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Abstract: <span>The ground state of the candidate spin liquid pyrochlore magnet Th2Ti207 (TTO) has been long debated. Despite theoretical
expectations of magnetic order below ~1K based on classical Ising-like Th3+ spins, earlier muSR and neutron scattering experiments showed no
long range order down to 50mK. This motivated two theoretical scenarios to account for the apparently disordered ground state: a quantum spin ice
scenario and a non-magnetic singlet ground state. | will discuss new neutron scattering measurements on TTO that show short range spin
correlations developing below ~ 0.5 K with a (A%, AY%, AY) ordering wavevector, and a concomitant opening of a spin gap across most of the

Brillouin zone. Our measurements also refine the crystal field ground state for Th3+ in TTO and in its sister, &€oesofté€s spin ice compound
Th2Sn207.</span>
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Th,Ti,O, - the most puzzling rare earth titanate?

R,Ti,0,

Ho/Dy
spin ice/magnetic
monopoles/coulomb phase

Yb
quantum spin ice/coulomb phase

3 4
long-range order/order-by-
disorder/quantum critical point

Gd * |sing anisotropy constraining
partial ordering moments to point along <111>

Th « Antiferromagnetic interactions

spin liquid/quantum spinice/ O, ~-14K

non-magnetic singlet? .
& 8 + No magnetic long-range order

down to 50mK

Pirsa: 13040136 Page 3/17



Experimental findings

Measurement

Counts (10° / = 6 hrs)

.
-500 K

- 1000

Intensity / (form factor)’

1500 g

2000

“Checkerboard” pattern of diffuse scattering
implies correlations over single tetrahedron

Gardneret al., Phys. Rev. Lett 82, 1012 (1999); Phys. Rev. B 64, 224416 (2001)
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Two scenarios: 1 —quantumspin ice

T 1]

AF J  FM J

*

Dy3* (J=15/2) Ho3*(J=8)

_ Al~ 350 K
Tb,Ti,0,

o

\
\

" :aII m/\ ——
lall out ( _ | Th* (J=6)

AF \ ] Spin Ice
14 (a=0 * .0 P .
| (@=0) % o0 I 2-in/2-out |
o

., Phys. Rev. Lett. 98, 157204 (2007)
T/ D

1 o B e S
2.0 -1.5 -1.0 =0.5 0.0 0.5 1.0
{;?, Jnn/l)nn

]A~15K

=)
=
o
oL
o
m
-t
mM
q.'
o0
i
—
+7]
-
=
]
o
ui
==
i
a.
W
M
e
<T4]
£
(O]
©
=
(4}
oo
O
s
Y
s e
=
v
(]

Molavian et al

/*+ Dipolar spin ice model works well if GS doublet is well isolated from
15t excited doublet

Introduce quantum fluctuations as 3" axis (scaling as 1/A)

Virtual quantum fluctuations of the ions between GS and excited
doublet states create more complex interactions

N
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Two scenarios: 2 - non-magnetic singlet

A possible cubic-tetragonal
distortion of Tb3* CF environment Tbh3* (non-Kramers)

splits the GS doublet into two non-
magnetic singlets

« X-ray measurements show
evidence of structural
fluctuations as a possible
precursor to a lower T transition

A~15K

PHYSICAL REVIEW B 84, 184409 (2011)

Tetragonal distortion yielding a two-singlet spin liquid in pyrochlore Tb,Ti,),

Pierre Bonville

CEA, Centre de Saclay, DSM/IRAMIS/Service de Phy sique de I' Erar Condensé, F-91191 Gif-sur-Yvente, France
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Scattering regimes at 70 mK (DCS)
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Model of the SRO elastic scattering at (% . %%)
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« Calculation of $(Q) based on
a) observed phase shift of m between adjacent unit cells

b) width of scattering (implying isotropic correlations over
roughly two conventional unit cells)

. . L 111
« Best fit result for intensities of 9 (5,5,5
a 2x2x2 supercell containing 128 spins
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Shortaside—Tb,Sn,0, NS
720
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Mirebeau et al., Phys. Rev. Lett. 94, 246402 (2005); Petit et al., Phys. Rev. B85, 054428 (2012);
Dalmas de Reotier et a., Phys. Rev. Lett. 96, 127202 (2006)
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1 1 1

Temperature dependence of (E 515
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Temperature dependence of (E 515
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Temperature [K]

Input: — DVI - 1024x76Bp@ 58,6 1Hz
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Spin dynamics—low energy inelastic scattering

* Existence of peaks correlates with spin gap of ~0.06 - 0.08 meV
In excitation spectrum
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Spin dynamics—low energy inelastic scattering
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Fielddependenceat 80 mK (H || [1-10])
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Conclusions

« At 70mK, SR AF spin ice correlations extending over roughly two
conventional unit cells

* Elastic scattering described based on an ordered local 2-in 2-out
spin ice structure with spin canting angle of ~12°

« SRO correlations disappear upon heating to ~300mK
 Correlations appear to be glassy in nature

« Elastic scattering is separated by a gap of ~0.06-0.08 meV from
low-lying inelastic magnetic scattering over most of BZ

11 1 »
« Gap appears to go soft at the (5 ’E’E) positions

« Magnetic scattering is destroyed by small magnetic fields
H~0.075T(H || [110])

« Sample variability/non-stoichiometry an issue to investigate
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