Direct Measurement of the g-Factor of Composite Fermions
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Abstract. The activation gap A of the fractional quantum Hall states at constant fillings v = 2/3 and 2/5 has been measured
as a function of the perpendicular magnetic field B. A linear dependence of A on B is observed while approaching the spin
polarization transition, yielding a direct measurement of the g-factor of Composite Fermions.

In recent years, the ever improving mobility of the
samples allowed the observation of the fractional quan-
tum Hall (FQH) effect in the low magnetic field regime.
Here, the spin degree of freedom plays a crucial role, and
FQH states with partial (or vanishing) spin polarization
have been directly observed [1-4].

The theoretical understanding of the FQH effect
has been deepened by the introduction of Composite
Fermions (CF) [5], quasiparticles made of one electron
bound to an even number of magnetic flux quanta. As far
as the properties of CF are concerned, the effective mass
m* has attracted a lot of interest while much less has been
said about their spin-related behaviour [6]. Only the fill-
ing factor dependence of the product m*g [3, 8] was de-
termined from observations of the spin-polarization tran-
sitions [4, 7], but no direct measurement of the CF g-
factor was accomplished yet.

In this work we present an experimental analysis of the
activation gap A at constant filling v=2/3and v =2/5
as a function of the purely perpendicular magnetic field
B. We observed a linear magnetic field scaling of A while
approaching the spin-polarization transition which yields
a direct measurement of the CF g-factor [9].

Composite Fermions around half filling of the lowest
electronic Landau level (LL) are created by attaching
two magnetic flux quanta to each electron. Thus, CF feel
an effective average magnetic field B* = B(1 —2v) in
an external magnetic field B. The CF filling factor p is
related to the electronic one by v = p/(2p+1), mapping
the principal sequence of the electronic FQH states into
an integer quantum Hall effect of CF. The CF cyclotron
gap at fixed p scales as ho} = heB*/m* « 1/(2p+
1) € /el since the Coulomb term € /¢l (~51./B[T|K) is
the only relevant energy scale for electrons in the lowest
LL [10] (e = 12.8 is the dielectric constant for GaAs and
| = \/h/eB is the magnetic length). Such a scaling can be

obtained by assuming an effective CF mass m' o< v/B. In

real experiments disorder and finite thickness corrections
tend to reduce the activation gaps. Since the CF flux
attachment does not couple to the electronic spin degree
of freedom, the Zeeman term can easily be included and
it depends only on B. Thus, the energies of spin-up/down
(s==+1/2)CF LL are

Eous(®) = (143 ) POZ(PB) +squaB (1)

with g = 0.67K/T the Bohr magneton.

The zero-temperature ground state at a given B is ob-
tained by occupying the lowest p spin-split CF LL. Due
to the different B-scaling of the cyclotron and Zeeman
terms in Eq. (1), CF LL with opposite spins cross. The
transitions between differently polarized ground states
are then given by the crossings between CF LL at the
Fermi energy. We can define the “slope” Sps(B) =
dBEnps(B). It is then easy to check that, independently
on the value of m*,

|S1pT(Bnn’) - Sw’pL(Bnn’)

1
=dgA| = 5 lolug, (2)

By
with By the magnetic field where the two levels Eqp;
and Eyp cross. The energy gap A approaching the tran-
sition is therefore linear and its slope given by Eq. (2)
depends uniquely on the CF g-factor. The model above
neglects CF-CF interactions which however become rel-
evant only very close to the spin-polarization transition
[4, 13].

In what follows we will describe our activation gap
measurement for fixed v=2/3and 2/5 (i.e. p = 2) and
directly deduce the CF g-factor from the linear scaling
described in the model above.

The two-dimensional electron system used in
our experiments was realized in an AlGaAs/GaAs-
heterostructure and the carrier density was modulated by
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FIGURE 1. Resistivity pyy(B) of all measured electron den-
sities (shifted by 3 kQ each for clarity). Atv=2/3andv=2/5
the activation measurements are performed.

illumination. The base carrier density and mobility are
Ne = 0.89-10°m~2 and pe = 102m?/Vs. With maximal
illumination ne = 1.50- 10 m~2 and e = 193m?/Vs
are achieved.

An infrared LED allows to change the carrier density
Ne using the persistent photoconductivity. For different
N We measure the resistivity p,, as function of B, which
allows to determine the carrier density and mobility.
Fig. 1 shows p,, of all achieved densities.

For each density we measured the temperature depen-
dence of the resistivity p,, (T ) while fixing the magnetic
field corresponding to filling factors v = 2/3 and 2/5.
We observe activated transport p,, o< exp (—A/2T) with
A the activation gap. From the fits to this equation, we
extract A at v =2/3 and v = 2/5 for different magnetic
fields. The dependence of A on B is shown in Fig. 2.
A remarkably linear behaviour is observed over a large
magnetic field range, in agreement with the theoretical
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FIGURE 2. Activation gaps A(B) at filling factors v = 2/3
and v = 2/5 as a function of the magnetic field. The activation
gaps are nicely fitted by a linear dependence as shown by the
solid lines. Inset: g-factor extracted from the linear dependence
of the activation energy A (see text). The line shows a linear
interpolation [14].
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expectation. We want to point out that activation gaps
measured by transport are typically reduced by disor-
der and finite thickness effect. This effect is however ex-
pected to depend only weakly on B. The measured slope
dgA(B) is therefore essentially unaffected and yields the
CF g-factor through Eq. (2), producing |g2/5\ =0.92 and
|gz/3\ = 2.80. We apply Eqg. (2) in a quite large magnetic
field range, nevertheless we only expect 5-10 % deviation
from the linear behaviour. Astonishingly, the linearity in
the experiment seems to be even better, maybe as a result
of slight B dependent finite thickness effect.

The values of g indicate a strong renormalization due
to interactions (the bulk g-factor for GaAs being —0.44).
Moreover, the CF g-factor depends strongly on the elec-
tronic filling factor. In fact, although both the two frac-
tions v = 2/3 and 2/5 are mapped into the same CF-
filling p = 2 (symmetrically with respect to v = 1/2)
their g-factors differ by more than a factor 3.

Since our CF form around v = 1/2 it is interesting
to estimate g, /2 For the exchange enhanced electronic
g-factor a linear scaling with filling factor is expected
from theory [14]. This linear interpolation yields |g1/2\ =

1.65 (see inset of Fig. 2), in excellent agreement with
|91/2\ = 1.6 obtained by Kukushkin [4, 8]. In contrast,
NMR experiments in tilted fields found |gl/2\ ~ 0.39
[15].

In conclusion, we performed a direct measurement
of the CF g-factor for v = 2/5 and 2/3. Although the
two fractions are equivalent in the CF picture, their
g-factor is significantly different, showing interaction-
renormalization and a strong dependence on the elec-
tronic filling factor v.
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