Simultaneous Excitation of Spinsand Pseudospinsin thebilayer v=1
Quantum Hall State

D. Terasawal, M. Morino!, A. Sawadal, Z. F. Ezawal,
K. Muraki?, T. Saku3 and Y. Hirayama?

1Department of physics, Tohoku University, Sendai 980-8578, Japan
2NTT Basic Research Laboratories, Atsugi, Kanagawa 243-0198, Japan
SNTT-AT, Atsugi, Kanagawa 243-0198, Japan

I ntroduction

Inabilayer v = 1 quantum Hall state, when both layers have the same electron density, a charac-
teristic tilting angular dependence of the excitation gap has been reported by Murphy et al. [1]. The
observed behavior is considered to reflect a change in the pseudospin ferromagnetic properties of the
v = 1 ground state [2], and the excitation attributesto a pair vortices excitation of pseudospins called
meron [3]. Pseudospin “up” (“down”) refers to an electron in the “front” (“back”) layer. In contrast,
we see the spin vortex excitation known as skyrmion in a monolayer v = 1 quantum Hall state [4].
However, bilayer v = 1 states with different density configuration have scarcely been investigated so
far, especialy the angular dependence of the energy gap. Thus it is interesting how the energy gap
change when there is a density difference between the two layersin the bilayer v = 1 state.

Resultsand Considerlations
Samples used in this experiment are double quantum well GaAs/Al, Ga,  As heterostructures.

The sampl€’s tunneling gap Agag is 11K (x = 0.33) and 1K (x = 1), and the mobility is 2 x 108
cm?/Vs [5]. Throughout this work, the total density was fixed to 0.6 x 101 cm—2.

In Figure 1, we show the angular dependence of the activation energies A at several density dif-
ferences o = (n; —n,)/(n; +n,), where n,(n,) is the electron density in the front (back) layer. A
was determined from the temperature dependence of the magnetoresistance Ry ~ In(—A/2T). At
o = 0, we see essentially the same behavior observed in [1] in both samples. The gap drops then
turnsinto aroughly constant regime beyond the transition angle 6. ~ 43° for Ag,s=11K and 6. ~ 21°
for Agag=1K. While at the monolayer point (o = 1), the gaps increase as we tilt the samples.
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Figure 1. The energy gap asafunction of tilting angle 6. (a) isfor Agyg = 11K and (b) isfor 1K. The
solid lines are polynomial fitting of the data and the broken lines are obtained curves by the equation
(1) inthetext.



These changes at ¢ = 0 and o = 1 are the typ-
ica behavior of the meron excitation and the
skyrmion excitation respectively. Moreover, we
find the energy gap at ¢ = 0 continuoudy trans-
formstothegap at o = 1 asincreasing o, though
the angle at which the decrease of gap stopsisal-
most the same as that of o = 0 in both samples.
In particular, at intermediate density diferences
o = 0.6 and 0.7 of Ag,s=11K, the energy gaps
increase after the transition angle. This change Tilting Angle 6 [deg]
isinconsistent with asimplelevel crossing of the

skyrmion excitation and the meron excitation 8 kg re 2: Anillustration of atypical level crossing

we show in Figure 2. of a meron and a skyrmion excitations. The acti-

However, we noticed the following aspect. \4ion energy is expected to realize along the solid
The overall benavior iswell reproduced by asum jine actually, it looks|ike the experimental resuilts
of the energy gapsat 6 =0 and 1intheratio of | 4o trace the dotted line.

1— 02 to 62 in the both samples, that is,

Activation Energy [K]

A(0,8) = (1—6%)A(0,0) + 62A(1,0) +b(0) (1)

Here A(o, 0) isthe tilting behavior of the activation energy at the density difference o, and b(o) is
for biasing. This formula indicates two essential points. First, the excitation gap of a meron and a
skyrmion varies in proportional to 1 — 62 [6] and o2 respectively when we change . We consider
these o dependence attributes to the pseudospin and the spin stiffness because the meron and the
skyrmion need energy to break their stiffness. Second, at the intermediate o, the meron and the
skyrmion excite simultaneously. In this regime, Coulomb energy affects both spins and pseudospins,
hence they excite smultaneously. Therefore the elementary excitation is the compound quasiparticle
of ameron and skyrmion. This result may reflect the predicted SU(4) skyrmionsin the v = 1 bilayer
guantum Hall state [7].

Conclusion

To summarize, we have presented an experimental result of the angular dependence of the energy
gap in the bilayer v = 1 quantum Hall state. At intermediate o state, the change in the energy gap
is described by a sum of thegap at ¢ =0 and o = 1 in the ratio of 1 — 62 : 2. We conclude that
the excitation in this state is a simultaneous excitation of the pseudospins and the spins, that is, the
compound quasiparticle of ameron and skyrmion.

References

[1] S. Q. Murphy, J. P. Eisenstein, G. S. Boebinger et. al., Phys. Rev. Lett., 72, (1994) 728.

[2] KunYang, K. Maoon, L. Zheng, €et. al., Phys. Rev. Lett. 31, (1994) 732.

[3] K.Moon, H. Mori, Kun Yang, €et. al., Phys. Rev. B 51, (1995) 5138.

[4] A.Schmeller, J. P. Eisenstein, L. N. Pfeiffer and K. W. West, Phys. Rev. Lett., 75, (1995) 4290.
[5] K. Muraki, T. Saku, Y. Hirayama, et. al., Solid State Commun., 112, (1999) 625.

[6] C.B.Hanna, A. H. MacDonald and S. M. Girvin, Phys. Rev. B 63, (2001) 125305.

[7] Z.F Ezawa, Phys. Rev. Lett., 82, (1999) 3512.



