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Speeding up with broadband single-photon detector
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MADMAX BREAD

BREAD collaboration, PRL 128, 131801 (2022)



Looking for dark matter axion
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Speeding up with broadband single-photon detector
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Bolometer and calorimeter 
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Why graphene electrons?
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Why graphene electrons?
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Minute density of states results in minute 
specific heat of massless Dirac fermions
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• Minute Cth on the order of kB
•   
• Small Gth due to weak 

electron-phonon coupling
• Wide EM bandwidth
• High absorption efficiency 

with impedance matching
• Fast thermalization due to 

short e-e scattering time
•  

Graphene electron is ideal for photon detection
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Graphene
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Quantum sensing of the heat of a single photon
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“for the discovery of macroscopic quantum mechanical 
tunnelling and energy quantisation in an electric circuit”
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Quantum sensing of the heat of a single photon
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Walsh, … KCF, Phys. Rev. Applied 8, 024022 (2017)
See also: Giazotto, et. al., APL 92, 162507 (2008)

No photon

Photon!



Detecting single-photon by massless Dirac fermions
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Detecting single-photon by massless Dirac fermions
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Walsh, ..., KCF, Science 372, 409 (2021)

Huang, Arnault, Jung, ... Lee, KCF, arXiv:2410.22433
Method after: Gol‘tsman, et. al., APL (2001)
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Detecting single-photon by massless Dirac fermions
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Walsh, ..., KCF, Science 372, 409 (2021)

Huang, Arnault, Jung, ... Lee, KCF, arXiv:2410.22433
Method after: Gol‘tsman, et. al., APL (2001)

Question in MADMAX:



Fundamental limit of measurements
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Photodiode Cooper pair 
breaking detector

Bolometer HEMT

18

Amplifier and heterodyne mixer

Caves, PRD (1982)
Tucker and Feldman, RMP (1985)

Bolometer

Lee… KCF, Nature (2020)
Mather, Appl. Opt. (1984)

Calorimetric SPD

Moseley-Mather-McCammon, 
JAP (1984)



Fundamental limit of bolometer measurements
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Bolometer

Lee… KCF, Nature (2020)
Mather, Appl. Opt. (1984)

Calorimetric SPD

Moseley-Mather-McCammon, 
JAP (1984)

Amplifier and heterodyne mixer

Caves, PRD (1982)
Tucker and Feldman, RMP (1985)



Fundamental limit of bolometer measurements

2020Lee… KCF, Nature 586, 42 (2020)
See also: ibid 586, 47 (2020)

Bolometer

Lee… KCF, Nature (2020)
Mather, Appl. Opt. (1984)



Surpassing the thermodynamic limit of bolometer
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Graphene: to be or not to be?
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Huang, Arnault, Jung, ... Lee, KCF, arXiv:2410.22433

Graphene SPD

Phonon-mediated
detector



Graphene-based SPD Roadmap for BREAD in arXiv:2512.14973
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Graphene-based SPD Roadmap for BREAD in arXiv:2512.14973
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Josephson 
optimization

W.Jung, et. al., arXiv:2503.06850



Graphene-based SPD Roadmap for BREAD in arXiv:2512.14973
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readout



Graphene-based SPD Roadmap for BREAD in arXiv:2512.14973
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Evaporative 
cooling electrons

PRApplied 13, 054006 (2020)



New eyes to see dark matter
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