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And more, w/ applications summarised in:
Quantum Sensing for Fundamental Physics 

A. Chou et al, hep-ex/2311.01930
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Quantum Noise: Gxx(⌧) = hx(⌧)x(0)i
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+ techniques: e.g. squeezing, entanglement, non-demolition, … 
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<latexit sha1_base64="T7z2ZI4pH1jOCfWiXpJNHzOWZJw=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKqRp+nBX6qYboaJ9QBvCZDpth04ezEyUEvMpblwo4tYvceffOH0IKnrgwuGce7n3Hi9iVEjT/NAya+sbm1vZ7dzO7t7+gZ4/7Igw5pi0cchC3vOQIIwGpC2pZKQXcYJ8j5GuN72Y+91bwgUNgxs5i4jjo3FARxQjqSRXzw8mSCbN1E0G3IeN68vU1QumYVXKll2DpmGXrJJdmZNaxTyvwqJhLlAAK7Rc/X0wDHHsk0BihoToF81IOgnikmJG0twgFiRCeIrGpK9ogHwinGRxegpPlTKEo5CrCiRcqN8nEuQLMfM91ekjORG/vbn4l9eP5ajmJDSIYkkCvFw0ihmUIZznAIeUEyzZTBGEOVW3QjxBHGGp0sqpEL4+hf+TjmUUbaN8ZRfqjVUcWXAMTsAZKIIqqIMmaIE2wOAOPIAn8Kzda4/ai/a6bM1oq5kj8APa2ydlVZQd</latexit>
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Large/
coherent 

background 
EM fields

Large Q 
means long 
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Low noise Fits on a 
table*
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10�10M�

<latexit sha1_base64="KmxHKYafGb1abhB77hvjo4QwtNc=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4sSRS0WPRixehgv2ANobNZtMu3WTD7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF6ScKe0439bK6tr6xmZpq7y9s7u3bx8ctpTIJKFNIriQnQAryllCm5ppTjuppDgOOG0Hw9up3x5RqZhIHvU4pV6M+wmLGMHaSL5tu85Tfu46E3Tv90QotG9XnKozA1ombkEqUKDh21+9UJAspokmHCvVdZ1UezmWmhFOJ+VepmiKyRD3adfQBMdUefns8gk6NUqIIiFNJRrN1N8TOY6VGseB6YyxHqhFbyr+53UzHV17OUvSTNOEzBdFGUdaoGkMKGSSEs3HhmAimbkVkQGWmGgTVtmE4C6+vExaF1W3Vr18qFXqN0UcJTiGEzgDF66gDnfQgCYQGMEzvMKblVsv1rv1MW9dsYqZI/gD6/MHwIySdg==</latexit>
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Primordial Black Holes

�⇢/⇢

<latexit sha1_base64="SJiybgBm9C3n3gB/kafm5wsoQ2I=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU02koseiF48VrC00oWw2k3bpJht2N4US+k+8eFDEq//Em//GTZuDtj6Y4fHeDDv7gpQzpR3n26qsrW9sblW3azu7e/sH9uHRkxKZpNChggvZC4gCzhLoaKY59FIJJA44dIPxXeF3JyAVE8mjnqbgx2SYsIhRoo00sG0vBK4J9uRIXBRtYNedhjMHXiVuSeqoRHtgf3mhoFkMiaacKNV3nVT7OZGaUQ6zmpcpSAkdkyH0DU1IDMrP55fP8JlRQhwJaSrReK7+3shJrNQ0DsxkTPRILXuF+J/Xz3R04+csSTMNCV08FGUca4GLGHDIJFDNp4YQKpm5FdMRkYRqE1bNhOAuf3mVPF023Gbj6qFZb92WcVTRCTpF58hF16iF7lEbdRBFE/SMXtGblVsv1rv1sRitWOXOMfoD6/MHGMuTUg==</latexit>

(aH)�1 ⇠ �

<latexit sha1_base64="ytaERb/qDn6cqAAoNOPpeSaQulM=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKgNVgopgrGDpWCT6kJpQOY7TWrWdyHaQqigLv8LCAEKsfAYbf4P7GKDlSJaOzrlH1/cECaNKO863VVhZXVvfKG6WtrZ3dvfs/YO2ilOJSQvHLJbdACnCqCAtTTUj3UQSxANGOsHoduJ3HolUNBb3epwQn6OBoBHFSBupbx9VEGycPWTnbg49RTn0mAmHqG+XnaozBVwm7pyUwRzNvv3lhTFOOREaM6RUz3US7WdIaooZyUteqkiC8AgNSM9QgThRfjY9IIenRglhFEvzhIZT9XciQ1ypMQ/MJEd6qBa9ifif10t1dO1nVCSpJgLPFkUpgzqGkzZgSCXBmo0NQVhS81eIh0girE1nJVOCu3jyMmlfVN1a9fKuVq7fzOsogmNwAirABVegDhqgCVoAgxw8g1fwZj1ZL9a79TEbLVjzzCH4A+vzB2l+lQk=</latexit>

Gravitational Waves hμν
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A. Berlin, R. T. D’Agnolo, SARE, P. Schuster, N. Toro 
PRL. 124 (2020) 1, 011801
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Accelerator for Millicharged DM: β ∼ 10−3
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Think magnetic horn (only electric)
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Millicharged DM Waves
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⇢�(x) ⇠ ⇢Debye
� (R)

✓
vwind

v0

◆2 ✓ R

|x|

◆3

-5 -4 -3 -2 -1 0 1 2 3 4 5
-5

-4

-3

-2

-1

0

1

2

3

4

5

x ê R

y
êR

Charge Density Hrc ê rcDebyeL

-0.04
-0.015

-0.006
-0.002

-0.0007
-0.0003

-0.0001

0.3 0.1
0.04

0.015

0.006

0.002

0.0007
0.00

03
0.00

01

deflectorôwind



Rencontres de Blois, October 21st, 2024Sebastian A. R. Ellis — Quantum Sensors for Fundamental Physics

Millicharged DM Waves

8

E!ect vanishes in limit where vwind ! 0

⇢�(x) ⇠ ⇢Debye
� (R)

✓
vwind

v0

◆2 ✓ R

|x|

◆3

-5 -4 -3 -2 -1 0 1 2 3 4 5
-5

-4

-3

-2

-1

0

1

2

3

4

5

x ê R

y
êR

Charge Density Hrc ê rcDebyeL

-0.04
-0.015

-0.006
-0.002

-0.0007
-0.0003

-0.0001

0.3 0.1
0.04

0.015

0.006

0.002

0.0007
0.00

03
0.00

01

deflectorôwind

Detecting them?



Rencontres de Blois, October 21st, 2024Sebastian A. R. Ellis — Quantum Sensors for Fundamental Physics

Millicharged DM Waves

8

E!ect vanishes in limit where vwind ! 0

⇢�(x) ⇠ ⇢Debye
� (R)

✓
vwind

v0

◆2 ✓ R

|x|

◆3

-5 -4 -3 -2 -1 0 1 2 3 4 5
-5

-4

-3

-2

-1

0

1

2

3

4

5

x ê R

y
êR

Charge Density Hrc ê rcDebyeL

-0.04
-0.015

-0.006
-0.002

-0.0007
-0.0003

-0.0001

0.3 0.1
0.04

0.015

0.006

0.002

0.0007
0.00

03
0.00

01

deflectorôwind

Since E-"eld signal dominant, capacitative pickup optimal

Detecting them?



Rencontres de Blois, October 21st, 2024Sebastian A. R. Ellis — Quantum Sensors for Fundamental Physics

Millicharged DM Waves

8

E!ect vanishes in limit where vwind ! 0

⇢�(x) ⇠ ⇢Debye
� (R)

✓
vwind

v0

◆2 ✓ R

|x|

◆3

-5 -4 -3 -2 -1 0 1 2 3 4 5
-5

-4

-3

-2

-1

0

1

2

3

4

5

x ê R

y
êR

Charge Density Hrc ê rcDebyeL

-0.04
-0.015

-0.006
-0.002

-0.0007
-0.0003

-0.0001

0.3 0.1
0.04

0.015

0.006

0.002

0.0007
0.00

03
0.00

01

deflectorôwind

Since E-"eld signal dominant, capacitative pickup optimal

Us =

Z

V

1

2
✏E2

E!ective volume of capacitor/antenna — bounded by shielded volume

Detecting them?



Rencontres de Blois, October 21st, 2024Sebastian A. R. Ellis — Quantum Sensors for Fundamental Physics

Millicharged DM Waves

8

E!ect vanishes in limit where vwind ! 0

⇢�(x) ⇠ ⇢Debye
� (R)

✓
vwind

v0

◆2 ✓ R

|x|

◆3

-5 -4 -3 -2 -1 0 1 2 3 4 5
-5

-4

-3

-2

-1

0

1

2

3

4

5

x ê R

y
êR

Charge Density Hrc ê rcDebyeL

-0.04
-0.015

-0.006
-0.002

-0.0007
-0.0003

-0.0001

0.3 0.1
0.04

0.015

0.006

0.002

0.0007
0.00

03
0.00

01

deflectorôwind

Since E-"eld signal dominant, capacitative pickup optimal

Us =

Z

V

1

2
✏E2

E!ective volume of capacitor/antenna — bounded by shielded volume

Detecting them?

We want EM resonator, but could use e.g. ion traps
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<latexit sha1_base64="w6wAFNsjaQJlSQhJANQXMQOo+dc=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXFD2KHswxgnlAdllmJ504OLO7zPSKcYkXf8WLB0W8+hfe/Bsnj4MaCxqKqm66u6JUCoOu++XMzM7NLywWlorLK6tr66WNzYZJMs2hzhOZ6FbEDEgRQx0FSmilGpiKJDSjm/Oh37wFbUQSX2E/hUCxXiy6gjO0Ulja9hMFPRa61DdCUR/hDvOL6v0gLJXdijsCnSbehJTJBLWw9Ol3Ep4piJFLZkzbc1MMcqZRcAmDop8ZSBm/YT1oWxozBSbIRx8M6J5VOrSbaFsx0pH6cyJnypi+imynYnht/npD8T+vnWH3JMhFnGYIMR8v6maSYkKHcdCO0MBR9i1hXAt7K+XXTDOONrSiDcH7+/I0aRxUvMPK0eVh+fRsEkeB7JBdsk88ckxOSZXUSJ1w8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HNwAulp4=</latexit>

axion 
ma = Δω

Probe many axion masses  
requires scanning  Δω
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!0 ⇠ GHz

<latexit sha1_base64="w6wAFNsjaQJlSQhJANQXMQOo+dc=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXFD2KHswxgnlAdllmJ504OLO7zPSKcYkXf8WLB0W8+hfe/Bsnj4MaCxqKqm66u6JUCoOu++XMzM7NLywWlorLK6tr66WNzYZJMs2hzhOZ6FbEDEgRQx0FSmilGpiKJDSjm/Oh37wFbUQSX2E/hUCxXiy6gjO0Ulja9hMFPRa61DdCUR/hDvOL6v0gLJXdijsCnSbehJTJBLWw9Ol3Ep4piJFLZkzbc1MMcqZRcAmDop8ZSBm/YT1oWxozBSbIRx8M6J5VOrSbaFsx0pH6cyJnypi+imynYnht/npD8T+vnWH3JMhFnGYIMR8v6maSYkKHcdCO0MBR9i1hXAt7K+XXTDOONrSiDcH7+/I0aRxUvMPK0eVh+fRsEkeB7JBdsk88ckxOSZXUSJ1w8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HNwAulp4=</latexit>

axion 
ma = Δω

�! ⌧ GHz

<latexit sha1_base64="b8P0UHfU7bu6aUO1dvTGnjKhuB8=">AAACBHicbVDLSgNBEJyNrxhfUY+5DAbBU9gVRY9BBXOMYB6QDWF20kmGzD6Y6RXjkoMXf8WLB0W8+hHe/BsnyR40saChqOqmu8uLpNBo299WZml5ZXUtu57b2Nza3snv7tV1GCsONR7KUDU9pkGKAGooUEIzUsB8T0LDG15O/MYdKC3C4BZHEbR91g9ET3CGRurkC+4VSGRu6EOfUVdK6iLcY3JdeRh38kW7ZE9BF4mTkiJJUe3kv9xuyGMfAuSSad1y7AjbCVMouIRxzo01RIwPWR9ahgbMB91Opk+M6aFRurQXKlMB0qn6eyJhvtYj3zOdPsOBnvcm4n9eK8beeTsRQRQjBHy2qBdLiiGdJEK7QgFHOTKEcSXMrZQPmGIcTW45E4Iz//IiqR+XnJPS6c1JsXyRxpElBXJAjohDzkiZVEiV1Agnj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/fFqYAg==</latexit>

Tunability

deformability:  
~1mm

Courtesy: Marco Oriunno (SLAC)

Probe many axion masses  
requires scanning  Δω
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axion 
ma = Δω

�! ⌧ GHz

<latexit sha1_base64="b8P0UHfU7bu6aUO1dvTGnjKhuB8=">AAACBHicbVDLSgNBEJyNrxhfUY+5DAbBU9gVRY9BBXOMYB6QDWF20kmGzD6Y6RXjkoMXf8WLB0W8+hHe/BsnyR40saChqOqmu8uLpNBo299WZml5ZXUtu57b2Nza3snv7tV1GCsONR7KUDU9pkGKAGooUEIzUsB8T0LDG15O/MYdKC3C4BZHEbR91g9ET3CGRurkC+4VSGRu6EOfUVdK6iLcY3JdeRh38kW7ZE9BF4mTkiJJUe3kv9xuyGMfAuSSad1y7AjbCVMouIRxzo01RIwPWR9ahgbMB91Opk+M6aFRurQXKlMB0qn6eyJhvtYj3zOdPsOBnvcm4n9eK8beeTsRQRQjBHy2qBdLiiGdJEK7QgFHOTKEcSXMrZQPmGIcTW45E4Iz//IiqR+XnJPS6c1JsXyRxpElBXJAjohDzkiZVEiV1Agnj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/fFqYAg==</latexit>

Tunability

deformability:  
~1mm

Courtesy: Marco Oriunno (SLAC)

Probe many axion masses  
requires scanning  Δω

Resonant with beat frequency of applied EM "eld and axion signal 
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VARIATION IN H

β ∼ 1
A. Berlin, D. Blas, R. T. D’Agnolo, SARE, R. Harnik, Y. Kahn, J. Schütte-Engel 

Phys.Rev.D 105 (2022) 11, 116011

A. Berlin, D. Blas, R. T. D’Agnolo, SARE, R. Harnik, Y. Kahn, J. Schütte-Engel, M. Wentzel 
Phys.Rev.D 108 (2023) 8, 084058

hµ⌫

<latexit sha1_base64="4rHtlcfhlgSuhARwgR1YUMDWBec=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrkoiFV0W3bisYB/QhDCZTNqhM5MwD6GEbPwVNy4UcetnuPNvnLRZaOuBYQ7n3Mu990QZJVK57re1srq2vrFZ26pv7+zu7dsHhz2ZaoFwF6U0FYMISkwJx11FFMWDTGDIIor70eS29PuPWEiS8gc1zXDA4IiThCCojBTax36U0lhOmfnycZj7TPtcF0VoN9ymO4OzTLyKNECFTmh/+XGKNMNcIQqlHHpupoIcCkUQxUXd1xJnEE3gCA8N5ZBhGeSzAwrnzCixk6TCPK6cmfq7I4dMljuaSgbVWC56pfifN9QquQ5ywjOtMEfzQYmmjkqdMg0nJgIjRaeGQCSI2dVBYyggUiazugnBWzx5mfQuml6reXnfarRvqjhq4AScgnPggSvQBnegA7oAgQI8g1fwZj1ZL9a79TEvXbGqniPwB9bnDxUQl2A=</latexit>
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structure 
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Gravitational Waves
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Angular momentum: 
differs from axion by index 
structure 
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Existing Axion Experiments:
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Existing Axion Experiments:

10°24 10°23 10°22 10°21 10°20 10°19

Strain Sensitivity h0

ADMX

HAYSTAC

CAPP

ORGAN

SQMS params.

!g/2º 2 [0.65, 1.02] GHz
Q ª 8 £ 104, B0 = 7.5 T
Vcav = 136 L, Tsys ª 0.6 K

!g/2º 2 [5.6, 5.8] GHz
Q ª 3 £ 104, B0 = 9 T
Vcav = 2 L, Tsys ª 0.13 K

!g/2º 2 [1.6, 1.65] GHz
Q ª 4 £ 104, B0 = 7.3 T
Vcav = 3.47 L, Tsys ª 1.2 K

!g/2º = 26.531 GHz
Q ª 1.3 £ 104, B0 = 7 T
Vcav ª 0.0078 L, Tsys ª 4 K

!g/2º 2 [1, 2] GHz
Q ª 106, B0 = 5 T
Vcav = 100 L, Tsys ª 1 K

Projected Sensitivities of Axion Experiments

Already using quantum techniques

Likely quantum tech.

PRD 105 116011 hep-ph/2112.11465 
A. Berlin, D. Blas, R. T. D’Agnolo, SARE, R. Harnik, Y. 

Kahn, J. Schütte-Engel
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10°24 10°23 10°22 10°21 10°20 10°19

Strain Sensitivity h0

ADMX

HAYSTAC

CAPP

ORGAN

SQMS params.

!g/2º 2 [0.65, 1.02] GHz
Q ª 8 £ 104, B0 = 7.5 T
Vcav = 136 L, Tsys ª 0.6 K

!g/2º 2 [5.6, 5.8] GHz
Q ª 3 £ 104, B0 = 9 T
Vcav = 2 L, Tsys ª 0.13 K

!g/2º 2 [1.6, 1.65] GHz
Q ª 4 £ 104, B0 = 7.3 T
Vcav = 3.47 L, Tsys ª 1.2 K

!g/2º = 26.531 GHz
Q ª 1.3 £ 104, B0 = 7 T
Vcav ª 0.0078 L, Tsys ª 4 K

!g/2º 2 [1, 2] GHz
Q ª 106, B0 = 5 T
Vcav = 100 L, Tsys ª 1 K

Projected Sensitivities of Axion Experiments

Already using quantum techniques

Likely quantum tech.

See also: GWs at MADMAX, V. Domcke, SARE, J. Kopp (hep-ph/2409.06462)
PRD 105 116011 hep-ph/2112.11465 

A. Berlin, D. Blas, R. T. D’Agnolo, SARE, R. Harnik, Y. 
Kahn, J. Schütte-Engel
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h ĥµ⌫T
µ⌫

<latexit sha1_base64="VKxsuIQyXA6LTv1Wu2fsY8/h2Wg="></latexit>

E0

E1
drive

readout

!0

!1!g

⌘mech
e

!g
⌘gmech

!p

!0 !1



Rencontres de Blois, October 21st, 2024Sebastian A. R. Ellis — Quantum Sensors for Fundamental Physics

103 104 105 106 107 108 109

!g [Hz]

10°24

10°23

10°22

10°21

10°20

10°19

10°18

10°17

10°16

10°15

≥ S
n
oi

se
h

(!
g
)¥ 1

/
2

[1
/p

H
z]

L
ev
it
at
ed

S
ta
ck

AURIGA

MiniGRAIL

BAW

H
o
lo
m
e
t
e
r

LIGO-Virgo

scanning

scanning (thermal)

non
-sca

nni
ng

(the
rmal)

m 3
LC

resonatorPRD 108 8, 084058  
hep-ph/2303.01518 
A. Berlin, D. Blas, R. T. 
D’Agnolo, SARE, R. Harnik, 
Y. Kahn, J. Schütte-Engel, M. 
Wentzel

Leverage General Relativity

17

h ĥµ⌫T
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Magnetic Weber Bar Sensitivity
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Age of Quantum for detecting weakly-coupled signals just beginning

Sensors classed as “quantum” in various ways

Accelerator tech can probe wide range of signals:

For those interested, quantum sensing for fundamental physics  classical, 
quantum, atomic physics, materials physics, "uid dynamics, statistics, GR, QFT…

⊃

Gravitational 
Waves

Dark 
MatterSummary
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VARIATION IN A, X

β ∼ 1 A. Berlin, R. T. D’Agnolo, SARE, J. Radkovski 
JHEP 08 (2023) 017

j0em ' � i

!

eqe↵e0n�

m�
Eem

<latexit sha1_base64="miPlOmVr5/iY3WFVdmxyUlMm+K0="></latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

Eem

<latexit sha1_base64="VKedqvnvaRI2C2xhcwxkrH4lk54="></latexit>

Emitter

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

Receiver

Psig / Qrec|jrec|2

<latexit sha1_base64="M/FCUT1UG/lzO6baU1XXTRtC+jk=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVZKi6MJF0Y3LFuwDmlgm00k7dpIJMxOhpPkZN/6KGxcWEVz5K07agNp6YJjDOfdy7z1exKhUlvVpFFZW19Y3ipulre2d3T1z/6AleSwwaWLOuOh4SBJGQ9JUVDHSiQRBgcdI2xvdZH77kQhJeXinxhFxAzQIqU8xUlrqmVf1XuKIAEo6SKETCR4pDhtzTRCcwonjcdaX40B/yUP640zuqz2zbFWsGeAysXNSBjnqPXPq9DmOAxIqzJCUXduKlJsgoShmJC05sSQRwiM0IF1NQxQQ6SazK1N4opU+9LnQL1Rwpv7uSFAgsz11ZYDUUC56mfif142Vf+kmNIxiRUI8H+THDOoksshgn+p7FRtrgrCgeleIh0ggrHSwJR2CvXjyMmlVK/ZZ5bxxVq5d53EUwRE4BqfABhegBm5BHTQBBk/gBbyBqfFsvBrvxse8tGDkPYfgD4yvbzTUplY=</latexit>

jrec /
✓
eqe↵e0n�

m�

◆
j0em

<latexit sha1_base64="xLnvrC0sJuvogH8VamFA7fJ9PLQ="></latexit>

j0em /
✓
eqe↵e0n�

m�

◆
Eem

<latexit sha1_base64="+R9AJkVLE08PDFWZxjqIKKD1SIc="></latexit>

�

<latexit sha1_base64="WnlWucsZtjx1m0UDlPrQtr4KNzg=">AAAB+nicbVC7TsMwFL0pr1JeKYwsFhUSU5WgIhgrWBiLRB9SG1WO47RWHSeyHVAV+iksDCDEypew8Tc4bQZoOZLlo3PulY+Pn3CmtON8W6W19Y3NrfJ2ZWd3b//Arh52VJxKQtsk5rHs+VhRzgRta6Y57SWS4sjntOtPbnK/+0ClYrG419OEehEeCRYygrWRhnZ14Mc8UNPIXNmAjNlsaNecujMHWiVuQWpQoDW0vwZBTNKICk04VqrvOon2Miw1I5zOKoNU0QSTCR7RvqECR1R52Tz6DJ0aJUBhLM0RGs3V3xsZjlSezkxGWI/VspeL/3n9VIdXXsZEkmoqyOKhMOVIxyjvAQVMUqL51BBMJDNZERljiYk2bVVMCe7yl1dJ57zuNuoXd41a87qoowzHcAJn4MIlNOEWWtAGAo/wDK/wZj1ZL9a79bEYLVnFzhH8gfX5A/fZlHg=</latexit>
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j0em ' � i

!

eqe↵e0n�

m�
Eem

<latexit sha1_base64="miPlOmVr5/iY3WFVdmxyUlMm+K0="></latexit>

Eem

<latexit sha1_base64="VKedqvnvaRI2C2xhcwxkrH4lk54="></latexit>

Emitter Receiver

Search for Dark Photons (not DM)

P. Graham, J. Mardon, S. Rajendran, Y. Zhao (2014)

J. Jaeckel, A. Ringwald (2008)
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j0em ' � i

!

eqe↵e0n�

m�
Eem

<latexit sha1_base64="miPlOmVr5/iY3WFVdmxyUlMm+K0="></latexit>

Eem

<latexit sha1_base64="VKedqvnvaRI2C2xhcwxkrH4lk54="></latexit>

Emitter Receiver

Search for Dark Photons (not DM)

P. Graham, J. Mardon, S. Rajendran, Y. Zhao (2014)
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j0em ' � i

!

eqe↵e0n�

m�
Eem

<latexit sha1_base64="miPlOmVr5/iY3WFVdmxyUlMm+K0="></latexit>

Eem

<latexit sha1_base64="VKedqvnvaRI2C2xhcwxkrH4lk54="></latexit>

Emitter Receiver
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Ongoing experiment @ FNAL: DarkSRF

A. Romanenko et al (2023)
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Ongoing experiment @ FNAL: DarkSRF

Leverage high-Q 
SRF cavities 
developed at 
Superconducting 
Quantum Materials & 
Systems 

A. Romanenko et al (2023)

Q0 = 4.5 × 1010

Q0 = 3.0 × 1010

What else can we do with the same setup?
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✓
eqe↵e0n�

m�

◆
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✓
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◆
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A. Berlin, R. T. D’Agnolo, SARE, J. Radkovski 
JHEP 08 (2023) 017
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j0em ' � i

!

eqe↵e0n�

m�
Eem

<latexit sha1_base64="miPlOmVr5/iY3WFVdmxyUlMm+K0="></latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

Eem

<latexit sha1_base64="VKedqvnvaRI2C2xhcwxkrH4lk54="></latexit>

Emitter
�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

Receiver

Psig / Qrec|jrec|2

<latexit sha1_base64="M/FCUT1UG/lzO6baU1XXTRtC+jk=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVZKi6MJF0Y3LFuwDmlgm00k7dpIJMxOhpPkZN/6KGxcWEVz5K07agNp6YJjDOfdy7z1exKhUlvVpFFZW19Y3ipulre2d3T1z/6AleSwwaWLOuOh4SBJGQ9JUVDHSiQRBgcdI2xvdZH77kQhJeXinxhFxAzQIqU8xUlrqmVf1XuKIAEo6SKETCR4pDhtzTRCcwonjcdaX40B/yUP640zuqz2zbFWsGeAysXNSBjnqPXPq9DmOAxIqzJCUXduKlJsgoShmJC05sSQRwiM0IF1NQxQQ6SazK1N4opU+9LnQL1Rwpv7uSFAgsz11ZYDUUC56mfif142Vf+kmNIxiRUI8H+THDOoksshgn+p7FRtrgrCgeleIh0ggrHSwJR2CvXjyMmlVK/ZZ5bxxVq5d53EUwRE4BqfABhegBm5BHTQBBk/gBbyBqfFsvBrvxse8tGDkPYfgD4yvbzTUplY=</latexit>

jrec /
✓
eqe↵e0n�

m�

◆
j0em

<latexit sha1_base64="xLnvrC0sJuvogH8VamFA7fJ9PLQ="></latexit>

j0em /
✓
eqe↵e0n�

m�

◆
Eem

<latexit sha1_base64="+R9AJkVLE08PDFWZxjqIKKD1SIc="></latexit>

A. Berlin, R. T. D’Agnolo, SARE, J. Radkovski 
JHEP 08 (2023) 017
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j0em ' � i

!

eqe↵e0n�

m�
Eem

<latexit sha1_base64="miPlOmVr5/iY3WFVdmxyUlMm+K0="></latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

Eem

<latexit sha1_base64="VKedqvnvaRI2C2xhcwxkrH4lk54="></latexit>

Emitter
�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

�+

<latexit sha1_base64="SxmzVrqJabmOjHaoHkaccn1Dvlg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMquVPRY9OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57SeqNJPi3kxi6kd4KFjICDZWavXIiD2c9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/XR27RSdWGWAQqlsCYNm6u+JFEdaT6LAdkbYjPSil4n/ed3EhFd+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvVq1Yu7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8fWY7X</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

��

<latexit sha1_base64="YA/GynG6Md89ClaPj+dVxsS0WpU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89hNVmklxbyYx9SM8FCxkBBsrtXpkxB7O+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7dopOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6r3q16sVdrVK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8iYY7Z</latexit>

Receiver

Psig / Qrec|jrec|2

<latexit sha1_base64="M/FCUT1UG/lzO6baU1XXTRtC+jk=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVZKi6MJF0Y3LFuwDmlgm00k7dpIJMxOhpPkZN/6KGxcWEVz5K07agNp6YJjDOfdy7z1exKhUlvVpFFZW19Y3ipulre2d3T1z/6AleSwwaWLOuOh4SBJGQ9JUVDHSiQRBgcdI2xvdZH77kQhJeXinxhFxAzQIqU8xUlrqmVf1XuKIAEo6SKETCR4pDhtzTRCcwonjcdaX40B/yUP640zuqz2zbFWsGeAysXNSBjnqPXPq9DmOAxIqzJCUXduKlJsgoShmJC05sSQRwiM0IF1NQxQQ6SazK1N4opU+9LnQL1Rwpv7uSFAgsz11ZYDUUC56mfif142Vf+kmNIxiRUI8H+THDOoksshgn+p7FRtrgrCgeleIh0ggrHSwJR2CvXjyMmlVK/ZZ5bxxVq5d53EUwRE4BqfABhegBm5BHTQBBk/gBbyBqfFsvBrvxse8tGDkPYfgD4yvbzTUplY=</latexit>

jrec /
✓
eqe↵e0n�

m�

◆
j0em

<latexit sha1_base64="xLnvrC0sJuvogH8VamFA7fJ9PLQ="></latexit>

j0em /
✓
eqe↵e0n�

m�

◆
Eem

<latexit sha1_base64="+R9AJkVLE08PDFWZxjqIKKD1SIc="></latexit>

100 101 102 103 104 105

m¬ [MeV]

10°9

10°8

10°7

10°6

10°5

10°4

10°3

10°2

10°1

100

q e
Æ

Dark
SR

F

Collider

Ion Traps

N
eÆ

(¬
)

N
eÆ

(A
0 )

SN1987A

D.D. Ceilin
g

ine±cient thermaliza
tion

e0 = 1, n¬ = 106 cm°3

TM010

TE011

10°6 10°5 10°4 10°3

qeÆ

10°1

101

103

105

107

109

n
¬
[c

m
°

3
]

DarkSRF

Pathfinder
40
Ca +

trap

p +
trap

C
ol

li
d
er

S
N

19
87

A

e0 = 1, m¬ = 10 MeV

TM010

TE011

A. Berlin, R. T. D’Agnolo, SARE, J. Radkovski 
JHEP 08 (2023) 017



VARIATION IN a

β ∼ 1
A. Berlin, R. T. D’Agnolo, SARE, C. Nantista, J. Neilson, P. Schuster, S. Tantawi, N. Toro, K. Zhou 

JHEP 07 (2020) 088

A. Berlin, R. T. D’Agnolo, SARE, K. Zhou 
Phys.Rev.D 104 (2021) 11, L111701
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Axion, ALPs and Axion Electrodynamics

25

L �
✓

a

fa
+ ✓̄

◆
g2s

32⇡2
Ga

µ⌫G̃
µ⌫,a Peccei & Quinn (1977) 

Weinberg (1978) 
Wilczek (1978)

Axion introduced to solve strong CP problem dn ⇠ 10�16✓̄ e cm

dexpn . 10�26 e cm

d

<latexit sha1_base64="9e8HrYLxltsk9PgZILC7FAGqB4g=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0ikte2t6MVjC/YD2lA2m2m7drMJuxuhhP4CLx4U8epP8ua/cdtGUNEHA4/3ZpiZ58ecKe04H1ZubX1jcyu/XdjZ3ds/KB4edVSUSAptGvFI9nyigDMBbc00h14sgYQ+h64/vV743XuQikXiVs9i8EIyFmzEKNFGagXDYsmx645br1TxitTKGbmsY9d2liihDM1h8X0QRDQJQWjKiVJ914m1lxKpGeUwLwwSBTGhUzKGvqGChKC8dHnoHJ8ZJcCjSJoSGi/V7xMpCZWahb7pDImeqN/eQvzL6yd6VPNSJuJEg6CrRaOEYx3hxdc4YBKo5jNDCJXM3IrphEhCtcmmYEL4+hT/TzoXtlu2K61yqXGVxZFHJ+gUnSMXVVED3aAmaiOKAD2gJ/Rs3VmP1ov1umrNWdnMMfoB6+0TVU6NUA==</latexit>

d

<latexit sha1_base64="9e8HrYLxltsk9PgZILC7FAGqB4g=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0ikte2t6MVjC/YD2lA2m2m7drMJuxuhhP4CLx4U8epP8ua/cdtGUNEHA4/3ZpiZ58ecKe04H1ZubX1jcyu/XdjZ3ds/KB4edVSUSAptGvFI9nyigDMBbc00h14sgYQ+h64/vV743XuQikXiVs9i8EIyFmzEKNFGagXDYsmx645br1TxitTKGbmsY9d2liihDM1h8X0QRDQJQWjKiVJ914m1lxKpGeUwLwwSBTGhUzKGvqGChKC8dHnoHJ8ZJcCjSJoSGi/V7xMpCZWahb7pDImeqN/eQvzL6yd6VPNSJuJEg6CrRaOEYx3hxdc4YBKo5jNDCJXM3IrphEhCtcmmYEL4+hT/TzoXtlu2K61yqXGVxZFHJ+gUnSMXVVED3aAmaiOKAD2gJ/Rs3VmP1ov1umrNWdnMMfoB6+0TVU6NUA==</latexit>

u

<latexit sha1_base64="avxja+qzWLAc11yo8fwBQJpy3fI=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GTduDioIPBh7vzTAzL0gE18Z1P5zCyura+kZxs7S1vbO7V94/aOs4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcp37nXtUmsfy1kwT9CM6kjzkjBorNdNBueJV3TnI36QCSzQG5ff+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ/NDZ+TEKkMSxsqWNGSufp3IaKT1NApsZ0TNWP/0cvE3r5ea8NLPuExSg5ItFoWpICYm+ddkyBUyI6aWUKa4vZWwMVWUGZtN6X8htM+qXq163qxV6lfLOIpwBMdwCh5cQB1uoAEtYIDwAE/w7Nw5j86L87poLTjLmUP4BuftE+iqjQQ=</latexit>

✓̄

<latexit sha1_base64="LIa6mcYO5Zzo7yydQVSxqia0O9w=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQpI+3RXduKxgH9CEMplO2qGTBzM3Qgn9DTcuFHHrz7jzb5y0FVT0wIXDOfdy7z1+IrgCy/ow1tY3Nre2CzvF3b39g8PS0XFXxamkrENjEcu+TxQTPGId4CBYP5GMhL5gPX96nfu9eyYVj6M7mCXMC8k44gGnBLTkuj6RmQsTBmQ+LJUt87JZd2oOtkzLajiVek6cRtWpYFsrOcpohfaw9O6OYpqGLAIqiFID20rAy4gETgWbF91UsYTQKRmzgaYRCZnyssXNc3yulREOYqkrArxQv09kJFRqFvq6MyQwUb+9XPzLG6QQNL2MR0kKLKLLRUEqMMQ4DwCPuGQUxEwTQiXXt2I6IZJQ0DEVdQhfn+L/Sdcx7apZu62WW1erOAroFJ2hC2SjBmqhG9RGHURRgh7QE3o2UuPReDFel61rxmrmBP2A8fYJ06mSOQ==</latexit>

r⇥B = @tE+ J� ga�� (E⇥ra�B@ta)

r ·E = ⇢� ga��B ·ra
Maxwell’s new and 
improved Equations

L � �ga��
4

aF F̃ = �ga�� aE ·B
Mixing w/ pion or from full theory:
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All Noise Sources

26

Retractable Fins

Loading ports

Readout ports

!r

!dThermal

• Thermal noise: requires cryo

Epke

Field Emission

•Field Emission: careful design 
& limits peak B-field

!mVibrations

!n !n ± !m

Cm
n

•Vibrations: design to reduce 
microphonics, isolation, cryo

E0

E1

Ed

Er✏0r

✏1d

Loading
&

Readout

Oscillator

'(t)

t

t

V0(t)

↵(t)

V0(t)

•Loading/Readout & Phase: 
design to improve coupling to 
pump & signal modes. Low 
phase-noise pump & readout 
electronics
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Signal to Noise

27

SNR ⇠ ⇢DM V

ma !1
(ga�� ⌘10 B0)

2
✓
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Comparison with LC resonator:
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VARIATION IN H

β ∼ 1
A. Berlin, D. Blas, R. T. D’Agnolo, SARE, R. Harnik, Y. Kahn, J. Schütte-Engel 

Phys.Rev.D 105 (2022) 11, 116011

A. Berlin, D. Blas, R. T. D’Agnolo, SARE, R. Harnik, Y. Kahn, J. Schütte-Engel, M. Wentzel 
Phys.Rev.D 108 (2023) 8, 084058

hµ⌫

<latexit sha1_base64="4rHtlcfhlgSuhARwgR1YUMDWBec=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrkoiFV0W3bisYB/QhDCZTNqhM5MwD6GEbPwVNy4UcetnuPNvnLRZaOuBYQ7n3Mu990QZJVK57re1srq2vrFZ26pv7+zu7dsHhz2ZaoFwF6U0FYMISkwJx11FFMWDTGDIIor70eS29PuPWEiS8gc1zXDA4IiThCCojBTax36U0lhOmfnycZj7TPtcF0VoN9ymO4OzTLyKNECFTmh/+XGKNMNcIQqlHHpupoIcCkUQxUXd1xJnEE3gCA8N5ZBhGeSzAwrnzCixk6TCPK6cmfq7I4dMljuaSgbVWC56pfifN9QquQ5ywjOtMEfzQYmmjkqdMg0nJgIjRaeGQCSI2dVBYyggUiazugnBWzx5mfQuml6reXnfarRvqjhq4AScgnPggSvQBnegA7oAgQI8g1fwZj1ZL9a79TEvXbGqniPwB9bnDxUQl2A=</latexit>
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Load the cavity in pump mode

!

<latexit sha1_base64="amRWnBX673DWeoMIa72Gd54pRsI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPksmPIw==</latexit>

dP
/d

!

<latexit sha1_base64="xxdLS6Xx3S7sLXOWamV8KJKwXMk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKe5KRI9BLx4jmAcmS5idnU2GzGOZmRVCyF948aCIV//Gm3/jJNmDRgsaiqpuuruilDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUZkmtEkUV7oTYUM5k7RpmeW0k2qKRcRpOxrdzPz2I9WGKXlvxykNBR5IljCCrZMe4sZZ3FOCDnC/XPGr/hzoLwlyUoEcjX75sxcrkgkqLeHYmG7gpzacYG0Z4XRa6mWGppiM8IB2HZVYUBNO5hdP0YlTYpQo7UpaNFd/TkywMGYsItcpsB2aZW8m/ud1M5tchRMm08xSSRaLkowjq9DsfRQzTYnlY0cw0czdisgQa0ysC6nkQgiWX/5LWufVoFa9uKtV6td5HEU4gmM4hQAuoQ630IAmEJDwBC/w6hnv2Xvz3hetBS+fOYRf8D6+AR/7kJI=</latexit>

p
u
m
p
m
od

e

<latexit sha1_base64="cct3Dfynmr+Kp6dV94emdwKB1Is=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2Ie0Q8lkMm1oMhOSjFBKv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPIBhV2nE+rNza+sbmVn67sLO7t39QPDzqqCSVmLRxwhLZC5AijMakralmpCckQTxgpBtMrjK/e0+kokl8q6eC+ByNYhpRjLSR7kTKBeRJSIbFkmNfNGpe1YOO7Th1r1zLiFeveGXoGiVDCazQGhbfB2GCU05ijRlSqu86QvszJDXFjMwLg1QRgfAEjUjf0BhxovzZ4uA5PDNKCKNEmoo1XKjfJ2aIKzXlgenkSI/Vby8T//L6qY4a/ozGItUkxstFUcqgTmD2PQypJFizqSEIS2puhXiMJMLaZFQwIXx9Cv8nHc92K3b1xis1L1dx5MEJOAXnwAV10ATXoAXaAAMOHsATeLak9Wi9WK/L1py1mjkGP2C9fQIkEZCl</latexit>

!0 ⇠ GHz

<latexit sha1_base64="w6wAFNsjaQJlSQhJANQXMQOo+dc=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXFD2KHswxgnlAdllmJ504OLO7zPSKcYkXf8WLB0W8+hfe/Bsnj4MaCxqKqm66u6JUCoOu++XMzM7NLywWlorLK6tr66WNzYZJMs2hzhOZ6FbEDEgRQx0FSmilGpiKJDSjm/Oh37wFbUQSX2E/hUCxXiy6gjO0Ulja9hMFPRa61DdCUR/hDvOL6v0gLJXdijsCnSbehJTJBLWw9Ol3Ep4piJFLZkzbc1MMcqZRcAmDop8ZSBm/YT1oWxozBSbIRx8M6J5VOrSbaFsx0pH6cyJnypi+imynYnht/npD8T+vnWH3JMhFnGYIMR8v6maSYkKHcdCO0MBR9i1hXAt7K+XXTDOONrSiDcH7+/I0aRxUvMPK0eVh+fRsEkeB7JBdsk88ckxOSZXUSJ1w8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HNwAulp4=</latexit>

m
ec
h
an

ic
al

re
so
n
an

ce

<latexit sha1_base64="dZ13xRMkfNNsyqqz/8SNjjy94UA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTFF0W3bisYB/QDiWT3mlDk8yQZIQ6FH/FjQtF3Pof7vwb03YW2nrgwsk595J7T5hwpo3nfTuFldW19Y3iZmlre2d3z90/aOo4VRQaNOaxaodEA2cSGoYZDu1EAREhh1Y4upn6rQdQmsXy3owTCAQZSBYxSoyVeu6RADok0r45VqBjSSSFnlv2Kt4MeJn4OSmjHPWe+9XtxzQVIA3lROuO7yUmyIgyjHKYlLqphoTQERlAx1JJBOggm20/wadW6eMoVrakwTP190RGhNZjEdpOQcxQL3pT8T+vk5roKsiYTFIDks4/ilKOTYynUeA+U0ANH1tCqGJ2V2yzUIQaG1jJhuAvnrxMmtWKf165uKuWa9d5HEV0jE7QGfLRJaqhW1RHDUTRI3pGr+jNeXJenHfnY95acPKZQ/QHzucPqI2VXA==</latexit>

!p ⇠ 10 kHz

<latexit sha1_base64="48X4yS/FTH/+6R70jGPKwT9LJKA=">AAACBXicbVA9SwNBEN3z2/gVtdRiMQgWEu4koqVokzKCSYTccextJnHJ7t2xOyfGI42Nf8XGQhFb/4Od/8ZNTKGJDwYe780wMy9KpTDoul/OzOzc/MLi0nJhZXVtfaO4udUwSaY51HkiE30dMQNSxFBHgRKuUw1MRRKaUe9i6DdvQRuRxFfYTyFQrBuLjuAMrRQWd/1EQZeFKfWNUNRz/UMf4Q7zXvV+EBZLbtkdgU4Tb0xKZIxaWPz02wnPFMTIJTOm5bkpBjnTKLiEQcHPDKSM91gXWpbGTIEJ8tEXA7pvlTbtJNpWjHSk/p7ImTKmryLbqRjemElvKP7ntTLsnAa5iNMMIeY/izqZpJjQYSS0LTRwlH1LGNfC3kr5DdOMow2uYEPwJl+eJo2jslcpH19WSmfn4ziWyA7ZIwfEIyfkjFRJjdQJJw/kibyQV+fReXbenPef1hlnPLNN/sD5+AaxCZgT</latexit>

resonant GW

<latexit sha1_base64="CNRnjMTTRf9sYeLMs7FhpmojT+w=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6a2VXdFF7qsYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YtiOo6IELh3Pu5d57woQzbRD6cJaWV1bX1gsbxc2t7Z3d0t5+W8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaSccX838zj1VmklxZyYJDWI8FCxiBBsr+YpqKbAw8LrTL5WRW0PeRf0UIhdZVOswV+rQmysIlUGOZr/03htIksZUGMKx1r6HEhNkWBlGOJ0We6mmCSZjPKS+pQLHVAfZ/OQpPLbKAEZS2bLr5+r3iQzHWk/i0HbG2Iz0b28m/uX5qYnOg4yJJDVUkMWiKOXQSDj7Hw6YosTwiSWYKGZvhWSEFSbGplS0IXx9Cv8n7YrrVd3abaXcuMzjKIBDcAROgAfOQAPcgCZoAQIkeABP4NkxzqPz4rwuWpecfOYA/IDz9glfYpFT</latexit>

!g = !1 � !0

<latexit sha1_base64="mnZf49NxS1R23Pw5/2PQcBWcYnk=">AAACB3icdZDLSgMxFIYzXmu9jboUJFgENw4ZbasuhKIblxXsBdphyKSZaWjmQpIRytCdG1/FjQtF3PoK7nwb03YKKvpD4Oc753Byfi/hTCqEPo25+YXFpeXCSnF1bX1j09zabso4FYQ2SMxj0fawpJxFtKGY4rSdCIpDj9OWN7ga11t3VEgWR7dqmFAnxEHEfEaw0sg197pxSAPsBvAC5taGRzOLXLOErAqyz6snEFlIq1yFOalCe0IQKoFcddf86PZikoY0UoRjKTs2SpSTYaEY4XRU7KaSJpgMcEA72kY4pNLJJneM4IEmPejHQr9IwQn9PpHhUMph6OnOEKu+/F0bw79qnVT5Z07GoiRVNCLTRX7KoYrhOBTYY4ISxYfaYCKY/iskfSwwUTq6og5hdin83zSPLbtsVW7KpdplHkcB7IJ9cAhscApq4BrUQQMQcA8ewTN4MR6MJ+PVeJu2zhn5zA74IeP9C/DpmBo=</latexit>

broadband GW

<latexit sha1_base64="ioSzeLnpo0Wysgm23NWLWmGR1Gg=">AAAB83icdZDLSgMxFIYzXmu9VV26CRbB1ZCpbdVd0YUuK9gLtEPJZDJtaCYZkoxQhr6GGxeKuPVl3Pk2pu0IKvpD4PD953BO/iDhTBuEPpyl5ZXVtfXCRnFza3tnt7S339YyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxlczv3NPlWZS3JlJQv0YDwWLGMHGon6gJA4DLEJ43RmUysitIe+ifgqRi6yqdZiTOvTmBKEyyNUclN77oSRpTIUhHGvd81Bi/Awrwwin02I/1TTBZIyHtGdLgWOq/Wx+8xQeWxLCSCr7hIFz+n0iw7HWkziwnTE2I/3bm8G/vF5qonM/YyJJDRVksShKOTQSzgKAIVOUGD6xBSaK2VshGWGFibExFW0IXz+F/xftiutV3dptpdy4zOMogENwBE6AB85AA9yAJmgBAhLwAJ7As5M6j86L87poXXLymQPwQ87bJ9ThkZA=</latexit>

!g > !1 � !0

<latexit sha1_base64="xOdZEiUMjhWeMvFn534FuREQUpk=">AAACB3icdZDLSgMxFIYzXmu9jboUJFgENw4ZbatupOjGZQV7gXYYMmlmGpq5kGSEMnTnxldx40IRt76CO9/GtJ2Civ4Q+PnOOZyc30s4kwqhT2NufmFxabmwUlxdW9/YNLe2mzJOBaENEvNYtD0sKWcRbSimOG0nguLQ47TlDa7G9dYdFZLF0a0aJtQJcRAxnxGsNHLNvW4c0gC7AbyAubXh0cwi1ywhq4Ls8+oJRBbSKldhTqrQnhCESiBX3TU/ur2YpCGNFOFYyo6NEuVkWChGOB0Vu6mkCSYDHNCOthEOqXSyyR0jeKBJD/qx0C9ScEK/T2Q4lHIYerozxKovf9fG8K9aJ1X+mZOxKEkVjch0kZ9yqGI4DgX2mKBE8aE2mAim/wpJHwtMlI6uqEOYXQr/N81jyy5blZtyqXaZx1EAu2AfHAIbnIIauAZ10AAE3INH8AxejAfjyXg13qatc0Y+swN+yHj/AvKBmBs=</latexit>

!0 + !g

<latexit sha1_base64="7ZiZlOQ2B8HZ893lwSLpNGKexQE=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiCEJJpKLLohuXFewF2hAm00k7dC5hZiKEUF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+aOEUW0879spra1vbG6Vtys7u3v7B+7hUUfLVGHSxpJJ1YuQJowK0jbUMNJLFEE8YqQbTW5n9e4jUZpK8WCyhAQcjQSNKUbGWqFbHUhORij04DkscBS6Na/uzQVXwS+gBgq1QvdrMJQ45UQYzJDWfd9LTJAjZShmZFoZpJokCE/QiPQtCsSJDvL58VN4ap0hjKWyTxg4d39P5IhrnfHIdnJkxnq5NjP/q/VTE18HORVJaojAi0VxyqCRcJYEHFJFsGGZBYQVtbdCPEYKYWPzqtgQ/OUvr0Lnou436pf3jVrzpoijDI7BCTgDPrgCTXAHWqANMMjAM3gFb86T8+K8Ox+L1pJTzFTBHzmfP2jYk/s=</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>

GW

<latexit sha1_base64="CZ5OVetlCoOgKqGU7qArmRA+wlg=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSap0borutBlFfuANpTJdNIOnUzCzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtLyyulZcL21sbm3vlHf3WipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpe5376nUrFY3OlJQv0IDwULGcHaSLdX7X65gmx06lXPPYhsDzk1Nyeu5yBUhY6NZqiABRr98ntvEJM0okITjpXqOijRfoalZoTTaamXKppgMsZD2jVU4IgqP5tdOoVHRhnAMJamhIYz9ftEhiOlJlFgOiOsR+q3l4t/ed1UhzU/YyJJNRVkvihMOdQxzN+GAyYp0XxiCCaSmVshGWGJiTbhlEwIX5/C/0nLtZ0T27txK/WLRRxFcAAOwTFwwBmog2vQAE1AQAgewBN4tsbWo/Vivc5bC9ZiZh/8gPX2CZ5hjW4=</latexit>

!1 ⇠ GHz

<latexit sha1_base64="qYhkkc38RxWu/aP13Rm07y/0gdU=">AAACAXicbVA9SwNBEN2L3/Hr1EawWQyCVbiTiJZBCy0VjAnkQtjbTJIlu3fH7pwYj9j4V2wsFLH1X9j5b9x8FJr4YODx3gwz88JECoOe9+3k5uYXFpeWV/Kra+sbm+7W9q2JU82hwmMZ61rIDEgRQQUFSqglGpgKJVTD3vnQr96BNiKObrCfQEOxTiTagjO0UtPdDWIFHdb0aWCEogHCPWYXlw+Dplvwit4IdJb4E1IgE1w13a+gFfNUQYRcMmPqvpdgI2MaBZcwyAepgYTxHutA3dKIKTCNbPTBgB5YpUXbsbYVIR2pvycypozpq9B2KoZdM+0Nxf+8eort00YmoiRFiPh4UTuVFGM6jIO2hAaOsm8J41rYWynvMs042tDyNgR/+uVZcntU9EvF4+tSoXw2iWOZ7JF9ckh8ckLK5JJckQrh5JE8k1fy5jw5L8678zFuzTmTmR3yB87nDwHClp8=</latexit>

si
gn

al
m
od

e

<latexit sha1_base64="lUt98fl/sK7fP3VS5EnCkTb8f4w=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqWQXre2t6MVjBWsL26Vks9k2NJssSVYoS3+GFw+KePXXePPfmG0rqOiDgcd7M8zMC1POtEHowymtrK6tb5Q3K1vbO7t71f2DOy0zRWiXSC5VP8SaciZo1zDDaT9VFCchp71wclX4vXuqNJPi1kxTGiR4JFjMCDZW8jUbCcxhIiM6rNZQHVk0GrAgbhO5lrRaTc9rQXduIVQDS3SG1fdBJEmWUGEIx1r7LkpNkGNlGOF0VhlkmqaYTPCI+pYKnFAd5POTZ/DEKhGMpbIlDJyr3ydynGg9TULbmWAz1r+9QvzL8zMTN4OciTQzVJDFojjj0EhY/A8jpigxfGoJJorZWyEZY4WJsSlVbAhfn8L/yZ1Xd8/q5zderX25jKMMjsAxOAUuuABtcA06oAsIkOABPIFnxziPzovzumgtOcuZQ/ADztsnhrCRbg==</latexit>

Signal mode: !1 � !0 ⌧ !0

<latexit sha1_base64="6UIPF/kqNioklnbjx61xjc7CtRE="></latexit>
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Load the cavity in pump mode

!

<latexit sha1_base64="amRWnBX673DWeoMIa72Gd54pRsI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPksmPIw==</latexit>

dP
/d

!

<latexit sha1_base64="xxdLS6Xx3S7sLXOWamV8KJKwXMk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKe5KRI9BLx4jmAcmS5idnU2GzGOZmRVCyF948aCIV//Gm3/jJNmDRgsaiqpuuruilDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUZkmtEkUV7oTYUM5k7RpmeW0k2qKRcRpOxrdzPz2I9WGKXlvxykNBR5IljCCrZMe4sZZ3FOCDnC/XPGr/hzoLwlyUoEcjX75sxcrkgkqLeHYmG7gpzacYG0Z4XRa6mWGppiM8IB2HZVYUBNO5hdP0YlTYpQo7UpaNFd/TkywMGYsItcpsB2aZW8m/ud1M5tchRMm08xSSRaLkowjq9DsfRQzTYnlY0cw0czdisgQa0ysC6nkQgiWX/5LWufVoFa9uKtV6td5HEU4gmM4hQAuoQ630IAmEJDwBC/w6hnv2Xvz3hetBS+fOYRf8D6+AR/7kJI=</latexit>

p
u
m
p
m
od

e

<latexit sha1_base64="cct3Dfynmr+Kp6dV94emdwKB1Is=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2Ie0Q8lkMm1oMhOSjFBKv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPIBhV2nE+rNza+sbmVn67sLO7t39QPDzqqCSVmLRxwhLZC5AijMakralmpCckQTxgpBtMrjK/e0+kokl8q6eC+ByNYhpRjLSR7kTKBeRJSIbFkmNfNGpe1YOO7Th1r1zLiFeveGXoGiVDCazQGhbfB2GCU05ijRlSqu86QvszJDXFjMwLg1QRgfAEjUjf0BhxovzZ4uA5PDNKCKNEmoo1XKjfJ2aIKzXlgenkSI/Vby8T//L6qY4a/ozGItUkxstFUcqgTmD2PQypJFizqSEIS2puhXiMJMLaZFQwIXx9Cv8nHc92K3b1xis1L1dx5MEJOAXnwAV10ATXoAXaAAMOHsATeLak9Wi9WK/L1py1mjkGP2C9fQIkEZCl</latexit>

!0 ⇠ GHz

<latexit sha1_base64="w6wAFNsjaQJlSQhJANQXMQOo+dc=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXFD2KHswxgnlAdllmJ504OLO7zPSKcYkXf8WLB0W8+hfe/Bsnj4MaCxqKqm66u6JUCoOu++XMzM7NLywWlorLK6tr66WNzYZJMs2hzhOZ6FbEDEgRQx0FSmilGpiKJDSjm/Oh37wFbUQSX2E/hUCxXiy6gjO0Ulja9hMFPRa61DdCUR/hDvOL6v0gLJXdijsCnSbehJTJBLWw9Ol3Ep4piJFLZkzbc1MMcqZRcAmDop8ZSBm/YT1oWxozBSbIRx8M6J5VOrSbaFsx0pH6cyJnypi+imynYnht/npD8T+vnWH3JMhFnGYIMR8v6maSYkKHcdCO0MBR9i1hXAt7K+XXTDOONrSiDcH7+/I0aRxUvMPK0eVh+fRsEkeB7JBdsk88ckxOSZXUSJ1w8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HNwAulp4=</latexit>

m
ec
h
an

ic
al

re
so
n
an

ce

<latexit sha1_base64="dZ13xRMkfNNsyqqz/8SNjjy94UA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTFF0W3bisYB/QDiWT3mlDk8yQZIQ6FH/FjQtF3Pof7vwb03YW2nrgwsk595J7T5hwpo3nfTuFldW19Y3iZmlre2d3z90/aOo4VRQaNOaxaodEA2cSGoYZDu1EAREhh1Y4upn6rQdQmsXy3owTCAQZSBYxSoyVeu6RADok0r45VqBjSSSFnlv2Kt4MeJn4OSmjHPWe+9XtxzQVIA3lROuO7yUmyIgyjHKYlLqphoTQERlAx1JJBOggm20/wadW6eMoVrakwTP190RGhNZjEdpOQcxQL3pT8T+vk5roKsiYTFIDks4/ilKOTYynUeA+U0ANH1tCqGJ2V2yzUIQaG1jJhuAvnrxMmtWKf165uKuWa9d5HEV0jE7QGfLRJaqhW1RHDUTRI3pGr+jNeXJenHfnY95acPKZQ/QHzucPqI2VXA==</latexit>

!p ⇠ 10 kHz

<latexit sha1_base64="48X4yS/FTH/+6R70jGPKwT9LJKA=">AAACBXicbVA9SwNBEN3z2/gVtdRiMQgWEu4koqVokzKCSYTccextJnHJ7t2xOyfGI42Nf8XGQhFb/4Od/8ZNTKGJDwYe780wMy9KpTDoul/OzOzc/MLi0nJhZXVtfaO4udUwSaY51HkiE30dMQNSxFBHgRKuUw1MRRKaUe9i6DdvQRuRxFfYTyFQrBuLjuAMrRQWd/1EQZeFKfWNUNRz/UMf4Q7zXvV+EBZLbtkdgU4Tb0xKZIxaWPz02wnPFMTIJTOm5bkpBjnTKLiEQcHPDKSM91gXWpbGTIEJ8tEXA7pvlTbtJNpWjHSk/p7ImTKmryLbqRjemElvKP7ntTLsnAa5iNMMIeY/izqZpJjQYSS0LTRwlH1LGNfC3kr5DdOMow2uYEPwJl+eJo2jslcpH19WSmfn4ziWyA7ZIwfEIyfkjFRJjdQJJw/kibyQV+fReXbenPef1hlnPLNN/sD5+AaxCZgT</latexit>

resonant GW

<latexit sha1_base64="CNRnjMTTRf9sYeLMs7FhpmojT+w=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6a2VXdFF7qsYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YtiOo6IELh3Pu5d57woQzbRD6cJaWV1bX1gsbxc2t7Z3d0t5+W8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaSccX838zj1VmklxZyYJDWI8FCxiBBsr+YpqKbAw8LrTL5WRW0PeRf0UIhdZVOswV+rQmysIlUGOZr/03htIksZUGMKx1r6HEhNkWBlGOJ0We6mmCSZjPKS+pQLHVAfZ/OQpPLbKAEZS2bLr5+r3iQzHWk/i0HbG2Iz0b28m/uX5qYnOg4yJJDVUkMWiKOXQSDj7Hw6YosTwiSWYKGZvhWSEFSbGplS0IXx9Cv8n7YrrVd3abaXcuMzjKIBDcAROgAfOQAPcgCZoAQIkeABP4NkxzqPz4rwuWpecfOYA/IDz9glfYpFT</latexit>

!g = !1 � !0

<latexit sha1_base64="mnZf49NxS1R23Pw5/2PQcBWcYnk=">AAACB3icdZDLSgMxFIYzXmu9jboUJFgENw4ZbasuhKIblxXsBdphyKSZaWjmQpIRytCdG1/FjQtF3PoK7nwb03YKKvpD4Oc753Byfi/hTCqEPo25+YXFpeXCSnF1bX1j09zabso4FYQ2SMxj0fawpJxFtKGY4rSdCIpDj9OWN7ga11t3VEgWR7dqmFAnxEHEfEaw0sg197pxSAPsBvAC5taGRzOLXLOErAqyz6snEFlIq1yFOalCe0IQKoFcddf86PZikoY0UoRjKTs2SpSTYaEY4XRU7KaSJpgMcEA72kY4pNLJJneM4IEmPejHQr9IwQn9PpHhUMph6OnOEKu+/F0bw79qnVT5Z07GoiRVNCLTRX7KoYrhOBTYY4ISxYfaYCKY/iskfSwwUTq6og5hdin83zSPLbtsVW7KpdplHkcB7IJ9cAhscApq4BrUQQMQcA8ewTN4MR6MJ+PVeJu2zhn5zA74IeP9C/DpmBo=</latexit>

broadband GW

<latexit sha1_base64="ioSzeLnpo0Wysgm23NWLWmGR1Gg=">AAAB83icdZDLSgMxFIYzXmu9VV26CRbB1ZCpbdVd0YUuK9gLtEPJZDJtaCYZkoxQhr6GGxeKuPVl3Pk2pu0IKvpD4PD953BO/iDhTBuEPpyl5ZXVtfXCRnFza3tnt7S339YyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxlczv3NPlWZS3JlJQv0YDwWLGMHGon6gJA4DLEJ43RmUysitIe+ifgqRi6yqdZiTOvTmBKEyyNUclN77oSRpTIUhHGvd81Bi/Awrwwin02I/1TTBZIyHtGdLgWOq/Wx+8xQeWxLCSCr7hIFz+n0iw7HWkziwnTE2I/3bm8G/vF5qonM/YyJJDRVksShKOTQSzgKAIVOUGD6xBSaK2VshGWGFibExFW0IXz+F/xftiutV3dptpdy4zOMogENwBE6AB85AA9yAJmgBAhLwAJ7As5M6j86L87poXXLymQPwQ87bJ9ThkZA=</latexit>

!g > !1 � !0

<latexit sha1_base64="xOdZEiUMjhWeMvFn534FuREQUpk=">AAACB3icdZDLSgMxFIYzXmu9jboUJFgENw4ZbatupOjGZQV7gXYYMmlmGpq5kGSEMnTnxldx40IRt76CO9/GtJ2Civ4Q+PnOOZyc30s4kwqhT2NufmFxabmwUlxdW9/YNLe2mzJOBaENEvNYtD0sKWcRbSimOG0nguLQ47TlDa7G9dYdFZLF0a0aJtQJcRAxnxGsNHLNvW4c0gC7AbyAubXh0cwi1ywhq4Ls8+oJRBbSKldhTqrQnhCESiBX3TU/ur2YpCGNFOFYyo6NEuVkWChGOB0Vu6mkCSYDHNCOthEOqXSyyR0jeKBJD/qx0C9ScEK/T2Q4lHIYerozxKovf9fG8K9aJ1X+mZOxKEkVjch0kZ9yqGI4DgX2mKBE8aE2mAim/wpJHwtMlI6uqEOYXQr/N81jyy5blZtyqXaZx1EAu2AfHAIbnIIauAZ10AAE3INH8AxejAfjyXg13qatc0Y+swN+yHj/AvKBmBs=</latexit>

!0 + !g

<latexit sha1_base64="7ZiZlOQ2B8HZ893lwSLpNGKexQE=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiCEJJpKLLohuXFewF2hAm00k7dC5hZiKEUF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+aOEUW0879spra1vbG6Vtys7u3v7B+7hUUfLVGHSxpJJ1YuQJowK0jbUMNJLFEE8YqQbTW5n9e4jUZpK8WCyhAQcjQSNKUbGWqFbHUhORij04DkscBS6Na/uzQVXwS+gBgq1QvdrMJQ45UQYzJDWfd9LTJAjZShmZFoZpJokCE/QiPQtCsSJDvL58VN4ap0hjKWyTxg4d39P5IhrnfHIdnJkxnq5NjP/q/VTE18HORVJaojAi0VxyqCRcJYEHFJFsGGZBYQVtbdCPEYKYWPzqtgQ/OUvr0Lnou436pf3jVrzpoijDI7BCTgDPrgCTXAHWqANMMjAM3gFb86T8+K8Ox+L1pJTzFTBHzmfP2jYk/s=</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>

GW

<latexit sha1_base64="CZ5OVetlCoOgKqGU7qArmRA+wlg=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSap0borutBlFfuANpTJdNIOnUzCzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtLyyulZcL21sbm3vlHf3WipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpe5376nUrFY3OlJQv0IDwULGcHaSLdX7X65gmx06lXPPYhsDzk1Nyeu5yBUhY6NZqiABRr98ntvEJM0okITjpXqOijRfoalZoTTaamXKppgMsZD2jVU4IgqP5tdOoVHRhnAMJamhIYz9ftEhiOlJlFgOiOsR+q3l4t/ed1UhzU/YyJJNRVkvihMOdQxzN+GAyYp0XxiCCaSmVshGWGJiTbhlEwIX5/C/0nLtZ0T27txK/WLRRxFcAAOwTFwwBmog2vQAE1AQAgewBN4tsbWo/Vivc5bC9ZiZh/8gPX2CZ5hjW4=</latexit>

!1 ⇠ GHz

<latexit sha1_base64="qYhkkc38RxWu/aP13Rm07y/0gdU=">AAACAXicbVA9SwNBEN2L3/Hr1EawWQyCVbiTiJZBCy0VjAnkQtjbTJIlu3fH7pwYj9j4V2wsFLH1X9j5b9x8FJr4YODx3gwz88JECoOe9+3k5uYXFpeWV/Kra+sbm+7W9q2JU82hwmMZ61rIDEgRQQUFSqglGpgKJVTD3vnQr96BNiKObrCfQEOxTiTagjO0UtPdDWIFHdb0aWCEogHCPWYXlw+Dplvwit4IdJb4E1IgE1w13a+gFfNUQYRcMmPqvpdgI2MaBZcwyAepgYTxHutA3dKIKTCNbPTBgB5YpUXbsbYVIR2pvycypozpq9B2KoZdM+0Nxf+8eort00YmoiRFiPh4UTuVFGM6jIO2hAaOsm8J41rYWynvMs042tDyNgR/+uVZcntU9EvF4+tSoXw2iWOZ7JF9ckh8ckLK5JJckQrh5JE8k1fy5jw5L8678zFuzTmTmR3yB87nDwHClp8=</latexit>

si
gn

al
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e

<latexit sha1_base64="lUt98fl/sK7fP3VS5EnCkTb8f4w=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqWQXre2t6MVjBWsL26Vks9k2NJssSVYoS3+GFw+KePXXePPfmG0rqOiDgcd7M8zMC1POtEHowymtrK6tb5Q3K1vbO7t71f2DOy0zRWiXSC5VP8SaciZo1zDDaT9VFCchp71wclX4vXuqNJPi1kxTGiR4JFjMCDZW8jUbCcxhIiM6rNZQHVk0GrAgbhO5lrRaTc9rQXduIVQDS3SG1fdBJEmWUGEIx1r7LkpNkGNlGOF0VhlkmqaYTPCI+pYKnFAd5POTZ/DEKhGMpbIlDJyr3ydynGg9TULbmWAz1r+9QvzL8zMTN4OciTQzVJDFojjj0EhY/A8jpigxfGoJJorZWyEZY4WJsSlVbAhfn8L/yZ1Xd8/q5zderX25jKMMjsAxOAUuuABtcA06oAsIkOABPIFnxziPzovzumgtOcuZQ/ADztsnhrCRbg==</latexit>

Signal mode: !1 � !0 ⌧ !0

<latexit sha1_base64="6UIPF/kqNioklnbjx61xjc7CtRE="></latexit>

How does this work?
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! ⇠ GHz

<latexit sha1_base64="uyIqUBBoyHXeJTDAN2u0dFn1bRY="></latexit>

!s ⇠ GHz��!

<latexit sha1_base64="hQDb2WiZkEyCuXBOsmX6yCVAAa4="></latexit>

!a ⇠ GHz +�!

<latexit sha1_base64="IGEvndZ1+lTE5s5/MtgYKEsHuaQ="></latexit>

�! ⇠ (a/R)3

<latexit sha1_base64="SQnTfjfceVYQ16bfgVOeQKPA+cg="></latexit>

E0

<latexit sha1_base64="jMyHraqPPxssNa3HWFcNHC+pHa4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNtze+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+/A410</latexit>

E1

<latexit sha1_base64="tZv7XalW7Z3iPmpmszeviCmNF6o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/Ah411</latexit>

a

<latexit sha1_base64="uizzTa+Cvp7uqzRN0dRtCgygptY="></latexit>

E0

<latexit sha1_base64="jMyHraqPPxssNa3HWFcNHC+pHa4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNtze+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+/A410</latexit>

E1

<latexit sha1_base64="tZv7XalW7Z3iPmpmszeviCmNF6o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/Ah411</latexit>

R

<latexit sha1_base64="eDn/26BRHLRCKL3LQ8v1SYAZxgQ="></latexit>

!g

<latexit sha1_base64="AV8hsAWeDSeLtrkfloDWrmN3+BE="></latexit>

GW
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Parametrics of the EM signal: E(EM)
sig ⇠ Qem (!g Lcav)

2 hTT E0

<latexit sha1_base64="NzFS9l4RWDtyPMGgnoBpkOEp6/4="></latexit>

!0

!1

<latexit sha1_base64="Qxn0pN17ntnksGcBAgw8Vp20ZCk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wPUL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqpf3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8UlY/x</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>
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E(mech)
sig ⇠ Qem hTT E0 min

⇣
1 ,

!g Lcav

cs

⌘2

<latexit sha1_base64="yanGS+FPIRFzUopYkTV9FGCN2Rw="></latexit>

Mechanical signal: !g

<latexit sha1_base64="acyNx0s0exolf4zTgGjG2dQ25LM="></latexit>

⌘gmech

<latexit sha1_base64="viZ04jVlZAtYbNxlWRGNa/VmRyI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoseiF48V7Ac0MWy2k3bpbhJ2N0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZemHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJCi2a8ER2Q6KAsxhammkO3VQCESGHTji6nvqdB5CKJfGdHqfgCzKIWcQo0UYK7KoHmtwPgtyTAgugw0lg15y6MwNeJm5BaqhAM7C/vH5CMwGxppwo1XOdVPs5kZpRDpOKlylICR2RAfQMjYkA5eez0yf42Ch9HCXSVKzxTP09kROh1FiEplMQPVSL3lT8z+tlOrr0cxanmYaYzhdFGcc6wdMccJ9JoJqPDSFUMnMrpkMiCdUmrYoJwV18eZm0T+vuWf389qzWuCriKKNDdIROkIsuUAPdoCZqIYoe0TN6RW/Wk/VivVsf89aSVcwcoD+wPn8ASYqUBw==</latexit>

!p

<latexit sha1_base64="55Bql7T1CgdCAQYb2SOS6EfRdEc=">AAAB73icdVDJSgNBEO1xjXGLevTSGARPYSYkmGPQi8cIZoFkCD2dmqRJL2N3jxCG/IQXD4p49Xe8+Td2FsH1QcHjvSqq6kUJZ8b6/ru3srq2vrGZ28pv7+zu7RcODltGpZpCkyqudCciBjiT0LTMcugkGoiIOLSj8eXMb9+BNkzJGztJIBRkKFnMKLFO6vSUgCHpJ/1C0S/V/HJQqeLfJCj5cxTREo1+4a03UDQVIC3lxJhu4Cc2zIi2jHKY5nupgYTQMRlC11FJBJgwm987xadOGeBYaVfS4rn6dSIjwpiJiFynIHZkfnoz8S+vm9q4FmZMJqkFSReL4pRjq/DseTxgGqjlE0cI1czdiumIaEKtiyjvQvj8FP9PWuVSUClVryvF+sUyjhw6RifoDAXoHNXRFWqgJqKIo3v0iJ68W+/Be/ZeFq0r3nLmCH2D9/oBcoaQQg==</latexit>

!0

⌘EM
mech

<latexit sha1_base64="rml6t0Kkaj5zcEQXTgukxhuyMd0="></latexit>

!1

<latexit sha1_base64="Qxn0pN17ntnksGcBAgw8Vp20ZCk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wPUL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqpf3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8UlY/x</latexit>

Parametrics of the EM signal: E(EM)
sig ⇠ Qem (!g Lcav)

2 hTT E0

<latexit sha1_base64="NzFS9l4RWDtyPMGgnoBpkOEp6/4="></latexit>

!0

!1

<latexit sha1_base64="Qxn0pN17ntnksGcBAgw8Vp20ZCk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wPUL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqpf3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8UlY/x</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>
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Enhanced up to  (!)1/c2
s ≫ 1

E(mech)
sig ⇠ Qem hTT E0 min

⇣
1 ,

!g Lcav

cs

⌘2

<latexit sha1_base64="yanGS+FPIRFzUopYkTV9FGCN2Rw="></latexit>

Mechanical signal: !g

<latexit sha1_base64="acyNx0s0exolf4zTgGjG2dQ25LM="></latexit>

⌘gmech

<latexit sha1_base64="viZ04jVlZAtYbNxlWRGNa/VmRyI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoseiF48V7Ac0MWy2k3bpbhJ2N0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZemHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJCi2a8ER2Q6KAsxhammkO3VQCESGHTji6nvqdB5CKJfGdHqfgCzKIWcQo0UYK7KoHmtwPgtyTAgugw0lg15y6MwNeJm5BaqhAM7C/vH5CMwGxppwo1XOdVPs5kZpRDpOKlylICR2RAfQMjYkA5eez0yf42Ch9HCXSVKzxTP09kROh1FiEplMQPVSL3lT8z+tlOrr0cxanmYaYzhdFGcc6wdMccJ9JoJqPDSFUMnMrpkMiCdUmrYoJwV18eZm0T+vuWf389qzWuCriKKNDdIROkIsuUAPdoCZqIYoe0TN6RW/Wk/VivVsf89aSVcwcoD+wPn8ASYqUBw==</latexit>

!p

<latexit sha1_base64="55Bql7T1CgdCAQYb2SOS6EfRdEc=">AAAB73icdVDJSgNBEO1xjXGLevTSGARPYSYkmGPQi8cIZoFkCD2dmqRJL2N3jxCG/IQXD4p49Xe8+Td2FsH1QcHjvSqq6kUJZ8b6/ru3srq2vrGZ28pv7+zu7RcODltGpZpCkyqudCciBjiT0LTMcugkGoiIOLSj8eXMb9+BNkzJGztJIBRkKFnMKLFO6vSUgCHpJ/1C0S/V/HJQqeLfJCj5cxTREo1+4a03UDQVIC3lxJhu4Cc2zIi2jHKY5nupgYTQMRlC11FJBJgwm987xadOGeBYaVfS4rn6dSIjwpiJiFynIHZkfnoz8S+vm9q4FmZMJqkFSReL4pRjq/DseTxgGqjlE0cI1czdiumIaEKtiyjvQvj8FP9PWuVSUClVryvF+sUyjhw6RifoDAXoHNXRFWqgJqKIo3v0iJ68W+/Be/ZeFq0r3nLmCH2D9/oBcoaQQg==</latexit>

!0

⌘EM
mech

<latexit sha1_base64="rml6t0Kkaj5zcEQXTgukxhuyMd0="></latexit>

!1

<latexit sha1_base64="Qxn0pN17ntnksGcBAgw8Vp20ZCk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wPUL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqpf3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8UlY/x</latexit>

Parametrics of the EM signal: E(EM)
sig ⇠ Qem (!g Lcav)

2 hTT E0

<latexit sha1_base64="NzFS9l4RWDtyPMGgnoBpkOEp6/4="></latexit>

!0

!1

<latexit sha1_base64="Qxn0pN17ntnksGcBAgw8Vp20ZCk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wPUL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqpf3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8UlY/x</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>
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Enhanced up to  (!)1/c2
s ≫ 1

Mechanical modes less “rigid” than EM modes 

E(mech)
sig ⇠ Qem hTT E0 min

⇣
1 ,

!g Lcav

cs

⌘2

<latexit sha1_base64="yanGS+FPIRFzUopYkTV9FGCN2Rw="></latexit>

Mechanical signal: !g

<latexit sha1_base64="acyNx0s0exolf4zTgGjG2dQ25LM="></latexit>

⌘gmech

<latexit sha1_base64="viZ04jVlZAtYbNxlWRGNa/VmRyI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoseiF48V7Ac0MWy2k3bpbhJ2N0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZemHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJCi2a8ER2Q6KAsxhammkO3VQCESGHTji6nvqdB5CKJfGdHqfgCzKIWcQo0UYK7KoHmtwPgtyTAgugw0lg15y6MwNeJm5BaqhAM7C/vH5CMwGxppwo1XOdVPs5kZpRDpOKlylICR2RAfQMjYkA5eez0yf42Ch9HCXSVKzxTP09kROh1FiEplMQPVSL3lT8z+tlOrr0cxanmYaYzhdFGcc6wdMccJ9JoJqPDSFUMnMrpkMiCdUmrYoJwV18eZm0T+vuWf389qzWuCriKKNDdIROkIsuUAPdoCZqIYoe0TN6RW/Wk/VivVsf89aSVcwcoD+wPn8ASYqUBw==</latexit>

!p

<latexit sha1_base64="55Bql7T1CgdCAQYb2SOS6EfRdEc=">AAAB73icdVDJSgNBEO1xjXGLevTSGARPYSYkmGPQi8cIZoFkCD2dmqRJL2N3jxCG/IQXD4p49Xe8+Td2FsH1QcHjvSqq6kUJZ8b6/ru3srq2vrGZ28pv7+zu7RcODltGpZpCkyqudCciBjiT0LTMcugkGoiIOLSj8eXMb9+BNkzJGztJIBRkKFnMKLFO6vSUgCHpJ/1C0S/V/HJQqeLfJCj5cxTREo1+4a03UDQVIC3lxJhu4Cc2zIi2jHKY5nupgYTQMRlC11FJBJgwm987xadOGeBYaVfS4rn6dSIjwpiJiFynIHZkfnoz8S+vm9q4FmZMJqkFSReL4pRjq/DseTxgGqjlE0cI1czdiumIaEKtiyjvQvj8FP9PWuVSUClVryvF+sUyjhw6RifoDAXoHNXRFWqgJqKIo3v0iJ68W+/Be/ZeFq0r3nLmCH2D9/oBcoaQQg==</latexit>

!0

⌘EM
mech

<latexit sha1_base64="rml6t0Kkaj5zcEQXTgukxhuyMd0="></latexit>

!1

<latexit sha1_base64="Qxn0pN17ntnksGcBAgw8Vp20ZCk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wPUL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqpf3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8UlY/x</latexit>

Parametrics of the EM signal: E(EM)
sig ⇠ Qem (!g Lcav)

2 hTT E0

<latexit sha1_base64="NzFS9l4RWDtyPMGgnoBpkOEp6/4="></latexit>

!0

!1

<latexit sha1_base64="Qxn0pN17ntnksGcBAgw8Vp20ZCk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wPUL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqpf3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8UlY/x</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>
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Signal and Noise PSDs: Non-Scanning

S(mech)
noise

S(EM)
noise

S(amp)
noise

S(mech)
sig

⇠ 1

Q

T

!0U0

<latexit sha1_base64="sDjq2tzPnqUJVsvFssCs2d9M6dg="></latexit>

Sh

<latexit sha1_base64="QnXdX4hPzDdBHaDMxcQeedvna0M="></latexit>

EM Th. > MHz

⇠
SFp

!4
g (ML)2

<latexit sha1_base64="/nMsl9NJ9RWoGdpQ3KXjvvtfmDU="></latexit>

Sh

<latexit sha1_base64="QnXdX4hPzDdBHaDMxcQeedvna0M="></latexit>

Mech < MHz

⇠
SFp

!4
g (ML)2

<latexit sha1_base64="/nMsl9NJ9RWoGdpQ3KXjvvtfmDU="></latexit>

Sh

<latexit sha1_base64="QnXdX4hPzDdBHaDMxcQeedvna0M="></latexit>

Mech < MHz
⇠

!2
g

~!0(!0U0)

<latexit sha1_base64="CrXsfRRy/31NlS1MHeDUm0DUX1g="></latexit>

Sh

<latexit sha1_base64="QnXdX4hPzDdBHaDMxcQeedvna0M="></latexit>

Amp > MHz
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Signal and Noise PSDs: Scanning

S(mech)
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Signal and Noise PSDs: Non-Scanning

S(mech)
noise

S(EM)
noise

S(amp)
noise

S(mech)
sig

NB: missing radiation damping effect studied in Löwenberg, Moortgat-Pick: 2307.14379

⇠ 1

Q

T

!0U0

<latexit sha1_base64="sDjq2tzPnqUJVsvFssCs2d9M6dg="></latexit>

Sh

<latexit sha1_base64="QnXdX4hPzDdBHaDMxcQeedvna0M="></latexit>

EM Th. > MHz

⇠
SFp

!4
g (ML)2

<latexit sha1_base64="/nMsl9NJ9RWoGdpQ3KXjvvtfmDU="></latexit>

Sh

<latexit sha1_base64="QnXdX4hPzDdBHaDMxcQeedvna0M="></latexit>

Mech < MHz

⇠
SFp

!4
g (ML)2

<latexit sha1_base64="/nMsl9NJ9RWoGdpQ3KXjvvtfmDU="></latexit>

Sh

<latexit sha1_base64="QnXdX4hPzDdBHaDMxcQeedvna0M="></latexit>

Mech < MHz
⇠

!2
g

~!0(!0U0)

<latexit sha1_base64="CrXsfRRy/31NlS1MHeDUm0DUX1g="></latexit>

Sh

<latexit sha1_base64="QnXdX4hPzDdBHaDMxcQeedvna0M="></latexit>

Amp > MHz
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s ≫ 1
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MAGO 2.0
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Only showing vibration-driven transition
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MAGO 2.0 — coherent GWs
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“Squeeze the Vacuum”
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Quantum, Ubi Est?
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HAYSTAC:  
Nature 590, 238  
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Technique already in use elsewhere, applicable to heterodyne approach
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Entangle the Sensors

Quantum, Ubi Est?

38
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Entangled sensors w/ squeezed vacuum:
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“Heisenberg Limit”
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See e.g. Brady et al  
PRX Quantum 3, 030333 (2022) 
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