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Who Am I?
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• CMB-S4: Ground based CMB experiment, Detector lead
• LiteBIRD: Space based CMB experiment, Cold readout lead
• TESSERACT/DM: Light Dark Matter experiment, Readout and Detector R&D
• PHONON-NEXT: Phonon-control for qubit and sensors
• LuSEE-Night: Lunar based 21 cm experiment, Antenna system lead

• Aritoki Suzuki - https://sites.google.com/lbl.gov/asuzuki/
• Scientist at Physics division, Lawrence Berkeley National Laboratory
• 15+ years of superconducting and RF device development
• R&D coordinator for superconducting and quantum technology for HEP

https://sites.google.com/lbl.gov/asuzuki/


Science Target – Dark Matter
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Superconductor’s Uniqueness
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• Low loss
• Small energy gap
• Sharp superconducting transition
• Kinetic inductance
• Macroscopic quantum behavior

… and many more

[1] Peter K. Day et al., “A broadband superconducting detector suitable for use in large arrays” NATURE, VOL 425, 23 OCTOBER 2003
[2] Kaja Rotermund et al., "Development of hafnium-based transition edge sensor bolometers for cosmic microwave background polarimetry experiments", 
https://doi.org/10.48550/arXiv.2410.06227(2024)
[3] Michael Tinkham, “Introduction to Superconductivity”, McGraw-Hill Inc. (1996)
[4] Rohlf, James William, Modern Physics from a to Z0, Wiley 1994

https://doi.org/10.48550/arXiv.2410.06227(2024)


Superconductors in Sensors
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• Signal collection (RF antenna, resonant cavities, DM target, phonon-collector)
• Low loss
• Small energy gap

• Signal manipulation (RF, High R Spectrometer)
• Low loss

• Signal detection (TES, MKID, Qubit)
• Sharp superconducting transition
• Kinetic inductance
• Macroscopic quantum behavior

• Low Noise Readout (ParaAmp, SQUID, micro-wave mux)
• Low loss
• Macroscopic quantum behavior
• Kinetic inductance



Phonon Sensing for Dark Matter
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Detection path
1. Interaction with Si generates athermal phonon (GHz~THz phonon)
2. Athermal phonon travels from Silicon into Aluminum. Good phonon wave speed match
3. Athermal phonon break cooper pairs in Aluminum (340 µeV), generate quasi-particles
4. Quasi-particles travels to Al/W interface
5. Down conversion traps quasi-particles, generates more quasi-particles in process
6. Tungsten TES detects signal

Aluminum fins increases phonon collection area while maitaining sensitivity of the sensor (W)
• More from Suerfu Bhurkhant - Kamioka LDM Project

Silicon

TESSERACT collaboration Top view Side view

Al

W

Si



Low Energy Excess
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• Low energy excess noise: ~eV scale noise in sensor itself
• (sub)-eV sensor’s performance is being limited by low energy excess noise
• Common problem across multiple experiments

[1] EXCESS workshop https://github.com/fewagner/excess (2021)

[2] Anthony-Petersen, R., Biekert, A., Bunker, R. et al. A stress-induced source of phonon bursts and quasiparticle poisoning. Nat Commun 15, 6444 (2024)

[3] R. Anthony-Petersen et al., “ Low energy backgrounds and excess noise in a two-channel low-threshold calorimeter”,  Appl. Phys. Lett. 126, 102601 (2025)



Common Issue Across Superconducting Devices
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[1] Roger K. Romani, “Aluminum relaxation as the source of excess low energy events in low 

threshold calorimeters”  J. Appl. Phys. 136, 124502 (2024) https://doi.org/10.1063/5.0222654

[2] E. Yelton et al., “Correlated quasiparticle poisoning from phonon-only events in 

superconducting qubits” (2025) https://arxiv.org/abs/2503.09554

• This problem is common across superconducting sensors and qubits
• Common observations:

• How to hold sensors matter, mechanical stress
• Stress in film and substrate stress matter
• Noise decreases as duration of cooldown increases

https://doi.org/10.1063/5.0222654
https://arxiv.org/abs/2503.09554


Material Science
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• Superconducting device development can make informed improvements by working with  
material science experts

• Example: Study of Nb oxide’s effect on superconducting resonator
• Combined fabrication, theory, characterization and cryogenic expertise to improve 

resonator performance 

[1] M. Virginia P. Altoé etal., “Localization and reduction of superconducting quantum coherent circuit losses” (2020) https://arxiv.org/abs/2012.07604

https://arxiv.org/abs/2012.07604


Berkeley Facilities
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Physics division cryogenic test facility (LBNL) 
• Superconducting sensor development expertise
• Dilution refrigerator for superconducting sensor development

Molecular Foundry (LBNL)
• One of five national DOE user facilities for nanoscale science
• Theory, synthesis, nanofabrication, characterization, data and analysis

Marvell Nanolab (UC Berkeley)
• Microfabrication facility with staff support for process development



Industry Partners
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Seeqc Inc.
• Quantum computing device company
• TES, MKID, SQUID, Silicon Micromachining
• Optical TES for QUP

STAR Cryoelectronics
• Superconducting device company
• Superconducting film, SQUIDs, Readout electronics

[1] Suzuki, A., et al., “Recent Developments of Commercially Fabricated Horn Antenna-Coupled Transition-Edge Sensor Bolometer Detectors for Next-Generation 
Cosmic Microwave Background Polarimetry Experiments” J Low Temp Phys (2022). https://doi.org/10.1007/s10909-022-02731-x
[2] Suzuki A., et al., “Commercialization of Micro-fabrication of Antenna-Coupled Transition Edge Sensor Bolometer Detectors for Studies of the Cosmic Microwave 
Background” J Low Temp Phys (2018). https://doi.org/10.1007/s10909-018-1903-6

https://doi.org/10.1007/s10909-022-02731-x
https://doi.org/10.1007/s10909-018-1903-6


Low LEE Tungsten TES Development
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• We propose to develop low-LEE Tungsten TES for Dark Matter search
• Current light DM search is LEE noise limited
• Perform world leading DM search by reducing LEE rate
• Longer run in the Kamioka-DM facility will set new limit
• Forecast shows 0.1cm3 device with 1 day of exposure time

1
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Superconducting Film (W and Al)
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We have been diving into details of W and Al to study their material property
• Achieve low Tc while achieving low stress at cryogenic temperature
• Use tools like stress, XRD and DR to characterize film at room temp and cryo temp

α vs β W phases Stress vs chamber pressure

Tc vs chamber pressure

Tc vs substrate tempR vs T curve



Hafnium for Sensors and Targets
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• Hafnium is interesting superconducting film that is 
finding many applications in physics experiments

• Hafnium is also commonly used in microfab industry
• Our group have been exploring Hafnium’s 

superconducting property in depth

TES bolometers LBNL

Rotermund et al. (2024) arXiv:2410.06227

TES calorimeters

Adriana Lita et al. (2009), Safonova et al. (2024)

Phonon-sensitive MKIDs LBNL

Li et al. (2025) arXiv:2502.19818

Optical and near-IR MKIDs

Nicholas Zobrist et al. (2019) & Gregoire Coiffard et al. (2020)

Superconducting Tunnel Junctions

Kraft et al. (1998), Kim et al. (2012), STAR Cryoelectronics SBIR (2021)

Quantum Parity Detectors

Ramanathan et al. (2024)

Dark Matter Target  LBNL

Griffin et al. (2025) arXiv:2412.16283

Li et al,. (2025)



Hafnium Film for Sensor and Target
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• Co-developed with STAR Cryoelectronics to deposit Hafnium at elevated temperature
• Tc is linearly dependent on its deposition temperature
• Tc is stable against process temperature up to deposition temperature

72Hf

[1] K. M. Rotermund et al., “Development of hafnium-based transition edge sensor bolometers for cosmic microwave 
background polarimetry experiments”, 2024. arXiv:2410.06227



Crystal Structure of Hafnium Films
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We looked into how deposition temperature and annealing 
changes film’s crystal structure

• More crystalline (larger grain size) at elevated 
temperature deposition. α-Hf(004) peak expected to have 
lower loss and higher Q 

• Annealing moves peak away from crystalline line →
possible oxygen diffusion

[1] K. M. Rotermund et al., “Material properties to understand superconducting metals”, 2024 CPAD workshop
[2] Coiffard et al. “Characterization of sputtered hafnium thin films for high quality factor microwave kinetic inductance detectors” (2020)
[3] ICSD (Inorganic Crystal Structure Database)

Deposition temperature

Annealing temperature

200C

550C



Hafnium TES for CMB
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• We fabricated TES bolometer for CMB-S4 project with Hafnium film
• Developed fabrication process that is compatible with mm-wave RF circuit
• TES bolometers working well

[1] K. M. Rotermund et al., “Development of hafnium-based transition edge sensor bolometers for cosmic microwave background polarimetry 
experiments”, 2024. arXiv:2410.06227



MKID for Dark Matter
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Next generation experiments require high sensitivity and high detector count
• Direct Dark Matter search (~1 Kg = ~ 1000 sensors) 
• Neutrinoless Double Beta Decay (~1 ton = ~ 10,000 sensors)

Next generation experiments require
• Detector that operates at ~10 mK with high sensitivity
• Highly multiplexed detector-readout system →MKID is a natural candidate

Hafnium is interesting material for MKID
• High kinetic inductance (Lk 4.7 pH/◻ for 250 nm film)
• High quality factor > 1x105

• Tc 130 mK ~ 200 mK
• Good Tc for operation at ~10 mK
• Require Tc to be below Aluminum fins → Quasi-trap to improve Dark Matter phonon sensing

[1] Li et al., “Low Tc Hafnium Kinetic Inductance Device with High Internal Quality Factor” https://arxiv.org/abs/2502.19818



Hafnium MKID R&D
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• Recent development at LBNL
• Hf-only MKID device achieved 2eV RMS internal KID resolution
• Fabricated Al coupled Hf MKID. Working on Al-Hf interface with material scientists

• We propose to develop MKID sensors for next generation DM experiments
• Build 10g~100g detector array with 1~10eV threshold → constraints on 100MeV DM
• Further improve performance by increase readout power and use parametric amplifier to reach 

energy resolution 0.01 eV~0.1 eV 

[1] Li et al., “Low Tc Hafnium Kinetic Inductance Device with High Internal Quality Factor” https://arxiv.org/abs/2502.19818

60keV gamma signal 
from a 2 channel Hf MKID

Hf-only MKID Al coupled Hf MKID

Hf

Al

NbN



Hafnium as Dark Matter Target
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Hafnium is also an interesting material for Dark Matter target [1]
We propose to develop DM sensor coupled to Hafnium target

• Dark matter kinematically matches to 
• Electrons (DM-electron coupling) and 
• Phonon modes (DM-nucleon coupling)

• Hafnium MKID can probe this interaction 
• Low Tc Hf MKID allows O(10)meV sensitivity with relatively large superconducting volume, 

significantly increases exposure
• Hf has optical phonon bands that enhance coupling to 10~20 meV dark photons

[1] Griffin et al., “Dark Matter–Electron Detectors for Dark Matter–Nucleon Interactions” (2024) arXiv:2412.16283



Synergy – Kamioka DM
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• Perform world leading DM search in the Kamioka low background facility

• Superconducting sensors (TES, MKID) with Silicon as DM target
• Detector upgrade for liquid helium target sensor



Synergy – Optical TES, Readout
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Capabilities we develop for superconducting fabrication will strengthen other projects in QUP

• Example
• CMB TES development explored AlMn for TES at LBNL & Seeqc

→ It became useful for Optical TES for Kaori Hattori’s project

• Study AlMn’s material property to optimize Optical TES’s performance

Dale Li et al., “AlMn Transition Edge Sensors for Advanced 
ACTPol”, J Low Temp Phys (2016) 184:66–73 DOI 
10.1007/s10909-016-1526-8



Synergy – Cryo Facility & Qubit Control
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• Synergies with techniques for cryo facilities and qubit control
• TES and MKID characterization
• MKID readout control 
• R&D to implement parametric amplifier (co-development with JPL)
• Vibration monitor
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• Maximizing the performance of superconducting sensors requires a deep understanding of 
the underlying materials and interfaces.

• We propose to:
• 1: Develop low-LEE Tungsten TES for Dark Matter search
• 2: Develop MKID sensors for next generation DM experiments
• 3: Develop DM sensor coupled to Hafnium target

• Strong Synergy with existing QUP projects:
• 1: Kamioka-DM: Perform world leading DM
• 2: Optical TES and other SC devices: Fabrication know-how, application of MS approach
• 3: Qubit control and cryogenic facilities to improve device characterization

• Superconducting and Quantum Sensors will Bring New Eyes to Humanity to explore 
fundamental nature of the universe

Summary


