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The effective mass m and the relaxation time of electrons localized over the
surface of liquid *He were measured by the cyclotron-resonance method at a
temperature 0.4°K. At clamping-field values <15 V/cm the value obtained is

m = (1.0005 =0.0004) m,, and decreases linearly when the field increases at a
rate ~ 2X 1073 V-! cm at an electron density 3X 10® cm~2. The mobility in weak
fields is equal to (1.15%+0.15)xX 107 cm?®/V-sec and decreases with increasing
clamping field.

PACS numbers: 67.40.Vs

In the investigation of electrons localized over the surface of liquid helium,
great interest attaches to the study of their properties at temperatures below
1°K, when the collisions with the gas cease to play any role whatever because
of the low vapor density. The interaction of the electrons with one another and
with the oscillations of the liquid of the surface (electron-ripplon interaction),
which appears under these conditions, has been the subject of a large number of
theoretical papers (see the reviews!!:?!), A promising investigation is that of
cyclotron resonance (CR), at T<1°K, in the system of surface electrons,
previously observed by Grimes and Brown. ®] This is a direct and most accurate
method of measuring the effective mass m. An investigation of the influence of
external actions, for example of the clamping electric field E, the surface
density of the carriers, etc. is important in connection with the problem of
formation of electron-ripplon states!*! and Wigner crystallization of elec-
trons. 158! From the width of the resonance line it is also possible to determine
the relaxation time 'r=H,,/wGH =mc/edH (H, and w are the resonant field and the
angular frequency, 6H is the half-width of the CR line at half-height) and to
calculate the mobility of the charges

p=er/m=c/8H. (1)

We have measured the CR of electrons localized over the surface of liquid
‘He at a frequency ~ 17 GHz and a temperature ~ 0.4°K. We measured the co-
efficient of reflection of a microwave from a cylindrical TMy, resonator
(diameter 19 mm, height #=12 mm). The ‘He was condensed inside the resona-
tor. The bottom of the resonator was electrically insulated from the housing,
and a dc voltage V=10—300 V was applied between them and produced the con~
fining field.

Electrons produced by striking a discharge located over the liquid landed on
the surface of the helium at T=1°K, We did not succeed in producing a surface
charge by this method at lower temperatures. It appears that with decreasing
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FIG. 1. Dependence of the coefficient of reflection from the resonator on the
magnetic field: 1—E=15 V/cm, n=7x107 cm=?; 2—E=30 V/cm, n=1,4x108
em™?; 3—E=120 V/cm, n=3x10% cm™; 4—E=230 V/cm, n=3x10% cm=,

vapor density the electrons with energies ~ 100 eV do not have time to slow
down and penetrate into the liquid.

After the electrons have landed on the *He surface, the apparatus was cooled
to ~ 0.4°K and the magnetic-field dependence of the coefficient of reflection of
the microwave by the resonator was measured. The power dissipated in the
resonator was 10-1%—=10-1! W, Noticeable broadening of the resonance line and
nonlinear effects were observed at a power ~ 10 times larger.,

A magnetic field ~ 6 kOe produced by a superconducting solenoid was applied
parallel to the normal N to the free surface of the ‘He with accuracy ~5’. The
direction H} N was determined from the minimum value of the CR field. Just
as in®! when the direction of H was varied (in the range + 4°), an increase of
m, close to the function 1/cos(¥ H, N) was observed; this confirms the two-
dimensional character of the motion of the electrons taking part in the reso-
nance. The magnetic field intensity was measured accurate to 0. 03—0. 04% with
a Hall pickup located inside the solenoid.

Figure 1 shows typical CR plots at different values of the clamping field and
of the electron surface density. It was assumed that striking the discharge
deposited

4 (2)
2red
charges on the surface (d is the thickness of the liquid-helium layer), cor-
responding to the screening of the clamping field over the surface. With de-
creasing field, the density decreased correspondingly, leading to a proportional
decrease of the area under the resonance curve. With subsequent increase of
V, as in!"! the electron density again increased, but, as a rule, did not reach
the maximum possible value (2). Whether n varied or was constant could be
determined from the area under the resonance curve. The inevitable electron

n=
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FIG. 2. Dependence of the width of the
resonance curve SH (top) and of the
effective mass m (bottom) on the clamp-
ing field: @=~n=3x10% cm?; x—1.4

%108 em?; 0—7x107 cm 2.
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drain is apparently due to their gathering on the insulator of the discharge gap,
which becomes charged when the discharge is ignited.

The results of the measurements of 6H(E, n) and m(E, n) are shown in Fig. 2,
The most interesting result is the proportionality of the change of the effective
mass to the field; at n=3x10% cm= in a field 230 V/cm this mass decreases by
~0,4% from the value m =1, 00005+ 0. 0004)m,, measured at E=14 V/cm, where
mg is the mass of the free electron. The presented value of m is an average of
four measurements. The error corresponds to the scatter of the measured
values and agrees with the error in the measurement of the magnetic field
intensity.

As seen from Fig., 2, the rate of change of m depends on the electron con-
centration. At n=7x107 cm? practically no shift of the resonance was observed.
To be sure, it should be noted that owing to the strong broadening of the CR
line and of the associated decrease of the signal amplitude to the noise level,
measurements at small n were possible also in a narrow range of variation of
E, and their accuracy was much lower.

The electron mobility, calculated from formula (1) as E—~0, was u(0)=(1,15
£ 0.15)x 107 cm?/V-sec, which agrees within the limits of errors with the
value obtained by Grimes and Adams. #! The u (E) dependence is close to that
obtained in!®! only at a low electron concentration n=7x107 cm™. At large con-~
centrations, the values of 6H correspond to a much lower mobility (see Fig. 2).
This may be due to variations of the electron concentration along the surface,
which can be caused by the small (~ 1—2°) angle between the bottom of the
resonator and the horizontal. Since m depends on n, this may cause broadening
of the observed resonance.

The results obtained inf8] at T=0. 5°K were satisfactorily explained in!?}, as
being due to electron-ripplon interaction, At 7T=0.72°K, our measurements
yielded p = (5.6 + 0.6)x 10° cm?/V-sec, which is about half the value cited inf81,
It should be noted that Rybalko and Kovdrya have also observed, in the tem-
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perature range 0.7—0.4 °K, a doubling of the mobility, although the numerical
values were smaller by an approximate factor of three. In accordance with the
calculation!®, p(0.7K)/u (0.4K)=1, 7. Allowance for the collisions with the
gases increases this ratio to ~ 2.1,

As to the m(E, n) dependence, it can be due in principle to the increase of the
electron-ripplon interaction with increasing field E. 141 1n this case, however,
the decrease of the effective mass should be proportional to E%, should be in-
dependent of », and should not exceed ~ 10-4% in a field ~ 300 V/cm.

Another possibility is connected with the electron-electron interaction. Ac-
cording to the calculation given in!®l, the natural frequency of the oscillations
of the two-dimensional plasma coincides with the cyclotron frequency Q2 only at
the wave number 2=0. Since the resonator has finite dimensions, the oscilla-
tions take place with finite 2=2x/A, A~ 1 cm, and their frequency is somewhat
higher than Q. Substituting the numerical values of » and % in the formulas ob-
tained in®), we can estimate [m(0) —m(n)]/m(0) $10, i.e., it is 10—100 times
smaller than the observed values. We note that in this case there is no m(E)
dependence.

Thus, the observed change of the effective mass cannot be explained at pre-
sent on the basis of the existing theoretical papers.

The author is grateful to P. L. Kapitza for interest in the work, to M. S.
Khaikin, A.F. Andreev, V.B. Shikin, and A.P. Volodin for discussions, and
to G. S. Chernyshev for technical help.
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