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ABSTRACT

Dependences of the superconducting transition teatye (T,) on hole concentration in
Bi,Sr,CaCu,O,, 5 (Bi-2212) cuprate have been calculated in a frameek of canonical two-
band BCS model containing Fermi surfaces of p ankokks. The shift of the chemical
potential () leads to the curv@, (n,) with a maximum. The dependence3 df, ) for our
system compared with available experimental datalf S-consistent equations for
superconducting order parameteéA) are derived using Green's functions and equatibn o
motion method. The enhancemenTois found due to doping.

Keywords: Green’s function; p and d holes; critical tempematinole concentration.
PACS: 74.20.-z 74.20.Fg, 74.20.Mn, 74.25. Bt

INTRODUCTION

It is of fundamental importance to explain the dagpidependences of superconducting
properties of photoinduced high- cuprates. Doping dependences of the electronimicia

potential (1) have been measured Bi,Sr,CaCu,0,, ; (Bi-2212) [1].
In our model, the pairing interaction between theipipating bands is repulsive. Two two-

band models for high-, superconductors has been known for a long timefantigh-T,
superconductors these ideas have been develoghdrf{2-7].
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There are number of data indicating participatioh several bands in the high:

superconducting mechanism. Two bands are foundtersiect the Fermi level in Bi-2212.
In Bi,Sr,CaCu,0Oy,; , the BiO-plane bands seem to be coupled to th® @lane band [ 8].

In [2,3,4,9-10], a model of two over lapping holands has been used to reproduceThe
dependences on the hole dopihg,_, Sr CuQ,, YBaCu,O,_, and Bi,Sr,CaCu,QO,,,.

The optical reflectivity and the absorption spedbathe Bi,Sr,Ca,_,Cu,O, systems (n =

1,2,3) were measured at room temperature usingsceaented films [11]. In the reflectivity
spectra, an increase of n enhanced a Drude-likectiein and shifted its plasma edge to the
shorter wavelength region. In the absorption spectear-infrared absorption was enhanced
with increasing n. These features reflected in #hectronic structure and hence the
superconductivity. In Bi-2212 system, the opticéls@ption spectra consisted of four
discrete bands peaking at about 4.3, 3.7, 2.0-28 #&.5-1.7 eV. The energies of
characteristic peaks in Bi-compounds remain pralfyiconstant when Bi atoms are partially
replaced by Pb and Ca by Y or Er atoms [12].

Recent experimental investigations on higheuprates systems, having compositions in the
semiconductor regime, have shown light-induced ghan which are indicative of
photoinduced superconductivity [13-25]. Althoughmpaspects of the phenomena of high-
T. layered cuprates remain unexplained, the tramsittoom the insulating and

C

antiferromagnetic phase to the metallic and supehacting phase is known to be correlated
with the density of charge carriers in t@eQ, plane [22].

In some cases there is an increase of the crigoaberaturel  with radiation doses [ 16-18 ].

The interesting result is the growth of the absolualue of diamagnetic moment almost
clearly with radiation doses which saturates beyandertain state [ 16 ]. The onset of
transient photo induced super-conductivity, at heghitation levels, is a real phenomenon [
15,191].

The transient photo-induced super-conductivity essgstent at low temperatures and relax
within days at room temperature [16, 20 ].

In this paper, we consider the photoinduced efieatuprates superconductors taking into
account the canonical two band model with p analésh The photoinduced effect induces
the changes of hole concentration and leads tochla@ge in superconducting properties.
First we shall calculate the superconducting opdgameters both for p and d holes and then
calculate the dependences of superconducting ﬁmmsitemperaturél’c) on hole

concentratior(n, ) in Bi,Sr,CaCu,0,,, (Bi-2212) . This model can easily be generalized
two band system.

2. The Model Hamiltonian

The pairing mechanism in photoinduced supercondustgresently a subject of a vivid
debate. There is great suspicion that some, if albt photoinduced compounds are
unconventional.

Many photoinduced superconductors have a complex lsructure with several bands
crossing the Fermi surface. These bands may be tlasnergy. The band separation can be
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comparable to the gap value for photoinduced caprathich requires consideration of the
band structure, chemical potential and supercomycn an equal footing. This problem
needs careful experimental and theoretical invasag.

The Mechanism of photoinduced superconductivity lheen extensively studied but
photoinduced superconductivity in cuprates is stilbe being understood theoretically. One
of the approaches for the photoinduced supercomnitycin cuprates, at present lies in the
two component scenario [4, 26, 27-30].

Our two-band model, in the context of photoindusederconductivity, has common features
with other models [4, 26].

In this paper, we present the self consistent tatioms of the dependences of the chemical
potentia(,u)and the superconducting transition temperatu(@c) on the hole

concentratiofn, ) in the Bi,Sr,CaCu,0,,; system.

We consider the following Hamiltonian for photoimda two band structure [5] -
H =H+ H,S + H, (1)

Where

Hop: ZD (C C +C—pcr C—pa')+A+ppZCpcf C—pcf‘+Appzc+p“ C'opo (2)
P P P

ZDd (CJJ Coo +Cloor C—da')+A+ddzC—dU' Cdu+AddzC+dff C-do (3)
d d d

and

de = Vp < ‘P‘7>ZC do C +Vpd<CdJ C —d0'>zc+pa C+—p0'
3 | .

+Vpy(Ci, C'=ar) D.Cpp Cpp #V,y(Cp Cop) ¥ °Chy Claaer
d

Where p and d are momentum labels in the p anchdsbaespectively with energiés, and
U4 » 4 is the common chemical potential. Each band tsasroper pairing interactiow
andV,,, while the pair interchange between the two basdssured by, term.

We have assumat], =V, and we define the following quantities:
0,=0,° -u 0,=0," -u

B, = Vi(Csy Copor)

Dg' = Vgg(Ciy C'a)

Further we define —
A1+ = Vpd<Cga C+—pa‘>
A," = V,u(Ci, Cuo) (5)
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Now H , in equation (1) reads as
Hyy=28,">C4 Cop +0,D.C'po C'oo +A," D C_ . C,+A; D Cy Closo
d p p d

So final Hamiltonian can be written as
H = ZDP (C;cr Coo +ijcf‘ C—pcr')+A+ppZCpcf C oo +Appzc+p” Cope
p P p
+3°0, (€l Cop +CT4 Cgg )+ B> Cypr Cop #D84Y Crio C et (6)
d d d
+A;" > C4p Cyp D, Y C'pr Coo +A," > C . Cop +A, Y Ch, Chraor
d p p d

We study the Hamiltonian ( 6 ) with the Green’sidtion technique and following the
equation of motion method .

2.1 GREEN'S FUNCTIONS
In order to study the physical properties, we define following normal and anomalous
Green’s functions [ 31-40 ] :

(a) G,(pr-1) ==(T,C,(1)C ("))
(b) Gy(d7-7') ==(T,Cu,()Cw (1))

(¢) f(pr-1) =(T,C.(1)C, (1))

(d) f,(d,7-7") =(T,Co(0)Cs, (™))

(e) f,7(pr-1) =<T, C+pJ(T)C+—pU'(TI)>

(f)  f,(d,r=1') =(T,Cuw(t)C-a(r")) (7)
These Green'’s functions satisfy the following eures:

(@-0,) «CporC'oo)) = 3,5 = (8,,+0,) (C*p0,C"po)) ( 8 )
(@-04) (Cy ,C'ae)) = G4y = (Bug +2,) (C'ar,C"-a0)) (9 )
w-0) (C.opnCod = = (8, +8,) (C*0,C,p)) (10)
(W-04) €CiCaod = = (Bug +8,) (C"ar,Cy, ) (11)
(@+0,) «C, C*-pe)) = = (A"m+8,") (C\y . Cloo)) (12)
(w+0,) (C'w,Crar)y = - (Ndd +A1+) (Cygr Cao)) (13)

Further, we also obtain

(a)+Dp) (C'%0,Cpp)y = Opy = (A*pp+A2+) (Clpos Cpo (14)

pp

(@+0,) (C',Cyy)) = By = (Blaa +B,7) (Cypr Cao) (15)

To solve the above equations we have assumed:
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(App+A2):A and

p

(Add + Al) =0y and
Then

(A+pp +A+2) = A+p DAp

Ay HA,
A q LA,

(& +0%) = &% DA, (16 )
One can rewrite the equations ( 8 ) to ( 15) u¢itg) as ,

(w-0,) «C,,.C* o)) = = B, (C*p,C"po)) (17)
(w-0,) «C,, ,C* o)) Oy — Dy ((C'ao,C*go)) (18)
(@-0,) €C_ppCrd = =B, (C"p,Cpu) (19)
(W-04) (C_gpCap)) = =By (Car,Cyp)) (20 )
(@+0,) «Co, C*po)) = = B, (Cpy,Cpod) (21)
(W+0y) (C*40,C™-a0)) = =Dy (Cyy,Clao)) (22)
(w+0)) (C"00,CLu)) = 6,5 = A, (C_,p,Coud) ( 23 )
(W+0y) (C'a0,Cyp)) = Jgg = By (ClyprCyo) (24)

Finally, one obtains the Green’s functions by savtoupled equations (17 ) to (24) as:

(a) Green’s functiorior p-holes:
+ + —Ap
<<C'ps , C.,,>> = (CUZ—E 2)
p
a— U
<<C'ps , Coo >> = (O(JZ—E 5))
P
, (a+0)
<<de y Cpa’ >> = (CL)Z_—EZP)
(b) Green’s functiorfor d-holes:
_Ad
<<C%q , CI . >> = m
— Ed
. («-0)
<<C'ws , C,, > = ((4)2—E2)
d
a+ 0
<<C,, , Cl >> = (EUZ - Edz))
d
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2.2 THE CORRELATION FUNCTIONS
Using the following relation [ 35-39 ],

(B(t') At)) = Limit il T« At') s B('))) wuin —(CA') ;B

@i xexpEia(t —t'))dw

277 - e +1
(31)
and employing the following identity ,
Limit| — 1 |=oislw-E,)
-0 {w+iU-E, w-10-E,

we obtain the correlation functions for the Grednisction given by equations (25) as -

+ + _Ap
<C'p Clp >= [ () - f(a,)] (32)
(al_az)
where
a1=+\/D2p AN+ NN, AN =T N
@, = =B, +08, + B+ 0, +,°D ==+ A2, (33)

and f(a,)) & f(a,) are Fermi functions.
Similarly, correlation function for the Green’snittion given by equation (26) is

(Z%i)} [f(@)-f(@,)] (34)

Similarly correlation functions for Green'’s funat®( 28 ) and ( 29 ) for d holes are obtained.
One can define the two superconducting order passieelated to the correlation functions

corresponding to Green’s functior§<C"ps , C' . >> and <<C"4s , Cly,. >>
for p and d holes respectively.

<C+PU Cpa >= f(a2)+ |:

2.3 SUPERCONDUCTING ORDER PARAMETERS
Gap parameterd is the superconducting order parameter, which lmardetermined self
consistently from the gap equation.

(1) For p holes :
The order parameter for the superconducting stageven by [41 ] —

Az%}ﬁcma,c* > (35)

p -po’
p

where ‘Vpp‘ is the pairing interaction constant for p holed &his the total number of unit
cells per unit volume.

Substituting the correlation function from equat{82) & using the relation,

136



Anuj Nuwal et al J. Chem. Pharm. Res,, 2010, 2(5): 131-152

how,
2. =2n@ [d, (36)
p
One can \;)vrite the equation ( 35) as,
A :thpdm Lo [t(a,)- t(a)] 37
’ N 0 P (al_a2) ’ ' ( )

On further simplification, one obtains:

ot [ (e (fay
e L9 G Bl G e

(2) For d holes :In a similar manner we can obtain the expressiondoperconducting
order parameter for d holes.

1 7 1 Bay\_ o A
oo 1% e {tanr{ 2 j tan{ 2 ﬂ (39)

We observe that expressions (38) and (39) redusttalard BCS expressions [42].

Where
@ = 4B, 2, R NN NN =+ TR A
and
@y = — 0, +, + O + D FATA =T+, (40)

Using equations ( 38 ) and ( 39 ), one can stuaylbhavior of superconducting order
parameter with temperature for both p and d holes.

24 DEPENDENCES OF CHEMICAL POTENTIAL (,u) ON CRITICAL
TEMPERATURE (TC) AND CRITICAL TEMPERATURE ( T.,) ON HOLE

CONCENTRATION (n,)
Photoinduced phenomenon, generally, affects thema potential and carrier
concentration in highl, superconductors. One can study the dependend@g oh the hole

concentrationn, and chemical potentiaﬂ,u) for the systemBi,Sr,CaCu,O,, s (Bi-2212)
from the model Hamiltonian. The effective chemigatential (,u) corresponds to the average
carrier concentratiofm,). The maximum of, (n,) corresponds to chemical potentigk)
lying in the common region of both bands roughlythe middle betweefl, and] , where
.= Cut-off energyof lower band andl],=top energy of lower band .

From two band model, one can study the dependehdbeosuperconducting transition
temperature on the hole concentration determinechbynical potentia(lu) by studying:
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(a) Dependence of chemical potenfja) on critical temperatureT().
(b)  Dependence of critical temperatufieon hole concentratiofn, ) .

(A). DEPENDENCE OF CHEMICAL POTENTIAL (/,1) ON CRITICAL
TEMPERATURE (T.)

We calculate the superconducting transition tentpegd . , with chemical potentiaﬂ/,l) ,
In Matrix form superconducting order parameter obawritten as [5] -

A =3V, G (4,3, (41)
j
There are two superconducting gaps for p and dshaleour interband model. The

expressions for the dependence of superconductipg @l — T, on the hole concentration
can be derived.

One can write the equations for superconducting §app and d holes as follows -

B, =V, G, (8,)8, + V, G, (84)2, (42)

Ad =Vdp Gp (Ap)Ap + Vdd Gd (Ad )Ad (43)
whereV 5 andV,, is pairing interaction of p and d bands respetfivwhile the pair
interchange between the two bands is assured by théerm . The quantity/,, has been

supposed to be operative and constant in the ematgyyal for higher band and lower band,
keeping in mind the integration ranges, the gagoparameter satisfy the system.

Since -
V,, OV <V
SO V,, and V,, can be neglected.
Now equations (42 ) and (43)read as—
A, =V, Gy (Ad )Ad (44)
Ay =V, G, (a,)a (45)

p

The function G is defined as -

_ dd E
G(A,)= N_(0) J = ® tanh 2ka (46)
B

p

dD"tanh E,
E

G(A,)= N,

@)= N[ “ptanhz <
Where N, (0) and N, (0) are density of p and d states at the Fermi level.

Substituting equations ( 46 ) & ( 47 ) in equatios44 ) & ( 45 ) at critical
temperatur@ =T_, one obtains

(47)
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[ 22 tann W + 8

ﬂ 2T, (48)
D2 +A2

D= Vyy N, O A, | tanh ( 49)

A
We obtain A_p from equation (48) an% from equation ( 49 ) as follows :

A,= Vy Ny ) A,

d P
A DZ +A2
—£= V4N (O)I (50)
p, M 1/DZ +A2
A, d0O 7, +4°
—4 =V, N(© P tanh~— :
o, " Vo0 | e G (s1)

[, + ¥
VeV, N (O)Nd(O)j LI RS I I
[P, + 12, 2K T,
do, P, + 12,
| tanh =
JO2 + A2 2K T,
(52)
At T =T, A, 4(T.) =0, so equation ( 52) takes the form
dO O dO O
V..V, N_(O)N, (0 4 tanh—2— x P tanh—2— =
Ve Ny ON; O | 0, 2kgT. J 0, 2ky T,
SinceV,, =V,,, we obtain
dd U
V?p N (O)N, (0) j = tanhD—"I xj ® tanh—"— =1
0, 2k, T, 0, 2k, T, (53)

We shall solve this equation numerically in nexttse for the dependence of critical
temperature on chemical potential.

(B) DEPENDENCE OF CRITICAL TEMPERATURE ( T.) ON HOLE
CONCENTRATION (n,)

Konsin and coworkers [2, 3, 4, 10, 43] studieddbpendence of carrier concentratioTon
For studying of the doping dependence on the chamential, we have [10, 26 | -—

139



Anuj Nuwal et al J. Chem. Pharm. Res,, 2010, 2(5): 131-152

0 D,
N,© [ f(OdE + N,© [f(@) dD =p (54)
0 o

Heref (O)={exp[ (O-x)/ kT |+1}™, p is the number of holes per cell afdis the width
of the broad band. Equation (54) represents thditton of electroneutrality.

Using the condition of electroneutrality equatiosd), we obtain the equation for the
chemical potential as [10] -

u us
[(u [(u [u [(u

N, ©) kT —log|1+exg — = ||| +N.©O kT | —Z —og| I+exp — = ||| =
KgT 9( [{ kT J keT g[ F{ kgT B p

o
1rexg L M 1+ex to=H
KgT KgT
N,© | [} —KgT log +N, 0 |0, +kgT log

=p
1+ex —H 1+ex e
KgT KgT

(55)
where p is the total number of holes per cell.
The relation connecting, and p reads as, = p-p, ,

where p, = N (O)(%) .

[, = Cut-off energy of lower band,

[J,= Top energy of higher band,

[J,= Top energy of lower band.

N,(0) is density of p states at the Fermi level.
N, (0) is density of d states at the Fermi level.

NUMERICAL CALCULATIONS

Values of various parameters appearing in equatairtained in the previous section are
given in Table 1. Using these values, we have nsddy of various parameters for the
systemBi, Sr,CaCu,Og, s .

TABLE 1: VALUES OF VARIOUS PARAMETERS FOR Bi,Sr,CaCu,O,, s SYSTEM

S.No. Parameter Value
Reference
Superconducting transition temperature
1 95 K [10,46 ]
(To)
2 Phonon energ)(ha)p) for p holes 16 x 104 J [44]
3 Phonon energ)(ha)d) for d holes 15 x 10 J [44]
4 Density of states at the Fermi surface N|(0) L 495 x 10" %to” [45]
o , -19 J
5 Pairing interaction for p holes 0328x10 Aton [5]
o , -19 J
6 Pairing interaction for d holes 0368x10 Aton [5]
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Number of atoms per unit volume ~ 5x10%2 [45]
8 Boltzmann constant  (Kg) 138 x 107 J/K
9 Electron Mas€me) 91 x 107 Kg.

3.1 SUPERCONDUCTING ORDER PARAMETER(A)
For the study of superconducting order parameterBgSr,CaCu,O;,; System with two
band model one finds three different situations: The superconducting order parameter in

the presence of p-holes only , (ii) The supercotidgorder parameter in the presence of d-
holes only and (iii) The superconducting order peeter for both the holes.
(@ The SC order parameter for p-holes (BCS Type, inhite absence of doping )

One obtains the expression i, as

1 T dO, E,
— = — tanh (56)
‘Vpp‘N(O) 0 (0’1—0’2) 2k T
One can rewrite equation ( 56 ) as,
|:|2 +A2

p p
Voo NO) ‘N(O) J JT 2K,T =0
Using the following changes in variables, and tgkia = 0 in the absence of doping
A, =xx107"0 0, =hw,y, d0,=hw,dy (58)
Equation (57 ) reduced to,

2
y2+ xx107%
1) hao,

p

1 ; anh T
—_ J dy B
0

Voo NO) {Xxmﬂ]z (59)
yi |
he,

and taking the respe_ctive values from Table l,(ﬂ]taiFlS

hap
” = 5797 K [O58 (60)

B
Using the above values and simplifying equatiof § 6one obtains
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2 +0.3906x>
- =] dy tanh58 VY X (61)
‘Vpp‘ NO) & \/y2 + 0.3906x° T
[ dy 1 1
0.6173= _
> { Jy?+03908¢ | Tobweed o S8 weed (62)

Solving equations ( 62 ) numerically, one can stilndyvariation of SC order parameter

with temperature in the absence of d-holes. Theegaobtained from equations ( 62 ) are
depicted in Table 2 and the behavior is shown gufg 1 for p holes .

(b)  The SC order parameter for p-holes (Effect of dopig )

Using equation ( 57),

e dO P, +
;: EJ‘ —ptanh# (63)
‘VPD‘N (0) 2 0 sz + Azp 2kBT
Using the following changes in variables
A, =xx10%0 ,  0,=0°-u, dO,=d0,° (64)
Equation ( 63 ) becomes ,
17 do,’ t b\/(Dpo " )2 + (Xx1021)2
— ann (65)
V,INO \N(O) 2 5 \/(Dpo _ ﬂ)z + (102 2k.T
Further changes in variables as
0,°=haw,y, d0,°= hw,dy (66)
Equation ( 65 ) takes the following form
1+% 2 -21 )2
11 haa,dy tanh\/ (neo,y—uf +(xx102)
‘VPP‘N © 2 T \/ (7’L"‘)r>)/‘#)2 + (Xxlo_ﬂ)z T
(67)

Taking the following values,

hw, 016x107% J
ks = 138x10°% J/K

142



Anuj Nuwal et al J. Chem. Pharm. Res,, 2010, 2(5): 131-152

Solving equations ( 62 ) and ( 67 ) numerically ocan study the variation of
superconductivity order parameté&) with temperature in the absence of d-holes. The

values obtained from equations ( 62 ) and ( 67%&)dmpicted in Table 2 and the comparison
of superconductivity order parameter for BCS type the absence of doping and effect of
doping is shown in Fig. 1 for p holes.

TABLE 2: SUPERCONDUCTING ORDER PARAMETER (Ap) ( p-HOLES) FOR
Bi,Sr,CaCu,0O,, ; SYSTEM

— —21
Temperature A, =xx 107J A, =xx 107 ]
S.No. (K) (BCS Type , in absence P :
of doping) (Effect of doping)
1 10 2.43 2.38
> 20 2.42 2.37
3 20 2.41 2.35
2 20 2.37 2.30
5 50 2.27 2.21
5 60 2.10 2.00
= 70 1.81 1.73
8 80 1.35 1.25
9 90 0.50 0.38
10 95 0.00 0.08
11 9% 0.00 0.00

(c) The SC order parameter for d-holes (BCS Ty, in the absence of doping)
One obtains the following expression

1 1’? d, tanh‘/Dzd + N

VIR IS T 68
‘Vdd‘ N (0) 2 9 NEFEY.S 2kgT (68)
With following changes of variables —
A, =xx10%J, 0O,=hwy, d0O,=hw,dy (69)
and taking the respective values from Table 1,alrtains
"%y _ 5430k DB4K (70)
B
Using the above values and simplifying, equatiés | yields,
h ? +0.4444x°
1 :J - dy - tanhb4) \/y (71)
‘Vdd‘ N@O) \/y +0.4444x T
0.5495= j dy ! !
Oor Y - -108 [ ;. 2 © 108 2, 2
o Y2+ 0444 | et o Dot
(72)
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2.5 T 1T

2.0

1.5 A

® BCS Type, in absence of doping

B Effect of doping

1.0

0.5

Superconducting Order Paramet&g € x x 10%1)

10 20 30 40 50 60 70 80 90 100
Temperature (K)

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

(d) The SC order parameter for d-holes (Effect of dping )
Using equation (68 ),

h |:|2d +A2d

ay
——<  tanh——
Jc; \/DZ + Az 2k T (73)

Using the following changes in variables

_ 1
\vdd\N(O) 2

Ay =xx1073 ,  0,=0,° -u, d0,=d0,° (74)

Equation ( 73 ) becomes,

11 p+hagy . tanh\/([ldo —,u)z N (Xx10—21)2
VuNO 2 \/(Ddo _ )2+(x><1021)2 2k, T

(75)
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Further changes in variables as
0,°=hay,y, d 0,°= ha,dy (76)

Equation ( 75 ) takes the following form
1+ H

1 heydy tanh\/ (heay - ) + (xx107)
‘Vdd‘N(o) 2 ﬁ \/(h w,y-p) + (Xx10—21)2 oA.T

(77)
Taking the following values,

hew, 01.5x107% J
kg =138x107% J/K

Solving equations ( 72 ) and ( 77 ) numericallyeonan study the variation of
superconducting order parameter with temperaturthé absence of p-holes. The values
obtained from equations ( 72 ) and ( 77 ) are aegdiin Table 3 and the comparison of
superconductivity order parameter for BCS typetha absence of doping and effect of
doping for d holes is shown in Fig. 2.

TABLE 3: SUPERCONDUCTING ORDER PARAMETER (A,) (d-HOLES)
FOR Bi,Sr,CaCu,0O,,; SYSTEM

— —21
S.No. Temperature ABE:S_;( xeloin aisence A, =xx107]
(K) E)f dopin)g)J ' (Effect of doping)
1 10 2.60 2.55
2 20 2.59 2.52
3 30 2.57 2.51
4 40 2.55 2.48
5 50 2.47 2.38
6 60 2.31 2.23
7 70 2.06 1.98
8 80 1.68 1.50
9 90 1.00 0.82
10 95 0.00 0.25
11 95.5 0.00 0.00
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Fig :2 Behavior of superconducting order parameter A ;) with temperature for d-holes.

TABLE 4: SUPERCONDUCTING ORDER PARAMETER (A =A o T A, )

(p & d HOLES)
FOR Bi,Sr,CaCu,Og,; SYSTEM

(B=A,+A,) @=a,+a,)
— -21

S.No. I}?)mperature =X X 10 JOULE =X X 10—21 JOU|e
g?ggpm;e 1N aDSeNCE Eftect of doping)

1 10 5.03 4.93

2 20 5.01 4.89

3 30 4.98 4.86

4 40 4.92 4.78

5 50 4.74 4.59

6 60 4.41 4.23

7 70 3.87 3.71

8 80 3.03 2.75

9 90 1.50 1.20

10 95 0.00 0.33

11 95.5 0.00 0.07

12 96 0.00 0.00
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Ap+Ag = x x 1071J)

BCS Type

Effect of doping

Superconducting Order Parameter\(

10 30 50 70 90 110

Temperature (K)

Fig :3 Behavior of superconducting order paramete A = Ap + A, ) with temperature For p and d-
holes.

(e) SC order parameter in the presence of both @gnd d holes
The superconducting order parameter in the presainoeth holes can be studied by taking a
simple sum of both the parameters. Taking the stonder parameter a@A =4, +Ad) one

can obtain the values by solving numerically asiated in Table 4 and the comparison of
superconductivity order parameter for BCS typetha absence of doping and effect of
doping for both p and d holes is shown in Fig. 3.

3.2 DEPENDENCE OF CHEMICAL POTENTIAL (u) ON CRITICAL
TEMPERATURE (T,)

For Bi,Sr,CaCu,O,,; superconductors, we used the best fitting parashetalues for
numerical estimation as follows :
N, (0) = densityof statesfor p holes= 0210eV,

N, (0) = densityof statesfor d holes= 0045eV™,

V,q« =The pair interchangebetweentwo bands= 165eV,
[0.= Cut-off energyof lowerband= 233eV,

[, =topenergyof higherbandof thewidth= 25eV ,
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[J,=top energyof lowerband= 218eV ,
haw, =16x107% Joule= 0010 eV,
hiw, =15x107 Joule=0.009375eV .

The small difference between, andl], is taken keeping in mind the uncertainty in defgi

the effective bottom of the bang.

The parameters are model dependent for the calulaf T, (nh). These quantitative
characteristic seem to be reasonable at leastatewf the order proposed by Konsin and

coworkers [10,26] for higfT, cuprates.

Applying the limits of integration on equation ( h3or dependence of transition temperature

(T.) on chemical potentidi) dependence, one obtains

d U
VZa N (O)N, (0) I db, tanh = xj P tanh—2— =
0, 2k, T, 0, 2k, T,
Or,
0.0257223H d0s tanh Yo 23-[&;1 5, tanh o =1
Zu d 2K T, 218-u Dp 2K T, (78)

Solving numerically equation ( 78 ) , we obtainuesd given in
to different doping paramete(g:).

3.3 DEPENDENCE OF CRITICAL TEMPERATURE ( T, )
CONCENTRATION (n,)

Table 5 fof, with respect

ON HOLE

By substituting numerical values of chemical pttnyu and Critical temperaturd,
obtained from equation ( 78 ) in equation ( 55 )thwrelevant parameters , we obtain

dependence of critical temperatdre, on hole concentration,, .

Using equation ( 55 ), we obtain dependence ofdatitemperaturél, on hole concentration
(n,) for systemBi,Sr,CaCu,0,,, as shown in Table 5 and depicted in Fig. 4.

1+ex;{D1_/Jj
kgT

1+ex;{_/”lj
kgT

N,© | —kgT log

+N, O
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TABLE 5: DEPENDENCE OF CRITICAL TEMPERATURE (T.) ON HOLE
CONCENTRATION (n,)

Chemical
S.No. Temperature Potential p P, n,=p-p
T (K) h 0
(H)
1 10 2.172 0.4561 0.2625 0.1936
2 20 2.174 0.4565 0.2625 0.194
3 30 2.177 0.4572 0.2625 0.1947
4 40 2.179 0.4577 0.2625 0.1952
5 50 2.182 0.4584 0.2625 0.1959
6 60 2.186 0.4594 0.2625 0.1969
7 70 2.193 0.4611 0.2625 0.1986
8 80 2.203 0.4637 0.2625 0.2012
9 90 2.222 0.4685 0.2625 0.2060
10 95 2.247 0.4749 0.2625 0.2124
11 95.5 2.262 0.4787 0.2625 0.2162
12 96 2.270 0.4795 0.2625 0.2170
100 1l IENERNII IENENETI
! ot
a0 By
20 ;
¥ 70 '
s .
f=e 11
-1
5 60
g
£ 50
: d
=
£ 40 1 @ Experimental
= HH
30 10 :
H B Theoretical
20
10
0.1936 0.1986 0.2036 0.2086 0.2136 0.2136
Hole Concentration #, (1 /cell)

Fig : 4 Variation of Critical Temperature (TC) with Hole Concentration (nh) [10].

DISCUSSION AND CONCLUSION
In the foregoing sections, we have presented theysvf photo-induced highil, cuprate

superconductivity by canonical two-band BCS Hamildm containing Fermi surfaces of p
and d holes.
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In the two-component model the superconductivitycagsised by the interband repulsive
electron- lattice and Coulomb interactions. Thetphexcitation produces a change of the

hole doping (p) and as a result there is a shifttransition temperaturdT, for the high
temperature cuprate superconductors.

Following the Green’s function technique and equatf motion method, we have obtained
the expressions for superconducting order parar(lb)tefor both p and d holes. We have
discussed the effect of doping on superconductndgroparameter. We have also presented
theoretical study of dependence of supercondudtiagsition temperatu(@c)on the hole

concentratiofn, ). Making use of values of various parameters gireTable 1 for the
system Bi,Sr,CaCu,O,,; , Wwe have made study of superconducting ordernpetexr with

and without doping and also dependence of critiealperature on chemical potential and
hole concentration and wherever possible, compavad results with the available
experimental data. We observe that:

The transition temperature for our systén Sr,CaCu,O,,; (Bi-2212) is found 95 K

[10] and gets enhanced due to doping as is evideorh the variation of
superconducting order parameter with temperature.

The dependence of superconducting gaps for theeraysBi,Sr,CaCu,Og,; ON

temperature and the hole concentration have baermdfdn general, the doping causes
deviation of gaps from the BCS. Due to doping thése marked decrease in
superconducting order parameters. However, thdayisgf two- superconducting gaps
structure is attributed to a short coherence lengtbhotoinduced superconductors. This
is expected due to highly anisotropic nature oféheystems. Obviously, the presence of
the two-gap structure is perfectly in agreemenhwiir model.

We have found that as hole concentrat{on) increasesT, increases and there is clear

enhancement of, for our system. Our results agree with Konsin &odkin [10,46] .
One can also extend the present model with suitaioldifications to study the electric
field effects in cuprates. Under this study one chtain AT, (E) dependence on carrier
concentration.

Further research work in the field of photoindusgberconductors is desirable to obtain
such substances which may exhibit high enough itrangemperature and such substances
may find many exotic applications

Our model shows reasonable agreement with otheliestun this regard and available
experimental data. This mechanism emerges as agstantender for an acceptable model
for photoinduced cuprate oxides superconductore @fiorts to understand the pairing
mechanism in these substances need to continusuébr efforts go hand —in —hand with
enhancing future prospects for new HTSC materiadsreovel applications [47].
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