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SUPPLEMENTARY NOTE 1: CALCULATION OF SCATTERING PHASE SHIFT

First, we consider the quasi 1D system, where the |g) and |e) atoms are radially confined by the 2D
state-independent optical lattice and calculate the effective 1D scattering length [1]. Next, we consider the
scattering problem in the effective 1D system, where the |e) atom is localized by the 1D near-resonant optical
lattice and calculate the scattering phase shift using the effective 1D scattering length [2].

A. Effective 1D scattering length

We consider the two-channel model consisting of the open channel |o) = |g ;e |}) and the closed channel
lc) = |g U;e ). The scattering problem in the two-channel model is studied in Supplementary Ref. [1], and
we calculate the effective 1D scattering length a;p based on our experimental parameters. In the case of the
two-terminal experiment, |) = |mp = +5/2) or |mp = +1/2), and ||}) = |mp = —5/2). The non-interacting
Hamiltonian in the relative coordinates H is given by
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where §(B) = hopB > 0 denotes the Zeeman energy difference between the two channels with du =
110.72(51)Amp Hz/Gauss [3]. Here H, + H, represents the free-particle Hamiltonian:
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Here p1 = m/% is the reduced mass, and w,; = 27 x 22.0 kHz is the radial trap frequency of the tube potential,
and H, and H satisfy the following Schrédinger equations:
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where ;. (2) = e'*# /\/27 represents the plane wave with the wave number k, and X, m. (p) is the eigenfunc-
tion of H,, with m, = 0,4+1,+2,... and n, = |ml|, |m.| +2,|m.| +4,.... The interaction Hamiltonian 1%
is given by the 3D Fermi pseudopotential:
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Here aq = (af, +a,)/2 and aex = (af, — a,,)/2, and o}, = 1878(37)ap and a, = 220(2)ap (ap: Bohr
radius) correspond to the spin-singlet and spin-triplet interorbital scattering lengths, respectively [4].

In order to solve the scattering problem, the incident wave Wy (p, z) = &k(2)X0,0(p) |0), with energy E =
h?k%/(2p) + hw,, is considered. Here we assume the low-energy scattering h2k?/(2u) < hw,,8(B). The

scattering wave function W(p, z) is obtained by solving the Lippmann-Schwinger equation:
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where G(p, z;p’, 2') is the free Green’s function, and 7 is the regularized scattering wave function, defined as
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The equation with respect to n is obtained by substituting Supplementary Equation (8) into Supplementary
Equation (9):
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Here G(0,2;0,0) and Gg_5p)(0,2;0,0) are calculated as follows:
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where a; = /h/(pw, ) = 1377ap denotes the oscillator length. Here &,, and A, (B) are given by
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where y(B) = /2ud(B)/h.

We obtain the scattering wave function of the open channel in the limit |z| — oco:
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where f(k) represents the scattering amplitude given by
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The regularized scattering wave function n is calculated as follows:
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where the matrix M is defined as
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Here ((1/2, z) is the Hurwitz zeta function identical to £(z — 1) introduced in Supplementary Ref. [5]. The
scattering amplitude f(k) can be expressed as
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Thus the effective 1D scattering length a1p is obtained as
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where ag = (a3 — a2,)/aq and a1 = (a3 — a2,)/dex.

Supplementary Figure 1 shows the effective 1D scattering length as a function of the magnetic field for
the parameter set relevant to our experiment. In particular, we obtain ajp/ag = 515 (Amp = 5), 165
(Amp = 3) at 45 Gauss and a1p/ap = 2667 (Amp = 5), 1212 (Amp = 3) at 135 Gauss.

B. Scattering problem in (0+1)D system

Here we consider a scattering problem in a (04+1)D system, where the |g) atom and the |e) atom are
itinerant and localized, respectively. This problem is studied in Supplementary Ref. [2], and we calculate the
scattering phase shifts based on our experimental parameters. The non-interacting Hamiltonian Hj is given
by
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Supplementary Figure 1: Magnetic-field dependence of the effective 1D scattering length. The
open channel is defined as |0) = |g,+5/2;e,—5/2) (a red line) or |o) = |g,+1/2;e,—5/2) (a blue line).

where 2z, denotes the z coordinate of the |g)(|e)) atom, and w, = 27 x 24.4 kHz is the trap frequency
of the near-resonant optical lattice for the |e) atom. We assume that the confinement of the near-resonant
optical lattice is negligible for the |g) atom. The Hamiltonians H, and H, satisfy the following Schrédinger

equations:
- h2k?
Hg&k(zg) = om &r(zg), (22)
N 1
He¢nz (ze) - (nz + 2hwz> ¢nz (Ze)~ (23)
The interaction part is given by the effective 1D potential:
N 2h2
Vip(ze, 2¢) = T 0(2ze — 2g)- (24)

The incident wave o (ze, z9) = &k(2g)P0(ze), with energy E = h*k?/2m + hw, /2, is considered, and the
scattering wavefunction v (z., z4) satisfy the Lippmann-Schwinger equation as follows:
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where gg(ze, 24; 7', 2') represents the two-body free Green’s function. Here we assume the low-energy scat-
tering A2k%/2m < hw,. Thus the Green’s function is expressed as
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where k, = v/2n/a? — k2, with a, being the oscillator length a, = \/h/(mw.) = 925a5.

We obtain the scattering wave function in the limit |z, — oco:
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The scattering amplitudes fo(k) and fi (k) are expressed as
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The function v (z, z) satisfies the following integral equation:
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On the other hand, the scattering amplitude can be expressed with the scattering phase shift §;(¢):
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We calculate the scattering amplitudes fo(k) and fi1(k) by solving Supplementary Equation (30) numeri-
cally. Supplementary Figure 2a-b show the scattering phase shifts of the atom in the |1 (])) state as functions
of e, where the |1) and |{) states correspond to the |g) |mpr = +5/2) and |g) |mp = +1/2) states, respectively.
We find that 64 — d;; for I =1 at 135 Gauss is larger than that at 45 Gauss, which accounts for the faster
transport dynamics observed in a magnetic field of 135 Gauss (see Fig. 5 in the main text).

SUPPLEMENTARY NOTE 2: CALCULATION OF TRANSPORT DYNAMICS

As mentioned in the main text, the time derivative of the atom-number difference AN is the current,
determined by the Landauer-Biittiker formula (see Equation (3) in the main text). The fugacity e+,
with 4y being the chemical potential of the atoms in the [+(—)) state, is expressed using Equation (11)
in the main text:

Pt — PhwirapNy 1 — eﬁhwtrap(NJrAN)/Q —1, (32)

616,/1«7 = eﬁhwtrapN* — 1= eﬁhwt”’p(N_AN)/2 — 1. (33)

Thus the current is expressed in terms of AN assuming the total number of atoms N is conserved, and the
transport dynamics is given by the first order differential equation of AN, which can be solved numerically. In
order to perform the numerical calculation of the transport dynamics, we consider the spatial inhomogeneity
of the atom numbers in the tube potentials, as shown in Equation (6) in the main text. Supplementary
Figure 3 shows the calculated transport dynamics in a magnetic field of 45 Gauss.
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Supplementary Figure 2: Energy dependence of scattering phase shifts. a. 45 Gauss. b. 135 Gauss.
Here ep = h x 2 kHz denotes the estimated Fermi energy in the central tube.
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Supplementary Figure 3: Calculation of transport dynamics in a magnetic field of 45 Gauss. An
index ig corresponds to the index of the central tube. The solid line is the same as the dashed line shown
in Fig. 2¢ in the main text.
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