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Abstract: <span>Redlizing experimentally continuous phase transitions in the electronic ground state of materials near zero temperature as a
function of tuning some externa parameter (magnetic field, pressure etc.) offers a unique opportunity to probe the extreme regime (near the
transition point) where strong quantum correlations encompass the macroscopic sample as a whole, so caled &asguantum criticalitya€e [1]. In this
regime of strong correlations small perturbations/interactions can stabilize novel forms order or collective fluctuations that otherwise do not exist.
One of the theoretically most studied paradigms for quantum criticality is a chain of Ising spins driven by a transverse field to a critical point
separating spontaneous magnetic order and paramagnetic phases. We have realized this system experimentally by applying strong magnetic fields to
the quasi-one-dimensional 1sing ferromagnet CoNb206 and have probed via single-crystal inelastic neutron scattering the evolution of the magnetic
order and spin excitation spectrum as a function of applied field at mili-Kelvin temperatures [2]. Near the critical point the spin excitations were
theoretically predicted nearly two decades ago to have a set of quantum resonances (collective modes of vibration of the interacting spins) with
universal ratios between their frequencies reflecting an exceptional mathematical structure of the quantum many-body eigenstates with a
&Eochiddena€« E8 symmetry governing the physics in the scaling limit. Experiments indeed observed evidence for a spectrum of resonances and the
ratio between the frequencies of the two lowest modes approached the "golden ratio” near the critical point, as predicted by field theory. As a second
example of novel physics near quantum criticality |1 will discuss how an amplitude-modulated incommensurate spin-density wave (SDW) order
appears near the field-induced critical point in the quasi-1D spin-1/2 XY antiferromagnet Cs2CoCl4. Incommensurate SDWs are very uncommon in
magnetic insulators and are not stable zero-temperature ground states at the classical mean-field level, we propose that here such a state is stabilized
by the strong quantum fluctuations associated with the proximity to the critica point and the weak frustrated inter-chain
couplings.& nbsp;& nbsp; & nbsp; </span>
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Reaching experimentally quantum criticality:
a playground to explore novel correlated
quantum states of matter

Radu Coldea (Oxford)
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Quantum criticality: experimental challenges
b and opportunities

Temperature o ’
D Critic
Critic u///
N
5 Phase 1 \‘,’ Phase 2 Tuning
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-what is microscopic mechanism of transition, can one observe the
quantum fluctuations that drive transition ?

- how quasiparticles evolve near critical point ?
- what are the fundamental symmetries that govern physics of QCP ?

- what are finite-T properties (interplay of thermal and quantum
fluctuations, under what conditions universal scaling ?
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Ising magnets in transverse field
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1D Ising chain in transverse field
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Experimental requirements

1) good 1D character to see solitons

2) low-exchange J ~ 1 meV to access critical field B-~J/2<10T
3) strong uniaxial anisotropy (Ising character) but not perfect to
still have transverse g-factor A LeS

Strong Crystal field + Spin Orbit

- depending on crystal environment Co*" 3d’

can have strong easy-axis

lowest Kramers doublet effective spin-1/2 Ising-like

2D Ising AF  K,CoF, (Birgeneau ‘73, Cowley ‘84)
D Ising AF  CsCoCl; (Goff '95) also CsCoBr; (Nagler)
J~12meV  B->50 T not accessible
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Quasi-1D Ising ferromagnet CoNb,O
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Neutron Scattering
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. ISIS is a high lerator that fires high to
OI‘dCI' & dynalnlCS intoltsv:o ;gargz‘::vt:r‘:l:::s:r:ezrtro:s f::r::x::geri::r:g g

ki

— Q
|
—
S— —
~

incident .
v @

scattered

—~—

4

Scattering conserves energy,
momentum & spin

Bi—Ep=E ISIS pulsed neutron source

Pirsa: 13040133 Page 11/30



Phenomenological model of soliton gas 3
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Phenomenological model of soliton gas describes full spectrum
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S.B. Rutkevich, J. Stat. Phys (2010)
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Experiments in applied transverse field
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Structure of excitations just below B
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Perturb the QCP: add longitudinal field —h S
“Universal” spectrum with
8 “meson” particles
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Zamolodchikov’s E8 spectrum

[=r

Energy

0 f 0 7\'
tune ID chain exactly at add confinement term
criticality (longitudinal field & §%)

- E8 spectrum expected when the 1D chain 1s tuned to criticality, only
then / 1s perturbation around QCP

- Zamolodchikov found several “conserved integrals of motion” <
generalized “‘rotations” have an E8 group structure

- abstract “symmetry”, no simple geometric analogue

1D off-critical Ising chain is 1°' concrete realization of E8 in nature
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Simple case of hidden (dynamical) symmetry

L - continuous symmetries <
— conservation laws (Noether)

( S § ) (if Hamiltonian symmetric under
L T P spatial rotations -> conserved L)
ﬂ /\
Motion under central forces - conserved Energy, L

if force F(r)=-k/r* r then

A=pxL-mkr Lenzvector also conserved

conservation of A not due to any conventional “rotation” in
spacetime, but is due to a “hidden” symmetry, SO(4) group
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Cross-over 1D to 3D physics at low energies at B¢
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Towards reaching the quantum critical point
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Summary
- created quantum phase transition in quasi 1D Ising magnet CoNb,O¢

observed transmutation of quasiparticles at critical point
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Interchain dispersions at 7 T

- confirm 2D dispersion in [1.0(1),K,0] [H,0.00(5),0]
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Phase Diagram in Field along a
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