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Light Weakly Coupled Bosons
Goal: Solve theoretical problems of the Standard Model 

(Strong CP, flavor, hierarchy…) 

Strategy: Propose global symmetry at some high scale, broken at low energy 

Generic Prediction: Light weakly coupled Goldstone Boson 
(Axion, axion-like-particle, familon, relaxion… )

Technically Natural Interactions

Potentially Natural Interactions
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Light Boson Detection
(1) Local Source
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(2) Cosmic Source

Ultra-light dark matter (<< 1 eV)



Where are we?

Very strong constraints at long (> µm) distances 

Sensitivity rapidly drops at short (< µm) distances
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high precision

Short Distance Forces
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Oscillating signal, narrow band
(Q ~ 106)

Detect Using suitable Resonator



Where are we?

nHz 10 GHzMHz

DMRadioCASPEr

Cosmological Source

GHzkHz

ADMX HAYSTAC

Axion Dark Matter

Oscillating signal, narrow band
(Q ~ 106)

Detect Using suitable Resonator

Resonators?



Outline

1. Mossbauer Effect 

2. High Frequency Axion Dark Matter 
Detection 

3. Conclusions 
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3. Backgrounds 
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5. Synchrotron Light Sources? 

6. Conclusions 
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Mossbauer Effect
E1

E0

Excited nuclear state decays via γ emission
Can the γ be reabsorbed?

????
E0

E1

Issue: Small nuclear cross-sections 
Efficient reabsorption only possible on resonance

Isn’t emitted γ at transition energy? Automatically Resonant?
No : Recoiling nucleus takes energy, γ outside narrow width 
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Mossbauer Effect
E1

E0

????
E0

E1

Small enough Eγ, entire lattice recoils! 
Negligible lattice kinetic energy - monochromatic Eγ 

Resonant Reabsorption possible! 

Narrow Nuclear Lines => High Sensitivity to energy shifts 
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Backgrounds

Electromagnetism? 
Needs to change nuclear transition energies 

Suppressed by small nuclear moments, 
electron shielding 
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Backgrounds

Electromagnetism? 
Needs to change nuclear transition energies 

Suppressed by small nuclear moments, 
electron shielding 

Unpolarized nuclear spin => effects average 
down 

Signal from new scalar and tensor 
interactions are not suppressed! 
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Backgrounds

Electromagnetism? 
Needs to change nuclear transition energies 

Suppressed by small nuclear moments, 
electron shielding 

Unpolarized nuclear spin => effects average 
down 

First order effects irrelevant 
Leading Background: Chemical Shift from Casimir 

Signal from new scalar and tensor 
interactions are not suppressed! 
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Sensitivity
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N� = 3⇥ 1014

Second Order Casimir Background at 
shortest distances 

Mitigate using differential measurement? 
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Experimental Progress
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!E → 10→14 eV

Gratta Lab @ Stanford
Next Steps: Higher Flux Iron Source 

Natural Line width in Tantallum 
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Angstrom Scale Forces

Standard Model Estimate ~ 10-13 eV
(Dipole shift from Isotope Change x Chemical Shift)

Can we do better? 
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Angstrom Scale Forces

Two Ge-73 Mossbauer Lines: 13 keV and 68 keV
Differential Measurement with Ge-Te (120) and Ge-Te(130)



Angstrom Scale Forces
Leading Order Standard Model Background: Shift in Electron Cloud x Nuclear Transition
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Angstrom Scale Forces
Leading Order Standard Model Background: Shift in Electron Cloud x Nuclear Transition

<latexit sha1_base64="rH5hDf8sCe4Fjn8QtozZNgJmt2I="></latexit>

ω (120)13 = Ge (120)!13 + 120ε13

<latexit sha1_base64="mb0nFgfCPy95DxgHo/QJbAS2IAQ="></latexit>

ω (120)68 = Ge (120)!68 + 120ε68

<latexit sha1_base64="NPyriYaKu4MCNOhA5LUltva/LFs="></latexit>

ω (130)13 = Ge (130)!13 + 130ε13

<latexit sha1_base64="mDiWDJy8zdAcBxfqeUvO0pJ6d0g="></latexit>

ω (130)68 = Ge (130)!68 + 130ε68

<latexit sha1_base64="ghyKbb8SzuGjUOB/Ntx8iISxKxI="></latexit>

ω (120)13
ω (120)68

→
ω (130)13
ω (130)68

↑ (13Ge (120)→ 12Ge (130)) (ε68!13 → ε13!68)

<latexit sha1_base64="IzHF19oOs3JpEn/wxHoaIkw/ixY="></latexit>

Ge (120) +

(
O

(
me

mN

))2

Differential Measurement sensitive to new force - suppressed standard model background



Mossbauer at Synchrotron Source
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Well after pulse, state starts to decay  
Coherent initial excitation => decays in phase

Decay along forward direction amplified by in phase addition



Mossbauer at Synchrotron Source

Excited  
State 

E0

E1

In phase decay 

Well after pulse, state starts to decay  
Coherent initial excitation => decays in phase

Decay along forward direction amplified by in phase addition

Collimated 
decay Beam 

Resonantly Excite 
absorber



Mossbauer at Synchrotron Source

d

Send Synchrotron Pulse



Mossbauer at Synchrotron Source

d

Send Synchrotron Pulse
Well after pulse, collimated emission 

Measure resonant reabsorption as a function of d



Mossbauer at Synchrotron Source

d

Send Synchrotron Pulse
Well after pulse, collimated emission 

Measure resonant reabsorption as a function of d
Why?

Clean excitation unlike radioactive decay 
May enable new class of ultra narrow Mossbauer 



High Frequency Axion Dark Matter Detection
(GALILEO)
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High Frequency Resonators

oscillating axion 
field 
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field 

oscillating E’ field
(dark matter)

Charge sees small 
oscillating electric 

field

Detect high frequency oscillating electric field



Nonlinear Optics

Detect high frequency oscillating electric field

Crystal with index of refraction with a linear dependence on electric field
(e.g. Lithium Niobate)

Create Optical Cavity with Lithium Niobate - choose length to set resonance frequency 

Send light through optical resonator - measure phase shift



Nonlinear Optics

Detect high frequency oscillating electric field

Crystal with index of refraction with a linear dependence on electric field
(e.g. Lithium Niobate)

Create Optical Cavity with Lithium Niobate - choose length to set resonance frequency 

Send light through optical resonator - measure phase shift
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Nonlinear Optics

Detect high frequency oscillating electric field

Crystal with index of refraction with a linear dependence on electric field
(e.g. Lithium Niobate)

Create Optical Cavity with Lithium Niobate - choose length to set resonance frequency 

Send light through optical resonator - measure phase shift
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Nonlinear Optics

Detect high frequency oscillating electric field

Crystal with index of refraction with a linear dependence on electric field
(e.g. Lithium Niobate)

Create Optical Cavity with Lithium Niobate - choose length to set resonance frequency 

Send light through optical resonator - measure phase shift
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~E

Phase shift depends on index of refraction - 
measures time varying electric field

Lowest frequency set by absorption length of light (~km)

High frequency cut-off: Nyquist limit, response time of 
crystal (> THz)



Projected Sensitivity
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Conclusions

1. Important to search broad range of 
couplings and frequencies 

2. Exciting opportunities combining 
nuclear physics + optics



Where are we?
Local Source

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="mi1DrnzlJDRwRfksmF1smXbbHdo="></latexit>

@µ�

fa
 ̄�µ�5 

Monopole Source Spin Sensor



Where are we?
Local Source

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="mi1DrnzlJDRwRfksmF1smXbbHdo="></latexit>

@µ�

fa
 ̄�µ�5 

Monopole Source Spin Sensor

Light Shining Through a Wall

<latexit sha1_base64="m4CBcQ0biTWbcZn2N0p9WQtyo80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VrC20oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy+rTXrniVt05yCrxclKBHI1e+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPUzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJU8XVe+6evVwWanV8ziKcAKncA4e3EAN7qEBTWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdjFY+e</latexit>

~B
<latexit sha1_base64="m4CBcQ0biTWbcZn2N0p9WQtyo80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VrC20oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy+rTXrniVt05yCrxclKBHI1e+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPUzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJU8XVe+6evVwWanV8ziKcAKncA4e3EAN7qEBTWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdjFY+e</latexit>

~B

<latexit sha1_base64="deZKY1puTtBu794quB8jSgDkX70=">AAACA3icbVDLSsNAFL2pr1pfUXe6CRbBVUnE17IoFJcV7AOaECbTSTt0MgkzE6GEgBt/xY0LRdz6E+78G6dtFtp64MLhnHu5954gYVQq2/42SkvLK6tr5fXKxubW9o65u9eWcSowaeGYxaIbIEkY5aSlqGKkmwiCooCRTjC6mfidByIkjfm9GifEi9CA05BipLTkmwduKBDO3GRI8yz0Ud5wFWV9kjVy36zaNXsKa5E4BalCgaZvfrn9GKcR4QozJGXPsRPlZUgoihnJK24qSYLwCA1IT1OOIiK9bPpDbh1rpW+FsdDFlTVVf09kKJJyHAW6M0JqKOe9ifif10tVeOVllCepIhzPFoUps1RsTQKx+lQQrNhYE4QF1bdaeIh0KErHVtEhOPMvL5L2ac25qJ3fnVXr10UcZTiEIzgBBy6hDrfQhBZgeIRneIU348l4Md6Nj1lryShm9uEPjM8f5TGYVg==</latexit>

�

fa
FF̃



Where are we?
Local Source

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="mi1DrnzlJDRwRfksmF1smXbbHdo="></latexit>

@µ�

fa
 ̄�µ�5 

Monopole Source Spin Sensor
<latexit sha1_base64="m4CBcQ0biTWbcZn2N0p9WQtyo80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VrC20oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy+rTXrniVt05yCrxclKBHI1e+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPUzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJU8XVe+6evVwWanV8ziKcAKncA4e3EAN7qEBTWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdjFY+e</latexit>

~B

Polarization Rotation 
(Spin Sensor)

Light Shining Through a Wall

<latexit sha1_base64="m4CBcQ0biTWbcZn2N0p9WQtyo80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VrC20oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy+rTXrniVt05yCrxclKBHI1e+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPUzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJU8XVe+6evVwWanV8ziKcAKncA4e3EAN7qEBTWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdjFY+e</latexit>

~B
<latexit sha1_base64="m4CBcQ0biTWbcZn2N0p9WQtyo80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VrC20oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy+rTXrniVt05yCrxclKBHI1e+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPUzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJU8XVe+6evVwWanV8ziKcAKncA4e3EAN7qEBTWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdjFY+e</latexit>

~B

<latexit sha1_base64="deZKY1puTtBu794quB8jSgDkX70=">AAACA3icbVDLSsNAFL2pr1pfUXe6CRbBVUnE17IoFJcV7AOaECbTSTt0MgkzE6GEgBt/xY0LRdz6E+78G6dtFtp64MLhnHu5954gYVQq2/42SkvLK6tr5fXKxubW9o65u9eWcSowaeGYxaIbIEkY5aSlqGKkmwiCooCRTjC6mfidByIkjfm9GifEi9CA05BipLTkmwduKBDO3GRI8yz0Ud5wFWV9kjVy36zaNXsKa5E4BalCgaZvfrn9GKcR4QozJGXPsRPlZUgoihnJK24qSYLwCA1IT1OOIiK9bPpDbh1rpW+FsdDFlTVVf09kKJJyHAW6M0JqKOe9ifif10tVeOVllCepIhzPFoUps1RsTQKx+lQQrNhYE4QF1bdaeIh0KErHVtEhOPMvL5L2ac25qJ3fnVXr10UcZTiEIzgBBy6hDrfQhBZgeIRneIU348l4Md6Nj1lryShm9uEPjM8f5TGYVg==</latexit>

�

fa
FF̃



Where are we?
Local Source

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="mi1DrnzlJDRwRfksmF1smXbbHdo="></latexit>

@µ�

fa
 ̄�µ�5 

Monopole Source Spin Sensor
<latexit sha1_base64="m4CBcQ0biTWbcZn2N0p9WQtyo80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VrC20oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy+rTXrniVt05yCrxclKBHI1e+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPUzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJU8XVe+6evVwWanV8ziKcAKncA4e3EAN7qEBTWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdjFY+e</latexit>

~B

Polarization Rotation 
(Spin Sensor)

Light Shining Through a Wall

<latexit sha1_base64="m4CBcQ0biTWbcZn2N0p9WQtyo80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VrC20oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy+rTXrniVt05yCrxclKBHI1e+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPUzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJU8XVe+6evVwWanV8ziKcAKncA4e3EAN7qEBTWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdjFY+e</latexit>

~B
<latexit sha1_base64="m4CBcQ0biTWbcZn2N0p9WQtyo80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VrC20oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy+rTXrniVt05yCrxclKBHI1e+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPUzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJU8XVe+6evVwWanV8ziKcAKncA4e3EAN7qEBTWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdjFY+e</latexit>

~B

<latexit sha1_base64="deZKY1puTtBu794quB8jSgDkX70=">AAACA3icbVDLSsNAFL2pr1pfUXe6CRbBVUnE17IoFJcV7AOaECbTSTt0MgkzE6GEgBt/xY0LRdz6E+78G6dtFtp64MLhnHu5954gYVQq2/42SkvLK6tr5fXKxubW9o65u9eWcSowaeGYxaIbIEkY5aSlqGKkmwiCooCRTjC6mfidByIkjfm9GifEi9CA05BipLTkmwduKBDO3GRI8yz0Ud5wFWV9kjVy36zaNXsKa5E4BalCgaZvfrn9GKcR4QozJGXPsRPlZUgoihnJK24qSYLwCA1IT1OOIiK9bPpDbh1rpW+FsdDFlTVVf09kKJJyHAW6M0JqKOe9ifif10tVeOVllCepIhzPFoUps1RsTQKx+lQQrNhYE4QF1bdaeIh0KErHVtEhOPMvL5L2ac25qJ3fnVXr10UcZTiEIzgBBy6hDrfQhBZgeIRneIU348l4Md6Nj1lryShm9uEPjM8f5TGYVg==</latexit>

�

fa
FF̃

New opportunities?



Acceleration Search using Atom Interferometers
(MAGIS)



New Opportunities
Local Source

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="mi1DrnzlJDRwRfksmF1smXbbHdo="></latexit>

@µ�

fa
 ̄�µ�5 

Monopole Source Spin Sensor



New Opportunities
Local Source

Dipole Source

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Monopole Sensor

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="mi1DrnzlJDRwRfksmF1smXbbHdo="></latexit>

@µ�

fa
 ̄�µ�5 

Monopole Source Spin Sensor



Monopole Dipole Forces

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Monopole Source Spin Sensor

<latexit sha1_base64="yNrgeVeXm1pXOFn1OyegXKT/trg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEfG2E4gNcVugLmlAmk5t26OTBzEQooW78FTcuFHHrX7jzb5ymXWjrgQtnzrmXufd4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2mjFNBoUFjHou2RyRwFkFDMcWhnQggoceh5Q2ux37rAYRkcVRXwwTckPQiFjBKlJa65p7jA1cEO0mf4Uvs3OSvW1zvmmWrYuXA88SekjKaotY1vxw/pmkIkaKcSNmxrUS5GRGKUQ6jkpNKSAgdkB50NI1ICNLN8gtG+FArPg5ioStSOFd/T2QklHIYerozJKovZ72x+J/XSVVw4WYsSlIFEZ18FKQcqxiP48A+E0AVH2pCqGB6V0z7RBCqdGglHYI9e/I8aR5X7LPK6f1JuXo1jaOI9tEBOkI2OkdVdIdqqIEoekTP6BW9GU/Gi/FufExaC8Z0Zhf9gfH5AxyXlWQ=</latexit>

�� = �ET

Dipole Source

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Monopole Sensor

<latexit sha1_base64="SyDKo6CS550UY9Sa+RyrkTXzBYs=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpSfG2EohuXFfoQmlgmk2k7dDIJMxOhhIK/4saFIm79Dnf+jdM2C209cOFwzr3ce0+QcKa043xbhaXlldW14nppY3Nre8fe3WupOJWENknMY3kfYEU5E7Spmeb0PpEURwGn7WB4M/Hbj1QqFouGHiXUj3BfsB4jWBupax94IeUaIy8ZMHSFhgijxkO1a5edijMFWiRuTsqQo961v7wwJmlEhSYcK9VxnUT7GZaaEU7HJS9VNMFkiPu0Y6jAEVV+Nj1/jI6NEqJeLE0Jjabq74kMR0qNosB0RlgP1Lw3Ef/zOqnuXfoZE0mqqSCzRb2UIx2jSRYoZJISzUeGYCKZuRWRAZaYaJNYyYTgzr+8SFrVinteObs7Ldeu8ziKcAhHcAIuXEANbqEOTSCQwTO8wpv1ZL1Y79bHrLVg5TP78AfW5w/KWpQX</latexit>

�� = kaT 2



Monopole Dipole Forces

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Monopole Source Spin Sensor

<latexit sha1_base64="yNrgeVeXm1pXOFn1OyegXKT/trg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEfG2E4gNcVugLmlAmk5t26OTBzEQooW78FTcuFHHrX7jzb5ymXWjrgQtnzrmXufd4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2mjFNBoUFjHou2RyRwFkFDMcWhnQggoceh5Q2ux37rAYRkcVRXwwTckPQiFjBKlJa65p7jA1cEO0mf4Uvs3OSvW1zvmmWrYuXA88SekjKaotY1vxw/pmkIkaKcSNmxrUS5GRGKUQ6jkpNKSAgdkB50NI1ICNLN8gtG+FArPg5ioStSOFd/T2QklHIYerozJKovZ72x+J/XSVVw4WYsSlIFEZ18FKQcqxiP48A+E0AVH2pCqGB6V0z7RBCqdGglHYI9e/I8aR5X7LPK6f1JuXo1jaOI9tEBOkI2OkdVdIdqqIEoekTP6BW9GU/Gi/FufExaC8Z0Zhf9gfH5AxyXlWQ=</latexit>

�� = �ET

Dipole Source

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Monopole Sensor

<latexit sha1_base64="SyDKo6CS550UY9Sa+RyrkTXzBYs=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpSfG2EohuXFfoQmlgmk2k7dDIJMxOhhIK/4saFIm79Dnf+jdM2C209cOFwzr3ce0+QcKa043xbhaXlldW14nppY3Nre8fe3WupOJWENknMY3kfYEU5E7Spmeb0PpEURwGn7WB4M/Hbj1QqFouGHiXUj3BfsB4jWBupax94IeUaIy8ZMHSFhgijxkO1a5edijMFWiRuTsqQo961v7wwJmlEhSYcK9VxnUT7GZaaEU7HJS9VNMFkiPu0Y6jAEVV+Nj1/jI6NEqJeLE0Jjabq74kMR0qNosB0RlgP1Lw3Ef/zOqnuXfoZE0mqqSCzRb2UIx2jSRYoZJISzUeGYCKZuRWRAZaYaJNYyYTgzr+8SFrVinteObs7Ldeu8ziKcAhHcAIuXEANbqEOTSCQwTO8wpv1ZL1Y79bHrLVg5TP78AfW5w/KWpQX</latexit>

�� = kaT 2

Accelerometers gain with T 
For macroscopic masses, limited by vibration and thermal noise

Use free falling atoms!



Monopole Dipole Forces

Dipole Source

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Freely Falling Atom Gradiometer

Atoms are vibrationally decoupled 
Operate using magnetically 
insensitive states or atomic 

comagnetometer

Using modern atom optics, can get 
atoms to bounce

Can obtain T ~ 1 s (or more)

Axion range ~ 10 cm - set by size of atom cloud



Monopole Dipole Forces

Dipole Source

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Freely Falling Atom Gradiometer

Atoms are vibrationally decoupled 
Operate using magnetically 
insensitive states or atomic 

comagnetometer

Using modern atom optics, can get 
atoms to bounce

Can obtain T ~ 1 s (or more)

Axion range ~ 10 cm - set by size of atom cloud
<latexit sha1_base64="l2pUoiBXZet5VH9DGBRz2wlB5P0=">AAACCXicbZC7TsMwFIadcivlFmBksaiQWFol5daxgoUJFYlepDZEjuu2Vm0nsh2kKsrKwquwMIAQK2/Axtvgthmg5ZeO9Ok/58g+fxAxqrTjfFu5peWV1bX8emFjc2t7x97da6owlpg0cMhC2Q6QIowK0tBUM9KOJEE8YKQVjK4m/dYDkYqG4k6PI+JxNBC0TzHSxvJtOPCJqRvYVZRD17lPSpVqCkszPKmkvl10ys5UcBHcDIogU923v7q9EMecCI0ZUqrjOpH2EiQ1xYykhW6sSITwCA1Ix6BAnCgvmV6SwiPj9GA/lKaEhlP390aCuFJjHphJjvRQzfcm5n+9Tqz7VS+hIoo1EXj2UD9mUIdwEgvsUUmwZmMDCEtq/grxEEmEtQmvYEJw509ehGal7J6Xz25Pi7XLLI48OACH4Bi44ALUwDWogwbA4BE8g1fwZj1ZL9a79TEbzVnZzj74I+vzB9IPlz0=</latexit>

gegN ⇠ 10�28 � 10�32



Photon Polarization Search
(MAGPI)



New Opportunities
Local Source

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

Monopole Source

<latexit sha1_base64="deZKY1puTtBu794quB8jSgDkX70=">AAACA3icbVDLSsNAFL2pr1pfUXe6CRbBVUnE17IoFJcV7AOaECbTSTt0MgkzE6GEgBt/xY0LRdz6E+78G6dtFtp64MLhnHu5954gYVQq2/42SkvLK6tr5fXKxubW9o65u9eWcSowaeGYxaIbIEkY5aSlqGKkmwiCooCRTjC6mfidByIkjfm9GifEi9CA05BipLTkmwduKBDO3GRI8yz0Ud5wFWV9kjVy36zaNXsKa5E4BalCgaZvfrn9GKcR4QozJGXPsRPlZUgoihnJK24qSYLwCA1IT1OOIiK9bPpDbh1rpW+FsdDFlTVVf09kKJJyHAW6M0JqKOe9ifif10tVeOVllCepIhzPFoUps1RsTQKx+lQQrNhYE4QF1bdaeIh0KErHVtEhOPMvL5L2ac25qJ3fnVXr10UcZTiEIzgBBy6hDrfQhBZgeIRneIU348l4Md6Nj1lryShm9uEPjM8f5TGYVg==</latexit>

�

fa
FF̃

Polarization Rotation 
(Spin Sensor)

<latexit sha1_base64="m4CBcQ0biTWbcZn2N0p9WQtyo80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VrC20oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy+rTXrniVt05yCrxclKBHI1e+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPUzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJU8XVe+6evVwWanV8ziKcAKncA4e3EAN7qEBTWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdjFY+e</latexit>

~B

Polarization Rotation 
(Spin Sensor)



Photon Polarization Search

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�



Photon Polarization Search

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�

<latexit sha1_base64="VdH3+9TZKEY8OmzY/afY/MwZ3Ho=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUnE17IoFJcV7AOaECbTSTt08mBmIpSQhRt/xY0LRdz6Ee78G6dtFtp64MLhnHu59x4/4Uwqy/o2Siura+sb5c3K1vbO7p65f9CRcSoIbZOYx6LnY0k5i2hbMcVpLxEUhz6nXX98M/W7D1RIFkf3apJQN8TDiAWMYKUlz6w6gcAkc5IRy7PAw3kTOYrxAc2auWfWrLo1A1omdkFqUKDlmV/OICZpSCNFOJayb1uJcjMsFCOc5hUnlTTBZIyHtK9phEMq3Wz2RI6OtTJAQSx0RQrN1N8TGQ6lnIS+7gyxGslFbyr+5/VTFVy5GYuSVNGIzBcFKUcqRtNE0IAJShSfaIKJYPpWREZYp6J0bhUdgr348jLpnNbti/r53VmtcV3EUYYqHMEJ2HAJDbiFFrSBwCM8wyu8GU/Gi/FufMxbS0Yxcwh/YHz+AEMGmIA=</latexit>

�

fa
FF̃

γL

γR



Photon Polarization Search

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�

<latexit sha1_base64="VdH3+9TZKEY8OmzY/afY/MwZ3Ho=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUnE17IoFJcV7AOaECbTSTt08mBmIpSQhRt/xY0LRdz6Ee78G6dtFtp64MLhnHu59x4/4Uwqy/o2Siura+sb5c3K1vbO7p65f9CRcSoIbZOYx6LnY0k5i2hbMcVpLxEUhz6nXX98M/W7D1RIFkf3apJQN8TDiAWMYKUlz6w6gcAkc5IRy7PAw3kTOYrxAc2auWfWrLo1A1omdkFqUKDlmV/OICZpSCNFOJayb1uJcjMsFCOc5hUnlTTBZIyHtK9phEMq3Wz2RI6OtTJAQSx0RQrN1N8TGQ6lnIS+7gyxGslFbyr+5/VTFVy5GYuSVNGIzBcFKUcqRtNE0IAJShSfaIKJYPpWREZYp6J0bhUdgr348jLpnNbti/r53VmtcV3EUYYqHMEJ2HAJDbiFFrSBwCM8wyu8GU/Gi/FufMxbS0Yxcwh/YHz+AEMGmIA=</latexit>

�

fa
FF̃

γL

γR

<latexit sha1_base64="s/bE46298cM0QIMFLhuFeZyoo60=">AAACF3icbZC7TsMwFIYdrqXcCowsFhUSC1WCuC1IFSwMDAXRi9RE0YnrtFYcJ7IdpCrqW7DwKiwMIMQKG2+Dexmg5Ui2Pv3/ObLPH6ScKW3b39bc/MLi0nJhpbi6tr6xWdrabqgkk4TWScIT2QpAUc4ErWumOW2lkkIccNoMoquh33ygUrFE3Ot+Sr0YuoKFjIA2kl+quB3KNeAIX+DIv8GH5r4z7IYSSO4KCDhgN+2xQR76MPBLZbtijwrPgjOBMppUzS99uZ2EZDEVmnBQqu3YqfZykJoRTgdFN1M0BRJBl7YNCoip8vLRXgO8b5QODhNpjtB4pP6eyCFWqh8HpjMG3VPT3lD8z2tnOjz3cibSTFNBxg+FGcc6wcOQcIdJSjTvGwAimfkrJj0wiWgTZdGE4EyvPAuNo4pzWjm5PS5XLydxFNAu2kMHyEFnqIquUQ3VEUGP6Bm9ojfryXqx3q2PceucNZnZQX/K+vwBQ8eeMA==</latexit>

�k = kL � kR =
r�

fa
Frequency Independent



Photon Polarization Search

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�

<latexit sha1_base64="VdH3+9TZKEY8OmzY/afY/MwZ3Ho=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUnE17IoFJcV7AOaECbTSTt08mBmIpSQhRt/xY0LRdz6Ee78G6dtFtp64MLhnHu59x4/4Uwqy/o2Siura+sb5c3K1vbO7p65f9CRcSoIbZOYx6LnY0k5i2hbMcVpLxEUhz6nXX98M/W7D1RIFkf3apJQN8TDiAWMYKUlz6w6gcAkc5IRy7PAw3kTOYrxAc2auWfWrLo1A1omdkFqUKDlmV/OICZpSCNFOJayb1uJcjMsFCOc5hUnlTTBZIyHtK9phEMq3Wz2RI6OtTJAQSx0RQrN1N8TGQ6lnIS+7gyxGslFbyr+5/VTFVy5GYuSVNGIzBcFKUcqRtNE0IAJShSfaIKJYPpWREZYp6J0bhUdgr348jLpnNbti/r53VmtcV3EUYYqHMEJ2HAJDbiFFrSBwCM8wyu8GU/Gi/FufMxbS0Yxcwh/YHz+AEMGmIA=</latexit>

�

fa
FF̃

γL

γR

<latexit sha1_base64="s/bE46298cM0QIMFLhuFeZyoo60=">AAACF3icbZC7TsMwFIYdrqXcCowsFhUSC1WCuC1IFSwMDAXRi9RE0YnrtFYcJ7IdpCrqW7DwKiwMIMQKG2+Dexmg5Ui2Pv3/ObLPH6ScKW3b39bc/MLi0nJhpbi6tr6xWdrabqgkk4TWScIT2QpAUc4ErWumOW2lkkIccNoMoquh33ygUrFE3Ot+Sr0YuoKFjIA2kl+quB3KNeAIX+DIv8GH5r4z7IYSSO4KCDhgN+2xQR76MPBLZbtijwrPgjOBMppUzS99uZ2EZDEVmnBQqu3YqfZykJoRTgdFN1M0BRJBl7YNCoip8vLRXgO8b5QODhNpjtB4pP6eyCFWqh8HpjMG3VPT3lD8z2tnOjz3cibSTFNBxg+FGcc6wcOQcIdJSjTvGwAimfkrJj0wiWgTZdGE4EyvPAuNo4pzWjm5PS5XLydxFNAu2kMHyEFnqIquUQ3VEUGP6Bm9ojfryXqx3q2PceucNZnZQX/K+vwBQ8eeMA==</latexit>

�k = kL � kR =
r�

fa
Frequency Independent

Measure Interferometrically
<latexit sha1_base64="JnPRR4SHftrJEodlkyOtj/9vi1Q=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoivjZC0Y0LFxXsA5pQJpNpO3QyCTMToYTixl9x40IRt36FO//GaZuFth64cOace5l7T5BwprTjfFuFhcWl5ZXiamltfWNzy97eaag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyP/eYDlYrF4l4PE+pHuCdYlxGsjdSx97yQco2Rl/QZukT5a4BuUccuOxVnAjRP3JyUIUetY395YUzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/GxywggdGiVE3ViaEhpN1N8TGY6UGkaB6Yyw7qtZbyz+57VT3b3wMyaSVFNBph91U450jMZ5oJBJSjQfGoKJZGZXRPpYYqJNaiUTgjt78jxpHFfcs8rp3Um5epXHUYR9OIAjcOEcqnADNagDgUd4hld4s56sF+vd+pi2Fqx8Zhf+wPr8AdmJlcw=</latexit>

�� = �kL



Setup
<latexit sha1_base64="s/bE46298cM0QIMFLhuFeZyoo60=">AAACF3icbZC7TsMwFIYdrqXcCowsFhUSC1WCuC1IFSwMDAXRi9RE0YnrtFYcJ7IdpCrqW7DwKiwMIMQKG2+Dexmg5Ui2Pv3/ObLPH6ScKW3b39bc/MLi0nJhpbi6tr6xWdrabqgkk4TWScIT2QpAUc4ErWumOW2lkkIccNoMoquh33ygUrFE3Ot+Sr0YuoKFjIA2kl+quB3KNeAIX+DIv8GH5r4z7IYSSO4KCDhgN+2xQR76MPBLZbtijwrPgjOBMppUzS99uZ2EZDEVmnBQqu3YqfZykJoRTgdFN1M0BRJBl7YNCoip8vLRXgO8b5QODhNpjtB4pP6eyCFWqh8HpjMG3VPT3lD8z2tnOjz3cibSTFNBxg+FGcc6wcOQcIdJSjTvGwAimfkrJj0wiWgTZdGE4EyvPAuNo4pzWjm5PS5XLydxFNAu2kMHyEFnqIquUQ3VEUGP6Bm9ojfryXqx3q2PceucNZnZQX/K+vwBQ8eeMA==</latexit>

�k = kL � kR =
r�

fa
<latexit sha1_base64="JnPRR4SHftrJEodlkyOtj/9vi1Q=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoivjZC0Y0LFxXsA5pQJpNpO3QyCTMToYTixl9x40IRt36FO//GaZuFth64cOace5l7T5BwprTjfFuFhcWl5ZXiamltfWNzy97eaag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyP/eYDlYrF4l4PE+pHuCdYlxGsjdSx97yQco2Rl/QZukT5a4BuUccuOxVnAjRP3JyUIUetY395YUzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/GxywggdGiVE3ViaEhpN1N8TGY6UGkaB6Yyw7qtZbyz+57VT3b3wMyaSVFNBph91U450jMZ5oJBJSjQfGoKJZGZXRPpYYqJNaiUTgjt78jxpHFfcs8rp3Um5epXHUYR9OIAjcOEcqnADNagDgUd4hld4s56sF+vd+pi2Fqx8Zhf+wPr8AdmJlcw=</latexit>

�� = �kL

Want large L



Setup

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="s/bE46298cM0QIMFLhuFeZyoo60=">AAACF3icbZC7TsMwFIYdrqXcCowsFhUSC1WCuC1IFSwMDAXRi9RE0YnrtFYcJ7IdpCrqW7DwKiwMIMQKG2+Dexmg5Ui2Pv3/ObLPH6ScKW3b39bc/MLi0nJhpbi6tr6xWdrabqgkk4TWScIT2QpAUc4ErWumOW2lkkIccNoMoquh33ygUrFE3Ot+Sr0YuoKFjIA2kl+quB3KNeAIX+DIv8GH5r4z7IYSSO4KCDhgN+2xQR76MPBLZbtijwrPgjOBMppUzS99uZ2EZDEVmnBQqu3YqfZykJoRTgdFN1M0BRJBl7YNCoip8vLRXgO8b5QODhNpjtB4pP6eyCFWqh8HpjMG3VPT3lD8z2tnOjz3cibSTFNBxg+FGcc6wcOQcIdJSjTvGwAimfkrJj0wiWgTZdGE4EyvPAuNo4pzWjm5PS5XLydxFNAu2kMHyEFnqIquUQ3VEUGP6Bm9ojfryXqx3q2PceucNZnZQX/K+vwBQ8eeMA==</latexit>

�k = kL � kR =
r�

fa
<latexit sha1_base64="JnPRR4SHftrJEodlkyOtj/9vi1Q=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoivjZC0Y0LFxXsA5pQJpNpO3QyCTMToYTixl9x40IRt36FO//GaZuFth64cOace5l7T5BwprTjfFuFhcWl5ZXiamltfWNzy97eaag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyP/eYDlYrF4l4PE+pHuCdYlxGsjdSx97yQco2Rl/QZukT5a4BuUccuOxVnAjRP3JyUIUetY395YUzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/GxywggdGiVE3ViaEhpN1N8TGY6UGkaB6Yyw7qtZbyz+57VT3b3wMyaSVFNBph91U450jMZ5oJBJSjQfGoKJZGZXRPpYYqJNaiUTgjt78jxpHFfcs8rp3Um5epXHUYR9OIAjcOEcqnADNagDgUd4hld4s56sF+vd+pi2Fqx8Zhf+wPr8AdmJlcw=</latexit>

�� = �kL

Want large L

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�

Trap light in Fabry Perot cavity, compare phase shift 
between left and right circularly polarized light



Setup

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="s/bE46298cM0QIMFLhuFeZyoo60=">AAACF3icbZC7TsMwFIYdrqXcCowsFhUSC1WCuC1IFSwMDAXRi9RE0YnrtFYcJ7IdpCrqW7DwKiwMIMQKG2+Dexmg5Ui2Pv3/ObLPH6ScKW3b39bc/MLi0nJhpbi6tr6xWdrabqgkk4TWScIT2QpAUc4ErWumOW2lkkIccNoMoquh33ygUrFE3Ot+Sr0YuoKFjIA2kl+quB3KNeAIX+DIv8GH5r4z7IYSSO4KCDhgN+2xQR76MPBLZbtijwrPgjOBMppUzS99uZ2EZDEVmnBQqu3YqfZykJoRTgdFN1M0BRJBl7YNCoip8vLRXgO8b5QODhNpjtB4pP6eyCFWqh8HpjMG3VPT3lD8z2tnOjz3cibSTFNBxg+FGcc6wcOQcIdJSjTvGwAimfkrJj0wiWgTZdGE4EyvPAuNo4pzWjm5PS5XLydxFNAu2kMHyEFnqIquUQ3VEUGP6Bm9ojfryXqx3q2PceucNZnZQX/K+vwBQ8eeMA==</latexit>

�k = kL � kR =
r�

fa
<latexit sha1_base64="JnPRR4SHftrJEodlkyOtj/9vi1Q=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoivjZC0Y0LFxXsA5pQJpNpO3QyCTMToYTixl9x40IRt36FO//GaZuFth64cOace5l7T5BwprTjfFuFhcWl5ZXiamltfWNzy97eaag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyP/eYDlYrF4l4PE+pHuCdYlxGsjdSx97yQco2Rl/QZukT5a4BuUccuOxVnAjRP3JyUIUetY395YUzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/GxywggdGiVE3ViaEhpN1N8TGY6UGkaB6Yyw7qtZbyz+57VT3b3wMyaSVFNBph91U450jMZ5oJBJSjQfGoKJZGZXRPpYYqJNaiUTgjt78jxpHFfcs8rp3Um5epXHUYR9OIAjcOEcqnADNagDgUd4hld4s56sF+vd+pi2Fqx8Zhf+wPr8AdmJlcw=</latexit>

�� = �kL

Want large L

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�

Trap light in Fabry Perot cavity, compare phase shift 
between left and right circularly polarized light

<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�



Experimental Realization

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�
<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�

Independent of frequency - can realize in optical or superconducting RF 



Experimental Realization

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�
<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�

Independent of frequency - can realize in optical or superconducting RF 

Optical: Smaller mirrors, lower F



Experimental Realization

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�
<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�

Independent of frequency - can realize in optical or superconducting RF 

Optical: Smaller mirrors, lower F

RF: Large mirrors, high F



Systematics Issues
Cavity Length Fluctuations - 

phase shift depends on 
frequency 

Strain in mirror induces phase - 
scales with F but not L

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�
<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�



Systematics Issues
Cavity Length Fluctuations - 

phase shift depends on 
frequency 

Strain in mirror induces phase - 
scales with F but not L

Handles

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�
<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�

Use two different frequencies - differential measurement retains signal 

Modulate L, but fix F - mirror strain remains same, signal changes  

Modulate orientation relative to source or distance 



Projected Sensitivity

RF Cavity 

Q ~ 1011, L ~ 1 m, 
Mass ~ 100 kg

Optical Cavity 

F ~400, L ~ 10 m, 
1064 nm light



Sensitivity
<latexit sha1_base64="ZFyqBEArEKM6RPrzfpXDGDx1U7Y="></latexit>

L � h̃µ⌫

fT
Fµ

�F
⌫�

Source

Attractor
hµν

γ



<latexit sha1_base64="a6Dg2P/B+6Z7UMI1gBqfN83THHE="></latexit>

mem
N =

3

5

Z2↵

A
1
3 rp

Electromagnetic Contribution to the Mass  of 
a nucleus of charge Z - assuming this is a 

uniform ball of charge Z

Sensitivity
<latexit sha1_base64="ZFyqBEArEKM6RPrzfpXDGDx1U7Y="></latexit>

L � h̃µ⌫

fT
Fµ

�F
⌫�

Source

Attractor
hµν

γ



<latexit sha1_base64="a6Dg2P/B+6Z7UMI1gBqfN83THHE="></latexit>

mem
N =

3

5

Z2↵

A
1
3 rp

Electromagnetic Contribution to the Mass  of 
a nucleus of charge Z - assuming this is a 

uniform ball of charge Z

From this, find the effective contribution 
per proton/nucleon

<latexit sha1_base64="eYD5Pht5jCtRWt+tRyXHvhUUkYU="></latexit>

mem
p =

mem
N

A
=

3

5

Z2↵

A
4
3 rp

Sensitivity
<latexit sha1_base64="ZFyqBEArEKM6RPrzfpXDGDx1U7Y="></latexit>

L � h̃µ⌫

fT
Fµ

�F
⌫�

Source

Attractor
hµν

γ



<latexit sha1_base64="a6Dg2P/B+6Z7UMI1gBqfN83THHE="></latexit>

mem
N =

3

5

Z2↵

A
1
3 rp

Electromagnetic Contribution to the Mass  of 
a nucleus of charge Z - assuming this is a 

uniform ball of charge Z

From this, find the effective contribution 
per proton/nucleon

<latexit sha1_base64="eYD5Pht5jCtRWt+tRyXHvhUUkYU="></latexit>

mem
p =

mem
N

A
=

3

5

Z2↵

A
4
3 rp

Dimensionless coupling to Nucleons

<latexit sha1_base64="CVB1dLaH3hp8AkOlU1ww21dy26c=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjPiayMU3bis0Be045BJM21okhmSjFDCgBt/xY0LRdz6E+78G9PHQlsPXDiccy/33hOljCrted/OwuLS8spqYa24vrG5te3u7DZUkklM6jhhiWxFSBFGBalrqhlppZIgHjHSjAY3I7/5QKSiiajpYUoCjnqCxhQjbaXQ3e/BK9iJJcKG3xvC89CkeW7isJaHbskre2PAeeJPSQlMUQ3dr043wRknQmOGlGr7XqoDg6SmmJG82MkUSREeoB5pWyoQJyow4x9yeGSVLowTaUtoOFZ/TxjElRryyHZypPtq1huJ/3ntTMeXgaEizTQReLIozhjUCRwFArtUEqzZ0BKEJbW3QtxHNhBtYyvaEPzZl+dJ46Tsn5fP7k5LletpHAVwAA7BMfDBBaiAW1AFdYDBI3gGr+DNeXJenHfnY9K64Exn9sAfOJ8/SymX+g==</latexit>

g =
mem

p

fT

Sensitivity
<latexit sha1_base64="ZFyqBEArEKM6RPrzfpXDGDx1U7Y="></latexit>

L � h̃µ⌫

fT
Fµ

�F
⌫�

Source

Attractor
hµν

γ



<latexit sha1_base64="a6Dg2P/B+6Z7UMI1gBqfN83THHE="></latexit>

mem
N =

3

5

Z2↵

A
1
3 rp

Electromagnetic Contribution to the Mass  of 
a nucleus of charge Z - assuming this is a 

uniform ball of charge Z

From this, find the effective contribution 
per proton/nucleon

<latexit sha1_base64="eYD5Pht5jCtRWt+tRyXHvhUUkYU="></latexit>

mem
p =

mem
N

A
=

3

5

Z2↵

A
4
3 rp

Dimensionless coupling to Nucleons

<latexit sha1_base64="CVB1dLaH3hp8AkOlU1ww21dy26c=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjPiayMU3bis0Be045BJM21okhmSjFDCgBt/xY0LRdz6E+78G9PHQlsPXDiccy/33hOljCrted/OwuLS8spqYa24vrG5te3u7DZUkklM6jhhiWxFSBFGBalrqhlppZIgHjHSjAY3I7/5QKSiiajpYUoCjnqCxhQjbaXQ3e/BK9iJJcKG3xvC89CkeW7isJaHbskre2PAeeJPSQlMUQ3dr043wRknQmOGlGr7XqoDg6SmmJG82MkUSREeoB5pWyoQJyow4x9yeGSVLowTaUtoOFZ/TxjElRryyHZypPtq1huJ/3ntTMeXgaEizTQReLIozhjUCRwFArtUEqzZ0BKEJbW3QtxHNhBtYyvaEPzZl+dJ46Tsn5fP7k5LletpHAVwAA7BMfDBBaiAW1AFdYDBI3gGr+DNeXJenHfnY9K64Exn9sAfOJ8/SymX+g==</latexit>

g =
mem

p

fT

Field Created by Attractor

<latexit sha1_base64="c37h/Uddq9OLXPwhoPxDcpy0Sz4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVZLiayMU3bisYB/Q1DKZTtqhk0mYmQglZOnGX3HjQhG3foI7/8Zpm4W2Hhg4nHMPd+7xY86Udpxva2FxaXlltbBWXN/Y3Nq2d3YbKkokoXUS8Ui2fKwoZ4LWNdOctmJJcehz2vSH12O/+UClYpG406OYdkLcFyxgBGsjde2DAbpEXiAxSftIdB3kcRPu4ftKllYQzbp2ySk7E6B54uakBDlqXfvL60UkCanQhGOl2q4T606KpWaE06zoJYrGmAxxn7YNFTikqpNODsnQkVF6KIikeUKjifo7keJQqVHom8kQ64Ga9cbif1470cFFJ2UiTjQVZLooSDjSERq3gnpMUqL5yBBMJDN/RWSATSvadFc0JbizJ8+TRqXsnpVPb09K1au8jgLswyEcgwvnUIUbqEEdCDzCM7zCm/VkvVjv1sd0dMHKM3vwB9bnD3XhmGA=</latexit>

h =
gn0�2

2e

Sensitivity
<latexit sha1_base64="ZFyqBEArEKM6RPrzfpXDGDx1U7Y="></latexit>

L � h̃µ⌫

fT
Fµ

�F
⌫�

Source

Attractor
hµν

γ



<latexit sha1_base64="a6Dg2P/B+6Z7UMI1gBqfN83THHE="></latexit>

mem
N =

3

5

Z2↵

A
1
3 rp

Electromagnetic Contribution to the Mass  of 
a nucleus of charge Z - assuming this is a 

uniform ball of charge Z

From this, find the effective contribution 
per proton/nucleon

<latexit sha1_base64="eYD5Pht5jCtRWt+tRyXHvhUUkYU="></latexit>

mem
p =

mem
N

A
=

3

5

Z2↵

A
4
3 rp

Dimensionless coupling to Nucleons

<latexit sha1_base64="CVB1dLaH3hp8AkOlU1ww21dy26c=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjPiayMU3bis0Be045BJM21okhmSjFDCgBt/xY0LRdz6E+78G9PHQlsPXDiccy/33hOljCrted/OwuLS8spqYa24vrG5te3u7DZUkklM6jhhiWxFSBFGBalrqhlppZIgHjHSjAY3I7/5QKSiiajpYUoCjnqCxhQjbaXQ3e/BK9iJJcKG3xvC89CkeW7isJaHbskre2PAeeJPSQlMUQ3dr043wRknQmOGlGr7XqoDg6SmmJG82MkUSREeoB5pWyoQJyow4x9yeGSVLowTaUtoOFZ/TxjElRryyHZypPtq1huJ/3ntTMeXgaEizTQReLIozhjUCRwFArtUEqzZ0BKEJbW3QtxHNhBtYyvaEPzZl+dJ46Tsn5fP7k5LletpHAVwAA7BMfDBBaiAW1AFdYDBI3gGr+DNeXJenHfnY9K64Exn9sAfOJ8/SymX+g==</latexit>

g =
mem

p

fT

Field Created by Attractor

<latexit sha1_base64="c37h/Uddq9OLXPwhoPxDcpy0Sz4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVZLiayMU3bisYB/Q1DKZTtqhk0mYmQglZOnGX3HjQhG3foI7/8Zpm4W2Hhg4nHMPd+7xY86Udpxva2FxaXlltbBWXN/Y3Nq2d3YbKkokoXUS8Ui2fKwoZ4LWNdOctmJJcehz2vSH12O/+UClYpG406OYdkLcFyxgBGsjde2DAbpEXiAxSftIdB3kcRPu4ftKllYQzbp2ySk7E6B54uakBDlqXfvL60UkCanQhGOl2q4T606KpWaE06zoJYrGmAxxn7YNFTikqpNODsnQkVF6KIikeUKjifo7keJQqVHom8kQ64Ga9cbif1470cFFJ2UiTjQVZLooSDjSERq3gnpMUqL5yBBMJDN/RWSATSvadFc0JbizJ8+TRqXsnpVPb09K1au8jgLswyEcgwvnUIUbqEEdCDzCM7zCm/VkvVjv1sd0dMHKM3vwB9bnD3XhmGA=</latexit>

h =
gn0�2

2e

Frequency Shift

<latexit sha1_base64="QN+q+exSJhd/ML7NNoVNNLc1L3o=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCq5KIt41QdOOyQm/QhDCZnLRDJxdmJkIJfQE3voobF4q4de/Ot3HaRtDWHwY+/nMOZ87vp5xJZVlfxsLi0vLKammtvL6xubVt7uy2ZJIJCk2a8ER0fCKBsxiaiikOnVQAiXwObX9wM66370FIlsQNNUzBjUgvZiGjRGnLMw+dALgi2Eki6BF89QNOKAjN+6M89Bojz6xYVWsiPA92ARVUqO6Zn06Q0CyCWFFOpOzaVqrcnAjFKIdR2ckkpIQOSA+6GmMSgXTzyTUjfKSdAIeJ0C9WeOL+nshJJOUw8nVnRFRfztbG5n+1bqbCSzdncZopiOl0UZhxrBI8jgYHTABVfKiBUMH0XzHtE52D0gGWdQj27Mnz0Dqp2ufVs7vTSu26iKOE9tEBOkY2ukA1dIvqqIkoekBP6AW9Go/Gs/FmvE9bF4xiZg/9kfHxDdeDm3M=</latexit>

�! = !
h

fT

Sensitivity
<latexit sha1_base64="ZFyqBEArEKM6RPrzfpXDGDx1U7Y="></latexit>

L � h̃µ⌫

fT
Fµ

�F
⌫�

Source

Attractor
hµν

γ



<latexit sha1_base64="hERxHB59ueCY2vQoYkY6Iw2RRWM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEfG2EogguK9gHNKFMJrft0EkmzEyEEurGX3HjQhG3/oU7/8Zpm4W2Hrhw5px7mXtPkHCmtON8W4WFxaXlleJqaW19Y3PL3t5pKJFKCnUquJCtgCjgLIa6ZppDK5FAooBDMxhcj/3mA0jFRHyvhwn4EenFrMso0Ubq2HteCFwT7IkIegRf4vx907HLTsWZAM8TNydllKPWsb+8UNA0glhTTpRqu06i/YxIzSiHUclLFSSEDkgP2obGJALlZ5MLRvjQKCHuCmkq1nii/p7ISKTUMApMZ0R0X816Y/E/r53q7oWfsThJNcR0+lE35VgLPI4Dh0wC1XxoCKGSmV0x7RNJqDahlUwI7uzJ86RxXHHPKqd3J+XqVR5HEe2jA3SEXHSOqugW1VAdUfSIntErerOerBfr3fqYthasfGYX/YH1+QPPuZXY</latexit>

�! = �E
<latexit sha1_base64="7CIpV49mFjdD6Z+POgv/jDrg2C0="></latexit>

=) fT =
1

3

p
n0Z

p
↵�

p
!

A
2
3
p
rp
p
�E

Sensitivity



<latexit sha1_base64="hERxHB59ueCY2vQoYkY6Iw2RRWM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEfG2EogguK9gHNKFMJrft0EkmzEyEEurGX3HjQhG3/oU7/8Zpm4W2Hrhw5px7mXtPkHCmtON8W4WFxaXlleJqaW19Y3PL3t5pKJFKCnUquJCtgCjgLIa6ZppDK5FAooBDMxhcj/3mA0jFRHyvhwn4EenFrMso0Ubq2HteCFwT7IkIegRf4vx907HLTsWZAM8TNydllKPWsb+8UNA0glhTTpRqu06i/YxIzSiHUclLFSSEDkgP2obGJALlZ5MLRvjQKCHuCmkq1nii/p7ISKTUMApMZ0R0X816Y/E/r53q7oWfsThJNcR0+lE35VgLPI4Dh0wC1XxoCKGSmV0x7RNJqDahlUwI7uzJ86RxXHHPKqd3J+XqVR5HEe2jA3SEXHSOqugW1VAdUfSIntErerOerBfr3fqYthasfGYX/YH1+QPPuZXY</latexit>

�! = �E
<latexit sha1_base64="7CIpV49mFjdD6Z+POgv/jDrg2C0="></latexit>

=) fT =
1

3

p
n0Z

p
↵�

p
!

A
2
3
p
rp
p
�E

Numbers - take Gold attractor

<latexit sha1_base64="z3gASmrn+Zqri8JRavbuHPX8Z9I=">AAACFHicbVDJSgNBEO1xjXGLevTSGARBCDMxLhch6MVjBLNAJgk9nZ6kSU/P0F0jhmE+wou/4sWDIl49ePNv7CwHTXxQ8Hiviqp6XiS4Btv+thYWl5ZXVjNr2fWNza3t3M5uTYexoqxKQxGqhkc0E1yyKnAQrBEpRgJPsLo3uB759XumNA/lHQwj1gpIT3KfUwJG6uSOZcfGl9j1FaGJY2MXeMA0dux2UiylaeICe4CEBmn7JO3k8nbBHgPPE2dK8miKSif35XZDGgdMAhVE66ZjR9BKiAJOBUuzbqxZROiA9FjTUEnM6lYyfirFh0bpYj9UpiTgsfp7IiGB1sPAM50Bgb6e9Ubif14zBv+ilXAZxcAknSzyY4EhxKOEcJcrRkEMDSFUcXMrpn1i8gGTY9aE4My+PE9qxYJzVji9LeXLV9M4MmgfHaAj5KBzVEY3qIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBms7soT+wPn8Ay3Wdew==</latexit>

n0 =
10⇥ 1024

cm3

<latexit sha1_base64="88D+YMllrVJkrmUjVO9v7LZ3ZDU=">AAAB/HicbZDLSsNAFIZPvNZ6i3bpZrAILkpJRK1dCFU3LivYC7ahTKaTdujkwsxECKG+ihsXirj1Qdz5Nk7bLLT1h4GP/5zDOfO7EWdSWda3sbS8srq2ntvIb25t7+yae/tNGcaC0AYJeSjaLpaUs4A2FFOctiNBse9y2nJHN5N665EKycLgXiURdXw8CJjHCFba6pmFB3SJKtUS6pbQlUa7WkE9s2iVranQItgZFCFTvWd+dfshiX0aKMKxlB3bipSTYqEY4XSc78aSRpiM8IB2NAbYp9JJp8eP0ZF2+sgLhX6BQlP390SKfSkT39WdPlZDOV+bmP/VOrHyLpyUBVGsaEBmi7yYIxWiSRKozwQliicaMBFM34rIEAtMlM4rr0Ow57+8CM2Tsn1ePrs7LdauszhycACHcAw2VKAGt1CHBhBI4Ble4c14Ml6Md+Nj1rpkZDMF+CPj8wcOhpEt</latexit>

Z = 79, A = 197

<latexit sha1_base64="DlODYACQvFhgTPKFvzNvBr8tPPo=">AAACGHicbZC7SgNBFIZn4y3GW9TSZjAIFiHueouNELSxjGAukF3C7GQ2GTJ7YeasGJZ9DBtfxcZCEdt0vo2TZAtN/GHg4z/ncOb8biS4AtP8NnJLyyura/n1wsbm1vZOcXevqcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7vJ3UW49MKh4GDzCKmOOTfsA9Tgloq1s8sYmIBgRfY9uThCZWmlhn1bSM7TKW3Uj71gRtYE+QeH7aLZbMijkVXgQrgxLKVO8Wx3YvpLHPAqCCKNWxzAichEjgVLC0YMeKRYQOSZ91NAbEZ8pJpoel+Eg7PeyFUr8A8NT9PZEQX6mR7+pOn8BAzdcm5n+1TgzelZPwIIqBBXS2yIsFhhBPUsI9LhkFMdJAqOT6r5gOiA4IdJYFHYI1f/IiNE8r1mXl4v68VLvJ4sijA3SIjpGFqqiG7lAdNRBFz+gVvaMP48V4Mz6Nr1lrzshm9tEfGeMfsImdtQ==</latexit>

↵ =
1

137
, rp = 1 fm

<latexit sha1_base64="HJRz/iAse9TJfaZ5GCzDfVM8xNE=">AAACJHicbVDLSgNBEJz1GeMr6tHLYBA8aNgVYwQRgiJ4VDCJkI1hdrajg7MPZnrFsOzHePFXvHjwgQcvfouTGEWNBQNFVTU9XV4shUbbfrNGRsfGJyZzU/npmdm5+cLCYl1HieJQ45GM1JnHNEgRQg0FSjiLFbDAk9Dwrg56fuMalBZReIrdGFoBuwhFR3CGRmoXdl1pwj6je9Sxz9ONSkZdhBtMaZCtU9cHiYwefrlO+duGetYuFO2S3QcdJs6AFMkAx+3Cs+tHPAkgRC6Z1k3HjrGVMoWCS8jybqIhZvyKXUDT0JAFoFtp/8iMrhrFp51ImRci7as/J1IWaN0NPJMMGF7qv15P/M9rJtjZaaUijBOEkH8u6iSSYkR7jVFfKOAou4YwroT5K+WXTDGOpte8KcH5e/IwqW+WnO1S+WSrWN0f1JEjy2SFrBGHVEiVHJFjUiOc3JJ78kierDvrwXqxXj+jI9ZgZon8gvX+AR/EohA=</latexit>

� = 10�7 m, �E = 10�15 eV

<latexit sha1_base64="2zJBTbkLwocXPTQOt7sGysfg+1M=">AAACKHicbVDLSgMxFM34tr6qLt0Ei+DGMiM+V4oudKlgq9CpJZPe0WAyMyR3xBLmc9z4K25EFHHrl5jWWfg6EDiccy8n90SZFAZ9/90bGh4ZHRufmKxMTc/MzlXnF5omzTWHBk9lqi8iZkCKBBooUMJFpoGpSMJ5dHPY989vQRuRJmfYy6Ct2FUiYsEZOqlT3QuFcjlgaBhrxm1Q2LhzVtDQCFVK6zREodxE4F/atd2isCHCHdojaBZFp1rz6/4A9C8JSlIjJU461eewm/JcQYJcMmNagZ9h2zKNgksoKmFuIGP8hl1By9GEueS2HRxa0BWndGmcavcSpAP1+4ZlypieitykYnhtfnt98T+vlWO807YiyXKEhH8FxbmkmNJ+a7QrNHCUPUcY18L9lfJr5tpB123FlRD8Pvkvaa7Xg6365ulGbf+grGOCLJFlskoCsk32yTE5IQ3CyT15JC/k1Xvwnrw37/1rdMgrdxbJD3gfn0mgpsE=</latexit>

=) 1

fT
⇠ 2⇥ 10�9

GeV

Sensitivity



Conversion to the alpha - lambda plot

<latexit sha1_base64="xn3uHtlOdoHLf0lC2e8nv9HEsHU=">AAACC3icbVDJSgNBFOyJe9yiHr00CYKnMCNuF0EU1GMEs0AmhJ7Om6RJz0L3GzEMc/fir3jxoIhXf8Cbf2NnOWhiQUNRVY/Xr7xYCo22/W3l5uYXFpeWV/Kra+sbm4Wt7ZqOEsWhyiMZqYbHNEgRQhUFSmjECljgSah7/cuhX78HpUUU3uEghlbAuqHwBWdopHaheNVOXWnyHZbRM+r6ivHURXjA9BpqWZZ2s3ahZJftEegscSakRCaotAtfbifiSQAhcsm0bjp2jK2UKRRcQpZ3Ew0x433WhaahIQtAt9LRLRndM0qH+pEyL0Q6Un9PpCzQehB4Jhkw7Olpbyj+5zUT9E9bqQjjBCHk40V+IilGdFgM7QgFHOXAEMaVMH+lvMdMHWjqy5sSnOmTZ0ntoOwcl49uD0vnF5M6lskuKZJ94pATck5uSIVUCSeP5Jm8kjfryXqx3q2PcTRnTWZ2yB9Ynz9cXJtK</latexit>

F� =
GeV

g

<latexit sha1_base64="aTuwmNtecGZOG/V2+qZq4F0OTPM="></latexit>

↵� =

�
1.2⇥ 1019 GeV

�2

4⇡F 2
�

<latexit sha1_base64="CVB1dLaH3hp8AkOlU1ww21dy26c=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjPiayMU3bis0Be045BJM21okhmSjFDCgBt/xY0LRdz6E+78G9PHQlsPXDiccy/33hOljCrted/OwuLS8spqYa24vrG5te3u7DZUkklM6jhhiWxFSBFGBalrqhlppZIgHjHSjAY3I7/5QKSiiajpYUoCjnqCxhQjbaXQ3e/BK9iJJcKG3xvC89CkeW7isJaHbskre2PAeeJPSQlMUQ3dr043wRknQmOGlGr7XqoDg6SmmJG82MkUSREeoB5pWyoQJyow4x9yeGSVLowTaUtoOFZ/TxjElRryyHZypPtq1huJ/3ntTMeXgaEizTQReLIozhjUCRwFArtUEqzZ0BKEJbW3QtxHNhBtYyvaEPzZl+dJ46Tsn5fP7k5LletpHAVwAA7BMfDBBaiAW1AFdYDBI3gGr+DNeXJenHfnY9K64Exn9sAfOJ8/SymX+g==</latexit>

g =
mem

p

fT

Plugging in with the values for Gold and fT we found in the previous slide, we get 

<latexit sha1_base64="IIqgS07rZho3VPhmLaCZaWO3qCc=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWbE505047KCbYVOLXfS1IYmmSG5I5ah3+LGX3HjQlFXgh9jWrvwdSBwOOcebu6JUyksBsG7V5ianpmdK86XFhaXllf81bW6TTLDeI0lMjGXMVguheY1FCj5ZWo4qFjyRtw/HfmNG26sSPQFDlLeUnCtRVcwQCe1/aMIZNqDdh5JF+rAkEZWKLpDIxSKWxoGV3m451Tkt5hTQKcEVKshbfvloBKMQf+ScELKZIJq23+NOgnLFNfIJFjbDIMUWzkYFEzyYSnKLE+B9eGaNx3V4Pa38vGJQ7rllA7tJsY9jXSsfk/koKwdqNhNKsCe/e2NxP+8Zobdw1YudJoh1+xrUTeTFBM66ot2hOEM5cARYEa4v1LWAwMMXaslV0L4++S/pL5TCfcre+e75eOTSR1FskE2yTYJyQE5JmekSmqEkTvyQJ7Is3fvPXov3tvXaMGbZNbJD3gfn26ColE=</latexit>

↵� ⇠ 2⇥ 1015 at 100 nm

Sensitivity



Mossbauer at Synchrotron Source

Synchrotron 
Light

Ground State 
Nucleus



Mossbauer at Synchrotron Source

Synchrotron 
Light

Ground State 
Nucleus

E0

E1

All the nuclei 
are coherently 

driven to 
excited state



Mossbauer at Synchrotron Source

Synchrotron 
Light

Ground State 
Nucleus

E0

E1

All the nuclei 
are coherently 

driven to 
excited state

Short Pulse << Lifetime of State



Bosonic Dark Matter

a

V

a(t) ∼ a0 cos (mat)

Photons

~E = E0 cos (!t� !x)

Dark Bosons

Early Universe:
 Misalignment Mechanism

m2
aa

2
0 ⇠ ⇢DM

Detect Photon by 
measuring time varying 

field

Today:
Random Field 

Correlation length 
~ 1/(ma v) 

Coherence Time
~ 1/(ma v2) 

~ 1 s (MHz/ma)

Spatially uniform, oscillating field

Detect effects of oscillating dark matter field

Resonance possible. Q ~ 106 (set by v ~ 10-3)


