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Outline
• Motivations for bosonic Dark Matter searches 

• Dark Matter to photon conversion in a photonic 
crystal 

• Experimental setup and reach 

• Conclusion



Bosonic dark matter

• Dark matter with                  must be bosonic, with occupation 
number > 1 in dense regions 

• DM in form of coherent, classical oscillations of field  
coherence length  
coherence time 

• Can naturally be produced by amplification of quantum 
fluctuations during inflation

m . 100 eV
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See Stadnik’s talk



axions

Axions
• Axion parameter space: 

• Axion DM searches: 

• CASPER 

• ABRACADABRA, DM radio 

• ADMX, HAYSTAC  

• MADMAX 

• … 

• Axion productions: 

• Misalignment 

• String & domain wall

[Borsanyi et al., Nature `16 [1606.0794]]  
[G. Grilli di Cortona, E. Hardy, J. Pardo Vega, G.Villadoro 
[1511.02867]] See Scherlis’s talk
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Dark photons

• Dark photon parameter 
space: 

• Dark photon DM searches: 

• DM radio 

• ADMX 

• … 

• Dark photon production: 

• Inflationary production

[P.W. Graham, J. Mardon, S. Rajendran, arXiv:1504.02102]



Dark matter searches
• Dark matter scattering 

• Dark matter absorption/conversion

Haystac Cavity



Dark matter conversion to photon
• Challenges for dark matter absorption: 

• To satisfy energy and momentum conservation, we 
need the absorption target to have the right 
periodicity

Boundary 
of a cavity 
(ADMX)



Dark matter absorption
• Challenges for dark matter absorption: 

• To satisfy energy and momentum conservation, we 
need the scattering target to have the right 
periodicity G

MADMAX

Photon



Photonic Crystals
• Materials with periodic optical properties

1D 2D 3D



Photon mode
• DM is spatially uniform over the de Broglie wavelength

• Photon modes have period of the Compton wavelength

• Half wave stack
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E

E
<latexit sha1_base64="s+08c1pwGxG5pA98dFtpzeAz8VQ=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FETy2YGyhDWWznbZrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBFcG9f9dgorq2vrG8XN0tb2zu5eef/gQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuo3n1BpHst7M04wiOhA8j5n1FipcdstV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTohJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBhmXSWpQsvmifiqIicn0a9LjCpkRY0soU9zeStiQKsqMzaZkQ/AWX14m/ln1quo1ziu16zyNIhzBMZyCBxdQgzuogw8MEJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AB4aMnQ==</latexit><latexit sha1_base64="s+08c1pwGxG5pA98dFtpzeAz8VQ=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FETy2YGyhDWWznbZrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBFcG9f9dgorq2vrG8XN0tb2zu5eef/gQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuo3n1BpHst7M04wiOhA8j5n1FipcdstV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTohJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBhmXSWpQsvmifiqIicn0a9LjCpkRY0soU9zeStiQKsqMzaZkQ/AWX14m/ln1quo1ziu16zyNIhzBMZyCBxdQgzuogw8MEJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AB4aMnQ==</latexit><latexit sha1_base64="s+08c1pwGxG5pA98dFtpzeAz8VQ=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FETy2YGyhDWWznbZrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBFcG9f9dgorq2vrG8XN0tb2zu5eef/gQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuo3n1BpHst7M04wiOhA8j5n1FipcdstV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTohJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBhmXSWpQsvmifiqIicn0a9LjCpkRY0soU9zeStiQKsqMzaZkQ/AWX14m/ln1quo1ziu16zyNIhzBMZyCBxdQgzuogw8MEJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AB4aMnQ==</latexit><latexit sha1_base64="s+08c1pwGxG5pA98dFtpzeAz8VQ=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FETy2YGyhDWWznbZrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBFcG9f9dgorq2vrG8XN0tb2zu5eef/gQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuo3n1BpHst7M04wiOhA8j5n1FipcdstV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTohJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBhmXSWpQsvmifiqIicn0a9LjCpkRY0soU9zeStiQKsqMzaZkQ/AWX14m/ln1quo1ziu16zyNIhzBMZyCBxdQgzuogw8MEJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AB4aMnQ==</latexit>

Destructively 
interfere

Constructively 
interfere

Period



Coherent absorption
• Converted power (dark photon): (Q ⇠ N)

<latexit sha1_base64="L1lhOh0mQ5Bav1VLnRVLMgjtMw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTtODaYruUbJptQ5PskmSFsvRfePGg4tWf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6rTdTVTKC701654tbcGdAy8XJSgRyNXvmr249JKqg0hGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKrGgOshmF0/QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9SL3lT8z+ukJroMMiaT1FBJ5ouilCMTo+n7qM8UJYaPLcFEMXsrIkOsMDE2pJINwVt8eZn4Z7Wrmtc8r9Sv8zSKcATHUAUPLqAOt9AAHwhIeIZXeHO08+K8Ox/z1oKTzxzCHzifP0B0j4c=</latexit><latexit sha1_base64="L1lhOh0mQ5Bav1VLnRVLMgjtMw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTtODaYruUbJptQ5PskmSFsvRfePGg4tWf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6rTdTVTKC701654tbcGdAy8XJSgRyNXvmr249JKqg0hGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKrGgOshmF0/QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9SL3lT8z+ukJroMMiaT1FBJ5ouilCMTo+n7qM8UJYaPLcFEMXsrIkOsMDE2pJINwVt8eZn4Z7Wrmtc8r9Sv8zSKcATHUAUPLqAOt9AAHwhIeIZXeHO08+K8Ox/z1oKTzxzCHzifP0B0j4c=</latexit><latexit sha1_base64="L1lhOh0mQ5Bav1VLnRVLMgjtMw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTtODaYruUbJptQ5PskmSFsvRfePGg4tWf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6rTdTVTKC701654tbcGdAy8XJSgRyNXvmr249JKqg0hGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKrGgOshmF0/QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9SL3lT8z+ukJroMMiaT1FBJ5ouilCMTo+n7qM8UJYaPLcFEMXsrIkOsMDE2pJINwVt8eZn4Z7Wrmtc8r9Sv8zSKcATHUAUPLqAOt9AAHwhIeIZXeHO08+K8Ox/z1oKTzxzCHzifP0B0j4c=</latexit><latexit sha1_base64="L1lhOh0mQ5Bav1VLnRVLMgjtMw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTtODaYruUbJptQ5PskmSFsvRfePGg4tWf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6rTdTVTKC701654tbcGdAy8XJSgRyNXvmr249JKqg0hGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKrGgOshmF0/QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9SL3lT8z+ukJroMMiaT1FBJ5ouilCMTo+n7qM8UJYaPLcFEMXsrIkOsMDE2pJINwVt8eZn4Z7Wrmtc8r9Sv8zSKcATHUAUPLqAOt9AAHwhIeIZXeHO08+K8Ox/z1oKTzxzCHzifP0B0j4c=</latexit>

• Coverage over DM mass 
range �m/m ⇠ 1/Q

<latexit sha1_base64="3w4qRitpjfmpT+araulrRrZyGMg=">AAAB/XicbVBNS8NAEN3Ur1q/quLJy2IRPLWJCOqt6MVjC8YWmlA2m0m7dDcJuxuhhIJ/xYsHFa/+D2/+G7dtDtr6YODx3gwz84KUM6Vt+9sqrayurW+UNytb2zu7e9X9gweVZJKCSxOeyG5AFHAWg6uZ5tBNJRARcOgEo9up33kEqVgS3+txCr4gg5hFjBJtpH71yAuBa4IFbpjyFBPYabT71Zpdt2fAy8QpSA0VaPWrX16Y0ExArCknSvUcO9V+TqRmlMOk4mUKUkJHZAA9Q2MiQPn57PwJPjVKiKNEmoo1nqm/J3IilBqLwHQKoodq0ZuK/3m9TEdXfs7iNNMQ0/miKONYJ3iaBQ6ZBKr52BBCJTO3YjokklBtEquYEJzFl5eJe16/rjvti1rzpkijjI7RCTpDDrpETXSHWshFFOXoGb2iN+vJerHerY95a8kqZg7RH1ifP+q+k7Y=</latexit><latexit sha1_base64="3w4qRitpjfmpT+araulrRrZyGMg=">AAAB/XicbVBNS8NAEN3Ur1q/quLJy2IRPLWJCOqt6MVjC8YWmlA2m0m7dDcJuxuhhIJ/xYsHFa/+D2/+G7dtDtr6YODx3gwz84KUM6Vt+9sqrayurW+UNytb2zu7e9X9gweVZJKCSxOeyG5AFHAWg6uZ5tBNJRARcOgEo9up33kEqVgS3+txCr4gg5hFjBJtpH71yAuBa4IFbpjyFBPYabT71Zpdt2fAy8QpSA0VaPWrX16Y0ExArCknSvUcO9V+TqRmlMOk4mUKUkJHZAA9Q2MiQPn57PwJPjVKiKNEmoo1nqm/J3IilBqLwHQKoodq0ZuK/3m9TEdXfs7iNNMQ0/miKONYJ3iaBQ6ZBKr52BBCJTO3YjokklBtEquYEJzFl5eJe16/rjvti1rzpkijjI7RCTpDDrpETXSHWshFFOXoGb2iN+vJerHerY95a8kqZg7RH1ifP+q+k7Y=</latexit><latexit sha1_base64="3w4qRitpjfmpT+araulrRrZyGMg=">AAAB/XicbVBNS8NAEN3Ur1q/quLJy2IRPLWJCOqt6MVjC8YWmlA2m0m7dDcJuxuhhIJ/xYsHFa/+D2/+G7dtDtr6YODx3gwz84KUM6Vt+9sqrayurW+UNytb2zu7e9X9gweVZJKCSxOeyG5AFHAWg6uZ5tBNJRARcOgEo9up33kEqVgS3+txCr4gg5hFjBJtpH71yAuBa4IFbpjyFBPYabT71Zpdt2fAy8QpSA0VaPWrX16Y0ExArCknSvUcO9V+TqRmlMOk4mUKUkJHZAA9Q2MiQPn57PwJPjVKiKNEmoo1nqm/J3IilBqLwHQKoodq0ZuK/3m9TEdXfs7iNNMQ0/miKONYJ3iaBQ6ZBKr52BBCJTO3YjokklBtEquYEJzFl5eJe16/rjvti1rzpkijjI7RCTpDDrpETXSHWshFFOXoGb2iN+vJerHerY95a8kqZg7RH1ifP+q+k7Y=</latexit><latexit sha1_base64="3w4qRitpjfmpT+araulrRrZyGMg=">AAAB/XicbVBNS8NAEN3Ur1q/quLJy2IRPLWJCOqt6MVjC8YWmlA2m0m7dDcJuxuhhIJ/xYsHFa/+D2/+G7dtDtr6YODx3gwz84KUM6Vt+9sqrayurW+UNytb2zu7e9X9gweVZJKCSxOeyG5AFHAWg6uZ5tBNJRARcOgEo9up33kEqVgS3+txCr4gg5hFjBJtpH71yAuBa4IFbpjyFBPYabT71Zpdt2fAy8QpSA0VaPWrX16Y0ExArCknSvUcO9V+TqRmlMOk4mUKUkJHZAA9Q2MiQPn57PwJPjVKiKNEmoo1nqm/J3IilBqLwHQKoodq0ZuK/3m9TEdXfs7iNNMQ0/miKONYJ3iaBQ6ZBKr52BBCJTO3YjokklBtEquYEJzFl5eJe16/rjvti1rzpkijjI7RCTpDDrpETXSHWshFFOXoGb2iN+vJerHerY95a8kqZg7RH1ifP+q+k7Y=</latexit>

Scan!

G

O(100) stack to cover an e-fold 
of frequency with N=100 stack. 



Coherent absorption
• Converted power (dark photon): (Q ⇠ N)

<latexit sha1_base64="L1lhOh0mQ5Bav1VLnRVLMgjtMw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTtODaYruUbJptQ5PskmSFsvRfePGg4tWf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6rTdTVTKC701654tbcGdAy8XJSgRyNXvmr249JKqg0hGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKrGgOshmF0/QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9SL3lT8z+ukJroMMiaT1FBJ5ouilCMTo+n7qM8UJYaPLcFEMXsrIkOsMDE2pJINwVt8eZn4Z7Wrmtc8r9Sv8zSKcATHUAUPLqAOt9AAHwhIeIZXeHO08+K8Ox/z1oKTzxzCHzifP0B0j4c=</latexit><latexit sha1_base64="L1lhOh0mQ5Bav1VLnRVLMgjtMw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTtODaYruUbJptQ5PskmSFsvRfePGg4tWf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6rTdTVTKC701654tbcGdAy8XJSgRyNXvmr249JKqg0hGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKrGgOshmF0/QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9SL3lT8z+ukJroMMiaT1FBJ5ouilCMTo+n7qM8UJYaPLcFEMXsrIkOsMDE2pJINwVt8eZn4Z7Wrmtc8r9Sv8zSKcATHUAUPLqAOt9AAHwhIeIZXeHO08+K8Ox/z1oKTzxzCHzifP0B0j4c=</latexit><latexit sha1_base64="L1lhOh0mQ5Bav1VLnRVLMgjtMw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTtODaYruUbJptQ5PskmSFsvRfePGg4tWf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6rTdTVTKC701654tbcGdAy8XJSgRyNXvmr249JKqg0hGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKrGgOshmF0/QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9SL3lT8z+ukJroMMiaT1FBJ5ouilCMTo+n7qM8UJYaPLcFEMXsrIkOsMDE2pJINwVt8eZn4Z7Wrmtc8r9Sv8zSKcATHUAUPLqAOt9AAHwhIeIZXeHO08+K8Ox/z1oKTzxzCHzifP0B0j4c=</latexit><latexit sha1_base64="L1lhOh0mQ5Bav1VLnRVLMgjtMw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTtODaYruUbJptQ5PskmSFsvRfePGg4tWf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6rTdTVTKC701654tbcGdAy8XJSgRyNXvmr249JKqg0hGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKrGgOshmF0/QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9SL3lT8z+ukJroMMiaT1FBJ5ouilCMTo+n7qM8UJYaPLcFEMXsrIkOsMDE2pJINwVt8eZn4Z7Wrmtc8r9Sv8zSKcATHUAUPLqAOt9AAHwhIeIZXeHO08+K8Ox/z1oKTzxzCHzifP0B0j4c=</latexit>

• Coverage over DM mass 
range

• Photons are emitted 
collimated to the surface

• Photons can be focussed 
down to area⇠ 10�6A

<latexit sha1_base64="xmwpEGmkVSS00gmnJV8BNqQIBFs=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4seyK+HGrevFYwbWFdluyabYNTbJLklXK0v/hxYOKV3+MN/+NabsHbX0w8Hhvhpl5YcKZNq777SwsLi2vrBbWiusbm1vbpZ3dBx2nilCfxDxWjRBrypmkvmGG00aiKBYhp/VwcDP2649UaRbLezNMaCBwT7KIEWys1G5pJpDntrPjsxG66pTKbsWdAM0TLydlyFHrlL5a3ZikgkpDONa66bmJCTKsDCOcjoqtVNMEkwHu0aalEguqg2xy9QgdWqWLoljZkgZN1N8TGRZaD0VoOwU2fT3rjcX/vGZqoosgYzJJDZVkuihKOTIxGkeAukxRYvjQEkwUs7ci0scKE2ODKtoQvNmX54l/UrmseHen5ep1nkYB9uEAjsCDc6jCLdTABwIKnuEV3pwn58V5dz6mrQtOPrMHf+B8/gAKapEa</latexit><latexit sha1_base64="xmwpEGmkVSS00gmnJV8BNqQIBFs=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4seyK+HGrevFYwbWFdluyabYNTbJLklXK0v/hxYOKV3+MN/+NabsHbX0w8Hhvhpl5YcKZNq777SwsLi2vrBbWiusbm1vbpZ3dBx2nilCfxDxWjRBrypmkvmGG00aiKBYhp/VwcDP2649UaRbLezNMaCBwT7KIEWys1G5pJpDntrPjsxG66pTKbsWdAM0TLydlyFHrlL5a3ZikgkpDONa66bmJCTKsDCOcjoqtVNMEkwHu0aalEguqg2xy9QgdWqWLoljZkgZN1N8TGRZaD0VoOwU2fT3rjcX/vGZqoosgYzJJDZVkuihKOTIxGkeAukxRYvjQEkwUs7ci0scKE2ODKtoQvNmX54l/UrmseHen5ep1nkYB9uEAjsCDc6jCLdTABwIKnuEV3pwn58V5dz6mrQtOPrMHf+B8/gAKapEa</latexit><latexit sha1_base64="xmwpEGmkVSS00gmnJV8BNqQIBFs=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4seyK+HGrevFYwbWFdluyabYNTbJLklXK0v/hxYOKV3+MN/+NabsHbX0w8Hhvhpl5YcKZNq777SwsLi2vrBbWiusbm1vbpZ3dBx2nilCfxDxWjRBrypmkvmGG00aiKBYhp/VwcDP2649UaRbLezNMaCBwT7KIEWys1G5pJpDntrPjsxG66pTKbsWdAM0TLydlyFHrlL5a3ZikgkpDONa66bmJCTKsDCOcjoqtVNMEkwHu0aalEguqg2xy9QgdWqWLoljZkgZN1N8TGRZaD0VoOwU2fT3rjcX/vGZqoosgYzJJDZVkuihKOTIxGkeAukxRYvjQEkwUs7ci0scKE2ODKtoQvNmX54l/UrmseHen5ep1nkYB9uEAjsCDc6jCLdTABwIKnuEV3pwn58V5dz6mrQtOPrMHf+B8/gAKapEa</latexit><latexit sha1_base64="xmwpEGmkVSS00gmnJV8BNqQIBFs=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4seyK+HGrevFYwbWFdluyabYNTbJLklXK0v/hxYOKV3+MN/+NabsHbX0w8Hhvhpl5YcKZNq777SwsLi2vrBbWiusbm1vbpZ3dBx2nilCfxDxWjRBrypmkvmGG00aiKBYhp/VwcDP2649UaRbLezNMaCBwT7KIEWys1G5pJpDntrPjsxG66pTKbsWdAM0TLydlyFHrlL5a3ZikgkpDONa66bmJCTKsDCOcjoqtVNMEkwHu0aalEguqg2xy9QgdWqWLoljZkgZN1N8TGRZaD0VoOwU2fT3rjcX/vGZqoosgYzJJDZVkuihKOTIxGkeAukxRYvjQEkwUs7ci0scKE2ODKtoQvNmX54l/UrmseHen5ep1nkYB9uEAjsCDc6jCLdTABwIKnuEV3pwn58V5dz6mrQtOPrMHf+B8/gAKapEa</latexit>

�m/m ⇠ 1/Q
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Experimental setup
• Signal photons can be 

focused into a sensitive 
photon detector 

• The Target-Lens-Detector 
system should be operated 
in a cryogenic system 

• A horizontal magnetic field 
is needed to look for axions

Adet~(100 μm)2

Alayer~(10 cm)2

B



Notable background
• Blackbody (Thermal)

• Cosmic ray and Radioactivity

• Background reduction by focusing

• Active veto of particle shower

• Detector dark count

• CCD: mHz

• SCTJ, TES, MKIDs: O(1)/day

Background rate of 
10-5 Hz at eV energies



Pathfinder
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Dark Photon DM
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Axion DM

• Axion-photon coupling 
                 requires 
background magnetic 
field

• Existing constraints 
stronger; need larger 
target / better detectors
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Conclusions

• Photonic crystals can be used to convert non-
relativistic axion and dark photon dark matter to 
photon

• The converted photon can be focused onto very 
small photon counters

• Optimal axion and dark photon dark matter reach 
in the optical/IR range

• Experimental design & set up underway
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Thank you!



Experimental parameters

mg mass 
target

g mass 
target


