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The interlayer magnetoconductance of the quasi-two-dimensional organic metal
(BEDT-TTF)gHg,Cl15(CeHsCl), has been investigated in pulsed magnetic fields extending up to 36 T and in
the temperature range from 1.6 to 15 K. A complex oscillatory spectrum, built on linear combinations of three
basic frequencies only, is observed. These basic frequencies arise from the compensated closed hole and
electron orbits and from the two orbits located in between. The field and temperature dependences of the
amplitude of the various oscillation series are studied within the framework of the coupled-orbits model of
Falicov and Stachowiak. This analysis reveals that these series result from the contribution of either the
conventional Shubnikov—de Haas effect or quantum interferé@beboth of them being induced by magnetic
breakthrough. Nevertheless, discrepancies between experimental and calculated parameters indicate that these
phenomena alone cannot account for all of the data. Due to its low effective mass, one of the QI oscillation
series—which corresponds to the whole first Brillouin zone area—is clearly observed up to 13 K.
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[. INTRODUCTION chemical potential and are due to the field-dependent inter-
play of electronic states from the different bands crossing the
In some organic conductors, the Fermi surfé€€) pre-  Fermi level!® The main still open question lies in the relative
sents quasi-two-dimensiondhuasi-2D pieces connected weight of these different contributions to the data.
with small enough gaps, which offers the very attractive op- The room-temperature FS of (EgHg,Cl;,(CgHsCl), re-
portunity to investigate still interesting questions of fermiol- sults from the hybridization of two pairs of hidden quasi-1D
ogy such as the “competing coexistence” between differensheets! parallel to the &*,b*+c*) and @*,c*)
types of quantum oscillations. This is the case of, e.g., th@lanes'*!® The resultant FS, obtained after raising the de-
quasi-2D charge-transfer sadt (ET),Cu(NCS),, where ET  generacy, is built up with one hole and one elongated elec-
stands for the donor molecule BEDT-TThisethylenedithia- tron tube(see Fig. 1 Although the cross section area of both
tetrathiofulvaleng Indeed, the FS of this compound appearselectron and hole tubes amounts to 13% of the first Brillouin
to be adequately described by the textbook model of a chainone(FBZ) area'® the resulting orbits do not share the same
of coupled orbits introduced by Pippatdn this compound, topology and are separated from each other by two unequal
the conventional Shubnikov—de HagddH) effect resulting  gaps labeled; andE, in Fig. 1. Provided these gaps are not
from magnetic flux quantization inside semiclassical closedoo large, MB between electron and hole orbits can occur in
orbits and quantum interfererfce(Ql) between open elec- a magnetic field, leading to a two-dimensional network of
tron paths, which can be both induced by magnetic breakeoupled orbits. This may give rise, besides quantum oscilla-
through (MB),*® can occur. These phenomena yield fre-tions linked to the electron and hole closed orbits, to addi-
quencies resulting from linear combinations of the two basidional oscillation frequencies that can be accounted for either
frequenciesy and B as observed in the oscillatory spectrum by the semiclassical model of Falicov and Stachoikby
of the magnetizatich and of the longitudinal Ql. Regarding the FS topology at low temperature, it is
magnetoresistandé although some of these combinations worth noticing that a metallic ground state is stabilized in
are forbidden in the semiclassical picture. Similar frequencyET)gHg,Cli5(CsHsCl),. Indeed, the conductivity exhibits a
mixing induced by oscillation of the chemical potential of a metallic behavior down to the lowest temperatures with a
2D electron gas may also contribut€ tr account fot os-  residual resistivity ratio equal t&100 and without any sign
cillatory data. More recently, numerical computation of theof (even imperfegt nesting of neither electron nor hole
de Haas—van AlphefdHvA) oscillation spectrum has been tubes'?
achieved. Based on a realistic tight-binding model of Previous magnetoresistance experiments performed up to
quasi-2D organic conductors, these computations also evits T on (ET(Hg,Cl;5(CsHsCl), crystals with the current
denced, although at quite high/T ratios, significant fre- injected within the conductingc plane(in-plane configura-
quency mixing, including the forbidden frequencies. Theytion) (Ref. 14 exhibit one SdH oscillation series, referred to
occur as well for a fixed number of particles as for a fixedas thea series hereafter, with a frequenEy=250 T corre-
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FIG. 1. Fermi surface of (EEHg,Cli(CeHsCl), according to 38°
the band structure calculations of Vieros and Canadedif. 13.
Latin types are labels discussed in the text. Besidesétaad A
orbits, the elongated electron and the hole closed orbits can be 48° WW
observedmg; (myp;) andmg, (my,,) are the weight factors, i.e., the
partial effective mass linked to the short and long parts of the elec- 53°
tron (hole) closed orbit, respectively. Shaded and hatched areas de G(B)/Gb (B)=0.2 50 e
pict one of the SdH orbits and one of the two-arm interferometers, L ? L
respectively, that can account for theoscillation series. Open
circle and open square mark the extremities of the two-arm inter- 0.03 0.04 0.05 0.06

ferometer. -1
1/ [Bcos(0)] (T )

FIG. 2. Oscillatory part of the magnetoconductance-at7 K
r different orientations of the magnetic field,q is the field-
dependent background part of the conductivityis the angle be-
tween the magnetic field direction and the normal to the conducting
plane.

sponding to a cross section 6f11% of the FBZ ared’
Nevertheless, when the current is injected in the directior}0
a*, normal to the conducting plan@nterlayer configura-
tion), a complex oscillatory behavior is observed, in particu-
lar at high magnetic field® Namely, in addition to a fre-
quencyF,=2200 T, corresponding te-100% of the FBZ
area, other frequencies which are linear combinations of th
frequencies-,=240 T andF ;= 150 T (7% of the FBZ aren
respectively, have been observed.

The aim of this paper is to show that the oscillatory be-
havior of the interlayer magnetoresistance of the
(ET)sHgaClio CeH5Cl), organic conductor results from sev- o yith”an elevated cosine window in a given field
eral contributions, including MB-induced QI effects. Thisr nae fromB. to B In the following. the amolitude of a
will be achieved through the analysis of the temperature anf"9 min max- wing, phitu

. . . : .i.given oscillation series at the mean-field valuB
I:gl?;g:g{:gumde and orientation dependences of the OSC'”a% 2/(1Bint+1/B 2y is determined by the ratio of the ampli-

tude of the FT to (B,i,—1/Bya- The orientation of the

magnetic field is defined by the angtebetween the field
Il. EXPERIMENT direction and the normal to the conductibgplane. The sign
of 6 is arbitrary.

ﬁwe pulsed fields of the LNCMEB6 T, 1.2 $ were noiseless,
this should allow us to derive reliable oscillatory data down
to, e.g.,, 11 and 1 T for a frequency of 2200 and 150 T,
respectively(see Ref. 15

Data analysis is based on Fourier transforif@$’s) cal-

The studied crystal was a platelet with approximate di-
mensions (X 1x0.1) mn?, the largest faces being parallel
to the conductindc plane. Electrical contacts were made to lll. RESULTS AND DISCUSSION
the crystal using annealed gold wires of 2th in diameter
glued with graphite paste. Alternating curréd0 uA, 50
kHz) was injected parallel to tha* direction (interlayer Figure 2 displays the oscillatory magnetoconductance for
configuration. A lock-in amplifier with a time constant of different orientations of the magnetic field at a temperature
100 us was used to detect the signal across the potentialf ~1.7 K. Here FT’s deduced from data in Fig. 2 are dis-
leads. If the measurements, performed during the decay qflayed in Fig. 3. A complex oscillatory behavior is observed

A. Oscillatory spectrum
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——— FIG. 4. Fourier transforms deduced from data at different tem-
3.6 b b) peratures ford=0° in the magnetic field range 18—35.7 T. Fre-
guency combinations involving, b, and é orbits are indicated in
2.4 the figure. Solid triangles are marks calculated WitfF=241.5T,
- Fs=149T, and F,=2185T. Note that the oscillation series
- 12 b-2a- ¢ corresponds to tha orbit.
2
2 00 mind that a discrepancy of few percent between experimental
=3 0= 0° data and band structure calculations is an usual feature, it can
© be assumed that the calculated FS is in qualitative agreement
g 0=19° with the experimental data. Hende, is associated to the
° - . closed electron and hole orbifeferred to as tha orbits in
WD the following andF s to the § orbit. Fy,, which corresponds
9 =38° to the whole FBZ area, accounts for an orbit that involves
o 2a+ A+ 6. Owing to the experimental values of the frequen-
6 =53 . . .
T T S e e g ciesF, andF g, the cross section of th& orbit amounts to
3000 5000 7000 900 71% of the FBZ area. Finally, it is important to notice that
0
Feos(0) (T) more than ten frequency combinations involviRg are also

observed in FT's performed in the high-field rangee Fig.
4). In particular, the frequency linked to-2a- 5, which cor-
F'GSFOUrler tl’an.SformS deduced from data in Flg 2. ThEresponds to thé Orbit, is C|ear|y evidenced in the ﬁgure'

magnetic field window is 10-30 T and 20-35.2 T taj and (b), In order to assign the above-reported frequencies to
respectively. k-space SdH orbits or QI paths, it is important to keep in

mind that, following Falicov and Stachowiak and
since up to six fundamental frequencies—without countingShoenberg,areas enclosed by electron and hole parts of a
some harmonics—are displayed in Fig. 3. Moreover, thes®IB orbit bear opposite sign. One of the possible conse-
six frequencies follow the orbital behavior expected for aquences is that very large SdH orbits and QI paths including
two-dimensional FS in the explored angle range freidl®  both electron and hole parts may account for a gi@ren
to +72°, as demonstrated in Fig. 3 for some angles. In theather low frequency, although with a reduced damping fac-
field range between 10 and 3( Jee Fig. 83)], the observed tor and a large effective mass, as discussed in the next sec-
frequencies can be regarded as linear combinatiofrg @hd  tion. For exampleF ;s can be attributed, among others, to
Fs with F,=(241.5-2.0) T andF s=(149+2) T. In addi-  both the semiclassical MB closed orkatbcdebfghmihlaand
tion, an oscillation series with a frequendy,=(2185 the QI path(akl)-(abcdebfghl (see Fig. 1
+15) T and up to three harmonics are observed in the It is worth noting that the magnetic interactiaiMl)
higher-field range between 20 and 35.2[See Fig. &)]. can also induce frequency combinations in dHvA oscilla-
These three frequencies correspond to cross-section areastimins spectrum when the FS is composed of several
11.0%+0.1%, 6.8%+0.1%, and 100% 1% of the FBZ  orbits. However, recent measureméhtsave revealed that,
area, respectively. According to band structure calculationsgs is usually the case for most organic conductors, the value
the cross-section area of the electron and hole orbits corref the magnetization of the isostructural compound
sponds to approximately 13% of the FBZ afé&eeping in  (ET)gHg,Cl;,(CsHsBr), remains rather weak even at high
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TABLE I. Experimental data and calculated parameters relevant to the observed oscillationF{erie8°) is the oscillation frequency
deduced from experimental data for the magnetic field applied perpendicular to the conductingnplamelm, are the calculated effective

mass and the experimental effective cyclotron mass deduced from

the conventional LK(imtldkeltemperature range bel@ K for b and

o oscillations, respectively, relevant to the considered oscillation series. The field-dependent part of the dampindfagtansiK o, are

defined in Eq(5) and(6), respectively. Only the SdH orbits and QI

paths yielding the highest damping factors are considered in the table.

Experimental data

Calculations

SdH oscillations Quantum interference oscillations
Orbit F(6=0°) me m./m¢(a) m*/m*(a) Ksdn m*/m* (a) Kai
5 149+2  0.50:0.15 0.43-0.18 4 aSqsp2p3 2 aiqsp2p5
a  2415-2.0 1.170.13 1 1 a3as Not relevant
a+s  391+4  1.02-0.08 0.870.17 3 nggpipg 1 i zqizquipg s
2a+é  633+4  1.95:0.10 1.67-0.27 2 a795p3p3 2|me—mpol/m* (a)  g3q3pip3 or q795p%p5
3a+5 875-15 0.73:0.15 0.62-0.20 3 . Gq‘l‘f‘z‘p?psi e 1 ) 4q‘1‘2q‘2‘p§ag .
b 2185+ 15 0.5-0.1 0.43:0.13 4 d102P1P2 Or q;02P1P> 0 02P1P2 Or q:P1P;

magnetic field. This latter result makes unlikely a significantin the two- and three-dimensional casess equal to 1 and

contribution of MI's to the oscillation spectrum.
In the following, we will examine the possible contribu-

1/2, respectively.
Following Falicov and Stachowigkthe effective mass

tion of QI and conventional SdH effect to the observed osdinked to electron and hole orbits can be expressedas
cillatory behavior through the temperature and magnetic field=2 (mg; + mg,) and mf =2(my,,+my,), respectively. The
dependences of the oscillation amplitude. Unfortunately, thgveight factorsmy;, me,, my;, andmy,, which can be re-
oscillation series resulting from frequency combinations in-garded as absolute values of partial cyclotron mass param-

volving theF,, frequency(see Fig. 4 will not be considered
due to too small amplitude ar@dr) too steep field and tem-
perature dependences.

B. Calculation of effective masses and damping factors

According to the conventional Lifshitz-KosevicfLK)

model, the field and temperature dependences of the oscilla-

tory part of the conductivity can be accounted for by

_ a(B) ,{Fi )
) B

whereo(B) is the field-dependent monotonous part of the
conductivity.i stands for the indices of the oscillation series,
and; is the Onsager’s phase factor. Harmonics contributio
can be included in the equation. Neglecting the spin splittin
damping term, the oscillation amplitude is given by

=> Aco

D

Ai=Rr(1)Rp(1)Ryg(i), )

whereR; and Ry are the temperature and Dingle damping
terms, respectivel\Ryg , which will be considered latter on,
is the damping term which accounts for the contribution of
MB. As usual, the Dingle damping term is expressed as

Rp(i)=exd —uoTp(i)me(i)/B], 3
whereuy=2m2kg/he (uy=14.694 T/K), Tp(i) and m(i)

ds given bym* =|m —my|, wherem! andm

4

eters, are defined in Fig. 1. Since the oscillation series with
frequencyF, results from the contribution of the electron
and hole orbits, the resultant effective cyclotron mass has
been assumed equal t@} =(m}+m})/2, i.e., mi=mg
+mg,+ My, +my,. Same type of calculation has been per-
formed for the other SdH orbits as reported in Table I.

In the framework of the QI modél® the effective mass is
given by the energy derivative of the phase differenee (

— ¢j) between the two different routésandj of a two-arm
interferometer. ~ Within  this  model, J(¢;—¢;)/de
=heBdS./de, where S, is the reciprocal-space area
bounded between the two arms. Sine; — ¢;)/de is pro-
portional to the difference between the effective mass of the
two arms of the interferometer, the associated effective mass
i * are the par-

al effective masses of the routésand j. The calculated
alues for the QI orbits are given in Table I. It should be kept
in mind that a given oscillation series can be accounted for
by several types of QI paths or SdH orbits with different
damping factors. Data in Table | are restricted to orbits yield-
ing the highest damping factors, i.e., with the lowest number
of MB junctions and the lowest effective mass.

For a given oscillation series, noticeable differences be-
tween effective masses linked to either SdH or QI can be
observed. E.g.m3,, 5 is equal to 2n} in the case of SdH,
while m$,, 5 is equal to 2mg,—my,| in the case of QlI,

which is certainly much lower thamy .

Turn now to the damping factoRyg entering Eq.(2).

are the Dingle temperature and the effective cyclotron mas%ccording to Falicov and Stachowidkhe damping factor

respectivelyR+(i) is given by

Tm(i)/B"

Re(D)* St ugTm(H)/B]

(4)

for a SdH orbit can be written as

RSIdBH(i):gl:Ilz pgpgq;qg exqi(npgﬁop"_nqg@q)]- 5
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FIG. 6. Temperature dependence of the oscillation amplitude of
some of the series observed in Fig. 5. The angle between the mag-
netic field direction and the normal to the conducting planéss
—13°. The mean-field value is 29.57, 28.29, 29.57, and 27.66 T,

b) =
L ’ G(B) /,Gt,’g(,B,) , 0,'1, respectively for thea, a+ 8, 2a+ 8, and 3+ & series. Solid lines
0020 0034 0039  0.044 are best fits to Eql4).

1/B (T'1) damping factor, which is usually assumed temperature inde-

pendent, the quantum state lifetime, includes the
FIG. 5. Oscillatory part of the magnetoconductance at differentemperature-dependent electron-phonon interaction. Assum-
temperatures in the field range 21.7-36 T. The angle between th'ﬁg that 1/, is proportional to the zero-field resistivipgp(T)
magnetic field direction and the normal to the conducting plane i%/ields
0=—13°.

Ql ,; o . o .

The indicesg stand for the two different gaps between Ryig(i) < Kqi(i)ex — a(i)pol, (7)
electron and hole orbitésee Fig. 1 ¢, and ¢4 are phase wherea(i) andp, are field and temperature dependent, re-
factors (p,+ ¢q= = m/2). The integers,g andngyq are, res-  spectively.
pectively, equal to the number of MB and Bragg reflections = As pointed out above and contrary to the case of, e.g.,
encountered along the path of the quasiparticle. The MB ang-(ET),Cu(NCS),, several QI paths or SdH orbits with dif-
Bragg reflection probabilities are given lp)z=exp(— By/B)  ferent topologies may contribute to a given oscillation series,
and |qg|2= 1- pé, respectively, whereB, is the gap- even restricting ourselves to the orbits or paths with the high-
dependent MB field. In the following, the field-dependentest damping factor. As an example, the § series can be
part of RY& (i) is expressed as accounted for by the QI paths with the arms

(akh-(abfghl and b og-(e kmijo (see Fig.
Keg(i)= [ poqes 1). Nevertheless, both of them include the same four MB and
SdH(')_g:m Pg™dg ™ four Bragg reflections involving the small and large gaps
between electron and hole orbits. This leads to the field-

In the case of a two-arm interferometer, the damping ternflependent part of the damping factoKq(a+6)
for QI is given, according to Harrisoet al,”® by =q2q5p2p3 [see Eqs(6) and(7)]. In addition to SdH orbits

which may present either hole d e k m i j corbit) or
L N n ™ electron(a b f g h | aorhit) character, the 2+ § series can
RSAB(I)O{k,QLz Pig*Ikg’ exp( - Kﬂ) 6) " pe accounted for by the two interferometers with the arms
(akmijp-(abfgj and bfghm-(bcdekn.

In this expressioni, andg indices have the same meaning However, contrary to the case of the- 6 series, these two
as in Eq.(5), while k indices stands for each of the two arms QI  orbits yield different damping factors: namely,
of the interferometem,,q andn, are the number of MB and  q1q3p7p3 andgiqspip3, respectively.

Bragg reflections, respectively, encountered by each of the Regarding théd oscillation series, it can be accounted for
arms of the interferometer. As stated in Ref. 18, the relevanby semiclassical MB orbits, such as the one marked with
effective masamn; enteringw;=heB/m; is the sum of the shaded area in Fig. 1, with large effective mass and reduced
partial effective masses of the two branches of the interferMB damping factorgsee Table)l A lot of QI paths can also
ometer. In addition, as pointed out by Stark and Friedbergaccount for Fb, even without taking into account the inter-
and contrary to the scattering time involved in the Dingleferometers which involve QI paths with strongly different
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circles and § (solid squaresoscillations. The mean-field value is
22.66 and 29.57 T, respectively, for ti#eand b series. The angle
between the magnetic field direction and the normal to the conduct- 1/B (T'1)

ing plane isf=—13°. Dashed lines are best fits to the LK model

[see Eq.4)] as done in Fig. 6. Solid lines are best fits to the LK FIG. 8. Dingle plots of the oscillation series observed in the data
model, assuming a zero effective cyclotron mass and taking int@t 1.6 K andd= —13° (see Fig. 3. Solid and dashed lines are best
account the temperature dependence of the quantum state lifetinfiés to the data taking and without taking into account contribution
according to Eq(7). The temperature dependence of the zero-fieldof magnetic breakdown damping factor, respectivebe text The
resistancéopen circleis also displayed. The dotted line is a guide values of the effective cyclotron mass parametgrare given in

for the eye and accounts forf“® dependencésee text Table 1.

0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24

. this model holds in the present case, allows us to compare
arms length and bear reduced MB damping factd&MB o orimental values af(i)/m.(a) to calculated values of
junctions and large effective magsn* =2m*(a)]. Among m* /m*

. . . i a -
those with a zero effective mass, some interferometers also The effective cyclotron mass,(a+ ) is close tom.(a)

involve a large number of MB_jungtions. Since the_y are the(See Table ), which is in agreement with QI phenomena.
most probable, only thpse _Whlch mvo[ve ten.MB JU”Ct'OnSSimilarly, the m,(2a+ &) value is in betweerm.(a) and

(see the hatched area in Fig.dre considered in Table I. 2m.(a), which suggests a significant contribution of con-
ventional SdH effect. Oppositely.(5) andm¢(3a+ 6) are

C. Data analvsis lower thanm(a), which invalidates both the conventional
' Y SdH and QI models. It must be pointed out that the §

The oscillatory part of the magnetoconductance is disseries is not observed in dHVA experiments performed at low
played in the field range 22—36 T fér= — 13° in Fig. 5. The  magnetic field® although these dHVA data present a better
temperature dependence of the amplitude of the oscillationsignal-to-noise ratio than the present conductivity data. This
for the a, a+ 8, 2a+ 8, and 3+ 6 series observed in the result suggests that QI does contribute to the oscillatory be-
oscillatory spectrum is displayed in Fig. 6 in the temperaturehavior. Otherwise, the 2+ § frequency combination, which
range up to 10 K. Good agreement with the conventional LKmainly results from the SdH effect, is still visible in the
model is observed as is the case for thendb oscillations  dHvA experiment. Nevertheless, the frequencies linked to
below ~8 K (see Fig. 7. However, Fig. 7 displays strong the § and to the &+ & orbits which are not accounted for by
downward deviations from above8 K for these latter se- either conventional SdH or QI are also not detected in the
ries. These deviations from the LK model are discussed latedHvA data. Owing to the large cross section of therbits,
on. The cyclotron effective masses have been determined fon,(b) deduced from the low-temperature part of the data is
different directions and mean values of the magnetic field. Ifow when compared to.(a) sincem,(b)/m.(a)~0.4 (see
the main, slight variations of the measured effective cyclo-dashed lines in Fig.)7 This rules out the conventional SdH
tron mass parameter can be observed at high magnetic fielthodel and suggests that theoscillation series may result
likely due to the strongly two-dimensional character of thefrom QI. Nevertheless, only the interferometers with a zero
FS® Stronger downward deviations are nevertheless obeffective mass should significantly contribute to the oscilla-
served in some cases, e.g., fog(a) at #=33° andm¢(a  tory behavior. Such a discrepancy has already been observed
+ ) at #=22°. The values deduced from experimental datan the case of the 3D LaBcompound which also exhibits a
are given in Table |, assuming that reliable values of theQI orbit with an extremal cross section equal to the FBZ area
effective cyclotron mass are obtained at low magnetic fieldand for which a zero effective mass is predictt@his dis-

In the framework of Fermi liquid theory, effective cyclo- crepancy can be accounted for by Ed), which assumes
tron masses are renormalized by electron-phonon interathat the relevant lifetime arising in E€p) is proportional to
tions and electron correlation, accounted for by multiplica-the interlayer conductivity in zero field. This is demonstrated
tive factors (L-Aepn) and (1+ M), respectively, where in Fig. 7 where solid lines are best fits to Eg) assuming a
Ne-ph @nd A are the strength of the interactions. Assumingzero effective cyclotron magse., Rr(b) defined in Eq.(4)
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is temperature independerand a temperature dependence IV. SUMMARY AND CONCLUSION
of Rﬁ'B given by Eq.(7). Even better agreement between
data and Eq(7) is obtained assuming 4/is proportional to
T2, which constitutes a signature of the Fermi liquid behav
ior. It can be noticed in Fig. 7 that E¢7) also holds for the
S oscillation series, although there is no theoretical justifica
tion for this behavior in the framework of the SdH and QI
models since much higher valuesmf(6) are predicted in
both casegsee Table)l

Additional information can be derived from the field de-

The oscillatory behavior of the interlayer magnetoconduc-
tance of the quasi-two-dimensional organic metal
(BEDT-TTF)gHg,Cl1(CgHsCl), can be described on the
basis of linear combinations of three basic frequencies aris-
ing from the compensated closed hole and electron orbits and
from the two orbits located in between. It can be remarked
first that the various MB-induced SdH orbits and QI paths
responsible for the observed oscillation spectrum are not in-

A . . ) dependent, but do constitute an interlinked network which
peno_lence O.f the oscillation ampl_|tude. Fl_gurt_a 8 dlsplays COMpas been considered in the framework of the coupled orbits
ventional Dingle plots of the various oscillation series at 1.6

) _ _13°h b h . model of Falicov and StachowidkOn the basis of the de-
K. (s'e.e Fig. .5' Data atf=—1 ave been Chosen SINCE NO iyaq yalues of the effective cyclotron masses linked to the
significant field dependence of the various effective cyclo

has b b d for this field direction 5Th ‘various oscillation series, it can be inferred that a strong
tron masses has been observed for this field direction.dTne ¢, i tion of the conventional SdH effect accounts for the

series has not been considered since reliable data can 93+5 series. while data foa+ & andb are consistent with
derived for theb oscillations in a very narrow field range Ql Oppositély the low values ofn(3) and m.(3a+ d)

. ) X . g c c
g_nly, I|_ker| due t(_)lthe|:5 we4ak_ amplltydde. dThDe tr\:vod disagree with both SdH and QI. In addition, the field depen-
l_lmen_sml?_a téaséng mf_ q'f( E)] és COHSI e(.\jre ' _ahs €0 dence of the oscillation amplitude of the various series
Ines in Fig. 8 are best fits o .c{ ) to the ata without o5t pe consistently accounted for by a unique set of MB
taking into accqun_t any contr_|but|qn of MB damping factpr. gapsk, andE,. These features suggest that additional con-
DOW”W;?“?. (?ge\élz;tl?_résl_from_ I|:1k(]ea;|.ty are obser\t/ef.? "’t‘t mghtributions, such as frequency mixing due to oscillation of the
magnetc fieid. Solid inés In the figure are Best TS 10 € -, o mical potentidl® or interplay of electronic states from the

data including MB damping factdisee Table )l relevant to iff ing the Eermi lev v infl
either SdH(a and 2a+ & series or QI (a+ & series. It is d|ee(;zgitlll;?:rgsb%rﬁ;\?ilgrgt e Fermi le¥Bktrongly influence

. . h
wor_th noting that the same damp|_ng _factor h_OIdS for SdH ané From the experimental point of view, further enlighten-
Ql in _the case of the 3+ OS.C'”at.'On SEeries. Generally ont could be given by dHVA experiments in high magnetic
speaking, a very large uncertainty in the derived values Ofig|y |hdeed, contrary to conductivity, magnetization, as a
MB fields is obtained. Assuming same MB fields for the two thermodynamic parameter, is not sensitive to QI. In addition,

gaps reduces the -uncert_ainty and. yieldg =B,=(55 the configuration of measuremdiri plane versus interlaygr
*20) T for thea series. This value might also account for ;014 also be considered since, up to now, no frequency

the data relevant to thea2+ 5 series for which MB fields  -ompination has been observed in conductivity data recorded
between 30 and 160 T are obtained. Nevertheless, a negatiye o in-plane configuratiotf

Dingle temperature is obtained assuming MB field in this
range even though the Dingle temperature for dhescilla-
tion series isTp(a) =0.4 K. In addition, Dingle plot for the
a+ ¢ series can only be accounted for by lower MB fields,
i.e., between 0.2 and 19 (Bbove 19 T, negativ@ values The authors would like to thank Tim Ziman, J. Y. Fortin,
are obtainel Hence the data in Fig. 8 cannot be accountedR. Fleckinger, and V. Laukhin for discussions on chemical
for by a unique set of MB field values. This may suggestpotential oscillations and QI, E. Canadell for discussions
that, in addition to SdH and QI, other contributions shouldabout FS calculations, and J. Singleton for a very pertinent
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