
Frustration magnétique

• Compétition entre les interactions magnétiques 

• Le système n’arrive pas à trouver un état fondamental 
unique (classiquement) 

• Example : le réseau kagome
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Liquides de spin quantiques

• La mécanique quantique à la rescousse! 
• On forme des singulets et on les laisse résonner
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Liquides de spin quantiques

• La mécanique quantique à la rescousse! 
• On forme des singulets et on les laisse résonner

Spinons
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Résonance magnétique 
nucléaire (RMN)

• On utilise les spins nucléaires 
comme témoins de ce qui se 
passe à l’intérieur du matériau 

• La fréquence de précession 
donne le champ interne 

• Les temps de relaxation 
sondent les excitations 
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Rotation de spins de 
muons (µSR)

• Utilise des muons, implantés dans l’échantillon 

• Expériences effectuées à TRIUMF (Vancouver) 

• L’émission de positrons nous informe sur l’orientation des 
spins de muons
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Mesures thermodynamiques

• Chaleur spécifique (calorimétrie) 
• Vitesse ultrasonore 
• Souvent employées pour étudier 

des transitions de phase 
• T > 50 mK
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FIG. 1. Structure of Dy ions in SrDy2O4, with the shape of the
ellipsoids illustrating the easy axes of the two sites. Site Dy1 (red)
has its easy axis along c and site Dy2 (blue) has its easy axis along b.

The first two critical fields, Hb1 and Hb2, are found to
converge as the temperature is raised, forming a dome, inside of
which is likely a LRO magnetic state. Hysteresis loops indicate
that the dome of LRO is delimited by first-order transitions.
This can be seen in the field scans in Fig. 2(a), where solid
(dotted) lines indicate increasing (decreasing) field, and in the
temperature scans of Fig. 2(b). As a function of temperature
the lattice is found to soften at the transition (i.e., the velocity
is reduced), indicating a negative coupling to the square of the
order parameter S2. Hence, in the phase diagram of Fig. 3(c),
we have used a minimum in ∂v/∂H to signal the onset of the
order parameter at Hb1 and the maximum of ∂v/∂H to signal
the disappearance of the order parameter at Hb2. Given that
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FIG. 2. (a) Relative change in sound velocity as a function of
H ||b. Dotted lines are for decreasing field, and solid lines are
for increasing field. Temperatures labels are given in units of mK.
(b) Relative change in sound velocity as a function of T for various
fields H ||b. Dotted lines are for FC and solid lines are for FCW.
(c) Temperature scans of "v/v for H ||b showing the difference
between FCW (solid lines) and ZFCW (dotted lines). Curves have
been staggered for ease of viewing.

the magnetization is close to 1/3 of the saturated value in the
region under the dome shown in Fig. 3 [8], this may be an
↑↑↓ phase on chains formed by Dy2 ions with an easy axis
anisotropy pointing along the b axis (see the blue chains in
Fig. 1). Such a plateau can be seen in simulations of the frus-
trated 1D ANNNI model thought to apply to this material [13].

Although we associate anomalies at Hb1 and Hb2 with true
phase transitions, the origin of the maximum observed in the
sound velocity at around Hb3 ≃ 2.5 T seems quite different
[Fig. 2(a)] in that it is quickly smeared out with increasing
temperature. Consequently, we attribute this maximum to
a crossover at which the blue chain spins reach their full
polarization, as shown in magnetization data for H ||b [8].
Despite full polarization of Dy2 (blue chains) above Hb3, we
nonetheless observe that "v/v ∝ −H 2

b . In order to account for
this significant field dependence of the velocity above Hb3, we
must invoke a negative magnetoelastic coupling with spins on
the other chain (red chain/Dy1), which in this regime continue
to show a small magnetization that is linear in magnetic field, as
measured in Ref. [8]. The leading-order field dependence of the
velocity of transverse acoustic waves then simply reduces to
"v/v = kM2

1b = kχ2
1bH

2 [11], where k is a coupling constant
(either related to exchange striction or modulation of crystal
fields) and χ1b is the constant magnetic susceptibility of spins
on the red chains (Dy1) with the field along the b axis.

This material’s phase diagram shows several regions of
hysteresis with a complex field-history dependence. We have
therefore performed temperature scans using three different
protocols: (1) cooling in field (FC), (2) warming after field
cooling (FCW), and (3) warming after zero-field cooling
(ZFCW). The FC and FCW curves primarily show the hystere-
sis associated with supercooling at the first-order transition,
as shown in Fig. 2(b). In Fig. 2(c), we instead observe a
strong difference between FCW and ZFCW curves only below
∼ 500 mK. It seems that cooling the sample in the liquid
phase at zero field locks in a significant level of disorder. On
increasing the field into the LRO phase, some disorder remains
frozen in, probably in the form of domains.

Strangely, below ∼ 250 mK, the transition at Hb2 [Fig. 2(a)]
no longer shows hysteresis and the same anomalies are seen in
both cooling and warming curves. The values of critical fields
in this region therefore become somewhat ambiguous. The
most peculiar behavior is seen in the field-history dependence
of the low-temperature phase transition at Hb1 which becomes
very complex below ∼ 300 mK. For decreasing magnetic
field only one anomaly is observed at 0.36 T (we define the
transition as the minimum in ∂v/∂H ). However, for increasing
magnetic field, Hb1 appears to bifurcate into three separate
anomalies which, at 100 mK, are found at 0.27, 0.44, and
0.91 T. This is evident in the surface plot of Fig. 3(a), where
we show (∂v/∂H )/v, as well as in the phase diagram presented
in Fig. 3(c).

This unusual irreversibility can be likely explained by the
slow dynamics that are observed at low field, for example, as a
FC-ZFC splitting in magnetization measurements [8]. We also
find a difference between cooling and warming curves which
indicates slow dynamics in the liquid phase, but this difference
depends on the sweep rate and does not show a pronounced dip
in velocity at a specific temperature, as is expected for a spin
glass transition [14]. Likely, this system can best be described

060404-2

SrDy2O4

Jeffrey Quilliam



Laboratoire et groupe Jeffrey Quilliam


