
BREAD
Requirements towards 

a DFSZ-sensitive Experiment

Stefan Knirck
Harvard University, Department of Physics

for the BREAD collaboration

Stefan Knirck | BREAD Requirements 0



FFT

𝑚!

Stefan Knirck | BREAD Requirements

BREAD (Broadband Reflector Experiment for Axion Detection)
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Required Sensor?
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Sensors
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Heterodyne Bolometer Single Photon Counting
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Signal Rate – 10m2 dish in 10T field
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Single PhotonsPower
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Sensitivity – Conceptual 
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Adapted from
[Rybka et al, PDG2019]

No resolution (exc. Hetorodyne)
100 days integration, S/N=3

Dish: 𝐴 = 10	m&

Magnet: 𝐵 = 10	T

Amplitude & Phase

Power Dissipation

No. of Photons
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Sensitivities (naïve) – Noise Equivalent Power
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𝑃/01/ ∼
𝑁𝐸𝑃
Δ𝑡

∼ 𝑁𝐸𝑃 Δ𝜈203

No spectral resolution
100 days integration, S/N=3

Dish: 𝐴 = 10	m&

Magnet: 𝐵 = 10	T
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Sensitivities (naïve) – Single Photon Counting
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𝑃/01/ ∼ 𝐷𝐶𝑅	Δ𝑡
ℎ	𝜈
Δ𝑡 	

No spectral resolution
100 days integration, S/N=3

Dish: 𝐴 = 10	m&

Magnet: 𝐵 = 10	T

𝑃4,678 = ℎ	𝜈	Δ𝜈

Comparison to 
Heterodyne SQL:

#𝛾4,678 = 	Δ𝜈

For Axion DM:

Δ𝜈 = 10%.	𝜈   
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Heterodyne Bolometer Single Photon Counting
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TES

SIS

TWPA

MKID

SQUAT (qbit)

WIXARD (Graphene)

& more!

Sensors (Selection)
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multiple talks today & tomorrow



Bolometers

Single	Photon	Counters

Sensors (Selection)
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[https://www.gentec-eo.com/]

[https://www.irlabs.com/products/bolometers/]
[Ridder et al, J. Low Temp. Phys. 184, 60–65 (2016)],
[Baselmans et al, Astro. Astroph. 601, A89 (2017)]

[Echternach et al., Nat. Astron. 2, 90–97 (2018)],
[Echternach et al., J. Astron. Telesc. Instrum. Syst. 7, 1–8 (2021)]
[Hochberg, et al., Phys. Rev. Lett. 123, 151802 (2019)]
[Verma, et al., arXiv:2012.09979 [physics.ins-det] (2020)]

[Liu et al, BREAD collab., 
arXiv:2111.12103, PRL 128 (2022) 131801]
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American Physical Society

1 APRIL 2022

Volume 128, Number 13
Published by 

Published week ending

128

13

PRL 128 (13), 130502–137201, 1 April 2022 (212 total pages)
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Sensitivities with Literature Sensors
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Hidden Photons Axions
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More Signal?

Stefan Knirck | BREAD Requirements 11



StackedBREAD – Increase Area
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𝑃>=L ∝ 𝐴	
fixed
volume
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StackedBREAD – Increase Area
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𝑃>=L ∝ 𝐴	
fixed
volume

1 BREAD 𝑁	x	𝑁	x	𝑁 = 𝑁M BREAD

𝐴NOPQRS ∝ 1/𝑁T

𝐴UVU = 𝑁M𝐴>=;LW?
∝ 	𝑁	

𝑃UVU ∝ 𝑁

𝑁	 = 	3

Limited gain / complexity
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Resonant vs. Broadband Experiment  
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Scanning Experiment:
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∼ 𝑄 steps, each for Δ𝑡

Background Limited:

𝑆
𝑁
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𝑘𝑇"#"
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Δ𝜈$

Signal-to-Noise:

Total Scan Time (Q):

Background Free:

𝑆
𝑁
=
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𝑄 ⋅ 𝑃!	Δ𝑡

= 𝑄 ⋅ 𝑃!	Δ𝑡

𝑇Z<Z ∼ 𝑄	Δ𝑡 ∝ 𝑄	𝑄[T ∝ 𝑄[\	 𝑇Z<Z ∼ 𝑄	Δ𝑡 ∝ 𝑄	𝑄[\ ∝ 1
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Resonant vs. Broadband Experiment  
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Scanning Experiment:

𝑃

𝜈

∝ 𝑄
∝ 𝑄%-

∼ 𝑄 steps, each for Δ𝑡

Scan Speed Cavity:

[PRD 103, 032002 (2021)]
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QualityBREAD
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see Gabe

Finesse:
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SlicedBREAD – Dielectric Stacks
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see I-See, Grant

resonant & volume 
enhancement 
(adjustable) 

Boost 𝛽% ∼	# layers
100 – 1,000 realistic 𝑔$&& ∝	 𝛽%

same idea as

𝛽&	~	20	
small scale

𝛽&	~	100	
DWL

𝛽&	~	1,000	
20𝑇, 7𝑚&

[Masha Baryakhtar]
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How about a huge magnet?
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à Andrew

[https://cerncourier.com/a/atlas-solenoid-coiling-is-complete/]



Conclusion
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Thank you very much!
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