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Mesoscopic unconventional superconductivity 2

* mesoscopic & system size comparable to typical length scales, Ar, &

e unconventional superconductivity 1s fragile to:
* 1mpurities and disorder
* surface scattering

(=~ system size comparable to & may suppress the dominant ordered state

=== other competing states/orders may be made visible....

typical length scales e.g. YBCO:
L= % = 1/kr
1/kr= 0.3 nm
g =2 nm
L =100 nm \/
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study current (Isq) vs. source-drain voltage (Vsq)
as a function of gate charge (ng=V4Cg) -> charging effects, single-electron-ics
at low T (s20 mK) varying an applied magnetic field
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A d-wave superconductor A(pr)=Ao cOS(2¢p)
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A d-wave superconductor A(pr)=Ao cOS(2¢p)
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Possible low-T transition to a fully gaped superconducting state

Superconducting instabilities at at [110]-surfaces in d-wave SC:s

Fractional Vortices as Evidence of Time-Reversal Symmetry Breaking in High-Temperature Superconductors, M Sigrist, D. B. Bailey, and R. B. Laughlin, PRL 74, (1995)
Coexistence of Different Symmetry Order Parameters near a Surface in d-Wave Superconductors, M Matsumoto and H. Shiba, J. Phys. Soc. Jpn. (1995)
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Tunneling into Current-Carrying Surface States of High-T. Superconductors, M Fogelstrom, D. Rainer, and J. A. Sauls, PRL 79, (1997)

Magnetic Induction of dx2-y2+idxy Order in High-Tc Superconductors, R B Laughlin, PRL 80, (1998)

Spontaneous time reversal and parity breaking in a dx?-y2-wave superconductor with magnetic impurities, A. V. Balatsky, PRL 80, (1998)

(and many more)

Magnetic or spin-density wave instabilities at [110]-surfaces
Instabilities at [110] surfaces of dx?-y2 superconductors, C. Honerkamp, K. Wakabayashi and M. Sigrist, Europhys. Lett., 50 (2000)
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A dx?-2+Is state in a nanoscaled YBCO grain

d-wave SC
A(p)=A cos(2¢p)
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The spectral gap: Eg ~1/R, R is the slab width
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Existing experimental evidence of T-symmetry breaking state
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severe restrictions on a 7-symmetry breaking state

spontaneous field due to a Asub
less than 0.2G

subdominant A
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Theoretical study of a d-wave SC mesoscopic grain
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Theoretical study of a d-wave SC mesoscopic grain

AX,Y)] Quasiclassical study

Order parameter field A(X,y)
-pure d-wave SC ~ A cos(29)

Total density of states:

N(e)=JdR (N(R,p:g))
with
N(R,p;e)=-Im[gR(R,p;€)]
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The d-wave SC grain undergoes a change of state at T=T1"
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The d-wave SC grain undergoes a change of state at T=T1"
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T-breaking is driven by a rearrangement of the gp-spectrum
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Rearrangement of the gp-spectrum give local currents
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Thermodynamics in an external field (A>€)
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Adding a sub-dominant s-wave pairing channel

phase-diagram with s-wave pairing channel
a - plain d-wave SC

p - T-broken SC with fractional vortices

y - T-broken SC d+is

Mikael Fogelstrom, Applied Quantum Physics Laboratory



Adding a sub-dominant s-wave pairing channel

phase-diagram with s-wave pairing channel
a - plain d-wave SC

p - T-broken SC with fractional vortices

y - T-broken SC d+is

Mikael Fogelstrom, Applied Quantum Physics Laboratory



Adding a sub-dominant s-wave pairing channel

phase-diagram with s-wave pairing channel
a - plain d-wave SC
p - T-broken SC with fractional vortices

y - T-broken SC d+is
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Conclusions

The experimental consequences of our findings are as follows:

A. Finding evidence of a T-symmetry breaking state does not necessarily imply a
multicomponent superconducting order-parameter

B. A hallmark of a d-wave superconductor 1s a conductance peak at zero bias and this peak
should narrow as temperature 1s decreased. This 1s not seen experimentally, instead the
conductance peak width saturates at~10-20% of the full gap scale, a width consistent
with the modifications of the local spectrum of quasiparticles caused by the T-breaking
state we find. It might well be that the phase we describe has been repeatedly seen 1n
NIS-tunnelling experiments

C. The magnetic trace of an inhomogeneous, T-symmetry broken state, can only be
detected 1f the experimental probe can resolve a magnetic flux variation on length scales
~10 nm (for YBCO). State-of-the-art nano-SQUIDS may do that. Also, measurement of

the total magnetisation should show a non-monotonous temperature dependence at small
fields
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