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OUTLINE

(1) 2-chain Spin Ladder Compounds

(\éo)z(f:- OC')T } insulators (S=‘/2)
r2 Lua Ve
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Strong coupling fixed point
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{O\) hole binding
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Hei senberj Ladder (= mutti - chain )
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Thermodynamics of _2-chain Hesewbery Ladders
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map to (A+1)-dim classical system
Transfer madvix operoting |n Hhe spa-h&dim%;on w\m‘ﬂ" F

15t princple caleulation
L2o Liwmit is faken ambowatically

CB1 A Simple Amly{'ic. Approxi maction
Basic ASSuwp'h‘ms
- all the exctations ave wulh -"w.lSnou" excxtotions
{ - Y\egled' MAGNON ~ mognon iwtevactions
- vestrict # of wmaguoms
Simple veweighting of e Bolfzwan welghts
s0 aa to give Ha corvect ewtvopy w T0o it

> Fits very well fo He QTM vesults
Fre. energy © 4 = - 5 Ly [ (e 2 eapr) 2Cp) ]

susaphbibdy * X = p.%

Z(p) = ——Sd\a oxp[-PE )]
t - ~magquon ewevgy

X _
X - 4T (;r‘)w) } correct
> p e"P (T-0) in both Lumits
n-_"-" +4



(Trcfyzr, Tsumetsugu

Witz ,

24

0.1

0.0

o QTM results

fit

0.0

0.5
T/

1.0



M UC!Q‘ + -3 Ladder ( double d/un.in)
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What we hove done
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Bindin3 of 2 holes n the Ground State
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2 Types of Spin Excitations upon deping_ (I>>t, T )
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cowpled (adders
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CONCLUSIONS

(1) Heisenbers Lodders (2-clain )
magnon  @xcitation = bound state of spinons
multi - "maguon" exctations » descvibe thermodynamics vevy well

Q) Dope,d t-J Ladders
== low density tightly bound pairs (d. negative-U Hubbml)

But +a Ferm: surbacs is lowse. =< Ne

2 types of spin exatations

non-FL Uke

LOW energy part — appeayr only upon doping
QP Like (chavge +lel, spin ‘A )
= spinon + holon bound pair

{ HiGH enevgy part — cordinuos evolution from $:=0

"Quasiparticle” spectra. o la. Bogeliubov
20gp = As = Eg
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(3) LI -0 swedel ; ) bY
singlet stripe phasea — CDW shb‘.lBeA tumh.um Spin

u Quartum Melting Transition Nuctuations
superconducting (dxa_._ v Symmetry )
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