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® orown rare-earth pyrochlores: HoxTi, Oy,

DszizO7,

4028[1207, Dy25n207, EI‘zTizO7,

szTizO7, _—bQTiZOL Er25n207, Tb25n207,

Pr25ﬂ207,

\Jd25n207, Gd25n207,

® orown rare-earth B-site spinels: CdEr;Ss,
CdEFQSe4, CdszS4, CdszSe4, Mng254,
Mng254, Man254, ManQSe4, FeszS4,
CdTmQS4, CdHOzS4, FeLUQS4, MnLU2S4,
MnLque4,

\_

behaviors:

spin ices

quantum AFM

spin ice ¢

quantum spin liquids ¢

)

Gardner, Gingras, Greedan, RMP 2010, Lago et al. PRL 2010
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Outline

method
results
experimental signatures

materials

based on Savary and Balents, PRL 108, 037202 (2012)



http://link.aps.org/doi/10.1103/PhysRevLett.108.037202
http://link.aps.org/doi/10.1103/PhysRevLett.108.037202
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General NN exchange Hamiltonian for effective spins 1/2
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local axes, specific
local bases

to each material corresponds a set of /'s

What is the phase diagram ?

Are there any exotic phases there ¢

Curnoe PRB 2008, Ross Savary Gaulin Balents PRX 2011 :
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"Known" classmal and quantum SLs

classical spin ice

[

U(1) quantum spin liquid

\

/Zi//ZZ A

Je+/)zz
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thermal spin liquid

extensively many
degenerate ground
states

magnetic monopoles
= spinons

/Zi//ZZ A

Je+/)zz

—4} ey e

quantum spin liquid

one entangled ground state
(= vacuum)

spInons
"electric" monopoles

gapless photon
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. Gingras, Introduction to Frustrated Magnetism (2011), Hermele Fisher Balents, PRB 2004
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. compact abelian |

SPIROR Sse—7
dual diamond lattice

r p

S KR T - f — 12 Xr

B = PrSirie, Prie, < <I>ir — @ie %
\Srr, S Srrfe Z(Xr/_xr)

2 —

r,r+e, r,r+e, U(1) gauge symmetry
. Y

the slave particles have a simple interpretation
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gauge I\/\ean Fleld Theory (gMFT)

OTdss — OTD(s)(s) + (DTD)s(s) + (BTD)(s)s — 2(DTD)(s)(s)

254 .
— > > . —E/EEFM Sr,r+e, free (but self-consistent) "spins" =

e > > {tMF(I)T ot L t/MF(I)T(I)r_I_eM_eV -+ hC]

e hopping Hamiltonian for spinons in

fixed (but self-consistent) background

Solve the consistency equations

our spinons are bosons (D) phase

\ 0 i
> they can condense |7 Sl

=) exotic




Phase diagram
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into the exotic phases

Insight

® superposition of states
1)) ~ equal-weight quantum superposition of 2-in-2-out states

® inelastic structure factor S(k,w)=3" [8, — (©u(k)] 3= (mt(—k, —w)mi (k,w))

sV a,b

(S*S*) contribution «—— photon mode

(STS™) contribution «~— spinon mode

S#|y) = |1 photon + vacuum)

ST|¢) = |2 spinons + vacuum)
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® magnetized

(%) #0

S

o s ;

he _ u

-

omb ferromagnet;

(secretly a quantum spin liquid!)

@ =0 =0 @SIs
spins with non-zero
expectation value = ?é 0 CFM

® supports exotic excitations

spinon
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Wgapless photon

"electric" monopole
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Signatures of t

® inelastic neutron scattering:
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® spinon

= eI
X

diffuse scattering

® specific heat:

Cv a
T=~0 3 3 photon
® photon Cv Gt BphotonT F BphononT

Bphoton ~ 1000 Bphonon

phonon

e
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SungBin Lee (QSL I this morning)
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Conclusions and perspectives

¢ Model and phase diagram which should apply to a wide spectrum of materials
e Realization of the U(1) QSL in a phase diagram for real materials

e [Existence of a new phase of matter: the Coulomb FM

e Need numerics

e Need exchange constants of more materials

e Need more very-low temperature specific heat data

e FEffects of disorder

e [Effects of temperature

e Longer range interactions...

Isavary@physics.ucsb.edu
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