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We have studied the ele troni state in UGe2 via the de Haasvan
Alphen ee t under pressure. The y lotron masses are determined in the
strongly polarized phase and in the paramagneti phase for magneti eld
along the -axis and the results are ompared with those along a- and
b-axes.
PACS numbers: 71.18.+y, 71.27.+a
1. Introdu tion

Re ently quantum riti al phenomena indu ed by pressure have been investigated intensively in erium and uranium ompounds. The oexisten e
of super ondu tivity with magnetism is one of the important issues in the
quantum riti al phenomena. A ferromagneti ompound UGe2 with the
Curie temperature TC = 52 K shows the pressure-indu ed super ondu tivity in the pressure range from 1.0 to 1.6 GPa [1, 2℄. Surprisingly, the
super ondu ting phase is observed even though the sample is ferromagneti
with redu ed Curie temperature.
We have studied the ele troni state in UGe2 via the de Haasvan Alphen
(dHvA) ee t under pressure [3, 4℄. The main Fermi surfa e in UGe2 is a
parallelepiped, elongated along the b-axis of the orthorhombi rystal stru ture. The dHvA os illation of the main Fermi surfa e is learly observed
for P < 1:2 GPa (strongly polarized phase) as well as for P > 1:5 GPa
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(paramagneti phase) for magneti eld along b-axis. However, the dHvA
os illation either disappears or is strongly redu ed in the pressure region
1:2 < P < 1:5 GPa, whi h orresponds to the weakly polarized phase.
The origin of the disappearan e or the strong redu tion of the os illation
is losely related to the enhan ement of the y lotron ee tive mass and/or
the redu tion of the mean free path of the heavy ele trons. The y lotron
masses in the paramagneti state (P > 1:5 GPa) are about three times larger
than those in the strongly polarized state (P < 1:2 GPa). On the other hand,
the mean free paths are almost the same for both states. Therefore, the
y lotron ee tive mass in the weakly polarized state should be larger than
that in the strongly polarized and paramagneti states and/or the mean free
path in the weakly polarized state should be smaller than that in the strongly
polarized and paramagneti states. This ould be a reason why the dHvA
os illation is not observed in the weakly polarized state, 1:2 < P < 1:5 GPa.
Terashima et al. also reported the dHvA os illations of UGe2 [5℄. They
observed the dHvA os illation not only in the pressure region P < 1:2 GPa
and P > 1:5 GPa but also in 1:2 < P < 1:5 GPa for the eld along b-axis,
although the os illating amplitude in 1:2 < P < 1:5 GPa is extremely small.
In order to understand and larify the previous dHvA results, we have
arried out dHvA experiments on a high quality single rystal (RRR=500)
for magneti eld along -axis. Relatively small Fermi surfa es with small
y lotron masses are observed along the -axis ompared to the b-axis [6℄.
Therefore one an expe t the dHvA os illation in the pressure region of
1:2 < P < 1:5 GPa.
The dHvA experiment under pressure was done by the standard eld
modulation method with a modulation eld of 100 Oe and a modulation
frequen y of 3.5 Hz in magneti elds up to 170 kOe and at low temperatures
down to 90 mK, using a MP35N piston- ylinder pressure ell.
2. Experimental result

Figure 1 shows (a) dHvA os illations and (b) orresponding fast Fourier
transformation (FFT) spe tra at several pressures. At ambient pressure we
observed ve fundamental dHvA frequen ies as indi ated by arrows in the
gure. These bran hes are in agreement with those of the previous study [6℄.
A ording to the previous work [6℄, the bran h with the dHvA frequen y of
2.34106 Oe is an ellipsoidal small po ket Fermi surfa e. This bran h possesses a relatively small y lotron ee tive mass m =5.2 m0 , as listed in
Table I. At 1.0 GPa this bran h in reases in volume, whi h suggests that
the bran h omes from the minority spin band. Some bran hes disappear
most likely due to an in rease of the y lotron mass. The dHvA os illation disappears ompletely at 1.3 GPa, and re overs learly at 1.63 GPa
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(P > P ). This behavior is very similar to the dHvA results along the
6
b-axis. The y lotron mass 7.0 m0 for the dHvA frequen y 4.2710 Oe at
1.63 GPa is almost same as 7.4m0 for the dHvA frequen y 2.82106 Oe at
1.0 GPa. The orresponding bran h at 1.3 GPa, if it exists, might possess a
large y lotron mass of 1520 m0 .
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Fig. 1. (a) dHvA os illations and (b) orresponding FFT spe tra at several pressures for the eld along the -axis in UGe2 .
TABLE I
de Haasvan Alphen frequen y F and the y lotron ee tive mass
magneti eld along the -axis under pressure in UGe2 .
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3. Dis ussion

We performed the dHvA experiment under pressure in UGe2 for the
magneti eld along the -axis. The dHvA os illation was observed in the
strongly polarized state (0 and 1.0 GPa) and paramagneti state (1.63 GPa),
while the os illation was not observed in the weakly polarized state(1.3 GPa).
The reason why the dHvA os illation disappears in the weakly polarized
state for the eld along the b- and -axes might be that there is an enhan ement of the y lotron ee tive mass and a redu tion of the mean free
path. On the other hand, the dHvA os illation was observed in the weakly
polarized state for the eld along the a-axis [4℄. The H P phase diagram
indi ates the formation of the paramagneti phase, the weakly polarized
phase and the strongly polarized phase. The phase boundaries whi h demar ate the strongly polarized phase from the weakly polarized phase (H  )
and the weakly polarized phase from the paramagneti phase (H ) in rease
with the in rease of pressure under magneti eld dire ted along the the
a-axis. Therefore, the dHvA os illations both in the weakly and strongly
polarized phases are observed under onstant pressure. The y lotron mass
in the weakly polarized phase is twi e as large as that of the strongly polarized phase for similar dHvA frequen ies. The mean free path is, however,
almost the same for both phases. The smaller value of the mean free path of
the heavy ele tron for eld along the b- and -axes as ompared to that along
the a-axis is attributed to the alignment of the magneti moment along the
a-axis.
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