiation detectors 
targeting fast and thermal neutron detection.

Focus on:
• Silicon detectors
• Diamond detectors
• Novel detectors: solution processed systems 

including π-conjugated organic semiconductors

Lots of experience in using entangled pairs of sub-
atomic particles to test fundamental physics



Miriam Diamond – University of Toronto 
& McDonald Institute

mdiamond@physics.utoronto.ca

https://mcdonaldinstitute.ca/miriam-diamond/



Direct detection of Beyond the Standard Model low-
mass dark matter candidates

SuperCDMS detectors
▪ Phonon and ionization channels
▪ Operation at <50 mK
▪ Readout with superconducting cables
▪ Thresholds as low as 10 eV

UToronto group:
• R&D devices at local lab
• Detector characterization at 

CUTE@SNOLAB
• Installing & commissioning 

of  full SuperCDMS@SNOLAB experiment

UToronto lab SuperCDMS SNOLAB



GUINEAPIG workshop co-organizer
GeV and Under Invisibles with New Experimental Assays for Particles in the Ground
V2 (summer 2023): https://indico.triumf.ca/event/348/overview  V3 (summer 2024): coming to Toronto!

• "Super sensitive detectors require super precise modeling"
oPhonon and charge propagation in cryogenic 

semiconductor crystals
oNuclear recoil, electron recoil, and dark absorption 

signals and low-energy backgrounds

• "HVeV" gram-scale prototype devices feature single electron-
hole pair sensitivity

• World-leading constraints on wide range of sub-GeV DM 
candidates

oAxions, dark photons, lightly-ionizing particles, …



Jon Cripe – Laboratory for Physical 
Sciences

jonathan.cripe@lps.umd.edu



Carlos Blanco

Princeton University

carlosblanco2718@princeton.edu









Nicola McConkey – Queen Mary 
University of London
n.mcconkey@qmul.ac.uk





Adrian Lupascu

Department of Physics and Astronomy, Institute for Quantum Computing

University of Waterloo

adrian.lupascu@uwaterloo.ca



Quantum computing
Qutrits
• quantum control (collaboration with 

Juelich, Sahel Ashhabe NICT)
• process characterization

M. A. Yurta lan, J. Shi, M. Kononenko, A. L., S. Ashhab, 
Phys . Rev. Lett. 125, 180504 (2020)
M. Kononenko, M. A. Yurta lan, S. Ren, J. Shi, S. Ashhab, A. L., 
Phys . Rev. Research 3, L042007 (2021)

Yurta lan, M. A., J. Shi , G. J. K. Flatt, and A. Lupascu. Physical 
Review Applied 16, 054051 (2020). 

Improving coherence of qubits
• Noise spectroscopy
• Improved materials – niobium 

(collaboration with Fermilab, Jefferson 
lab)

Design of quantum 

processors
• Calibration and connectivity in 

coherent quantum annealers (DARPA 
collaboration)

Dai  et a l., PRX Quantum 2, 040313 (2021).
Tennant et al., acc. to npj Quantum Information (2022).



Fundamental topics in quantum 
dynamics

Janzen et a l.,  Phys . Rev. Res. 5, 033155 (2023).Dai  et a l., arXiv:2207.02017 (2022).

Unconventional environments
• The weak to strong coupling crossover in Landau 

Zener tunneling (DARPA collaboration)
• The spin boson model with tunable coupling 

strength

Relativistic quantum information
• Entanglement harvesting (collaboration 

with Eduardo Martin Martinez at UW)



Quantum sensing

Bal  et al., Nature Communications (2012).

Artificial atom magnetometers Quantum levitation
• Hybrid systems formed of diamagnetically 

levitated spheres and superconducting 

qubits

• Applications in gravimetry, dark matter 

detection






