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Famework: (Quas-) 1D Heaisenberg quantum (S=1/2) spin chains
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L1lIntroduction

The spin-1/2 Heisenberg rn.n. chain iswell understood
“ Ground-state

Algebraic spin correations, no long-range-order, snglet with macroscopic entanglement



L1lIntroduction

The spin-1/2 Heisenberg 7n.n. chain iswell understood

2 Excitations Dynamical correlations are known exactly for 7=0!

Caux et al., Tennant, Lake é&f al.
J. Sat. Mech.”’06  Nature Materials ‘05
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1.2Introduction

What isthe result of adding frustration via ARM 1.n.n exchange?
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What isthe result of adding frustration via ARM 1.n.n exchange?
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General Hamiltonian H = Z{JMS@ - Sit1)a + J2(Si - Siva)a — hS7}
' Quantum spins S=1/2 Easy-plane anisotropy D




1.2Introduction

What isthe result of adding frustration via ARM 1.n.n exchange?

ARV J;

>

‘ \\ z/ AN < \\
N\, N N\,
N Pl N P4 ~ __ /7

“*Variety of exotic spin-nematic ground-states

Vector-Chiral

ki = (Si X Sitn)”

Quadrupolar
Qu2_y2 —1Quy = S;SJ_

Bose-Eingtein condensation of magnon pairs

DMRG

See: Chubukov, PRB’91 | Vekua e a/., PRB’07 | Hikihara ef a/.,, PRB’08 | Sudan & a/, PRB'08




1.3 Introduction

Whereto find candidate materials ?
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Whereto find candidate materials ?

+ Edge-sharing copper-oxide chains
Jahn-Teller distorted CuQ,octahedral
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Whereto find candidate materials ?
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See: La Fontaine & al., Acta Cryst.’89 | H.-J. Koo et &/. Inorg. Chem. '11 | Dutton et a/. PRL’12
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1.3 Introduction

Whereto find candidate materials ?

+ Edge-sharing copper-oxide chains
Jahn-Teller distorted CuQ,octahedral
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2. Frustrated ferromagnetic chainsin LiCuVO,
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2. Frustrated ferromagnetic chainsin LiCuVO,
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2.1The paradigmatic material LiCuVO,

See: Svistov et al., JETP Letters'11



2.1The paradigmatic material LiCuVO,
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2.1The paradigmatic material LiCuVO,
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Fractional spin excitations
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2.1The paradigmatic material LiCuVO,

See: Svistov et al., JETP Letters'11



2.1The paradigmatic material LiCuVO,
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2.1The paradigmatic material LiCuVO,
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2.2 Hastic neutron scattering above A,

“ 1. Dipolar spin correlations become short-ranged
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Instruments. PANDA, FRM-I1, Munich and IN14, ILL, Grenoble




2.2 Hastic neutron scattering above A,

“ 1. Dipolar spin correlations become short-ranged
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Dipolar correlations are short-rangein
all directions above HQ at 100 mK
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2.2 Hastic neutron scattering above A,

“ 1. Dipolar spin correlations become short-ranged

Abrupt broadening at HQ Dipolar correlations are short-rangein
all directions above HQ at 100 mK
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2.2 Hastic neutron scattering above A,

“+ 2. Held-dependence of short-range dipolar correlations
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2.2 Hastic neutron scattering above A,

3. Soin components involved in short-range correlations
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2.2 Hastic neutron scattering above A,

4. Phase-transition evidenced above Hq
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Thermal phase trandgtion of different universality class




2.2 ummary of our findings

*Below H,
1. Dipolar long-range order related to Vector-Chiral order

2. Incommensurate spin components perpendicular to H

1. Short-range dipolar correationsin all directions

2. Driven by quadrupolar-nematic correlations

3. Only involve spin components parallel to H

4. Thermal phase trangtion of different universality class

What is the phase above H,?



2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions

J=-16meV
J=+3.8 meV
I=-04 meV

Enderle & &/., EPL'05

...Qualitative picture using solitons (fermions) ...



2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /=0
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2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /=0
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Quantum Huctuations, 2-soliton + 2-soliton

Furukawa & a/., PSJ' 08
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2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /=0
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2.3 A Possible Scenario ...

** Role of frustrated inter-chain interactions /=0

4-»(}’\)‘\\(:‘ T !,'\ \

KAXXXX XXX KA XX KX
A VA . | 1 \ '\ \.

- - .




2.3 A Possible Scenario ...

** Role of frustrated inter-chain interactions /=0
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2.3 A Possible Scenario ...

** Role of frustrated inter-chain interactions /=0
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2.3 A Possible Scenario ...

** Role of frustrated inter-chain interactions /=0
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2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /=0
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In A0, long-range dipolar and vector-chiral orders are preserved

2-soliton bound by intra-chain JL > vector-chiral order

4-soliton bound by inter-chain J. > long-range dipolar order




2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /> HQ
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2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /> HQ
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2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /> HQ
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2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /> HQ
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2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /> HQ
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2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /> HQ
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2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /> HQ
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In H>H, long-range dipolar order is destroyed

However, thereisanon-local postional order (“nematic”)
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2.3 A Possible Scenario ...

+* Role of frustrated inter-chain interactions /> HQ

TTllffllTTTllff V1t tH

CXOXOOOOOOOOOOCOOK XXX
[ A S R

In H>H,, long-range dipolar order is destroyed

However, thereisanon-local postional order (“nematic”)

Conclusions

1. A “spin-liquid” Is stabilized above A, by frustrated inter-chain inter.

2. Different from dipolar LR below A and quadrupolar LR above A



Outlook

< LiCuVvO,
Nature of the phases above H,and H remainsto be clarified

High dengty of two-magnon pairsin presence of frustrated interactions

! 1)
nematic TLL }|J//,=-05

Bosonization+DMRG (Sato, Hikihara, Momoi ArXiV'12) oo

- (Para) Jy, /1, =0.01
3 | |1, 41, =0.001
B o002 1| 240y =45 41, =-0.005
~ i Nem
SN 110 Tspw il
= ™ / . TNe/J2

“LICuSO,

How to modd such a complex powder spectrum in pure 1D system?

Exact Diagonalization (Kumar, So0s) Time-Dependent DMRG ? (Ren and Srker, PRB‘12)

S{q=n/8,m) ‘







	Neutron Scattering Experiments for Quantum and Frustrated Spin Chains
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46

