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Introduction: A constant phase difference (¢) between two superconductors coupled by a weak link leads to a dissipationless supercurrent periodic in ¢. The exact current-phase
relation (CPR) is closely related to the Andreev bound states (ABSs) in the weak link, and measuring it is in itself a feat which has in the recent past revealed the ballistic transport in
graphene [1,2] and topological materials [3,4]. If ¢ acquires a time-dependent ac component (6¢), the dynamics of ABSs causes delay in the current response and consequently a
counter-intuitive dissipation [5]. Besides the equilibrium CPR, these dynamical responses can shed further light on the properties of the Andreev levels such as the topologically
protected level crossings in a SNS junction based on topological materials [6]. While the previous work focuses on the weakly driven regime (o0¢p < 2x), a strong driving power can
significantly modify the distribution function from the thermal equilibrium [7,8]. Here we present a systematic study of CPRs and the dynamical dissipations over the complete phase
range under different drive frequencies and powers.
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The diffusive model agrees better with data

2 Measured CPR without irradiation Dissipation with irradiation
@ - ) 10" (o) (© (b) f=2 GHz (c) f=19 GHz
g o A ) ™. || (@ CPR at T = 12mK, . ' '
-\ “lee.. 1| 0.9K,1.5K (by integrating
£ - Rl 5 x In the inset) (b) CPR 40 -
T \J/ 3 harmonics |I__| versus
20 ; 20~
T gate voltage V_. (c)
o < ] | w critical current |_(]I_ | in ’ > 0+
0.00 0.25 ((I))l.‘: 0.75 1.00 e 0.5 w 1.0 15 inset) VerSUS T. .
Diffusive model [9]: E, /k_ = fv_| /2L° = 400 mK. |_~ 100 nm.
Ballistic model [10]: T_, = 450 mK. Theoretical T _, = AvF/2m(L+§) = 530 mK | 0 | e et T e
______________________________________________________ — P =_50 dBm P =-40 dBm = P =-38 dBm P=-22dBm
. . . . . DIy = P =-45dBm = P =-39.5dBm = P =-30dBm = P =-21.5dBm
Tight binding simulations  PIliSwme - nomadmion  — P-.24dem— P~ 20aBm
= = ' no irradiation
d : : o~ : : : o
LN — . ftingtodifusive | T fing o ballstc LT \\ = 4120 | = 30, AV, = 2. (a) Dissipative y" versus flux without irradiation at 12 mK, 0.9K and 1.5K. The peak at

2d ballistic with doping phase & due to higher possibility of interlevel transition as the minigap closes.
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Both ballistic and the diffusive model yield similar and reasonable energy . The nonequilibrium states manifests more clearly in dissipation as a doubled periodicity,

scales of the junction (~ 500 mK). observed only with irradiation frequency higher than 10 GHz

This is also the case reproduced by the tight-binding simulations.
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