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We study the phonon-assisted process of dissociation of a magnetoroton, in a fractional quantum Hall liquid,
into an unbound pair of quasiparticles. Whilst the dissociation is forbidden to first order in the electron-phonon
interaction, it can occur as a two-phonon process. Depending on the value of final separation between the
quasiparticles, the dissociation is either a single event involving the absorption of one phonon and the emission
of another phonon of similar energy, or a two-phonon diffusion of a quasiexciton in momentum space. The
dependence of the magnetoroton dissociation time on the filling factor of the incompressible liquid is found.
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Recent advances in phonon spectroséopgve yielded mechanism of magnetoroton dissociation. Understanding this
fascinating results in several branches of condensed-matterechanism is essential for the interpretation of the phonon
physics. These results range from the observation of the reabsorption spectroscopy data, and for the prediction of the
markable anisotropy of phonon propagation in crystallinepossible outcome of experiments at different filling factors.
solids to the detection oR~ rotons in liquid heliun® Ar- We show that the phonon-pulse-induced dissociation of the
guably the most interesting results are obtained when ballighagnetoroton occurs as a second-order process in the
tic nonequilibrium phonons interact with low-dimensional €lectron-phonon interaction. It is a common feature for all
many-body systems. For example, recent experiments ifiystems containing dispersionless particles that two-phonon
phonon-induced quantum evaporation have provided the firgirocesses provide the main contribution to the transport
direct evidence for a Bose-Einstein condensate on the surfaggoperties of the systerit:'*
of ||qu|d 4He_4 A similar approach has been used to probe The neutral IOW-enel’gy excitations of the incompreSSible
quasi-two-dimensiondlD) electron systems based on semi- €lectron liquid have a nonzero gagq) for all wave vectors
conductor heterostructures. In this method, the nonequilibd, With @ minimum value\* atq=q* ~1/,, wherel, is the
rium acoustic phonons injected into the system are absorbgBiagnetic length. The excitations close g6 are well de-
by the 2D electron gas, and this changes its trandptand ~ scribed by the single-mode approximatiorand are called
opticaP properties at low temperatures. Such a technique ha®agnetorotons by analogy with roton excitations of super-
recently been used to obtain information about a magnetifluid helium. At large wave vectors the neutral excitation is a
cally quantized 2D electron gas at fractional filling factbrs. quasiexciton, which consists of a fractionally-charged quasi-

The absorption of nonequilibrium phonons by a 2D in-€lectron and quasihofé=*® In what follows, we consider
compressible liquid, underlying the fractional quantum Hallquantum Hall liquids with a filling factor=p/m, wherep is
effect, results in an increase of the effective electron teman integer andnis an odd number. For this filling factor the
perature, which is detected by measuring the dissipative coreéharge of a quasielectrdiguasiholg is 1/m (—1/m) of the
ductivity of the system. The phonon absorption process caglectron charge. The effective magnetic length for these qua-
be schematically divided into two stages. During the firstsiparticles id§ = Vml,. The dispersion of neutral excitations
stage, the phonons are absorbed by the incompressible ligf the incompressible liquid at large values of momentum
uid, with the creation of nonequilibrium neutral excitations can then be written in the form(q) =A..— e,/m3q, where
(magnetorotonswith wave vectors of the order of the in- sq=€%«l, is the Coulomb energy. We use the magnetic
verse magnetic lengtt?. During the second stage, the non- lengthl, and the Coulomb energy, as the units of length
equilibrium electron system is thermalized, with the creationand energy, respectively. To study the phonon-induced disso-
of charged quasiparticles which are free to participate in theiation of a magnetoroton, we should consider phonon-
dissipative conductivity. The process of thermalization carassisted transitions of the magnetoroton with momentum
be understood as the dissociation of magnetorotons intolose tog* into a quasiexciton with momentum larger than a
well-separated quasielectrons and quasiholes. Initially, it wasritical momentum value., . This critical momentum is de-
proposed that such a process could be intensified by the afined by the condition
sorption of nonequilibrium phonons from the pufddt was
later show? that due to the almost flat dispersion of the A,—A(Qe)=Ter, 1)
neutral excitations of an incompressible liquid at large wave
vectors, the absorption of a phonon by a magnetoroton isvhereT,, is a characteristic temperatufie units ofeq/kg).
allowed only for a very small momentum transfer, which is  To find the two-phonon scattering rate for neutral excita-
not enough to dissociate the magnetoroton. However, due tilons of an incompressible liquid, we assume that within the
the electroneutrality of the magnetoroton, the detectedvhole range of our interesg¢q*), a magnetoroton can be
changes in dissipative conductivity cannot be explainedlescribed as a quasiexciton, i.e., a bound state of a quasielec-
without the dissociation of the magnetoroton into chargedron and a quasihole. Although this is not a very good ap-
quasiparticles. The main goal of this paper is to uncover th@roximation atg~q*, we use this assumption to illustrate
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the importance of two-phonon processes for the thermal resign. Therefore, in Eq(2) the quasiparticle-phonon interac-
laxation of incompressible liquids. tion is characterized by the matrix element$1/m)V.(Q),

For convenience we label the 3D vectors with capital let-where the upper sign is for quasielectrons and the lower sign
ters, e.g.,Q, and their projections with the corresponding is for quasiholes. Herey(Q) is the matrix element of the
lowercase lettersd = (q, q,). We neglect the effects related electron-phonon interaction, which is given by the
to phonon polarization and crystal anisotropy, and write theXPressio
guasielectron-phonon and quasihole-phonon interaction

. T B, .
Hamiltonian in the form Vo(Q)= 1 /6p_| B4Q, (4)
_y L VelQ p(BT(=0)+b(O h d h f pi lectric and d
Him—z = o Z(Qq,)pe(q)[b"(—Q)+b(Q)] whereB, and B, are the constants of piezoelectric and de-
Q formation potential couplings. We use material parameters of
V(Q) GaAs in our numerical estimates.
f L R : ) P
_ 7 bt(—3)+b ' Using Eq.(4), one can rewrite the Hamiltonia®) in the
E mJn 2@ @b Q+b(Q)] form

: : @ 12| [Bp  —\e oo
whereb®(Q) andb(Q) are creation and annihilation opera- Hine= 2, m JQ 6_' BqQ|c(a)[b'(=Q)
tors of a phonon with momentui®, ) is a normalization

Q
volume, andp, and py, are the quasielectron and quasihole +b Q)] 5
2D density operators, respectively. Because the quasiparti-
cles are in the lowest subband of size quantizationzpert ~ Where c(q)=pe(d) —pn(d) is the quasiparticle charge-
of the density operator is accumulated in the form factord€nsity operator.

Z(q,): The matrix elements of the operato(q) between the
quasiexciton states, which are characterized by the 2D mo-
1 mentak andk;, are given by the expression
2(d)=———, ® 1 are gen By he &P
(1+iq./B) 0k~ k
S A > . 2 3 > > >
where the Fang-Howard approximatiSiior the lowest sub-  (Ka|c(q)|k)=—2ie™™d Msm( m%) d(ky—k=q),
band wave function is used, amglis the parameter of the (6)

Fang-Howard wave function.

The response of a quasiparticle to the external perturbaahere the momentum is in units ofl§/
tion is mtimes weaker than the corresponding response of an The rate of the two-phonon scattering of the quasiexciton
electron. For the quasihole this response has the opposite states with momentum greater thag is

27 1 [ degx d3Q’ 1 sy s 22
W(ch) 3|6 f Jqf>qcr J‘J’(Z )3 (2 | (qz| |Z(qz)| |M(q 7Qf7Q=Q )l

XN(Q)[N(Q")+1]18(A(q*)—A(gs) —s(Q'—Q))&(q* +q—0q;—q’), (7)
where

oL H') "*+" »*_*_"H YA P "*H"/ _>*+_>’ "*+_’r|’_‘|" =
MGG, 5.5 = (@*|AQ)|a* +a)(q | ql (Q)qu>+<q IH(Q")|q Q><q’ q’| (Q)qu>’ ®
A,—sQ Ap+sQ

Aa=A(Q* +0)—A(dp), Ap=A(q* +q')—A(g*), and

o |V

wheres is the average speed of sound, whicts4s0.03 in units ofeggly/%. In Eq. (7), the first integral is the average of the

scattering rate over all possible directions of the initial momentiim N(Q) is the nonequilibrium phonon distribution
function created by the external phonon source. The dvwonctions represent the conservation of energy and momentum.

Due to the exponential dependeri. (6)] of the matrix elements of the charge-density operata) on the phonon
momentumg, the main contribution to the integrals in EF) comes from the region where the difference betwgemdq’

is small, and the vectoxﬁ;* andﬁf are parallel. In this case, substituting E®.and(9) into Eq.(8), we obtain the expression

c(a), C)
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o (Byl3+B4Q?)(Byl3+B4Q') oA |7 . magdsing]*
|M(q*=qf =Q’Q’)|2%16 : 12 ° 112 ’ sin 2
QQ'Ig[A4(qs) +sQ'] Ay(ge) +sQ
mqgq'sin24]|?> [  mqgqgsin2¢ maqgsin 2¢|?
X|cos————— } sin , (10
2 2 2
|
where A1(ge)~A,~—Ap~A([qe,+9*]/12)—A(Q*), A In the opposite case of a narrow quantum well, i@.,
=A,+Ap~2A(q* +q)—A(d;) —A(G*), ¢ is the angle be- > 8dcr/2, W(d,,) takes the form
- Ny .

tween vectorg] andqg*, and is the angle between vectors 1 1 1 qcr\/q—cr

g* andgq;. From Eq.(10), one can see that the amplitude of W(dcr) ~Wo— — — — = N(80c,/2)[N(5q,/2) + 1]
two-phonon scattering of the quasiexciton vanishes when the m* 6" s \/q_

wave vectors of the phonong,andq’, have the same direc- 1 Ger Jm

tion. We assume that the angleésand ¢ between the wave Xsa | 13— 5 erfc(TéqC,), (12
vectors are small. This approximation is good for large val- Ger (9" +er)

ues ofq;. The first term in the curly brackets in E¢LO)  where the main contribution comes from the piezoelectric
contains the factobA, which describes the nonlinearity of interaction.

the excitation spectra and depends strongly on the shape of From Egs.(11) and(12) one can see that the rafé(qc,)

the dispersion curva(q). There is no good approximation is exponentially small for large, . The two-phonon disso-

to describe the magnetoroton spectrum in the intermediateiation of the quasiexciton as a single event is allowed only
region between the magnetoroton minimum and the beginfor small values of critical momentum. For example, for
ning of the quasiexcitonlike dispersion. As an upper limit fordcr~3, Which corresponds to a characteristic temperature
SA we take the valueSA =0.005, which corresponds to a larger thanTc,~1/m°qe,~1.5 K [see Eq(1)], we find from
quarter of the magnetoroton binding energy; the term conEd- (1221”“9 rate of quasiexciton dissociatio(qc,)~3
taining SA then gives only a small correction to the whole X10° 5%, or the characteristic time of dissociation3

79 . . s
expression. In what follows, we shall disregard this term and< 10 _ S- For this calculation the temperature of nonequilib-

only consider the contribution from the second term in thelUm phonons is taken &Bp,=10 K. For a larger value of
curly brackets. the critical momentuny,, the rate of direct two-phonon

If the width of the wave function in the direction is dissociation of a quasiexciton becomes very small. For ex-

= 1 ~ 3 ~ i
much larger than 2q.,, i.e., the Fang-Howard parametf@r ample, atTe=0.5K we obtainqe, ~1/m"Te,~7, which

) - gives an exponentially small value of the erfc function:
is much smaller thardq,,/2, then by substituting Eq.10) %1116 ; )
into Eq. (7) and performing the integrations, we obtain the erfd (13/2) (de; ~g*)]~10 ™% In this case one should con

. o : S sider the series of subsequent two-phonon transitions, which
expression for the rate of quasiexciton dissociation: represent the diffusion of the quasiexciton in momentum

space.
1 3 1QuVQe B%s 2 Following the derivation of Eqs(11) and (12), we esti-
W(Qcr) ~Wo—, F 3 Jo* | 8%erAo(Cer) mate the average change in the momentum of the quasiexci-
m>emS° A er= 0 Her ton, &g, during a two-phonon scattering evensq,
X N(8Gc/2)[N(5q¢/2) +1] %2/@,_Which is equal to 1.15 fop=1/3. _
The time of the two-phonon scattering event can be esti-
Bdgqgr 2 1 mated from Eq.(7), where the lower integration limit is
X1+ 2812 | 59 taken aqy* (g;>q*). For a narrow quantum well, this time
p'o er is given by
qu \/a ) 1 3.4 53
X| 14+ 3————|erfd = Q¢ |, 11 ~—6m°m
(q*+qcr)2> ( 2 %) (D T~ W, ™ (802 [N(590/2) + 1]
-1
where Vo Qer
><(q*+5qo)3’25qo 1+3(q*+qcr)2 -
_ _N*
O0cr=0er =", The time of diffusion of the quasiexciton, from the magne-
toroton state with momentum* to the quasiexciton state
erfo(x)=1—erf(x)=(2/\/;)f dy exp—y?) \éVItSa(t:ir(IJtrlwcal momentunt,, can then be estimated from the
X q
. . . Qcr \ 2 1 1 2
is the complementary error function, and the consWptis 7_ *To(i) ~ 0_( ) (14)
given by Wo=B}/(fi&5l5). ¢ oo m®\ Terdo)
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where Eq.(1) has been used. proportional tom~ %2,

For v=1/3,5=0.03, and for the nonequilibrium phonon In conclusion, we have shown that a flux of nonequilib-
temperature Tp,=10 K, our estimate gives 7o~0.4 rium phonons induces dissociation of magnetorotons of an
x 10" s, In this case the time of the magnetoroton dissoincompressible fractional quantum Hall liquid into well-
ciation is aboutr,,~2x10"° s for T, =0.5 K. separated pairs of quasiparticles. This process is only pos-

We assume that the phonon distribution is characterizedible to second order in the quasiparticle-phonon interaction.
by some equilibrium temperatufg,, of the phonon pulse: Depending on the value of the critical gquasiexciton momen-
N(g)=(e%¥Tph—1)~1. The typical phonon energy in Eq. tum, the magnetoroton decay can be considered as a direct
(13) is aboutsdqqy/2=s/m, which corresponds to a tem- two-phonon dissociation or as the result of the two-phonon
peratureT;h%s/\/ﬁ At v=1/3 we haveT%,~2 K. If the diffusion of a quasiexciton in momentum space.
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