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2D 3He : underlayer
® Strongly correlated Fermion system [Elser (1989)] =4:7
® Purely two-dimensional
® Super Clean
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Double-peaked heat capacity
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Spin-Charge separation in 1-dim

Tomonaga-Luttinger liquid
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In 2-dim ---- movement of a hole leaves
trace of Unfovored spin states
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t-J model as a model for SHe

A model of monolayer 3He in the doped case
Large U Hubbard model = t-J model
In a triangular lattice ------- Frustration

H = —t Z (E:Ll'-o_éjo' + H.C.)

1,7,0
1
+ JZ (Sz . Sj — me)
1,7

However, no spin-charge separation was observed in the
triangular t-J model. (Koretsune-Ogata, PRL 89, 116401 (2002))



Multiple Spin Exchange

MSE is relevant in a hard-core quantum solid
--- Thouless (1965)
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t-J-K model

As a minimum model of monolayer 3He, we use

t-J-K model
H=—t) (’ézg’c‘ja + H.c.) (J can be ferro. for large J,)
1,7,0
1
+JZ (Si-Sj — ang) + K Z (P4+P4_1)
1,] i,7,k,l
(J = Jy — 2J3)
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Doped region (n=0.9)
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Excitation energy
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Spin-Charge separation in 1-dim

Tomonaga-Lutting;r liquid
(a) (c) T
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Similar situation can be considered in the t-J-K model !



4-site cluster
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Plaguette approximation

K-dominant case [t — ™t + Mt =4ty J-2K
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Hole-doped plaquette
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Plaguette approximation

K-dominant case [t — ™t + Mt =4ty J-2K

Hole doping
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Plaguette approximation
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Unfavored spin states remains. —> spin-charge binding: Fermi liquid



Plaguette approximation

J-K-competing case ML =1t + 14 = M1 uuud

almost degenerate  |T117) uuuu
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Plaguette approximation

J-K-competing case ML =1t + 14 = M1 uuud
[TT11) uuuu

Hole doping
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Plaguette approximation
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No trace of spin == spin-charge separation as in 1-dim : new state



Spin-Charge separation in 1-dim

Tomonaga-Lutting;r liquid
(a) (c) T
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(b) (d) J
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Similar situation in the t-J-K model



n=0.9
0.2 .
I1 Fus_eya-Ogata:
0.15 (Fermi Liq.) 1 arXiv: 0804.4329

(JPSJ 78, 013601 (2009))
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: J
e Triangular t-J-K model (exact diagonalization, up to 20 site)
e New state (between Ferro and Fermi liquid)

e Spin-charge separation (J vs. K, consistent with 2D 3He
double peak in C)



