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Abstract. Interlayer magnetoresistance and magnetisation of the quasi-two dimensional organic metal
(BEDT-TTF)8Hg4Cl12(C6H5Br)2 have been investigated in pulsed magnetic fields extending up to 60 T
and 33 T, respectively. About fifteen fundamental frequencies, composed of linear combinations of only
three basic frequencies, are observed in the oscillatory spectra of the magnetoresistance. The dependencies
of the oscillation amplitude on the temperature and on the magnitude and orientation of the magnetic
field are analyzed in the framework of the conventional two-dimensional Lifshitz-Kosevitch (LK) model.
This model is implemented by damping factors which accounts for the magnetic breakthrough occurring
between electron and hole orbits yielding conventional Shubnikov-de Haas closed orbits (model of Falicov
and Stachowiak) and quantum interferometers. In particular, a quantum interferometer enclosing an area
equal to the first Brillouin zone area is evidenced. The LK model consistently accounts for the temperature
and magnetic field dependence of the oscillation amplitude of this interferometer. On the contrary, although
this model formally accounts for almost all of the observed oscillatory components, it fails to give consistent
quantitative data in most other cases.

PACS. 71.18.+y Fermi surface: calculations and measurements; effective mass, g factor –
71.20.Rv Polymers and organic compounds – 72.20.My Galvanomagnetic and other magnetotransport
effects

1 Introduction

The model of a linear chain of coupled orbits, consid-
ered at the time as purely academic, was introduced
by Pippard [1] in the early sixties to compute mag-
netic breakthrough (MB)-induced Shubnikov-de Haas
(SdH) and de Haas-van Alphen (dHvA) oscillations. This
model has received a spectacular illustration with the
BEDT-TTF (bisethylenedithia-tetrathiofulvalene) salts of
the κ-family. Magnetic oscillations have been exten-
sively studied especially in κ-(BEDT-TTF)2Cu(SCN)2 for
which, in addition to the basic frequencies associated with
the closed α and the MB-induced β orbit (Fα and Fβ ,
respectively) magnetoresistance and magnetisation oscil-
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lation spectra exhibit frequencies which are combinations
of Fβ and Fα. On the basis of the Falicov and Stachowiak
model [2], which assumes highly degenerate sharp Landau
levels, these oscillations have been interpreted either on
the basis of conventional SdH or dHvA effect (e.g. Fβ +Fα

or Fβ + 2Fα [3–5]) or quantum interference (QI) (e.g.
Fβ − Fα [4,5] or Fβ − 2Fα [5]). However, these latter
frequencies are also observed in dHvA data [3,6,7], al-
though dHvA oscillations are not sensitive to QI. It has
been computed that oscillation of the chemical potential
of a 2D-electron gas [4,8] may account, at least partly,
for the frequency mixing observed in dHvA spectra. Nev-
ertheless, numerical [9] and analytical [10] calculations of
the dHvA oscillations for the Fermi surface (FS) of κ-salts
indicate that significant frequency mixing can also be ob-
tained within the grand canonical ensemble i.e. for a fixed
chemical potential. More generally, as already pointed out
for the case of pure magnesium [11], the coupled-orbit
network model of Pippard [1], which is characterised by
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Fig. 1. Fermi surface of (BEDT-TTF)8Hg4Cl12(C6H5Cl)2 ac-
cording to band structure calculations of Vieros et al. [14]. In
addition to the elongated electron and the hole closed orbits (a
orbits), the δ and ∆ pieces are indicated. me1 (mh1) and me2

(mh2) are the weight factors, i.e. the partial effective masses
linked to the short and long parts of the electron (hole) closed
orbits, respectively. E1 and E2 are the gaps which separate
the electron and hole orbits. Other Latin labels are discussed
in the text.

a magnetic band structure with broadened Landau lev-
els, may be a better basis to account for the so-called
forbidden frequencies [10,12]. Unfortunately, no such
quantitative model for the magnetoresistance oscillations
at finite temperature in a network of coupled orbits is, to
our knowledge, available in the literature.

Another type of network of coupled orbits is pro-
vided by the isostructural organic compounds of the fam-
ily (BEDT-TTF)8Hg4X12(C6H5Y)2 where X, Y = Cl,
Br. Among these compounds, those with X = Cl ex-
hibit a metallic character down to the lowest tempera-
ture [13]. Their room temperature FS has been calcu-
lated for X, Y = Cl [14], which is referred hereafter to
as the (Cl, Cl) compound. It results from the hybridiza-
tion of two pairs of quasi-1D sheets parallel to the a∗c-
and a∗(b + c)-plane, respectively [13,14], which leads to
one hole and one elongated electron tube (see Fig. 1). The
cross section area of the compensated electron and hole
tubes amounts to about 13 percent of the first Brillouin
zone (FBZ) area [14]. Nevertheless, the corresponding or-
bits do not share the same topology and are separated
from each other by two unequal gaps labelled E1 and E2

in Figure 1. Provided these gaps are not too large in view
of the strength of the magnetic field, this FS gives rise
to a two-dimensional (2D) network of quasi-2D compen-
sated orbits rather than a linear chain of coupled orbits as
in the case of the κ-(BEDT-TTF) salts. One of the conse-
quences offered by such a FS topology is, as developed be-
low, that no forbidden frequency can be defined in (Cl, Cl).
Magnetoresistance data recorded up to 36 T in this com-
pound [15] have revealed a very complex oscillatory spec-
trum consisting of linear combinations of the three basic
frequencies Fa, Fδ and F∆, which are respectively linked
to the compensated closed electron and hole orbits (a or-
bits) and to the FS pieces δ and ∆ located in between (see
Fig. 1). In particular, the frequency Fb = 2Fa + Fδ + F∆,
which corresponds to the area of the room temperature
FBZ, has been observed. Although the data analysis, per-

formed in the framework of the Falicov-Stachowiak model,
has revealed that frequencies Fa and F2a+δ, on the one
hand, and Fa+δ and Fb, on the other hand, are compati-
ble with the SdH effect and QI, respectively, it has been
suggested that other contributions may significantly con-
tribute to the oscillatory behaviour.

The aim of this paper is to provide further insight
on this topic. For this purpose, interlayer magnetoresis-
tance and dHvA oscillations of the (BEDT-TTF)8Hg4Cl12
(C6H5Br)2, referred to hereafter as the (Cl, Br) compound
are reported. An even better signal-to-noise ratio than for
the previous magnetoresistance measurements on the (Cl,
Cl) compound has been achieved. This allows, on the basis
of the Falicov-Stachowiak and QI models, more extensive
analysis of the oscillatory data than that performed on
the (Cl, Cl) compound.

2 Experimental

The studied crystal was a platelet with approximate di-
mensions (1×1×0.1) mm3, the largest sides being parallel
to the conducting bc-plane. Magnetoresistance measure-
ments were performed in pulsed magnetic field either up
to 60 T (pulse decay duration 0.18 s) and in the tem-
perature range from 0.28 K to 5 K (see Ref. [16] for ex-
perimental details on the 3He cryostat used in the ex-
periments) or up to 36 T (pulse decay duration 1 s) in
the temperature range from 1.6 K to 13 K. In the first
case, the field direction was at θ = 11◦ from the normal
to the conducting bc-plane (the sign of θ is arbitrary).
In the second case, a rotating sample holder allowed to
change the direction of the magnetic field with respect
to the conducting plane. Electrical contacts were made to
the crystal using annealed gold wires of 20 µm in diameter
glued with graphite paste. Alternating current (400 µA,
50 kHz) was injected parallel to the a∗ direction (inter-
layer configuration). A lock-in amplifier with a time con-
stant of 30 µs and 100 µs for 60 T pulses and 36 T pulses,
respectively was used to detect the signal across the poten-
tial leads. Magnetisation was measured by the cantilever
method [17] during 33 T pulses (pulse decay duration 1 s)
in the torque mode configuration for which the signal is
proportional to M‖Btan(θ), where M‖ is the component
of the magnetisation parallel to B. Therefore, the sensi-
tivity of the magnetisation measurements increases as the
magnetic field increases. Due to the limited resonance fre-
quency of the cantilever (fres = 500 Hz), reliable data can
only be obtained for oscillation frequencies lower than e.g.
F = 1500 T at B = 30 T.

3 Results and discussion

Examples of field-dependent interlayer resistance and
magnetisation, measured in pulsed magnetic field of up
to 60 T and 33 T, respectively, are displayed in Figure 2. A
rough value of the sample magnetisation is 1 A/m at 33 T.
In the following, the frequencies involved in the oscillatory
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Fig. 2. Interlayer magnetoresistance (Fig. 2a) and magneti-
sation (Fig. 2b) data. The curves are shifted from each other
by 1 in Figures 2a and b.

spectra of such data are first determined and considered
in connection with the calculated FS (see Sect. 3.1). Cal-
culations, on the basis of the semiclassical model of cou-
pled orbits [2] and the QI model [18,19], of the effective
masses and of the damping factors relevant to the oscilla-
tions evidenced in Section 3.1 are reported in Section 3.2.
Finally, the dependencies of the oscillations amplitude on
the temperature and on the magnitude and orientation
of the magnetic field are studied (in Sects. 3.3 and 3.4,
respectively) in the framework of the LK model in order
to check to what extent conventional SdH effect and QI
phenomenon are able to give a consistent picture of the
oscillatory data.

3.1 Oscillatory spectrum

The main feature of the oscillatory spectrum is the large
number of fundamental frequencies that are observed in
the Fourier transform (FT) of the oscillatory magnetore-
sistance (see Fig. 3). These frequencies exhibit a clear 2D
behaviour as the direction of the magnetic field is varied
with respect to the normal to the conducting plane. The
frequency values given below take into account the data
collected for θ ranging from −49◦ to 78.5◦. The oscilla-

F/cos(θ) (T)

0 200 400 600 800 1000 1200 1400

F
ou

rie
r 

am
pl

itu
de

 (
ar

b.
 u

ni
ts

)

δ 2a
+

δ

a

2aa+
δ

4a
+

δ

3a
+

δ

3a 2(
2a

+
δ)

6.5 ˚

21.5 ˚

36.5 ˚

58.5 ˚

78.5 ˚

a)

b)

F/cos(θ) (T)

1400 1600 1800 2000 2200 2400 2600

F
ou

rie
r 

am
pl

itu
de

 (
ar

b.
 u

ni
ts

)

0.00

0.02

0.04

∆-
δ

∆ ∆+
a-

δ
∆+

a

∆+
a+

δ

b=
∆+

2a
+δ

∆+
2a

∆+
3a

+δ
∆+

3a
+2

δ

6.5 ˚

21.5 ˚

36.5 ˚

b)

Fig. 3. Fourier transforms deduced from magnetoresistance
data at 1.8 K for different orientations of the magnetic field.
The magnetic field window is 10–30 T and 18–36 T for Fig-
ures 3a and b, respectively. θ is the angle between the mag-
netic field direction and the normal to the conducting plane.
Data are normalised to the amplitude of the a oscillations (this
masks the actual θ dependence of the oscillations amplitude,
the study of which is outside the scope of the paper). Down
triangles are marks calculated with Fδ = 135 T, Fa = 235.5 T
and F∆ = 1579 T.

tions with frequency Fa = (235.5 ± 1.0) T have the high-
est amplitude at 1.8 K. As for the (Cl, Cl) compound [15]
and in agreement with band structure calculations, they
can be attributed to the closed electron and hole orbits,
while the oscillations with frequency Fδ = (135.0± 1.5) T
are attributed to the FS piece labelled δ in Figure 1. The
frequency Fb = (2185 ± 20) T (see Fig. 3b), which cor-
responds to (100 ± 1)% of the room temperature FBZ
area of (Cl, Br) is equal to 2Fa + F∆ + Fδ. This yields
F∆ = (1579 ± 24) T, in agreement with data in Fig-
ure 3b where an oscillation with frequency (1577± 20) T
can be noticed. As in the case of (Cl, Cl), all the fre-
quencies observed in Figure 3 are linear combinations of
the 3 basic frequencies Fa, Fδ and F∆ with cross sec-
tions (10.8± 0.1)%, (6.2± 0.1)% and (72.3± 0.9)% of the
FBZ area, respectively. Quite good agreement, close to
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Fig. 4. Oscillatory part of the magnetoresistance (Rbg is the
background part) and of the magnetisation at θ = 17◦ and T =
1.8 K (a). The corresponding Fourier transforms are displayed
in (b). Grey and black trace corresponds to magnetoresistance
and magnetisation data, respectively.

one percent, with the FS pieces labelled a, δ and ∆ in
Figure 1, relevant to the (Cl, Cl) compound, and with the
data in reference [15] is observed. It is worthwhile to notice
that a commensurability relationship is observed between
the basic frequencies. Indeed, 5Fa+3Fδ = (1582.5±9.5) T
which is equal to F∆ within error bars. Nevertheless,
5a + 3δ oscillations correspond to SdH orbit or QI path
with much larger effective mass and reduced value of RMB

(see Sect. 3.2) when compared to ∆ oscillations and are
not considered in the following.

The frequencies Fa and F2a+δ are clearly observed
in the dHvA data (see Fig. 4). Nevertheless, if Fδ seems
to be absent from the dHvA spectra, the signal-to-noise
ratio is not large enough to decide whether frequency
combinations such as Fa+δ and F3a+δ are present or
not. As a consequence, reliable data can only be derived
from the magnetisation data for the a and the 2a+δ series.

3.2 Calculation of effective masses and damping
factors

The amplitude of a given oscillation series is conven-
tionally given by the product of the thermal (RT ),

Table 1. Calculated effective mass (m∗) and field-dependent
part of the MB damping factor (RMB , see Eq. (3)) rel-
evant to the observed oscillation series. ∆i stands for
|mei − mhi| /m∗(a) (see Fig. 1). For a given oscillation, only
the SdH orbits and QI paths yielding the lowest effective mass
and the highest value of the MB damping factor are considered
in the table.

m∗/m∗(a) RMB

SdH QI SdH QI

δ and ∆ 4 2 q6
1q6

2p2
1p

2
2 q4

1q4
2p2

1p
2
2

a 1 q2
1q2

2

a + δ 3 1 q4
1q4

2p2
1p

2
2 q2

1q2
2p2

1p
2
2

q4
1q2

2p2
1p

2
2

2a + δ 2 2∆2 q2
1q2

2p2
1p

2
2

or q2
1q4

2p2
1p

2
2

3a + δ 3 1 q4
1q4

2p2
1p

2
2 q4

1q4
2p2

1p
2
2

4a + δ 4 [4∆2 + 2∆1] q6
1q6

2p2
1p

2
2 q6

1q6
2p2

1p
2
2

q2
1q6

2p6
1p

2
2 q4

1p2
1p

4
2

b 4 0
or q6

1q2
2p2

1p
6
2 or q4

2p4
1p

2
2

Dingle (RD), MB (RMB) and spin (Rs) damping factors:

RT ∝ Tmc/B sinh(u0Tmc/B) (1)

RD = exp(−u0TDmc/B) (2)

RMB ∝
∏

g=1,2

pnpg
g qnqg

g (3)

Rs = cos | πg∗mc(θ = 0)/2 cos θ | (4)

where u0 = 14.694 TK−1. TD, mc and g∗ are the Dingle
temperature, the cyclotron effective mass and the effective
Landé factor, respectively. Equation (1) holds for 2D FS.
Equation (3) only takes into account the field-dependent
part of RMB. The index g stands for the two differ-
ent gaps E1 and E2 between electron and hole orbits
(see Fig. 1). The integers npg and nqg are respectively
the number of tunnelling and Bragg reflections encoun-
tered along the path of the quasiparticle. The tunnel and
Bragg reflection probability amplitudes are given by p2

g =
exp(−Bg/B), where Bg is the MB field, and p2

g + q2
g = 1.

The field-dependent part of the MB damping factor rele-
vant to the various oscillations considered in the following,
are given in Table 1 for SdH orbits and QI paths.

According to Falicov and Stachowiak [2], the effective
mass linked to a given conventional SdH orbit can be ex-
pressed as the sum of weight factors, which can be re-
garded as absolute values of partial cyclotron masses of
FS pieces. This assumption accounts for the MB orbits
of 3D metals such as Mg [2,20]. Nevertheless, contrary to
the case of κ-salts or Mg, the FS of the (Cl, Cl) and (Cl,
Br) compounds is strongly asymmetrical so that the effec-
tive masses linked to electron and hole orbits, expressed
as m∗

e = 2(me1 + me2) and m∗
h = 2(mh1 + mh2), respec-

tively (see Fig. 1), may be different. Since the oscillations
with frequency Fa result from the contribution of these
two orbits, the resultant effective cyclotron mass is ap-
proximated in the following by m∗

a = (m∗
e + m∗

h)/2, i.e.
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m∗
a = me1 + me2 + mh1 + mh2. The same type of calcu-

lation is performed for the other SdH orbits reported in
Table 1. It should nevertheless be noticed that this state-
ment is only valid provided m∗

e and m∗
h are close to each

other. If not, only the orbit with the lowest effective mass
significantly contributes to the considered oscillation am-
plitude. In the framework of the QI model [18,19], the
effective mass relevant to a given interferometer is given
by the difference between the effective masses m∗

i and m∗
j

of its two arms i and j: m∗ =| m∗
i −m∗

j |. 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, as discussed in [15]. Data in Table 1 is
restricted to orbits and paths yielding the highest value
of the damping factors i.e. with the lowest number of MB
junctions and the lowest effective mass.

Following Falicov and Stachowiak [2] and
Shoenberg [20], areas enclosed by electron and hole
closed orbit have opposite signs. The a, 2a + δ and
2a + ∆ orbits may have either electron or hole character
and thus different sign. Any linear combination of the
frequencies linked to these three orbits can then be
observed within the semiclassical picture, provided the
value of the relevant damping factors is not too small.
As a consequence, contrary to the case of the linear
chain of coupled orbits, there is no forbidden orbit in
such a 2D network of coupled compensated orbits. In
particular, very large SdH orbits and QI paths including
both electron and hole parts may account for a given
(even rather low) frequency, although with a reduced
value of the damping factor and a large effective mass.
This is the case of Fδ which can be attributed, among
others, to both the semiclassical MB closed orbit (a b c d
e b f g h m i h l a) and the QI path (a k l)-(a b c d e b
f g h l) (see Fig. 1). In that respect, it can be remarked
that, although Fδ and F∆ are significantly different, their
effective mass and MB damping factor are identical.

3.3 Experimental cyclotron effective mass parameter

Conventional plots of the temperature dependence of the
amplitude of some of the magnetoresistance oscillation se-
ries are displayed in Figure 5. It has been checked that
the cyclotron effective mass parameters (mc) follow the
1/ cos(θ) law expected for a 2D FS and that dHvA and
magnetoresistance data yield consistent results for the a
and 2a + δ oscillations. However, a few unusual features,
not predicted by the LK model, are observed: the kink in
the temperature dependence of the amplitude of 3a+δ (see
Fig. 5b) and the downward deviation from the LK model
at low temperature for the δ oscillations (see Fig. 5c). In
most cases, a good agreement with the LK model (Eq. (1))
is nevertheless observed (see solid lines in Fig. 5).

The deduced cyclotron effective mass parameters, are
given in Table 2 and compared to the data for (Cl, Cl).
Similar values are obtained for both compounds. Assum-
ing the a oscillations result from the conventional SdH
effect, the comparison between the experimental data for
mc/mc(a) and the calculated values of m∗/m∗(a) allows
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Fig. 5. Temperature dependence of the oscillation ampli-
tude (A) of some of the series observed in Figure 3. The mag-
netic field window of the Fourier transform is 11.4 T–35.7 T
and 23 T–35.7 T for δ and b oscillations, respectively. For
all the other oscillations, the magnetic field window is
18 T–35.7 T. Data for δ and ∆ are at θ = 3.5◦; data for b
are at either θ = 3.5◦ (solid circles) or at θ = 11◦ (down trian-
gles). Solid lines are best fits to equation (1). For b oscillations,
a zero effective mass is assumed. The dashed line takes into ac-
count a temperature-dependent quantum lifetime (see text and
Refs. [15,21]).

Table 2. Experimental cyclotron effective masses (mc) for the
(Cl, Cl) [15] and (Cl, Br) compounds. � data for b oscillation
are compatible with a zero effective mass at low temperature
and in a large temperature range by assuming a temperature-
dependent quantum lifetime (see Refs. [15,21] and the dashed
line in Fig. 5c).

Cl-compound Br-compound

mc mc mc/mc(a)

δ 0.50±0.15 0.45±0.10 0.39±0.12

a 1.17±0.13 1.15±0.10 1

a + δ 1.02±0.08 1.00±0.07 0.87±0.14

2a + δ 1.95±0.10 2.10±0.16 1.83±0.30

3a + δ (high T) 0.73±0.15 0.72±0.06 0.63±0.11

3a + δ (low T) 2.95±0.20 2.57±0.40

4a + δ 0.35±0.07 0.30±0.09

∆ 1.15±0.15 1.00±0.22

b 0� 0� 0�
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lines in Figures 6a and b are best fits of equations (1) to (3)
to the data with B0 = 33 T [23]. Solid line in Figure 6c is
obtained with B0 = 45 T (see text).

us to determine the SdH orbits or QI paths that are com-
patible with a given oscillation series [15]. In that re-
spect, the amplitude of the b oscillations has been found
to be roughly temperature-independent up to ∼4.5 K (see
Fig. 6c) which is consistent with a zero cyclotron effective
mass and compatible with QI only (see Tab. 1). A strong
downward deviation from the LK model is nevertheless
observed in the higher temperature range for these oscil-
lations (see Fig. 5c). Such a behaviour has already been
observed for the 3D metal LaB6 [21] and the (Cl, Cl) com-
pound [15] and attributed to the temperature dependence
of the quantum lifetime (see dashed line in Fig. 5c).

In summary, according to the temperature dependence
of the oscillations amplitude, data for 3a + δ in the low
temperature range and 2a + δ series are compatible with
conventional SdH effect; data for a + δ, 4a + δ (provided
| me1−mh1 | and | me2−mh2 | are small enough) and b are
consistent with QI; data for 3a+δ in the high temperature
range, δ and ∆ cannot be accounted for by neither SdH
effect nor QI.

Before checking these provisional inferences, in Sec-
tion 3.4, it is interesting to remark that, in addition to
the b oscillations, few others bear small effective cyclotron
mass parameter. This is the case of the δ and 4a + δ

oscillations (see Tab. 1) the amplitude of which remains
high enough to be observed directly on the magnetoresis-
tance data at high temperature, as evidenced in Figure 7.

3.4 Magnetic field dependence of the oscillation
amplitude

In the following, the dependence of the amplitude of the
magnetoresistance oscillations on the magnitude and ori-
entation of the magnetic field is investigated at 1.8 K.
DHvA measurements are not considered since reliable
data were obtained in a narrow magnetic field range only.
Similarly, the 3a + δ oscillation is also not analyzed since
this series does not follow the LK behaviour.

In the low field limit, equations (1–4) reduce to:

A ∝ B−1 exp(−α/B) (5)

where A is the oscillation amplitude and α = u0(T +
TD)mc + (np1B1 + np2B2)/2. Since the a oscillation only
involves Bragg reflections, α further reduces to u0(T +
TD)mc which allows us to determine TD from the low field
slope α of the so-called Dingle plots in this case. A Dingle
temperature TD = (0.2 ± 0.2) K is extracted from the α
values reported in Figure 8, which is the signature of a
very good crystal. Similarly, it is easy to check that the
most pronounced damping of the oscillation amplitude as
the magnetic field increases is observed in the case of the
a series. This feature allows us to determine the MB field
as accurately as possible from the field dependence of the
amplitude of the oscillations of this series. Nevertheless,
since the MB gaps E1 and E2 are different according to
band structure calculations (see Fig. 1), only an average
value B0 of B1 and B2, without any real physical sense,
can be derived from the data [22]. The inset of Figure 8
displays the magnetic field dependence of the amplitude
of the a oscillations for some directions of the magnetic
field. Black and grey lines are best fits of equations (1–4)
and (5) to the data, respectively. The angle dependence
of B0 and α deduced from such data are displayed in Fig-
ure 8. Even though α nicely follows the 1/ cos(θ) law ex-
pected for a 2D FS, B0 exhibits a strongly non-monotonic
angle dependence. As an example, while no MB is re-
quired, at least up to 30 T, to account for the data at
θ = −23.5◦, strong MB-induced damping of the ampli-
tude is observed at θ = −5.5◦ (see inset of Fig. 8). The
mean MB field at θ = 0◦ is B0(0◦) = (35 ± 7) T which is
to be compared to the MB field of the (Cl, Cl) compound
(B0(0◦) = (55 ± 20) T).

It can be seen in Table 1 that for a + δ (QI), 2a + δ
(SdH) and 4a + δ (QI), np1 and np2 are both equal to 2.
For these oscillations, the low field slope of the Dingle
plots is α = u0(T + TD)mc + 2B0. On the whole, α fol-
lows a 1/ cos(θ) law for these oscillations (see solid lines
in Fig. 9), as it is the case for the a oscillations. Some
deviations are nevertheless observed, for the a + δ and
4a+ δ oscillations only, which might qualitatively account
for the non-monotonic angle dependence of B0 derived
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Fig. 7. Oscillatory part of the magnetoresistance at different temperatures (a) and corresponding Fourier transforms (b). The
angle between the magnetic field direction and the normal to the conducting plane is θ = 3.5◦.

Fig. 8. Angle (θ) dependence of the MB field (B0) and of the
slope of the Dingle plots at low magnetic field (α, see Eq. (5))
of the a series at T = 1.8 K. The black line is the best fit of the
1/ cos(θ) law to the data with α(θ = 0◦) = 34 T. The grey line
is a guide to the eye. The inset displays the field dependence
of the a oscillations amplitude for some directions of the mag-
netic field. Black and grey lines are best fits of equations (1–4)
and (5) to the data, respectively.
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from data for b oscillations. Black lines are best fits of the
1/cos(θ) law to the data. Grey lines are guides to the eye.
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from the a oscillations (Fig. 8) if they were observed also
for the 2a + δ oscillations (which is not the case). Be that
as it may, owing to the B0(θ = 0◦) value deduced from
Figure 8 and the effective cyclotron mass values reported
in Table 2, the values of α reported in Figure 9 are too
small in order to account for the SdH orbits or QI paths in-
ferred from the temperature dependence of the oscillation
amplitude (see Sect. 3.3). In other words, negative Din-
gle temperature are obtained from the data in Figure 9.
More precisely, even though only slightly negative values
are obtained for 2a + δ [TD = (−1.2 ± 0.9) K], strongly
negative TD’s are obtained for a+δ [TD = (−3.2±1.3) K]
and 4a + δ [TD = (−9 ± 3) K].

Assuming a zero effective cyclotron mass for the b oscil-
lations, the field-dependent part of their amplitude should
only depend on RMB (since RT and RD are both equal
to 1). According to Table 1, equations (1–4) then reduce to
A ∝ [1 − exp(−B0/B)]2 exp(−3B0/B) which allows us to
determine B0 = (41 ± 9) T (see the inset in Fig. 9). This
value is only slightly higher than the B0 value deduced
above from the field dependence of the amplitude of the a
oscillations and, in any case in agreement with it within
the errors bars. In addition, a finite quantum life time τ in-
duces an additional damping factor R ∝ exp(−πm′/eBτ).
This damping factor involves a finite effective mass m’
which, according to [21], is the sum of the effective masses
of the two arms of the interferometer. If neglected, as in
the above analysis, this can lead to an apparent increase
of the MB field. As a consequence, it can be concluded
that the magnetic field and temperature dependence of
the b oscillations are consistently accounted for by QI. It
must be pointed out that this behaviour is at variance with
that of other oscillations such as a + δ and 4a + δ which
put further doubt on the QI origin of these oscillations.
Finally, a strong MB-induced damping of the a oscilla-
tions at high magnetic field and low temperature is shown
in Figure 6a. Solid lines in this figure are fits of equa-
tions (1–3) to the data with B0 = 33 T and TD = 0.21 K.
Even though a good agreement is observed in the temper-
ature range above ∼1.6 K, strong deviations, that cannot
be accounted for by a change of B0 or TD, are observed at
low temperature even though such deviations are not ob-
served for either the b or the 2a+δ oscillations (see Figs. 6c
and 6b, respectively) [23]. In that respect, it should be no-
ticed that oscillations of the chemical potential at very low
temperature can significantly influence the oscillatory be-
haviour. E.g., assuming a fixed number of quasiparticles,
the β oscillations in κ-(BEDT-TTF) salts are much more
strongly damped, when compared to the fixed chemical
potential case, than the α oscillations [8]. A phase transi-
tion occurring below 1 K has also been invoked in order to
interpret dHvA experiments in (Cl, Cl) [24]. Nevertheless,
contrary to the data reported in reference [24], no signif-
icant change of the frequency of the oscillations has been
observed below 1 K in (Cl, Br).

4 Summary and conclusion

Interlayer magnetoresistance oscillations have been stud-
ied in the 2D network of compensated coupled or-

bits provided by the FS of the organic metal (BEDT-
TTF)8Hg4Cl12 (C6H5Br)2. The oscillatory spectrum
involves more than 15 fundamental frequencies which are
linear combinations of the 3 basic frequencies related to
the compensated electron and hole orbits (Fa) and of the
two FS pieces located in between (Fδ and F∆). Among
the observed frequency combinations, one of them involv-
ing an area equal to the FBZ area (Fb = 2Fa + Fδ + F∆)
is consistently accounted for by the LK model, on the
basis of QI. In other words, both the magnetic field and
the temperature dependencies of the oscillation amplitude
are in agreement with a zero effective mass. On the con-
trary, the LK model fails to consistently account for the
data relevant to other frequency combinations. The 2a+δ
oscillations, having the highest amplitude after the a os-
cillations, are certainly due to MB-induced SdH orbits, in
agreement with the experimental value of the effective cy-
clotron mass. The measured value of the low field slope of
the Dingle plots (α parameter in Eq. (5)) is nevertheless
slightly too small for these oscillations in view of the LK
model. Much smaller values of α are derived for the a + δ
and 4a+ δ oscillations. Keeping in mind that the data rel-
evant to the b oscillations are in quantitative agreement
with QI, the behaviour of a+δ and 4a+δ strongly suggests
that these oscillations are not of QI origin. Instead, they
likely result from the oscillation of the chemical poten-
tial [8] and (or) the MB-induced broadening of the Landau
bands [1]. This latter interpretation certainly holds in the
case of e.g. the δ oscillation, which has effective cyclotron
mass parameter small enough (mc = 0.45 ± 0.10) to be-
come the dominant oscillation series at temperatures in
the range of few K (see Fig. 7) even though both SdH and
QI predict much higher mc values. Simultaneous measure-
ments at high magnetic field of the interlayer magnetore-
sistance and dHvA effect with high signal-to-noise ratio
should clarify this question.
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