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Dr. Eva Pavarini, " A. Volta" - Pavia (KITP 9-18-02) Minimal local-or bital setsin NMTO: few examples
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HTSC: HgBasCuOy4

Electronic structure
DFT(LDA), TB LMTO method.
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LDA bands — one-band model

La2CuO4

TI2Ba2CuO6
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LDA bands, low energy conduction band
and hopping integrals
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ZMTQ conduction-band orbital in the
CuOo-layer for LaoCuQO4 and HgBa>CuOg4

From one- to four-band model
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The axial orbital
Effective Cu s: Cu s +apical O¢ p: + Cu dy.2_,

One-band model

e(k) = =2t(cos ky + COS ky) + 4t'cos kzCOS ky 8
—2t"(cos 2ky + cos 2ky) + ...
d

with '/t = r 4+ o(r) ,'f
% road | O —
T"{Sc. “‘

R i s

Four-band model ‘
Gor

2t2 ... :
(k) = pd (u+ 2rv ) 8

e = (‘3‘p +€q)/2 1—2ru
TR — . Bi2Sr2Cu06 d=2.6 A
La2Cu0O4 d=24 A TI2Ba2Cu06 d=

with
r=[2(14+35)]"1, and s=(es—ep)(ep —ep)/(2t2,) HgBa2CuO4 d=2.8
The range-parameter is essentially the Cu s character
t3.2_1 . X a4 teexd?
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Constant energy contours passing
through the (=,0) saddle point

Parameters of one-band model

single-layer materials

N P Y M
05 La2CuO4 HgBa2CuO4
04 Tl Hg
— e
- 03} Bi 85K 90K Ax
W —_—
R :
5 La 40K N T X
_——
40K , i : .
0.1 Materials-dependence contained in a single parameter
0.0 . - : - -
2.30 2.40 2.50 2.60 2.70 2.80 2.90
Cu-Apical Oxygen Distance 1 . ( Ak ) ¢!
r = —Sin ~ —
2 r- M t
r is controlled by the distance from Cu to apical O

and the bonding of apical O to La, Bi, Tl or Hg.
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Interpretation and Trends

e The only material dependent parameter is the en-
ergy es of the effective Cu 4s orbital (axial orbital).
This energy is 65—612_?]2’\46—9 ev.

e The hopping integrals ',t"..., as well as t, pro-
ceed via this effective Cu 4s orbital

t'/t ~r t" [t ~1/2

r = 1r(es)
2 2 1
t| ~r“vcosck,; v= E(COS kz—cos ky) tetragonal

5.5 1 1 1
£y ~ ~kg cos —ky cos —ck bet
4 B T v Cos > r CO > Y CcOoSs 2C 2

e One of the most important structural parame-
ters determining the normal and superconducting
properties for single layer materials is the distance
between the apical oxygen and the plane copper.
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< Interpretation and Trends
&)
S g . . . N
- £ e The essential material-dependence is contained in
(4] Eﬂ a single parameter, r, which expresses the range
_glg_ of the intra-layer hopping, t'/t ~ r + o(r).
I
S e This parameter is controlled by the axial orbital,
. . c\ﬂ i ¢ — € ~ — 5
f: g, the effective Cu 4s, e, €2 2 6 — 9eV
C - - g]
-— . . £ e The axial orbital is a hybrid between Cu 4s, Cu
© = 3dy.2_ 4, apical oxygen 2p. and farther orbitals
:':’ such as Hg or La.
5
ST e The ratio of axial-orbital to Cu dfgmyz character
E’ EZ,, is proportional to r2(cos ky — COS ky)? = r2v?
3
é e The materials with larger r tend to be those with
'@ the higher observed value of max T.. For the
+- materials with the highest observed max T, the
= axial orbital is almost pure Cu 4s
: LY
©
= . .
(@) < e The correlation between r and max T. holds also
@) “ for multilayers with n < 3, if electrons are assumed
-l to be coherent across the multilayer and if we use
the r-value for the Cu 4s bonding subband.
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e The axial orbital is also the main vehicle for per-
pendicular hopping. The axial character is maxi-
mum at " hot spots"” and vanishes at cold " spots” .

e CuOs layers stacked on top of each other: ¢ (k)
v2cos k.. bct stacked CuO» layers: additional
nodes along k, = w — k--dispersion killed in
single-layer TI but not in single-layer Hg, nearly
same max T.. This argues against pair-tunnelling
as a mechanism for boosting T..

Experiments consistent with our results

e Fermi surface shape: ARPES of La,CuO4 (over-
doped), YBa>CuO7 and BixSroCaCusOg

e T.inLay gSrg.1CuOy4 films with different degrees of
strain, J.-P. Locquet et al., Nature 394, 453 (1998)




