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Magnetoabsorption associated with I'y — 'y transitions was investigated at 4.4°K, on pure n -type
HgTe thin crystals in the spectral region 300400 meV for o and 7 polarizations. Analysis of
experimental spectra is performed using both the three-band model (including the nonparabolicity), and
the theory of Luttinger. Band parameters are determined by fitting transition energies:

Er, — Ep, = 302.5 meV, '"p6/mo = 0.028 4-0.001, and g, = — 41 4 at . Ty Luttinger
parameters (y;, = — 12.8, ¥=-8.4, k=-10.5) satisfactorily explain interband and intraband I'y
magnetoabsorption. The structure of I'y magnetic levels near I' is quantitatively described by calculating
the k ,; dependence of the energies in the [111] direction. A complex structure is found for a set of

heavy holes.

INTRODUCTION

HgTe exhibits the inverted band structure, the-
oretically predicted by Groves and Paul! for a-Sn,
The band edges belonging to the zinc-blende space
group T2 are sixfold degenerate, including spin,
at the center of the Brillouin zone., The spin-orbit
interaction partially removes the degeneracy by
lowering the two I'; states (J=3) by A~1 eV with
respect to the four degenerate I'y levels (J=3),
representing both the top of the valence band and
the bottom of the conduction band, The curvatures
of the bands are mainly determined by k. p inter-
action between I’y states (p type) and I'g level (s
type) lying below the degeneracy point (Fig, 1).

The evidence for the inverted structure of HgTe
was first provided by measurements of thermoelec-
tric power under hydrostatic pressure performed
by Piotrzkowski et al.,? by optical-absorption ex-
periments carried out by Mycielski and Galazka,®
and by interband magnetoreflexion data obtained by
Groves, Brown, and Pidgeon, *'°

Recent studies of intraband and interband mag-
netoabsorption were carried out at low temperature
on n-type single crystals of HgTe, with low elec-
tronic concentration. This paper presents experi-
mental results of I'g~ I'y magnetoabsorption inves -
tigated on very thin crystals (2 um) in the infrared
region 3<A<4 pm, The main purpose of this work
was to study the I'y band as well as the previously
not experimentally investigated I'g band.

Intraband I'y magneto-optical data obtained by
Tuchendler et al,® at submillimeter and far-infra-
red wavelengths are reported in the following pa-
per.

|

Analysis of both interband I'y~ I'g and intraband
I'y experiments performed on the basis of the the-
ory of Luttinger provides a quantitative description
of I'y magnetic levels, I'g Luttinger parameters
and the band-edge effective mass and gyromagnetic
factor of the light holes are determined.

I. EXPERIMENTAL METHODS

A. Sample Preparation

The samples used in experiments were obtained
by crystallization from a solution of tellurium in
mercury.® Solution containing from 0,1-0,5 at.%
tellurium was placed in a glass vial, which was
pumped to the pressure of 107 torr and then
sealed. The vial was placed in a horizontal furnace
at temperature 450 °C and very slowly cooled down
to room temperature, A thin layer of single crys-
tals of HgTe was formed on the surface of the mer-
cury, The thickness of this layer was 15-50 um
depending on the cooling conditions and the amount
of tellurium, The proportions of mercury and tel-
lurium in the plates obtained by this method are
stoichiometric, The surfaces of the plates are
mirrorlike and belong to the (111) plane,

The electron concentration and the mobilities
were determined by galvanomagnetic measure-
ments: at 4.2 °K, #n.=(4-5)x10"% cm™, p~6x10°
ecm?V'sec™, Thin samples, 2 um thick, required
for transmission measurements, were prepared by
chemical etching in bromine-methyl alcohol solu-
tion (4%).

B. Experimental Details

Magnetoabsorption experiments were performed
at 4.4 °K in a superconducting magnet (H< 60 kG).
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FIG. 1. Inverted band structure of HgTe.

The thin samples were freely mounted between two
sapphire plates cut perpendicular to the ¢ axis.
The required resolution (about 1000) in the spectral
energy range 300-400 meV was achieved by a grat-
ing monochromator and a cooled (77 °K) InSb photo-
voltaic detector.

The experiments were carried out in the Voigt
configuration with linearly polarized radiation either
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FIG. 2. Transmitted intensity vs magnetic field at
hv=334 meV in the Voigt configuration. The magnetic
field is in an arbitrary direction of the (111) plane.
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FIG. 3. Variation of the transmitted intensity vs mag-
netic field at various photon energies, in the Voigt con-
figuration (€1l H).

parallel or perpendicular to the magnetic field, and
in the Faraday configuration with circularly polar-
ized light. In this case, the magnetic field was
oriented along the [111] crystallographic direction.
Circularly polarized radiation was obtained by a
)/4 plate of sapphire in conjunction with a wire-
grid plane polarizer,

Magnetoabsorption data were taken by sweeping
the magnetic field at fixed photon energy in the
range 300-400 meV.

II. EXPERIMENTAL RESULTS

Recorder traces of the transmitted intensity at
fixed energies as a function of the magnetic field
are reported in Figs, 2-6, In the Voigt configura-
tion (€ 11 H and € LH) (Figs. 2 and 3), the magnetic
field is oriented in an arbitrary direction of the
(111) plane. o' and ¢ spectra, obtained for H
i1[111], are shown in Figs. 4-6.

Energies of the transmission minima versus the
magnetic field strength for the different polariza-
tions are reported in Fig, 7.
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FIG. 4. Transmitted intensity vs magnetic field at
hv=323 meV in the Faraday configuration HIl [111].

III. THEORETICAL ANALYSIS OF RESULTS

The analysis of experimental results is carried
out by calculating intensities and energies of the
interband magneto-optical transitions. The lines
observed for each polarization are identified, The
valence- and conduction-band parameters are de-
termined by fitting the computed energies with the
experimental lines,

This analysis is made by using simplified de-
scriptions of I'y and I'y magnetic levels: (i) A first
approximation consists of applying the theory of

I 317.8 meV
% 520,20

322.6meV

325.1meV

327.6meY

Pl

g-

1 1 1 1

010 20 30 40 HkG)

FIG. 5. Variation of the transmitted intensity vs mag-
netic field at various photon energies in the Faraday con-
figuration for o~ polarization: HIl[111].
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FIG. 6. Variation of the transmitted intensity vs mag-
netic field at various photon energies in the Faraday con-
figuration for o* polarization: HI [111].

Luttinger’ to the degenerate I'y bands, This treat-
ment, which accounts for the quantum effects in the
conduction band but does not describe the effects of
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FIG. 7. Magnetic field dependence of ¢*, ¢”, and €Il H
transition energies. Dots are experimental data. Lines
represent the theoretical variations computed using both
the three-band model (solid lines) and the Luttinger
theory (dashed lines).
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nonparabolicity, is applicable for analyzing lines
observed in the low-energy region (7w — €,< 30
meV), involving transitions in the first quantum
electronic levels, (ii) The simplified theory of the

“three-band model”®? is used to describe the effects

of nonparabolicity observed in the high-energy re-
gion, This approximation, which neglects the
quantum effects in I'g, is applied to analyze the
transitions involving high electronic Landau levels.

A. Parabolic Range
1. I's Magnetic Levels

In the absence of magnetic field, I'yisa fourfold-
degenerate band., The band-edge Bloch functions
uy(j=1,...,4) in the (J,m;) representation are:

uro(d, 3)=V3 (X+i¥)4,

uz0(3, —%)=J§'(X-iY)’+~/§-Z* ’
ugo($, )= =V F(X +i¥)H +J%_Zf ,
(3 - D=5 (X =iVt .

Magnetic levels are obtained by applying the theory
of Luttinger and Kohn' and Luttinger.,” The zero-
order wave functions are

1)

‘I’(;)=ZJ;F;(-I:)MJQ(F) . (2)

The envelope functions F, and the energies are the
solutions of the four coupled equations:

%)[D,,,(ﬁ)—Eb,,.]F,. ¥)=0, (3)

where D, is the quadratic function of P= -V
+eA/nc:

- FZp?
.D‘HI(P)= zm 6}]'
2 - -.‘ .
+g§ P.i,0p. 1,0 ;
m? uurp E,;0)-E,0)

j,3' run over the four degenerate states and p over

J

(ry+7)a'a+3)+ 3«
_ -V37ya?
+ %(‘)’1 - 27’)Pf1
D kN i n -7a'a+3) -3k
me 4 +3(y, +27)P}
- m?a’Pﬂ 0
0 V8¥a'p,
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all bands, excluding I'. E,(0) is the energy of the
degenerate set and E,(0) is the energy of the uth
unperturbed state, f,u is the interband matrix ele-
ment:

3
0= %" [ e

X (%z + :l%c_z 3 AW)uuo(F)df ,
where V is the periodic potential and ¢ is the Pauli
spin vector. Using group theory, Luttinger’ has
derived the form of the D;;» matrix Hamiltonian for
the degenerated valence band of germanium, and
has given an exact solution for a magnetic field in
the [111] direction. This result is applicable to the
degenerated I'g band of HgTe, if we neglect the ex-
istence of linear k terms arising from the lack of
inversion symmetry in the zinc-blende lattice., We
will only consider the orientation of the magnetic
field along [111], which corresponds to experimen-
tal data obtained in the Faraday geometry with cir-
cularly polarized light, In addition, we will neglect
warping (v,=7;=%) and ¢ parameter, The Hamil-
tonian matrix D, written in terms of the 4x4 J,,

Jy, J, angular momentum matrices (for a state of
spin ), is™!

D= = (v +§‘)p—2 -¥(PiJ%+P2Ji+ P2J2
—"mlz'yz Y \Ped s+ Pyd 5+ Pgd
+2{P,P,} {Jny}+2{PxP-} {J,J,}

H
+2{P,,P,}{J,J,})+%EKJ,}. )

P,, P,, P, represent the components of the operator
P along the trirectangle coordinates system Xy ¥y 2,
with the z axis aligned in the magnetic field direc-
tion, By expressing the transverse components of
the momentum P, and P, in terms of a and a' op-
erators a'= (fic/2¢H)"/%(P, +iP,) and a = (hic/2¢H)"/?
X (P, —iP,), D becomes'!'!?;

~-V67aPy 0
0 w/ﬁ?aP,, s (5)
i =-7Pa'a+3)+3« ,
+3(y, +27)P% ~V37ya
(o +¥)a'a+3) -3k
-V37a®

+ %(7’1 - ZT)P?;
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where Py= (ic/eH)!/?P,, As interband transitions
occur at £,=0, we first consider the solution of the
effective-mass equation (3) for Py=0, The mag-
netic levels split into a(m; =3, - 3) and blm,; =3,
~3) sets,

The wave functions are a combination of the »
and n-2 harmonic oscillator functions f:

a1n Joz| | #s/2

Yy,n= ’ (6)
QAon fn Uay/2
bin Jue|| w172

‘I’b,n= . (7)
ban Jfo || %a3/2

Energies of a and b sets are E} ,(n) = (- eHli/mc)
X €,5(n)
€m)=yle-3) -7+z2x
£{[Fn - 3) -y + kP + 37%nln - D}/
a set: forn=2,
€()=30 -9) -3k,
€0)=3(r, -7) -3k . (8)

The coefficients a,,,a,, in (6) are the solutions of
the equations

1,7 [3n(n - 1)]/2 = a5, [, -7+ 3) - 5k —€2n)] ,
@praf=1, n>2. ®)
For n=0,1, a;=0 and g, =1,
Gn)=r,n-3)+¥ -3k

£{[70n - 3)+7, -+ 37l - 1)}/2,

ib(l)=%(71+7) -%K )

b set:

(b(0)=%(71+7)—%l( . (10)
by, and by, in (7) are given by

b1, ¥ (3000 = 1)) 2= by, [y +7) 00 + ) - 2k - €5(n)]
B, +8,=1, n>2 . 11)

For n=0,1, b,=0 and b,=1., By solving the four
coupled equations for P, #0, the dependence upon
ky of the energy levels is obtained, The results
are presented in Sec, III A4. The electronic levels
are described by €, (1) and €; ,(z). The holes cor-
respond to €,,,(0) and €; ;).

2. Interband T'¢— 'y Magneto-optical Transitions

At the center of the zone, I'g is a simple band
with spherical symmetry, The magnetic levels as-
sociated with the two spin states (m,=+3) are de-
scribed by the wave functions

V' =fa(F)]iSt), ¥=f.(F)]iSt) . (12)

The energies are (at £,=0)
’ -t eHn
Ef'e(” )= - €l +%)W*%guﬂ-aH ’ (13)

where m, and g, represent the band-edge effective
mass and gyromagnetic factor and €y=Er_-Er .
The selection rules and transition probabilities are
obtained by evaluating interband matrix elements, !
From (1), (6), (7), and (12) we find

(%€ Blup,)=i(Z|B,|$)
X{i- \/%_a;n 6n’m-2+€*‘/%a;" 6"""} ’

(% |€- Plup,)=i(Z|P,|S) €35, 00 »
(G|€- Plug ) =i(Z|P|S)
X{€'VE zp Oyt = € VE b1 by e}
(6|8 B9, =i(Z|P,|S) €,07,Y% by e
€=¢ xie,,

Interband magneto-optical transitions for different
polarizations are listed in Table I. From the rela-
tive amplitudes of the coefficients a, and b,, given
by (9) and (11), predominant €', € transitions are

(m-2,3)=a"(n) for €,
(n, —3)=~b"(n) for € ,
3. Comparison with Experimental Results

The theoretical data enable us to identify the ob-
served transitions and to determine the valence and
conduction band parameters, The identification of
the lines is reported in Figure 7,

A quantitative comparisbn is made between the
experimental positions of the lines (for circular
polarization) with the theoretical energies (Table
I). From the slopes of the linear variation E(H),
observed in the low-energy range, we determine
the Luttinger parameters v,, %, k, the band-edge
effective mass, and the g factor of the light holes,
The determination of I'y parameters is carried out
by taking into account the experimental data of
electron cyclotron resonance and electric spin res-
onance obtained by Tuchendler, Grynberg, Couder,
and Thomé (reported in the following paper®), The
cyclotron-resonance line in the Faraday geometry
(€ LH) corresponds to a(1)~a"(2), the spin-reso-
nance line to a(1)-5(1),

The set of parameters, which interpret energies
of both intraband and interband transitions, ob-
served in the same field range is

y,=-12,8%0,5,
[y ! 7=-8.420,1, (14)
k=-10,5£0,3,
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TABLE I. Interband magneto-optical transitions for different polarizations.
Relative transition probabilities
Linear
Allowed Circular polarization polarization s
transition e p HE Energy transition
(n, $)—~a"(n) L3, 0 G+ Eatn) + 0+ D b g el
m,c
(n, =5 —b"(n) 1185,12 0 €+ E3n) + (n+:‘_‘;)-em£§—%g,,ugli
v
(n=2, 3)—~a () 0 $laj,? € +Ez(n) + (n—%)anf+%gmBH
v
(=2, =H—b"m 0 L, eo+E;(n)+(n~%)%—%gL#BH
(n=2, H=b") 0 0 363,17 €0+ By + (n= DD 1 f g pupl
v
(n, —3)—~a"(n) 0 0 $lag,l* €o+52(”)+(”+%);€n1%‘%gv“31{
m,/my=0.028+0,001 , of the matrix Hamiltonian (5) are of the form
Pe-{g”=_4li:4. C1m frez
Figure 8 represents a schematic diagram of mag- _ Cam fm
netic levels at 2, =0, and interband transitions for ¥ = Cam | °
the different polarizations,
Cym fmtl
4. K, Dependence of I'y Magnetic Levels . . .
The variation upon k, of the energies ¢, , is deter-
For Py #0, the envelope wave function solutions mined by solving the determinant equation:
1
r+7)m — )+ 3k ,
- - 1/25 _ _ 1/2 =
+ 3y, - 29)L% - € [3mGn - 1))y [66n - 1)]'/2LE, 7 0
0y -7P)m+3) -z«
~[3m0m -1)]"/2y 1/25
Ly, + 29)L2HE — € 0 [6(n +1)]'/%¥LE,
=0, (15)

—[66n -1)]*27LE, 0

0 [6(n+1)]*%¥LE,

where L®=7ic/eH, The analytical form €(k,) is only
derived for the first quantum levels:

&0)=3(r, +7) - 3 +3(r, - 27)L%Z ,
€0)=y,+37 -k +3 7, L%

+[(=37 =7+ 3k + VLK + 67 L2212
€(1)=y,+3¥ -k +3y,L%K?

== 37 -7+ 3k +PLARER + 672 L2KE]M2

For the higher levels, the variation of the energy,
as a function of Py =Lk,, was computed for the val-

V=-Pm -3)+3k

+3(y, +27)L2F - €

~[3mm +1)]*%

—[8mm +1)]*%%

n +7)(m+%) —%K

+30y, —29)L%E - €

r

ues of parameters (y,=-12,8, ¥=-8,4, x=-10,5)
previously obtained. Figure 9 presents the calcu-
lated variations €; ,(%,). The set of holes €; ,(%,)
exhibits a nonmonotonic dependence for n>2, En-
ergy maxima occur for P,=+LK, #0, Forn=2,
LK,=0,9 and for =3, LK,= 0.8, The energy dis-
tance between the maxima and 2,=0 point is rela-
tively small: € ,(LK,)-¢€; ,(0)=0.24 meV/T for
n=2 and 0,17 meV/T for =3, The detail of the
structure of the first level of holes near k,=0 is
reported in Fig, 10, Similar calculations were re-
cently performed by Zawadzki, ¢
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FIG. 8. Scheme of I'y and I'y magnetic levels at 2y =0
and ¢*, 0", and €|| H interband transitions.

B. Nonparabolic Range
1. Interband Magneto-optical Transitions

The analysis of the experimental results obtained
in the whole investigated energy range is made by

\/ b )
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FIG. 9. Py dependence of electrons and heavy holes
magnetic levels for H|l [111]. Energies are calculated by
solving the determinant equation (15) for the set of param-
eters (14).
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FIG. 10. Structure of the first heavy holes magnetic
levels for fl [111]. Energies are plotted vs Py =Lky.

using a theoretical description of I'g and I's mag-
netic levels derived in the “three-band approxima-
tion”, This simplified procedure, developed by
Yafet® and Kacman and Zawadzki® in the case of
InSb and o -Sn-type materials, includes the k-
interaction between I'g-I';-T'g levels, neglecting
higher bands. As Luttinger effects are not in-
cluded, this approach is only valid to describe
electronic levels of high quantum number.

In the energy range € < A(A=Er, - Er,~1eV),
the electron- and light-hole energies are approxi-
mately given by

(Tg) : Ex= —%€o+[(%€o)z+€oD;]”2 ’

Te) : Eyr=-3€-[(3€)f+¢D3e]?,

eHR .\ . A
D§=W(N+E)*Eg*#aﬂ+ Z_m"‘L .

m*, g* are the band-edge effective mass and the
gyromagnetic factor, respectively, For electronic
levels, + and - sets correspond respectively to a
and b ladders of the Luttinger notation and N=n-1
(Fig. 8).

Using the analytical form of the wave functions
¥% derived by Kacman and Zawadzki, ® the inter-
band matrix elements are evaluated for k£,=0, The
results are presented in Table II, where

|ag |2= E}(Tq)
Nl = +2ER(T,) ?
|y [2= E}+(Tq)
N €+2E%4:(Ty) °’

oy 2L S0t ERTS)
Nl "3 ¢+2E%([T,) "’

IB*llzz —Q——Lﬁ—€ +E*'(r)
N €+2E%:(Ty)’
-1
3(3—71‘<s|i"lz> .

Calculations of the transition probabilities indicate
that the predominant transitions are

€uff, N“=N', N=N'-1,
€, N~"=-N", N=N'-1, (18)

€, N'-N', N=N'+1,
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TABLE II. Results of interband matrix elements evalu-
ated at k,=0 using the analytical form of the wave func-
tions ¥} derived by Kacman and Zawadzki (Ref. 8).

Allowed Selection
Polarization transition rules Transition probabilities
B N Bheay oy by)?
. N 28w N [Pyeay Qe Op
N'*—=N N=N'+1  (m30) 2 <—fFN'_ 5 /
aH , . )
Rw*N' fay. by ay By
= — = - PR <IN
N=N NeN-1 R <‘15.J_m i ! DF«')
NHEW* [3ay By  ake b} ?
T, A — 2V AW N PN
N'*—N* N=N'-1 (n30 r <—TD-;—I7 + W
€t * fo e pe - = \2
N =N N=N -1 (o2t (3% by, Py
4 VDy Dy
. o I NEw™ (3oks b%  aly B \°
N'*—N* N=N'+1 (m30 (7DT + W
€ * - - e\ 2
- Nhw™ [3ayBye  aye by
1. N ( 2 N PN N* Op
N’ N N=N'+1 mI) (717;’—‘ + D )

2. Comparison with Experimental Data

The identification of the lines is made according
to the selection rules (16). For € Il H, the first
transition 1° - 0" is not expected to be observed as
the 0 electronic level is populated. At 4.4 °K,
the position of the Fermi level is about 4 meV
above the I' point, The experimental line should be
assigned to 0" - 17, occuring for the same polariza-
tion (Table II)., The energies of the different sets
of transitions (€ Il H, €*, €”) are computed as a func-
tion of the magnetic field and fitted to the positions
of the lines, The best agreement between theoreti-
cal and experimental energies, shown in Fig, 7, is
obtained for the following values of the parameters:

€,=302,5 meV at 4,4 °K,

Me - 0.031+0,001 , My - 0,028+0,001 ,
ra: Mo I‘e: Mo
8e=-22%4, g,=—-41x4

These results provide evidence of assymmetrical
I'g and I'g levels, which could be explained by the
interaction with higher bands. The effects of non-
parabolicity are fairly accounted for by the three-
band model, For all transitions involving N=2, 3
electron quantum levels, the magnetic field depen-
dence of the energies is in excellent agreement with
the theoretical variations, For the transitions in-
volving the first electronic levels (1"-07,0" - 1),
the discrepancies between observed and calculated
energies result from the existence of quantum ef-
fects in the I'y band, which are neglected in the
nonparabolic model, As was shown in Sec, IITA 3,
the analysis performed on the basis of the Luttinger
theory interprets quantitatively the positions of
these first lines (€' and €”) (Fig. 7).

T's parameters determined by applying both the-
oretical approximations are quite consistent,

GULDNER, RIGAUX, GRYNBERG, AND MYCIELSKI

| oo

IV. CONCLUSION

We present the first observation of I'g~ I'g mag-
netoabsorption in HgTe, Magnetoreflectivity was
previously investigated in the same energy region
by Groves, Brown, and Pidgeon.* The magneto-
absorption spectrum is, however, more directly
related to the energy spectrum of the crystal. The
main difficulty in carrying out transmission experi-
ments in the spectral range 300-400 meV arises
from the large absorption background due to I'y
- I'g transitions, superimposed on the I'y~I'g mag-
netoabsorption spectrum. Thus, very thin crystals
were required for a direct observation of magneto-
optical transitions., Resonance lines connected with
I's—I's magneto-optical transitions were not ob-
served in our experiments, The width of the high
quantum levels (z>50 for H=10 kG) involved in
such transitions, at photon energies 7#w >¢€,, is suf-
ficiently large to preclude any resonant structure,
However, a theoretical treatment of the imaginary
part of the dielectric constant in presence of applied
magnetic field has not yet been made in order to
estimate the influence of I'g—~ I'g transitions on the
response function in the investigated energy region.

Experimental results of I's —~ I'y; magnetoabsorp-
tion are interpreted using both the simplified the-
ory of the three-band model (including the nonpara-
bolicity of the bands) and the Luttinger theory. By
fitting transition energies in both models, I'g band-
edge effective mass and g factor and Luttinger pa-
rameters (v,,7, k) for I'y bands are evaluated, It
is interesting to point out that the Luttinger param-
eters satisfactorily explain I'y = I'g intraband and
interband transitions reported in the following pa-
per.® Such is not the case for the set of parameters
obtained by Groves et al,* The energy E,=2m3jC?
=18+1 eV, obtained from magnetoreflection ex-
periments at 30 °K by Groves et al.,* is appreci-
ably higher than the value deduced from our param-
eters: E,=15.5x1 eV at 4,4 °K,

The band-edge effective masses of electrons and
heavy holes are described by v, and ¥ for large =,
Heavy holes effective mass deduced from our re-
sults is about 1,5 times smaller than the value ob-
tained from galvanomagnetic measurements on p-
type HgTe.*® The origin of such a difference can
probably result from the complex structure of heavy
holes magnetic levels, reported in the present pa-
per, or also from our oversimplification of the
band structure. Our analysis neglects the warping
and the linear k term arising from the lack of in-
version symmetry, Our experimental data show
that warping exists, but is probably not important
in HgTe: energies of € LH transitions observed for
H1[111] and for different orientations of the field
in the (111) plane are slightly shifted.

The existence of linear 2 terms can drastically
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modify the k2, dependence of Landau levels, partic-
ularly for heavy holes. There is still no evidence
concerning the magnitude of the linear term, which
will probably be evaluated from experiments that
we are presently carrying out on p-type HgTe,

If warping and linear % terms are taken into con-

sideration, a small modification of the electron
magnetic levels is expected. The most striking ef-
fect would be the existence of new allowed transi-
tions, induced by the change in the symmetry wave
functions, These effects will be discussed in a fu-
ture paper.
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