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Why bother?

* Unexpectedly low dissipation rate
for some samples at microwave
frequencies near 1GHz

e Britton Plourde talk
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W h t ° k ? [1]Watts-Tobin, R., Kramer, L. & Pesch, W. “Density of states, entropy,

and specific heat for dirty type Il superconductors at arbitrary

temperature.”) Low Temp Phys 17, 71-86 (1974).
1 do _ e e? A? 5 5 b+ hw; 5
— blﬂ COS — — COS Ee— blﬂ
rdr h?c? Ay Ag
T R L - 1 }
FA.
25

g
Qo

® =1
3  B/H,,=0.15

=)
z
-““-‘-
=
3
=

3




Motivation

No low-frequency dissipation as

SIS ' Josephson vortices are coreless
and there is no sub-gup
excitations

C. Beenakker 1991

S_N_S - E, = A\/l—ﬁbsinQ(go/Q)

max7, ~ 1 (O.Dorokhov 1984)

So energy gap is absent

SINS m max7, <1

(Yu. Nazarov 1994)

In this case energy gap is
nonzero



The model and how to think about it?

Ttunnel

> 1
Tspread

Thus zero-mode
approximation is reasonable.

Each grain is characterized by
single-valued Green function
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What have been done?

A, | - cos f; X 8in 6
S T ( A, ) T | = COS U i ( )
0=F [ m(nra)o s Trae T (50 Tam?) (1
Doty Sl sin (xi — x;5) = —sin (xi — ;) |i"'| (2)
—esinf; + cos0; |A;| cos (p; — xi) +7 2.5 [€0s (x5 — xa) cos(6;) sin(f;) — sin(b;) cos(f;)] =0
Ai|e? =aAT Y700 eXising _
p; = arctan(y; /z;)
A = 20AT Y 75, sin 6); | | A0
—esinf; + cos0; | A +7>, (i) [cos (x; — Xi) cos(0;)sin(f;) — sin(f;) cos(f;)] =0
Ansatz:
In first order in gamma
A = tanh (£) A | | .
§ A.S. Osin, Ya.V. Fominov, Superconducting phases

tanh ( r ) Ag ) and the second Josephson harmonic in tunnel
junctions between diffusive superconductors, Phys.

Rev. B 104, 064514 (2021)
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Sanity check

— In continuous limit /¢ — 0

D = 3v1*

£ = (D/20)"?



— N(w,r)/Ng

Result

(a) §/1=4.6,7/A¢ = 2.2 (b) £/ = 0.6, v/Ag = 0.08
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Result
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Space-resolved DOS

DoS
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Minigap as a function of &
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Estimations for resistivity
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Conclusions

* A minigap in the spectrum of single-particle states near the core of a
vortex in granular superconducting system was found

* Such a situation occurs only in a specific window of tunneling
parameter. Estimations were made in terms of normal resistivity per
square.

* This provides qualitative explanation for surprisingly low dissipation
rate in such a system observed in recent experiments.



