
Upper critical field on the basis of a two-band model 13

C.Z.U.537.312.62.01 

UPPER CRITICAL FIELD ON THE BASIS 
OF A TWO–BAND MODEL 

Vitalie Ursu  
(Institute of Applied Physics, Academy of Sciences, Republic of Moldova) 

The discovery of the high temperature of transition in superconducting state Tc ~ 40K in the
simple intermetallic compound MgB2 [1] has stimulated researches of these material properties both
in the experimental and theoretical plans. The significant result of these researches is the discovery
of two energetic gaps in the spectrum of the elementary excitations [2] and the possibility of
theoretical describing of this compound on the base of the two-band model [3]. 

This two-band model and its generalization for the anisotropic value of the
energetic gaps ∆1 and ∆2 case, [4, 5] confirm the experimental results for the
thermal capacity Cs dependence on temperature, the penetration depth of the
magnetic field and other characteristics in the MgB2 compound.  

As it is known, the superconductivity metals undergo a transition from the
superconductivity phase into normal in the magnetic field at some its value. This
transition which is relevant to the full penetration of the magnetic field into the
superconductor, occurs in the moment when the field achieves the value of the
upper critical field Hc2.  

The main purpose of the work is researching of pure two-band
superconductor of the secondary type for arbitrary temperatures close to the upper
critical field and the definition of temperature dependence of the Hc2 value. The
calculations are based on the fundamental equations of the electrodynamics of two-
band superconductors [6], which are valid both for pure and doped
superconductors.  If the exterior magnetic field is great enough the order parameters ∆m
(m = 1, 2) of two-band superconductor is small, and we can use equations ref. [6]
for pure two-band superconductor: 
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We restricted here by linear terms on Δn quantities in comparison with
reduced in [6] because in the 2CH H=  point occurs solutions with the infinitely
small values Δm. Green function defines by equation at presence of the magnetic
field [7]: 

( ) ( ) ( )ωω ϕ /′,=/′, ′
′,

′ rrgerrg nn
rri

nn
0 ,   

( ) ,





=, ∫



→→r

r

ldlAerrϕ       (2) 

where 0
'nng - Green function of an electron in normal metal without magnetic field.

The presence of the magnetic field is taken into account by the phase multiplier. 
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We decompose in equation (1) the normal metal function 0
'nng  into the row 
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and use approaching of the diagonal Green functions. Magnetic field is guided 
along the z-axis. Besides choose the vector potential as Ax = Az = 0; xHAy 0= .  

On the base of (1) - (3) after calculating the integral by impulse 
r
k , averaging 

by elementary cells, applying Maki and Tsuzuki methods [7] and 
assuming { }2

0e=)( xHxpx mm ∆∆ , we obtain: 
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where νn and Nn are accordingly electron speed and electron density of state on n-th 
cavity of the Fermi surface,  
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where γ is the Euler constant , )(n
Dω  is the cut-off frequency. 

Basing on (5) it is easy to obtain the equation for the upper critical field 
definition in the next view 
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Equality to zero of the system (6) determinant corresponds to the presence of 
non-zero solutions, that is the connected pairs forming. The field, in the presence of 
which such solutions can appear, is the upper critical field 2CH . So the 2CH value 
defines from the condition of the system (6) solvability: 
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The analytic solutions to equation (8) could be computed for two limit cases 
as follows: 

. << 1 (  -     );    .    1   (   )n C C n Ca T T T b T Tρ << ρ >> << . 
For which functions f(ρn) are defined in works [7]: 
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In the case of (Tc - T << Tc ) applying the formulas in (10) and (11) we 
obtain the following expression for the Hc2 value . 
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In the b) case (T close to zero) we obtain: 
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We obtained equation (8), on the base of which the value of the upper critical 
field in the two-band model can be calculated on the whole temperature interval 
0 ≤ T ≤  Tc. The analytic solutions of this equation were obtained for T→Tc (11) and 
T → 0 (13). It is easy to notice that Hc2 depends on the correlations of the speeds ν1 
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and ν2 of the electrons on the Fermi surface, and on the constants of the electronic-
phonon interaction λnm.  

If H 0
2c (0) and Tc0 are introduced (upper critical field and critical temperature 

of the one-band low-temperature superconductor), on the base of (14) we obtain: 
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The numerical estimations let us come to conclusion, that the upper critical 
field of two-band superconductors for T=0 can exceed the value of H 0

2c (0) for 
usual superconductors by two-three orders. These big values Hc2(0) are provided by 
high Tc and by ratio v1/ v2 >1 or >>1. 

Our goal is to research the dependence from the temperature of the value Hc2 
for the connection MgB2 in the whole temperature interval 0 < T < Tc. For this is 
necessary to estimate the parameters of the two band theory λnm, using the 
experimental data obtained by researching this substance [8], [9] :  
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In correspondence with the two-band theory of superconductors we have [10] 
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Let’s consider that N V2 22 0= , which corresponds to the passivity of the 
second zone in forming of the Cooper pairs. On the base of data (16) and equations 
(18) we get: for K  700)2()1( == DD ωω , 12,0,3,0 122111 == VNVN ; for ,500)1( KD =ω  

13,0,33,0 122111 == VNVN ; for 16,0,42,0,300 122111 === VNVNKDω . 
The heat capacity jump at T = Tc is determined by the relation [10] 
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The estimate of the ratio Zc on the base of experimental data (16) and on the 
base of the first formula (19) gives the value Zc = 3,19. The second formula (19) 
gives the value Zc = 3,26. So we conclude that ∆1 (T)/ ∆2 (T) isn’t a constant value 
since Z (0) > Zc.  
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On the fig.1 is presented the dependence of the upper critic field Hc2 from the 
temperature, which is obtained by numerical method of solving the equation (8) 
and using its analytic solutions when T << Tc (13) and T ∼ Tc (11). 
 

 
 The temperature dependence Hc2(T)/HC2(0) at N1V11 = 0,3, N2V12 = 0,12, N1/ N2 = 0,8 and 
v1/v2 = 1, v1/v2 = 2, v1/v2 = 3 (curves 1,2,3 correspondingly), curve interrupted corresponds to the 
experimental dependence [11]. 
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CÂMPUL CRITIC SUPERIOR ÎN BAZA MODELULUI BIZONAL 
 

Vitalie Ursu (Istitutul de Fizică Aplicată al A.Ş., Republica Moldova) 
 

 Descoperirea temperaturii înalte de tranziţie în stare supraconductoare (Tc ∼ 40K) a 
compuşilor simpli intermetalici MgB2 [1] a stimulat cercetările proprietăţilor acestor materiale atît 
în plan experimental, cît şi în plan teoretic. Un rezultat important al acestor cercetări este 
constatarea unui salt energetic bizonal în spectrul excitărilor elementare [2] şi posibilitatea descrierii 
lor teoretice pe baza modelului bizonal [3]. 
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