Supplementary Material: Anomalous metallic state driven by magnetic field at
the LaAlO3/KTaQs3 (111) interface
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DEFINITION OF Hy, AND H
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Fig. S1. Normalized transverse resistance as a function of magnetic field at different temperatures from (a)

0.05 K to (h) 0.5 K.
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Fig. S2. Normalized longitudinal resistance as a function of magnetic field at different temperatures from (a)

0.05 K to (d) 0.3 K.

ANOMALOUS METALLIC STATE IN SAMPLE #2

(2) (b)

500

1000

—omT
10 mT
20 m1
30mT
40T
S0mT
70 mT « 0mT
90 mT « 90mT
——120mT H o 120mT
——— 200 mT
220 mT

* OmT

e 10mT
20mT
30mT
40mT
50 mT

R(Q)

R(Q)

© 200 mT

.
_ ' . .?Unﬂ
: ) i Uik ‘ ‘ ‘ S| G
0.0 0.3 0.6 0.9 1.2 Q 5 10 15 20 25

T(K) (K"

Fig. S3. Temperature dependence of resistance for Sample #2. (a) Resistance versus temperature at different
perpendicular magnetic field. (b) Arrhenius plot of resistance for several magnetic fields shows saturation at low
temperature, indicating the emergence of an anomalous metallic state. Different samples show the repeatability of

the results.

THE MODEL OF QUANTUM TUNNELING OF VORTICES

An alternative explanation of the anomalous metal state is the theoretical model of quantum
tunneling of vortices (quantum creep) [1-3]. In this theory, anomalous metallic state is caused by
vortex tunneling through narrow superconducting channels. In the framework of this theory, the

resistance obeys a general form in the limit of the strong dissipation [1,3,4]:
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where C is a dimensionless constant of order unity, and H,, is the perpendicular upper critical

field. As shown in Figure S4, R(H) curves around the magnetic field of 0.1 T at low temperatures



(below 200 mK) is well fitted by Eq. S1, indicating that the quantum creep plays a key role in this
regime as a possible origin of the anomalous metallic state. The anomalous metallic state in our
sample is thus exhibiting a crossover at / ~ 0.1 T between the models of Bose metal and quantum
creep described by Eq. 3 (in the main text) and Eq. S1. Such crossover has been predicted by Das
and Doniach [5].
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Fig. S4. The R (H) curves of LaAlO3/KTaOs (111) at 50, 100, and 200 mK, which can be well fitted (the red

solid lines) by Eq. S1 around the magnetic field of 0.1 T.
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