Interacting magnons and critical behavior of bosons

Part B: Theory of ultrasound in the vicinity
of the dilute Bose gas critical point
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e motivation: ultrasound physics (c22-mode) in the spin-liquid phase of Cs,CuCly
e crystal structure: orthorhombic (Pnma) 2, . ”/ﬂ/teg‘ﬁg;“ o
e Cu?*: carry spin 1/2 (orbital quenching) SN SN B O T

and form a triangular lattice in each plane | /* " % A d
e effective 2D Hamiltonian with B || a: i <\ ,/X\ ,/> (a)
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e two nearest neighbor exchange couplings: S

J=4.34K and )’ = 1.49K (kg = 1) (Coldea et al., PRL 2002} [Coldea et al., PRE 20031

(from neutron scattering data in the ferromagnetic phase)

e spin-liquid phase: no long-range order, - :
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but strong short-range correlations St Y
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e inelastic neutron scattering: [ Paramagnetic e
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e quasi-one-dimensional behavior dueto » .,'
frustration and quantum fluctuations .,,'
e dilute Bose gas quantum critical point 7 ,_
at B, = 8.5 T: BEC of magnons ,. BDARMIRO ™ y Ferromagnetic
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Heisenberg chain coupled to phonons
e spin-phonon Hamiltonian: H =Z]n[Sn-Sn+1— 1/4] —hZSi+H’§
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e one-dimensional phonons: Hg = Z b
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e exchange-striction mechanism: J, ~J + /M (X1 —Xn) + jTZ(XnH — Xp)?

e Jordan-Wigner transformation to spinless fermions:
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e self-consistent Hartree-Fock theory:
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e self-consistency conditions: p = (c'cy), T=(c'cps1)

e fermion dispersion: & =—ZJcosk + 2s/—h 05 s F=
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e renormalization of the hopping: Z=1+ 2T 1.2
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Spin-phonon coupling

e approximate spin-phonon Hamiltonian: H = Fy +ZE/<CLC/<+H§ +6HS +HS +H,
P
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e propagator of the phonon field X4: (Xq wX-g,-w) =

e phonon self-energy: TI(qg, iw) =T1>(q) + T153(q, (w) + T14(q)
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Sound velocity (c22-mode)
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e renormalized dispersion: Wy = Wq + T =50 mK
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e renormalized sound velocity: ¢ = Iirrac’bq/q ~0.0002 -
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Ultrasound attenuation (¢c>>-mode)

e phonon damping:
ImTT(q, wq + (0) [ f" dk
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e ONnly finite if v, =ZJb > ¢ = no damping in our approximation r=c/(Ub)
e natural explanation for the deviations at larger fields: . ¢ pra— .
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Research plan

e Calculate the correlation functions in the vicinity of the dilute Bose gas quantum
critical point by combining the hard-core boson formalism with the functional
renormalization group, going beyond the usually used ladder approximation
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e generalize the hard-core boson formalism to take the coupling of hard-core
bosons to the lattice vibrations (phonons) into account

e study ultrasound in the vicinity of the dilute Bose gas quantum critical point and
compare with the experiments of Bl

e study driven dissipative dilute Bose gas, non-equilibrium time evolution

e connections to projects m
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