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Effects of pressure on the superconducting properties of magnesium diboride
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We discuss the effects of hydrostatic pressure on the superconducting properties ofvitgB the frame-
work of the Eliashberg theory. By considering the pressure dependences of all parameters appearing in the
McMillan formula, we show that the calculated pressure derivativ& ods well as the variation of . with
pressure are in good agreement with recent measurements. The pressure dependences of the Aethg gap
effective interaction strengtN(Eg)v, the critical magnetic fieldH.(0), and theelectronic specific-heat coef-
ficient y are also predicted for this system. A comparison of the pressure effects in nontransition elements
clearly suggests that MgHs an electron-phonon-mediated superconductor.
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. INTRODUCTION or —1.6 K/GPa(Ref. 16, respectively. Moreover, Mon-
teverdeet al!® found that the superconductivity is not de-
The recent discovery of superconductivity in MgBRef.  stroyed by applying high pressure up to 25 GPa, at which
1) has attracted considerable interest in the study of this mayoint T, is as high as 21 K. A somewhat large,/dP of
terial, both to understand the mechanism of superconductiv--2.0 K/GPa was recently reported by Sa#ball’ from
ity and to explore other properties of Mg&nd related ma- high-pressure resistivity measurements. Using a He-gas ap-
terials. The high transition temperatuig~40 K in this  paratus, Tomita etal!® determined a dT./dP of
material offers another possibility for finding high-super-  —1.11 K/GPa under pure hydrostatic pressure conditions.
conductivity in some binary intermetallic compounds besidesn order to find the reason why the reported values of
cuprates and ggbased compounds. Meanwhile, the highdT,/dP are different among different groups, Lorestzal 1°
critical currents observed in MgBthin films? and wired carried out high-pressure experiments on MgBmples with
reveal that MgB belongs to a class of low-cost, high- differentT,'s at ambient pressure and different pressure me-
performance superconducting materials for magnets angdia. T, was found to decrease linearly over the whole pres-
electronic applications. sure range(0—1 GPa In the He environment, the two
Measurements of the isotope effect and of the influence o§amples with the initial .= 39.2 and 37.4 K yield the pres-
pressure on the transition temperature and critical field okyre derivatives of-1.07 and—1.45 K/GPa, respectively.
superconductors yield information on the interaction causingrhe former is obviously very close to that of Toméaal '8
the superconductivity. Indeed, the press(oevolume and  The latter approaches their previous d&tayhich was ob-
the mass number would seem to be the only variables whosgined by using the Fluorinert FC77 as pressure medium.
effects might be capable of immediate theoretical interpretaThey therefore concluded that the variation in the value of
tion. By observing how pressure changes the parameters @fT./dP by various groups results from the differences in
the lattice in the normal state and in the superconductingample preparation conditions. The value dff,/dP
state, and comparing the measurements with the theoretical —1.1 K/GPa is then confirmed to give the true hydro-
predictions, one can test the validity of some theoreticaktatic pressure dependenceTgfin MgB,.
models. Olseret al* shaved that the volum@) dependence Two theoretical models have been tried to describe the
of effective interactionN(Eg)v, dInN(Eg)v/dinV, can be systematics of the behavior @f, under pressure in MgB
scaled well with the deviatiog from the full isotope effect, Based on the theory of hole superconductivity, HifSqire-
where ¢ is defined byT.xM %5174 in superconducting dicted an increased, with the decrease of B-B intraplane
metals. Bud'koet al® and Hinkset al® reported a sizable distance under the application of in-plane biaxial pressure.
isotope effect for B ag=0.26(3) or 0.301)] in the newly  However, this prediction has not yet been confirmed experi-
discovered superconductor MgBAlthough the total isotope mentally. No uniaxial pressure measurement was reported
coefficienta=0.32(1) (Ref. 6 is smaller than the canonical due to the extreme difficulty in growing a MgBingle crys-
BCS value of 0.5, it is the same as that in ®REef. 7. The  tal. The experiments of hydrostatic pressure effecgmio
isotope effect along with other measurements such as inelasot particularly support this theory, provided that no charge
tic neutron scattering?® tunneling’® NMR (Ref. 11, and transfer between the Mg and B layers occurs. Alternatively,
specific heat?~'* confirmed that MgB is an electron- the experimental results were analyZet?'?%by using the
phonon mediated-wave superconductor. McMillan formula®® derived from Eliashberg theof{,sup-
Soon after the discovery of superconductivity in MgB porting electron-phonon mediated superconductivity. Inter-
the effect of pressure ofi, was studied by two groups®®  estingly, Loa and Syass€nanalyzed the pressure effect on
by resistivity or ac susceptibility measurements. Both groupd . from the McMillan formula on the basis of their calcu-
observed a decrease ©f with increasing pressure, with an lated elastic and electronic structure data. Assuming that the
initial pressure derivativd T./dP of —0.8 K/GPa(Ref. 15 electron-ion matrix elemeritis pressure independent, they
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found that the pressure effect dn is in good agreement whereBo=1/ky=—dJP/dInV is the bulk modulus, an® is
with experimental data by using a lattice @aisen param- assumed to be proportional to(w?)'? and yg
eter yo=1. These assumptions, however, deserve some re= —dln{w?*% dInV being the effective Gmeisen parameter.
finements. Recent band-structure calculations suggested that It is well known that the usual BCS result for the energy
MgB, is a traditionalsp metal superconductér=?’ The gap can be expressedBy
pressure dependence lohas long been an interesting issue

in the research of pressure effects in simpfemetals?® 32 1
Ziman's calculation of the electron-phonon interaction led to Ap=20pexp — N(Eg)v
(12)«N(Eg) "2, at least in the limit of long wavelengt3. _ _ _ _
This then indicated that the consideration of the pressur&hereN(Eg) is the electronic density of states at the Fermi
dependence dfwould be important for better understanding €nergyEg and v is the pairing potential arising from the
the superconducting properties of MgBnder pressure. On electron-phonon interaction. If we renormalize the Morel-
the other hand, it was foulfiithat the choice of the lattice Anderson resuft by introducing the renormalization param-
Grineisen parameteyg is crucially important in explaining ©terZ,(0)=1+N\ into their an.aIyS|s, the effective interaction
both the magnitude and sign of the pressure derivativb,of StrengthN(Eg)v can be rewritten 48

when using the McMillan formula. The value gfz=1 in N

the calculation of Loa and Syassen is obviously lower than N(Ep)v = Ap @)
those reported recent!:* The pressure dependence of the F 1+N

effective electron-electron Coulomb repulsipfi appearing N R . .
in the McMillan formula was usually neglected in previous ;he logarithmic volume derivative di(Eg)v is then given
studies due to the assumption of the small change.of y
compared with that of the electron-phonon coupling param-
eter\ (Ref. 36. However, the magnitude gi* is also of dinN(Eg)v _ AL+ p*) o ©*
interest in connection with the possibility that superconduc- dinv AN=p*)(1+N) N—pu*

tivity may be destroyed by pressuf®®’ It was argued that o _ _
the pressure dependencesdf makes a significant contribu- Considering the experimental observations of the pressure

tion to the behavior off, under very high pressures, and dépendence of the energy gap of the supercondfitioe

: ©)

¢. (5

must be handled carefulfé:38:3 differentiate Eq.(3) with respect to pressure
In this paper we discuss the pressure dependences of . .
some interested superconducting properties in MgEhe dindg  ye 1 |NI+p*)  p*(1+N)

outline of this paper is as follows: In Sec. Il we present a dP B, B,
theoretical approach for pressure effects on the supercon-

ducting properties in the simplep metal superconductors. The BCS expression for the critical field, at absolute
Section Il contains the theoretical results obtained and gero temperature 18

comparison with experiments for MgBWe draw conclu-

sions in Sec. IV. H.(0)?

8

(K—,U«*)ZQD (N—p*)?

¢|. (6

2
N(EF)U

=2N(EF)w2exp{— . (7)
Il. THEORETICAL FORMULATION
Differentiating Eq.(7) with respect to pressure, one obtains

For our purposes, the relation betwe&p and micro- : -
scopic parameters is given adequately by the McMiIIanan expression of the pressure coefficienti(0),

H 3
equatiort dinH.(0) dinA, 7y 1
- e ®)
Op 1.041+\) dpP dP 2B, 2B,
Te=125%0 ~ ' _
u*(1+0.62) where yy= dINN(Eg)/dInV.

The expressions fofg, ¢, and ¢ can be integrated to

which relatesT . to the electron-phonon coupling parametergive

\, the Coulomb repulsion strengih*, and a temperature
®p characteristic of the phonons. ) _ -
S oE . V)=0p(0)[VIVy]™ s, 9
Considering the variations @&y, \, and u* with pres- o(V) o(O)[V/Vo] ©
sure or volume, and introducing parameters Jin\/dlnV
and ¢=dInu*/dInV, we can obtain the pressure coefficient
of T,

A(V)=N(0)[VIV(]*,

p* (V)= u* (0)[V/IVo]?.

*
dinT, _Ye_ LOA(1+0.387) ¢ HereV andV, are the unit-cell volumes under the applied

dP B_o [A—u*(1+0.62)]? B_o pressure and at ambient pressure, respectively. These two
volumes can be related according to the first-order Mur-
* '
n 104 (1+M)(1+062) ¢ () haghan equation of stat¥/(P) =V(0)(1+ ByP/Bg) %o,
[A—u*(1+0.620)]> Bo Equation(9) is then rewritten as
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B(')P ve /By :(9|n’y: A
Op(P)=05(0)| 1+ _Bo } , (10 YeT ginv YNT 12 % (16)
) The electronic Graeisen parametey, is usually deduced
ByP —¢/Bg from measurements through the simple relaffon
N(P)=\(0) 1+B—0 ,
eV
’ 7e=K C ' (17)
B(’)P *(ﬁ/BO Ve
u*(P)=p*(0)[ 1+ By Here a, is the contribution to the expansion coefficient from

the electrons at lower temperatures, &is the electronic
From Egs.(1) and (10) we arrive at the expression for the heat capacity. A theoretical estimate @f can also be given
pressure dependence Bf: from the measurement of the volume dependence of the or-
bital susceptibility* or from band-structure consideratiotfs.

The electron-phonon coupling parametercan be ex-
pressed as

T(P)=T[Op(P),A(P),u*(P)]. (12)
Knowing By, Bj, vs, Yn, ¢, ande, one can evaluate
the pressure effects on the superconducting properties, espe- N(Eg){1?) 7
cially the behavior ofT, under pressureB, and B, can be A= M(w?) EM(aﬂ)'
obtained from the compressibility data determined by neu-
tron or synchrotron x-ray diffractions. A direct experimental where<I2> is the mean-square electron-ion matrix element,
determination ofyg can be made by measuring electronandM is the ionic mass. The McMillan-Hopfield parameter
tunnelind*~*® or inelastic neutron scatteriffgunder high 7 [or N(Eg)(1?)] has been regarded as a local “chemical”
pressure. In general, for metals in which different techniqueproperty of an atom in a crystal. Allen and DyR&pointed
yield similar Grineisen constants, a good approximation ofout that» is the most significant single parameter in under-
ve is provided by the room-temperature value determinedstanding the origin of the higi, of conventional supercon-
from the Grneisen equation ductors. For strong-coupling systems, the variationyiris
more important than the variation ¢f?) in causingT, to
change. Softeningw?) often does enhancg., but a very

(18)

ayVn

Yo kyCp ' (12 high T, should be caused more by a largeghan by a small
: - _ (w?).
whereay, is the volume coefficient of thermal expansidf, The logarithmic volume derivative of, and ¢ is then
is the molar volume, an€, is the molar heat capacity at gptained

constant pressure. The approximation 4@y of Slater is de-

rived from the pressure derivative of the bulk moddfus alny
, 5 5 dlnVv
By 1 2 1VoPlov
Y= 5 T 6 3 2 aPlav 13 In order to understand how the electronic contributigpn

=N(Eg)(1%) varies with volume, we use the Gaspari-

The formula foru*, due to Morel and Andersctt,used ~ Gyoriffy theory for 7, i.e.,
here is 2
k2

B m°N(Eg) T

2(1+1)siP(811— 8NN 4 1

7 NING,

. M

"1+ pIn(Er/wp) (14

# (20)
where N, is the Ith angular momentum component of the
density of statesi,\l,l is thelth component of the single scat-
terer density of states evaluatedgt, and s, the phase shift.

with w=0.5IM(1+a?)/a?] and a?=me?N(Eg)/k2, from
which we evaluate the volume dependence.éfas

2 1—e 2u For simple metals, the scatterers are assumed to be weak.
p=n* 3 % T, w3z (19  We can takeN,=N!, and approximate sts.,—4) by
K (81— 8))% Equation(20) is rewritten as
Here the variation okg with volume has been calculated )
from the fundamental definitiokg=(3722Z/V)Y3 with Z ke 5
the valency. Unfortunately, to the best of our knowledge n= 7N(E) Z 2(1+1)(d1+1=8)" (22)

has never been measured directly for any superconductor; in
the case of a free-electron gas it would have a value of 2/3This expression is identical to the pseudopotential formula of

Using the expression given by Migdalfor the electronic
specific-heat coefficieny, for the electronic Gmeisen pa-
rameter one obtains

McMillan.Z*®>Assuming that the phase shift does not vary
very much under pressure for sim@p superconductors, we
then obtain
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The form in EqQ.(22) is the same as that of Baryakhtar and

Makarov>® who used the constant of the electron-phonon

interaction of Fralich and Mitra®’ The expression is an im-
provement over the expressions®# 0 and —4/3 obtained
by Olsenet al®® and Seideri® respectively. It is interesting
to notice that substitution of=2/3 into Eq.(22) yields S
= —4/3. Equatior(22) reduces to the expression of Seidén,
who modified McMillan’s expression foh somewhat by

considering the effects of a real lattice spectrum as opposed

to the jellium model. Since the electronic Grisen param-

eter vy, usually varies among different metals even in the

simple non-transition element$®>2we believe that Eq(22)
should provide a more reasonable valueSafompared with
Seiden’s formula.

Ill. RESULTS AND DISCUSSION

Using the experimental value df.=39.25 K(Refs. 18
and 19, and the theoretical estimates »=0.87 andu*
=0.10(Ref. 27, we obtainedd,=860 K from Eq.(1) for

PHYSICAL REVIEW B65 144514
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FIG. 1. Pressure derivative af. as a function of the lattice

Gruneisen parameteyg in MgB,. The circles show the calculation
from the four different values oj;=1.2, 1.83, 2.3, and 2.9.

Syassaft found thatN(Eg) decreases with pressure at a rate
of dInN(Eg)/dP=—3.1x10"3 GPa . Combining this cal-
culated value and experimental value Bf, we obtained
vn=0.46. The volume dependence af is then derived
from Eq. (15), once having the values ojg and u. For

MgB,. We believe that all these parameters, which will entersimple sp metals,a? has a typical value of 0.4Ref. 41,
our calculations, are reliable. For example, the inelastiGyhich yields . =0.63. The volume dependence Xf ¢, is

neutron-scattering measureméngsovide an estimate of

therefore determined from Eq$19) and (22). Using yy

~0.9, which is close to that we used. The calculated value ot 0 46, we haveS= —1.13 for MgB,, which is smaller in

®,=860 K is in the range from 746 to 1050 K determined
from the specific-heat measuremetfs'*
We took the structural parameteBy=147.2 GPa and

magnitude than—4/3 in Seiden’s formula for simple
metals®® For the transition metals, Hopfiéftlcommented
thatSis a relatively constant quantity with a value of about

Bo=4 from the measurements under the pure hydrostatic-3.5. The values 06= —3.5— 3.1, obtained by inverting

pressures up to 0.62 GPRef. 59, and under high pressures
up to 15 GPdRefs. 22 and 3p respectively. To our knowl-

the measured T./dP for YNi,_,M,B,C (M=Co and Cu
(Ref. 69, are comparable to that of the transition metals, but

edge no inelastic neutron-scattering or tunneling data exisre larger in magnitude compared to that of MgB
for MgB, under hydrostatic pressure. We have to use EqQ. With the parameters determined above, we have calcu-

(12) or (13) for estimating the lattice Gneisen parameter
vc - The measurements of heat capatigive aC, of 47.80
J(Kmol) at T=298.16 K. V,;=1.75<10 > m*/mol, «y
=6.79x10 2 Pa !, and ay=2.22x10° K ! can be
drawn from the neutron-diffraction dataWe therefore ob-
tained yg=1.2 by using Eq(12). Based on the first-order
Murnaghan equation fo¥(P) and the Slater expression of
Eq. (13), we obtained a somewhat larger valueygf of 1.83
compared to that from Eq12). For most simple metals,

lated the pressure derivatives ©f for MgB, by using Eq.

(2). In Fig. 1 we plottedd T./dP as a function ofyg in the
interested range. It is interesting to note thg plays a
predominant role for the pressure effectTqf. For the four
different yg's considered herelT./dP are negative. The
values obtained fromy;=1.83 and 2.3 are-0.78 and
—1.12 K/GPa, respectively. These are close to the hydro-
static pressure value of- 1.1 K/GPa(Refs. 18 and 19
Thus the hydrostatic pressure results can be reproduced in

there is not much difference between the room-temperaturg&rms of our present model by using the valuesygfob-

lattice Grineisen parameter given through E2) and the
Slater relation’®®® It was found that the Slater expression
can usually yield reasonable valuesyef for most metal$?
The only uncertainty entering Eq12) in our calculation

tained from either the Slater relation ab initio calculation.

It is difficult to obtain the measured results by usipg=1,

as suggested by Loa and Syas$ewe noted that a value for

ve Of 2.27 is necessary so as to account for the pressure

comes from the indirect measurements of the linear coeffieffect onT, for MgB,. As emphasized above, all quantities

cients of thermal expansionl. Roundy et al3* reported a
value of yg~2.3 fromab initio calculations, which is close
to our calculated/g according to Eq(13). Meanwhile, Gon-
charovet al*® determined a larg&,, mode Gfumeisen pa-

entering Eq.(12) are experimental values, and only, was
taken from indirect measurements. Thus it is highly expected
to operate the thermal expansion measurement to yield a
direct ay,. The present results indicate that the range from

rameter of 2.9-0.3 from the measurements of Raman spec-y;=1.83 to 2.3 should cover the reasonable choices for the
tra under pressure. This value is obviously larger than thoskattice Grineisen parameters.

derived from Eqs(12) and(13).

To verify these results, and also to study the behavior of

In the calculations of electronic density of states, Loa andl, as a function of pressure, we have performed explicit
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FIG. 2. Variation of T, with pressure in the region of_O to 1.0 FIG. 4. Pressure dependence of normalized Coulopit) (and
GPa of MgB, for ys=1.83 and 23 respectively. T_he circles and electron-phonon coupling\( coupling strengths in MgB calcu-
squares represent the hydrostatic pressure experimental data takegf,q by usingys=2.3.
from the works of Tomiteet al. (Ref. 18 and Lorenzet al. (Ref.

19), respectively. measurements are limited to the region below 25 GPa, it is

seen from the inset of Fig. 3 that E(.1) continues to de-

calculation based on Eq11). The theoretical results in the scribe the pressure dependenceTepfas high as 100 GPa.
pressure range from 0 to 1.0 GPa, are shown in Fig. 2. Thgven at this point, the superconductivity is not destroyed by
experimental data points of Tomitatal'® and Lorenz pressure in newly discovered superconductor MgBhere
et all® measured under hydrostatic pressure conditions argas a discrepancy on whether pressure can destroy
also plotted for comparison. It is clearly seen that our calcusuperconductivity®3"°%¢"However, our results support the
lations agree well with the experiments. conclusion of Olsen and collaborat®§®that the possibility

In Fig. 3 we presented the calculated results as well as thef destruction of superconductivity by the application of suf-
experimental data points of Montevere¢ al'® and Dee- ficiently high pressure most likely does not exist. It follows
myadet al ®® measured in the relatively high-pressure region.from the comparison of Figs. 2 and 3 that the pressure effect
Here we assume that phase transitions of all kinds do na§n T, indeed provides a support to the electron-phonon me-
occur under pressure range that we consider. We note that tligated superconductivity in MgB
experimental data points of Deemyatial®® are well situ- In Fig. 4 we present the normalizadand,* as functions
ated in our theoretical curve calculated by usipg=2.3.  of pressure up to 30 GPa, calculated from Bd) by using
Interestingly, the agreement between our theoretical curvg . =23. The Coulomb pseudopotentigh* increases

calculated by usingyc=1.83 and the experimental data sjightly with pressure. Whereaschanges significantly with
points of Monteverdeet al'® is seen to be reasonable, al- pressure. The contribution frop* (P) to the variation off .
though there are some scatters among different samples aggth pressure is much less important than thak 6P). Thus
the reason is not clear. Furthermore, although the pressujg the range from O to 30 GPa the pressure effect ofor
MgB, is dominated by the competition of and ® (or
50 : (w?)1?),

Table | contains the calculated values of pressure depen-
dences of superconducting parameters for M@Bm Egs.
(5), (6), (8), and (16) by using y¢=1.83 and 2.3, respec-
tively. The reliable values of, is readily determined using
Egs.(16), (19), and(22). We obtainedy,=1.64 and 2.07 for
MgB,, which are close toy,=1.7 for Pb and for Snyy,
=2.0 for Al (Ref. 67). The negative sign fodlnH.(0)/dP
predicted for MgB is in agreement with the measurements

= Deemyad et al. S~ TABLE |. Pressure dependences of superconducting state pa-
rameters in MgB. The units ofdInX/dP [X=T., Ay, areH.(0)]

10 s m i 20 o 30 arein 102 GPa'l.
P (GPa)
dinN(Ep)v dinT, dinAq dinH(0)
FIG. 3. Pressure dependence of the transition temperature %G Ye dinv aP daP daP
MgB, up to 30 GPa. Experimental data are from the works of
Monteverdeet al. (Ref. 19 for samples 1-4 and Deemyad al. 1.83 1.64 1.71 —-199 -—1.58 —-1.39
(Ref. 65. The inset is a calculation &f; under pressure up to 100 2.3 2.07 2.34 —2.86 —-2.30 -2.11

GPa.
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4.0 g g y TABLE Il. Experimental values ofliInN(Eg)v/dInV, the isotope
effect exponenty, and its derivativeé=1—2a« in nine simplesp
* metal superconductors.
3.0 .
z . Element z W a 13
g e dinv
@ 20t . [ 1
Z * . Zn 2 2.0 0.37 0.26
© Cd 2 2.9 0.32 0.36
10 ¢ Hg(a) 2 1.7 0.50 0
Al 3 3.4 0.325 0.35
. . . . Ga 3 1.8 0.41 0.18
0% om0 0.20 0.30 0.40 In 3 2.3 0.466 0.068
g Tl 3 0 0.49 0.02
FIG. 5. Relation between the logarithmic volume derivative ofSn 4 23 0.47 0.06
4 2.1 0.478 0.044

N(Eg)v and the deviatiorg from the full isotope effect exponent
a=0.5(1-¢) in nine simplesp metal superconductors and MgB
The two squares are the values for MgB

6) with Zn (Ref. 73, Cd (Ref. 7), and Al (Ref. 42, that

. . ] MgB, should be a medium coupling superconductor.
for all simple element superconductors with the exception of

thallium®® For simplesp metal superconductors, Rohter
demonstrated thatinN(Eg)v/dInV must have approximately
a value of 2.0. However, it was realiZ&8dhat transition met- The major conclusions given by present investigation can
als fail to show such a simple behavior. Our estimatethe summarized as follows.
dInN(Eg)v/dinV=1.71 and 2.34 for MgB are comparable to (i) A simple expression was derived for the pressure de-
those obtained for simplsp metal superconductof&®® pendences of superconducting properties in a siraplsu-
Early measurements for most simple meta#$“® showed  perconductor on the basis of McMillan equation. The loga-
that there is difference between the quantitieslinAy/dP  rithmic volume derivatives ok, u*, and ®p can be self-
and dInT./dP. This can be understood with the aid of the consistently determined from experiments and theories. We
results by Gdikman and Kresid? that is, 20,/kgT. gave an expression fap from the theory of Gaspari and
=3.501+5.3(T¢/wpn) “INwph/T]. The calculated data of Gyorffy.>* The theory of Morel and Anderséhwas used to
MgB, listed in Table | make it possible to support this obtain¢, which makes it possible to investigate the pressure
theory. Since the phonon spectrum shifts under pressure, dependence oft*. Neglecting the pressure dependence of
follows that for all superconductors withA2 /kgT.>3.52 a  u*, the present theoretical model can be reduced to the two
change of 2,/kgT, under pressure can be expected. It ispopular models of Seidéhand Baryakhtar and Makartf/
interesting from the viewpoint of experiment to investigatewhen taking yy=2/3 and neglecting the direct electron-
the tunneling characteristics of MgBinder hydrostatic pres- electron interaction, respectively. Furthermore, we obtained
sure. an explicit expression for the change Bf as a function of
Figure 5 is a plot odInN(Eg)v/dInV versus the deviation pressure with the help of Murnaghan equation. The present
¢ from the full isotope effect for nine simpkep metal super- model enables us to study the pressure behaviors of some
conductors as well as MgB The experimental values of interested superconducting parameters such as the zero-
dInN(Eg)v/dIinV for simple metals are chosen from the work temperature energy gayy,, the critical field at absolute zero
of Olsen, Andres, and GebafltThe experimental results for temperature H.(0), the efective interaction strength
isotope effect exponent and its deviatior¢ are taken from  N(Eg)v, and the electronic specific-heat coefficignt
the works in Refs. 7 and 71-75. There are no experimental (ii) We investigated the pressure effects on superconduct-
data available for Al and In now, we took the calculateding properties in the newly discovered superconductor MgB
results from Leavens and CarbotfeWe summarize these using our simple approach. It was found that the hydrostatic
results for simplesp metals in Table Il. Olseret al* sug-  pressure derivative of . can be reproduced by using the
gested thadInN(Eg)v/dInV is related to the isotope effect values ofyg obtained from either the Slater relation ab
exponenta in metal superconductors. As seen from Fig. 5,initio calculation. The calculatedinN(Eg)v/dinV~2.0 in
the relation betweedInN(Eg)v/dinV and ¢ is not very clear MgB, is close to those obtained in simm@ superconduct-
when more data included. An isotope effeet=0.32(1) ors. The quantitative agreement for the variationTgfwith
(Ref. 6 in MgB, is consistent with what appears to be apressure in the low-pressure region as well as high-pressure
systematic variation of across nontransition elements. It is region is very good when comparing our theoretical results
well known that deviations of the isotope effect exponentwith experimental data measured by three groups. The pre-
from 1/2 are a measure of the relative strengths of the Coudicted values ofdinH.(0)/dP, dinA,/dP, and vy, are also
lomb and phonon-mediated electron-electron interactions. itomparable to those in simpsp metal superconductors. All
is indicated, from the compared valuesé4for MgB, (Ref.  these characteristic pressure behaviors allow us to conclude

IV. SUMMARY AND CONCLUSIONS
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that MgB, should be a simple electron-phonon-mediatgd large—dT./dP observed in the lovik,=37.4+0.1 samples.
superconductor, and the mechanism in simgemetal su-
perconductors is also responsible for the superconductivity in
MgB..

Note added Recently, the authors have learned that the The authors acknowledge useful discussions with O. K.
superconductivity is not destroyed up to 44 GPa whieres  Andersen, O. Jepsen, Y. Kong, R. K. Kremer, and K. Syas-
stil as high as 12 K& The intrinsic dT./dP sen. We are indebted to J.S. Schilling and J.D. Jorgensen for
~—1.1 K/GPa under hydrostatic pressure conditions wasllowing us to use their experimental data prior to publica-
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