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2DES with strong magnetic field

strong perpendicular

2D charge carrier system  magnetic field strong e-e interaction
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Coulomb interaction

Fractional Quantum Hall Effect (FQHE) States

Formation of new quasiparticles: Composite Fermions
(J. K. Jain, PRL 1989)
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Transport sighatures of FQHE States
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» More than 70 odd-denominator states explored — most of them in the LLL

» Even-denominator states only in SLL (5/2 & 7/2)
— supposed to obey non-Abelian excitations
« Competing phases in SLL: RIQHE states, FQHE states, anisotropies, ...



Competing phases in the second LL

fluid of (paired) QP

—non-Abelian excitatio

Incompressible - ‘Striped phase’ ‘Bubble phase*
il (CDW like phase) (electron solid)
S

Exploring collective low-energy excitation of the ‘bulk’

by Resonant Inelastic Light Scattering (RILS)




Outline

Resonant Inelastic Light Scattering (RILS)
Collective Excitation Spectrum for v=>5/2
Collective Excitations at v=2+1/3

Conclusion



Collective excitations

1. Collective Spin Excitations

« Spin wave (SW) at the bare E,
« Spin flip excitations (change of spin
and orbital quantum number)

2. Collective Charge Excitation

Modes at critical points in E(q),
e.g.at A, , A,

C. Kallin and B. Halperin, 1984

D. Haldane and E. Rezayi, 1985 Momentum qla
S. Girvin, A. MacDonald, P. Platzman, 1985



Observation of excitations
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Inelastic light scattering at mK

Dil-fridge with windows and B < 16T Back scattering geometry with tilt 6
cold finger Sample
(~ 40 mK) B P
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Conservation of wavevector:
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Tilt angle 6 modifies:
*Transferred momentum:
Qo= k. — ks = (2w,/c)sin6
* E, = gugB; independent from B,




Sample for studies in the SLL

dsd QW structure:

300 A GaAsQW

(001)-GaAs
substrate
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From transport at 300 mK:

ensity range:

n: ~3-10" cm=2
mobility:

u: 23.9-10% cm?/Vs




Resonant inelastic light scattering

RILS by collective excitations: n —step process (n>3)

Emission spectrum

collective excitation
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Intensity (arb. units)
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Excitation spectrum at v=3
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RILS mode only observable under resonance conditions

(SW vanishes by changing the photon energy by only 50 peV)



Identifying filling factor v=3

1523.85 1523.90 1523.95

B=3.975T
v=2.98

B, =3.925T
i v=3.02

1523.90 p— 1523.95 1524.00

1523.95 = 1524.00 1524.05

1524.00 p— 1524.05 1524.10

ident Photon energy (meV)

-
”

1524.10 1524.15
0.3 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3

- Energy Shift (meV)

E,, ,=1524.07meV

£
o
T T

LL{

444—4— L

LLd

44440 | Spin-wave mostintense atv=3

¥ LL,d
. g I s U

0.0 0.1 0.2 0.3 0.4 0.5
Energy shift (meV)

w
o
T T

E .0, =1524.02meV

Intensity (arb.units)

oton=1523.97meV




Gapped collective excitations at 5/2
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Gapped collective excitations at 5/2
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Modes are reproducible and unchanged for small variations in tilt angles
(momentum and in-plane field)
Gapped mode vanishes for 7>250 mK, (4z=70ueV=0.81K)
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Generic mode dispersion at 5/2
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transport and calculations
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Collective excitation spectrum at 5/2+6
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Gapped modes merge into a continuum of low-lying excitations indicating a
transition from a incompressible quantum fluid to a compressible phase.



Open questions

[- Can we determine the amount of spin-polarization at 5/2?]

* Excitation spectra of other exotic phases and FQHE states
in the SLL?




Spin wave intensities in the second LL

SW modes
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Relative mode intensities suggest:

— full spin polarization for v=3, v=5/2
and 2.33<v<2

In agreement with RD-NMR measurements by:
L. Tiemann et al. Science 335, 828 (2012)
M. Stern et al. PRL 108, 066810 (2012)

UW, et al. PRL 110, 026801 (2013)



Spin wave energies in the second LL

SW modes Mode energies
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Conclusion

Gapped Excitations at 5/2
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RILS spectra at v=2+1/3:
Evidence for coexcitence of phase
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