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High-level Summary
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Oscillating background B-field: heterodyne up-conversion approach decouples axion  from ma Vdet

Search for weakly-coupled signals in a loaded SRF cavity

!sig = !0 ± !in
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Oscil lating B-field in a box
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<latexit sha1_base64="1OdRRNxpSdkL66e4zco+CRAUQQk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5ZEK3osevFYwX5AE8tmu2mX7iZhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6uwsrq2vlHcLG1t7+zu2fsHTRWnktAGiXks2wFWlLOINjTTnLYTSbEIOG0Fw7up3xpRqVgcPepxQn2B+xELGcHaSF3bHnmKCeQ6T9n55cQ7I1277FScGdAycXNShhz1rv3l9WKSChppwrFSHddJtJ9hqRnhdFLyUkUTTIa4TzuGRlhQ5WezyyfoxCg9FMbSVKTRTP09kWGh1FgEplNgPVCL3lT8z+ukOrzxMxYlqaYRmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsEomBHfx5WXSvKi41crVQ7Vcu83jKMIRHMMpuHANNbiHOjSAwAie4RXerMx6sd6tj3lrwcpnDuEPrM8f71aSkA==</latexit>
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Axion, ALPs and Axion Electrodynamics

4

Cavity Equations of Motion:

(r2 � @2
t )E1 = �ga�� (r (B0 ·ra) + @t (E0 ⇥ra� @taB0))

<latexit sha1_base64="6qQF6HfTgkkxjDAvjxtWSV2gtjs="></latexit>

(r2 � @2
t )B1 = ga��r⇥ (E0 ⇥ra� @taB0)

<latexit sha1_base64="4Dtd9UFos1iH1PI7n2X4KHuankQ="></latexit>

Axions as dark matter:

a(t) '
p
2⇢DM

ma
cos

�
mat+mav · x+ '

�

<latexit sha1_base64="fV3brxp+uiVQAzT6zlxozdAFPog="></latexit>

v ⇠ 10�3 c

<latexit sha1_base64="1OdRRNxpSdkL66e4zco+CRAUQQk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5ZEK3osevFYwX5AE8tmu2mX7iZhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6uwsrq2vlHcLG1t7+zu2fsHTRWnktAGiXks2wFWlLOINjTTnLYTSbEIOG0Fw7up3xpRqVgcPepxQn2B+xELGcHaSF3bHnmKCeQ6T9n55cQ7I1277FScGdAycXNShhz1rv3l9WKSChppwrFSHddJtJ9hqRnhdFLyUkUTTIa4TzuGRlhQ5WezyyfoxCg9FMbSVKTRTP09kWGh1FgEplNgPVCL3lT8z+ukOrzxMxYlqaYRmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsEomBHfx5WXSvKi41crVQ7Vcu83jKMIRHMMpuHANNbiHOjSAwAie4RXerMx6sd6tj3lrwcpnDuEPrM8f71aSkA==</latexit>
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Axions and Cavities

5

FoM:
Psig ⇠ !2

sigB
2
a V min

✓
1

�!r
,

1

�!a

◆

<latexit sha1_base64="FvlZ4TMyyeyqkJ9wVsRXece1xcs="></latexit>

and/or R ⇠ �!r

tint
SNR2

<latexit sha1_base64="SSsgWFs/6BkuD+Jvp71SQJkVEZc="></latexit>
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Axions and Cavities

5

FoM:
Psig ⇠ !2

sigB
2
a V min

✓
1

�!r
,

1

�!a

◆

<latexit sha1_base64="FvlZ4TMyyeyqkJ9wVsRXece1xcs="></latexit>

and/or R ⇠ �!r

tint
SNR2

<latexit sha1_base64="SSsgWFs/6BkuD+Jvp71SQJkVEZc="></latexit>

Maximise:           ,        ,!sig Ba V
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Axions and Cavities

5

FoM:
Psig ⇠ !2

sigB
2
a V min

✓
1

�!r
,

1

�!a

◆

<latexit sha1_base64="FvlZ4TMyyeyqkJ9wVsRXece1xcs="></latexit>

and/or R ⇠ �!r

tint
SNR2

<latexit sha1_base64="SSsgWFs/6BkuD+Jvp71SQJkVEZc="></latexit>

Maximise:           ,        ,!sig Ba V

Minimise:                 Pn

<latexit sha1_base64="Way54Fc4/UmBWmwEaWizVGDSNjY=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj41+1tMSq2m/XPGq3hx4lfg5qUCORr/81RvENJVMWSqIMV3fS2yQEW05FWxa6qWGJYSOyZB1HVVEMhNk84On+MwpAxzF2pWyeK7+nsiINGYiQ9cpiR2ZZW8m/ud1UxtdBxlXSWqZootFUSqwjfHsezzgmlErJo4Qqrm7FdMR0YRal1HJheAvv7xKWhdVv1a9vK9V6jd5HEU4gVM4Bx+uoA530IAmUJDwDK/whjR6Qe/oY9FaQPnMMfwB+vwBneeQTA==</latexit>
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Axions and Cavities

5

FoM:
Psig ⇠ !2

sigB
2
a V min

✓
1

�!r
,

1

�!a

◆

<latexit sha1_base64="FvlZ4TMyyeyqkJ9wVsRXece1xcs="></latexit>

and/or R ⇠ �!r

tint
SNR2

<latexit sha1_base64="SSsgWFs/6BkuD+Jvp71SQJkVEZc="></latexit>

Maximise:           ,        ,!sig Ba V

Minimise:                 Pn

<latexit sha1_base64="Way54Fc4/UmBWmwEaWizVGDSNjY=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj41+1tMSq2m/XPGq3hx4lfg5qUCORr/81RvENJVMWSqIMV3fS2yQEW05FWxa6qWGJYSOyZB1HVVEMhNk84On+MwpAxzF2pWyeK7+nsiINGYiQ9cpiR2ZZW8m/ud1UxtdBxlXSWqZootFUSqwjfHsezzgmlErJo4Qqrm7FdMR0YRal1HJheAvv7xKWhdVv1a9vK9V6jd5HEU4gVM4Bx+uoA530IAmUJDwDK/whjR6Qe/oY9FaQPnMMfwB+vwBneeQTA==</latexit>
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Existing Approaches

6

Static-!eld Haloscope:  
e.g. ADMX/RADES

B0

ma !sig = ma

!sig = ma ⇠ V �1/3
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Existing Approaches

6

Static-!eld Haloscope:  
e.g. ADMX/RADES

B0

ma !sig = ma

!sig = ma ⇠ V �1/3

LC Resonator: 
e.g. DM Radio

B0

ma

!sig = ma = !LC
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Existing Approaches

6

Static-!eld Haloscope:  
e.g. ADMX/RADES

B0

ma !sig = ma

!sig = ma ⇠ V �1/3

LC Resonator: 
e.g. DM Radio

B0

ma

!sig = ma = !LC |eres.i

<latexit sha1_base64="c5ijgp7kEJ5Em53fb0u9SV417ps=">AAACDnicbZC7SgNBFIZnvcZ4i1raDIaAVdgVRcugjWUEc4FsWGYnJ8ng7Owyc1YMyz6Bja9iY6GIrbWdb+PkUmjigYGP/z+HM+cPEykMuu63s7S8srq2Xtgobm5t7+yW9vabJk41hwaPZazbITMghYIGCpTQTjSwKJTQCu+uxn7rHrQRsbrFUQLdiA2U6AvO0EpBqeJbF6mP8IAZ5EEWTFGDqeY59TVTAwlBqexW3UnRRfBmUCazqgelL78X8zQChVwyYzqem2A3YxoFl5AX/dRAwvgdG0DHomIRmG42OSenFav0aD/W9imkE/X3RMYiY0ZRaDsjhkMz743F/7xOiv2LbiZUkiIoPl3UTyXFmI6zoT2hgaMcWWBcC/tXyodMM442waINwZs/eRGaJ1XvtHp2c1quXc7iKJBDckSOiUfOSY1ckzppEE4eyTN5JW/Ok/PivDsf09YlZzZzQP6U8/kDoUWdHA==</latexit>

|gi

<latexit sha1_base64="C9513/cqEKw8qIwfu6Z+jWGhAZ4=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKuRPQY9OIxgnlANoTZSScZMju7zPSKYc3BX/HiQRGv/oY3/8bJ46CJBQ1FVTfdXWEihUHP+3aWlldW19ZzG/nNre2dXXdvv2biVHOo8ljGuhEyA1IoqKJACY1EA4tCCfVwcD326/egjYjVHQ4TaEWsp0RXcIZWaruHgXWRBggPmPVGNNBM9SS03YJX9Cagi8SfkQKZodJ2v4JOzNMIFHLJjGn6XoKtjGkUXMIoH6QGEsYHrAdNSxWLwLSyyf0jemKVDu3G2pZCOlF/T2QsMmYYhbYzYtg3895Y/M9rpti9bGVCJSmC4tNF3VRSjOk4DNoRGjjKoSWMa2FvpbzPNONoI8vbEPz5lxdJ7azol4rnt6VC+WoWR44ckWNySnxyQcrkhlRIlXDySJ7JK3lznpwX5935mLYuObOZA/IHzucPPbGWQQ==</latexit>

E ⇠ ma

<latexit sha1_base64="6N6bjVLVNyHijtQWIIBG5IzpjHo=">AAAB8XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtrdZbUQSPFewHtqVk07QNTbJLkhXK0n/hxYMiXv033vw3ptsVVPTBwOO9GWbm+SFn2rjuh5NZWl5ZXcuu5zY2t7Z38rt7TR1EitAGCXig2j7WlDNJG4YZTtuholj4nLb8yeXcb91TpVkgb800pD2BR5INGcHGSndXqKuZQKKP+/mCW6y43vnpCXKLboKEVL1SFXmpUoAU9X7+vTsISCSoNIRjrTueG5pejJVhhNNZrhtpGmIywSPasVRiQXUvTi6eoSOrDNAwULakQYn6fSLGQuup8G2nwGasf3tz8S+vE5lhtRczGUaGSrJYNIw4MgGav48GTFFi+NQSTBSztyIyxgoTY0PK2RC+PkX/k2ap6JWLlZtyoXaRxpGFAziEY/DgDGpwDXVoAAEJD/AEz452Hp0X53XRmnHSmX34AeftE9u9kGg=</latexit>

B-field in a box
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New Approach

7

ma

Heterodyne Superconducting Radio-Frequency Resonator:

!sig ⇠ !0 ±ma ⇠ V �1/3

B0(t)!0

!sig

Decouples axion mass from detector volume

JHEP 07 (2020) 088, hep-ph/1912.11048 
A. Berlin, R. T. D’Agnolo, SARE, P. Schuster, N. Toro, 

C. Nantista, J. Neilson, S. Tantawi, K. Zhou

PRD 104 (2021) 11, L111701, hep-ph/2007.15656 
A. Berlin, R. T. D’Agnolo, SARE, K. Zhou

Enhances !sig
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New Approach

7

ma

Heterodyne Superconducting Radio-Frequency Resonator:

!sig ⇠ !0 ±ma ⇠ V �1/3

B0(t)!0

!sig

Decouples axion mass from detector volume

JHEP 07 (2020) 088, hep-ph/1912.11048 
A. Berlin, R. T. D’Agnolo, SARE, P. Schuster, N. Toro, 

C. Nantista, J. Neilson, S. Tantawi, K. Zhou

PRD 104 (2021) 11, L111701, hep-ph/2007.15656 
A. Berlin, R. T. D’Agnolo, SARE, K. Zhou

Q-factor  ≳ 1010

Applications elsewhere,  
e.g. Quantum Computing: 

see e.g. quant-ph/2304.09345 

Enhances Ba

Enhances !sig
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Heterodyne Resonator

8

R
et
ra
ct
ab

le
F
in
s

R

L0L1

!0

ma !1 ⌘ !0 ±ma

E0

E1

|gi

<latexit sha1_base64="C9513/cqEKw8qIwfu6Z+jWGhAZ4=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKuRPQY9OIxgnlANoTZSScZMju7zPSKYc3BX/HiQRGv/oY3/8bJ46CJBQ1FVTfdXWEihUHP+3aWlldW19ZzG/nNre2dXXdvv2biVHOo8ljGuhEyA1IoqKJACY1EA4tCCfVwcD326/egjYjVHQ4TaEWsp0RXcIZWaruHgXWRBggPmPVGNNBM9SS03YJX9Cagi8SfkQKZodJ2v4JOzNMIFHLJjGn6XoKtjGkUXMIoH6QGEsYHrAdNSxWLwLSyyf0jemKVDu3G2pZCOlF/T2QsMmYYhbYzYtg3895Y/M9rpti9bGVCJSmC4tNF3VRSjOk4DNoRGjjKoSWMa2FvpbzPNONoI8vbEPz5lxdJ7azol4rnt6VC+WoWR44ckWNySnxyQcrkhlRIlXDySJ7JK3lznpwX5935mLYuObOZA/IHzucPPbGWQQ==</latexit>

E ⇠ ma

<latexit sha1_base64="6N6bjVLVNyHijtQWIIBG5IzpjHo=">AAAB8XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtrdZbUQSPFewHtqVk07QNTbJLkhXK0n/hxYMiXv033vw3ptsVVPTBwOO9GWbm+SFn2rjuh5NZWl5ZXcuu5zY2t7Z38rt7TR1EitAGCXig2j7WlDNJG4YZTtuholj4nLb8yeXcb91TpVkgb800pD2BR5INGcHGSndXqKuZQKKP+/mCW6y43vnpCXKLboKEVL1SFXmpUoAU9X7+vTsISCSoNIRjrTueG5pejJVhhNNZrhtpGmIywSPasVRiQXUvTi6eoSOrDNAwULakQYn6fSLGQuup8G2nwGasf3tz8S+vE5lhtRczGUaGSrJYNIw4MgGav48GTFFi+NQSTBSztyIyxgoTY0PK2RC+PkX/k2ap6JWLlZtyoXaRxpGFAziEY/DgDGpwDXVoAAEJD/AEz452Hp0X53XRmnHSmX34AeftE9u9kGg=</latexit>

|e0i

<latexit sha1_base64="bL1FM0vw49RsNfQ75cwBUWZjVoo=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJomXQxjKC+YBcOPY2k2TJ3t6xOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9MpDDout9ObmV1bX0jv1nY2t7Z3SvuHzRMnGoOdR7LWLdCZkAKBXUUKKGVaGBRKKEZDq8nfvMetBGxusNRAp2I9ZXoCc7QSkGx5FsXqY/wgBmMgyxwx9TXTPUlBMWyW3GnoMvEm5MymaMWFL/8bszTCBRyyYxpe26CnYxpFFzCuOCnBhLGh6wPbUsVi8B0sukTY3pslS7txdqWQjpVf09kLDJmFIW2M2I4MIveRPzPa6fYu+xkQiUpguKzRb1UUozpJBHaFRo4ypEljGthb6V8wDTjaHMr2BC8xZeXSeO04p1Vzm/PytWreRx5UiJH5IR45IJUyQ2pkTrh5JE8k1fy5jw5L8678zFrzTnzmUPyB87nDwUSmFc=</latexit>

|e1i

<latexit sha1_base64="Sb4zQQudS5RayFFWrNRpUlCnvlg=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJomXQxjKC+YBcOPY2k2TJ3t6xOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9MpDDout9ObmV1bX0jv1nY2t7Z3SvuHzRMnGoOdR7LWLdCZkAKBXUUKKGVaGBRKKEZDq8nfvMetBGxusNRAp2I9ZXoCc7QSkGx5FsXqY/wgBmMgyzwxtTXTPUlBMWyW3GnoMvEm5MymaMWFL/8bszTCBRyyYxpe26CnYxpFFzCuOCnBhLGh6wPbUsVi8B0sukTY3pslS7txdqWQjpVf09kLDJmFIW2M2I4MIveRPzPa6fYu+xkQiUpguKzRb1UUozpJBHaFRo4ypEljGthb6V8wDTjaHMr2BC8xZeXSeO04p1Vzm/PytWreRx5UiJH5IR45IJUyQ2pkTrh5JE8k1fy5jw5L8678zFrzTnzmUPyB87nDwafmFg=</latexit>

Ground state unpopulated
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Heterodyne Resonator

8
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ct
ab

le
F
in
s

R

L0L1
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ma !1 ⌘ !0 ±ma

E0

E1

|gi

<latexit sha1_base64="C9513/cqEKw8qIwfu6Z+jWGhAZ4=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKuRPQY9OIxgnlANoTZSScZMju7zPSKYc3BX/HiQRGv/oY3/8bJ46CJBQ1FVTfdXWEihUHP+3aWlldW19ZzG/nNre2dXXdvv2biVHOo8ljGuhEyA1IoqKJACY1EA4tCCfVwcD326/egjYjVHQ4TaEWsp0RXcIZWaruHgXWRBggPmPVGNNBM9SS03YJX9Cagi8SfkQKZodJ2v4JOzNMIFHLJjGn6XoKtjGkUXMIoH6QGEsYHrAdNSxWLwLSyyf0jemKVDu3G2pZCOlF/T2QsMmYYhbYzYtg3895Y/M9rpti9bGVCJSmC4tNF3VRSjOk4DNoRGjjKoSWMa2FvpbzPNONoI8vbEPz5lxdJ7azol4rnt6VC+WoWR44ckWNySnxyQcrkhlRIlXDySJ7JK3lznpwX5935mLYuObOZA/IHzucPPbGWQQ==</latexit>

E ⇠ ma

<latexit sha1_base64="6N6bjVLVNyHijtQWIIBG5IzpjHo=">AAAB8XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtrdZbUQSPFewHtqVk07QNTbJLkhXK0n/hxYMiXv033vw3ptsVVPTBwOO9GWbm+SFn2rjuh5NZWl5ZXcuu5zY2t7Z38rt7TR1EitAGCXig2j7WlDNJG4YZTtuholj4nLb8yeXcb91TpVkgb800pD2BR5INGcHGSndXqKuZQKKP+/mCW6y43vnpCXKLboKEVL1SFXmpUoAU9X7+vTsISCSoNIRjrTueG5pejJVhhNNZrhtpGmIywSPasVRiQXUvTi6eoSOrDNAwULakQYn6fSLGQuup8G2nwGasf3tz8S+vE5lhtRczGUaGSrJYNIw4MgGav48GTFFi+NQSTBSztyIyxgoTY0PK2RC+PkX/k2ap6JWLlZtyoXaRxpGFAziEY/DgDGpwDXVoAAEJD/AEz452Hp0X53XRmnHSmX34AeftE9u9kGg=</latexit>

|e0i

<latexit sha1_base64="bL1FM0vw49RsNfQ75cwBUWZjVoo=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJomXQxjKC+YBcOPY2k2TJ3t6xOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9MpDDout9ObmV1bX0jv1nY2t7Z3SvuHzRMnGoOdR7LWLdCZkAKBXUUKKGVaGBRKKEZDq8nfvMetBGxusNRAp2I9ZXoCc7QSkGx5FsXqY/wgBmMgyxwx9TXTPUlBMWyW3GnoMvEm5MymaMWFL/8bszTCBRyyYxpe26CnYxpFFzCuOCnBhLGh6wPbUsVi8B0sukTY3pslS7txdqWQjpVf09kLDJmFIW2M2I4MIveRPzPa6fYu+xkQiUpguKzRb1UUozpJBHaFRo4ypEljGthb6V8wDTjaHMr2BC8xZeXSeO04p1Vzm/PytWreRx5UiJH5IR45IJUyQ2pkTrh5JE8k1fy5jw5L8678zFrzTnzmUPyB87nDwUSmFc=</latexit>

|e1i

<latexit sha1_base64="Sb4zQQudS5RayFFWrNRpUlCnvlg=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJomXQxjKC+YBcOPY2k2TJ3t6xOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9MpDDout9ObmV1bX0jv1nY2t7Z3SvuHzRMnGoOdR7LWLdCZkAKBXUUKKGVaGBRKKEZDq8nfvMetBGxusNRAp2I9ZXoCc7QSkGx5FsXqY/wgBmMgyzwxtTXTPUlBMWyW3GnoMvEm5MymaMWFL/8bszTCBRyyYxpe26CnYxpFFzCuOCnBhLGh6wPbUsVi8B0sukTY3pslS7txdqWQjpVf09kLDJmFIW2M2I4MIveRPzPa6fYu+xkQiUpguKzRb1UUozpJBHaFRo4ypEljGthb6V8wDTjaHMr2BC8xZeXSeO04p1Vzm/PytWreRx5UiJH5IR45IJUyQ2pkTrh5JE8k1fy5jw5L8678zFrzTnzmUPyB87nDwafmFg=</latexit>

Ground state unpopulated

Tunability

deformability:  
~1mm

Courtesy: Marco Oriunno (SLAC)

�! ⌧ GHz
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Giaccone et al [hep-ex/2207.11346]

•Single-cell SRF 
•Cavity prep ongoing

FNALCERN

•PBC since ~2021 
•QTI since Jan. 2024

SLAC

LDRD led by S. Tantawi

•Copper prototype 
•Input from PBC 
•Data-taking ongoing
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Heterodyne approach achieves parametric gain for small axion masses vs. static searches
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T

◆1/2 ✓ B0
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◆2

Technology Requirements: 

•High overlap between pumped cavity mode and signal mode 

•Low phase noise power source

•Low microphonics 

•High-precision machining of cavity to minimise deformation-induced mode-mixing

•Axion search technology could be used for a Gravitational Wave search — possibly in same cavity?
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Non-standard Noise Sources: Phase Noise
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Non-standard Noise Sources: Vibrations
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Non-standard Noise Sources: Field Emission
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B = 0.1 T,   T = 2K,   ω0 = 2  GHz, V = π 0.05 m3
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Technology Requirements
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arXiv: 1810.03703 Romanenko et al.

Q~4x1011 @ B~0.1T

Q-factor & B-field: Phase noise: e.g. BN865-M

In total need ~ -240 dB/Hz @ GHz to 
reach thermal noise !oor
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Mode rejection:

gr-qc/0502054   Ballantini, …, Calatroni et al
 achievedϵ = 10−7 physics/0004031   Bernard, Gemme, Parodi, Picasso
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gr-qc/0502054   Ballantini, …, Calatroni et al
 achievedϵ = 10−7 physics/0004031   Bernard, Gemme, Parodi, Picasso

Original MAGO col laboration
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Technology Requirements
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Mode rejection:

gr-qc/0502054   Ballantini, …, Calatroni et al
 achievedϵ = 10−7 physics/0004031   Bernard, Gemme, Parodi, Picasso

Low-frequency 
seismic noise:

Scienti!c Reports 8, 15324 (2018)   Rosat & Hinderer

�!/! ⇠ � ⇠ 10�10

DarkSRF (2020)

Original MAGO col laboration

https://indico.physics.lbl.gov/event/939/contributions/4371/attachments/2162/2915/DarkSRF-Aspen-2.pdf
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Thermal noise limited

✏1d = 10�7

Qint = 1012

�x = 0.1 nm

B = 0.2 T,   T = 2K,   ω0 = 1 GHz
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Thermal noise limited

✏1d = 10�7

Qint = 1012

�x = 0.1 nm

B = 0.2 T,   T = 2K,   ω0 = 1 GHz

�!d = 0.1 mHz
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Resonant parameter variations: Q-factor
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✏1d = 10�7

�x = 0.1 nm
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Resonant parameter variations: mode rejection
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�x = 0.1 nm

Ɛ = 10-7

Qint = 1012

Ɛ = 10-5 Ɛ = 10-3

B = 0.2 T,   T = 2K,   ω0 = 1 GHz

Thermal noise limited
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Resonant parameter variations: mode rejection
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✏1d = 10�7 Δx = 0.1nm

Δx = 10nm
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Thermal noise limited


