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Atom Interferometers for Gravity Measurements
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Large phase  
resolution

Large momentum 
transfer

Long interrogation 
times

How do we improve sensitivity to gravity acceleration?



Spin Squeezed State
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Kitagawa & Ueda, Phys. Rev. A 47, 5138 (1993)
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How do we improve sensitivity to gravity acceleration?



State-of-the-art AI-gradiometers do attain the SQL

Systematic uncertainty: 92 ppm 
Statistical uncertainty: 116 ppm



Pedrozo-Penafiel et al., Nature 588, 414-418 (2020)

G. P. Greve et al., Nature 610, 472-477 (2022)
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<latexit sha1_base64="/kcdnD8+JC3UwRnl8cgjxeqZrJo=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogcBIpCdH6sgmnnB+6WyNFVr6BFio6RMvnUPAv2MYFJEw1mtnVzo4XKWnItj+t0tLyyupaeb2ysbm1vVPd3WuZMNYCXRGqUHc8MKhkgC5JUtiJNILvKWx7k6vMbz+iNjIM7mgaYd+HcSBHUgClknvv3A7sQbVm1+0cfJE4BamxAs1B9as3DEXsY0BCgTFdx46on4AmKRTOKr3YYARiAmPspjQAH00/ycPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IEezLyXif953ZhGF/1EBlFMGIjsEEmF+SEjtExbQD6UGokgS45cBlyABiLUkoMQqRintVTSPpz57xdJ66TunNVPb05rjcuimTI7YIfsmDnsnDXYNWsylwkm2RN7Zi/W1Hq13qz3n9GSVezssz+wPr4BpISSqw==</latexit>
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Strontium for Atom Interferometry
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Mazzoni et al., Phys. Rev. A 92, 053619 (2015) 
Del Aguila et al., New J. Phys. 20, 043002 (2018) 
Hu et al., Phys. Rev. Lett. 119, 263601 (2017)
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N⌘ = 103, n = 1

Probing of Sr momentum state superpositions
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can be distinguished via 
the Doppler effect 

Resonant absorption can 
spoil the cavity finesse

|1S0, 0i

!!c
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Probing of Sr momentum state superpositions
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transition, momentum states 
can be distinguished via 
the Doppler effect 

Resonant absorption can 
spoil the cavity finesse
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Probing of Sr momentum state superpositions



Atomic opacity at small diffraction 
orders

Induce transparency in the medium (EIT)

⌦e↵

EIT-enhanced momentum squeezing

Salvi et al., Phys. Rev. Lett. 120, 033601 (2018) 
Experimental and Theoretical analysis ongoing: QuEGI 
project



Atom Interferometry on an Optical Clock transition

See also: L. Hu et al., Class. Quantum Grav. 37, 014001 (2020)



<latexit sha1_base64="VPS8vbND5+N6oHcDp60Z1v69iFA=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSB4CrtB1IsQFMRjBPOA7Cb0jh0dMvtgplcJS05+gl/hVU/exKtf4MF/cRP34KtORVU33VV+rKQh2363pqZnZufmCwvFxaXlldXS2nrTRIkW2BCRinTbB4NKhtggSQrbsUYIfIUtf3Ay9ls3qI2MwgsaxugFcBXKvhRAmdQrbblIwI+429cg0v3TUerGkg+6VX7brY56pbJdsSfgf4mTkzLLUe+VPtzLSCQBhiQUGNNx7Ji8FDRJoXBUdBODMYgBXGEnoyEEaLx0EmPEdxIDFPEYNZeKT0T8vpFCYMww8LPJAOja/PbG4n9eJ6H+oZfKME4IQzE+RFLh5JARWmb9IL+UGolg/DlyGXIBGohQSw5CZGKSFVbM+nB+p/9LmtWKs1/ZO98r147zZgpsk22zXeawA1ZjZ6zOGkywO/bAHtmTdW89Wy/W69folJXvbLAfsN4+AVyxnEk=</latexit>

⌘ =
6F

⇡k2w2

Single-atom cooperativity

<latexit sha1_base64="GUUPQY3OdosMwm2ze8LQqoam8Hg=">AAACA3icbVA9TwJBEN3zE/GDU0ubjcTEitwRopZEG0tM5CMBQuaWATfsfbg7Z0IulP4KW63sjK0/xML/4oIUCr5mXt6bycy8IFHSkOd9Oiura+sbm7mt/PbO7l7B3T9omDjVAusiVrFuBWBQyQjrJElhK9EIYaCwGYyupn7zAbWRcXRL4wS7IQwjOZACyEo9t9BBgo6RId5zr+SVe27Rlhn4MvHnpMjmqPXcr04/FmmIEQkFxrR9L6FuBpqkUDjJd1KDCYgRDLFtaQQhmm42O3zCT1IDFPMENZeKz0T8PZFBaMw4DGxnCHRnFr2p+J/XTmlw0c1klKSEkZguIqlwtsgILW0iyPtSIxFML0cuIy5AAxFqyUEIK6Y2orzNw1/8fpk0yiX/rFS5qRSrl/NkcuyIHbNT5rNzVmXXrMbqTLCUPbFn9uI8Oq/Om/P+07rizGcO2R84H98pT5bA</latexit>

⌘ ' 0.02
<latexit sha1_base64="Sdwpw9CikUXGMgkskuEq1O5KdvM=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8pMdH6sgmnnB/crZGiKA1fQQsVHaLlTyj4F2zjAhKmGs3samfHi5Q0ZNufVmFpeWV1rbhe2tjc2t4p7+61TBhrgU0RqlB3PDCoZIBNkqSwE2kE31PY9saXqd9+QG1kGNzQJELXh1Egh1IAJdJtDwl6Rvp4z+1qrV+u2FU7A18kTk4qLEejX/7qDUIR+xiQUGBM17EjcqegSQqFs1IvNhiBGMMIuwkNwEfjTrPUM34UG6CQR6i5VDwT8ffGFHxjJr6XTPpAd2beS8X/vG5Mw3N3KoMoJgxEeoikwuyQEVomdSAfSI1EkCZHLgMuQAMRaslBiESMk35KSR/O/PeLpHVSdWrV0+vTSv0ib6bIDtghO2YOO2N1dsUarMkE0+yJPbMX69F6td6s95/RgpXv7LM/sD6+AUHallk=</latexit>

⌘ ' 0.6

Large waist

Small waist

Optical ring cavity in the vacuum chamber



Parameters for the 689 nm probe transition

Magic wavelength lattice

Measured parameters of the optical cavity

Parameter Value Unit

Mirror Radius of 
Curvature Flat, 50, 50, Flat mm

Mirror transmission 219.6(4),<0.2,<0.2,6.6(1) ppm

Free spectral range 1.4475(5) GHz

Mode linewidth 65.6(1) kHz

Finesse 2.2(2)x104 —



Measured parameters of the optical cavity

Mirror 461 nm (H/V) 689 nm (H/V) 813 nm (H/V)

1 10993(4)/9573(8) 303.8(4)/219.6(4) 1926(6)/1396(5)

2 904(9)/652(5) <0.2/<0.2 266(2)/183(8)

3 1032(3)/851(9) <0.2/<0.2 258(8)/171(7)

4 10258(9)/9372(9) 8.8(1)/6.6(1) 1246(3)/1012(6)

Transmissions (in ppm) for three relevant wavelengths Magic wavelength 
for clock transition





First signatures of atom-cavity coupling
Blue MOT Red MOT

<latexit sha1_base64="VtqnBEP27qV2+eSBonoWAdkK+DI="></latexit>
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Master equation for the coupled atom-cavity system

<latexit sha1_base64="wP1yMiL9CgxV6+IcDsruXjuSVqk="></latexit>
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First signatures of atom-cavity coupling
Blue MOT Red MOT

<latexit sha1_base64="zCyGjmk7+zjLiOjP4zd0hViVkH0="></latexit>⇣
i�c �



2

⌘
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p
in� +

g2hci
i�� �/2

X

j

|E(~rj)|2

1 + 2g2|E(~rj)|2|hci|2
�2+(�/2)2

= 0

Mean-field steady-state equation for the cavity photon amplitude

<latexit sha1_base64="BHJVXHJ4ov/nirVhyatW5ZiE7/Y="></latexit>

|hci|2 ⇠ 4in�
2/2

Intracavity photon number approximated by its empty cavity value (strong saturation or 
far detuning)

Adding the dipole and scattering forces from the probe beam one explains the long  
signal tail.



<latexit sha1_base64="2Dob/C6Cb0c0qzAmHAlgihf2H0o=">AAACCXicbVDLSgNBEJyNrxhfq+LJy5AgCErcjaJehKAgHiOYByQxzE46ccjsg5leISz5Aq/+gFc9eROvfkUO/ou7SQ6aWKeiqpuuLieQQqNlDY3U3PzC4lJ6ObOyura+YW5uVbQfKg5l7ktf1RymQQoPyihQQi1QwFxHQtXpXSV+9RGUFr53h/0Ami7reqIjOMNYapk798cNl+GDcqPSoGUfXl/Y9lGhZeasvDUCnSX2hOSK2cbB87DYL7XM70bb56ELHnLJtK7bVoDNiCkUXMIg0wg1BIz3WBfqMfWYC7oZjeIP6F6oGfo0AEWFpCMRfm9EzNW67zrxZBJVT3uJ+J9XD7Fz3oyEF4QIHk8OoZAwOqS5EnEvQNtCASJLkgMVHuVMMURQgjLOYzGMi8rEfdjT38+SSiFvn+ZPbuNiLskYabJLsmSf2OSMFMkNKZEy4SQiL+SVvBlPxrvxYXyOR1PGZGeb/IHx9QM6npvW</latexit>

3P1, F = 11/2

<latexit sha1_base64="dEVvRo0e9WmKHlpBLlmoMhR3bCY=">AAACCHicbVDJTgJBFOzBDXHD5ealAzEx0eAMGpeDCdHEeMRElgSQ9DQP7NCzpPuNCU74Ac9+gFc9eTNe/QsO/oszwEHBOlWq3surV7YvhUbTHBiJmdm5+YXkYmppeWV1Lb2+UdZeoDiUuCc9VbWZBilcKKFACVVfAXNsCRW7exn7lQdQWnjuLfZ8aDis44q24AwjqZneujusOwzvlRMW+01z/+r87CDfTGfNnDkEnSbWmGQLmfre86DQKzbT3/WWxwMHXOSSaV2zTB8bIVMouIR+qh5o8Bnvsg7UIuoyB3QjHKbv051AM/SoD4oKSYci/N4ImaN1z7GjyTipnvRi8T+vFmD7tBEK1w8QXB4fQiFheEhzJaJagLaEAkQWJwcqXMqZYoigBGWcR2IQ9ZSK+rAmv58m5XzOOs4d3UTFXJARkmSbZMguscgJKZBrUiQlwskjeSGv5M14Mt6ND+NzNJowxjub5A+Mrx/NX5ui</latexit>

3P0, F = 9/2

<latexit sha1_base64="LPAaA9x53RD/GJHgrw9nCykfGgg=">AAACCHicbVDJTgJBFOzBDXHD5ealAzEx0eAMMS4HE6KJ8YhRlgSQ9DQP7NCzpPuNCU74Ac9+gFc9eTNe/QsO/oszwEHBOlWq3surV7YvhUbTHBiJmdm5+YXkYmppeWV1Lb2+UdZeoDiUuCc9VbWZBilcKKFACVVfAXNsCRW7exH7lQdQWnjuLfZ8aDis44q24AwjqZneurPqDsN75YQ3/aa5f3l2epBvprNmzhyCThNrTLKFTH3veVDoFZvp73rL44EDLnLJtK5Zpo+NkCkUXEI/VQ80+Ix3WQdqEXWZA7oRDtP36U6gGXrUB0WFpEMRfm+EzNG659jRZJxUT3qx+J9XC7B90giF6wcILo8PoZAwPKS5ElEtQFtCASKLkwMVLuVMMURQgjLOIzGIekpFfViT30+Tcj5nHeUOr6NizskISbJNMmSXWOSYFMgVKZIS4eSRvJBX8mY8Ge/Gh/E5Gk0Y451N8gfG1w/O5Zuj</latexit>

1S0, F = 9/2

<latexit sha1_base64="FqVHJS5f9NnNoc4iTqXbCUXrQI0=">AAAB/XicbVC7SgNBFJ2NrxhfUQsRm8EgWIXdIBq7oI1lBPOAJIS7k5s4OPtg5q4QluBX2GplJ7b+hq2C2PoZbh6FJp7qcM693HOPGyppyLbfrdTc/MLiUno5s7K6tr6R3dyqmiDSAisiUIGuu2BQSR8rJElhPdQInquw5t6cD/3aLWojA/+K+iG2POj5sisFUCI1ml0NIj4dxIVBO5uz8/YIfJY4E5IrFb/edj6+d8vt7GezE4jIQ5+EAmMajh1SKwZNUigcZJqRwRDEDfSwkVAfPDSteBR5wA8iAxTwEDWXio9E/L0Rg2dM33OTSQ/o2kx7Q/E/rxFRt9iKpR9GhL4YHiKpcHTICC2TLpB3pEYiGCZHLn0uQAMRaslBiESMknIySR/O9PezpFrIO8f5o8ukmDM2RprtsX12yBx2wkrsgpVZhQkWsHv2wB6tO+vJerZexqMpa7Kzzf7Aev0BwoyZ3g==</latexit>

9

2

<latexit sha1_base64="FqVHJS5f9NnNoc4iTqXbCUXrQI0=">AAAB/XicbVC7SgNBFJ2NrxhfUQsRm8EgWIXdIBq7oI1lBPOAJIS7k5s4OPtg5q4QluBX2GplJ7b+hq2C2PoZbh6FJp7qcM693HOPGyppyLbfrdTc/MLiUno5s7K6tr6R3dyqmiDSAisiUIGuu2BQSR8rJElhPdQInquw5t6cD/3aLWojA/+K+iG2POj5sisFUCI1ml0NIj4dxIVBO5uz8/YIfJY4E5IrFb/edj6+d8vt7GezE4jIQ5+EAmMajh1SKwZNUigcZJqRwRDEDfSwkVAfPDSteBR5wA8iAxTwEDWXio9E/L0Rg2dM33OTSQ/o2kx7Q/E/rxFRt9iKpR9GhL4YHiKpcHTICC2TLpB3pEYiGCZHLn0uQAMRaslBiESMknIySR/O9PezpFrIO8f5o8ukmDM2RprtsX12yBx2wkrsgpVZhQkWsHv2wB6tO+vJerZexqMpa7Kzzf7Aev0BwoyZ3g==</latexit>

9

2

<latexit sha1_base64="I9MNK4WiEVRJJ+BtGovBaxn/SfE=">AAAB/nicbVC7SgNBFJ2NrxhfUQsRm8EgWIXdIJoyaGMZwTwgCeHu5CYOmX0wc1cIS8CvsNXKTmz9DFsFsfUz3DwKTTzV4Zx7ueceN1TSkG2/W6mFxaXllfRqZm19Y3Mru71TNUGkBVZEoAJdd8Ggkj5WSJLCeqgRPFdhze1fjPzaLWojA/+aBiG2POj5sisFUCI1m10NInacYVwYtrM5O2+PweeJMyW5UvHrbe/je7/czn42O4GIPPRJKDCm4dghtWLQJIXCYaYZGQxB9KGHjYT64KFpxePMQ34UGaCAh6i5VHws4u+NGDxjBp6bTHpAN2bWG4n/eY2IusVWLP0wIvTF6BBJheNDRmiZlIG8IzUSwSg5culzARqIUEsOQiRilLSTSfpwZr+fJ9VC3jnNn1wlxZyzCdLsgB2yY+awM1Zil6zMKkywkN2zB/Zo3VlP1rP1MhlNWdOdXfYH1usPKs2aEQ==</latexit>

11

2

<latexit sha1_base64="FqVHJS5f9NnNoc4iTqXbCUXrQI0=">AAAB/XicbVC7SgNBFJ2NrxhfUQsRm8EgWIXdIBq7oI1lBPOAJIS7k5s4OPtg5q4QluBX2GplJ7b+hq2C2PoZbh6FJp7qcM693HOPGyppyLbfrdTc/MLiUno5s7K6tr6R3dyqmiDSAisiUIGuu2BQSR8rJElhPdQInquw5t6cD/3aLWojA/+K+iG2POj5sisFUCI1ml0NIj4dxIVBO5uz8/YIfJY4E5IrFb/edj6+d8vt7GezE4jIQ5+EAmMajh1SKwZNUigcZJqRwRDEDfSwkVAfPDSteBR5wA8iAxTwEDWXio9E/L0Rg2dM33OTSQ/o2kx7Q/E/rxFRt9iKpR9GhL4YHiKpcHTICC2TLpB3pEYiGCZHLn0uQAMRaslBiESMknIySR/O9PezpFrIO8f5o8ukmDM2RprtsX12yBx2wkrsgpVZhQkWsHv2wB6tO+vJerZexqMpa7Kzzf7Aev0BwoyZ3g==</latexit>

9

2

<latexit sha1_base64="BAeTGFEkuN5itH82tsaGoue+AMM=">AAAB/XicbVC7SgNBFJ31GeMraiFiMxgEq7AbxKQM2lhGMA9IQrg7uYlDZh/M3BXCEvwKW63sxNbfsFUQWz/DzaPQxFMdzrmXe+5xQyUN2fa7tbC4tLyymlpLr29sbm1ndnarJoi0wIoIVKDrLhhU0scKSVJYDzWC5yqsuf2LkV+7RW1k4F/TIMSWBz1fdqUASqRGs6tBxIVhnB+2M1k7Z4/B54kzJdlS8ett/+P7oNzOfDY7gYg89EkoMKbh2CG1YtAkhcJhuhkZDEH0oYeNhPrgoWnF48hDfhwZoICHqLlUfCzi740YPGMGnptMekA3ZtYbif95jYi6xVYs/TAi9MXoEEmF40NGaJl0gbwjNRLBKDly6XMBGohQSw5CJGKUlJNO+nBmv58n1XzOOcudXiXFnLMJUuyQHbET5rACK7FLVmYVJljA7tkDe7TurCfr2XqZjC5Y05099gfW6w+/Zpnc</latexit>

7

2
<latexit sha1_base64="vfnEuOxM9+rwj4CQQENYDJhWD5c=">AAAB+nicbVA9TwJBEN3zE1ERtdRiIzGxInfGqCXBxhIT+UiAkLllwA17H9md05CTP2GrlZ2xtfCvWPg/LCy8AwoFX/Xy3kzmzXNDJQ3Z9oe1sLi0vLKaWcuub2zmtvLbOzUTRFpgVQQq0A0XDCrpY5UkKWyEGsFzFdbdwUXq129RGxn41zQMse1B35c9KYASqdGKQtA6uOvkC3bRHoPPE2dKCqX997L9/ZWrdPKfrW4gIg99EgqMaTp2SO0YNEmhcJRtRQZDEAPoYzOhPnho2vE474gfRgYo4CFqLhUfi/h7IwbPmKHnJpMe0I2Z9VLxP68ZUe+8HUs/jAh9kR4iqXB8yAgtkyKQd6VGIkiTI5c+F6CBCLXkIEQiRkkz2aQPZ/b7eVI7LjqnxZOrpJgymyDD9tgBO2IOO2MldskqrMoEU+yBPbIn6956tl6s18nogjXd2WV/YL39ABcCmEg=</latexit>

"

<latexit sha1_base64="qaIoYT/IC4ZHT/x4VQIAZbOeIbc=">AAAB/HicbVBNLwRBEK3xbX0tjhw6NhKnzYwIjsLFkcTajbXZ1LRCR0/PpLvGRjb8CldObuIq/oqD/+HgoPfjwPJOL+/VS1W9ONPKcRi+B0PDI6Nj4xOThanpmdm54vzCsUtzK6kiU53aWoyOtDJUYcWaapklTGJN1fhqr+NXr8k6lZojvsmokeCFUedKInvp5PQsbRm0Nm01i6WwHHYh/pKoT0o7y2+74dfn7EGz+OHDMk/IsNToXD0KM2600bKSmm4Lp7mjDOUVXlDdU4MJuUa7e/GtWM0dcioyskJp0RXpZ6KNiXM3SewnE+RLN+h1xP+8es7n2422MlnOZGRnEStN3UVOWuWrIHGmLDFj53ISygiJFpnJKoFSejH33RR8H9Hg93/J8Xo52ixvHPpidqGHCViCFViDCLZgB/bhACogwcA9PMBjcBc8Bc/BS290KOhnFuEXgtdvsM2ZLw==</latexit>

#

<latexit sha1_base64="ahKOY8ZYsGImgg9o16TJme+W954=">AAAB/XicbVC7SgNBFJ2Nr7i+opY2g0GwCrsiaiMGbSwjmgdsljA7uYlDZh/M3BXCEvwKWy3ETmz9BD9BLPwXdzcpNPFUh3Pu5Z57vEgKjZb1ZRTm5hcWl4rL5srq2vpGaXOrocNYcajzUIaq5TENUgRQR4ESWpEC5nsSmt7gIvObd6C0CIMbHEbg+qwfiJ7gDFPJafsMb5WfXKtRp1S2KlYOOkvsCSmffZin0fOnWeuUvtvdkMc+BMgl09qxrQjdhCkUXMLIbMcaIsYHrA9OSgPmg3aTPPKI7sWaYUgjUFRImovweyNhvtZD30sns4h62svE/zwnxt6Jm4ggihECnh1CISE/pLkSaRdAu0IBIsuSAxUB5UwxRFCCMs5TMU7LMdM+7OnvZ0njoGIfVQ6vrHL1nIxRJDtkl+wTmxyTKrkkNVInnITkgTySJ+PeeDFejbfxaMGY7GyTPzDefwAS/plV</latexit>

Sr

Probe

Clock

Clock Probe

Lattice

<latexit sha1_base64="GHixrhJWYtkIKz0xRpVxTmqU7PE=">AAAB+3icbVC7TsNAEDyHVzCvACXNiQiJKrIRAhpEBBSUQSIPlFjR+bIJp9zZ1t0aEVn5Clqo0iFavoFPQBT8C3ZIAQlTjWZ2tbPjR1IYdJxPKzc3v7C4lF+2V1bX1jcKm1s1E8aaQ5WHMtQNnxmQIoAqCpTQiDQw5Uuo+/2LzK/fgzYiDG5wEIGnWC8QXcEZptJtS/nhQ1K5HLYLRafkjEFniTshxbN3+zQafdiVduGr1Ql5rCBALpkxTdeJ0EuYRsElDO1WbCBivM960ExpwBQYLxkHHtK92DAMaQSaCknHIvzeSJgyZqD8dFIxvDPTXib+5zVj7J54iQiiGCHg2SEUEsaHDNcibQJoR2hAZFlyoCKgnGmGCFpQxnkqxmk1dtqHO/39LKkdlNyj0uG1Uyyfkx/kyQ7ZJfvEJcekTK5IhVQJJ4o8kifybA2tkfVivf6M5qzJzjb5A+vtGyujmD0=</latexit>

PD
<latexit sha1_base64="U2RUhqp5glBxSRPgNcDo1Jek5Fc=">AAAB+3icbVC7SgNBFJ2Nr7i+opY2g0GwCrsiaiMGtbARIpiHJCHMTm7ikJndZeauGJZ8ha1W6cTWb/ATxMJ/cTdJoYmnOpxzL/fc44VSGHScLyszN7+wuJRdtldW19Y3cptbFRNEmkOZBzLQNY8ZkMKHMgqUUAs1MOVJqHq9i9SvPoA2IvBvsR9CU7GuLzqCM0yku4bygsf48nrQyuWdgjMCnSXuhOTPPuzTcPhpl1q570Y74JECH7lkxtRdJ8RmzDQKLmFgNyIDIeM91oV6Qn2mwDTjUeAB3YsMw4CGoKmQdCTC742YKWP6yksmFcN7M+2l4n9ePcLOSTMWfhgh+Dw9hELC6JDhWiRNAG0LDYgsTQ5U+JQzzRBBC8o4T8QoqcZO+nCnv58llYOCe1Q4vHHyxXMyRpbskF2yT1xyTIrkipRImXCiyBN5Ji/WwBpar9bbeDRjTXa2yR9Y7z8m55g6</latexit>

DM
<latexit sha1_base64="Rgk+VzERST159BeX8VfOx1OkXUc=">AAACBnicbVC7TgJBFJ3FF+ILsbSZQExMTHCXGLUk0lhiIo+E3ZDZ4YITZh+ZuWsgG3o/wNpWKztj629Q+C/uAoWCpzo5597cc48bSqHRNKdGZm19Y3Mru53b2d3bP8gfFpo6iBSHBg9koNou0yCFDw0UKKEdKmCeK6HlDmup33oEpUXg3+M4BMdjA1/0BWeYSN18wfbcYBTXZMCHdGKH4rzSzZfMsjkDXSXWgpSqRfvseVod17v5b7sX8MgDH7lkWncsM0QnZgoFlzDJ2ZGGkPEhG0AnoT7zQDvxLPuEnkSaYUBDUFRIOhPh90bMPK3HnptMegwf9LKXiv95nQj7104s/DBC8Hl6CIWE2SHNlUhKAdoTChBZmhyo8ClniiGCEpRxnohR0lIu6cNa/n6VNCtl67J8cZcUc0PmyJJjUiSnxCJXpEpuSZ00CCcj8kJeyZvxZLwbH8bnfDRjLHaOyB8YXz+ceZuk</latexit> C
lo
ck

⇡
/2

<latexit sha1_base64="MohScS+65rQz+/UPLrms0gmvX5I=">AAAB/3icbVC7TsNAEDyHVzCvACXNiQiJKrIRAhpEBA1lkMhDSqzofNmEU85nc7dGRFYKvoIWREGHaPkCPgFR8C/YIQUkTDWa2dXOjh9JYdBxPq3czOzc/EJ+0V5aXlldK6xv1EwYaw5VHspQN3xmQAoFVRQooRFpYIEvoe73zzK/fgPaiFBd4iACL2A9JbqCM0wlrxX44W1S0aEPdNguFJ2SMwKdJu6YFE/e7ePo6cOutAtfrU7I4wAUcsmMabpOhF7CNAouYWi3YgMR433Wg2ZKFQvAeMko9JDuxIZhSCPQVEg6EuH3RsICYwaBn04GDK/MpJeJ/3nNGLtHXiJUFCMonh1CIWF0yHAt0jaAdoQGRJYlByoU5UwzRNCCMs5TMU7rsdM+3Mnvp0ltr+QelPYvnGL5lPwgT7bINtklLjkkZXJOKqRKOLkm9+SBPFp31rP1Yr3+jOas8c4m+QPr7Rstypnp</latexit> P
ro
b
e

<latexit sha1_base64="COpiu9v0Ult9ty9rBNmbbH5JGtA=">AAACBHicbVC7SgNBFJ2Nr7i+Vi1tBoNgFXZF1EYMprGMYB6QhDA7uYlDZneHmbvBsKT1K+xEKzuxtfUTxMJ/cfMoNPFUh3Pu5Z57fCWFQdf9sjILi0vLK9lVe219Y3PL2d6pmCjWHMo8kpGu+cyAFCGUUaCEmtLAAl9C1e8VR361D9qIKLzBgYJmwLqh6AjOMJVajtMI/OguKcqI9+iwoUTLybl5dww6T7wpyV182Ofq8dMutZzvRjvicQAhcsmMqXuuwmbCNAouYWg3YgOK8R7rQj2lIQvANJNx8iE9iA3DiCrQVEg6FuH3RsICYwaBn04GDG/NrDcS//PqMXbOmokIVYwQ8tEhFBLGhwzXIq0EaFtoQGSj5EBFSDnTDBG0oIzzVIzTjuy0D2/2+3lSOcp7J/njazdXuCQTZMke2SeHxCOnpECuSImUCSd98kCeyLN1b71Yr9bbZDRjTXd2yR9Y7z/1IJth</latexit> C
lo
ck

⇡

<latexit sha1_base64="qaIoYT/IC4ZHT/x4VQIAZbOeIbc=">AAAB/HicbVBNLwRBEK3xbX0tjhw6NhKnzYwIjsLFkcTajbXZ1LRCR0/PpLvGRjb8CldObuIq/oqD/+HgoPfjwPJOL+/VS1W9ONPKcRi+B0PDI6Nj4xOThanpmdm54vzCsUtzK6kiU53aWoyOtDJUYcWaapklTGJN1fhqr+NXr8k6lZojvsmokeCFUedKInvp5PQsbRm0Nm01i6WwHHYh/pKoT0o7y2+74dfn7EGz+OHDMk/IsNToXD0KM2600bKSmm4Lp7mjDOUVXlDdU4MJuUa7e/GtWM0dcioyskJp0RXpZ6KNiXM3SewnE+RLN+h1xP+8es7n2422MlnOZGRnEStN3UVOWuWrIHGmLDFj53ISygiJFpnJKoFSejH33RR8H9Hg93/J8Xo52ixvHPpidqGHCViCFViDCLZgB/bhACogwcA9PMBjcBc8Bc/BS290KOhnFuEXgtdvsM2ZLw==</latexit>

#
<latexit sha1_base64="vfnEuOxM9+rwj4CQQENYDJhWD5c=">AAAB+nicbVA9TwJBEN3zE1ERtdRiIzGxInfGqCXBxhIT+UiAkLllwA17H9md05CTP2GrlZ2xtfCvWPg/LCy8AwoFX/Xy3kzmzXNDJQ3Z9oe1sLi0vLKaWcuub2zmtvLbOzUTRFpgVQQq0A0XDCrpY5UkKWyEGsFzFdbdwUXq129RGxn41zQMse1B35c9KYASqdGKQtA6uOvkC3bRHoPPE2dKCqX997L9/ZWrdPKfrW4gIg99EgqMaTp2SO0YNEmhcJRtRQZDEAPoYzOhPnho2vE474gfRgYo4CFqLhUfi/h7IwbPmKHnJpMe0I2Z9VLxP68ZUe+8HUs/jAh9kR4iqXB8yAgtkyKQd6VGIkiTI5c+F6CBCLXkIEQiRkkz2aQPZ/b7eVI7LjqnxZOrpJgymyDD9tgBO2IOO2MldskqrMoEU+yBPbIn6956tl6s18nogjXd2WV/YL39ABcCmEg=</latexit>

"
<latexit sha1_base64="MohScS+65rQz+/UPLrms0gmvX5I=">AAAB/3icbVC7TsNAEDyHVzCvACXNiQiJKrIRAhpEBA1lkMhDSqzofNmEU85nc7dGRFYKvoIWREGHaPkCPgFR8C/YIQUkTDWa2dXOjh9JYdBxPq3czOzc/EJ+0V5aXlldK6xv1EwYaw5VHspQN3xmQAoFVRQooRFpYIEvoe73zzK/fgPaiFBd4iACL2A9JbqCM0wlrxX44W1S0aEPdNguFJ2SMwKdJu6YFE/e7ePo6cOutAtfrU7I4wAUcsmMabpOhF7CNAouYWi3YgMR433Wg2ZKFQvAeMko9JDuxIZhSCPQVEg6EuH3RsICYwaBn04GDK/MpJeJ/3nNGLtHXiJUFCMonh1CIWF0yHAt0jaAdoQGRJYlByoU5UwzRNCCMs5TMU7rsdM+3Mnvp0ltr+QelPYvnGL5lPwgT7bINtklLjkkZXJOKqRKOLkm9+SBPFp31rP1Yr3+jOas8c4m+QPr7Rstypnp</latexit> P
ro
b
e

Magic lattice
<latexit sha1_base64="vfnEuOxM9+rwj4CQQENYDJhWD5c=">AAAB+nicbVA9TwJBEN3zE1ERtdRiIzGxInfGqCXBxhIT+UiAkLllwA17H9md05CTP2GrlZ2xtfCvWPg/LCy8AwoFX/Xy3kzmzXNDJQ3Z9oe1sLi0vLKaWcuub2zmtvLbOzUTRFpgVQQq0A0XDCrpY5UkKWyEGsFzFdbdwUXq129RGxn41zQMse1B35c9KYASqdGKQtA6uOvkC3bRHoPPE2dKCqX997L9/ZWrdPKfrW4gIg99EgqMaTp2SO0YNEmhcJRtRQZDEAPoYzOhPnho2vE474gfRgYo4CFqLhUfi/h7IwbPmKHnJpMe0I2Z9VLxP68ZUe+8HUs/jAh9kR4iqXB8yAgtkyKQd6VGIkiTI5c+F6CBCLXkIEQiRkkz2aQPZ/b7eVI7LjqnxZOrpJgymyDD9tgBO2IOO2MldskqrMoEU+yBPbIn6956tl6s18nogjXd2WV/YL39ABcCmEg=</latexit>

"
<latexit sha1_base64="qaIoYT/IC4ZHT/x4VQIAZbOeIbc=">AAAB/HicbVBNLwRBEK3xbX0tjhw6NhKnzYwIjsLFkcTajbXZ1LRCR0/PpLvGRjb8CldObuIq/oqD/+HgoPfjwPJOL+/VS1W9ONPKcRi+B0PDI6Nj4xOThanpmdm54vzCsUtzK6kiU53aWoyOtDJUYcWaapklTGJN1fhqr+NXr8k6lZojvsmokeCFUedKInvp5PQsbRm0Nm01i6WwHHYh/pKoT0o7y2+74dfn7EGz+OHDMk/IsNToXD0KM2600bKSmm4Lp7mjDOUVXlDdU4MJuUa7e/GtWM0dcioyskJp0RXpZ6KNiXM3SewnE+RLN+h1xP+8es7n2422MlnOZGRnEStN3UVOWuWrIHGmLDFj53ISygiJFpnJKoFSejH33RR8H9Hg93/J8Xo52ixvHPpidqGHCViCFViDCLZgB/bhACogwcA9PMBjcBc8Bc/BS290KOhnFuEXgtdvsM2ZLw==</latexit>

# +
<latexit sha1_base64="vfnEuOxM9+rwj4CQQENYDJhWD5c=">AAAB+nicbVA9TwJBEN3zE1ERtdRiIzGxInfGqCXBxhIT+UiAkLllwA17H9md05CTP2GrlZ2xtfCvWPg/LCy8AwoFX/Xy3kzmzXNDJQ3Z9oe1sLi0vLKaWcuub2zmtvLbOzUTRFpgVQQq0A0XDCrpY5UkKWyEGsFzFdbdwUXq129RGxn41zQMse1B35c9KYASqdGKQtA6uOvkC3bRHoPPE2dKCqX997L9/ZWrdPKfrW4gIg99EgqMaTp2SO0YNEmhcJRtRQZDEAPoYzOhPnho2vE474gfRgYo4CFqLhUfi/h7IwbPmKHnJpMe0I2Z9VLxP68ZUe+8HUs/jAh9kR4iqXB8yAgtkyKQd6VGIkiTI5c+F6CBCLXkIEQiRkkz2aQPZ/b7eVI7LjqnxZOrpJgymyDD9tgBO2IOO2MldskqrMoEU+yBPbIn6956tl6s18nogjXd2WV/YL39ABcCmEg=</latexit>

"
<latexit sha1_base64="qaIoYT/IC4ZHT/x4VQIAZbOeIbc=">AAAB/HicbVBNLwRBEK3xbX0tjhw6NhKnzYwIjsLFkcTajbXZ1LRCR0/PpLvGRjb8CldObuIq/oqD/+HgoPfjwPJOL+/VS1W9ONPKcRi+B0PDI6Nj4xOThanpmdm54vzCsUtzK6kiU53aWoyOtDJUYcWaapklTGJN1fhqr+NXr8k6lZojvsmokeCFUedKInvp5PQsbRm0Nm01i6WwHHYh/pKoT0o7y2+74dfn7EGz+OHDMk/IsNToXD0KM2600bKSmm4Lp7mjDOUVXlDdU4MJuUa7e/GtWM0dcioyskJp0RXpZ6KNiXM3SewnE+RLN+h1xP+8es7n2422MlnOZGRnEStN3UVOWuWrIHGmLDFj53ISygiJFpnJKoFSejH33RR8H9Hg93/J8Xo52ixvHPpidqGHCViCFViDCLZgB/bhACogwcA9PMBjcBc8Bc/BS290KOhnFuEXgtdvsM2ZLw==</latexit>

#+

<latexit sha1_base64="KzW85M8q03gMbEA0+ciC+ZoPAhI=">AAACB3icbVC7TsNAEDzzDOYVSElzIkKiimyEgAYRkYYySCRBSqJofSxwytk+3a0RkZUP4CsoaKCiQ7RUfAKi4F+wEwpeU41mdrWzE2glLXneuzMxOTU9M1uYc+cXFpeWiyurTRsnRmBDxCo2pwFYVDLCBklSeKoNQhgobAX9Wu63rtBYGUcnNNDYDeEikudSAGVSr1jqhEF8ndZULPp82AGlL6FXLHsVbwT+l/hfpHzw6u7ruze33it+dM5ikYQYkVBgbdv3NHVTMCSFwqHbSSxqEH24wHZGIwjRdtNR+CHfSCxQzDUaLhUfifh9I4XQ2kEYZJMh0KX97eXif147ofO9biojnRBGIj9EUuHokBVGZq0gP5MGiSBPjlxGXIABIjSSgxCZmGQ1uVkf/u/v/5LmVsXfqWwfe+XqIRujwNbYOttkPttlVXbE6qzBBBuwW3bPHpwb59F5cp7HoxPO106J/YDz8glN8Jys</latexit> C
lo
ck

↵

Towards squeezing on the optical clock transition



Conclusions Future work and challenges
Proposal for direct momentum squeezing 

scheme for strontium atoms 

Realization of a high-finesse bow-tie 
ring cavity allowing for homogeneous  
atom-cavity coupling in a vacuum 
apparatus 

Common-mode cavity noise cancellation 
for the collective probing of the atomic  
ensemble 

First signatures of atom-cavity coupling 
observed for a falling cold cloud 

Development of the apparatus for  
interferomerometry on the clock transition

<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

Study of EIT+squeezing 
EIT laser stabilization 
Explore the role of Bragg losses

Trap atoms in magic wavelength 
intracavity optical lattice 

Improve locking to the reference 
689 nm laser

Homodyne detection of the atom 
induced shift of the cavity resonance 
frequency

MOPA for atom interferometry 
Validation of the low phase noise 

of the clock laser


