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MAgnetized Disc and Mirror Axion eXperiment

<latexit sha1_base64="XuBBwaZFvQhumqrd3L4mUM8RBPg="></latexit>

gKSVZ
aω → (1.6↑ 10→14 ↓ 1.6↑ 10→13) GeV→1

gDFSZ
aωω → (6.1↑ 10→15 ↓ 6.1↑ 10→14) GeV→1

Benchmark models

for QCD-axion @ 40-400 µeV:

MADMAX searches for the 
dark matter axion

Strongly motivated: QCD and Post-
inflationary1 range


Full-size MADMAX aimed at the 
40-400 µeV or 10-100 GHz


Parameter space beyond reach of 
other experiments

MADMAX founded in 2017 with 
currently O(40) members from 11 
institutes 
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 [1] Nat. Com. 13 (2022) 1, 1049



Detection principle
Axion-to-photon coupling 
by inverse Primakoff effect

Laboratory 

magnetic field

Naturally 
occurring axions

Detect 
photons


E-field term:
<latexit sha1_base64="6DK/nxT2X+jLhBhoUyvLIGIp2JY="></latexit>

ωJa = gωε ωBe
da

dt
Source term: 

Axion behaves as scalar classical field:  Modified Maxwell's equations: 

<latexit sha1_base64="K108BJySLmDOrfAkr330cQ88LyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNPHfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqlerXt5fVuq1PI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAHjo2b</latexit>

Be

Wave emission at a discontinuity

Conversion volume much smaller than: 
<latexit sha1_base64="f+Ho/HqC4syqPbjb7OLlk1WM7dw="></latexit>

ωdeBroglie =
h

p
→ h

ma↑vDM ↓ → 75m ·
(
µeV/c2

ma

)

<latexit sha1_base64="mR914vNhAtee6gl+J1KRi0OnstI=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAYhuYQZkehFCHrxGMEskIShptNJmvQsdNcIYQh48Ve8eFDEqz/hzb+xsxw08UHB470qqur5sRQaHefbyqysrq1vZDdzW9s7u3v2/kFdR4livMYiGammD5pLEfIaCpS8GSsOgS95wx/eTPzGA1daROE9jmLeCaAfip5ggEby7CMoYJFeUfBSZ0zbLNKFwEthTLHo2Xmn5ExBl4k7J3kyR9Wzv9rdiCUBD5FJ0LrlOjF2UlAomOTjXDvRPAY2hD5vGRpCwHUnnf4wpqdG6dJepEyFSKfq74kUAq1HgW86A8CBXvQm4n9eK8HeZScVYZwgD9lsUS+RFCM6CYR2heIM5cgQYEqYWykbgAKGJracCcFdfHmZ1M9KbrlUvjvPV67ncWTJMTkhBeKSC1Iht6RKaoSRR/JMXsmb9WS9WO/Wx6w1Y81nDskfWJ8/T2uWEA==</latexit>

a(t) = a0 cos(mat)
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<latexit sha1_base64="kUxiBaR6HUoy/Qxjg2booIJu7XY="></latexit>

ωEa = →gωε ωBe

ε
a0 cos(mat)



Dielectric haloscope principle

<latexit sha1_base64="gFS97lMRrl5ZTqPfy3l0MqeFn54=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KonU6kYouHFZwT6gCWUymbZDZ5IwcyOW0I0bf8WNC0Xc+g/u/BunbRbaemDgcM653LknSATX4Djf1tLyyuraemGjuLm1vbNr7+03dZwqyho0FrFqB0QzwSPWAA6CtRPFiAwEawXD64nfumdK8zi6g1HCfEn6Ee9xSsBIXfvIEyYcEnyF3XL1HHvYA/YASmZUjrt2ySk7U+BF4uakhHLUu/aXF8Y0lSwCKojWHddJwM+IAk4FGxe9VLOE0CHps46hEZFM+9n0ijE+MUqIe7EyLwI8VX9PZERqPZKBSUoCAz3vTcT/vE4KvUs/41GSAovobFEvFRhiPKkEh1wxCmJkCKGKm79iOiCKUDDFFU0J7vzJi6R5Vnar5cptpVSr5nUU0CE6RqfIRReohm5QHTUQRY/oGb2iN+vJerHerY9ZdMnKZw7QH1ifP0hglyg=</latexit>

� = 1.65 cm <latexit sha1_base64="CYYRW4tHBvwlUNeAYs6Pdf2lgMM=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZUa0uiy4sMsK9gGdUjLpbRtMZobkjlqHfocbf8WNC0XciRv/xvQhqPVA4HDOudzcE8RSGHTdT2dufmFxaTmzkl1dW9/YzG1t10yUaA5VHslINwJmQIoQqihQQiPWwFQgoR5cnY38+jVoI6LwEgcxtBTrhaIrOEMrtXOed0p96iPcolbpefluSH0ten1kWkc39OR45KrkOwC1YTuXdwvuGHSWeFOSJ1NU2rl3vxPxREGIXDJjmp4bYytlGgWXMMz6iYGY8SvWg6alIVNgWun4tCHdt0qHdiNtX4h0rP6cSJkyZqACm1QM++avNxL/85oJdk9bqQjjBCHkk0XdRFKM6Kgn2hEaOMqBJYxrYf9KeZ9pxtG2mbUleH9PniW1w4JXLBxdHOVLxWkdGbJL9sgB8cgJKZEyqZAq4eSePJJn8uI8OE/Oq/M2ic4505kd8gvOxxdZrKB2</latexit>

18 GHz ! 75 µeV

<latexit sha1_base64="K108BJySLmDOrfAkr330cQ88LyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNPHfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqlerXt5fVuq1PI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAHjo2b</latexit>

Be
<latexit sha1_base64="j0VJ5RhaaxOCKTkn6tZqvAbKvI8=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4GmY0JPEWEMFjBLPAZAg9nZqkSU/30N0jhJDP8OJBEa9+jTf/xs4iuD4oeLxXRVW9KOVMG897d3Irq2vrG/nNwtb2zu5ecf+gpWWmKDSp5FJ1IqKBMwFNwwyHTqqAJBGHdjS6nPntO1CaSXFrximECRkIFjNKjJWCq143JYpwDrxXLHnuRa1Wrp7j38R3vTlKaIlGr/jW7UuaJSAM5UTrwPdSE06IMoxymBa6mYaU0BEZQGCpIAnocDI/eYpPrNLHsVS2hMFz9evEhCRaj5PIdibEDPVPbyb+5QWZiWvhhIk0MyDoYlGccWwknv2P+0wBNXxsCaGK2VsxHdoIqLEpFWwIn5/i/0nrzPUrbvmmXKpXlnHk0RE6RqfIR1VUR9eogZqIIonu0SN6cozz4Dw7L4vWnLOcOUTf4Lx+AOQjkac=</latexit>

Ek

Emission from a mirror Even for strong B-field and large 
mirror power remains tiny:

εr→∞

<latexit sha1_base64="YM+s0QpeiauWuzsBwgzghZkSKsg="></latexit>

Pnoise@ 3 K → O(10
→23

) W/Hz

<latexit sha1_base64="BCKEfnX1bazmBgPBHpFNZSws7rM="></latexit>

Pmirror → O(10→27) W

(
A

1m2

)(
Be

10T

)2 (gaω
ma

)2
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Dielectric haloscope principle

<latexit sha1_base64="gFS97lMRrl5ZTqPfy3l0MqeFn54=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KonU6kYouHFZwT6gCWUymbZDZ5IwcyOW0I0bf8WNC0Xc+g/u/BunbRbaemDgcM653LknSATX4Djf1tLyyuraemGjuLm1vbNr7+03dZwqyho0FrFqB0QzwSPWAA6CtRPFiAwEawXD64nfumdK8zi6g1HCfEn6Ee9xSsBIXfvIEyYcEnyF3XL1HHvYA/YASmZUjrt2ySk7U+BF4uakhHLUu/aXF8Y0lSwCKojWHddJwM+IAk4FGxe9VLOE0CHps46hEZFM+9n0ijE+MUqIe7EyLwI8VX9PZERqPZKBSUoCAz3vTcT/vE4KvUs/41GSAovobFEvFRhiPKkEh1wxCmJkCKGKm79iOiCKUDDFFU0J7vzJi6R5Vnar5cptpVSr5nUU0CE6RqfIRReohm5QHTUQRY/oGb2iN+vJerHerY9ZdMnKZw7QH1ifP0hglyg=</latexit>

� = 1.65 cm <latexit sha1_base64="CYYRW4tHBvwlUNeAYs6Pdf2lgMM=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZUa0uiy4sMsK9gGdUjLpbRtMZobkjlqHfocbf8WNC0XciRv/xvQhqPVA4HDOudzcE8RSGHTdT2dufmFxaTmzkl1dW9/YzG1t10yUaA5VHslINwJmQIoQqihQQiPWwFQgoR5cnY38+jVoI6LwEgcxtBTrhaIrOEMrtXOed0p96iPcolbpefluSH0ten1kWkc39OR45KrkOwC1YTuXdwvuGHSWeFOSJ1NU2rl3vxPxREGIXDJjmp4bYytlGgWXMMz6iYGY8SvWg6alIVNgWun4tCHdt0qHdiNtX4h0rP6cSJkyZqACm1QM++avNxL/85oJdk9bqQjjBCHkk0XdRFKM6Kgn2hEaOMqBJYxrYf9KeZ9pxtG2mbUleH9PniW1w4JXLBxdHOVLxWkdGbJL9sgB8cgJKZEyqZAq4eSePJJn8uI8OE/Oq/M2ic4505kd8gvOxxdZrKB2</latexit>

18 GHz ! 75 µeV

<latexit sha1_base64="K108BJySLmDOrfAkr330cQ88LyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNPHfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqlerXt5fVuq1PI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAHjo2b</latexit>

Be
<latexit sha1_base64="j0VJ5RhaaxOCKTkn6tZqvAbKvI8=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4GmY0JPEWEMFjBLPAZAg9nZqkSU/30N0jhJDP8OJBEa9+jTf/xs4iuD4oeLxXRVW9KOVMG897d3Irq2vrG/nNwtb2zu5ecf+gpWWmKDSp5FJ1IqKBMwFNwwyHTqqAJBGHdjS6nPntO1CaSXFrximECRkIFjNKjJWCq143JYpwDrxXLHnuRa1Wrp7j38R3vTlKaIlGr/jW7UuaJSAM5UTrwPdSE06IMoxymBa6mYaU0BEZQGCpIAnocDI/eYpPrNLHsVS2hMFz9evEhCRaj5PIdibEDPVPbyb+5QWZiWvhhIk0MyDoYlGccWwknv2P+0wBNXxsCaGK2VsxHdoIqLEpFWwIn5/i/0nrzPUrbvmmXKpXlnHk0RE6RqfIR1VUR9eogZqIIonu0SN6cozz4Dw7L4vWnLOcOUTf4Lx+AOQjkac=</latexit>

Ek

Emission from a mirror Even for strong B-field and large 
mirror power remains tiny:

εr→∞

<latexit sha1_base64="YM+s0QpeiauWuzsBwgzghZkSKsg="></latexit>

Pnoise@ 3 K → O(10
→23

) W/Hz

<latexit sha1_base64="BCKEfnX1bazmBgPBHpFNZSws7rM="></latexit>

Pmirror → O(10→27) W

(
A

1m2

)(
Be

10T

)2 (gaω
ma

)2
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Output power boosted:

<latexit sha1_base64="R2nIqHhb3AJJ8LTCKBsCsEkWMxI="></latexit>

Shown: perfect mirror and 3 discs⇥ 1 mm; ✏r = 9.35

Emission from a booster
εr→∞ εr~9 εr~9 εr~9

<latexit sha1_base64="1RPMM8LMjnrt7qzwZw7nuAkF38k=">AAACFnicbVA9SwNBEN3z2/gVtbQ5DIKN4S5ItBGCNpYRjAaSGPY2k2TJ7u2xOyeG436FjX/FxkIRW7Hz37iJV8TEBwOP92aYmRdEghv0vG9nbn5hcWl5ZTW3tr6xuZXf3rkxKtYMakwJpesBNSB4CDXkKKAeaaAyEHAbDC5G/u09aMNVeI3DCFqS9kLe5Yyildr5o2o7aSI8oJZJoJTBND1rBoD0rjThSK610mnazhe8ojeGO0v8jBRIhmo7/9XsKBZLCJEJakzD9yJsJVQjZwLSXDM2EFE2oD1oWBpSCaaVjN9K3QOrdNyu0rZCdMfq5ERCpTFDGdhOSbFvpr2R+J/XiLF72kp4GMUIIftd1I2Fi8odZeR2uAaGYmgJZZrbW13Wp5oytEnmbAj+9Muz5KZU9MvF8tVxoXKexbFC9sg+OSQ+OSEVckmqpEYYeSTP5JW8OU/Oi/PufPy2zjnZzC75A+fzBxnCoT0=</latexit>

Pboost = ω2Pmirror

boost factor

Frequency

Po
w

er
 

SNR



Dielectric haloscope principle

<latexit sha1_base64="gFS97lMRrl5ZTqPfy3l0MqeFn54=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KonU6kYouHFZwT6gCWUymbZDZ5IwcyOW0I0bf8WNC0Xc+g/u/BunbRbaemDgcM653LknSATX4Djf1tLyyuraemGjuLm1vbNr7+03dZwqyho0FrFqB0QzwSPWAA6CtRPFiAwEawXD64nfumdK8zi6g1HCfEn6Ee9xSsBIXfvIEyYcEnyF3XL1HHvYA/YASmZUjrt2ySk7U+BF4uakhHLUu/aXF8Y0lSwCKojWHddJwM+IAk4FGxe9VLOE0CHps46hEZFM+9n0ijE+MUqIe7EyLwI8VX9PZERqPZKBSUoCAz3vTcT/vE4KvUs/41GSAovobFEvFRhiPKkEh1wxCmJkCKGKm79iOiCKUDDFFU0J7vzJi6R5Vnar5cptpVSr5nUU0CE6RqfIRReohm5QHTUQRY/oGb2iN+vJerHerY9ZdMnKZw7QH1ifP0hglyg=</latexit>

� = 1.65 cm <latexit sha1_base64="CYYRW4tHBvwlUNeAYs6Pdf2lgMM=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZUa0uiy4sMsK9gGdUjLpbRtMZobkjlqHfocbf8WNC0XciRv/xvQhqPVA4HDOudzcE8RSGHTdT2dufmFxaTmzkl1dW9/YzG1t10yUaA5VHslINwJmQIoQqihQQiPWwFQgoR5cnY38+jVoI6LwEgcxtBTrhaIrOEMrtXOed0p96iPcolbpefluSH0ten1kWkc39OR45KrkOwC1YTuXdwvuGHSWeFOSJ1NU2rl3vxPxREGIXDJjmp4bYytlGgWXMMz6iYGY8SvWg6alIVNgWun4tCHdt0qHdiNtX4h0rP6cSJkyZqACm1QM++avNxL/85oJdk9bqQjjBCHkk0XdRFKM6Kgn2hEaOMqBJYxrYf9KeZ9pxtG2mbUleH9PniW1w4JXLBxdHOVLxWkdGbJL9sgB8cgJKZEyqZAq4eSePJJn8uI8OE/Oq/M2ic4505kd8gvOxxdZrKB2</latexit>

18 GHz ! 75 µeV

<latexit sha1_base64="K108BJySLmDOrfAkr330cQ88LyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNPHfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqlerXt5fVuq1PI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAHjo2b</latexit>

Be
<latexit sha1_base64="j0VJ5RhaaxOCKTkn6tZqvAbKvI8=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4GmY0JPEWEMFjBLPAZAg9nZqkSU/30N0jhJDP8OJBEa9+jTf/xs4iuD4oeLxXRVW9KOVMG897d3Irq2vrG/nNwtb2zu5ecf+gpWWmKDSp5FJ1IqKBMwFNwwyHTqqAJBGHdjS6nPntO1CaSXFrximECRkIFjNKjJWCq143JYpwDrxXLHnuRa1Wrp7j38R3vTlKaIlGr/jW7UuaJSAM5UTrwPdSE06IMoxymBa6mYaU0BEZQGCpIAnocDI/eYpPrNLHsVS2hMFz9evEhCRaj5PIdibEDPVPbyb+5QWZiWvhhIk0MyDoYlGccWwknv2P+0wBNXxsCaGK2VsxHdoIqLEpFWwIn5/i/0nrzPUrbvmmXKpXlnHk0RE6RqfIR1VUR9eogZqIIonu0SN6cozz4Dw7L4vWnLOcOUTf4Lx+AOQjkac=</latexit>

Ek

Emission from a mirror Even for strong B-field and large 
mirror power remains tiny:

εr→∞

<latexit sha1_base64="YM+s0QpeiauWuzsBwgzghZkSKsg="></latexit>

Pnoise@ 3 K → O(10
→23

) W/Hz

<latexit sha1_base64="BCKEfnX1bazmBgPBHpFNZSws7rM="></latexit>

Pmirror → O(10→27) W

(
A

1m2

)(
Be

10T

)2 (gaω
ma

)2

<latexit sha1_base64="n1mMtoV0UfwpIEK5nh/zlar0p10=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBDiJewGiR6DXjxGMA/IrmF2MpsMmZ1d5iGEJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vppwp7brfztr6xubWdmGnuLu3f3BYOjpuq8RIQlsk4YnshlhRzgRtaaY57aaS4jjktBOOb2d+54lKxRLxoCcpDWI8FCxiBGsr+X5INX6sVXxhLvqlslt150CrxMtJGXI0+6Uvf5AQE1OhCcdK9Tw31UGGpWaE02nRN4qmmIzxkPYsFTimKsjmN0/RuVUGKEqkLaHRXP09keFYqUkc2s4Y65Fa9mbif17P6Og6yJhIjaaCLBZFhiOdoFkAaMAkJZpPLMFEMnsrIiMsMdE2pqINwVt+eZW0a1WvXq3fX5YbN3kcBTiFM6iAB1fQgDtoQgsIpPAMr/DmGOfFeXc+Fq1rTj5zAn/gfP4AFsyRFQ==</latexit>

ω2(ε)

[GHz]

4 discs

20 
discs

Po
w

er
 b

oo
st

 fa
ct

or

Difference to cavity experiments

Broad mass range  & high 
boost possible:

<latexit sha1_base64="bc1xEPGP8m3nc0MIDaXnLrx0qgg=">AAAB+XicbVBNSwMxEM36WevXqkcvi0XwVHaLVI9FL56kgv2A7lqyadqGZpOQzBbK0n/ixYMiXv0n3vw3pu0etPXBwOO9GWbmxYozA77/7aytb2xubRd2irt7+weH7tFx08hUE9ogkkvdjrGhnAnaAAactpWmOIk5bcWj25nfGlNtmBSPMFE0SvBAsD4jGKzUdd0wpoCfKqHSUoH07rtuyS/7c3irJMhJCeWod92vsCdJmlABhGNjOoGvIMqwBkY4nRbD1FCFyQgPaMdSgRNqomx++dQ7t0rP60ttS4A3V39PZDgxZpLEtjPBMDTL3kz8z+uk0L+OMiZUClSQxaJ+yj374iwGr8c0JcAnlmCimb3VI0OsMQEbVtGGECy/vEqalXJQLVcfLku1mzyOAjpFZ+gCBegK1dAdqqMGImiMntErenMy58V5dz4WrWtOPnOC/sD5/AENRJNM</latexit>

ω2 → N

Booster volume decoupled from axion 
mass = large conversion volume but 
many higher order modes

6

Output power boosted:

<latexit sha1_base64="R2nIqHhb3AJJ8LTCKBsCsEkWMxI="></latexit>

Shown: perfect mirror and 3 discs⇥ 1 mm; ✏r = 9.35

Emission from a booster
εr→∞ εr~9 εr~9 εr~9

<latexit sha1_base64="1RPMM8LMjnrt7qzwZw7nuAkF38k=">AAACFnicbVA9SwNBEN3z2/gVtbQ5DIKN4S5ItBGCNpYRjAaSGPY2k2TJ7u2xOyeG436FjX/FxkIRW7Hz37iJV8TEBwOP92aYmRdEghv0vG9nbn5hcWl5ZTW3tr6xuZXf3rkxKtYMakwJpesBNSB4CDXkKKAeaaAyEHAbDC5G/u09aMNVeI3DCFqS9kLe5Yyildr5o2o7aSI8oJZJoJTBND1rBoD0rjThSK610mnazhe8ojeGO0v8jBRIhmo7/9XsKBZLCJEJakzD9yJsJVQjZwLSXDM2EFE2oD1oWBpSCaaVjN9K3QOrdNyu0rZCdMfq5ERCpTFDGdhOSbFvpr2R+J/XiLF72kp4GMUIIftd1I2Fi8odZeR2uAaGYmgJZZrbW13Wp5oytEnmbAj+9Muz5KZU9MvF8tVxoXKexbFC9sg+OSQ+OSEVckmqpEYYeSTP5JW8OU/Oi/PufPy2zjnZzC75A+fzBxnCoT0=</latexit>
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On the path to full-scale MADMAX
Dipole magnet

large warm bore + 
strong B-field

Many discs, large 
area, low loss 

Low-noise

detection  & 
long 
integration 
timesCold setup

Reconfigurable 
at cold

Prototyping phase since 
2020 with physics runs 
@CERN (MORPURGO 1.6 T 
magnet)

⌀200 mm closed 
prototype

17-day run @18.5, 19.2 GHz  
with peak |gαγ| ≈ Ο(3x10-11) 

GeV-1

(2026)   3 discs |gαγ| ≈ Ο(10-12) GeV-1


(2027-2029) 20 discs |gαγ| ≈ Ο(10-13) GeV-1

20-hour cold run @ ≈19 GHz and 

T < 10 K under B field
(Analysis ongoing)

⌀100 mm closed 
prototype

⌀300 mm open 
prototype
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Closed ⌀200 mm prototype booster

Shielded to suppress 
background

Frequency set by 
spacings

Fine tuning by 
mirror offset

Perfect 
overlap

Axion-induced 
electric field

No overlap

TE11 mode

<latexit sha1_base64="K108BJySLmDOrfAkr330cQ88LyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNPHfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqlerXt5fVuq1PI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAHjo2b</latexit>

Be
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)(
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2

Cylindrical TE11 wave        
~84% power extracted
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1D wave-propagation model from few 
first-principle parameters predicts:  
complex S11, noise, β2


Measure frequency response S11 for a 
known excitation to compare to model

Challenge: Boost factor β2 cannot 
be measured directly 

Calibration

<latexit sha1_base64="SedBu6WTi9DNfBAZ4uE/jyxVQDM="></latexit>

S11(freq) =

(
Output

Input

)

Excitation

Reflection

Boost

 mode

Parasitic 
mode

Axion-induced 
excitation from 

model fit

—Modeled      
.   response

<latexit sha1_base64="qtltytRYFLURfXyFaoKWbSou5BM=">AAACEHicbVC7TsNAEDyHVwivACWNRYSgimyEAmUEDWWQyEOKo+h8WSen3NnW3RoRWf4EGn6FhgKEaCnp+BsujyIkjLTS3Myubnf8WHCNjvNj5VZW19Y38puFre2d3b3i/kFDR4liUGeRiFTLpxoED6GOHAW0YgVU+gKa/vBm7DcfQGkehfc4iqEjaT/kAWcUjdQtnnqBoiz1EB5RybSXefGAZ/PvSEKfZt1iySk7E9jLxJ2REpmh1i1+e72IJRJCZIJq3XadGDspVciZgKzgJRpiyoa0D21DQypBd9LJQZl9YpSeHUTKVIj2RJ2fSKnUeiR90ykpDvSiNxb/89oJBledlIdxghCy6UdBImyM7HE6do8rYChGhlCmuNnVZgNqEkKTYcGE4C6evEwa52W3Uq7cXZSq17M48uSIHJMz4pJLUiW3pEbqhJEn8kLeyLv1bL1aH9bntDVnzWYOyR9YX7+fVZ7e</latexit>

dω

dε
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|S11|

—Measured      
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 [d
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Principle: β2 & frequency response 
depend on the same quantities
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Rings set β2(ν)Taper offset sets 
parasitic modes

Fine-tuning 
β2(ν)

         Measured spectra          

Challenge: Large conversion 
volume = highly over-moded  
spectrum

          Taper offset [mm]            

Simulated spectra 

Frequency [GHz]

Higher order modes & tuning

Parasitic modes can 
decouple from booster 
mode


Range set by the taper 
(18-21 GHz) 


Mass set by the spacer 
rings


Fine-tuning by mirror 
displacement O(50 MHz)
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Sweep position of 
a dielectric object

Booster mode 
is lowest order 

Parasitic modes 
are higher order

Perturbative measurement 
resolves |E| profile across 
diameter 

Booster & parasitic modes identified 
directly from measured E-field

Field measurement

Measured 
E-field vs 
frequency

Challenge: Field distribution inside 
booster can be complicated (many 
modes unlike cavities) 

11



First axion search with MADMAX (1)

2024 at CERN’s 1.6 T 
MORPURGO magnet

5 booster configurations 
tuned manually 

 

≈ 15 day run @ ≈ 1 T and 
room temperature  

12



Peak β2 ≈ O(2000) 

β2>500 over 2x50 MHz bandwidths

0.2 μeV 0.2 μeV

First axion search with MADMAX (2)

x2

Successfu l ly reconfigured 
boost: 5 configurations with 
systematics (≈ 15%)

No excess observed: ≈ 2× better 
than current CAST limits with a 
modest system

[PRL 135 (2025): 041001]
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Cold setup & cold axion search at CERN

Horizontal non-magnetic cryostat 
developed with CERN (Cryolab)

CB100 
Cryostat

Morpurgo 
Magnet at 

CERN
Be ≈ 1 T

Dedicated ⌀100 mm closed 
prototype & cold calibration setup

1 day axion search:                  
≈ 19 GHz @ ≈ 1.6 T @            
Tsys ≈ 14 K  (analysis ongoing)[JINST 20 T02005 (2025)]
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Open ⌀300 mm 3-disc prototype booster

External excitation

15



E-field from 
e x t e r n a l 
excitation

β2max ≈ 640 

E-field maps 
near mirror

Open ⌀300 mm 3-disc prototype booster
Challenge: Spectrum affected by 
reflections in the environment

External excitation

16



E-field from 
e x t e r n a l 
excitation

β2max ≈ 640 

E-field maps 
near mirror

Open ⌀300 mm 3-disc prototype booster
Challenge: Spectrum affected by 
reflections in the environment

In situ booster calibration by reciprocity 
between external/axion-induced waves:

External excitation

Booster externally 
excited with VNA

β2 & uncertainties 

obta ined f rom 
measured E-field:

|E-fie ld (x ,y,z ,ν ) | 
measured between 
the discs

<latexit sha1_base64="HGYIcnJBCiksYMG2ygbgtkkCu/M="></latexit>

ω2 →
∣∣∣∣
∫

dV ER

∣∣∣∣
2

Conversion 
volume

[JCAP04(2024)005]
[JCAP04(2023)064] 
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First MADMAX dark photon search

[PRL 134.15 (2025): 151004]

Open setup in a Faraday cage 
to mitigate background

15 days data taking 
at fixed β2 

⌀300 mm 3 fixed disc booster  

No excess found:  ≈ 3 order improved 
existing limits over ≈  1.2 GHz = 5 µeV 
range 


No B-field: Dark photons can mix into 
standard model photons via kinetic 
mixing

Booster  

Focusing 
mirror Antenna booster  

β2max ≈ 640 with ≈ 15% error  obtained 
in situ by reciprocity method
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5 cryocoolers 
to keep LHe 
cold

LHe 
thermosiphon 
cold jacket

Receiving 
antenna

⌀300 mm Open 

Focusing mirror

Cryostat LHe tank

Goal 1: Cryogenic setup that fits in 
the MORPURGO magnet at CERN
Cold run @ ≈ 4-5 K


Cryostat fits ⌀300 mm open 
booster setup 

Goal 2: Control disc spacing to 
scan masses at cold

[JINST 19 T11002 (2024)]

Cryogenic piezo actuators 
allow for ≈1 μm at 1.6 T & 35 K

[JINST 18 P08011 (2023)]

Next: cold setup with ⌀300 mm open booster (1) 19



Physics reach forecast at CERN’s 
MORPURGO magnet

2030

Long run planned during the long 
LHC shutdown (2027-2029)

Cryostat delivered in 2025 & first 
successful cooldown achieved

Next: cold setup with ⌀300 mm open booster (2) 20



A x i o n a n d d a r k p h o t o n 
s e a r c h e s r e a c h l e a d i n g 
sensitivity


Calibration schemes for β2 

established


Mechanical control at cold 
demonstrated


First cold run axion search 
performed (analysis ongoing) 


New cryostat delivered and 
undergoing testing

Wrap-up
M A D M A X p ro t o t y p e s t a g e : 
Concept successfully validated
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First cold run axion search 
performed (analysis ongoing) 


New cryostat delivered and 
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Wrap-up
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Concept successfully validated

Next goal: Multi-disc reconfigurable 
cryo-setup at 1.6 T during LHC long 
shutdown (2027–2029)
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Stay tuned!
https://madmax.mpp.mpg.de/news.html


