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Spin transport within a superconductor
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We measure spin-pumping in a superconductor
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We measure spin-pumping in a superconductor
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We estimate the spin through Nb from the FMR linewidth

FMR linewidth, u AH (mT)
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Damping has a sharp decrease below Tc
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Damping has a sharp decrease below Tc
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Damping has a sharp decrease below Tc
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Damping has a sharp decrease below Tc
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Damping has a sharp decrease below Tc
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An unusual behavior is observed in the presence of Pt
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An unusual behavior is observed in the presence of Pt

FMR linewidth, p AH (mT)
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Meissner screening

Nb/Nig,Fe,,/Nb trilayer

7] T
20_— Ll - 0.016 | —C_ _
~ 1) 1 5 —
I 0.015+ - .
Ser ; 1 5 f
Nb (100 nm) L S S 1 500t I
= 12_._ JHZ @i @ : B | E 0 6 O
s | 0.013F F 0
§ gl o 1 oot . £y
Nb (100 nm) = o[ [ 1 22
z . " a MO00MF *0 oo-a
__ 5GHz & : & | 1 1
N z ] aotol T(?() 100
1 10 100 1 10 100
16: Temperature (K) Temperature (K)
E 14
I 12;
<4
= 10t
£ 8l
<
2 6/
o [
£ 4
S 2
Y . | .
0 5 10 15 20
MW frequency (GHz)

Phys. Rev. Appl., 11, 014061



Meissner screening
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An unusual behavior is observed in the presence of Pt
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We substitute Pt with different metals
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We substitute Pt with different metals
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The role of Cooper pairs in mediating spin transport in Nb
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The role of Cooper pairs in mediating spin transport in Nb

N -3

AL+ A Coherence length ~ \/%
Spin mixing ¢ “ ™

Short range triplet
Does not carry a spin

D
Coherence length ~ -

ex

Spin rotation
Long range triplet correlation

Carries a spin ‘
____4bd ‘ W

Superconductor Ferromagnet

“W, allf ”"m
.

Magnetic inhomogeneity
(intrinsic or designed)

Science 329, 59 (2010)
Nature Commun. 5 4771 (2014)
Phys. Rev. Lett. 104 137002 (2010)

SciRep 2 699 (2012).

Phys. Rev. B 89 104505 (2014)

Physical Review X 5021019 (2015).

Phys. Rev. Lett. 109, 057005 (2012)

Spin mixers




The role of Cooper pairs in mediating spin transport in Nb
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The role of Cooper pairs in mediating spin transport in Nb
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The role of the exchange in Pt
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The role of the exchange in Pt

1 v 1 N 1 4 I M ) ' 1 1 ' I ! I W 1 N 1 ! I
6 2K-0--3K o--2K-e-3K
7T NoFe, 04K 0o 7K T with Fe, —e-4K o BK ]
f=20 GHz o 8K o 10K f =20 GHz e 8K e 10K
o 20K © 80K ] [ * 20K 80K ]
16 |- o 16 | ¢ -
3 N z - -+
= S N e S I .
T151 o 4 215 * L
= ' 3 =% I i
£ £ B ——
-_9 -9 "',I /" T
5 14| - 3 14} -
= £
: |/ z e
13 | % 4 131 @ .
| |
| M | L 1 " | L 1 L | 1 L 1 1 1 M 1 M 1 L 1
0 1 2 3 4 5 0 1 2 3 4 5
Pt thickness, t5, (nm) Pt thickness, t,, (nm)

Phys. Rev. B 99, 024507 (2019)



Abrikosov vortex nucleation effecr in an OP field
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Abrikosov vortex nucleation effecr in an OP field
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Conclusions

* In spin pumping superconducting Nb can be a better spin sink than
Pt

* The spin pumping efficiency is increased when Nb is interfaced by a
high SO coupling paramagnet

* Enhancement of the exchange field within the paramagnet leads to a
further increase of the spin pumping
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