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1. Introduction
Fluctuations In  superconductors
Quantum Phase Slip concept

2. Impact of phase slips
R(T)
Persistent currents

3. Impact of modulus (?) fluctuations
DOS and superconducting gap
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Fluctuationsvs. systemdimensionality

For a superconductor dimensionality is set by the temperatutependent coherence lengtk(T).
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Fluctuations in a 1IT)) supercondcutor
X(
Long 1D wire of cross secticn I ks <x(T)<< L

If the wire is infinitely long, there is always a finite probability that in some fragment(s) th
magnitude of the order parameter instantly becomes zero and the phase changepby

N) =

The minimum lengththe superconductivity can be destroyed is the coherence leng()

The minimum energy corresponds to destruction of superconductivity in a volur{é) s:
DF = B x(T)s, where B(T) is the criticafield

In the limit rare eventsthe probability of the process P(T) ~ expF / E)

4 , ;

Thermal activation : E~ kgT. Quantum: E~ D.

Weak temperature dependence,
existevenatT AO

Importantat TA Tc.

In current state the particular manifestation of a quantum fluctuation when magnitude of
the order parametermomentary nulls and phasechangedy +2wis often calledd LIK & & &
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FIG, 3. Total resistance of lin crystal as a function
of temperature. Closed circles, measured with super-
eonducting femtovoltmeter; closed triangles, mea-
sured with nanovolimeter, Line, two-parameter fit to
M-H theory.

Thermal activated phase slips
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Tin whisker: as.4 ~1 mm

Experiment:

J. E. Lukens, R.J. Warburton, W. W. Webb, Phys. Re25] ett.
1180 (1970)

R. S. Newbower, M.R. Beasley, M. Tinkham, PhysB Be®64,
(1972)



QPS contribution

A. Zaikin, D. Golubey, A. van Otterlo, and G. T. Zimanyi, PBL1552 (1997)
Full model (C‘Z) _> A. Zaikin, D. Golubeyv, A. van Otterlo, and G. T. Zimanyi, Uspexi Fiz. NégKk244 (1998)
D. Golubev and A. Zaikin, Phys. RBW64, 014504 (2001)

In the limit R(T)<<FQPSsre activated at a rate:
Gops= Eqps/N=Do[(RoL2)/(RyX?)] exp (Sypg

_ DO(T)SéPSL _
R =b=> = expl- 25y

where $ps= A[(Ry/ X ) (RY/L)]l, R=h/4e&=6.45KV,D= energy gap,

R,= normal state resistance, L is wire lengtix0.85&,l)2is coherence length

I £ 1are fiumerical parameters.

Essentially, theres only onefitting parameter: AF 1.
For a dirty limit superconductorG,p~exp(-! €X.?/r ), wheres is
the wire diameter and  is the normal state resitivity.
Materials with low Jand high resitivity  are of advantage!




Existing experiments on QPS

J.M Graybeal, P. M. Mankiewich, R.  N. Giordano, et.al. PRL 61, 2137 (1988); A. V. Herzog, P. Xiong, F. Sharifi, and A. Bezryadin, C. N. Lau and M.

C. Dynes, M. R. Beasley, Phys. Rev. Lett. 63, 2417 (1989); Phys. Rev. R. C. Dynes Tinkham, Nature 404, 971 (2000)
41, 6350 (1990); Phys. Rev. B 43, 160 (1991 PRL, 76668 (1996) C. N. Lau, N. Markovic, M. Bockrath,
Fiye: Rev, LR, 2507 ([E7) Physica B 203, 460 (1994) A. Bezryadin, and M. Tinkham, Phys.

Rev. Lett. 87, 217003 (2001)

MoGe nanowires Nanowires of typd in situgrown granular MoGe film on top of
superconductors metal wires a carbon nanotube
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FIG, 1. Resistive transitsons for a sel of fowr wires with T-T. (K) g () 3250 A1 qpr #H () 5500 A 0" T T T T T
differen widihs » upon a singhe film of thickness 50 &, Ne ¢ 130 ﬂ 1 i # ‘H‘ 1 2 3 4 5 ]
the systemalic decrease in T, with decreasing sumple widl) FIG. 1. Resistance, normalized by the normal stae value, as 2 e 7 2 p 2 T(K)
a function of temperature for three In wires; the sample diame- Temperature (K) Temperature (K} FIG. 1. Resistances as a function of temperature for eight dif-
ters were 410 A (@), 505 A (+), and 720 A (O). The solid L e . ferent samples. The samples’ normal state resistances and lengths
curves are fits to the thermal activation theoey (1), while the ~ F10: 1 The strong to weak localization transition for a series  yre |: 14,8 kQ, 1350m;2: 107 kQY, 135 nm; 3: 47 kQ2, 745 nm;
dashed curves are fits o (7). Where the solid and dashed  °F o wires of increasing widths. Each sct of data exhibits  4: 17.3 k), 310 nm; 5: 32 kQ, 730 nm: & 40 k2, 1050 nm;
curves overlap, only the former is showa for clarity. The sam- a gap in its resistance where ne stable wire i1s obtaned 7: 10 k€2, 310 nm: 8: 45 k€2, 165 nm.

(a) 550 A wide: curve a — 78 A thick; 8 —~ 81 A thick; ¥
approximately same thickness as curve 8: & ~ 107 A thick
(b) 1000 A wide. (c) 3250 A wide. (d) 5500 A wide

ples had lengths of 80, 150, and 150 gm, and normal-state
resistances of 5.7, 7.1, and 1.2 k0, where we list the values in
order of sample size, with the value for the smallest sample
first.

clean systems.?’ However, in this case one expects the

resistance to fall off exponentially with temperature
below 7., which does not agree with the results of our

we may only conclude that the superconducting Huctua-
tions are enhanced as the disordered 1D limit is ap-
proached.



1D samples: fabrication & shape

control

Objective: to enableneasurement®f the samenanowire with progressively reduced diamet
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Manifestation of QPS: broadening of R(T) transition

Aluminium
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Dashed lines: thermally activated fluctuations (LAHM) at T ~Tc
Solid lines: quantum fluctuations (GolubeyZaikin) modelat T << T

M. Zgirskj K-P.Riikonen V.Touboltseyand KArutyunov // Nano Letters, 1029-1033 (2005).
M. Zgirski, KP. Riikonen, V. Touboltsev and K. AYutyunov// PRB77, 0545081 -- 0545086 (2008).
J S. Lehtinen, T. Sajavara, K. Yu. Arutyunov, M. Yu. Presnjakov, avidsfieS/ PRB35, 094508(2012.



NbN nanowires

NbN is a highly disordered (= highly resistive) superconductor.
We studied more than 40 samples: 4 and 8 nm thick
nanowires, width from 30 nm to 60 nm, length 5 um. Ry
varied from 15 Wto 100 W.

The experimental width of the R(T) transition correlates well with the resistance in normal state
Ry. The shape of the majority of R(T) transitions can be nicely fit with TAPS model, while for the
thinnest nanowires the best fit is provided with QPS.

K. YuA., RamodAlvarez A. V.Semenovyu. PKorneevaP.PAn,A. A.
KorneeyA. Murphy, A. Bezryadinand G. NGol'tsman Nanotechnology27, 47LT02 (2016)



