Title: Muon Spin Rotation/Relaxation Studies of Unconventional Superconductivity
Date: Apr 30, 2015 11:00 AM
URL: http://pirsa.org/15040158

Abstract: Muon spin rotation/relaxation is a powerful technique for studying unconventional superconductors, whose order parameter doesn't have
the same symmetry as its host material's crystal structure. | will describe our work on Sr2Ru0O4, UPt3, CuxBi2Se3 and other topical systems, some
of which exhibit broken time reversal symmetry in their superconducting states.
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Superconducting State

Resistivity (LQcm)

Dependence of Tc on po

Extreme sensitivity to (non)-magnetic impurities
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Mackenzie et al., Phys. Rev. Lett. 80, 161 (1998).
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Experimental Geometry
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Zero Field ZF-pSR

Ordered state, v« Moment «/Ig
Random frozen spins give
characteristic relaxation.
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Carlo et al., Nat. Mat. 11, 323 (2012).
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Broken Time Reversal Symmetry

Surfaces, domain walls, 3
defects generate physical  ,, 1,

supercurrents and 2
magnetic fields. p

(a)

| | . ( b)
eq. Kx+iky/Kx-iKy 1.0 |

Sigrist & Ueda, R.M.P. 63, 239 (1991).
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SroRuOs: ZF-pSR

Correcled asymmelry
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Luke and Sonier, Physics in Canada 67

, 93 (2011).
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Surface Probes

+ No supercurrents detected at surfaces of SroRuOa.

T 1H

Kirtley et al., Phys. Rev. B 76, 014526 (2007).
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Kashiwaya et al., Phys. Rev. Lett. 107, 077003 (2011).
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UPts
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Non-Centrosymmetric Superconductors

v.UuUs T T T T U ZU T v T v T v T : T v .‘
: Srp[ Aq Sample A (PSI) StPtAs  Sample A |
- 0.006 ®  Sample B (ISIS)- 0.19 ZF-uSR )|
] ZF-uSR gt !
n 0.004 : T -C' ‘Q &Q‘?
” . T 018} D R, 1
2 N\ E’ 5 R |
; 0.002 LN o 017¢ . \“%é - 4
\ < I \ i v
- Ris o |
0.000 LR 016 o 35K CITHS T &
0.008 — 0.019K _7\7 {’:}
-~ LF-uSR e T S T A
3 g Time (ps)
< Sample A
0,000 - i - i . i - A . A
0 I N 3 1 3 Biswas et al., Phys. Rev, B 87, 180503R (2013)
Temperature (K)
I.“ T T /| T T
':. 0.8 o 60 mK
. "= i 2 Uor 1 870 mK
LaPts3Si g
=
:’E 0.6}
B 0 P N % Kawasaki et al., JPSJ 82, 084713 (2013).
| " g 002f
g < 001}
7
o 0.2 0,00
z 00 02 04 06 08 '
TiK) 0 :
‘)‘l, 1 L 1 L -l
0 2 4 6 8 10 12 14

Time (us)

Pirsa: 15040158 Page 10/18



Pirsa: 15040158

Vortex State
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SroRuO4: Square Vortex Lattice - SANS
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Vortex Lattice - Agterberg f v,
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SroRuO4 TF-pSR Analysis

« Square lattice data fit to 0.2 _l
microscopic Agterberg theory.
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Superfluid Density

Fit to weak coupled BCS.
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C-axis

A(0)=4000nm.
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C-axis

A(0)=4000nm.

No evidence for nodes.
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Conclusions

Broken time reversal in SroRuQO4 below T¢ iIn Meissner

state.

Broken time reversal observed in a small but increasing
number of superconductors.
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