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The influence ofspin on theFractional Quantum HalEffect is investigated in GaAs-GaAlAs
heterojunctions in a filling factor region where both spin states of the ldwestaulevel are
occupied. When the single particle spin splitting is reduced by hydrostatic pressure featveas at
numerator fractions are enhancekile those with odd numeratoase diminished. This is due to
the existence of spin- and Landau gaps in the composite Fermion energy spectrum.

In this paper the influence of spin splitting on the Fractional QuantumBffatit
(FQHE) is studied experimentally by reducing téeergy difference between
electron states of spin @md spindown with hydrostatic pressutelhe results are
interpreted in theomposite Fermion (CF) frameworldsually only onespin state
is considered, i.e. the electrons are treated as spinless particles or in the limit of
infinite spin splitting. Then thé&QHE can be interpreted as an inted@HE of
spinless CFand all thefeatures seen &igh magnetic fields for filling factors<1
can be explained by forming CF Landauels (LL) in an effective fieldentred on
v=1/22 However, for 2»>1 and at low fields both spin states must be considered.
By using hydrostatic pressure to tune the Landé g-factamawenvestigate the
influence of spin splitting. In bulk GaAs the g-factor is -0.44, which is the result of
subtracting band structureffects from the free electron value of 2. Ahigher
pressure the band structure contribution is redused,so is the magnitude of the
g-factor which isexpected tgass through zero at ~16 kiaPressure also reduces
the conduction bandffset betweerGaAsand GaAlAs leading to dower electron
density,ne, but this can be increased again through persistent photoconductivity.
The samples studied, G627 & G90&re GaAs-GasAlo35AS heterojunctions
grown by MBE at Philips Research Laboratories with 4a08200A spacer layers
respectively. For G62f, wasmaintained at 1.80.2)x10°m™ for pressures up to
13.4 kbar, whildor G902 it dropped fron8.1 x13°m™ at ambient pressure in the
dark to 2.1x1&m™ after full illumination at 14 kbar. The samplas immersed in
oil inside aBeCu pressure cell, load&ato the mixture of a dilution refrigerator in
a 17 T superconducting magnet. The temperat@® measuredith a ruthenium
oxide resistor mounted ahe pressure cell whichccurately followedhe sample
temperature. The pressure was obtained from the resistance of an InSb sensor.
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Figure 1 showp, at four pressures ithe region 2 »> 2/3for G627. Athigh
pressure, where the g-factor approaches zmren numerator fractions such as
v=2/3, 4/3 and 8/5 are enhanced, while abdd numerator fractions asuppressed.

New features also appear @t4/5 and 6/5 and theidth of thev=1 minimum is
reduced.This is all consistent with removal of the spilegeneracy. For example,

with a large spin splitting the state\at2/3 isfully spin polarisedand consists of

two full CF LLs formed only from spin-down electrong/hen g-0 the same
particles fill one CF LL of each spand so thistate can beonsidered to be=1/3

for the spin-degeneratystem. Similarly4d/5 (initially a weak state formed from
second generation Clfbecomes atrong feature as it translatesvte2/5. All the
features at oddumerator fractions have half full Qs in the degeneratsystem,
without an energy gap at the Fermi energy, and so do not form quantum Hall states.
This is similar toobservations in bilayer systemshere the splittingoetween
symmetric and antisymmetric states is tuned with the separation of adjacent
2DEGs. That situation was modelled by assigning an isospin index to each layer. In
the presensystem,with real spin, there is no spatial separati@mtweenthe two
species of particles and so interaction effects might be expected to be much greater.

We now consider in more detdlile mixed spin region aroung3/2 where the
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Figure 1: Magnetoresistance of samfl627 for 2>v>1, showing a decrease in strength5¢8 and 7/5
relative to 4/3 and 8/5 as the pressure increases. The density was fixed@12).81(0°m
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features at=4/3 and 8/5 increase in strength at higher pressures relative to those at
5/3 and 7/5. Av=3/2 electrons completely fithe lower spin state of théowest LL
0 and halffill the upper spinlevel 0. Initially it might be thoughthat O can be
ignored, as itdoesnot contribute to conductioandCFs formed fronthe electrons
in the half full 0 level. However, at fields awayom v=3/2, Landau quantisation
in the effective fieldincreases the CEnergy by mordghan the spirsplitting and
thus CFLLs from both 0 and 0 will overlap. So 0can not be ignorednd the
correct procedure is to make CFs ouhofesin thecomplete LI° making the state
atv=3/2 the hole analogue of 1/PQHE features wilappear whenever there is an
energy gap ahe Fermievel, but we need to know whtlte initial and finalstates
are to understantiow the features change. Considering the sets of LLs
originating from holes in the spin up or down levels the CF energy is:
1 1

Ei,N,o = Ei +(N+5)he8‘/ VF i; ) My B (1)
M* is the CFeffectivemass, which depend®, and g* is theLandé g-factorNote
that while the CF cyclotron energy dependsBin= S(B(%) - B), the Zeeman term

depends on the total magnetic field. In our simple picture each CF consists of a spin
1/2 holeand 2flux quanta. Theflux attachment account®r the manybody
Coulombinteraction but the spipart is still essentiallythat of a single particle.
Figure 2 shows a calculation ttfe CFLLs and themovement othe Fermienergy
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Figure 2: Calculated CF Landdevel energies for each spin state (solid and dashed lines), showing the
Fermi energy (thick line) as a function of filling factor. Input paramei@rs627 are n=1.8x10°m’;
M*=0.50+0.08B*; g=0.44. Thespin splitting is reduced by a factor of 10 betwéanand (b)giving a
dramatic reduction in energy gap at odd- and an enhancement for even-numerator fractions
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for (a) large and (b) small g*. Even numerator fractions like 4/3 and 8/5 correspond
to quasi-cyclotron gaps, wheredee odd numerator fractions 5/3and 7/5
correspond to spin gaps. Reducing the g-factothigicase by applying pressure,
leads to collapse dhe spin gapand an enhancement of the Landau gdpese
calculations caralso explain the changes in spin polarisation browduut by
changing the electron density or tilting the sample in a magnetic’field.

We have measured tlemergy gagor each fraction by fittinghe temperature
dependence dhe rresistivity tothe Ando formuld. The gaps areshown scaled by
peB at each pressure in figure 3 which would be a plot of g* for gpire gaps. For
5/3 and 7/5 thishowsthe Zeemarenergy of CF holes is reduced along with the
single particle g-factor. An additional contribution to the 5/3 gap is seen due to
exchange interactions. At 7/5 this is smablecausehe spin populationifference
is less. For both samples the ratedetrease ofthe gaps with pressure at 5/3 and
715 is equal to the rate of increase at @8l 8/5which is consistent with a simple
shift of the two Landau fans as the Zeeman energy is changed by the pressure.
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