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Haldane spin chain in a magnetic field
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« Quantum phase transition equivalent to 1D Bose condensation
« What is the nature of the high-field state?
* What are the excitations at H>H_?
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NDMAP: a perfect model compound

Field-induced antiferromagnetism

» New AF Bragg reflections at H>H,
* Ordered moment is L to H and c-axis
« Rather large ordered parameter

in modest fields ?
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« Field-induced transition seen by
C(T), M(H) and neutrons o
« Very anisotropic phase diagram £

Haldane gap 7
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« Small gap: A~0.5 meV
« Very 1-dimensional: J'/J<103
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» Two sets of chains with different
orientation of anisotropy axes

» Body-centered structure:

the two sets are fully decoupled

« Uniform (not staggered) chains
« Easy-plane anisotropy: D/J~0.3

« The two decoupled sets of chains
order separately

Dynamics in the high-field phase: Hlc

] 10

20 30

14 16 18

20 k(r.lu)

s Q=(0k05)

H=3T <H,_

Bose condensation of magnons in anisotropic Haldane spin chains
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Dynamics in the high-field phase: H|l c
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« Intrinsic tilt of anisotropy axes and in-plane anisotropy make
the gapless quantum-critical XY high-field phase inaccessible

Comparison with theory /

NDMAP ° 3| Hila >
304 Hlla )
T=28 mK 9 2y e

/

o
°
104 prg Mitra/Halperin
05 /

Affleck

D (meV)

254 J HC .
< Tsvelik 1
o

Hllc

Fraguiney (GH)

DCS at NIST | ® E
b g
Bose
condensation!

‘ Ising (ordered)

Hila

Hllc Hi|b

HI|(0,-1,1)
HI|(1,-1,0)
HI|(1,0,0)
HJ|(0,0,1)

o ho (inev)
00 025 50 ors 1.00
o2
gap re-opens SPINS at NIST

three modes at H>H, ‘

« Bose condensation of magnons is directly observed

« Long-lived single-particle excitations at H>H,

« Despite the presence of long-range order, the triplet spectrum
at H>H_ is totally different from that in classical magnets:
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« Simple GL-type models qualitatively explain the observed behavior
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« Several models differ in the way anisotropy is included
« A recent model originally developed for dimers seems to work best

Conclusion

The high-field phase of an anisotropic Haldane
spin chain is a quantum spin solid
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