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We present ultrasoni attenuation and elasti onstant results on the
heavy-fermion state of URu2 Si2 both as a fun tion of temperature and
magneti elds up to 50 T. We nd distin t anomalies as a fun tion of eld
and temperature for the longitudinal modes 11 and 33 . We onstru t
a B T phase diagram in luding TN (B ), the so- alled metamagneti transition and the spin-op transition into the paramagneti phase.
PACS numbers: 75.30.Mb, 74.25.Ld, 43.35.+d

1. Introdu tion

Most heavy-fermion ompounds, in addition to strong antiferromagneti
u tuations, order magneti ally at low temperatures. In URu2 Si2 the phase
transition at TN
: K has been attributed to su h an antiferromagneti
order. In addition, the system be omes super ondu ting below T
: K.
The great mystery in URu2 Si2 is the measured moment of 0.03 B in the ordered phase, whi h is too small to a ount for the large spe i heat anomaly
at TN . Many dierent experimental fa ts have pointed to a so far unidentied type of phase transition, whi h we label therefore a pseudomagneti
transition. For a review on the properties and physi s of this pseudomagneti
transition see Ref. [1℄.
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2. Experiments

A ousti experiments in URu2 Si2 on entrated in the past on an investigation of the super ondu ting transition at T [2℄ and the overall temperature
dependen e of the elasti onstants [24℄. It was found that the longitudinal
elasti onstants show anisotropi behaviour in the normal and super ondu ting state. The temperature dependen e ould be well des ribed with
the so- alled Grüneisen parameter oupling, espe ially for the longitudinal
11 mode. This oupling arises from the volume dependen e of the narrow
quasi-parti le band of the heavy-fermion systems. For anisotropi systems
it is useful to introdu e the uniaxial Grüeisen parameters a and , whi h
are related to the uniaxial pressure dependen es of the hara teristi temperature.
The elasti anomalies around the pseudomagneti transition at 17.4 K
are anomalous and quite dierent in omparison to typi al uniaxial antiferromagnets [5℄ and have been attributed to a spin-nemati strain oupling,
i.e. a strain oupling to itinerant quadrupoles of the quasiparti les. Fig. 1(a)
exhibits
ii / ii (0) for the longitudinal modes 11 , 33 and the transverse
modes 44 , 66 . The anomalies are rather weak and no pre ursor ee t is
observed for T > TN . This behaviour has to be ontrasted with results for
large moment uniaxial antiferromagnets like UPd2 Al3 [5℄ or MnF2 [6℄ where
pronoun ed minima in the elasti modes are found. In Fig. 1(b) we show
ultrasoni attenuation results at frequen ies ! of 400600 MHz. Again the
attenuation anomalies are quite dierent from those observed in ordinary
antiferromagnets, e.g. MnF2 and RbMnF3 [7℄. While the height of the
maximum follows roughly a ! 2 dependen e there is no lear singularity at
TN but instead a broad maximum. Further on, T drops rapidly below
TN dierent from a power-law dependen e but reminis ent of the behaviour
found in a BCS super ondu tor. A ordingly, the ultrasoni attenuation an
be des ribed with a mean-eld like expression using a gap value omparable to those observed in spe i heat or the resistivity measurements. This
result indi ates that the elasti waves ouple in the rst pla e to a (spin)density wave forming on a part of the Fermi surfa e below TN . A ordingly,
the elasti onstant hanges, shown in Fig. 1(a), may ree t hanges in the
deformation potential oupling onstant upon ooling through TN .
In Fig. 2(a) we show elasti onstant and attenuation data for the longitudinal 11 mode as a fun tion of magneti eld. The attenuation data
of the 11 mode in Fig. 2(a) help to pinpoint the anomalies already seen
in the sound velo ity measurements published before [9℄. The B data
appear as pronoun ed spikes for the transitions at 34.2 T, 36.1 T and 38.7 T
(at 4.2 K). The spin-op transition at 38.7 T exhibits only a smaller and
broader attenuation anomaly, similar to those observed before in uniaxial an-
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Fig. 1. (a) Relative elasti onstant hanges for the modes 11 , 33 , 44 and 66 in the
vi inity of TN . (b) Attenuation near TN for sound waves of 400 MHz (diamonds),
500 MHz ( ir les) and 600 MHz (squares).

Fig. 2. (a) Ultrasoni attenuation at 4.2 K for the 11 mode at 46.6 MHz. In luded
is also the relative velo ity hange at the same temperature. (b) B T phase diagram onstru ted from elasti anomalies. Pulse-eld experiments: lled squares
33 (B) mode; open diamonds, open ir les, open squares 11 (B ); lled triangles
from 11 (T ) in onstant eld.

tiferromagnets [10℄. Espe ially at the metamagneti transition at 34.2 T the
ultrasoni attenuation anomaly is strongly enhan ed and the elasti onstant
exhibits a pronoun ed minimum. This behaviour is similar to the metamagneti transitions in other heavy-fermion systems like CeRu2 Si2 or UPt3 [11℄.
At the moment there is no explanation for the attenuation peak at 36.1 T,
whi h is also learly seen in the magneti sus eptibility [8℄.
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Finally we an onstru t a B T phase diagram as shown in Fig. 2(b) from
the data of Figs. 1(a), (b), 2(a), and the data of Ref. [9℄. The open symbols
are determined from the 11 anomalies where the open squares indi ate the
metamagneti transition. The open diamonds and the lled squares mark
the phase boundary between the antiferromagneti and the paramagneti
state. Apparently TN B does not onne t to the metamagneti transition,
whi h an be followed at least up to 30 K in the 11 mode.
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3. Summary

In summary, the high-eld data of URu2 Si2 an be explained for inreasing eld with a hange from itinerant to a more lo alized pi ture of an
uniaxial magnet. The metamagneti transition at 34.2 T is pronoun ed for
the 11 mode with a large a and absent for 33 with a small
in agreement
with the temperature-dependent measurements. For higher elds, where the
heavy-fermion state hanges to a lo alized spin state both modes give pronoun ed ee ts at the spin op state. On the other hand the zero-eld data
for the elasti onstant and the attenuation in the vi inity of TN are so far
unexplained although they show a behaviour typi al for a oupling between
the strain and a spin density wave. Whether this oupling is related to the
hidden order parameter [12℄ is not lear yet.
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