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Shelving detection in all settings : atomic beams and hot vapor cell

,>-\ o | . | . | : | . | ]
/Atomic beam ) (N]3) (2) sub-Doppler feature =2 10 Z S/oi r?tzzor;?f(')%n (480°C) & (atomic beam | _ Lorentzian FWHM : 110 kHz
. Y I e ; . ’;‘ ,),‘ "g_ .
. \ i S > Contributions:
¥ i .
i EOM _ h ' (1) ShGlVIﬂg by two Q. 0 | = 83 ISat — Q)= 50 kHz
30 Shelving atoms : <4+—— counter-resonant = b deni FWHM ~ 70 kH
\ , W ”kreador_»"‘\ spectroscopy beams .g s powe.r roa e.nlng Z
AOM , | H -,_ < Modulation amplitude (p-p) 66 kHz
— e | 3 ¥ Y (0) transmitted readout light & -—10 | | | ' . - - .
< N—E G j@l ----------------- J ‘_,,l-'f &\\ / in the abence of Shelv|ng ~l TranSIt broadenlng’ FWHM . 50 kHZ
=T T - W"f“"\”‘u‘} TN LA . .
B B | | | | | | e < o T 0@ ' ' Spectroscopy intensity (Isat)
|I Subtraction .l---------ILock—in ampliﬁerl Sl elvi g pe lt oPY e -0 -20 0 20 40 60 80 3 100 _gg I/;taeb?gagt:]on (390 ‘._ hot vapor CE”]— P 0 100 200 300 400
. . - Spectroscopy frequency (MHz) = J & T 200fF | | ' .
Well defined atomic beam direction a 50 3
\_  Separated interrogation and readout ~ / 3, > 150 - i
- ~ Lock-in amplifier demodulation: o = 100} / .
© -50 LL . ;
Hot vapor cell f Heating Shelving atoms withk v <T c T S0r Transit broadening | -
S cable i — | | ¢ — atomic beam
blue laser 1 E ' "o ' é R I I I I Ug; ’ 0 200 400 600 800 [1[:nn t;z'nn]_
— 1 i £ .l s (Stomic beam) - 3 —400  —200 0 200 400 _ _
it i 5 , ¢ Spectroscopy frequency (kHz) Spectroscopy intensity (uW/cm?)
S ; Q 06 o °guB ¢ .
From red laser OD = ° S— _ ] o
R e i 5 .l /&og o | Three lines: Robust scheme, applicable to all existing Sr cells (hot vapors and beams)
Q0 ° ° ° ct, o-, :
- = o2f . \ ° - Atomic beams:
N/ Q. o and cross-over (r) R n icabl
ol e — E ool . ] amsey schemes applicable
Vr;:fv'\ I p o & 9 (and improvements, e.g. Mc Ferran 2009, Shang 2017)
T x 7 V<O l Vapor cells: High absorption at low temperature (source lifetime)
-7 . T O _o04f e 0 .
Isotropic velocity distribution — 50 —10 5 T 05 Pre§su_re rc_)bustness (see perf..) — hopump
Locally overlapped interrogation and readout Spectroscopy frequency (MHz) Vanishing first-order Doppler 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
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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: bsample \ At high densities, 6 10"* at 1s
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— Hot cell: - no need for a pump
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