EP2DS-12 (1997) Oral No. 100 To appear in Physica B

Measurements of composite Skyrmions at filling factor 1/3
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Abstract

Measurements of the fractional quantum Hall éféerergygapsat high pressures arpresentd that
provide evidenefor the existence of composite Skyrmionkist axharged spin texturdgiown as
Skyrmiors are thought to be the lowest lying excitatiofisr electros at v=1, we showv that
composite Skyrmions can be formedal/3 when the electron g-factor is sufficiently small.
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The fully polarised fractional quantuHall effect(FQHE) state atillin g factar v=1/3 consists of
exactly one full compogtFermian Landaulevd (CF LL) and as sucls completely analogous

the integer quanturflall state atv=1. Indeed the fact thdtaughlin’'s wavefunctiorfor v=1/3
contains thev=1 wavefunction as &actoris one of thebass for the composé Fermion model
[1]. Thus, ast all odd v, the ground state at=1/3 should be seen as an itinerant ferromagnet.
Excitations from these ferromagnetyround stateswhich determie the conductivity are

dominatedoby the Coulomb exchange energg,=e”/4te I (Ig = |/7/€B is the magnetic length)

which is much larger than the single particle Zeeman grggrgB. Single spin flipggenerag spin
waves [2, but,if theZeeman energy isot too large, thee may be spin-textured dhna solitons
with a multipe of R flipped spins[3,4]. The size and energy of these collective excitaison
determinedby the ration = gugB/E; andin the limit of n=0 they becomanfinite sized
Skyrmions. At v=1 these have beealetecte optically fromthe degree o$pin polarisationin
nuclear magnetic resonance [5] and photoluminescence [6] and in transport measure8hents [7

In the case 09=1/3 the lowekexcitationmay be either a spinpreserving transitiomo the next
higher CF LLor a spinflip transition to the lowest CF L statewith the oppositespin. At v=1
there was n@ambiguity sincéboth theZeeman and Couldoenergis aresmal comparedo the
cyclotron energy, but at=1/3 it is necessarpitompae the exchange energy with gaps between
CF LLs, arising fromelectron-electron correlatiorvghich also scale a.. At smalln i.e. low
magnetic fieldoor smallg-factor, the lowest excitation should be 8pin flip but the questioms
whether this is a single spin flip of one CF or a collective phenomenon, i.e. a Skyrmion.

We have measurethe magnetoresistance @aAs/GaAlAs heterojunctianat temperatures
between 30nK and1.5K to obtain values athe FQHEenergy gap,principally at fillin g factors

1/3, 2/3 and 2/5. Hydrostatic pressure ofta®2 kbar has been usetd changehe Landég-

factor, which increases witpressure fronthe ambient value of-0.44 passig through zercat

~18 kbar and ultimately becomes positive at the highest pressures [9]. The Hall bar samples were
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mounted inside diquid clamp cell 4
attached to theail of a top loading

dilution refrigerator [10]. The X
temperature was measured with a

G586 40 mK

-
RuO resistor attached to the pressuk@ /a .
cell and the pressure was obtained 1 X ,
from the change in resistance of BTN e
maganirwire. The electron density. 2 T A
in the samplescould be altered in situ Lo 7 e
with ared LED afterwhich theywere s
left in the dark forseveralhours to 1 3
stabilise beforerecording data. For
sample G586, with a 400 A spacer .
layer, n. was adjusted to be 0.44+0.06 S B o S
x10°m? above 13 kbar andglightly R : — ——
higher at lower pressures whetata ! 2 1y

was taken in the dark. Th@ig. 1: Magnetoresistance recorded at 40 mK for sample G586 at
magnetoresistancep, 0of G586 at pressures between #0d 20 kbar.Note howthe feature av=1/3

40 mK is shown in Fig. for pressuresgets weaker relative to 2/5 with increasing pressure, but is
in the range 10-20 kbar. Tladscissa recovered at the highest pressure. The curves are offset for clarity.
1M is used to remove themall

remaining density variation. Abe pressure is increased the feature=it/3 gets weaker. It
appears twanish inthe 18.7 kbar data, favhich pressure we expegtto be close taero, and
then reappears in the 20 kbar data ajtehanges sign. Meanwhilke feature at=2/3 changes
very little, demonstrating thathe FQHE is not

adversely affected by pressymer se .. G586 v=1/3

9.6 kbar

10.0 kbar
11.6 kbar
13.0 kbar
14.7 kbar
16.0 kbar
17.1 kbar
17.2 kbar

Two proceduredave been used textractvalues for 1
an energygap atv=1/3. The depth of thminimum at )
v=1/3, defined by Ap = {px(®) - px(T)} / Pxx(), I X+

where p() is the high temperatureresistivity at sy “e a
v=1/3 whenthere is no longer minimum, isfitted to X R
the Lifshitz-Kosevich (LK) formula Ap O x / sinh MR e
where X = 2I°KT/E, as shown inFig.2.  This )
proceduredescribed in more detail in Ref. 11,vialid i *45
over the temperature range fahich Ap <0.8. The SR R |
energy E; extracted inthis way measureshe gap AR ‘.
between CF LL centres andrist sensitive tothe LL A

* X + 4 on

Ap

01

broadening due to disorder. The activatioergn A : x
has also been found frothe Arrhenius plot in Fig. 3 ‘
usingthe equatiom(T)= poexp(LA/kT). This energy

is the mobility gap in thedensity of states. At o m we W mo mw
pressures above 16 kbar thelue deduced forA is Temperature (mK)

very small sincethe minima in p« do notreach zero _.

. Fig. 2: Depth of the minimum at=1/3 fitted
and cease to be activated at the lowest temperaty&s. | k formula to extract the energy dgap
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Fig. 4: Energy gap av=1/3 as a function of pressurg,
deduced fromfitting to the LK formula compared with the
activation energy.
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This may be due to hopping parallelconduction at
the highest pressures - a problem avoidetha LK
approach. From bothgures it is clearthat lower
temperatures are required to seéully developed

minimum athigherpressures, thus however the datanalysed we conclude thiie energy gap
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n = Zeeman energy / E_

decreases as the pressure increases. The pressure
variation of bothEg andA is shown inFig. 4. There
appears to be a constatitference betweethe two
values such thaEg=A + T which we ascribe to a
constant LL broadening éf= 1.3 K.

In order tocomparek, for different samples where
v=1/3 occurs at quitdifferent magnetic fieldall the
data has been scaled in Fig. 5 ltlge interaction
energyE. and plotted as function ofn, theZeeman
energy scaled b¥.. This scalingaccounts for the
pressure andensity variation ofy and also allows
for comparison with theory. Tlaata inFig. 5afalls
into two groups eitherside of n ~ 0.01 which
indicates acrossoveifrom spin wave tdSkyrmionic
excitations. Atrelatively high densitiesand low
pressures, such thag|p 0.01 the gap jusscales
with Ec. This is similar tahe behaviour seen at=1
and shows that the FQHEtate atv=1/3 has a
Coulombgap, which maycorrespond either to the

Fig. 5: Energy gaps faall samples at (ay=1/3 Spin waveor, more probablythe CF LL gap. For
and (bv=2/5 as a function of Zeeman energy, giressures above ~9 kbar and lower densities, where
scaled bythe Coulomb energy. TrlangleSShOW the Zeeman energy |S Sma”at]ere |S aspln gap

data taken at ambient pressure from Ref. 11.
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proportional torj|. The line orFig. 5a with agradient of §ugB provides agoodfit to the data

at smallfj|, which following Refs. 7 & &uggests the excitati@ntails reversing ~3 spinslhis

could be a small composite Skyrmion which is consistent with theoretical predictions [3,12]. The
number of spins irthe Skyrmion wil increase continuously a$ decrease, so 3 should be
regarded as an average value.

The energy of Skyrmions at=1 and 1/3with R spins has been calculated in R&R] to be
EJ/E. = 0.313 + 0.23 exp(-0.B®) +nR and EydE. = 0.069 + 0.024 exp(-0.88"% +nR
respectively, where the first term is the energy foinéinite Skyrmion atn=0 and the third is the
Zeeman energy dR spin flips. Comparinghesetwo expressions it is clear that tZ&eman
energy vill be relatively more important for the compositekyrmion atv=1/3, due to the
interactions between CHE®ing weaker than between electrons. Hence the compSksjtienion
at v=1/3 will be smallerfor a given n than theSkyrmion atv=1. Minimising the composite
Skyrmion energy predic®=3 at [|=0.002. This theory for creation of an isolagrmion can
not bedirectly compared witithe experiments wherghe excitation consists of 8kyrmion-
antiskyrmion pair andinite thicknesscorrections must be applied, howeveallows us estimate
the expected energy and size scales.

By contrast Fig. 5lshows the gap at=2/5 varying in a manneconsistent with a singlspin
excitation sincehe lines inthis case have gradients ofgikB. There is also ainimum gap
observed afj=-0.007. This corresponds to the point where the 2/5 ground staeges from
being polarised, with two spin up CF Ltudl at large h|, to unpolarised a&mall f| with onefull

CF LL of each spin. This behaviour ssgnilar to thatseen atv=2/3 in tilted magatic field
experiments [13]. That afinite gap remains agshe CF LLs cross suggests the ferromagnetic
interactions lift the degeneracy between the polarised and unpolarised ground states.
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