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x(T) 

Ҟs < x(T)<< L Long 1D wire of cross section s 

If the wire is infinitely long, there is always a finite probability that in some fragment(s) the 
magnitude of the order parameter  instantly becomes zero and the phase changes by 2p 

The minimum length the superconductivity can be destroyed is the coherence length x(T) 

The minimum energy corresponds to destruction of superconductivity in a volume  x(T) s:  
DF = Bc

2 x(T) s, where Bc(T) is the critical field 

In the limit rare events the probability of the process P(T) ~ exp (- DF / E )    

Thermal activation : E ~ kBT. 

Important at TĄTc. 

Quantum: E ~ D.  

Weak temperature dependence, 
exist even at T Ą0 

In current state the particular manifestation of a quantum fluctuation when magnitude of 
the order parameter momentary nulls and phase changes by ±2ϣ is often called άǇƘŀǎŜ ǎƭƛǇέ  



QPS contributionQPS contribution  
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Full model (G-Z) 

where SQPS = A·[(RQ / x) / (RN  / L)],   RQ = h / 4e2 = 6.45 kW, D = energy gap, 

RN = normal state resistance, L is wire length, x =0.85(x0l)
1/2 is  coherence length 

! Ғ ō Ғ  1 are numerical parameters.  

Essentially, there is only one fitting parameter: A Ғ 1.  
For a dirty limit superconductor:  GQPS ~ exp (-!ΩsTc

1/2/rN),  where s is 
the wire diameter and rN is the normal state resitivity. 

Materials with low Tc and high resitivity rN are of advantage! 
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In the limit R(T)<<RN QPSs are activated at a rate:   
GQPS = EQPS /h=D0[(RQL2)/(RNx

2)] exp (-SQPS) 



1D samples: fabrication & shape 1D samples: fabrication & shape controlcontrol   
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Ion beam provides polishing and gradual reduction of the cross -section  

Penetration depth of 1 keV Ar+ ions inside Al or Ti matrix < 2 nm 

AFM image of a typical Ti 
nanowire. Inset shows the 
surface roughness ±1 nm. 

Objective: to enable measurements of the same nanowire with progressively reduced diameter 

Evolution of Al nanowire after 
several sessions of ion 
milling. 



TEM analysis of the ion milled nanowire cross sectionTEM analysis of the ion milled nanowire cross section  




