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We discuss quantum beats in electronically excited molecular states with high rotational angular
momenta J appearing in time resolved fluorescence in conditions of quadratic and linear energy shift
dependence on magnetic quantum number M and external field strength. Density matrix formalism
is used to obtain in explicit form the expressions for time dependent fluorescence intensity after
&function pulsed excitation. In case of pure quadratic Stark effect, which is typical for '3, state
diatomics, excited state quantum beats for J>1 exhibit a regular, or “grill” structure, consisting of
narrow equidistant “‘principal” peaks with equal relative amplitudes on the exponential decay
background. At linear polarized excitation the time intervals between the adjacent peaks are 27/ @,
wy being the splitting frequency between coherently excited M-sublevels with M=2 and M'=0.
If an admixture of linear contribution is present in field induced level shifts, the grill structure is
superimposed by a single frequency harmonic modulation. A special geometry was found in which
the quadratic beats are fully absent and the modulated grill pattern is brought into existence only by
the influence of linear term. Such a case takes place when the light polarization vector in
fluorescence is directed at 45° angle with respect to the exciting light polarization vector and yields
the most sensitive way to separate quadratic and linear contribution. We considered the examples
when the first order term appears by a combined action of electric and magnetic field, as well as due
to the e—f level electric field induced mixing, with the parameters typical for the NaK molecule.

I. INTRODUCTION

Laser quantum beat spectroscopy of molecules is based
on the creation of a coherent superposition of energy eigen-
states by a short laser pulse. During the emission process, the
time resolved intensity is modulated at frequencies corre-
sponding to energy differences of coherently excited states.
The method is essentially Doppler-free and supplies the pos-
sibility to study directly the dynamics of an excited molecu-
lar state. To have an insight into the contemporary stage of
quantum beat spectroscopy of molecules one may recom-
mend the overviews'™ and references therein. In particular,
Stark induced quantum beat spectroscopy yields the most
precise values of excited state electric dipole moments,
which are a very sensitive measure of the electronic charge
distribution in a molecular state while the magnetic, or Zee-
man quantum beats yield Landé factor values.

Let us address quantum beats between magnetic sublev-
els (M) of a definite rotational (J) level which are split by
an external magnetic or/and electric field. In the case of lin-
ear Zeeman effect, an isolated state with angular momentum
J is split into 2/ 4+ 1 equidistant M-sublevels due to magnetic
interaction with external magnetic field H leading to energy
shift

Emag(M)=_gJ#BHMv (1

pointing to the linear Zeeman energy H- and M-dependence.
It is thus easy to achieve single frequency modulated fluo-
rescence using, say, excitation by linear polarized light with
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ELH. At this geometry only the magnetic sublevels M, M’,
with |[M —M'|=2, will be excited coherently and all corre-
sponding splitting frequencies

_ Emag(M)—Emag(M,) . 2g.l,u'BH
Oyp = 7 i )]

will coincide, being twice the Larmor frequency. From the
Zeeman quantum beat signal the excited state Landé factor
g, value can be obtained.

The quantum beats induced by an external electric field
(Stark quantum beats) possess, as a rule, a principal differ-
ence from the Zeeman quantum beats. Indeed, the Stark ef-
fect of a well resolved state with a definite parity (e or f) is of
second order, that is, quadratic in the external electric field
strength &. The energy shift E, of a state |JM) must be
determined from perturbation theory using the perturbation
Hamiltonian in the form

'%el= - dg, (3)

d being the permanent electric dipole moment. This leads to
a well known>*~7 expression

Ea(J,M)=2 [A())+B())M*1d} 25, )

where d; is the d projection on the ith principal axis of the
molecule, while the coefficients A; and B; depend on mo-
lecular parameters, such as the rotational constant B,. In
contrast to the Zeeman effect, the energy shift in an electric
field depends on M 2. Heteronuclear diatomic (or linear) mol-
ecules in '3 states, having only one permanent dipole mo-
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ment component (d) along their internuclear axis, are the
simplest examples of a pure quadratic Stark effect. For a
IS, state we have

1 3
B,2J'(J +1)(2J —1)(2J'+3)"

B(J)= (5)
This case was exploited for a number of diatomic molecules
such as LiH and LiD,%? NaH,'© BaO,'! and MgO (Ref. 12) in
order to obtain d values in quantum beat experiments. The
electric field induced splitting frequencies w,,,’ between co-
herently excited M-sublevels and, hence, the quantum beat
frequencies turn out to be dependent not only on the differ-
ence |M —M'| but also on the absolute values of magnetic
quantum numbers M and M’. Therefore in the case of large
angular momentum J' the beat signal becomes complicated,
being a superposition of large number of contributions with
different beat frequencies. In addition, the Stark energy E
decreases rapidly with growing J' values, cf. Egs. (4) and
(5). Owing to that, observation of beats has been usually
restricted in practice to small J' values, using most often
excitation of J'=1 or J' =2 states.> 12 At the same time, it
is of interest to measure the J-dependence of the dipole
moment.”

More generally, however, the additional external field
induced energy shift can be a mixture of linear and quadratic
terms. In a number of situations it is important to consider
the terms proportional to M2H? in the mainly linear mag-
netic energy E,,, or proportional to M& in the mainly qua-
dratic electric energy expression E;. Thus, in the case when
a ““broad line” laser pulse excites simultaneously both ¢ and
f components due to field-induced parity mixing, matrix ele-
ments diagonal in J, M of perturbation operator .#,;, see Eq.
(3) appear, thus giving rise to the linear Stark effect. This
becomes true when one has |V,|*>A%4, V,, being the
Stark induced e—f coupling matrix element, and A is the
energy separation between the unperturbed opposite parity e,
f levels.®!® In the case of the Zeeman effect, the energies
E ., may possess a term quadratic in H due to intramolecu-
lar interactions of various origins,ﬁ'” such as for instance, a
magnetic field induced state mixing. In a number of cases the
separation of different order contributions allows recognition
of perturbations of various origins. The most sensitive
method to separate the roles of first and second order terms is
based on recording the effects caused exclusively by symme-
try changes in the angular momentum distribution of the mo-
lecular ensemble. As was demonstrated in Refs. 15,16, the
effect of a small second-order contribution in a mainly linear
Zeeman effect can be extracted by measuring the appearance
of fluorescence polarization circularity under linear polarized
excitation, yielding valuable information about the intramo-
lecular interaction parameters.

In the present paper we are analyzing the possibility to
extract the relatively small linear admixture to the mainly
quadratic electric field induced energy shift from the struc-
ture of quantum beats in the time domain. We shall consider
the case when the first order term is caused by the presence
of a magnetic field, as well as by electric field induced e, f
state mixing. This goal can be achieved in a most sensitive
way by using a special geometry for quantum beat observa-
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tion. We shall pay attention to states with large rotational
angular momentum, when the second order term results in
equidistant peaks in the time resolved fluorescence signal.

li. GENERAL EXPRESSION FOR TIME RESOLVED
FLUORESCENCE

A. Kinetic equations for density matrix

Let us assume that the broad line pulsed optical excita-
tion had prepared the excited state density matrix fyr, "0
supposing the initial (ground) state density matrix ¢, to be
diagonal over magnetic quantum numbers M" = u; for sim-
plicity ¢,,,=1 will be taken below. The kinetic equation can
be then written in a comparatively simple form,'®

Franr=T,2 (MIE*D|u)(M'|E*D|u)*
m

—(T+ioyy ) fum (6)

where
I,=G&(0) ™)
is the reduced absorption rate for aj)‘-function pulse, T is the
total excited state relaxation rate, E is the light polarization
unit vector of the exciting light beam, D is the transition
dipole moment, and w,,,, is the level splitting frequency

caused by the static external field effect, cf. Eq. (2). It is easy
to find the time evolution fy . (¢) as

Faaaar (1) =Fagpgr(0)e™ T Hionmm)s, ®

The next task is to calculate the matrix elements f,,(0).
Using Wigner—Eckart theorem, we get

(M|E*D|p)=2, (E9)*(M|D|p)
q

1 ’
=——=2 (E)*Cu, (1D,

J'ulq
V2J'+1 ¢
&)

where E? and D4, g=0, *1 are cyclic components of E and
D, C¢Yyp are Clebsch—Gordan coefficients, and (J'[|D[lJ")
are reduced matrix elements of the electric dipole transition
moment. After solving Eq. (6) with &function pulse excita-
tion and accounting for Eq. (9), we arrive at

Fum(0)=G2 (M|E*D|u)(M'|E*D|p)*

M”
- [(J'IDllI")|? J'M
= — *
G 2JI + 1 2 (qu) quc-l”}l.lql
Hq192
X CoM (10)

This allows us to derive the time evolution fy,(¢) for ar-
bitrary excited light polarization, which is determined by the
cyclic components E?, which are related to the cartesian
components of the vector E as
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1 1

E*'=— — (E,~iE))=——E sinfe ™',
V2 V2

E’=E,=E cos 6, (11)
1 1 :

E"'=— (E,+iE,)=—E sinfe'?,

x y
V2 V2
where 6 and ¢ are the spherical angles defining E vector
orientation in space.

Let us consider the case of linear polarized excitation, E
being orthogonal to the external field direction, or to the z
axis of quantization. Supposing that §=¢=m/2 and taking
|E|=1, we get from Eq. (11),

V2’ (12)

E%=0.

By putting Eq. (12) into Eq. (10) and then into Eq. (8), after
summation over u, q; and g,, we finally obtain the time
evolution of the nonvanishing density matrix elements in the
form

fMM(I)"' By [(CJ”M |11)2+(CJ"M+11_1)2]9_F[7 (13)

I M=1 A MA1 —(F+iwy_ o

fM—lM+l(t)= '5 CJ"MI—-ICJ"MH

(14)

G
fM+]M—1(t)=?Cj,,gl_llcj,,z:lle_(r+'wM+lM 1)'
(15)

where G=G|(J'|D|[J")|*/(2J' +1) is the dynamic part of
the absorption probability, whilst the Clebsch—Gordan coef-
ficients characterize the angular dependence of light absorp-
tion (“geometric” factor). Expressions (14) and (15) demon-
strate clearly that for linearly polarized excitation with Elz,
simultaneous transitions take place from the ground state
sublevel u=M to the excited state M+ 1 and M —1 mag-
netic sublevels, thus introducing a coherence between M + 1
and M —1 states, which is characterized by the nondiagonal
density matrix elements fp— a+1s Sar+1m—1, and results in
quantum beats at the corresponding frequencies.

B. Fluorescence intensity in the time domain

The density matrix elements f,,,,’ allow calculation of
the fluorescence signal. If the light is emitted in a J'—J7
transition, the fluorescence intensity with a definite polariza-
tion E; can be found as!”8

IqE)=T, 2 (M[EFD|p)M'[EFDIn)*fym:
MM'u

> Aymfunrs (16)

W ES +1 o

TS

N\

™y
<

FIG. 1. Geometry of excitation and observation of fluorescence, E and E,
are polarization vectors for excitation and observation of fluorescence.

where matrix elements A,,,,;, form the so-called “observa-
tion matrix.” For the observation geometry shown in Fig. 1,
the E{ components are

1
—e $i<P’
V2
Applying Wigner—Eckart theorem (9), after summation over

M, q1, and g,, one can obtain the nonvanishing A,y ele-
ments as

Ef'== Ef=0. (17)

1 Y ) )
AMM:E[(CJ'{M—nl) +(CJ"M+11 DL

1 / '
L i ML I M-
Ay-1M+1= 5 € ¢CJ’{MII C.I’I’Ml—l’ (18)
A — l _25¢CJ'M+ICJ'M—I
M+IM-1= T 5 € S S M-

Putting Egs. (13)—(15) and (18) into Eq. (16), we arrive at a
time dependent intensity expression in explicit form

1
I(t)= 57 +1 _FtE {[(CJ"M )’

+ (Cj"AI;+ 1 1—1)2][(C1"M 111)2

+(C_]"M+11 1)2]_2 COS(wM+1M_1t_2(P)

J'M—1 ~J'M+1 0 M~1

J M+1
XCJ"MI—ICJ”MH Cl'l'Ml } (19)

J"Mll

As may be seen, the exponential decay of fluorescence inten-
sity is harmonically modulated at frequencies @y, 14— -
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FIG. 2. Numerical simulation of quadratic Stark effect induced “grill”
quantum beat structure in fluorescence from J' = 10. (a) Parallel direction of
excitation (E) and observation (E,) vectors, when @=/2 in Fig. 1. (b)
Orthogonal direction of E and E;, when ¢=0 in Fig. 1.

l. SPECIFIC QUANTUM BEAT MANIFESTATIONS IN
EXCITED STATES WITH J>1

A. Pure quadratic Stark quantum beats

An impressive amount of experimental results with the
aim to determine molecular electric dipole moments has
been obtained by the second-order Stark quantum beats
method for the !3,-type excited states, cf. Refs. 7—12. The
obtained data and the description of the beat signal are re-
stricted however to small J' values (J'=1 or 2 typically).
Let us examine the beat signal given by Eq. (19) at J>1. In
the simplest case of Stark induced energy shifts given by
Egs. (4) and (5), one gets

Wp+1m-1=12MB(J)=Mwy. (20)

Hence, as it is easy to see, all frequencies wy,,’ entering Eq.
(19) will be integer multiples of the frequency s, which
corresponds to the splitting between the magnetic sublevels
M =2 and M'=0 and serves as the “fundamental” beat fre-
quency. To observe the beats during the fluorescence decay
time, one has therefore to apply a static electric field of suf-
ficient strength to w,/I'=1.

A concrete example of such beat signal manifestation is
given in Fig. 2 for a Q1TQ|-type molecular transition with
J" =J' = J{ = 10. Figure 2(a) demonstrates the case when
linear polarization vectors in excitation (E) and observation
(E,) are parallel to each other, that is when ¢=/2 in Fig. 1.
The signal in Fig. 2(b) corresponds to orthogonally polarized
excitation and observation vectors, when ¢=0 in Fig. 1. The
beat signal consists of equidistant “principal” peaks, the
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sharpness of which becomes more pronounced with growing
J'. Such a structure follows from analysis of the conditions
of constructive interference in the fluorescence signal, cf. Eq.
(16), of the density matrix elements f,,,, given by Eqgs. (14),
(15) for linear dependence of @y, _ 4+, on M, cf. Eq. (20).
Indeed, for M=1,2,... we have w,=12B(J)),
w31=24B(J),... . This means that the phases of all matrix
elements fy,0 (3r—1, far—14+1 are again in coincidence after
the time interval At=2m/w,y. As follows from the second
term in Eq. (19), this provides the constructive contribution
of all fari1p—; and fy;_ a4 in the fluorescence intensity
1(1).

It is interesting to note that such “Stark grill” structure
resembles the light diffraction pattern produced by a diffrac-
tion grating in optics. In the case of diffraction grating with
N slits, between each two adjacent “principal maxima” we
have N—2 small secondary maxima, separated by N—1
points of zero intensity. Similarly, in the case of pure qua-
dratic Stark quantum beats from a level J', between each
two adjacent “principal peaks” we have J' —2 small second-
ary peaks (practically indistinguishable in the scale of Fig.
2), separated by J' —1 points of zero deflection from expo-
nential decay. In both cases the intensity of the secondary
peaks decreases rapidly as N or J' increase while the princi-
pal maxima are becoming sharper. It is interesting that the
similar ““Stark grill” structure has been predicted in Ref. 20
for nonoptical Stark induced orientation of previously
aligned ground '3, state beam molecules, which are moving
with velocity v, passing through an & field region of length
L, the angle between & and v being 7/4.

To give an idea of “grill” Stark beat manifestation in a
specific molecule, we have chosen in Fig. 2 the parameters
typical for the NaK molecule in its (3)!3* state,?? namely
B,=0.059 cm™!, d=2 D, I'=8.97x10" s~!. According to
Eqs. (4) and (5), this leads to w,;=4.488x10° s™! for
J'=10 at electric field strength £=100 kV/cm, when the
“grill” structure is well developed during the lifetime of the
excited state after pulsed excitation at 7=0. The “grill” sig-
nals seem to be a source of obtaining precise permanent elec-
tric dipole moment values and/or rotational constant values
(B,) for high J' excited states. It should be stressed that,
from another point of view, such a structure is an indication
that the energy shifts are produced by a pure quadratic Stark
effect, because even a small deviation of E4(J,M) from Eq.
(4) will, as will be shown below, drastically change the beat
pattern.

B. Separation of linear and quadratic contributions

Let us now assume that the additional energy shift
caused by an external field contains a linear term with re-
spect to M, which is an admixture into the mainly quadratic
dependence of energy shifts on M values. The most obvious
example is simultaneous Stark—Zeeman quantum beats. Such
beats for the states with low J’ values were observed by
Brucat and Zare” on NO, molecules in combined electric
and magnetic fields.

Let us suppose that both static electric and magnetic
field vectors are directed along the z-axis, cf. Fig. 1. Figure 3
demonstrates the expected changes in the beat signal which
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FIG. 3. Changes in beat structure shown in Fig. 2(a) when external magnetic
field H|® is applied, producing a linear magnetic splitting,
0, =28,ugHIR=0.1wy.

has been shown in Fig. 2. In addition to the Stark energy
level splitting wyy . p— 1, assume that the magnetic field pro-
duces a level splitting between M+ 1 and M — 1 states equal
t0 wy, =0.1w,, which is M-independent, cf. Eq. (2). Figure 3
demonstrates that the “grill” structure becomes harmonically
modulated by a single frequency ey, .

The signal possesses more interesting features when
fluorescence is observed which is linearly polarized at angle
o=m/4 (cf. Fig. 1). For this geometry, the pure quadratic
beats are absent, as may be seen from Fig. 4(a), the only
difference of which from the curves in Fig. 2 is that ¢ is
equal to =/4. The situation changes drastically under the in-

0.8 ——— e ——
0s -
0.4 .
03
0.2

01

T T Y

Kool - ns» arbitrary units K0, - wa arbitrary units

0 20 40 60 80 100 120
Wy t

FIG. 4. Fluorescence decay observed at the angle ﬁl = ar/4 between the
excitation (E) and observation (E,) vectors. (a) “Pure” quadratic Stark ef-
fect, as in Fig, 2. (b) An additional magnetic field is applied, as in Fig. 3.
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fluence of a linear contribution to the level splittings, when
both Stark and Zeeman beats are again pronounced and well
separable, see Fig. 4(b).

It ought to be noted that it is a manifestation of the linear
M-level tuning which brings back into existence the “grill”
structure caused by quadratic Stark effect. In other words, in
this geometry the appearance of the peaks in the fluorescence
decay is caused exclusively by the presence of the linear
energy term, thus being a very sensitive test of the presence
of the latter.

It seems interesting to suggest a pictorial explanation of
the situation depicted in Fig. 4. For this purpose let us turn to
a vector model. Excitation by pulsed linearly polarized light
creates an anisotropic spatial distribution of excited state an-
gular momenta J'.'*?* This distribution possesses cylindrical
symmetry with respect to the E-vector, being symmetrical
with respect to reflection in the plane which is orthogonal to
the E direction. The magnetic field H causes all momenta J’
of the molecular ensemble to precess around the z-axis. As
follows from Eq. (1), all angular momenta J', with any M
value (which now define the angle between J' and z), will
precess around H with the same angular velocity. The whole
“rosette of J'-vectors” will therefore precess as a single en-
tity, maintaining its shape! It is clear that such a precession
leads to harmonic modulation of the exponential decay at
twice the Larmor frequency, when fluorescence is viewed,
say, in the z-direction through a linear polarizer which de-
fines the E,-vector, cf. Fig. 1, at any ¢ value. This is a well
known? “classical” interpretation of pure magnetic (Zee-
man) quantum beats.

The situation is essentially different in case of the second
order Stark effect. As follows from electric field energy level
expressions (4) and (5), the angular momenta J possessing
different M values will now, after time interval ¢, rotate
around z through different angles. Moreover, the direction of
rotation for two angular momentum spatial orientations de-
termined by + M and —M will be opposite. The beat fre-
quencies will therefore be dependent on J' spatial orienta-
tion. A rephasing effect must occur after a definite time
interval, when the initial J' distribution is again restored,
producing peaks in fluorescence, cf. Fig. 2. There exists,
however, a special angle between E and E,, cf. Fig. 1, which
is equal to 7/4, when the special rotation will not produce
any detectable change in emitted light intensity, as in Fig.
4(a). An intuitive explanation of this fact is as follows. At
¢@=m/4 the rotation around &|z of the half of J’s, say, with
M>0, will lead to an increase of fluorescence, whilst the
other half, with M <0, due to a rotation in the opposite
sense, will lead to a decrease of the fluorescence by the same
amount. Of course, such cancellation follows also from a
formal analysis of the influence on the fluorescence intensity
of the second term in Eq. (19), in which the even function
cos(wys4 14—t —2¢) can be replaced at o=7/4 by the odd
function —sin(wys14—12), and, as a result the terms with
*+ M, in the summation over M will cancel each other in the
case of a pure quadratic Stark effect. If now an additional
external magnetic field H is applied in the &z direction, the
symmetry of J’s with respect to the E-vector is broken due to
even a slight precession of the before J distribution about H,
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FIG. 5. Numeric simulation of quantum beat signal for a 'l state with
combined first and second order Stark effects, for J' =5, £=100 kV/cm.

thus restoring immediately the simultaneous manifestations
of both second order Stark and first order Zeeman quantum
beats in fluorescence with ¢=1/4, cf. Fig. 4(b).

Now let us consider the case when the linear term ap-
pears as a result of a Stark effect in a state with A#0 due to
electric field induced e— f mixing. An optical !X —'IT transi-
tion produces molecules in either e or f states, which are now
coupled by the Stark interaction. The theory of Stark spec-
troscopy in a 'II state is given in Ref. 13, while the experi-
ments with the B 'T1 state of NaK molecule has been carried
out in Ref. 26. In that case the Stark energy of the e—f
complex takes the form

déM 12

J'(J'+1)

(21)
where EX'(J,M) is the so-called rotational term defined by
Eq. (4) and plus or minus signs correspond to e or f compo-
nents. It is easy to imagine that at high electric field strength,
when the term A=gqJ’(J' + 1) in Eq. (21), which reflects the
A-doubling, may be negligible, the conditions are met for

linear with respect to M and & an electric energy expression,
and

]

1
Eq=ESU,M) %5 \/[qJ'(J'+1)]2+4[

d# M|

Eel“E;‘ft(J’M)iJ,(],+ 1) .

(22)
For large & and not very large J’ values the quadratic term
may dominate in expression (21), and we again may expect
the exhibition of a *“grill”’ structure, which is modulated by a
single harmonic frequency. A specific example for such a
caseina QT Q| transition at J*' =35 is shown in Fig. 5, where
the parameters correspond to the NaK molecule in the D 'IT
state, namely d=7.5 D,” 7==20 ns,”” B,=0.0677 cm™,®
and the electric field strength is assumed to be 100 kV/cm.
The signal in Fig. 5 is calculated assuming that *““total” e—f
mixing has taken place between all magnetic sublevels, ex-
cept M=0. The fact that the M =0 sublevels of e and f
components are not mixed by the electric field causes the
minor distortion in the beat signal, leading oaly to the in-
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crease of the amplitudes of the secondary peaks, cf. Fig. 5.
Despite these destortions, we can still clearly distinguish the
two structures in the fluorescence kinetics. The fast one con-
sists of the sharp peaks, the separation of which is deter-
mined by w,y, while the slow modulation of the intensity of
those peaks is determined by the second summand in Eq.
(22) being linearly dependent on & and M. Of course, in the
present example, due to large #d product and relatively
small J values, the modulated Stark grill structure shows
itself Zit a time scale which is much smaller than the lifetime
="

IV. CONCLUSIONS

We have demonstrated that a simplification of Stark
quantum beat structure in the time domain may be achieved
for excited molecular states with J'> 1 in the case of “pure”
quadratic M-level splitting. The Stark beat pattern then ex-
hibits the “grill” structure consisting of equidistant narrow
peaks, the separation of which yields the value of the perma-
nent electric dipole moment. A quantitative calculation leads
to the expectation that such a structure could be recorded
during the typical fluorescence decay time of a few tens of
nanoseconds, for J' values up to, say, J' =20 or more, for an
excited state with the permanent electric dipole moment of
an order of 1 D, since electric field strengths of 100-300
kV/cm are now achievable. From another point, such a beat
pattern may be useful for optical control of electric field
strength.

The manifestation of high J state quantum beats is
changed when an admixture of a linear term is present in the
M-level energy dependence on external field. Namely, the
peak amplitudes are now harmonically modulated with 100%
depth at the single frequency of the coherently excited
M-level splitting which is caused by the contribution of the
linear term. This permits separation of the quadratic and lin-
ear contributions to the energy shifts. The most sensitive
probe of the presence of the linear term can be achieved in a
special geometry, when the quadratic beats would not be
observed if the linear term were absent. Such a method is
based on the breaking of the cylindrical symmetry of the
angular momentum distribution of the E vector of the linear
polarized excitation. We believe that the extraction of differ-
ent order contributions to the external field induced energy
shifts is of practical value since detailed information on the
magnetic level tuning is, as a rule, not available from direct
measurements.
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