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Extra Motivation: 
Difficulties with Dark Photon Dark Matter

Will East & Junwu Huang arXiv:2206.12432

• Dark photon dark matter production 
can lead to the formation of vortices. 

• At high density, energy stored in dark 
photon dark matter is converted into 
a large number of vortex strings, 
destroying the coherent dark photon 
dark matter field.

• Similar dynamics to type II 
superconductors

• Can only be avoided with very weak 
couplings (undetectable)
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Extra Motivation: 
Difficulties with Dark Photon Dark Matter

David Cyncynates and Zachary Weiner, arXiv:23xx.xxxxx

• `Standard' mechanisms do 
not produce dark photon 
dark matter that can be 
reached by experiment

• Assuming dark matter 
exists in the early universe, 
energy density is large 
enough to produce 
vortices and destroy dark 
matter for a large range of 
parameters, even with new 
production models
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Goal: Increase Signal for Fixed Magnet Volume 

Su
pe

rn
ov

a

6Liu et al, BREAD collab., arXiv:2111.12103



Dielectric Enhancement
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Carosi, 
Cervantes, Kimes, Mohapatra, Ottens, Rybka 2019

MADMAX Collaboration White Paper (Eur. Phys. J. C (2019) 79: 186)

Dielectric Haloscope Proposal (Phys. Rev. Lett. 118, 091801 (2017))

MB, J. Huang, R. Lasenby, PRD 2018



Conducting surface
Dish Antenna idea
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Conducting surface

B0

J = gaγγB0
·a

γ

Effective volume:  V = λ ⋅ Area

Dish Antenna idea
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dielectric 
layers
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lens

photodetector

• For stack of     periods, with area    , converted power from DM at 
half-wave frequency is 

• For “open cavity”,

• Frequency coverage: 
 
 
 
 
 

• Higher peak power compensated for by reduced bandwidth: 
frequency-averaged conversion power 

Converted power

/ N
<latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit>

Q / N
<latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit>

N
<latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit>

A
<latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit>

11MB, J. Huang, R. Lasenby, PRD 2018



dielectric 
layers

mirror

lens

photodetector

• For stack of     periods, with area    , converted power from DM at 
half-wave frequency is 

• For “open cavity”,

• Frequency coverage: 
 
 
 
 
 

• Higher peak power compensated for by reduced bandwidth: 
frequency-averaged conversion power 

Converted power
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Q / N
<latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit>

N
<latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit>

A
<latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit>
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Increasing effective volume

MB, J. Huang, R. Lasenby, PRD 2018



dielectric 
layers

mirror

lens

photodetector

• For stack of     periods, with area    , converted power from DM at 
half-wave frequency is 

• For “open cavity”,

• Frequency coverage: 
 
 
 
 
 

• Higher peak power compensated for by reduced bandwidth: 
frequency-averaged conversion power 

Converted power

/ N
<latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit>

Q / N
<latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit>

N
<latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit>

A
<latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit>
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Helps beat down noise
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dielectric 
layers

mirror

lens

photodetector

• For stack of     periods, with area    , converted power from DM at 
half-wave frequency is 

• For “open cavity”,

• Frequency coverage: 
 
 
 
 
 

• Higher peak power compensated for by reduced bandwidth: 
frequency-averaged conversion power        :  gain with volume 

Converted power

/ N
<latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit>

N = 30
<latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit>

N = 100
<latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit>

Q / N
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Focusing
• Photons are emitted 

collimated to the surface

• Photons can be focused 
down to area               (due 
to DM phase space same as 
for dish) 
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Dielectric Enhancement 
Demonstrated in Several 

Prototypes

16



MADMAX

See talk by Jacob Mathias Egge
MADMAX Collaboration White Paper (Eur. Phys. J. C (2019) 79: 186)

Dielectric Haloscope Proposal (Phys. Rev. Lett. 118, 091801 (2017))
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Raphael Cervantes arXiv:2112.04542 

Carosi, Cervantes, Kimes, Mohapatra, Ottens, Rybka 2019

ADMX-Orpheus
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Limit from this work

90% SDE
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• Prototype cuts into new parameter 
space with 5 days run

• 2 inch diameter, 5 period stack. Poor 
efficiency due to alignment control, 
100-fold improvement possible 
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2110.10497

 
Chiles, Charaev, Lasenby, MB,  Huang, Roshko, Burton, Colangelo, Van Tilburg, Arvanitaki, Nam, Berggren 
arXiv:2110.01582, PRL 2022
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dielectric 
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MB, J. Huang, R. Lasenby, PRD 2018

Xenon solar



Potential Setups
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d R

H

H=R

Sensor
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Integrate Dielectric Stack

• Mirror geometry has to change



d R

H

H=R

Sensor

Scanning
• Possibilities: 

• Parallel stacks of 
different periodicity 
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d R

H

H=R

Sensor

Scanning
• Possibilities: 

• Chirped Stack 
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Chirped stack
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• Gradually increase thickness of layers
• Cover larger volume and frequency 

range together
• Maximum ~30% range of 

frequencies and need to be careful 
with reflections to avoid destructive 
interference



Projections
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Chirped stacks, 100 periods

Stack area: 2π (30cm)2/2π (80cm)2; B field: 4T/9T
Run time: 100 days
Detector efficiency: 50%
DCR (Hz): 4/4*10-2
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The case for SANDWICH

chirped stack
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The case for SANDWICH

BREAD-NEP-10m2

Vacuum-Dielectric-0.5m2

Dielectric-Dielectric-0.5m2

Vacuum-Dielectric-4m2
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The case for SANDWICH:
conclusions and next steps

28

• Periodic dielectric materials can increase the volume where axion to 
photon conversion is efficient

• Flat layer geometry successfully demonstrated in prototypes in multiple 
frequency bands; possible to reach very small couplings with larger setups

• Future directions: 

• Optimize light collection geometry with dielectric-in-cylinder setup

• Study different dielectrics including absorption, thermal properties
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Multilayer target characterization
• White light interferometry

– Fifth reflectance null after photonic bandgap indicates 
emission wavelength Λ T
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Design/
Simulation

Experiment/
Measured

About 1 dB power loss in optical transmission 
through the target


