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Resistance and magnetic torque for the quasi-one-dimensional organic con(i®8F),PF; have
been measured over a wide magnetic field and temperature ranges to investigate the correlation between
the rapid oscillationRO) and the spin-density-wau&DW) formation. The RO with the frequency of 220 T
is found in the resistance above 15 T for all the current directions and imlikane Hall resistance in
the SDW phase. The RO amplitude has a sharp peak around 3 K, which is associated with a maximum of
the normalized magnetoresistance. The magnetic torque shows a jump at the SDW transition tempera-
ture (~11.5 K) with decreasing temperature, and then a broad maximum around(B,kK) suggesting
a subphase transitiofT. 5 Slightly shifts to a high temperature with increasing magnetic field. A possible
mechanism of the RO is discussed on the basis of the Fermi surface reconstruction due to the SDW formation.
[S0163-182697)05018-2

I. INTRODUCTION due to a dynamic effect rather than a phase transition. The
dielectric constant shows a strong frequency dependence in
The  quasi-one-dimensional  organic  conductorsthe SDW phase for the RRsalt®® and it is ascribed to a
(TMTSF),X, where TMTSF denotes tetramethyltetraselena<ritical slowing down towards a static glass transition near 2
fulvalene andX=CIO,, PR, AsF;, ReQ, etc., have been of K.® Long-time decay of the specific heat bald K indicates
great interest because of many fascinating properties, such &% possibility of low-energy excitation of the disordered
superconductivity, quantum Hall effect, rapid oscillation SDW state’® which seems consistent with the glass-
(RO), and field-induced spin-density wavéFISDW) transition picture. At a high frequendit6.5 GH3, striking
transitions: The stacked platelike TMTSF molecules yield a changes in the dielectric constant and conductivity are seen
highly anisotropic Fermi surface with only open sheets. Forfor the PR and Ask; salts near 4 K112 These features are
X=PF; and Ask, the ground state is the SDW phase atdiscussed in the framework of quasiparticle and condensate
ambient pressure, but the SDW is suppressed and the supgietures. Nonlinear electric conductivity experiments for the
conducting state is induced by pressure. The SDW state sk, salt shows a drastic increase of the threshold electric
caused by the nesting of the two sheets of the onefield around 3 K3 which strongly suggests some change of
dimensional1D) Fermi surfacdFig. 1(a)]. The nesting vec- the pinning mechanism. On the other hand, the RO, which is
tor Q for the PR salt is determined to be incommensurate,periodic as a function of the inverse field, is seen in the
Q(0.5, 0.24-0.3, —0.06+0.2) by NMR experiment$. magnetoresistance in the SDW phase and disappears at low
In the SDW phase, the possibility of subphase transitionsemperature$? This anomalous temperature dependence of
has been reported. The spin-lattice relaxation rafg &f the  the RO is expected to be correlated with the proposed sub-
proton in the TMTSF molecule for the PEBalt is found to  phase transitions. A similar behavior of the RO is also ob-
show sharp drops at 3.7 KT,;) and 1.8 K(T,,) when the  served for the Asfsalt'>*®
magnetic field is larger than the spin-flop figld0.5 T).2 The RO for the PFand Ask salts is detected only in the
Below the spin-flop field, a sharp peak inT1/is observed SDW phase. In contrast to these salts, the RO for the, CIO
around 3 K*° These results suggest the presence of subphasalt is observed in both the SDW and metallid) phases.
transitions due to some change in the spin dynamiisese  The CIQ, salt undergoes the ClGanion order at 24 K with
transitions have been discussed in terms of some nestirthe superlattic€0,0.5,0 because of its lower symmetry. The
vector change. Recently, Tljof Se NMR is also reported to superlattice potential separates the original Fermi surface
show a sharp decrease below 4 Wnother explanation of into two zones and two pairs of open sheets of Fermi surface
the proton 1T, anomalies arowh 3 K has been given by are consequently formed. The magnetic field along a¢he
Clark et al.” They measured the temperature dependence aixis leads to the cascadelike FISDW transition. The final
the proton 1T, carefully and claim that the 3.5 K anomaly is FISDW transition occurs at about 8 T. According to a new
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(a) ? able parameters. In the highest-field FISDW phase, the
Fermi-surface sheets are expected to be almost perfectly
b nested with each other. In this sense, the electronic state in
o ¢ the SDW phase for the RBalt may be similar to that in the
original BZ highest-field FISDW phase for the CJGalt.
Extensive studies have been made to understand the

mechanism of the RO for the TMTSF system so far. How-

-~

reconstructed

B ever, the mechanism of the RO in the SDW phase is still an
open question. In order to investigate the mechanism of the
RO, and the relation between the SDW phase and the RO,
1D Fermi we have made magnetoresistance and magnetization experi-
© surface ments over wide magnetic field and temperature ranges for
the Pk salt.
(b) Bi Il. EXPERIMENT
'Q— hole The single crystals of the RBalt were synthesized elec-
trochemically. The typical dimension of the single crystals is
— electron ~3.0x0.5X0.5 mn?. The magnetic torque was measured by
é a torque magnetometer developed by Chapasakl?° The
— magnetic field is tilted from the* axis (perpendicular to the
fQ conduction plangof the sample by about 10° to detect large

torque. The resistance was measured with electric current
along all the crystal axef@, b, andc) by a low-frequency
d B ac technique. The magnetic field is applied alongdhdor
the resistance measurements. Thin gold wif¢é&0 wm)
were attached to the sample using a silver paint. The same
sample is used for the resistance measurements with the cur-
rent parallel to thea andc axes(llla andllic), and for the
ab-plane Hall resistance measurements. All the resistance
BR A measurements were performed within a current region where
the I-V property is linear. Different samples from the same
FIG. 1. (a) Schematic Fermi surface based on the original bandbatch were used for thie-axis resistance and the magnetic
structure calculation fo(TMTSF),PF;. The warping of the 1D torque measurements. The sample temperature was con-
Fermi surface along the* direction is exaggerated. The thick ar- trolled in He and“He cryostats and measured by the va-
row shows the commensurate nesting veQg(1/2,1/4,0. The re-  por pressure and a calibrated Cernox sensor.
constructed Brillouin zonéBZ) boundary is also shown. The closed
and open small circles indicate the reciprocal-lattice points in the
original and reconstructed BZ's, respectivelp) Reconstructed
Fermi surface by the nesting. Electron and hole pockets formed by A. Resistance and RO
the imperfect nesting are showfr) Possible electron and hole . .
orbits by the magnetic breakdowMB) and Bragg reflectioliBR) fi _rlgfureIZ shck))ws tf(;e temper_?Lure detpel;lden(?a of tthe r(.aS'S'
processeqd) Two possible alternative trajectories causing quantum vity for llia, b, andc axes. 1he contact contiguration 1S
interference. also shown. The larger resistivity than the reported values is
probably due to mechanical kinks. For all the current direc-
phase diagrany the FISDW phase survives up to 31 T and tions, the resistance shows a steep increase just bElow
a new phase boundary in the final FISDW phase is presenivhich is due to the decrease of the carriers by the Fermi-
In the M phase, the RO is well understood in terms of quan-surface nesting. The resistance increases exponentially with
tum interferenceQl) effect!® Two open sheets of the Fermi an activation energy of about 16 K in the range between 2
surface formed due to the anion order are very close to eacdnd 8 K, but it saturates below1.5 K. The overall behavior
other. Therefore, the magnetic breakdo(MB) easily takes is consistent with previous reportS:?!
place between the two sheets where the electrons travel Figure 3 shows the magnetic-field dependences of the
along the same direction. This is the main reason why the Q&-axis resistance at various temperatures. The magnetic field
is possible in theM phase. This interference is not expectedis applied parallel to the* axis (perpendicular to theb
for the PR salt, because of no anion order. The origin of theplang. The magnetoresistance is positive in the whole tem-
RO in the main FISDW region between 8 and 28 T for theperature range. The RO is seen at high magnetic fields in the
ClO, salt is still unclear. In the highest-field FISDW phase temperature range between 1.4 and 10 K. We note that the
above 28 T, the reconstructed Fermi surface, based on theagnetoresistance seems the largest around 3 K. This behav-
calculated band structure, gives the possibility of convenior is closely correlated with the temperature dependence of
tional SdH or dHvA effects coming from the MB closed the RO, as shown later. To see the RO more clearly, we
orbits1® The temperature and field dependence of the RO ilotted the derivative curves of the resistart®/d(1/B)
explained by Lifshitz-KosevicLK) formula with reason- (inset of Fig. 4. The RO is periodic as a function of the

IIl. EXPERIMENTAL RESULTS
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FIG. 2. Temperature dependence of the resistivity!f@,b,c tance in the magnetic-field range between 15 and 30 T. The funda-

axes and contact configuration corresponding to each measuremeftental frequency is 220 T. Inset: Derivative curves of the resis-
Inset: Conductivity vs T. The dotted line shows the thermal acti- tance.
vation behavior wittA=16 K.

The RO can be observed for all the current directions. For
inverse field. The Fourier transfor@kT) spectra of the RO comparison, the datata3 K are shown in Fig. 5.
between 15 and 30 T are shown in Fig. 4. The FT analysiR(B)/R(0) is the smallest foillc and the largestup to
shows that the second harmonic is slightly included in addi—300) for 1||b. The magnetoresistance keeps increasing up to
tion to the fundamental oscillation with the frequency of 22030 T for all the current directions. This point will be dis-
T. The frequency agrees with the result reported by Ulmetussed later. The RO normalized by the nonoscillatory back-

14 ; : . 3 . . .
et al™ The frequency is temperature independent. groundR,, is plotted in the inset. The RO amplitude rises up
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FIG. 3. Magnetic-field dependence of the resistance [farat FIG. 5. Normalized resistancé &K for llla,b,c axes. The field

various temperatures. The magnetic field is applied parallel to thés parallel to thec* axis. Inset: Oscillatory part of the resistance
c* axis. normalized by the nonoscillatory backgrouRg.
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FIG. 6. (8) Temperature dependence of the normalized magne- & 1L o B//c* -
toresistanc&(B)/R(0) at 30 T.(b) Temperature dependence of the %'g’ B=27T
RO amplitude with the fundamental frequency. The amplitude is = o1k . _
obtained from the FT in the field range 15-3(Q(ifiset of Fig. 4. g
The amplitude is divided by the background resistance at 20 T and 0.01 k ) s 1_
then normalized by the maximum value. 1 2 34 5678 910 2
T(K)
to 4% around 28 T fotlla andlllb, but is only 1% forllic . . .
(note that the same sample is used for the andllc ex- FIG. 7. (@) Hall resistance in thab plane at various tempera-
periment$. The slight frequency difference is probably due tures. Arrows indicate the kink position in the Hall resistan@s.
to a sample alignment. Temperature dependence of the Hall resistarice Temperature

Figure &a) shows the temperature dependence of the nordependence of the RO amplitude at 27 T.
malized magnetoresistanéqB)/R(0) for Illa,b,c axes at
30 T. As the temperature decreasB¢B)/R(0) gradually —netoresistance does not change very much below % K.
increases, has a maximum around 3 K, and then steepkiowever, for the Pf salt, no hysteresis is found and the
drops below 2.5 K. The temperature dependence of the R@mperature dependence of the RO is clearly correlated with
amplitude with the fundamental frequen¢320 T) divided that of the magnetoresistance.
by the background resistance at 20 T, which is the center
field of the FT region, is presented in Figb® The oscilla-
tion amplitudes have maxima at the same temperatugeh
K, and quickly go down below it. The second harmonic Figure {a) shows the Hall resistance in tteb plane at
shows similar behavior. The fact that the RO amplitude has &arious temperatures. The absolute value of the Hall resis-
maximum was first observed by Ulmet al1* They reported tance belw 2 K is somewhat ambiguous because of the high
that the RO vanishes very quickly between 4.2 and 5 K, an@b-plane resistance. At 1.6 K, the Hall resistance quickly
pointed out the possibility of a phase transition. In our casegoes up with increasing field, has a peak-&.5 T and then
the temperature of the amplitude maximum is lower thardecreases. As temperature increases, the peak becomes
their result. Recently, the maxima of the normalized magnebroad, and the field where the Hall resistance has a peak
toresistance and the RO amplitude fia are also reported shifts to a high field. A kink behavior is seen around 2.5 T
for the Ask; salt>1® above 1.75 K and remains there up to 3.4 K as shown by

A similar sharp maximum of the RO amplitude has beenarrows. The RO can be observed abevg5 T at tempera-
observed in the SDW phase for the relaxed £$alt*® For  tures between 1.8 and 7 K. At 1.6 K, the RO is less than the
the CIQ, salt, the RO has a steep decrease below 2 K. Aoise level.
large hysteresis due to the FISDW transition is observed in The temperature dependence of the Hall resistance is
the magnetoresistance bel® K and the normalized mag- shown in Fig. Tb). The Hall resistance monotonically in-

B. Hall resistance
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FIG. 8. Temperature dependence of the effective carrier concen- ©
tration ngi derived from the Hall resistance at several fields. The FIG. 9. Magnetic torque measured by a cantilever technigue.
conductivity along the axis is shown by a solid line for compari- The magnetic field is tilted from the* axis by about 10°. The
son. Inset: Field dependence of thé-plane Hall resistance and arrow shows the SDW transition. The inset presents the expanded
Nek at 2.4 K. picture around 3 K, where the maxima are evident. The data in the

inset are shifted.
creases with decreasing temperature below 5 T, but has
maximum aroud 2 K above 5 T. The RO amplitude in the
Hall resistance has a sharp peak at 2.5K. 7(c)], which is
similar to those in tha-, b- andc-axis resistance. The sec-
ond harmonic is not evident in the Hall resistance.

From the relationRy,,=1/nzec in the high-field limit,
whereRy, is the Hall resistivity, we can estimate the effec-
tive carrier concentrationgg. Neg is given byn,—ne, where
n, andn, are the hole and electron carrier concentrationsb
respectively. Figure 8 presents the temperature dependen
of ng at several fields. For comparison, the conductivity for
[lla is also shown in arbitrary units. The field dependence o

the Hall resistance and calculategy at 2.4 K is shown in AsF; salts?® Above the spin-flop field, the magnetization is

the inset of Fig. 8. Belowl., ng steeply decreases with X S .
: : ; o almost isotropic in the metallic phase but becomes more an-
decreasing temperature. This behavior qualitatively agrees

with the temperature dependence of the conductivity. Jud léstgggprﬁamngiast‘igr(w I\ﬁh)aisse'l;hi?);'hsagﬁﬂmpo_?ﬁgtrec;gsge
ing from the stoichiometryone carrier in one unit cellthe P g I g L ’
carrier concentration is estimated to be 2 #PYcn?®. The ~Mi—Mi is expected to be positive and larger in the SDW
experimental value~10?%cr at ~15 K may be rather phase than in th# phase. This is consistent with the torque

small as compared with the estimated value. We believe thé{esults. . :

this difference is within the experimental error because the The change of the torque & grows rapidly as the field

contact configuration and the sample shape are not ideal. WBCréases. However, the peak height3ak does not seem

note thatn.y is much smaller than that expected from the Sensitive to the applied field. No _5|gn|f|cant hystere.s[s has

conductivity at lower temperatures. been found &3 K and T.C' suggesting that both transitions
are the second order in nature. We have tried the torque
measurements for three different samples up to 30 T, but no

C. Magnetic torque RO has been found in the torque.

Figure 9 shows the temperature dependence of the mag- )
netic torque at various fields. We see a steep increase of the D. T-B phase diagram

torque around 11.5 K T,), which is ascribed to the transi- The maximum in the magnetization ara@uB K suggests
tion to the SDW phase. This transition shifts to a high tem-the presence of a subphase transition in the main SDW

p%rature as the field increases, which is consistent with the
results reported by a few groups?® This behavior is under-
stood in terms of the stabilization of the SDW state by the
magnetic field. In addition to this transition, a broad maxi-
mum is seen around 3 K. The data arduK are expanded

in the inset. The maximum positio ., also shifts to a
higher temperature with increasing field.

The magnetic torque measured by this technique is given
XB(ME— M?)/MwhereM, andM , are the components of
fe magnetization parallel and perpendicular to ¢heaxis,
{espectively, and/ the component along the field. The mag-
netization has been measured for the; PRef. 24 and
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. [ T T T peratures. This fact shows that the pockets formed by the
O Tc from Torque imperfect nesting should be very small. It is probably impos-
¢ TcfromR . . .
® Max in Torque sible to observe the low-frequency SdH oscillations corre-
15r — cale. 7 sponding to such very small pockets. As long as the nesting
vector is close toQg, the electron and hole pockets must
have the same area, i.e., this system is compensated. On the
other hand, if the magnetic field is high enough, magnetic
10 L [SDW phase] By breakdown(MB) takes place. In this case, as shown in Fig.
© Takahashi et al. (Ref. 3) 1(c), two large MB orbits(electron and hole orbitsare
e s formed. If the sample quality is high enough, we should
Vv Valfells et al. (Ref. &) observe the SdH oscillations corresponding to those MB or-
bits in all the components of the resistivity tensor
51 - (pxx,pyy.,pxy, o ). The MBorbit; may be as large as 3% of
¥ %, e e e e the original Brillouin zone, which corresponds to the RO
& - frequency(220 T). Both the electron and hole MB orbits also
% i have the same area, so that the system remains compensated.
0 P! Therefore, the magnetoresistance should not saturate for all
B é 1'0 1'5 2'0 2'5 3'0 3; the current directions. Actually, the magnetoresistance does
not saturate up to 30 T in the range betwé&eK andT,, for
B(M all the current directions. The possibility of the MB is dis-
cussed later.
The carrier concentratiomy; derived from the Hall resis-

Tc

T(K)

FIG. 10. Temperature-field phase diagram,.,, where the

torque has a maximum, and. determined from the magnetic - -
torque and resistance measurements are shown. The solid Iir]ignce decreases more quickly befdwthan the conductivity

shows theB? dependence. TemperaturésT,; and T,,), where ¢ (Fig. 8). In the diagonal conductivityo=ne’/m*), the

several experiments show anomalies, are also shown. number of carriers: is given byn,+ne in contrast ton
=n,— N, in the Hall conductivity. If the system is compen-

sated, we can expeci.z<n. This explains the fact that
Nei IS much smaller than that expected frarmat low tem-
%eratures(Fig. 8).

If the observed RO is the conventional SdH oscillation,
the effective mass is approximately derived from the tem-
perature dependence of the RO amplitude on the assumption
of a constant Dingle temperature, i.e., scattering time. Figure

1 shows so-called mass plots, i.e., the normalized amplitude

ivided by temperature is plotted against temperature. In this
temperature range, the scattering time is not expected to de-
pend on temperature strongly. The solid lines are the calcu-
IV. DISCUSSION lated results with the LK formul& The effective mass ob-
tained ranges from O, to 1.3n,. The different effective
masses for different current directions are unphysical be-

The RO is observed in the resistance for all the currentause the SdH oscillations result from the same cyclotron
directions and in theb-plane Hall resistance. The RO am- motion. The mass plot for the SdH oscillation is strictly valid
plitude steeply decreases below3 K, which is probably only when one current path is present in the system. In ad-
related to a subphase transition as suggested from sevewdition to the MB process, the thermally activated process in
experiments. In this section, we discuss the reconstruction dhe conductivity, which is current direction dependent and
the Fermi surface due to the SDW formation and a possibleauses a nonoscillatory temperature-dependent background,
mechanism of the RO. is present in parallel, so that it is difficult to obtain the con-

The NMR anduSR experiments show that the SDW pe- tribution of the MB process only. This is a possible reason
riodicity is incommensurafe®?’ although very close to the why the effective mass seems different for each current di-
commensurate oné,(1/2,1/4,0. Provided with the com- rection. For the CIQ salt, the temperature and field depen-
mensurate nesting vect@,, we can reconstruct the Fermi dence of the RO has been analyzed in the SDW and
surface in the SDW phase as shown in Fign)1The original M phases®1°The behavior of the RO is well explained on
Fermi surface is based on the band calculatfobut the  the assumption of the effective mass of 1.0-ri,3There-
warping along thé axis is exaggerated. In the reconstructedfore, the obtained mass for the §$alt may be reasonable in
Fermi surface, the two different small pockets, electron andgpite of the oversimplified analysis.
hole pockets are formed as long as the nesting is not perfect. The RO amplitude steeply decreases with decreasing tem-
The reconstructed Fermi surface is accidentally very similaperature below-3 K. If this transition is caused by a slight
to that for the CIQ salt, in which the nesting vect¢t/2,0,0 change of the nesting vector as suggested from the NMR
is assumed?® experiments, the area of the closed orbits changes because

The resistivity exponentially increases with decreasinghe formation of the closed orbits is very sensitive to the
temperature below . and has very large values at low tem- nesting vector. It should cause a significant phase smearing

phase. In Fig. 10T ., Where the torque has a maximum,
and T, determined from the torque and resistance measur
ments are shownll . quadratically increases with increasing
field, which is consistent with the reported resdfs® The
temperatureg Ty, andT,,) where some experiments show
anomalies are also shown. According to the dielectric con
stant experiments;'? both the temperatures increase with
increasing field as shown by dotted lines. At present, it is no
obvious whetheiT ,,, corresponds td p; or Tp,.

A. Possible mechanism of RO
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FIG. 11. Mass plots foB|lc*. The RO amplitude normalized by 5. The solid line is the fitted result with the LK formula on the
R(20 T) and then divided by temperature is plotted against temperapss of the MB and BR processes.
ture. The solid lines are the calculated results with LK formula. The
obtained effective mass ranges fromr@g8to 1.3m,. The normal-  the RO amplitude results from that of the scattering tifhe.
ized RO amplitude divided by temperature in tMephase for the  The large difference of the temperature dependence from the
ClQO, salt is shown for comparison, which results from the QI effectc|o4 case suggests that the QI is not the main mechanism of

(Ref. 18. the RO for the PEsalt.

effect on the SdH oscillation. In addition, the carrier com- B. Field dependence of RO

pensation is removed by the change of the nesting. The steep In the model shown in Fig. (&), the MB process is nec-

decrease of the RO amplitude and the normalized magnee_ssary for the observation of the RO. The MB probaliiity

toresistance belw 3 K for all the directions seems consistent .

with this picture. is given by
An alternative picture with respect to the 3.5 K anomalies p=exp—Boy/B),
is a glass transitiofi.1° The dielectric constant and heat- mc A2
: \ or ! o .
capacity experiments suggest some critical slowing down 0~ Fie E-sin20)”

around 3 K. Within this model, the SDW is pinned on ran-
dom impurities, and many grains, where the SDW phase isvhereB is the MB field,A is the energy gap, and ths&: is
coherent, are present. The origin of such grains is not cleathe Fermi energy before the SDW formatiahis the scat-
If there exist many metastable configurations of the grainstering angle at the gap. It is not easy to estimafecisely
the fluctuation from one metastable state to another may taleecause it is very sensitive to the shape of the original Fermi
place within a characteristic time scale. As the temperatursurface. The term s{@6) may range from 1 to 0.05. The
decreases, the fluctuation will be frozen. If such grains existNMR and uSR results shows that the order parameter, i.e.,
the grain size must be much larger than the cyclotron orbitthe energy gap is almost constant below 10 &’ Assum-
whose radius is about 200 A at 25 T, for the observation ofng A=16 K (Fig. 2), andE=0.1 eV, B, is estimated to be
the SdH oscillation because of scattering of the electrons ainly 3 T even for si2)=0.1. This suggests that the MB
the grain boundaries. It is not clear whether the rapid deeasily takes place. The orbits shown in Fi¢c)linclude four
crease of the RO amplitude and the normalized magnetoré4B and two Bragg reflectiofiBR) processes. The BR prob-
sistance bely 3 K is consistent with the glass-transition ability is (1— p), so the total probability of the cyclotron
model. motion along these electron and hole orbits is given by
Another possibility of the mechanism of the RO is the p*(1—p)2. In Fig. 12, the field dependence of the RO am-
quantum interferencéQl) effect?®*3° As shown in Fig. 1d),  plitude and the fitted result for the 4-K datsolid line) are
there are two alternative trajectories for the electron motionshown. In this calculation, we useth(effective mass
When one electron travels from poiAtto pointB, the QI  =1.0my, x (Dingle temperatune=8 K, and B;=3 T. The
occurs. In this case, however, the temperature dependence ajreement with the experimental result is satisfactory. How-
the amplitude in this temperature range is expected to bever, the field dependence of the RO beld K cannot be
much smaller than the experimental results. For comparisomeproduced well by this model with the same parameters,
the temperature dependence of the RO amplitude observed iecause the field dependence is much smaller than that above
theM phase for the CIQ salt is shown in Fig. 11. We have 2 K.
claimed that the RO in thé/ phase for the ClQ salt is The reconstructed Fermi surface is very complicated, so
caused by the QI effect and the temperature dependence tifat the field dependence of the resistance and Hall resistance
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cannot be compared with the calculation for a standardtructed Fermi surface, small electron and hole orbits are
model?® However, we can expect that the MB effectively formed, whose areas are almost the same, i.e., the carrier of
increaseqg; with increasing field. The increase of; at  the system is almost compensated. At high fields, the MB
high fields( B>20 T) shown in the inset of Fig. 8 may be takes place, so the carriers travel along the large MB closed
due to the MB effect. orbits. The system still remains compensated. This model

The Fermi surface shown in Fig(d is reconstructed on explains well the large magnetoresistance for all the current
the assumption of the commensurate nesting vector. When dtirections and the large Hall resistance in the temperature
is incommensurate, the reconstructed Fermi surface canneggion where the RO is seen. We proposed that the RO is
be displayed, because of the mismatch between the latticscribed to the conventional SdH oscillation coming from
periodicity and the SDW modulation. However, as long asthe MB orbits in the reconstructed Fermi surface. The tem-
the SDW modulation is very close to the commensurateperature and field dependence of the RO is consistent with
similar MB orbits may be formed, i.e., the SdH oscillations this model. The steep decreases of the RO amplitude and the
corresponding to the MB orbits as shown in Fi¢c)imay be  normalized magnetoresistance blev8 K are understood in
observable. terms of some change of the nesting vector.

V. CONCLUSION
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