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* Answer from microscopic model parameters
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Answer from chemistry

apart from disorder such as Zn impurities

* Hole concentration
T

— TJTma VS O CUIVE is universal 1 /\ c.max

* Number of CuO, layers
_ 0 01 02
— determines T, .., 5

» Crystal structure: BSCCO, YBCO, LSCO, .... *
 especially the position of apical oxygen

— determines T, ..,

What determines T, ?

* Answer from chemistry

» Answer from superconductivity phenomenology

* Answer from microscopic model parameters
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Answer from superconductivity phenomenology

» Binding energy of a Cooper pair
= gap magnitude A

* Phase coherence between Cooper pairs
= superfluid density n,
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Peak at k ~ (1, 0) and superfluid density
in Bi,Sr,CaCu,04,5
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What determines T, ?

* Answer from chemistry
» Answer from superconductivity phenomenology

* Answer from microscopic model parameters

Answer from microscopic models

Hubbard (U-t, U-t-t’, ...) model, t-J (t-t'-t” -J,...) model, ...

e U~3eV,t~0.3eVandJ~0.1eV are common.

o t',t", .. are different.

* We have to answer the questions of:
— How does crystal structure influence t' ?
— How does t', t” influence Ajand ng ?
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Common J - from magnetic susceptibility

7001 T 3
-5 T.inBSCCO
600 X i
e TXII‘I LsSCO
—4— T,in LSCO
500 -
@ =
2 T 400} 4
o =
. kel
= o
= © 300| B
[ -
'_
! 2001 4
I 100{- b
4] 200 400 600
TIK}
0k | 1 | E|
. 0.0 0.1 0.2 0.3
T. Nakano et al. PRB ‘94

) Hole concentration &
M. Oda et al., Physica C ‘97

H.Y. Hwang et al, PRL ‘94

Common J - from nodal quasi-particle velocity

—_ Velocity V,
= : Band width along (0,0)-(rtm) OV, O J
2 F.C. Zhang et al.: J. Supercond. Sci. Tech. ‘88
L,
Y]
o) 5 T T T T 1
= — ¥ 7 LECO
¥l L ¥ Md45C0
< = 3 ¥ o Bi2212
= x 5 v T Bz
« o 44 ¥ o Ma-CODG
[iF} = =¥ T o T2
= 2
o — | e,
8 -02:00 02 2 34 Lz
] k-k- (z/a) : A RIR .
o d - % I - L
_j ‘ kJ 2. ] i | | ]

0 005 010 015 0.20 0.25 0.30

& | (- Doping

T. Yoshida et al. X. J. Zhou et al.

Atsushi Fujimori, University of Tokyo (KITP Correlated Electrons Conference 11/18/02)



Differences in the electronic structure of the CuO2 plane between different cuprate systems

Answer from microscopic models

Hubbard (U-t, U-t-t’, ...) model, t-J (t-t'-t” -J,...) model, ...

e U~3eV,t~0.3eVandJ~0.1eV are common.

o t', t", .. are different.

* We have to answer the questions of:
— How does crystal structure influence t' ?
— How does t’ influence A and ng ?

Indication of different t’

e Fermi surface

* (m0)-(1W2, 172) energy difference in parent insulators
» Magnitude of chemical potential shift

* (m,0) flat band position
= magnitude of “large pseudogap”
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Fermi surface shape

T.Tohyama and
S. Maekawa

'

LSCO |t#t=-0.12,|t"t = 0.08

T. Yoshida et al., PRB ‘00. D. Feng et al., PRL ‘01, D. Lu, PRL ‘01

Indication of different t’

e Fermi surface

» (m0)-(1W2, 1V2) energy difference in parent insulators

» Magnitude of chemical potential shift

» (10) flat band position
= magnitude of “large pseudogap”
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Lightly-doped Bi2212 and parent insulator
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Indication of different t’

e Fermi surface

» (m0)-(1W2, 172) energy difference in parent insulators

» Magnitude of chemical potential shift

* (m,0) flat band position
= magnitude of “large pseudogap”

Magnitude of chemical potential shift
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Indication of different t’

e Fermi surface

» (m0)-(1W2, 172) energy difference in parent insulators
» Magnitude of chemical potential shift

* (m,0) flat band position
= magnitude of “large pseudogap”

(rt, 0) flat band and “large pseudogap”
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ARPES

Intensity (arb. units)

(r,0) flat band position ~ “large pseudogap”
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Answer from microscopic models

Hubbard (U-t, U-t-t’, ...) model, t-J (t-t'-t” -J,...) model, ...

e U~3eV,t~0.3eVandJ~0.1eV are common.

o t', t", .. are different.

* We have to answer the questions of:
— How does crystal structure influence t' ?

— How does t’ influence A and ng ?

How does crystal structure influence t' ?
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How does crystal structure influence t' ?
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Answer from microscopic models

Hubbard (U-t, U-t-t’, ...) model, t-J (t-t'-t” -J,...) model, ...

e U~3eV,t~0.3eVandJ~0.1eV are common.

o t', t", .. are different.

* We have to answer the questions of:
— How does crystal structure influence t' ?
— How does t’ influence A .and n_ ?

How does t' influence Ag and ng ?

* A~ <w>exp(-1/N(EpV)
— N(Ep) O 1/|t'] in one-electron picture.

— However, if N(Ep) ~ QP spectral weight at ~ E.,
N(Ep) and hence T, may increase with |t'|.

°n
S
— Then it is likely that ng ~ QP spectral weight at ~
Er. So ngwill increase with |t'].

 large |t'| — stripe formation is suppressed
(e.g., M. Fleck et al, PRL ‘98)
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Spectral weight transfer between
coherent and incoherent parts
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n ~ X behavior in underdoped cuprates

Hall effect: n =1/eR, O x Superfluid density p/m0 x
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Conclusion

» Different t' values rather than J characterize
different HTCS systems with different T, ..,
— Fermi surface
— (10) flat band = large pseudogap
— chemical potential shift
— QP spectral weight
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