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SQUID magnetometer 

Magnetization hysteresis loops for a MgB2 thin film. The 
measurements were done after zero-field cooling down to different 
temperatures using a SQUID magnetometer (Quantum Design MPMS). 
Pronounced fluctuations in the magnetization are evident at T = 10 
and 5 K, while only regular behaviour is seen at the higher 
temperatures. The fluctuations indicate that numerous flux jumps are 
taking place. Their magnitude as well as the accompanying effect of 
cutting off (flattening) the central peak vary with the temperature. 
[Johansen et al. Europhys. Lett., 59 (4), p. 599 (2002)]  

MgB2  
Tc = 39 K 



MgB2 films: Different types of flux pattern morphology at various temperatures. a)-c) MO images taken for T 
= 3.3, 9.9 and 10.5 K at applied fields of 13, 17 and 19 mT, respectively. At low T the dendrites are numerous 
and with few branches, while just below 10 K only large tree-like structures are formed. Above 10 K the film 
behaves traditionally according to the critical-state model. d)-f) Results of computer simulations largely 
reproducing the observed types of flux penetration patterns. Individual vortices are indicated by white dots, 
and gray indicate elevated temperature due to heat dissipated by the most recent vortex motion. 
[Johansen et al. Europhys. Lett., 59 (4), p. 599 (2002)]  



Materials: The elements 

Typically Tc < 5 K 
Pb: 7.2 K, Nb: 9.25 K; Rh: 35 μK 

C. Buzzea and K. Robbie, Superc. Sc. & Techn. 18 R1(2005) 



Inducing SC in the elements 

C. Buzzea and K. Robbie, Superc. Sc. & Techn. 18 R1(2005) 



What gives superconductivity? 

What give ‘good’ superconductivity  
(High Tc, High Jc, High Hc)? 

 

– High density of states? 

– Strong electron-phonon coupling? 

– High phonon frequencies (Debije frequency)? 

– Diamagnetic? 

– Heat capacity (sommerfeld coefficient)? 

– Good normal conductivity? 

– Other? Compressibility?, Sound velocity?, etc.? 



Isotope effect 

𝑇𝑐 ~ 𝑀−𝛼  
𝛼 ~ 0.5   

 Phonons Ω~1/√𝑀 

Debye frequency  
       good predictor? 



Isotope effect 

Hg Sn Pb Zn Cd Tl Mo Os Ru Zr 

α 0.5 0.47 0.48 0.45 0.5 0.5 0.33 0.2 0.0 0.0 

θDebye 72 200 105 329 210 79 423 467 555 290 

Tc 4.2 3.7 7.2 0.9 0.6 2.5 0.9 0.7 0.5 0.7 

α only sometimes 0.5, sometimes even 0!  
 - k,ω-dependent coupling, bandstructure 
 
Debye temperature does not seem to have  
much predictive power 
 





Circles: not superconductings. Squares: superconducting 

No correlation Low conductivity? 

High heatcap.? 

No correlation 



No correlation 

Low correlations 

No correlation 

No correlation 



No correlation 

No correlation, 
Maybe low volume 

Low therm. Cond.? 
No correlation 



e-conductor? 



Overlap integrals, bandwidth, D(EF) atomic volume 

C. Buzzea and K. Robbie, Superc. Sc. & Techn. 18 R1(2005) 



C. Buzzea and K. Robbie, Superc. Sc. & Techn. 18 R1(2005) 

There are no predicting physical properties 
At this point best still seems high DOS at EF 


