Journal of Physics: Conference Series

PAPER « OPEN ACCESS

Measurements of spatial correlations in quantum gases using ultralong-
range strontium Rydberg molecules

To cite this article: J D Whalen et al 2020 J. Phys.: Conf. Ser. 1412 122004

View the article online for updates and enhancements.

@The Electrochemical Society

Advancing solid state & electrochemical science & technology
239th ECS Meeting with IMCS18
DIGITAL MEETING e May 30-June 3, 2021

Live events daily e Free to register

This content was downloaded from IP address 168.7.240.150 on 28/05/2021 at 20:35


https://doi.org/10.1088/1742-6596/1412/12/122004
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsviYlWmoKTUhmab5Be93HCRQC_G7Xu7G1GDYVq88KUP6t3s86bdhrNM40zD9ghR8G7LAvGEBv4zZGm0z0adiPt0uMl0dj-zaO2LH1zEHTZs7gGJDtOgwfh-XTA1CL65htDkMqXp82p2EPnxJEOwGNWdkWz5-lbV2awCsJII4ZTnnnUo9kz_HJ22qnxkn7oN2QyY_9FYFGHHuakYxcvDzgo2ACqI2tzjKSLNR6qsy3xxkqSd-bNjjhsQqmIyt-bNOoaVNl5ISiurzNwbxWDDUA&sig=Cg0ArKJSzAPfRMtVVgpt&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/239/ecs-special-events/%3Futm_source%3DIOPConferenceSeriesVirtual%26utm_medium%3DIOPConferenceSeriesVirtual%26utm_campaign%3D240LiveEvents

ICPEAC2019
Journal of Physics: Conference Series

IOP Publishing
1412 (2020) 122004 doi:10.1088/1742-6596/1412/12/122004

Measurements of spatial correlations in quantum gases using ultralong-range
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Synopsis The photoexcitation of ultralong-range Rydberg molecules is demonstrated as a probe of spatial cor-
relations in a quantum gas on previously inaccessible length scales of 1400-3200 ap. Measurements using cold
(~1 *K) (fermionic) ¥’Sr and (bosonic) ¥Sr reveal the effects of quantum statistics on the pair correlation func-

tion g2(R).

The understanding of quantum gases can be
enhanced by in situ measurements of spatial
correlations. Here we demonstrate that photo-
excitation of ultralong-range Rydberg mole-
cules can provide a novel probe of nonlocal pair
correlations. Rydberg dimer molecules [1]
comprise a ground-state atom bound to a Ry-
dberg atom by scattering of the Rydberg elec-
tron. The outer regions of the resulting molecu-
lar potential are shown in Fig. 1 for different »
values together with the wavefunctions for the
ground ¢ =0 molecular dimer states which are
strongly localized near the electron outer classi-
cal turning point at R, ~ 2n*. Thus, the molecu-
lar formation rate is governed by the probability
of finding atom pairs with separation R,,.

Here we use non-degenerate quantum gases
of (spin-polarized) fermionic ¥Sr ( = 9/2) and
bosonic **Sr (/ = 0) to measure the effects of
quantum statistics on the molecular excitation
rate. To extract the pair-correlation function
£P(R) we compare excitation rates in the (po-
larized) Fermi- or Bose-gas to an unpolarized
sample of *'Sr where the tenfold-degenerate
ground state provides a good approximation to a
gas of uncorrelated particles. Figure 1 shows
the dependence of the measured molecular pro-
duction rate, normalized to that seen for an un-
polarized sample, on R,. As n, i.e.. R,, decreas-
es, suppression of the excitation rate in the spin-
polarized *’Sr gas due to Pauli exclusion (anti-
bunching), and the enhancement for the **Sr gas
due to bunching are clearly evident. Figure 1
also includes the expected behavior of the pair
correlation function g®(R) for non-degenerate
gases of
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Figure 1 - Left: Black lines, molecular potentials for
5sns s; + 557 1Sp pairs (not to scale); colored lines, the
radial wavefunction of the corresponding highly local-
ized ground ¢« = 0 molecular state. Right: Extracted val-
ues of the pair-correlation function from comparing bos-
on/spin-polarized fermion molecular excitation rates to
unpolarized excitation rates plotted versus R, ~ 2n’
scaled by the thermal de Broglie wavelength Azp =
h/\/2mrmkgT (see text). The lines show the calculated
values of g¥(R).

non-interacting bosons and fermions. The
measurements mirror well this behavior demon-
strating that Rydberg molecule formation can
provide a novel probe of pair correlations in
cold gases that is suitable for use as a diagnostic
in many other studies.
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