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¢ TICuCl;, KCuCl;, (NH,CuCl,)

* Magnetic insulator.

* S=1/2 Heisenberg system.

» 3D coupled spin dimer system.

* Singlet ground state with excitation gap.

# Quantum Phase Transitions
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# Crystal Structure of ACuCl; (A=TI, K, NH,)

Planar dimer of Cu,Clg
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Willett et al.: J. Chem. Phys. 38 (1963) 2429
Takatsu et al.: JPSJ 66 (1997) 1611
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# Magnetization Curves of KCuCl; and TICuCl,

KCuCl, TICuCl,
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# Magnetization Curve of NH,CuCl,
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% Magnetic Excitationsin TICuCl; (KCuCly)
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» Lowest excitation at Q = (0,0,1).

T. Kato et al..JPSJ 67 (1998) 752, N. Cavadini et al.; Eur. Phys. J. B 7 (1999) 519
N. Cavadini et al.; PRB 63 (2001) 172414, Oosawaet al.: PRB. 65 (2002) 094426

# Exchange Network in TICuCl,
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» 3D coupled Heisenberg spin dimer system.

J=5.68 meV ‘](100) =0.34 meV \]2100) =1.70 meV
Jaiy) =0.91 mev Jail) =—057 meV oy =2.56 mev
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% Magnetic Properties of TICuCl,
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 Singlet ground state with an excitation gap 4 = 0.65 meV.

Oosawa et al.:J. Phys.: Condens. Matter 11 (1999) 265

magnetic excitations
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# Field-Induced Quantum Phase Transition

¢ Field dependence of ¢ Low-lying magnetic excitations
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Rilegg et al.: Nature 423 (2003) 62
Matsumoto et al.: PRL 89 (2002) 077203, PRB 69 (2004) 054423
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% Neutron Scattering in High Magnetic Field
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% Low Temperature Magnetizationsin TICuCl,
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% Phase Boundary
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« Power law: [ Hy(T) - Hy(0)]1 0 72 . = 2.0)

% Molecular Field Theory in the Redl
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& LU oUL UL Fdd-Induced
Magnetic Ordering

I(S'S+SS) IS System of interacting
bosons

Hopping Interaction
When hopping is dominant,
@\ phase transition is
Bose-Einstein condensation.
=) >
Transverse magnetic ordering.
@ When interaction is dominant,
Singlet Triplet Wigner crystal of spin triplets.
Magnon (Triplon) - SrCu,(BO

Giamarchi & Tsvelik: PRB 59 (1999) 11398,
Nikuni et al.: PRL 84 (2000) 5868, Rice: Science 298 (2002) 760.

& Model  Nikunietal.: PRL 84 (2000) 5868
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i Ly

2i,j / JTIT

¥  n<<1 (H~H,)

_ U
H = ; (8k _U)a Itak + Wqu a I]:+qa It'—qakak'
212

) f
with &= .

(quadratic dispersion)

¢ Relations between magnetic and particle quantities

M- H  p=gug(H-Hy)
N = M M =gugN
Compressibility: g—z - 3usceptibi|ity;g_l\H/l

¢ Hartree-Fock-Popov approximation
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% Low Temperature Magnetization
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* Experiment * Calculation

cf. BEC theory with Dzyaloshinsky-Moriyaterm DI[S X S;]
Sirker et al.: cond-mat/0403311

% Phase boundary

mkgT 3”2 312
o U, =2U P B2y = HN(T)-Hp0)o<T

» Experiment: [ Hy(T) -Hy(©O) 1 0O 7¢ | ¢=1.7~2.2)
. Thevalue of gbecomes smaller with decreasing fitting window.

L LD theory

« Relativistic dispersion of theform g, =A%+ Ak®
Sherman et al.: PRL 91 (2003) 057201

* Quantum Monte Carlo on cubic dimer lattice
Nohadani et al.: PRB 69 (2004) 220402R
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# Hartree-Fock Calculation with Realistic Dispersion
Misguich & Oshikawa: cond-mat/0405422
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% Critical field Hy(T) versus n, and phase boundary
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| TICuCl,
T=40K
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» Sound attenuation increases with H and
has a sharp peak at Hy(T).

m)> Softening of the lowest excitation.

& Sound Attenuation

V& 17 (0)

Y, (H) 1 1,00)

g _ueﬂ' (K)

—

30 3.5 40 45 50 55 60

Sherman et al.: PRL 91 (2003) 057201

Partial K* substitution may produces

# Locdization of Spin Tripletsin Tl . ,K,CuCl; (x < 0.3)

(1) Chemical pressure and (2) exchange randomness.

coupling J
J=5.68 meV for TICuCl,
4.34 meV for KCuCl,.

coupling.

5«”6=Z(£—H)a la, +ZtaTa +

|
2% Y

atart
jaaa;

Randomnessinintradimer = Randomnessin local potential.

Randomness in interdimer = Randomness in hopping
amplitude and interaction.
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& Bose Lattice Gasin the Presence of Random Potential
Fisher et al.: PRB 40 (1989) 546

T~ [n(0)]* and ny(0) ~ (n - ny)¢

withx=2/3, {=1 for the pure system,
x = 3/4, {2 8/3 for the disordered system.

# Phase Diagram Expected for T, . ,K,CuCl,
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H, -3 Randomness
*
*
+“«—— With Randomness
rd

H Paramagnetic Phase

~~— Bose Glass

\J
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* Cusp like minimum at T, as observed in TICuCl;.
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* Finite slope in magnetization curves for x#0.
m)> No gap and finite compressibility.
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C[J/K mol](0.3 offset)

Shindo & Tanaka: cond-mat/0310691

# Specific Heat in Tl, _,K,CuCl,
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# Summarieson Tl, ., K,CuCl,
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# Phase Diagram for Tl, . ,K,CuCl; (x < 0.3)
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