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ABSTRACT 

Magnesium diboride  2MgB  with KTC 39  is a record breaking two gap superconducting compound 

among the s-p metals and alloys. Considering a multiband model Hamiltonian with intra- & inter band pair 
transfer interactions and following Green’s function technique and equation of motion method, we have 

shown that 2MgB  possess two gaps and study of electronic specific heat. The agreement between 

theoretical results obtained and experimental results is quite convincing. 
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1. Introduction: 

 

The serendipitous discovery of 

superconductivity at 39K in the binary intermetallic 

2MgB  by Nagamutsu et al. [1] has attracted great 

interest [2-7] and revived the multiband formalism 

proposed by Morton and Richard [8]. Experimental 

investigations have established presence of 

manifestations of two superconducting gaps in various 

response functions [4, 7]. Characteristic gap- to - CT  

ratios violating the BCS universality have been found 

[4, 5]. These findings indicate to that simple one-band 

approach to 2MgB  must be generalized. 
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At the same time band structure calculations 

of 2MgB [6,7] have shown various bands intersecting 

the Fermi level. Correspondingly a contribution of 

interband and intraband interactions in the pairing 

mechanism is expected [9-15]. The finding of central 

importance has been that various electron bands 

intersect the Fermi Level. The part of the spectrum 

which is effective for the superconductivity 

incorporates two pairs of bands. These are of boron 

yxp ,  and zp  origin (two B-planes) with two-

dimensional  - bonding and three- dimensional  - 

bonding respectively. Number of experimental 

investigations using various techniques have revealed 

the quasi two gaps, mev7  and mev8.2  

due to   and   type electron respectively [17-18].  

The observation of two energy gaps and the 

considerable superconductive anisotropy as large as 6-

9 [17-19] and called for a more thorough investigation 

in terms of two-band model with intra- and inter- band 

coupling. 

In the present work a systematic study of two-

band superconductivity model with intra- and 

interband pairing channels from first principles is 

developed and applied to 2MgB .We present the 

formalism in Section 2; Section 3 is devoted to physical 

properties as electronic specific heat; Section 4 is 

devoted to results while in Section 5 we present 

conclusions.  

 

2   Theoretical formalism 

 

The two band model Hamiltonian with intra & inter-

band pair transfer interaction for our system has the 

form [20] 
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Where    is the electron energy in the bands  = 1, 2; μ is chemical potential; V is the volume of 

superconductor & W'(l, m) are the matrix elements of intra band interaction for   = ' and interband 

interaction for '. 

We can write final Hamiltonian as –  

   H = H11 + H22 + H12 + H21                                                   (2) 

Here 
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We have solved the above Hamiltonian with the help of Green's functions technique and equation of motion 

method [21-26]. 
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2.1 Green’s functions: 

In order to study the physical properties of intermetallic binary superconductors, we define the following 

Green's functions for the model- 

(a) G
11 

(1, k,) = << a
1k

 | a+
1k

>> 

(b) G
22 

(2, k,) = << a
2k

 | a+
2k

>> 

(c) G
21 

(2, 1, k,) = << a
2k

 | a+
1k

>> 

(d) G
12 

(1, 2, k,) = << a
1k

 | a+
2k

>> 

(e) F
11 

(1, k,) = << a+
1-k

 | a+
1k

>> 

(f) F
22 

(2, k,) = << a+
2-k

 | a+
2k

>> 

(g) F
21 

(2, 1, k,) = << a+
2-k

 | a+
1k

>> 

(h) F
12 

(1, 2, k,) = << a+
1-k

 | a+
2k

>>                 (4) 

In this set of eight Green's functions, the first four are normal & last four are anomalous Green's functions 

[27-28].The time and temperature dependent Green's functions are quite suitable to study various physical 

properties of 2MgB .  

Using the model Hamiltonian, one obtains the following equations of motion of Green's functions: 

  1.0 211122121111211212111  FFWWGWG   (5) 

  1.0 122222221112122112222  FFWWGWG        (6) 

  0.0 112122221112111212212  FFWWGWG   (7) 

  0.0 221222121111221212121  FFWWGWG   (8) 

  0.0 211122211111212121111   GGWWFWF   (9) 

  0.0 122222221112121212222   GGWWFWF   (10) 

  0.0 112122221112111212212   GGWWFWF   (11) 
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  0.0 221222211111222121121   GGWWFWF   (12) 

Where   )(~
11 k   

  & )(~
22 k   

We have used to the following notations 
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To solve the above equations we have assumed: 

  1221
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W11 = W22 & W12 = W21 

Now, we have two sets of equations. The first set includes equations (5), (7), (9) & (11) 

as follows : 

  1.0 21112121112112111  FFWWGWG   

  0.0 21211112112121112   FWWFGGW   

  0.0 21121112111212111   FWFGGWW   
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  0.0 21211122121111211  FFWGWWG   

One obtains the Green’s functions by solving above coupled equations  

    
 





















2

2

2

11

21

22

12

2

2

2

11

11

11
2

~~~11

2

1







W
G  

 
  




























 22

2

2

2

12

21

22

12

11

11

2

~~11







W

 

(13) 

 

 
 

 
  







































22

2

2

2

12

2

2

212

11

2

2

2

11

2

2

112
21

11

2

11

2 





 PWPW
G  

 
  








































1122

2

2

2

1

2112 1111

2

~~



W
     (14) 

 

 


















111

212111
11

11

2 

WW
F  

    
  




















11

2

2

2

11

211112212111

22

12 11

2 

 WWWWW
 

    

  
















22
2

2

2

12

211112212111

22

12 11

2 

 WWWWW

 

 (15) 

 

 
    2111122121112

2

2

1

12

21
2




 WWWW
W

F



 






































2211

1111


 

 
     


















11

211112121211122

2

2

11

12 11
.~~

2 


WWWW

W

 

 
     


















22

211112121211122

2

2

12

12 11
.~~

2 


WWWW

W

 

 

(16) 

Where    22
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2
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2

1 WWW~   
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2

2
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The second set includes equations (6), (8), (10) & (12) as follows:  
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We obtain following Green’s functions by solving above coupled equations  
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2.2 Correlation Functions: 

The various physical properties of the intermetallic binary system can be studied with the help of correlation 

functions of Green's functions (Eqs.13-21) [21-29] 

To derive correlation functions we use the following relation 
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We obtain correlation functions for various Green's functions as  
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3. Physical Properties 

3.1 Superconducting Order Parameter: 

The order parameters for superconducting state are given by [5, 24] 
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Now for a, we use correlation function given by equation (23) & the summation over 'k' can be converted 

into integration using the relation. 
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Thus, we obtain self-consistent equation for superconducting order parameter ∆a as 
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To derive an expression for b we use correlation function (Eq. 24). Following the same procedure, we obtain 

self-consistent equation for order parameter b as 
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     (32) 

With the help of self-consistent equations (31) and (32), we can study the temperature dependence of 

superconducting order parameter.  

 

 

3.2 Electronic Specific Heat (Ces): 

The electronic specific heat per atom of a superconductor is determined from the following relation [16,21-

24] 
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Changing summation over k into integration by using the relation (29) and using the correlation function 

equation (25) and writing 0b
 and 02  and solving, we get  
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4.  Results:  

Values of various parameters appearing in equations obtained in section 3 are given in Table 1.Using these 

values we have made study of various properties for 2MgB . 

 

(i) Superconducting Order Parameter  ba   
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Our model exhibit two superconducting gaps, a  and  b   ba  . Using the values of various 

parameters given in Table 1 in equation (31), we obtain the temperature dependence of gap parameter,   

for different values of matrix element of interband interaction 12W  as shown in Figs. 1 and 2. Our results 

agree well with experimental data [17, 18]. 

(ii)  Electronic Specific Heat:  )2()1(

eseses CCC   

Temperature dependence of electronic specific heat  )2()1(

eseses CCC  , where )1(

esC  and )2(

esC  are specific 

heats corresponding to gap parameters a  and  b  respectively    obtained from equations (36) and (37) 

for different values of matrix element 12W  are shown in Figs. 3 and 4.  For comparison, experimental curve is 

also shown [29]. The agreement between theory and experimental results is quite encouraging.  

 

5.  

Conclusions: 

From the above results we draw following inferences: 

(1) The superconducting order parameter ∆ 

decreases slightly with the increase in the value of 

matrix element of interband interaction W12. The 

general behaviour of Δ as a function of temperature is 

slightly different from the behaviour of BCS 

predictions. This is expected due to highly anisotropic 

nature of MgB2.The presence of the two gap structure 

observed experimentally is in good agreement with 

our model.  

(2) The electronic specific heat Ces slightly 

increases with the increase in the value of matrix 

element of interband interaction  12W . This is also 

due to anisotropic nature  

In summary, we studied the superconducting order 

parameter and, electronic specific heat of 

superconductor 2MgB  based on the two – band 

model with intra- and interband interactions. We have 

derived the temperature dependences of two 

superconducting gaps. Our results agree well with the 

experimental data for superconducting order 

parameter and electronic specific heat. The study 

strongly supports the existence of two band 

superconductivity with intra- and interband 

interactions in 2MgB . 
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Table 1  

Values of Various Parameters for 2MgB  

Table 2 
 

Superconducting Order Parameter ∆ for MgB2 system 
 

S. No. Temperature  (K) 

∆  

Theoretical (in meV) ∆  
Experimental           (in meV) 

W12  = 0.01 eV.cell  W12  = 0.1 eV.cell  

1 0 11.4147 11.4135 
10.10 

2 5 11.4147 11.4135 
10.10 

3 10 11.3974 11.3962 
10.02 

4 15 11.2301 11.2290 
9.75 

5 20 10.7274 10.7266 
9.10 

6 25 9.7242 9.7190 
7.90 

7 30 7.9289 7.9286 
5.85 

8 35 3.9766 4.0062 
3.18 

9 39 0.0120 0.1200 
0.00 

 

S. No. Parameter Value References 

1. Superconducting transition temperature Tc    39 K 1,2 

2. Phonon energy ɛ1 0.06 eV 5,17 

3. Phonon energy ɛ2  0.05 eV 5,17 

4. Density states at the Fermi surface N(0) 3.093/ eV. atom 1,2 

5. Pairing interaction W11 = W22 intra-band  0.3 eV. cell  20 

6. Pairing interaction  W12 = W21 inter-band  0.01eV. cell 

0.1 eV. cell 

20 

7. No. of atoms per unit volume N 328 /105 m  31 

8. Cell parameters for 2MgB  
0086.3 Aa   
0524.3 Ab   

30 

9. Boltzmann's constant   Bk  KJ /1038.1 23  - 

10. Mass of electron me .101.9 31 kg  - 
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Table 3 
 

Electronic Specific Heat Ces for MgB2 system 
 

S. No. Temperature (K) 

Electronic  Specific heat Theoretical   ( in 10-49 

J) 
Electronic Specific heat 

experimental           (in 10-49 J) 
W12  = 0.01 eV.cell  W12  = 0.1     eV.cell  

1 5 0.00027 0.00028 1.90 

2 10 0.46861 0.47076 10.10 

3 15 4.90098 4.91015 29.10 

4 20 15.94030 15.95743 45.30 

5 25 33.43365 33.47148 64.00 

6 30 56.55598 56.52985 91.80 

7 35 84.26450 84.21433 113.90 

8 39 101.19994 103.14835 101.20 
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Fig. 1  Temperature dependence of superconducting order parameter ∆ for W12 =0.01 eV.cell 
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Fig. 2 Temperature dependence of superconducting order parameter ∆ for W12 =0.1 eV.cell 
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Fig. 3 Temperature dependence of Electronic specific heat for W12 =0.01 eV.cell 
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Fig. 4  Temperature dependence of Electronic specific heat for W12 =0.1 eV.cell 
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