Supplemental Material

Metastable State Preparation and Detection

The 404 nm laser frequency is stabilized using a Fabry-
Perot cavity which is in turn stabilized to the 'Sy — ' P,
laser at 399 nm, forming a transfer-lock setup, similar to
the one described in [1]. The ®Dy state has a linewidth
of 2w x 350 kHz, with branching fractions of 0.88 and
0.12 to 3Py, and 3P,, respectively. Thus each ground
state atom is pumped to the 3P, state after an aver-
age of 1/.12 ~ 8 excitations. To optimize the pumping
efficiency, the available 1 mW of 404 nm light is tightly
focused to a waist of about 25 um at the atomic sample
and aligned along the axial direction of the ODT. Two
counter-propagating laser beams are used to suppress ax-
ial dipole oscillations of the Yb* cloud due to photon re-
coil. The initial transfer rate is 50 Hz per atom, but the
overall transfer efficiency is limited by inelastic loss. For
all the experiments discussed, we remove any remaining
1Sy atoms after transfer with a 3 ms light pulse resonant
with the 1Sy — ' Py transition.

The transfer of Yb* to the ground state for detection
is achieved by applying a 200 us pulse of 770 nm light
resonant with the 3P, — 357 transition. The 357 state
has a 13ns lifetime and decays via the 2P; state to 1Sj.
Atoms which decay to the long-lived 2P state can be
brought back into the transfer cycle with a simultane-
ously applied 649 nm pulse resonant with the 3Py — 35,
transition. We typically used only the 770 nm resonant
light, resulting in some atoms getting stuck in ®Py. The
fraction of such atoms was calibrated by comparing de-
tection with and without the 649 nm beam and found
to be 0.24(1). This is in reasonable agreement with the
0.26 value for the branching fraction obtained from the
381 — 3P reduced matrix elements calculated in [2].

Mixture Preparation

For preparation of the Li+Yb* mixture, we begin with
an initial ODT depth of Uy, = 560 uK. We evaporatively
cool Yb by lowering the trap depth to 15 uK in 3s. The
Yb cloud sympathetically cools an equal mixture of the
two lowest hyperfine ground states of Li, which experi-
ence a 2.2 times greater optical potential at 1064 nm. We
spin-purify the Li component by energetically resolving
the two states (denoted |1) and |2)) at a high magnetic
field (480 G) and removing the upper state (|2)) from the
trap with resonant light. After preparing Yb*, we remove
any remaining 1Sy atoms with a 3 ms light pulse resonant
with the 'Sy — 'P; transition, the last 1ms of which
is concurrent with a re-compression step where the trap
depth is ramped-up to Uyy, = 85 uK, corresponding to a
mean trap frequency of Wyp-(r;) = 27 x 220(1700) Hz.
The re-compression step is done in order to suppress
atom loss due to evaporation and to improve interspecies
spatial overlap against differential gravitational sag. In
the absence of the Yb* preparation step, the Yb-Li mix-
ture contains Nypry) = 2.3(0.5) x 10° atoms at tem-
perature Typr;) = 4(8) uK. The temperature difference
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FIG. S1: (Color online). The timeline of the dual-species
experiment. After evaporation, we remove the |2) state of
lithium over 10us with resonant light at 671 nm (1), then go
to the desired magnetic field, and excite with 404 nm over
20ms (2). Following the end of that excitation, we remove
the remaining * S atoms in 3 ms with a resonant 399 nm pulse
(3). After a variable hold time, we transfer the metastable
atoms back to the ground state via ®S; and then image (4),
as described.

between the species is due to thermal decoupling at the
lowest trap depths [3]. The entire experimental sequence
for the mixture studies is diagrammed in Fig. S1.

It was important to consider the residual motion of
Yb* in the ODT. The optical pumping step deposits sev-
eral photon recoils of energy into the sample along the
ODT axis while the differential Stark shift results in a
small but instantaneous change in the trap strength. Ad-
ditionally, the timescale of the re-compression step (lim-
ited by the inelastic lifetime of Yb*) is fast compared
to the axial frequency of Yb* in the ODT. These often
led to axial dipole oscillations of the Yb* atoms in the
trap in a single 404 nm beam setup. We mitigated this
effect by using two balanced counterpropagating 404 nm
beams. There were still some residual damped breathing
oscillations, the amplitude of which varied between dif-
ferent datasets. Such differences were most likely due to
differences in the amount of untransferred ground state
Yb atoms that can collisionally damp out these excita-
tions, before the 399 nm removal pulse. In order to avoid
this complication, we chose to analyze a data set which
did not exhibit this oscillatory behavior.

Theoretical Supplement

The long-range van-der-Waals dispersion interaction is
fully determined by the atomic dynamic polarizability of
Li(*S1/2) and Yb(*P,) as a function of imaginary fre-
quency [4]. The polarizability of Li is well described from
the experimental data given in [5]. In the main paper, we
only give details of our determination of the polarizability
of the metastable Yb states.

The transition frequencies and oscillator strengths



TABLE S1: Non-relativistic and relativistic Cs dispersion co-
efficients in units of Era$ and magnetic dipole-dipole interac-
tion coefficients C3 in units of Ehag between a ground-state
Li and a metastable 2P, Yb atom. The non-relativistic coef-
ficients are labeled by 271A, the relativistic by n(2). Here,
Ej, = 4.35974 x 107*® J is the Hartree and ag = 0.0529177
nm is the Bohr radius.

A Cs | n(Q) Cs C5(1077)
24y, 3279.87 [1(1/2) 2987.57 3.2902
AT 2402.98 |2(1/2) 2841.42 -7.2886
1(3/2) 2841.42 5.2091
2(3/2) 2402.98 -9.2075
1(5/2) 2402.97 7.9969

used in obtaining the dynamic polarizability enable us
to construct both relativistic and non-relativistic van

der Waals Cj coefficients. They are listed in Table S1.
The relativistic coefficients, which are directly obtained
using dynamic polarizability at imaginary frequencies
[6], describe the long-range interaction potentials with
symmetry n(€), where  is the projection of the to-
tal electron angular momentum along the internuclear
axis and n indexes states for the same ). For Q) =
1/2, 3/2, and 5/2 there are 2, 2, and 1 adiabatic rel-
ativistic Born-Oppenheimer (BO) potentials dissociat-
ing to the Li(*S/5) + Yb(*P2) limit, respectively. The
non-relativistic C coefficients with symmetry 25T A are
found from the relativistic coefficients assuming an El -5,
coupling between the electron orbital angular momen-
tum I, and spin 3, for both Li (a = Li) and meta-stable
YDb (a = Yb). Our two non-relativistic coefficients differ
significantly from the coefficients used in [7].
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