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SUPPLEMENTARY NOTE 1
Derivation of scattered fraction

We use a simple analytical model to describe our measurements of the scattered fraction S as a function of the elastic scattering
cross-section o given in Eq. (5) of the main text. We start from the model used in Thomas et al.!, which makes three assumptions.
First, we replace the initial momentum distribution of the atoms by delta functions in momentum space corresponding to velocities
v = viZ and v, = —vpZ. Second, we ignore the dynamics of the scattered atoms, so we can represent scattered atoms as loss
from the initial clouds. Third, we assume that the phase-space densities are sufficiently low to ignore quantum statistics. Taken
together, these three assumptions reduce the quantum Boltzmann equation to a pair of coupled transport equations
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where the #;(r, 1) are the densities of the two clouds composed of either “°K or 8’Rb, v = |v| — 15| is the magnitude of the relative
velocity of the clouds, and o is the cross section evaluated at the collision energy E = (mlv]2 + m2v§) /2. We further assume that
the densities remain Gaussian and can be written as
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where N;(7) is the time-dependent number of atoms and s, ; is the width of the cloud in the x-direction (and similarly for y and
7). Supplementary Equation (1) can be integrated over x, y, and z to give
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where &, = Is)zc  + si , and similarly for £, and &;. We assume that the initial numbers of atoms in each cloud are the same,

Ni(=00) = Np(=00) = No/2, so that N1(t) = Na(t) = N(t)/2. Letting Ny = N(o0), we integrate Supplementary Equation (3) and
find that the scattered fraction § = 1 — (Ny/Np) is
ao
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with density factor & = Ny/(47&€y).

In our experiment, the non-zero temperatures of the clouds imply that their momentum distributions are Gaussian and not
delta functions, and we should therefore consider the effect of collisions where the two collision partners have velocities v{ and
Vé that are different from the nominal values of vi = vZ and v, = —v;Z. There are four major effects. The first occurs when
the collision energy is the same as the nominal energy, but the collision axis is rotated from the z-axis by a small angle 6 on the

order of 6 ~ /{(vy - §)2)/v. We are primarily interested in the s-wave scattering halo, and, as s-wave scattering is isotropic, this
rotation has no effect on the final pattern. For collision energies where we need to include p-wave scattering (E/k > 100 uK),
the angle of rotation is on the order of 10 mrad and is undetectable in our images.

The second effect of the Gaussian momentum distributions is that the total momentum of the collision partners may not
vanish, so the collision halo may have residual velocity in the laboratory frame. An image of the halo, which captures many
realizations of the total momentum, will therefore be elongated along the collision axis. We have not observed this elongation in
our absorption images of the scattering halo, which is likely due to a combination of the low ratio of thermal to collision energy
and the limited expansion time that we allow the halo.

The third effect of non-zero temperature is that collisions will occur at a range of energies, and that this distribution of collision
energies will distort the measured Feshbach resonance parameters. For the resonance studied here, the spread in collision energies
is less than the width of the Feshbach resonance in the energy domain, I'(E)/k, for energies less than 150 uK given §u/k = 160
#K/G obtained from the coupled-channels model. At higher energies, the spread in collision energies broadens the measured
resonance, but this has negligible effect on the measurement of the resonance position at the level of precision obtained in this
experiment.

The fourth impact of the momentum spread is that the atom clouds expand in the time between their release from the optical
traps and when they collide. The time-to-collision is energy-dependent, as the separation distance at which we turn off the traps
is fixed, so the density factor @ in Supplementary Equation (4) becomes a function of energy a(E). As we assume that the
cross-section is given by Eq. (4), and as a(E) enters Supplementary Equation (4) only as the product a(E)o, we use a(E) as a
free parameter in our fits to Eq. (5) to match the magnitude of the scattered fraction.

Our experiment further deviates from the simple model in that we observe a secondary, outgoing “°K cloud for collisions near
the peak cross-section that is caused by multiple scattering”? of “°K atoms with the 8’Rb atoms (see Supplementary Fig. 1).



While this would suggest that we cannot neglect the dynamics of the scattered atoms, we have used a direct-simulation Monte
Carlo model of the collider® to verify that fitting the simple model to simulated data allows us to reliably extract the resonance
parameters po(E), [(E), and Bes(E).
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Supplementary Fig. 1 Multiple scattering effects in resonant 40K +87Rb collisions. Simulation of a collision between 8’Rb atoms in the
[1,1) state and *°K atoms in the |%,—%) state at a collision energy of E/k = 30 uK and a magnetic field of B = 546.6 G computed using
the direct-simulation Monte Carlo method. The 3D spatial distributions are projected onto a 2D plane with a 16 x 16 (um)? cell size. The
expansion time is 4 ms. a Spatial distribution of K atoms after collision. b Spatial distribution of Rb atoms after collision computed at the
same time-of-flight as for a. ¢ Spatial distribution of mean number of inter-cloud collisions per cell for K atoms. d Spatial distribution of
mean number of inter-cloud collisions per cell for Rb atoms. In a,b, colour indicates number of atoms per cell. In ¢,d, colour indicates mean
number of inter-cloud collisions per cell. The small secondary cloud in a is due to multiple scattering, whereas the same effect leads to a slight
elongation of the 87Rb scattering halo in b.
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