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ABSTRACT

The photoinduced superconducting phase transition temperature in high-T¢ cuprates with two
band Hamiltonian has been investigated. It is shown to possess two superconducting gaps. The
superconductivity is caused by the interband repulsive electron-lattice and coulomb interaction. The
photo- excitation produces a change of the hole doping (p) and as a result, the shift AT¢ of T¢. The study
of free energy, critical field and electronic specific heat based on this model is also presented.
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Carrier concentration.
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INTRODUCTION

It is of fundamental importance to explain the doping dependence of the
superconducting properties of high- Tc cuprates. Recent experimental investigations on
high- T¢ cuprates having compositions in the semiconductor regime, have shown light
induced changes, which are indicative of photo-induced superconductivity™. In some cases,
there is an increase of the critical temperature T with radiation dosage®. The most
interesting result is the growth of the absolute value of the diamagnetic moment almost
linearly with radiation dosage, which saturates beyond a certain stage*. Yu et al." have
shown that the onset of transient photo-induced superconductivity, at high excitation levels
is a real phenomenon.

“Author for correspondence; E-mail: anuj_nuwal2000@yahoo.com; kalraml@yahoo.com;
slkakanil@yahoo.com
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The Model Hamiltonian

The model Hamiltonian has the form®-

H=Hy + Ho" + Hya (1)
Where
He'= Ye,(Ci, C,+C\. C o)+ Aw> Co C ot ALY Chs Chpe Q)
p p p
Hy' = D (Cd+a Cio +Clyor C—da')+A+ddZC—do-' Coo + A4 >,Cli0 CTaarr .(3)
d d d
and

H o = Vi (C;, ct,m.);c 4 Car *Vp(Cy, C dg->;c+pg C*po
)2

+V, < C' g0 C_ oo Coo +Vpd<Cfp(,v Cpg>;C§g C’ a0 ..(4)

where p and d are momentum labels in the p and d bands, respectively with energies
epand €q; p is the common chemical potential. Each band has its proper pairing interaction
Vp and Vg, While the pair interchange between the two bands is assured by Vpq term.

We have assumed Vg = Vgp, and we define the following quantities :
_ 0 _ 0
€,=€, —HU E4=€y —U
Ay = Vpp<C;6 C+’p°"> Ay = Vdd<Cd°' = 7d”'>
AS=V(Ch Clpe) A =V, (Ci, Coo) ...(5)
Now Hyq in equation (1) read as

Hu = A 2 Cp Cop +4; 2.Cpr Choo +A," 2C . Cpu+4, 2 Ci, Cso . (6)
d p p d



Int. J. Chem. Sci.: 8(3), 2010 1475

We study the Hamiltonian (1) with the Green’s function technique and following the
equation of motion method.

Green’s functions

In order to study the physical properties, we define the following normal and

anomalous Green’s functions®*® :

@ G,(pr-7) ==(T.C,(®)C a0 (z"))
() Gy (d,r—7) ==(T,Cyu(x)Cle(r") )
© f(pt-t") = (T, C,(t)Ch())
@ fo(dr-t") = (T, C®)Cs ("))

© f, (pr=7) = (T, C(®)C ("))

® f(dr-7) =<T,c+da(r)c+_da-(f')> (7
These Green’s functions satisfy the following equations:

(@-€,) (C,,.C" o)) = S, = A, (Cpo,Cpor)) (8)
(@—€4) (Cyp,Claa)) = 4= Ay (Cos,C aor)) 9)
(0-€,) «C1nCoY) = —A, (C'p,Cou) 0)
(@-€y) {C 4 Co)) = —Ay (C'ar,Cy,)) -(11)
(@0+¢€,) «Ch, Cped) = = A, (C,, CToo)) 12
(w+e,) (C%4,C o)) = —A, (Cy,,CTuo)) ..(13)
(@+e,) (CToo,Cou)) = &4 = A, (C,.,Cou)) .(14)

(w+ey) (C'a,Cy)y = O4— Ay (C i Cy ) ..(15)
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To solve the above equations, we have assumed
+ ~
(App +A2):Ap and A'p = AP
+ ~
(Ay +A,)=A, and A'd = A

Then

(A+pp+A+2) A+D§Ap

(A" + A7) = Mg 2 A, .(16)

Finally, one obtains the Green’s functions by solving coupled equations (8) to (15)
as:

Green’s function for p-holes

—-A
<<C%s , CI . >> = (a)z - Epz ) .(17)
C+ C _ (a) o ep)
<< po ) po >> = ( 2 Ez ) (18)
w — P
Green’s function for d-holes
- A
<<C'% , Ciy,. > = e IdE > (19)
— Ky
C+ C _ ( w — ed )
<< do , Ly, >> = (0)2 _ Ezd) ...(20)

The Correlation Functions

We obtain the correlation functions for the Green’s functions given by equations (17)
and (18) as'®* -
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<C'poClpp >=—[f(ay) - f ()] .(21)
(al _az)

Where

a, :+\/ezp AT F N AT A, AN = A

ty == €, N+ Ko+ N A+ A A ==\ + A (22)

and f () and f () are Fermi functions.

a,—€p

<C' Cpp>=f(ay)+ { } [f(a) - () ] (23)

o, —a,)

Similarly, correlation functions for Green’s functions (19) and (20) for d holes are
obtained.

One can define the two superconducting order parameters related to the correlation
functions corresponding to Green’s functions << C*p, C*.por >> and << C*4s, C*.q >> for p
and d holes, respectively. In a similar manner, free energy and critical magnetic field can
also be defined related to both p and d holes.

Superconducting Order Parameters
Gap parameter A is the superconducting order parameter, which can be determined

self consistently from the gap equation. We obtained the superconducting order parameter
for p and d holes as below:

(1) For p holes
hao
L p ! Bal BOLZ
v - ] d€ o |tnh| =+ |-tanh
TATTONE R ()[(zJ (zﬂ (2)

(2) For d holes: In a similar manner, we can obtain the expression for
superconducting order parameter for d holes.
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hmd

L = ; Ba‘l _ BOLZ
W_ .([ d ey (al_az)[tanh( 5 J tanh( 5 ﬂ .(25)

We observe that expressions (24) and (25) reduces to standard BCS*®.

a, = +\/ezd N AN HA A AN = ER A

and

a2 = _\/EZd +A2dd +A21 +A+ddA1 +A+1Add - Vezd +A2d (26)

Where a; and o, for p holes is given by (22) and for d holes is given by (26).

Using equations (24) and (25), one can study the behavior of superconducting order
parameter with temperature for both; p and d holes.

Dependences of Superconducting Gaps on

Temperature (T) and Carrier Concentration on (T¢)

One can study the dependence of T¢ on the hole concentration n, and chemical
potential (u) for the system YBa,Cus;O7.x from this model. The effective chemical potential
() corresponds to the average carrier concentration (n,). The maximum of T¢ (ny)
corresponds to chemical potential (1) lying in the common region of both bands roughly in
the middle between E, and E..

From two band model, one can study the dependence of the superconducting
transition temperature on the hole concentration determined by chemical potential (1) by
studying:

(a) Dependence of chemical potential (i) on critical temperature Tc.

(b) Variation of hole concentration (np) with Tc.

Dependence of Chemical Potential (1) on Critical Temperature Tc
We calculate the superconducting transition temperature T¢ for E, < p < Eg,

In Matrix form, superconducting order parameter can be written as® -
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i ..(27)

Where i and j represent p and d holes. There are two superconducting gaps for p and
d holes in our interband model.

The expressions for the dependence of superconducting gaps at T — T¢ on the hole
concentration can be derived.

One can write the equations for superconducting gaps for p and d holes as follows -

d e, tanh Ve s + A
Ve a2k -

dep tanh ﬂezp +A2p
T Al = ..(29
ﬂezp + Azp 2kBTC ( )

Where V,, and Vg4 are pairing interaction of p and d bands, respectively, while the
pair interchange between the two bands is assured by the V4 term. The quantity V4 has
been supposed to be operative and constant in the energy interval for higher band and lower
band, keeping in mind the integration ranges, the gap order parameter satisfy the system.

A, = Vi Ng(0) Adj

p

Ay = Vg N A, |

Since — Vpp ~ Vg << Vpq, S0 Vp, and Vg can be neglected.
On further simplification of equations (28) and (29), one obtains
d e, \ela + A%
Vo Vi N, QN4 (0) | ———=2=tanh ¥———— x
|2 2 2k, T
e’, +A°, Blc
d Ep '\/EZp + Azp
j tanh =1 ..(30)
'\Iezp + Azp 2kBTC

At T =Tc Apa (Tc) =0, so equation (30) takes the form
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de € de €
V..V, N_(O)N, (0 d tanh —4 P tanh —2
o0 Vap N (ON4 (0) -[ €4 2k, T, * I €, 2k, T

We have assumed that Vpg = Vgp

de € de €
V2, N_(O)N, (0 d tanh —d P tanh —2— =1 (31
i N, (ON, (0) J. €4 2k, T XJ. €, 2k, T (31)

Dependence of Hole Concentration (ny) on Critical Temperature (T¢)

Konsin and coworkers®'?° studied the dependence of carrier concentration on T.

For studying the doping dependence on the chemical potential, we have [3, 21]-—
El

Ec
p | f(E)IE + p, [f(E)dE =p
Eo

0

(32)

Here f (E) = {exp [(E-n)/ksT] +1}%, p is the number of holes per cell and E; is the
width of the broad band.

Using the condition of electroneutrality, we obtain the equation for the chemical
potential as*-

1+exp Eu 1+exp Ey—u
KgT KgT
P El —kBT Iog — || P2 EC_EO +kBT |09 - N ||7P (33)
ad Ec—u
l+exp l+exp

Where p is the total number of holes per cell.

The relation connecting n, and p reads as

Ny = P Po, where po=p1(E%).
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Dependence of Chemical Potential Shift (Ap) on Hole Concentration (ny)

We have calculated the hole concentration dependence of the chemical potential
shift Au for our system YBa,CuzO-.x with the same fitting parameters used in calculation of
hole concentration.

According to Konsin and Sorkin®, the pseudogap E,, induces the shift of the
chemical potential through the dependence of the density of states p; on Eyg. As a result, the
electron chemical potential shift with doping is obtained as -

Atny) = () + B -(34)

The chemical potential equals -

u(ng) =—p,(n)) —E (n) +E, (0) ...(35)
Where
Ho(ny) .t (nh + p,E, +1p1Elj ...(36)
(o1 +p,) 2
E,(n,)=013(1-n,/n)eV at 0.19<n, <2.058 ..(37)

The dependence of Eyq (nn) is derived from electronic specific heat. We obtained
critical concentration for our system YBa,CuzO7 iS Nner = 2.058 and E,g (0) ~ 0.3 eV.

The calculated doping dependences of the chemical potential shifts Au(ny) for our
system YBa,Cu3O7. is presented in Figure 5 and theoretical predicted values are shown in
Table 6.

In under-doped and optimally-doped regions, the chemical potential shift Au(ny) is
strongly suppressed by the pseudogap E,g (Nh) up to Nper =~ 2.058.

The parameters are model dependent for the calculation of Ap(n,) and T¢(ny), but the

good agreement of the theoretical and experimental curves of Tc(np) and Au(ny) for
YBa,Cuz07.« is obtained.



1482 A. Nuwal et al.: Photoinduced Superconductivity....

As follows from our calculations at low temperatures, the shift Au(np) in
YBa,Cu307.« is unaffected by the pseudogap. The influence of the pseudogap Epq (0) on the
superconducting transition temperature is weak because the contributions of Eyg (0) to the
chemical potential p and to the gaps A, 4 are approximately compensated for in the equation
of Tc.

Physical Properties of Superconductors

Electronic Specific heat (Ce)

The electronic specific heat per atom of a superconductor is determined.*>%2

For p holes
We obtain —
cP :Mh?de Be, azeXp([)’az) ,b’(al ep)ep
N o | Tlexp(Ba,) +1f 21—\/ iA A +AA

l: o, exp(fa, ) % exp(Ba,) (38)

exp(fa,) +1)° {exp(Bar,) +1f°

Where o and o, are given by equation (22).

For d holes

Similarly, one can write the expression for electronic specific heat C% for d holes,
as-

C% :MT de Beqa, EXp(ﬂaz) ,6’(0(1 €y )€s
N T{exp(Ba,) +1}° 2T\/ AN LA ATA

0

.(39)

{ a,exp(fa;) o, exp(fa,) ”
{exp(Bay)+1"  lexp(Ba,) +1f°

Where o and o, are given by equation (26).

The jumps of specific heat at T = T¢ is obtained as -

C, -C,, =AC =9.42 R kT, ...(40)
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Where R is given by

1
R=E[p1712+p27/22] Iy <u<ly,

y :{ 1+K|ng[(y—rl)(r2_/J)472(kBTC”)_2 ] }%
ol1+ k%8 Iog“_(u—ﬂ)(ﬂ—ﬂ)472(ksTc”)72 ]

1+« log® (,u—F3)(F4—,u)4}/2(kBTC7Z)_2 R
V2= 2 p-1 4 2 2 | ..(41)
1+ log* (4 —T3) (U, — ) 4y (ke Te) |
. 1. 2
With S = pl/pZ K= vad PP
The specific heat in the normal phase is obtained as
2
C. =25 RK,T .(42)
3
Where Ry is given by -
1
ROZE[IO1+/72] Iy <pu<Ty,

One can easily show that the relative jump of the specific heat at T = T equals

AC a3 R .(43)
C R

en 0

The ratio R characterizes the possible deviation of the relative jump of the specific
0

heat in the present model from the BCS one®.

Free Energy

It is well established that the thermal properties of a metal changes sharply as the
temperature is allowed to decrease through the transition temperature to a superconducting
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state. The entropy decreases remarkably on cooling the superconductors below the critical
temperature. The free energy can easily be defined for the superconducting transition as it is
related by the entropy, hence it also exhibit a similar behaviour®. Obviously, the entropy as
well as the free energy difference in the normal state is always greater than the entropy in the
superconducting state.

Fo 1
v ‘JdA() {|V|N(0)] ..(44)

Where Fs is free energy in superconducting state and Fy is free energy in normal
state and V is the volume per unit cell and V' is pairing interaction.

One can write expressions for the free energy difference for p-holes and d-holes
separately.

One obtains the final expression for free energy difference as

hop

F,-F AN 4N(0) v Yo'y
SV N _ - 2 ‘(‘;dep log 1+ +A, |+e 2

2|V, |

2N(°) fd {Iog(l Bze" Bz] ...(45)

With the help of the above relation, we can calculate the free energy difference for p-
holes.

Similarly, one obtains the free energy difference for d holes as

Fs—Fv _ A 4N(0) B = —7) _ P+
v 2 _[d €4 log 1+?1/ed +A, +eT

2|V |

ZNB(O) jd {Iog [1+ P 26“ ve BZ"J ..(46)

Where o, = ++€’, + A?, and a, = —+/€®, + A%,
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Critical Field (H¢)

The critical field Hc (T) called the thermodynamic field for the transition between
the normal to superconducting state and is related to the free energy difference is given as,

Fo_F, =L {dHc } .(47)

“8r| dT

Hence, the low temperature critical field is obtained as -

H, {sﬂ‘ {—FS ) i } ‘ } % (48)

One can obtain the relation for critical field for both types of holes.

Numerical Calculations

Values of various parameters appearing in equation are given in Table 1. Using these
values, we have made study of various parameters for the system Y Ba,CuzO7.y.

Table 1: Values of various parameters for Y Ba,Cu;07,

Parameter Value

*Superconducting transition temperature ( T,) 88 K

* Phonon energy (ha)p) 1.6 x 1072

* Phonon energy (o, ) 13x 102

*Density of states at the Fermi surface N (0) ~ 4.95 x 1019J/

atom

* Pairing interaction for p holes 0.32 x 10-193/
atom

* Pairing interaction for d holes 0.38 x 10—19J/
atom

*Number of electrons per unit cell (n) ~5x 10%

* Boltzmann constant (k) 1.38 x 10%J
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Superconducting Order Parameter (A)

To study the behavior of superconducting order parameter for the system
Y Ba,Cu307.«, one finds following two different situations:

(a) The superconducting order parameter due to p-holes only,

(b) The superconducting order parameter due to d-holes only.
The SC Order Parameter for p-Holes

One obtains the expression for A, as -

_ lhojp LN Ry
VuIN(©) 2 g e 4+ a2 2kgTc ..(49)

Using the following changes in variables A, = x x 10! J, €, = hapy, d €, = hopdy
and after simplification, one obtains -

1 1

y +03906X y 2.40.3906 x2 B E y2+0.3906 x2 (50)
+1 efT +1

Solving equations (50) numerically, one can study the variation of SC order
parameter with temperature in the absence of d-holes. The values obtained from equations
(50) are depicted in Table 2 and the behavior is shown in Figure 1 for p holes.

0.6302 = j

Table 2: Dependence of superconducting order parameter (A,;) (p-holes) with

temperature
S. No Temperature (K) Ay =xx1072"J
1 10 2.37
2 20 2.35
3 30 2.33
4 40 2.30

Cont...
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S. No Temperature (K) Ay=xx1072"J

5 50 2.20

6 60 2.00

7 70 1.70

8 80 1.20

9 88 0.00
5 o .
TS
54
25
£3 1
22
2 5
z = ]

O 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90

Temperature (K)

Fig. 1: Behavior of superconducting order parameter (A;)
with temperature for p- holes

The SC Order Parameter for d-Holes

Similarly, one obtains the following expression for superconducting order parameter
for d holes -

0 5203—} a L - L
' h 2 2 | =944 [, 2 2 944 [ 2 2
0o ¥? +0.7692 e Y +076927 e?\/ y* +0.7692X°,

..(51)
1

Solving equation (51), one can study the variation of SC order parameter with
temperature in the absence of p-holes. The values obtained from equation (51) are depicted
in Table 3 and the behaviour is shown in Figure 2 for d holes.
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Table 3: Dependence of superconducting order parameter (Aq) (d-holes) with

temperature
S.No. Temperature (K) Ag=xx1021J
1 10 2.09
2 20 2.08
3 30 2.05
4 40 2.00
5 50 1.94
6 60 1.77
7 70 151
8 80 1.06
9 88 0.00
2.5 T T T T T T T

Superconducting order
parameter (Ad) Joule

O 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90

Temperature (K)

Fig. 2: Behavior of superconducting order parameter ( A )

with temperature for d — holes.

One can study the variation of SC order parameter of both; p-holes and d-holes with
temperature. The values are depicted in Table 4 and the behaviour is shown in Figure 3 for
both p and d holes.
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Table 4: Dependence of superconducting order parameter (A = A, + Ag) (for p & d
holes) with temperature

S. No. Temperature (K)

A=A, +A)=xx1072"J

1 10 4.46
2 20 443
3 30 4.38
4 40 4.30
5 50 4.14
6 60 3.77
7 70 3.21
8 80 2.26
9 88 0.00
45
4 i
5335 -
5+t i
= 3
:g:n B 25 .
=3
S5 2 1
SRS
2 815 7
2 F i
Z& !

o
U1

o

[EN
o

20

30 40 50 60
Temperature (K)

70

80

90

Fig. 3: Behavior of superconducting order parameter (A = A, + Aq) with temperature

Electronic Specifc Heat

for p and d — holes

On the basis of equation (40) and (42), one can show that the relative jump of the

specific heat at T = T¢ equals
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AC = 1.43i
Cen 0
The ratio Ri characterizes the possible deviation of the relative jump of the specific

heat in the present model from the BCS one. The function R reveals only a weak dependence
on ny, it is understandable that the curve AC vs n; is mainly determined by the function T¢
(nn) standing outside the R in the formula for AC (40). The resemblance between the
dependence of AC and T¢c on n, on (c.f. Figure 4 and Figure 6) reflects also this
circumstance.

Table 5: Variation of hole concentration (n,) with critical temperature (T¢) and

chemical potential (p)
S.  Chemical Critical temp. E, Hole .
No potential (1) (To K p P,=p, (2) concentration
Dp =P - Po
1 1.1 88.30 2.005 1.815 0.19
2 1.2 88.50 2.210 1.815 0.395
3 13 88.60 2.415 1.815 0.6
4 14 88.50 2.620 1.815 0.805
5 1.5 88.20 2.825 1.815 1.01
6 1.6 87.69 3.030 1.815 1.215
7 1.7 87.00 3.235 1.815 1.42
1.8 86.10 3.440 1.815 1.625
9 1.9 85.10 3.645 1.815 1.83
10 2.0 83.70 3.841 1.815 2.026

11 2.1 82.20 3.873 1.815 2.058
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Critical temperature (T.)

90
80
70
60
50
40
30
20
10

o Theoretical
* Experimental

1

15 2

Hole concentration (n;)

2.5

Fig. 4: Variation of hole concentration (n,) with critical temperature (T¢)

Table 6: Dependence of chemical potential shift Ay on hole concentration ny

1491

Hole
1\?(;. concentration  p, (ny) Epe (1) Ep(0) p(ny) Ap=p(m,)+ %
(np)
1 0.19 1.183 0.1180 0.3 -1.00 +0.100
2 0.395 1.291 0.1050 0.3 -1.096 +0.0040
3 0.6 1.399 0.0921 0.3 -1.19 -0.090
4 0.805 1.507 0.0791 0.3 -1.286 -0.186
5 1.01 1.614 0.0662 0.3 -1.380 -0.280
6 1.215 1.722 0.0533 0.3 -1.475 -0.3750
7 142 1.830 0.0403 0.3 -1.570 -0.4700
8 1.625 1.938 0.0274 0.3 -1.665 -0.5650
9 1.83 2.046 0.0144 0.3 -1.760 -0.6600
10 2.026 2.149 0.0020 0.3 -1.851 -0.7510
11 2.058 2.166 0.00 0.3 -1.866 -0.7660
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Chemical potential (Ap)

0.2
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-0.1
-0.2
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-0.4
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0.5

1

15

Hole concentration (ny,)

2.5

Fig. 5: Dependence of chemical potential shift (Ap) on hole concentration (ny)

To carry out numerical estimates, we utilize the same sets of fitting parameters as
used in T¢ calculation written in critical field. The theoretical dependence of AC on hole
concentration (ny) for YBa,CuzO-.« is depicted in Table 7 and behaviour is shown in Fig. 6.

Table 7: Dependence of AC with hole concentration ny

S. Critical Hole concentration AC = 9.42 Rkg T X Can= 2_112 X
No. temperature = p-pe 10-6 , 3 By
K) Rokg’T x 10
1 88.30 0.19 6.18 4,101
2 88.50 0.395 6.20 4111
3 88.60 0.6 6.20 4115
4 88.50 0.805 6.20 4111
5 88.20 1.01 6.18 4.097
6 87.69 1.215 6.14 4.073
7 87.00 1.42 6.09 4.041
8 86.10 1.625 6.03 3.999
9 85.10 1.83 5.96 3.953
10 83.70 2.026 5.86 3.8880
11 82.20 2.058 3.818
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o Theoretical | |

6.2

6.15
6.1
6.05

AC (eV/mol-K)

5.95
5.9

5'850 0.5 1 15 2 2.5

Hole concentration (ny,)

Fig. 6: Dependence of AC with hole concentration ny
Free Energy

The free energy difference for p holes is given in equation (45), making the use of €,
= hapy, d €, = hwpdy and following values from Table 1, one obtains for p holes

\/ﬁ 2
(FSVFNJ = (1.562 x 1019) A, — 0_00011XT)I:1.6x1021[|og {1+ 2.56x107" Yy +A P]]dy
p

2.760x10 BT

. 2.56x10742y24A2,
—~(0.00011xT)[ 16x107| log| & 27604077 ||y

+0.00011 xT)| ;1.6><1021{Iog (1+57.97101Y+e57'9710¥j}dy ...(52)

Similarly for d holes, We obtain form equation (46),

- J1.69x107%2y2 4 A2
(FSVFNj — (1315 x 10%) Azd—0.00011><T).[:1.6><1021llog[l+ X0 Y Ay
d

2.760x10 23T

1 J1.69x10742y2 A2
—(0.00011xT)j01.6x10-21 log|e 2760a02T | |dy

+0.00011 xT)| ;1.3><10"21{I0g [1+47.1014¥+e47'1014¥j}dy

..(53)
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The values of free energy difference at various temperatures, obtained from equation
(52) are shown in Table 8 and Figure 7 for p holes and obtained from equation (53) shown in
Table 9 and Figure 8 for d holes.

FS'FN

Table 8: Variation of free energy difference [ ] for p-holes with temperature

S.No, lemperature [M) x 10 Joule/mole
(K) V. Jp
1 10 10.21
2 20 9.98
3 30 9.80
4 40 9.58
5 50 8.87
6 60 7.55
7 70 5.80
8 80 3.50
9 88 1.20
11

=
o

Free energy difference
(Fs'Fn/V )

0 20 30 40 50 60 70 80 90
Temperature (K)

P N W b~ 01O N 0 ©
T
1

Fig. 7: Variation of free energy difference with temperature for p holes.
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Fs-Fy

Table 9: Variation of free energy difference [ ] for d-holes with temperature

S. No. Temperature (Fs- ul N) x 10 Joule/mole
K) a
1 10 6.752
2 20 6.638
3 30 6.455
4 40 6.193
5 50 5.905
6 60 5.084
7 70 3.968
8 80 2.441
9 88 0.946

Free energy difference
(F-F,/V)q x 102 Joule/mol

0 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90

Temperature (K)

Fig. 8: Variation of free energy difference with temperature for d holes
Critical Field (H¢)

Using the relation (48) and substituting the value of free energy difference from Eq.
(52) and (53), one can obtain the relation for critical field for both types of holes.
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For p holes, it is

i ho, 2 LA 2
A AN(O) e T
2|V _T-gdep |Og 1+? €p2+Ap +€ 2

wl

(H C)p =8n

and for d holes,

- 1o vyl
A’ 4N(0) B 55 PVt
2|Vdd|—T !) ded |:|Og(1+5 S +Ad +e 2

(H c)d =8

p

The relation (54) and (55) are reducible to standard BCS relation.

NE) B e
+J jdedllog[1+7d+e_
0

Be

hop
L 2NO Idep[.og(l+ﬁ+e——;
B 2
0

Pey
2

|

|

..(54)

...(55)

The values of critical field at various temperatures, obtained from equation (54) are
shown in Table 10 and Figure 9 for p holes and obtained from equation (55) are shown in
Table 11 and Figure 10 for d holes.

Table 10: Variation of critical field (Hc) for p-holes

S.No. Temperature (K)  Critical field (Hc x 10™'"), Tesla
1 10 5.064
2 20 5.006
3 30 4.961
4 40 4.905
5 50 4,720
6 60 4.354
7 70 3.817
8 80 2.965
9 88 1.736
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Fig. 9: Variation of critical field with temperature for p holes

Table 11: Variation of critical field (Hc) for d-holes

S. No. Temperature (K)  Critical Field (Hc x 10™"")4 Tesla

1 10 4.118
2 20 4.083
3 30 4.026
4 40 3.947
5 50 3.851
6 60 3.573
7 70 3.157
8 80 2.476

9 88 1.541
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Fig. 10: Variation of critical field with temperature for d holes
Dependence of Chemical Potential (i) on Critical Temperature (T¢):

For YBa,Cu3O7.« superconductors, we used the best fitting parameters value for
numerical estimation:

N, (0) = Density of states for p holes = 1.65 eV,

Ng (0) = Density of states for d holes = 0.25 eV,

V,a = The pair interchange between the two bands = 1.80 eV,
Ec = Cut — off energy of lower band = 2.1 eV,

E; = Top energy of higher band = 2.2 eV,

Eo = Top energy of lower band = 1.0 eV,

hop = 1.6 x 10% Joule = 0.01 eV,

hog = 1.3 x 102 Joule = 0.00812 eV.

The small difference between E. and E, is taken keeping in mind the uncertainty in
defining the effective bottom of the band E..

The parameters are model dependent for the calculation of Tc (nn). These
quantitative characteristic seem to be reasonable at least they are of the order proposed®? for
high T¢ cuprates.
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Making use of €, = hapy, d €, = hmpdy and €4 = hogy, d €4 = hwgdy, with
above parameters and limits of integration on equation (31), for dependence of critical
temperature (T¢) on chemical potential dependence (), one obtains

21-pn

1.336 j Y tann 0.01 x
4y 2x0.00008625 x T;

21-p

dy o ( 0.00812

=1 ..(56
oo Y 2><0.00008625><ch (56)

Solving numerically equation (56), we get Table 5 for critical temperature (T¢) with
respect to different doping parameters (u) in interval E, < p < Ec.

Dependence of Carrier Concentration (n,) with Critical Temperature Tc

By substituting numerical values of chemical potential p and critical temperature T¢
in equation (33) with fitting parameters, we get dependence of carrier concentration n, on
critical temperature Tc.

The calculated dependence of carrier concentration (n,) on critical temperature T¢
for system YBa,Cu3O7. is shown in Table 5 and depicted in Fig. 4.

DISCUSSION AND CONCLUSIONS

We have made a study of photo-induced high Tc cuprate superconductivity by
canonical two-band BCS Hamiltonian containing a Fermi surface of p and d holes.
Following Green’s function techniques and equation of motion method, we have shown that
the system possess two superconducting gaps. It is also evident from the study that the
system admits a precursor phase of Cooper pair droplets that undergoes a phase locking
transition at a critical temperature below the mean field solution®.

In the two-component model, the superconductivity is caused by the interband
repulsive electron-lattice and Coulomb interaction. The photoexcitation produces a change
of the hole doping (p) and as a result, there is shift AT¢ of the high temperature cuprate
superconductors.

We have made self-consistent studies of the doping dependences of superconducting
transition temperature (T¢) and chemical potential (w) shift in YBa,Cu3O.x. Study reveals
that the phase space for pair-transfer scattering between the overlapping bands is governed
by the position of chemical potential, i.e. the dependence of the electron chemical potential
shift of ny, regulates the phase shift for pair transfer scattering between the overlapping band
and narrow bands and leads to the observed doping dependences of Tc. Experiments clearly



1500 A. Nuwal et al.: Photoinduced Superconductivity....

lend support to the proposed doping dependence of Au(ny) and Tc (ny) in the compound
YBa,Cu3O7.x. The fitting of the theory with experimental data shows one of the participating
hole bands to be narrow, as expected from theory.

According to our model, there are two superconducting gaps on the system
YBa,Cu3O7.x and temperature dependences of these gaps are of BCS type.

We have also obtained the free energy expression and critical magnetic field, which
shows that in the interband model, the superconducting state is stable at T > Tc. The model
fairly explains the observed features in YBa,Cuz07.4.

REFERENCES

1. G. Yu, C. H. Lee, A. J. Heeger, N. Herron and E. M. McCarron,, Phys. Rev. Lett., 67,
2581 (991).

P. Konsin and B. Sorkin, J. Physics: Conference Series, 97, 012018 (2008).
P. Konsin, N. Kistoffel and B. Sorking, J. Phys. Condens. Matter, 10, 6533 (1998).
N. M. Kreines and V. I. Kudinov, Mod. Phys. Lett., 6, 289 (1992).

B. K. Chakraverty, Phy. Rev. B., 48, 6 (1993).

R. Lal, Ajay Hota and S. K. Joshi, Phy. Rev., B 57, 6126 (1998).

A. Pratap, Ajay and A. S. Tripathi, J. Supercond., 9, 595 (1997).

S. Khandka and P. Singh, Phys. Status Solidi, B 244, 699 (2006).

N. C. Das, Phys. Rev., B 46, 6451 (1992).

S. L. Kakani and U. N. Upadhyaya, J. Low Temp. Phys., 52, 221 (1983).
S. L. Kakani and U. N. Upadhyaya, Phys. Status Solidi, B 125, 861 (1984).
S. L. Kakani and U. N. Upadhyaya, Phys. Status Solidi, B 135, 235 (1986).
S. L. Kakani and U. N. Upadhyaya, Phys. Status Solidi, A 99, 15 (1987).
S. L. Kakani and U. N. Upadhyaya, J. Low Temp. Phys., 70, 5 (1988).

© © N o g~ w DN

e T o o e
o~ w DD BB O

A. Fetter and J. D. Walecka, Quantum Theory of Many Particle Physics, McGraw-
Hill, New York (1971).

16. K. P. Sinha, Physica, C 212, 128 (1993).
17.  P. Konsin, N. Kristoffel and T. Ord, Phys. Lett., A 143, 83 (1990).



Int. J. Chem. Sci.: 8(3), 2010 1501

18.

19.
20.
21.
22.
23.

P. Konsin, N. Kristoffel and T. Ord, in Phonons 89, World Scientific, Singapore (1990)
p. 283.

P. Konsin. N. Kristoffel and T. Ord, Phys. Lett., 129 A, 339 (1988).

N. Kristoffel, P. Konsin and T. Ord, Riv. Del Nuovo Cimento (1994).

P. Konsin and B. Sorkin, Supercond. Sci. Technol., 13, 301 (2000).

S. L. Kakani and S. Kakani, Superconductivity, Anshan Ltd., UK (2009).

S. L. Kakani and C. Hemrajani, Superconductivity, Recent Advances, Today and
Tomorrow Publications, New Delhi (1990).

Revised : 20.05.2010 Accepted : 22.05.2010



