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We performed the inelasti neutron s attering experiment on a powder
sample of YbSb in order to larify the nature of the unusual non-magneti
phase transition at 5 K. The two broad magneti peaks at 13 meV and
18 meV were observed, as reported by the previous inelasti neutron experiment. The lear dieren e of these magneti ex itation spe tra between
the paramagneti phase and the ordered phase may indi ate the hange of
the 4f ele troni states due to the phase transition at 5 K. Furthermore
a new magneti ex itation below 3 meV, whi h is ommon feature in
Yb-monopni tudes, was found.
PACS numbers: 71.27.+a, 75.30.Mb, 71.70.Ch, 78.70.Nx
The Yb-monopni tudes YbX (X = N, P, As, Sb) have been attra ting
mu h interest be ause of their unusual magneti properties. All YbX are
semimetals with a ubi NaCl type rystal stru ture. The Yb ion in these
ompounds is trivalent with the 4f 13 onguration. The J = 7/2 multiplet of Yb3+ splits into two doublets ( 6 and 7 ) and one quartet ( 8 )
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in the ubi rystal eld (CF). From inelasti neutron s attering experiments [1, 2℄, the CF level s heme of YbX is reported to be 6 - 8 - 7 , where
the 6 Kramers doublet is the CF ground state and the 8 quartet is the
rst ex ited state with a large ex itation energy of the order of 10 meV.
In the Yb-monopni tudes, there are relatively few studies on YbSb be ause
of the di ulty in the preparation of the samples. From Mössbauer spe tros opy measurement [3℄, it was reported that YbSb undergoes two su essive phase transitions: an antiferromagneti (AF) ordering at 0.32 K and a
mysterious ordering at 5 K, where the phase transition at 5 K is onsidered
to be an AF ordering with strongly redu ed ordered moments or an antiferroquadrupolar (AFQ) ordering. On the other hand, neutron dira tion
measurement on YbSb has not dete ted any long-range magneti ordering
down to 7 mK [4℄. Re ent spe i heat measurement on a new high-quality
sample of YbSb under magneti eld has re onrmed the presen e of the
two phase transitions at 0.5 K and 5 K [5℄. The spe i heat measurement
also revealed that the transition temperature at 5 K in reases by applying
magneti eld. This behavior is well known in the AFQ ordering systems,
su h as CeB6 [6℄. Contrary to the 8 ground state in CeB6 , the 6 doublet has not any quadrupolar degree of freedom. However the o-diagonal
matrix element of quadrupole between 6 and 8 is large. Therefore, the
AFQ ordering indu ed by the inter-site quadrupolar intera tions may be
possible in spite of the Kramers doublet ground state system. To larify the
nature of the unusual non-magneti phase transition at 5 K, we performed
the inelasti neutron s attering experiment on YbSb.
A powder sample of YbSb was prepared by a prerea tion of the onstituent elements in a va uum sealed quartz tube at temperatures up to
700Æ C. About 10 g of the ne powder was lled under helium gas atmosphere into an Al holder and this holder was mounted in a 4 He ryostat.
The neutron s attering experiment was done on the hopper spe trometer
HET at the ISIS spallation neutron sour e. Ba kground signals from the Al
holder and the 4 He ryostat were subtra ted by measurement of an empty
holder in the 4 He ryostat.
Figure 1 shows the energy spe tra at 10 K in the paramagneti phase
and at 2.4 K in the ordered phase at a s attering angle about 19.0Æ . The two
broad magneti peaks at 13 meV and 18 meV were observed, as reported
by the previous experiment [2℄. The two broad peaks may be orrespond
to the CF transition from the 6 ground state to the 8 rst ex ited state
whi h splits into two doublets. Su h a double peak spe trum was also observed in YbN [1, 2℄. The reason for the splitting of the 8 quartet as well
as the broadness of the width of these peaks is not yet lear. On the other
hand, the slightly but lear dieren e between the paramagneti phase and
the ordered phase was observed. In the ordered phase, the intensity around
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Fig. 1. Energy spe tra of YbSb at 10 K (Æ) and 2.4 K () with an in ident energy
of 40 meV. Inset shows energy spe tra with an in ident energy of 23 meV.

11 meV de reases,

while the intensity around 13 meV  18 meV inreases. This may indi ate the hange of the 4f ele troni states due to
the phase transition at 5 K. Furthermore a new magneti ex itation below
3 meV was found, as shown in the inset of Fig. 1. This quasi-elasti s attering spe trum was also observed in other YbX (X = N, P, As) [7℄, so that this
is ommon feature in all Yb-monopni tudes. The temperature dependen e
of the integrated intensities in the energy spe tra with the in ident energy
of 40 meV is displayed in Fig. 2. This temperature dependen e may also
suggest that the 4f ele troni states hange in the ordered phase, although
onset of in rease or de rease of these intensities is about 7 K, slightly higher
than the transition temperature of 5 K.
In Ref. [5℄, it is reported that 3 quadrupole O02 = 3Jz2 J (J + 1) is the
best andidate for the order parameter of the phase transition at 5 K. Thus,
let us examine whether this hypothesis reprodu es the observed enhan ement
of the intensity around 13 meV  18 meV in the ordered phase. Assume
that the O02 quadrupolar ordering o urs at 5 K. Sin e the 6 doublet CF
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6 i = 12 j 2 i+ 12 j 2 i, mixes with only two states of 8 ,
j 8i = 127 j  27 i 125 j  21 i, within the mean eld approximation in this
ase, the ground state j0 i and the ex ited state j1 i in the ordered phase
be ome j0 i = j 6 i + j 8 i and j1 i = j 6 i
j 8 i, respe tively.
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By al ulating the transition
p35matrix elements jh0 jJz j1 ij , we an get the
< 1 or 61 < < 0 ( > 0), whi h
reasonable parameter set, 6 <

ground state, j

q

qualitatively reprodu es the present experimental result. For further he k
on this hypothesis, a pre ise X-ray dira tion experiment and a neutron
dira tion experiment under magneti eld may be needed.
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Fig. 2. Temperature dependen e of the integrated intensities in the energy spe tra
of YbSb with the in identenergy with 40 meV (a) between 1 meV and 3 meV, (b)
between 3 meV and 11 meV and ( ) between 11 meV and 21 meV. Arrows denote
the phase transition temperature of 5 K.
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