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NOVEL TECHNIQUE OF ACOUSTIC DE HAAS-VAN ALPHEN EFFECT AND 
APPLICATION TO L a 6  

T. Suzuki (I1'), T. Goto (I), Y. Ohe (I), T. Fujimura (I) and S. Kunii (2) 

(I) Research Institute for Scientific Measurements, Tohoku University, Sendai 980, Japan 
(2) Department of Physics, Tchoku University, Sendai 980, Japan 

Abstract. - We present the clear evidence that the new Fermi surface structure exists in the interconnecting necks of 
L&6, which have been found by the acoustic de Haas-van Alphen effect. 

1. Introduction 

The lanthanum hexaboride, LaB6, has attracted re- 
markable attention as the non-f electron reference ma- 
terial for another rare earth hexaborides which show 
various interesting properties of f-electrons. The study 
of Fermi surface (FS) of is considerably impor- 
tant to understand electronic structures of rare earth 
hexaborides. 

Lots of de Haas-van Alphen (dHvA) experiments on 
LaB6 have been performed 11-31. It was concluded that 
FS of LaB6 consists of interconnecting ellipsoids at X 
points and thin necks [3] along C lines in the simple 
cubic Brillouin zone. Whereas, no band calculation has 
succeeded [4] in realization such very slender necks. 

Recently Harima et al. [5] have performed a new 
band calculation, motivated by the present data, which 
proposes that the FS of Lal36 consists of ellipsoids at X 
points connected by the short and thick necks and the 
quite small ellipsoid-electron-pockets which are elon- 
gated along C lines and overlap on the necks. 

In the present report, we would like to show the 
clear evidence that the small ellipsoidal FS [5] really 
exists on the necks and the low frequency quantum 
oscillations denoted p-branches [3] are identified as 
the small ellipsoids, which have been firstly found by 
the acoustic dHvA effect. 

2. Experimental 

We have developed the ultrasonic apparatus based 
on the phase comparison method [6] with the high 
resolution (Av/v <5x lod8) and low input power 
(N 500 nW) . The high performance is realized by us- 
ing LiNb03 transducer prepared in the optical instru- 
ment work shop of our institute. The low input power 
apparatus is applicable to low temperature experi- 
ments 171 in a dilution refrigerator. The high resolution 
enables to  observe the quantum oscillations of longitu- 
dinal 4 1 ,  transverse C44 and (CII - C I ~ )  12 modes' 
elastic constants of LaB6 [8] corresponding to all of 

the extremal orbits which have been reported [I-31. 
In this paper, the acoustic dHvA data of C44 mode's 
elastic constant corresponding to p-branch is shown. 
The configuration, (k,, u,) , of the present uItrasonic 
experiments is that the sound propagation (k) and dis- 
placement (u) direction are parallel to  the (100) and 
(010) crystal axes of Lal36, respectively. The sound fre- 
quency of 70 MHz have been used. Considering possi- 
bility of rotation and anisotropy effect in the itinerant 
electron system, we have measured the angular depen- 
dence of acoustic dHvA effect for rotating magnetic 
field directions in the various crystallographical planes 
as the (Oll), (101), (Oil), (OiO) and (110) at 1.3 K. 
The magnetic field is generated by a superconducting 
magnet up to 8 T. The LaB6 single crystal of present 
experiments exhibits the residual resistance ratio 21 65. 

3. Results and  discussion 

The effective cyclotron mass of 0.042 mo in the (100) 
direction of p-branch have been observed by the tem- 
perature dependence of amplitude of the C44 mode's 
acoustic quantum oscillation, which is consistent with 
others [l-31. The Dingle temperature is about 2.0 K 
for p-branch. 

Figures 1 and 2 show angular variations of the ex- 
tremal cross-sectional areas of the FS corresponding to 
the acoustic dHvA frequencies with the order of lo4 G .  
All branches shown in figures 1 and 2 are ps and pe ex- 
cept p3 and p4 which are antisymmetrical to the (110) 
axis in the (001) plane. The pl and pa branches exist 
in the x-plane of the Brillouin zone, and also ps, p4 in 
the y-plane and p ~ ,  p6 in the z-plane, respectively. 
The ultrasonic configuration (k,, u,) excites the a,, 
strain in the z-plane. Therefore it is expected that 
the Landau orbits around ps and p6 Ferrni surfaces 
are the most responsible for the a,, strain. The result 
has been confirmed by Harima et al. [9] with the a,, 
strain dependence of bands corresponding to p branch. 
The observation of the p3 and p4 branches may be in- 
terpreted by the response of the Landau orbit through 
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Fig. 1. -Angular variations of extremal cross-sectional area 
denoted as p branch in the (101), (OOl), (oil) planes. Solid 
lines show the data observed by torque method (31. Open 
circles indicate the data firstly observed by the present ex- 
periments. 

Fig. 2. - Angular variations of extremal cross-section In 
the (0x0) and (110) planes. 
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the rotation effect since the (L, uy) also excites the 
rotation of y-plane around z-axis. 

The angular variation indicated by open circles in 
figures 1 and 2 have been firstly observed by the acous- 
tic dHvA effect. The results by torque method [3] are 
transcribed as solid lines. The present results in the 
(101) and (Oil) plane are considered as if the intercon- 
necting necks were cut off from main ellipsoidal FS at 
X point, if one regards p branches as the interconnect- 
ing necks. The curious fact can not be explained by 
magnetic break down (MBD) effect. MBD breaks out 
when the electrons accelerated by magnetic field break 
through a small potential gap. Therefore separated FS 
becomes interconnecting one by MBD effect and the 
above mentioned cut off effect never happen. More- 
over, the results of magnetoresistance indicate that 
the necks exist in high field [2, 101. The cut off effect 
may happen by non-linear effect of strain. We have 
investigated the strain dependence of acoustic dHvA 
oscillations on p branch. No strain dependence is de- 
tected [8]. Recently, a new FS model was proposed 
by Harima et al. as mentioned above. The angular 
variations of cross sectional area in the (101), (Oll), 
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(Oil), (OiO) and (110) planes are in good agreement 
with the angular dependence of the proposed small el- 
lipsoidal FS in the thick interconnecting necks. Our 
developed high resolution ultrasonic system enables to 
observe acoustic dHvA effect without field modulation 
technique. Therefore one can easily get the amplitudes 
of acoustic quantum oscillations. The angular depen- 
dences of the amplitudes [8] are also in good agreement 
with the theory [9]. 

In summary, we have developed the high perfor- 
mance ultrasonic apparatus and identify p branches 
as the small ellipsoidal FS proposed by recent band 
calculation and not as interconnecting necks. 

In order to find the dHvA effect of real necks which 
have not been observed yet, high field and low temper- 
ature experiments on a more purified sample are now 
going on using a dilution refrigerator. 

Acknowledgements 

We thank to Dr. H. Harima, Profs. 0. Sakai and T. 
Kasuya for useful discussions and theoretical supports. 

[I] Ishizawa, Y., Tanaka, T., Bannai, E. and Kawai, 
S., J. Phys. Soc. Jpn. 42 (1977) 112. 

[2] Arko, A. J., Crabtree, G. W., Karim, D., Mueller, 
F. M., Windmiller, L. R., Ketterson, J. B. and 
Fisk, Z., Phys. Rev. B 13 (1976) 5240. 

[3] Ishizawa, Y., Nozaki, H., Tanaka, T. and Naka- 
jima, T., J. Phys. Soc. Jpn. 48 (1980) 1439. 

[4] Hasegawa, A. and Yanase, A., J. Phys. F 7 (1977) 
1245; 
Yanase, A. and Hasegawa, A., Electron Corre- 
lation and Magnetism in Narrow-Band Systems, 
Ed. T. Moriya (Springer-Verlag) 1981, p. 230. 

[5] Harima, H., Sakai, O., Kasuya, T. and Yanase, 
A., to be published in Solid State Commun. 

[6] Jeil, J., Kouroudis, I., Liithi, B. and Thalmeier, 
P., J. Phys. C 17 (1984) 2433. 

[7] Suzuki, T., Goto, T., Sakatsume, S., Tamaki, A., 
Kunii, S., Kasuya, T. and Fujimura, T., Jpn J. 
Appl. Phys. 26 (1987) 511; 
Goto, T., Suzuki, T., Ohe, Y., Tamaki, A., Sakat- 
sume, S., Fujimura, T., Onuki, Y. and Komatsub- 
ara, T., Jpn  J. Appl. Phys. 26 (1987) 525. 

[8] Suzuki, T., in preparation. 
[9] Harima, H., in preparation. 

[lo] Onuki, Y., Umezawa, A., Kwok, W. K., Crabtree, 
G. W., Nishihara, N., Yamazaki, T., Omi, T. and 
Komatsubara, T., to be published in Phys. Rev. 

@ Les Editions de Physique 1989 Directrice de la Publication : Jeanne BERGER 

Imprim4 en France - JOUVE, 18, rue Saint-Denis, 75001 PARIS 
N' 50583. DBp6t legal : Mars 1989 


