Shelving spectroscopy of the strontium intercombination line

(1) I. Manai, C. Duval, P. Bataille, F. Wiotte, B. Laburthe-Tolra, E. Maréchal, M. Robert-de-Saint-Vincent ‘ L
(2) A. MOIineri, C. FréjaVi"e, R. Journet, M. Cheneau Laboratoire de ”

physique des lasers

(1) Laboratoire de Physique des Lasers, CNRS, Université Sorbonne Paris Nord
(2) Laboratoire Charles Fabry, Institut d’Optique, CNRS, Université Paris Saclay Website: http://www-Ipl.univ-paris13.fr/ggm/

Narrow-lines for atomic physics Frequency referencing on narrow lines
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optical control of interactions [Brantut 2008] |
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Optical Feshbach resonances : loss rate K NN Qope [Yamazaki 2010] Kai-Kai 2006, Mac Ferran 2009... S

100 pm 100 pm

; | . | . | : | . | ]
\ <Nt ) (2) sub-Doppler feature = 10}/ absorption (480°C) & |atomic beam | _ Lorentzian FWHM : 110 kHz
- ph i PP = 1s integration [}
I AR o
e 54 D 3 Contributions:
e _ T L e S | = 83 Isat — Q = 50 kHz
£30 Shelving atoms : +—— counter-resonant % b deni FWHM ~ 70 kH
: ’ WithivisiE/lc -8 = % spectroscopy beams - power broadening z
H 1 < Modulation amplitude (p-p) 66 kHz
F 3 (0) transmitted readout light & : : .
N . .,\ J_in the abence of shelving i Transit broadening, FWHM : ~ 50 kHz
—_— e -Wf—v‘v"b-""’ \"-"Lﬂrw-—rm«,v : .
SR ] i | | | | | | | < ) ! @ ' ' Spectroscopy intensity (Isat)
4 — — — Shelving spectroscopy -60 -40 -20 0 20 40 60 80 =2 100 _80 /0 absor_ptlon (390 " hot vapor CE”]— 0 100 200 300 400
I Subtraction I---------ILock—ln amplifier |-----> signal S eCtrOSCO fre Uenc (MHZ) :: 33 |ntegrat|0n RO ’N\ J00 | | | | |
Well defined atomic beam direction P by TTequency 3 50 <
\_ Separated interrogation and readout 3, > =0 i
~ ~ Lock-in amplifier demodulation: g— < 100 / -
© =50 B LL . .
Hot vapor cell ! Heating Shelving atoms withk v <T £ @ @ Lorentzian line despite ‘_g 0T Transit broadening |
F : cable < - > § -100F . © IcoherentlevolutionI - 2 L atomic beam)| |
blue laser =r R E .l | N '[atomic — 9 —400 =200 0 200 400 » 0 200 400 600 800 1000 1200
stions % 5 Te Spectroscopy frequency (kHz) Spectroscopy intensity (uW/cm?)
S Q 06} 0 °guB 8 -
From red laser OD = ° — . . T
Lodkin 1.5 0 e S .l | Three lines: Robust scheme, applicable to all existing Sr cells (hot vapors and beams)
| - ' oO
- = : \ | on o Atomic beams:
. ‘ o) ° . and cross-over (n) .
o @ E ool . ©° K | Ramsey schemes applicable
Kr- . - ° .
e\ .- c o & (and improvements, e.g. Mc Ferran 2009, Shang 2017)
e < K V<O o l Vapor cells: High absorption at low temperature (source lifetime)
. e e O —o4}f e o |
Isotropic velocity distribution — 0 10 o o 30 \F;re§s#re r]?blistndessésee Iperg..) — hopump
Locally overlapped interrogation and readout Spectroscopy frequency (MHz) anishing first-oraer boppler bias

Performances Fundamental noise limitations

Measurement instability Measurement biases Statistics of the transmitted readout light
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N | | Advantage of shelving detection:
Beam: up to 10 kHz shift, 15 kHz broadening relative photon shot noise can be low

Cell: symmetric broadening

2nd-order Doppler: 260 Hz Spectroscopy instability

Recoil doublet : +/- 4.8 kHz , AR AR
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Pressure: signal loss at 10° mbar of Ar
Short-term instability optimal when power- no shift or broadening detected
-broadening dominates over transit broadening Expected: 30 kHz broadening [Crane 1994]
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Atomic beam with 7% readout beam absorption: —» Hot cell: - no need for a pump
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[hot vapor cell]_

Experiments outlook:
characterization of the
long-term stability
(requires a second
absolute reference)

Signal center (MH2z)

[ Ultrastable cavity (ULE) drifts
-referenced to Sr : -155 mHz/s
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