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ABSTRACT

In the present paper we have studied the superconducting parametersviz.
electron-phonon coupling strength (1), Coulomb pseudopotential (u*)
and transition temperature (T ) of MgB, on the basis of Mc. Millan’s
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formalism. We have applied the Harrison’sfirst principle pseudopotential
technique which has been a favorite theoretical framework within which
various physical properties of metals and alloys have been studied since
past decades. In this paper we have studied the impact of two different
sets of core energy eigenvalues and observed that the measured transi-
tion temperature can be obtained through the choice of proper core en-
ergy eigenvalues (€ ,). Reasonable agreement has been obtained using

Faber-Ziman formalism.

1.INTRODUCTION

In the present years, the discovery of supercon-
ductivity inmagnesium diboride (MgB,) with remark-
ably hightrangtiontemperature(T_=39K) hassparked
renewed interestinthissystem™ al over theworld. This
has prompted alarge amount of research work onthis
system both on theoretical and experimenta fronts. Itis
asimpletype superconducting material which adoptsa
sampleprimitivehexagond crystal structurecomprising
of interleaved two dimensi ona magnesium and boron
layers. Thissmple system doesnot contain transition
metal. Theappearanceof high T_superconductivity in
such asmplesystemwhich doesnot containsany tran-
sition metal haslead to consi derableoptimism among
workersfromtheoretica and experimenta point of view.
It hasgenerated an optimism for achievingthehigh vaue
of T_inthissystemwith smple condtituents.

Loui and Cohen and their coworkersused thewdl
established phonon mediated BCStheory to explain
SC state parameters of MgB_!4. Thistheory isagood
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tool for theoreticd studiesof such abinary system us-
ing McMillan’sformalism®inwhich Harrrison’sfirst
principle pseudopotentia (HFPP) technique® isused.
Inthistechnique, the pseudopotentia formfactor (PFF)
isneeded to study the SC state parameters. Recently
such attempts are being made’>® and we have also
persued our investigation along these lines using
Harrison’sfirgt principle pseudopotential [ HFPP] tech-
nique.
2. Formalism

The SC state parametersunder investigationsare
the electron-phonon coupling strength (1), Coulomb

pseudopotential (u*) and SC transition temperature
(T.) represented by
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Intheaboveequationsthe m* isthe effective mass
of theeectron, Z* theeffectivevaence, M theatomic
mass, <w*> the averaged phonon frequency, k, the
Boltzmann’s constant, 6, the Debyetemperature, m,
the band mass of the electron from the specific heat
measurements, E_theFermi energy, k_the Fermi wave
vector, qthephononwavevector, k thee ectronicwave
vector (n/2) andn = g/2k_.. <w?> hasbeen estimated
by (k46,)? asdoneby other workers.

Thenon-loca screened form factor of the all oy
using Faber-Zimanformalismisgivenby

Wk, a)p2|* = cow(k, @)y | +colwik,g),

+2(cyc,)" 2wk, 0)g[w(k, ),
where, ¢,and ¢, = Concentration fractions of Mg and B respec-
tively, w(k, g), and w(k, g), = Formfactors of Mg and B respec-
tively, w(k, g),, = Formfactor of MgB,

Thebasic needsfor the computation of the param-
eters A and u * are the form factor w(k,q) and the
modified Hartree diel ectric screening function €*(q)
which hasto be computed for the system under inves-
tigation through equation (5).

The screened form factor of the congtituent metas
isgivenby

w(k,q) = [(vg'b +VE + V] )/ e*(q)]+
li-c@p,/ex@+wr]
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where, v g‘b isthe valence charge and core electron potential,

v, the conduction band-core exchange potential, v¢ the con-
duction electron potential, qu the screening potentia(} and WR

the repulsive potential.
Themodified Hartreedidectric screening function
isrepresented by
e*=[1+G(q)l[e (q)-1]+1 )
Thehartreedi€ ectric screening functionisgiven by

2
e=1+ 2 2[1+ 4-n |n|2+"l|]
mken 4 |2-q|

Theexchangecorrelaionfunctionisgiven by
G(q) = A|_1— e’ | ©)
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inthe(V-S) form™ of exchange-correlation function.
A and B are (V-S) constants. The modified Hartree
dielectric screening function e* isasoinvolvedinthe
expression for Coulomb coupling strength p*.

3. Computation

Thecoreenergy eigenvalues(< ;) havebeentaken
from Herman-Skillman (H-S)1*Y and Clementi (C)1*2.
Theseeigenva uesof the constituentsmetasMgand B
obtained from two different sources have been pre-
sented in TABLE 1. The computation of the (HFPP)
form factor w(k,q) hasbeen donethrough equation (6)
and themodified Hartree did ectric screening function
€*(q) iscarried onthrough equation (7, 8and 9). From
these computed form factorsw(k,q), and w(k,q), of
the constituent metals Mg and B, the form factor
w(k,q),, of thesystemMgB, isobtained through equa-
tion (5). The computed form factors of MgB, obtained
using two setsof core- energy elgenvauesviz. those of
Herman-Skillman (H) and Clementi (C) using X a.-
exchange parameter (a. = o) and orthogonalisation
hole parameter (§ = 1) and V-Sexchange-correlation
function®® havebeen presentedin TABLE 2. Thecom-
puted SC state parameters have been presented in
TABLE 3 aongwith thetheoretical dataof the other
authorsaswell astheexperimentd datawherever avail-
able. The nature of the computed form factors have
been showninfigure 1 for comparison.

4. RESULT AND DISCUSSION

From TABLE 1weobservethat in caseof Mg, the
H eigenvaluesare smaller than C eigenvaluesfor 1s
state. But for 2s and 2p-states, the H eigenvalus are
greater than C eigenvaues. ThereldivedeviationsAe |
=(e,),—(e,).ae-111,0.972and 1.24 (Ryd.) for
1s, 2sand 2p-states respectively. In case of B, theH
egenvduesaresamdler than C egenvaduesfor 1s-date.
Therelativedeviationis-1.017 for 1s-state. It isob-
served that thereare both negative and positive devia-

TABLE 1: Comparativetableof eigenvaluesof Mgand B (in
Ryd)

M etals Sour ces

Energy eigenvalues

€10 €0 €xn
H 94.95 6.552 4.144 -1.11 0.972 1.124

Ae,
Aey Aey Aey

MO ¢ 906 558 3002 - - -
5 H 14373 - 1017 - -
cC 1530 - - - - -

Aem = (enl)/H_(enl)C

Hn Tndéan g%wumé
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TABLE 2: Selected form factorsof MgB, (in Ryd.) usingtwo
sets of eigenvaluesH and C witha=a,,, p = 1 and (V-9
exchange-correlation function

n=ake Wk @ wk Qe  Aw =w(k, q)y-w(k, g)c
00  -1.0089  -1.0089 0
02  -1.0378  -1.039%4 -0.0016
04  -09746  -0.9779 -0.0033
06  -0.8635  -0.8688 -0.0053
08  -0.7250  -0.7329 -0.0079
10  -05790  -0.5899 -0.0109
12 -0.4409  -0.4546 -0.0137
14  -0.3206  -0.3366 -0.0160
16  -02250  -0.2400 -0.0175
18  -0.1470  -0.1048 -0.0178
20  -01018  -0.1059 -0.0041

TABLE 3: Computed SC stateparameters

Form SC state parameters
factors p* A(Present)A(Previous) Tc(Present) Tc(Expt.)
w(k,q)y0.11  0.73 0.7-09 30.3 39K
w(k,g)c0.11 0.79 - 36.1 -
n
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Figurel: Natureof theformfactor of MgB,

tionsinthetwo setsof eigenvaluesof Mgwhilethereis
only negativedeviationsin thetwo setsof eigenvalues
of B.

FromTABLE 2andfigure litisfound that inspite
of sgnificant differencesin thetwo setsof eigenvaues,
namely those of Herman-Skillman (H) and Clementi
(C), theform factors have not been so significantly af-
fected. Thisisdueto the positiveand negativedevia-
tionsof thetwo setsof e genva ues. Themaximum per-
centage variation of the form factors due to the two
setsof eigenvauesisnearly 12%.

TABLE 3 reveds that the Coulomb coupling
strength (u*) isfound to be order of 0.1 asobtained by
previousauthors. Thed ectron-phonon coupling strength
(A) arer, = 0.73and A= 0.79 respectively. Thevalue
of A liesin the range 0.7 — 0.9 as obtained by other
authorg**2. The SC transition temperature (T ) are
(T),=30.3K and (T ). =36.1K respectively against
theexperimental valueof T_=39KM. Theimpact on.

isabout 0.06[1,,=0.73,1.=0.79]. Theimpacton T _
isabout 5.8K[(T),,=30.3K, (T ). =36.1K]. ThusC
eivenvauesgive better agreement with (T ) o = 39K.

5.CONCLUSION

From theaboveinvestigation it may be concluded
that the Harrison’s First princi ple pseudopotentid tech-
niquein conjunctionwith the Faber-Zimanformdismis
successful inreproducing the SC statetransition pa-
rameters of MgB, on the basis of BCS theory and
Mc.Millian’sformdism.
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