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High-resolution angle-resolved photoemission study of LaSb
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High-resolution angle-resolved photoemission spectros¢HR*ARPES has been performed to study the
electronic band structure of LaSh, which hasfetectrons and is regarded as a nonmagnetic reference of CeSh
and USb. HR-ARPES measurements near the Fermi level have established the existence of hole and electron
pockets at the Brillouin-zone center and boundary, respectively, showing directly the semimetallic nature of
LaSh. This supports the essential framework of thé mixing model to explain the anomalous magnetic
properties of CeSb based on the semimetallic band structure of the mother compound. ARPES spectra of LaSh
have been calculated based on the linear-muffin-tin-orbital band structure to interpret the experimental result.
The “band structure” obtained by ARPES is contributed to considerably by stationary lines with the zero
group velocity ¢4=JE/dk=0) midway between high-symmetry lines in the Brillouin zone. The overall
feature of the band structure shows an excellent agreement between the experiment and the calculation while
the Sb 95, bands that give two holelike Fermi surfaces atfhgoint are situated at higher binding energy by
0.3 eV in the calculation than in the experiment. Possible origins for the observed discrepancy are discussed.
[S0163-182698)05736-1

[. INTRODUCTION symmetry lowering caused by the magnetic order such as
band folding was not clearly seen in the ARPES experiment.
The electronic structure of LaSb, in particular its Fermiln order to obtain insight into these unresolved problems as
surface (FS topology, has been intensively studied well as to understand the anomalous properties of CeSb
theoretically? and experimentally;® because LaSb has no based on the-f mixing model, the detailed band structure
4f electrons and is regarded as a good nonmagnetic refeof the mother compound LaSb is necessary.
ence to CeSb and USb, which exhibit anomalous physical In this paper, we report results of HR-ARPES on LaSb,
properties originating in the highly correlatéélectron£™1°  together with the band-structure calculation using the linear-
The observed anomalous magnetic and electronic propertiesuffin-tin-orbital (LMTO) method. We calculated theoreti-
of Ce monopnictide$CeX p; Xp=N-Bi) are well explained cal ARPES spectra to interpret the experimental results and
by the p-f mixing model*! which is based on the semime- found that the experimental “band structure” obtained by
tallic band structure of the mother compoundXdmand the ARPES is contributed to considerably by stationary lines
strong anisotropic hybridization between the pnictogeg,  Wwith zero-group velocity §4= JE/dk=0) midway between
(n=2-6) state and the crystal-field-split level of the Cle 4 high-symmetry lines in the Brillouin zon@Z) as well as by
state. We have already performed high-resolution anglethe high-symmetry lines with high density of states. In HR-
resolved photoemission spectroscoffR-ARPES mea- ARPES measurements, we clearly observed hole and elec-
surements on some Ce monopnictide¥ and found a sys- tron pockets at the BZ center and boundary, respectively,
tematic change of the FS topology across the magnetic phasedicative of the semimetallic nature of LaSb. While we
transition in CeSkRefs. 14 and 1pas predicted by the-f found an excellent agreement in the overall feature of the
mixing model. This supports the essential framework of thevalence-band structure between the HR-ARPES result and
p-f mixing model. However, there remain some unresolvedhe band-structure calculation, we also observed some quan-
problems in the electronic structure. For example, we obtitative discrepancies. We discuss the electronic band struc-
served a pseudogaplike structure around 2 eV binding energyre of LaSbh by comparing the present HR-ARPES result

in the electronic structure of CeSbPItis not clear whether with the band-structure calculation as well as the reported de
this gaplike structure is related to the existence of occupiegjaas—van AlpheridHvA) results®=>

4f states. We performed the ARPES measurements at two

different temperatures over the magnetic phase transition of

CeSbh and found the change of the FS topology, as described II. EXPERIMENT

above, but at the same time we found that the overall disper-

sion of bands for the magnetically ordered phase with a te- LaSb single crystals were grown by the Bridgman method
tragonal unit cell is essentially the same as that of the parawith a sealed tungsten crucible and a high-frequency induc-
magnetic phase with fcc crystal structdfeé® The effect of  tion furnace. High-purity La (Bl) and Sh () metals with
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FIG. 2. The Brillouin zone of LaSb in the extended zone scheme
(thin lines. HR-ARPES measurement was performed for the
I'XXX plane. The 1D DOS along, (parallel to thez axis) was
calculated at different 10k, (parallel to they axis) points in the
I'XXX plane to interpret the experimental result.
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FIG. 1. High-resolution angle-resolved photoemission spectra onormal of the cleave®01) plane is denoted. We find in Fig.
LaSb measured for thEXXX plane in the Brillouin zone with the 1 that HR-ARPES spectra exhibit remarkable and systematic
He | resonance lin€21.22 eVf at 30 K. The polar angléy) referred  changes as a function of polar angle. In the nearegion,
to the surface normal is indicated. we find a broad band dispersing toward the high binding

) - ) ) energy from#=0° to about 15° as well as a small structure
the respective composition ratio were used as starting mat?ust atE around the BZ boundaryét= 20°—30°).
rials. The obtained samples were characterized by the In ordFer to see the spectral changes rigain detail, we
Debye-Scherrer method as well as the resistivity and trans-, - : S

; X . spow in Fig. 3 the spectra ne&f in an enlarged binding-
versal magnetic resistance measurements. The obtained Iaeﬁer scale. We find in Eia. 3 that there are at least three
tice constant, residual resistivity at 4.2 K, and magnetoresis- 9y ' 9-
tivity [Ap/p(0) whereAp=p(10T)—p(0)] at 0.8 K were

6.499 A, 0.5uQ cm, and 150, respectively. These values are

almost the same as those of a single crystal with which the LaSIb Il"—IX'
dHVA signal was observeti® T=30K Hel o
Photoemission measurements were carried out using a b’\iwo

homebuilt high-resolution angle-resolved photoemission
spectrometer, which has a large hemispherical electron en-
ergy analyzer(diameter: 300 mmand a very bright dis-
charge lamp. The base pressure of the spectrometer is 2
x 10 ! Torr and the angular resolution is abatifl®. The
energy resolution was set at 50 meV for quick data acquisi-
tion because of relatively fast degradation of the sample sur-
face. A clean mirrorlike surface of the Lagi01) plane was
obtained byin situ cleaving at 30 K just before the measure-
ment and kept at the same temperature during the measure-
ment. Since we observed degradation of the sample surface
as evident by increase of background in the spectrum, we
recorded all spectra before the spectral change became de- 6°
tectable. The Fermi leveH) of the sample was referred to — 8°
that of a gold film evaporated onto the sample substrate and Mm"

Intensity (arb. units)

4°

its accuracy is estimated to be better than 5 meV. We per- h2 ' 12° |
formed photoemission measurements on several samples and 300 400 EBr 400 B
confirmed that the results are reproducible. Binding Energy (meV)
. RESULTS FIG. 3. High-resolution angle-resolved photoemission spectra

nearEr of LaSb measured for théX XX plane with the He | line at

30 K. The polar angle referred to the surface normal is indicated on
Figure 1 shows the HR-ARPES spectra of LaSb measuregach spectrum. Guidéarrows and thin broken lingsre shown for

at T=30K along the[010] direction in the fcc Brillouin the eyes to indicate possible energy dispersion.

A. Angle-resolved photoemission spectra
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FIG. 4. (a) Experimental band structure of th&XXX plane of LaSb determined by the present HR-ARPES measurement. Dark parts
correspond to the energy bandls) Theoretical ARPES-derived band structure of LaSb obtained by the LMTO band-structure calculation.
For details, see text.

bands(h,, h,, ande;), which seem to crosEr aroundé Figure 4a) shows the experimental “band structure” of
=0°. Bandsh; andh, appear to have a similar energy dis- LaSb derived from the present HR-ARPES measurement. In
persion. The bant; gradually approaches; with decreas- order to map out the “band structure,” we took the second
ing 6 from about 10° and cross& somewhere in the range derivative of ARPES spectra after moderate smoothing and
of §=0°-2°, while it is difficult to identify theEg-crossing  plotted the intensity in a square-root scale by gradual shading
point of theh, band due to the low intensity as well as its as a function of the wave vector and the binding enéfgy;
close proximity of the strongeh, band. Since these two dark parts correspond to “bands.” We set the gray-scale
bands(h; and h,) have their major part in the occupied image in Fig. 4a) so as to have the apparent bandwidth in
states belovEr, they give holelike Fermi surfaces. We find the gray-scale image being almost equal to the full width at
another bane; aroundd=0° that gives an electronlike FS. half-maximum of the corresponding band in Figs. 1 and 3.
The bande; suddenly appears & at =2°, where the We used the smoothing in order to delete spiky noises in the
band h; accidentally crosse&g from the occupied states. Spectra and confirmed that the essential spectral shape is un-
The appearance of the additional bamdin the occupied changed through this procedure. As found in Figa)Athe
states is evident from the increase of intensity and the shift opbtained energy bands are symmetric with respeEtaadX
the nearEq peak fromé#=2° to 0°. Since this ned+ band po_in_ts in the BZ, indicating their characters being of bulk
enters again the unoccupied states aroimd-2°, this band  Orgin.
gives an electronlike FS. All these results suggest the exis-
tence of two hole pockets and one electron pocket ardund _
and/or X point in the BZ (see Fig. 2 since §=0° corre- B. Analysis of ARPES spectra
sponds to the line alongX direction. It is well known that an ARPES spectrum of a three-
On the other hand, in the region of larger polar angles otlimensional material is classified into two cases, the “bulk”
6=18°-34° we observe at least two bands nBar On  and “band-gap” cases’ The momentum perpendicular to
increasing the polar angle from 18°, one barg) (suddenly  the surface K, ) dose not conserve in the band-gap case be-
appears aEg at §=19°—-20°, showing a small energy dis- cause of lack of appropriate final states in the photoexcitation
persion with the maximum binding energy of about 200 meVprocess, while it conserves in the bulk case. The present
at #=27°, approaching again towak}, and finally enters ARPES measurement of LaSh with H&11.22 e\f photons
the unoccupied states aroufie- 34°. We find another band seems to belong to the band-gap case, becél)see ob-
(e3) appearing aEr at §=24°-25°. The existence of the serve at least eight bands in tiX X X plane while the band-
bande; is confirmed by the sudden increase of the spectrastructure calculatior? predicts only four bands in the same
intensity atEg at §=25° as well as the two-peak structure plane in the energy range of 0—5 eV binding energy é)d
observed in the spectrum &at&=27°. These two bands give the observed energy bands are symmetric with respect to the
electron pockets aroun¥ point since the polar anglef(  X(X) point at the BZ boundary, which is not expected in the
=27°) approximately corresponds to th&X line (see Fig. bulk case because of conservationkof.'® It is well estab-
2). It is noticed here that the dispersive feature of bapd lished that high-symmetry lines in the BZ with zero group
looks very similar to that of bane, observed in thé'X line,  velocity (v,=0dE/dk=0) are likely to appear as prominent
suggesting the same origin for both bands. well-resolved structures in the ARPES spectrum of the
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band-gap case, because the density of states is relatively
larger on the high-symmetry liné8lt is also expected that a
stationary point(line) midway between the high-symmetry
lines may appear as a strong structure in the ARPES spec-
trum since the group velocity is also zero on the pdine).

In order to analyze the experimental band structure, we
performed the band-structure calculation for theXXX
plane and calculated the one-dimensional density of states
(1D DOS alongk, . We employed the LMTO method with
the potential obtained from the linear augmented plane-wave
(LAPW) method with local-density approximaticih.DA).?
Since we found that the overlapping between the conduction
band and the valence band is too large in the self-consistent
calculation, we introduced an empirical level correction
(ELC) for the La = level® Next, in order to mimic the
ARPES spectrum from thEXXX plane, we calculated the ! | !
1D DOS alongk, as follows. Firstly, we defined a square X W X

[\o) —
P = e
T T T
|

Binding Energy (eV)

=
S
T

mesh on thel’XXX plane with 10Xk,’s and 16k,’s and N - 7

calculated the band energy at each (16161X 16) point. L; g Ik$ e

Then, using the spline interpolation method, we obtained the S | K&&

band dispersions alonk, at eachk,. We determined the g AW W

group velocity ¢4) by taking the derivative of the band dis- g_‘ )Y N

persion and created the 1D DOS at e&chby integrating the 5] N

1l alongk, . Thus, we obtained 101 theoretical ARPES i“ N

spectra by convoluting the 1D DOS with a Lorentzian with a r A X

50 meV width. Finally by applying the same proceddpet k-parallel

without smoothing to these theoretical ARPES spectra, we

mapped out the theoretical ARPES-derived band structure Wave Vector

for the 'XXX plane as shown in Fig.(4). It is noted here ) _
that besides the two high-symmetry lind& X andX-W-X) FIG. 5. Experimental band structure of LaSb derived by HR-

h- ARPES experimenfgray scalg¢ compared with the stationary lines

svmmetrv lines appear as “dispersive bands” in the theoretwith vg (group velocity=0 in the band-structure calculatig¢solid
y 1y PP P and broken lines, and white symbpl&ach calculated band is la-

ical ARPES-derived band structure. In order to identify the i . ; ) . .
origin of bands, we show in Fig. 5 the calculated band dis—bilidxel_k)' TraJethor'e.S ?II tTe Stat'onalry _ltlm(ﬁomts} n theb |
persions with different symbols. White solid and dashedr plane are shown In the fower panet with the same Symuols.
lines correspond to the bands alohigX and X-W-X high-
symmetry lines, respectively, while triangles, crosses, an@n theI'-X high-symmetry line(solid line), bandsh, and
quadrilaterals show the stationary lines with=0 between h;, which form hole pockets around tiepoint, are located
the two high-symmetry lines. The trajectory of the stationaryat slightly higher binding energies in the experiment than in
lines in thel’ XXX plane is shown with the same symbols in the calculation.
the lower panel of Fig. 5. We also label the calculated bands, When we look at the higher binding-energy region, we
a—k for further clarification. In Fig. 5, the calculated band find that there are at least three dispersive bands at 2—-3 eV in
structure is superimposed with the experimental band dispethe experiment; one is the lowest band, which has the bottom
sion derived from ARPES for comparison. of the dispersion at 3 eV, the next one is the second-lowest
band, which has a dispersion similar to that of the former one
in the right half of thel’XXX plane but is located at the
smaller binding energy in the left half of the plane, and the
According to the band-structure calculatibhthe top of  third experimental band is located around 2.2 eV and is al-
the occupied electronic states of LaSb consists mainly of thenost dispersionless. When we compare the experimental
Sh 5p states, which split into they,, (I'g) and 54, (I'g) band dispersions with the calculation, the lowest experimen-
bands by the spin-orbit interaction, while the bottom of thetal band is assigned to the calculated bnahich originates
unoccupied states originates in the Ldt, states. The cal- in the stationary line withv,=0 between the two high-
culation predicts that LaSb should be semimetallic due to theymmetry lines. We find that the barfdis situated at a
overlap of the Sb B3, and La St,4 bands, which produces slightly higher binding energy in the calculation than in the
two hole pockets with a dominant Sip§, character at th&  experiment. The third experimental band may be ascribed to
point and an electron pocket with the La Hature at theX  the almost flat band calculated along ¥eN-X line (bandd
point}2 As found in Figs. 4 and 5, the experimental result isin the calculatiol, although the curvature of the band around
in good agreement with the band-structure calculation. Irthe W point looks different in the experiment than it does in
particular, bands and c originating in theX-W-X high-  the calculation.
symmetry line(dashed ling show an almost perfect agree- The second experimental band located between bends
ment in the energy range of 0.3—-2.0 eV. On the other handgndf appears not to have a counterpart in the calculation. We

some stationary line@ointy midway between the two hig

IV. DISCUSSION
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assign this experimental dispersive band to a part of theeen in Figs. 4 and 5, the--crossing point of both experi-
highly dispersive Sb By, band(banda in the calculation =~ mentalh; and h, bands looks almost the same while the
We find that the band is located at 0.5 and 2.3 eV at the corresponding calculated bands intercépt at different
and X points, respectively, and shows the bottom at 2.6 e\points. The experimentd-crossing point appears to coin-
midway between thd” and X points. The reason for this cide with that of the calculateld; band, which gives a small
assignment is following. Since the normal emission spectrunmolelike FS sheet. It is noted here again that the calculation
(6=0°) corresponds to the 1D DOS along theX high-  underestimates the binding energy of bbthandh, bands
symmetry line, the bottom of the experimental banith the by about 0.3 eV midway betwednand X points as seen in
I'-X high-symmetry line should be located at 2.6 eV asFigs. 4 and 5. When we pull down the calculatedband to
shown in Figs. 4a) and 5. Further, as described above, comit the experimentah, band, theEg-crossing point would
parison of the experiment and the calculation shows that thenove toward thel” point, thereby giving better agreement
bottom of banda is not on the high-symmetry line but is with the experiment. However, in light of the fact that the
situated midway between. This means that when we trace thgresent band-structure calculation gives the FS volume con-
banda by changing the polar angle along theX line, the  sistent with the dHvVA measurement, the experimeiftal
band should have a stationafyinimum) point betweenl’ band should intercegEg far away from thel’ point com-
and X point. We find that this is the case in the calculation,pared with the calculation in other directions of the BZ. This
since the bandx has a minimum point at 2.6 eV midway point should be examined in future ARPES experiments.
betweenI” and X points and this energy coincides with the  Next, we discuss the electron pocket. The band-structure
energy of band atT" point which corresponds to the bottom calculatiort? has predicted that an electron pocket is located
of the Sb 94/, 1D DOS calculated for the normal-emission at theX point, forming an ellipsoidal FS with the longer axis
spectrum @=0°). Thus, the broad dispersive band locatedin the I'-X direction. The dHvVA measuremefits have as-

at 2.2-3 eV is assigned to a part of the highly dispersivesigned one of the observed branckeshee} to this electron
banda. The observed broadness may be due to a ssgadf  pocket. In ARPES measurements, on the other hand, we ob-
the band(in other words, flat feature of the banth this  served three electron pockets in th¥ XX plane, as seen in
energy and momentum region. As found in Figg)4nd 5, Fig. 4. The appearance of three electron pockets in the
we could not well resolve this Sbpg,, band(banda) in the  present ARPES measurement is understood as follows. In the
binding-energy region of 0.5—-2.2 eV in the experiment. Thispresent study, we performed ARPES measurements for the
may be due to the highly dispersive feature of the band sincé001) cleaved plane by changing the polar angle from the
in general a band with a large, gives a small and weak [001] direction to the[010] direction. Under this experimen-
structure in the ARPES spectrum owing to the finite angulatal setup, we observe the electronic structure of the whole
resolution. Further, strong photoemission peaks coming froni" XXX plane in the BZ as described above. Therefore, when
the X-W-X line may cover this highly dispersive Skph,  we start the ARPES measurement frghs0°, we at first
band since they are very close to each other in the left half obbserve a small electron pocket at i@oint located on the
the 'XXX plane as found in Fig. 5. Thus, we infer that the z axis in Fig. 2(which corresponds to bang, in Fig. 3).
pseudo-gap-like structure observed at 2 eV may not be inSince the ellipsoidal FS has the longer axis in theX di-
trinsic but is produced by accidental overlapping and/omection, we cross the FS along the shorter axis. On further
crossing of several bands in this energy and momentum reénacreasing the polar angle, we then reach the sedbuod
gion. This also suggests that a similar pseudogaplike struequivalent to the first oneelectron pocket located at the

ture observed in CeS{iRefs. 14 and 1bis not related to the point on they axis, which corresponds to bard in Fig. 3.
existence of occupiedf4states. Since the FS is elongated in tlieX direction, we touch the

In Figs. 4a) and 5, we find two flat experimental bands at electronlike FS from the longest axis. Shortly after passing
1.8 and 2 eV, respectively, in the right half of theXXX  the second FS, we finally reach the third one located oiXthe
plane. These two dispersionless bands may be assigned point on the diagonal line with respect 10 point in the
calculated bandpandi, respectively, which originate in the I'XXX plane (see Fig. 2 Because of the same reason de-
stationary lines withvy=0 of bandsb andc, respectively. scribed above, we cross the FS along the shorter axis. The
This indicates that banghas a much larger energy disper- third FS corresponds to bamd in Fig. 3. Thus, we observe
sion in the calculation than in the experiment, while the othethree electron pockets which should be identical to each
one (bandi) shows relatively good agreement. The discrep-other but have different orientations by 90°. This, in turn,
ancy in the energy of bandmay be due to underestimation enables us to measure directly the size of each axis of the
of the hybridization strength between the Sp &nd the La  ellipsoidal electron FS as well as the exact location in the
5d states around the center of theXXX plane, since the BZ. It is noted here that the present ARPES observation is in
stronger hybridization would cause a downward shift of thegood agreement with the band-structure calculation as well
Sb 5p band. as with the dHVA resuft® as seen in Fig. 5.

The FS topology of LaSb was already studied by dHvVA Next, we compare the experimental band structure of
measurements.® The observed FS consists of three differentLaSb derived by HR-ARPES with that of CeSb which un-
sheets; a small and a large hole FS&amedgB and y sheets, dergoes a series of magnetic phase transitions with tempera-
respectivel§) atI" point and an electron FG sheetat theX  ture from paramagnetic phase at high temperature to antifer-
point. When we compare the present ARPES results with theomagnetic phase at low temperatifté® We observed a
dHvA measurements, we immediately notice thatandh,  small but distinct change in the FS topologwlume across
bands in Fig. 3 should correspond to the bands that form ththe magnetic phase transition in CeSb, but did not clearly see
small and the large hole sheets, respectively. However, a@n effect of symmetry lowering caused by the magnetic order
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such as band folding. We find that the overall structure ofgives the FS volume consistent with the dHvVA measurement.
experimental band dispersion is essentially the same amonthus, a more elaborate band-structure calculation with rea-
LaSh, paramagnetic and antiferroparamagnetic C&%b. sonable parameters is necessary to understand both the
This implies that the symmetry lowering caused by the magdHvA and the ARPES experimental results.

netic order may have a very small effect on the electronic

structure observed by the ARPES experiment. V. CONCLUSION

Finally, we discuss the quantitative discrepancy between We h ; d hiah luti | ved ph
the experiment and the band calculation, in particular, in the Y'€ NaVe periormed high-reso ution angle-resolved photo-

energy dispersion of Shy,, bands b, andh, bands in Fig. emission spectroscopHR-ARPES on single crystal LaSb

5). As seen in Fig. 5, these two Skp§, bands that give ﬁRSXIgBI/DIIEhSe band structu:e and tthhe FFermljslurfalcE topolotg)g
holelike FS’s at thd” point are situated closer 6 in the ) measurements near the ermi level have estab-

calculation than in the experiment. This discrepancy is crull';qled.the emster;ce ofdhkg)le an electront_ polck_etz_ att_the
cial for quantitative understanding of the anomalous mag- rfouin-zone center and boundary, respectively, indicative

netic properties of CeSb based on thef mixing model of the semimetallic nature of LaSbh. We have performed the

Two possible origins are inferred to account for this discrep-l"\lg-l:l;cE)S b;';md Itstrurc]éurfe ﬁzlctlﬁ]la;ucm tovlr;te”r pfrett trhe fH?h
ancy. One is underestimation of the hybridization Strengtﬁ\?alence-bzilcjj :trzlcture0 l;howsaa oc?doa er:emeezr?tl:)eetmcl)een fhe
between the Sbb;,, and the La 8l states in the calculation, 9 9

since the hybridization matrix is stronger midway betwé&en HR'ARPES experiment aT‘d the calculation \_N_h'le there is a
and X points; actually it is zero af' and X points. Another quantitative discrepancy in the energy posmpn of the .Sb
possible origin for the discrepancy is underestimation of the5p3’2 bands. The present HR-ARPES observation of holelike

hybridization strength between the SpJ% and the unoccu- a"?d. electronlike Fermi sgrfaces in LaSb supports phé
pied La 4f state, which is the strongestlapoint. In order to mixing model which explains the anomalqus magnetic prop-
’ rties of CeSb based on the semimetallic band structure of

check these two possibilities, we have performed sever o :
band-structure calculations with different empirical level corﬁzzprgr?ége:e(;%rgggugdml‘;gbéI;—Qgr;tzsﬁgﬁf g{?ﬁ;ﬂtraet'\ézlgﬁé_

rection (ELC) terms for the La 8 level® The result shows
that the dispersion of conduction bands is very sensitive tgon.
the ELC parameter while that of Skp§, bands on thd'-X

line is not. This suggests that the observed discrepancy in the
energy position of the Sby,, bands may be due to under-  The authors are grateful to Professor A. Hasegawa at Nii-
estimation of the hybridization between the Sb,p and the  gata University for useful discussion. H.K. thanks the Japan
unoccupied La 4 state. However, a simple increase of the Society for the Promotion of Science for financial support.
hybridization strength in the present calculation causes afhis work was supported by grants from the REIMEI Re-
downward shift of the Sb b, bands near th& point, re- search Resources of Japan Atomic Energy Research Institute
sulting in decrease of the FS volume. This causes discre@and the Ministry of Education, Science, and Culture of
ancy to the dHvA result® since the present band calculation Japan.
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