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The optical magnetic birefringence (Faraday) technique that can be used to study the anisotropy distributions
of the angular momenta of photofragments produced in molecular photodissociation is compared theoretically
and experimentally with the magnetic dichroism technique. The frame independent tensor form of the general
expression describing the difference between an initial and a final polarization matrix of a probe light beam
passing through the photofragment vapor is presented and analyzed. The procedure of detection of the
photofragment electron orientation and alignment angular distributions by Doppler spectroscopy using each
of the techniques is studied theoretically. The angular independent anisotropy orientation and alignment
parameters describing photodissociation dynamics that can be determined from these studies are presented.
It is shown that in principle each of the techniques can give the same information about the photodissociation
dynamics; however, the birefringence technique has an undeniable advantage since it leads to an increase in
accuracy of the experimental data. Both magnetic birefringence and magnetic dichroism techniques were
used experimentally to study the spin orientation of ground state Rb atoms produced in photodissociation of
Rbl at 266 nm by circularly polarized laser light. The experiment was not of the Doppler spectroscopy type,
but use of different®Rb and®’Rb isotopes in the dissociation cell and in the probe light source allows detection

of the oriented atomic photofragments separately by each of the techniques. Obtained experimental results
are in agreement with the theoretical predictions. Contribution of the orientation of the Rb hyperfine structure
energy states to the observed signals were also studied and treated theoretically. The initial degree of the
electron spin orientation of the Rb atoms produced in the reaction was foundRo=b®.11 + 0.02.

I. Introduction detection-polarized laser-probing techniques to characterize the

Vector correlations in molecular photodissociation have lately anisotropy of the reaction products. Several different detection
attracted considerable interest since they can provide verytechniques including one-photon and multiphoton laser-induced
detailed and important information about the dynamics of half- fluorescence (LIF) techniques, the resonance enhanced mul-
collision processes. Several types of the correlations have been tiphoton ionization (REMPI) technique, and the ion imaging
under study. One of these is a correlation between the technique have been suggested and dSedn experimental
polarization vectore of the dissociation light and the recoil ~ technique consisting of measurement of the output polarization
directionk of the fragments that gives rise to the anisotropic Of @ probe light that is in resonance with the photofragment

angular distributions of the photofragments in sphoknother ~ absorption line was employed in our group to study polarized
correlation occurs between the vecwmmand the distribution alkali and thallium atomS8. In order to discriminate orientation

among the relative population of magnetic sublevelsorre- and alignment of the atomic fragments from background, we
sponding to the projection of the angular momentjuf a modulated them by applying a small external magnetic field

photofragment on the space-fix&dxis resulting in anisotropic ~ and thus obtained sensitivity that is comparable with that
distributions of the vectorgin space® Usually these distribu- ~ provided by the one-photon LIF technique. An important
tions can be described by their three main polarization mo- advantage of one-photon detection schemes compare to mul-
menta: populationnq independent), orientatiomn(selection), tiphoton schemes is in their relative facility in extracting
and alignment|(m| selection). Population is proportional to the dynamical information from the experimental data because
total population of the magnetic sublevels, orientation is corresponding theoretical expressions are simpler.
proportional to the mean magnetic dipole momentum of the  The detection techniques mentioned above explore magnetic
fragments ensemble, and alignment is proportional to the meanoptical dichroism of the photofragment vapor and result in real
quadrupole momentum of the fragments enserfib@ther and optical transitions from the fragment states under study. A
more complicated types of correlations have also been underdisadvantage of this detection technique is that the interaction
study and can lead to higher order polarization moments of the between the probe light and the fragments can saturate the
photofragment8. It has been showfithat investigations of the  transition and thus perturb the initial distribution among the
photofragment polarization moments can provide detailed and relative population of magnetic sublevels. Usually the small
important information about photodissociation dynamics, in- polarization signal under study has to be detected in the presence
cluding the symmetry and shape of excited molecular surfaces, of a large absorption signal coming from the unpolarized part
knowledge about reaction channels, nonadiabatic interactions,of the photofragments. Moreover, the concentration of produced
interference effects, and more. photofragments for the resonance techniques should be kept at
Investigations of polarized nonfluorescing photofragments sufficiently a low level to prevent effects of thick optical layer
have usually employed polarized laser photolysis combined with for the probe light (see, e.g., ref 9). All these effects can reduce
* Corresponding authors. the experimentally achieved signal-to-noise ratio and sophisticate
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An alternative for the resonance detection schemes of Cell
polarized photofragments is the paramagnetic Faraday rotation * Probe R l:l
technique that explores the photofragment magnetic optical
birefringence of the vapor and is based on the fact that the PD
gyrotropic component of the atomic/molecular polarisability P1 P2
causes the electric field of the probe off-resonant light wave to Cell
be rqtated by a certain angl_e after the light passed thrc_)ugh | Breoncation
polarized vapor. The effect is known from optical pumping b) = &
experiments?1lits theoretical treatment based on the density */
matrix formalism was done for the case of thin optical layer by Probe N
Laloé and Cohen-Tannoudfi and generalized for the case of x
thick optical layer by Kupriyanov et 8¢ The paramagnetic
Faraday rotation technique found important application in z
molecular and solid state spectroschidyut was never used to
detect and analyze polarized photofragments. %, Dissociation
The purpose of this work is to study theoretically how the c) T
paramagnetic Faraday rotation technique can be used in pho- * ]
todissociation experiments, to detect experimentally polarized Probe
atomic photofragments using this technique and to compare theFigure 1. Experimental geometries. (1) General geometry of the probe
experimental results obtained on the same atoms using resonanc'lﬂjé?g‘éugma%an“dng d(?tg((:)tlijc?: c:fheth ZbSﬁgqg?rgg;e;'h ts(%)ri;?e(:t?;ﬁtry T(k’]‘;
a,md off-sequence detection schemes: Only lone-photon absorPissociation light is circularly polarized and directed under the small
tion schemes are under study. The irreducible components ofange to thez axis. The probe light beam propagates through the cell
the density matrices (state multipoles representdtiarg used  along Z axis. (3) Geometry of production and detection of the
throughout the paper both for the light and for the photofragment photofragments alignment. The dissociation light is linearly polarized
ensembles. It is shown that application of the paramagnetic alongY axis. The probe light beam propagates through the cell along
Faraday rotation technique to the field of molecular photodis- theZ axis.
sociation can be very hopeful because it provides an investigator
with a relatively simple, nonperturbing detection technique that
is quite compatible with a VUV laser as a probe beam source. j NP
The organization of the paper is as follows. In section Il o = TP Troligiy)] (1)
general theoretical expressions for the density matrix of a probe
||ght passed through p0|arized atomic vapor are transformed toThe irreducible Components of the excited state denSity matrix
a frame-independent state multipoles representation and therfire defined in a like manner. The operai@g(jj) in (1) is an
analyzed. Necessary conditions to determine absorption andirreducible tensor:
dispersion cross sections containing information about photo-
dissociation dynamics are studied. In section lll the particular A I ]
cases of detection procedure are described. There are presented TKQ(Jg]g) = ZH_ C}gZKQ“gu’DEgul
and discussed expressions for absorption cross sections and P
orientation and alignment cross sections in the case of direct o
photodissociation both for resonant and off-resonant detectionwhereC}g‘jKQ are ClebschGordan coefficientsK is a rank of
schemes. In section IV the results of experimental studies of the tensor operator, ar@ is its component along th2 axis.
spin-oriented Rb atoms produced in photodissociation of Rbl The symbolllxy.. here and everywhere below denoiégy. =
molecules by circularly polarized light are presented. The [(2X + 1)(2Y + 1)...]"2 The density matrix component in (1)
detection of the oriented Rb atoms were provided in both relating toK = 0 is proportional to the total population of the
resonance and off-resonance schemes as a function of RbZeeman atomic sublevel, while the components relating to
concentration. The initial degree of orientation of the Rb atoms = 1 andK = 2 (orientation and alignment) are proportional to
was also determined. The results obtained by both techniquesthe cyclic components of the mean dipole angular momentum

Cell

//V

are defined as follow$11!

are compared and discussed. (Wgland to quadrupole angular moment{iRgbf the atomic
ensemble, relativel§.
Il. General Expressions for Probe Light Density Matrix The polarization matrix of the monochromatic light propagat-
in State Multipoles Representation ing along theZ axis can be introduced as follo¥®s
2.1. Definitions. We describe an arbitrarily polarized probe Roetl]  [doek
. . e . . . . XEX XEyY
light with initial intensity lo passing successively through an T = 4 . (2)
lévexl]  [dyed

optically active photofragments vapor and an analyzer and then
falling on a detector as it is shown in Figure 1. In the following

the atomic vapor will be discussed, but the obtained results will Where ex, ev are amplitudes of the electric field Cartesian
be also valid for paramagnetic molecular vapor. We will be ComPonents of the light and angular brackets denote time

interested in the polarization and intensityf the output light. ~ @veraging. The intensity of the lightobeys usual expression
The photofragments are assumed to have ground and excite%, = Tr(a). Using standard cyclic components of the electric
states total angular momerjtgandje and theirZ projectionsu ield vector:

andmrespectively and described by the density matrix elements

P, and o The off-diagonal over thg, je values density €= s €41=
matrix elements can be neglected in the low-intensity light V2
approximation that is used in this paper. The irreducible

components of the ground state density matrix (state multipoles)the matrix;t can be written in the cyclic basis:

ex L ley
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Trlp's(v.b).[(erd)(gd)]]

—i(w — wy— kv) + '/,

T, = g0 Ol = +1 ) 27Nl
i ’ G=[G,0) =5~ [ v

The matrixzr in (2) can be also rewritten in the following form

1+5, S, —is, where o is the light frequencywo is an atomic transition
I ( ) 4) resonance frequench is the atomic concentration, is a light

JT =— —| .
2S+iS 1-9 polarization unit vectord is a photofragment optical transition
) electric dipole momenty is a relative photofragment recoil
where$,, $, andS; are Stokes parameters of the lightThe velocity, k is a light wave vector, and is a natural rate of
particular cases (& = +1/-1,$=0,$=0; ()5 =0,S spontaneous decay of the photofragment excited state.
=+1-1,$%=0;(c)§=0,$=0,$ = +1/-1 correspond Writing the expression (8) we assume that the photofragment

to (a) the light is linearly polarized alongY axes; (b) the light  gensity matrix elementg? ,(v.t) with different Z-projections

is linearly polarized on the 45135 angle to thex axis; (c)the ;' of the angular momentuiy have differeny-dependencies
light is right/left-hand circularly polarized, respectively. The ccording to the recent theoretical and experimental results.

Stokes parameters are very important because they can easilye state multipole representation for both photofragment and

be measured experimentally. _ o _light density matrices ((1) and (5)) can be used to transform
_ The wredumble_components oIlthe light polarization matrix (7) and (8) to the tensor form. By combining (7) and (8) and
in (2), (3) are defined as followss: applying the transformations (1) and (5) it is found after using
1 the properties of 3- j and 6— j symbolg6 that the difference
= N (1) ueKQ s between the initial and final light polarization matrices can be
Pro Iqlzqz( 1 Clna ¥ 0o, written as:
1 .
Tz(_l)lJrKJrCIzCT?qllqu—e\_ql e, 0 (5) (@) Pyq — | o‘bﬁq — (_1yg+]e+K3|ONIZ<HKokjg X
102 0,
k 1 1|JKy, k K 0
Due to the symmetry properties of the Clebs€&@ordan {je g jg}{l 1 1}[LA[¢KO® Ad@)lkq T
coefficients, the indeX in (5) is limited to the valueX = 0, iL [q)o ® D)l ] (9)
1, 2, and thebko matrix elements corresponding to (4) can be DL Ko K®)lka

expressed in terms of the light Stokes parameters as follows:
wherela = [1 + (—1)<KotK)/2; Lp = [1 — (—1)KTKoTK]/2, the
1 S, 1 terms 7 ® Adw)]ka, [P ® Dy(w)]kq in (9) denote tensor
Do = 7; D= 7; D, = 7; productst® and A(w) and Di(w) are irreducible absorption
3 2 6 ) and dispersion cross sections respectively:
Q)+ @,,= =S P~ P, ,= IS, (6)

[Pk, ® Ad@)ko =Y Ciiga Phog, A)
The definition in (5) is not restricted to the cageq, = £1 %@ AN o i Py A

described above when the light propagates inZtgirection

but can also be used for an arbitrary direction of light 3 PV)T/2
propagation and polarization. The expressions for the compo- Akq(w) =C f d*v 2 (10)
nents of the density matrisbxg for some particular cases are (0 —wg— kv)2 + T
given in refs 6e and 17.
Application of the irreducible density matrix representation . p{(gq(v)~(w — wy — kv)
both for the light and for the photofragments has an undeniable Dyfw) =C f d’v > (11)
advantage because it allows one to write frame independent (@ — wy— kv)® + 0
tensor equations for experimentally measured quantities, to more 4
easy solve these equations and analyze the obtained results. MleﬂgI i []]2
2.2. Polarization of the Resonant and Off-Resonant Light C= e
Passed through Optically Active Vapor. Following the results 3f‘lCH,~g
of Cohen-Tannoudji and Lalo® a general expression describ-
ing the difference between the initiaty and the finalx The irreducible tensorsy, and ®xq in (9) are initial and

polarization matrices in (2) of monochromatic light passed residual light polarization matrices. The indidés Qo andK,
through polarized photofragment vapor along #haxis in the Qrelate to the initial and residual light polarization, respectively,
first order on the light intensity and on the optical thickness of while the indices, q relate to the photofragment polarization,

the vapor can be written as follows: all the indices being integer.
) The general expressions {9)11) describe the change of the
7 —m = —[Gumly — i[Gp] (7) probe light polarization matrices due to absorption and disper-

sion properties of the atomic vapor. The term containing the
where [...] and [...] are the commutator and anticommutator, absorption cross sectiolq(w) in (9) describes the influence
respectively. The functionSa andGp describe absorption and  of magnetic optical dichroism of the photofragment vapor on
dispersion properties of the vapor. The funct®gis Hermi- the transmitted light polarization. According to (9) this effect
tian, while the functiorGp is anti-Hermitian. When the atomic  can occur only if the sum of the indicés Ko andk areeven
density is homogeneous within the vapor lenigtine functions numbers because only in this case does the coeffitiediffer

Ga andGp can be written as follows from zero. The term containing the dispersion cross section
Dyq(w) describes the influence of the magnetic optical birefrin-
1 +. 1 + gence of the photofragment vapor on the transmitted light
=G+ =Z(G - e . . L
Ga Z(G G Go Z(G G) 8) polarization. This effect can occur only if the sum of the indices
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K, Ko, andk are odd numbers because only in this case the circularly polarized probe light, while the photofragment align-
coefficientLp in (9) differs from zero. The irreducible cross ment k= 2) can be detected by using either arbitrarily polarized
sectionsAxg(w) andDyg(w) ((10) and (11)) are experimentally — or unpolarized light. Only the absorption cross sectidig
measured quantities that can be used to obtain the photofragmenf10) give a contribution to the signal (here and further we omit
density matrix elementgl?(v), which contain all information  the argument in all expressions for brevity). Using (6) and
about the photodissociation dynamf€s. properties of the 3— j and 6 — | coefficientd® (9) can be
Applying (9)—(11) to analyze the photofragments’ polariza- transformed to
tion, one should have in mind that in any choice of laboratory K
frame the full set of cross section components (10), (11) |, _, _ /_ 1vigHe o 1 1 o0,
corresponding to all possible projections(i.e. q = 0, &1 for = lo= (1) SIONInng{je g i }((DKD Ay (13)
k= 1andq = 0, &1, +2 for k = 2) must be expected to °
contribute simultaneously under most experimental conditions;
moreover, each of these cross sections will have a specific

dependence on the probe light frequengy These are the
g g o j 4 (q)go.AKo) - Z (_1)QDCD20Q0 AKo*Qo
0

where the term(pﬁo-AKO) denotes the scalar product:

results of intrinsic correlations in the decaying molecal&kis
property of the photodissociation process complicates interpreta-

tion of experimental results compared to typical conditions of Tne expression (13) describes absorption of the monochromatic
optical pumping experimeritswhere an appropriate choice of probe light by arbitrarily polarized photofragments. All cross
laboratory frame can significantly reduce the number of the gection elements (10) can be in principle determined by varying
atomic density maitrix elements. _It will be shown later that th(_e direction and polarization of the probe light. The same type of
full number of independent anisotropy parameters that is expression describes, under some restrictions, the one-photon
necessary to describe the angular dependence of photofragment|g signal and the  n photon REMPI signal. In the limiting
orientation and alignment produced in direct photodissociation 5qe kv)2 > T'%4 that is routine for the direct dissociation

is equal to seven (three for the orientation and four for the ,rocess and for a sharp photofragment velocity distribution the
alignment). Another peculiar property of the photodissociation inteqgral ovew in (10) can be easily evaluated. If then one writes
experiment is that the absorption anpl dispersion profiles (10) 13) in the light frame, it becomes analogous to the well-known
and (11) are usually not of the Gaussian type shape and dependypression for the absorption intensity in the polarized Doppler
on the photodissociation dynamics. _ spectroscopy theory (see, e.g. (1) in ref 7f).

In the next section (9)(11) will be used to describe the 3.2. Detection of the Photofragment Orientation with the
procedures used to detect of photofragment’s polarization Analyzer in Front of the Photodetector. Second, we consider
momenta using_ some typical_ experimental ge_ometries, andipe experimental geometry where the analyRgiin front of
resonant detection schemes will be compared with off-resonant;po photodetector (see Figure 1) selects the polarization of the
ones. transmitted light. This experimental geometry was used to study
oriented and aligned T4Ps/;) and oriented RBE,,) photofrag-
ments in ref 9 and will be analyzed in two following sections

3.1. No Analyzer in Front of the Photodetector: Orienta- in more detail. Determination of photofragment orientation and
tion and Alignment Detection. We will describe the general  alignment cross-sections will be described using resonance and
case of the photodissociation experiment and assume that theoff-resonance detection techniques separately.
following photofragment irreducible density matrix elements  If photofragment’s orientatiorp’fq is determined by the

Ill. Particular Cases of the Detection Procedure

differ from zero resonance detection technique, either kge= 1 or K = 1
. A ' A ' A component of the light polarization matrix must differ from zero
Oy Py PPir PSy P51 PE (12) (see (9)). Let the initially unpolarized probe light beam be

directed along th& axis. Then the initial light polarization

whereplg, = (— 1)%(of¢ o*.* The density matrix elements (12) ~Matrix elements are as follows:

are assumed to be functions of the recoil velositand the

corresponding cross sections (10), (11) are assumed to differ®9o = 13, <I>(1)Q= 0, ®3%=116, ®5,,=0,

from zero. The alignmenty, can be produced, for instance, if ®%,,=0 (14)
linearly polarized photodissociation light is used, while both

orientation and alignment;, o, can be produced with  Magnetic circular dichroism of the photofragment vapor results
circularly polarized photodissociation light (see, e.g., ref 4). in partial circular polarization of the transmitted light that can
Orientation and alignment parameté¥%s Ao can be constructed  pe determined by the circular analyzeg (® Figure 1) in front

by combining the matrix elements (12) in the usual Waow of the photodetector. Substituting (14) into (9) and combining

we analyze some particular cases of (9) and the possibility of (2)—(5), the expression for the Stokes param&gin (4) of
separate experimental determination of the cross section elethe transmitted light can be written using (6) as

ments (10), (11).
We first consider the experimental geometry where there is =1 . 1 1 1)Anl
ot : = = (—1)o"3IL N~ ——=
no polarization analyzel, in front of the photodetector (see S; T ( ig V) ] Nl
Figure 1) and thus full residual light intensikiw) is detected. - € 2
where |4l are intensities of right- and left-hand circularly

This experimental geometry was recently used, for instance, by
b ) : .
North and Hall" in their vector correlation studies of NCCN polarized output light respectvely. The intensitin (15) can
be obtained from (13) and (14):

io g (15)

photodissociation. Using the conditidh Q = 0 in (9), one

can obtain that due to the symmetry properties of the Clebsch-
Gordan coefficients the other indices must obey the conditions o 5 1 1A,
Ko = k Qo = —g. Using (5) it can be shown that the | = lof1 — N'(Aoo_ (_1)Jg+1e3H_ { ; ; }_0) (16)
photofragment orientatiork & 1) can be detected only by using slle lg o) /B
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It can be seen from (15) that probe light propagating along the theZ axis. The polarization matrix elements of the initial light

Z axis together with a circular polarization analyzer in front of are as follows:

the photodetector can be used to determine the longitudinal cross

sectionAyo but is not sensitive to the transverse cross section @, = 13, o= =12, P, =

Ai1+1. The latter can be determined using the light propagating 0 .

perpendicularly to th& axis. P20= 18, cDZil 0, q)ZiZ =0 (20)
If the photofragment’s orientation is determined by the off-

resonance detection technique, the sum ofkKh@ndK light

matrix ranks must be even. The initial probe light can be

linearly polarized and propagate in tAedirection. Magnetic

optical birefringence of the vapor results in rotation of the light

polarization vectoe by an angled that can be determined by

a linear analyzer in front of the photodetector. Assuming the

initial polarization vector of the light to be parallel to the

axis, the relationship between the Stokes paranfgtef the

residual light and the anglé can be written a$, = sin 29.

The polarization matrix elements of the initial light are as Sz—

follows: Tl

The optical birefringence of the vapor changes the initial circular
polarization of the light to elliptical polarization with general
axes directed on the-45° to the alignment axis that can be
detected measuring the Stokes parangtef the light by using

a linear analyzer. Substituting (20) into (9), the expressions
for the residual light matrix element®,., can be obtained.
Then the Stokes paramet8y of the transmitted light can be
written as

|
— (~1)stietia, NI{ 1 -1}—0Re(D22)
je g )

(21)

0 0 0

PG =113, @] 1= 0 P = W6, @5, =0, It is seen again that the described experimental geometry is
q)‘;ﬁ =1/2 (17) sensitive only to the transverse alignment elemBatsand that
the only difference between (19) and (21) is that the former
By combining (2), (5), (6), (9), and (17), the Stokes parameter contains the absorption while the latter the dispersion cross
S of the transmitted light can be written as section. The expressions (15), (18), (19), and (21) describe the
results of application of resonance and off-resonance techniques
1 1} Dyolo to measure orientation and alignment photodissociation cross
e g gl y21 sections.

It should also be noted that the expression for the light
where I4s, |45 are intensities of the residual light linearly intensity | (16) contains the population and alignment cross
polarized ont45° to the Y axis, respectively. Note that (18) sectionsAg, Az that are also to be determined from the
has the same form as the (15) if one changes the dispersiorexperiment. The terms containing these cross sections (or the
cross sectionDyo to the absorption one and that the light second one only) can be neglected in (16) compared to unity if
propagating along th2 axis is sensitive to the longitudinad ( total absorption of the light by the photofragments, or their
= 0) component of the orientation cross section only. alignment, is small. It can be shown using (4) and (9) that all

3.3. Detection of the Photofragment Alignment with the cross sections can be determined as a function of frequency
Analyzer in Front of the Photodetector. If photofragment combining the results of several experiments when the light
alignmentply, is determined by the resonance detection tech- Propagates through the vapor in different directions.
nique, the sum of th&, andK matrix ranks must be even (see  If the probe light is not monochromatic, (10), (11) should be
(9)). Let the initially unpolarized probe light beam propagate integrated over the frequeney using a spectral profile of the
along theZ axis as in ref 9. Then the magnetic linear dichroism incident lightlo = lo(w). If the spectral width of the profile
of the photofragment vapor results in partial linear polarization lo(@) is larger that the spectral width of the photofragment
of the transmitted light that can be determined by a linear absorption cross section (10) the integral avezan be written
analyzer in front of the photodetector. The polarization matrix in the form:
elements of the initial light are shown in (14).

ls — 14
=5 1ysHe3 NI{
= ls+ 1

Substituting (14) into (9), the expressions for the residual light A= [ Agw) 1) do ~ C I [pla0] (22)
matrix elementsb., can be obtained. Then the degree of linear )
polarization of the transmitted light can be written as whereJ* = slo(wo) and the angular brackets mean averaging

over the recoil angles. The averaged expression for the
) 1 dispersion cross section (11) can also be simplified in the case
(= 1);9 3, N' J jg jg T Re(A,) of large detuningsw — wo| > |kv| and can be written as

(19)

Iy_

Ix —
Sl IX+ Y
Diq= f Dig(@) (@) dow ~ C P [pig 0 (23)
wherelyx,ly are intensities of the residual light linearly polarized
along theX andY axes, respectively. It can be seen from (19) Where
that determination of the Stokes paramet@rgan be used to
study the transverse component of the alignment cross section f lo(@)
Az, and that the procedure is not sensitive to other cross sections (w — wo)
Ao, Ao1.

If photofragment alignment is determined by the off- The expressions (13), (15), (18), (19), and (21) containing
resonance detection technique, either fie= 1 or K = 1 the cross sections (10) and (11) presented above are general
component of the light polarization matrix must differ from zero, and do not depend on where the polarized photofragments come
and therefore either the initial light must be circularly polarized from. The explicit forms of the absorption and dispersion cross
or the analyzer in front of the photodetector must be a circular sections (10), (11) differ from each other for different types of
one. Let us describe the experimental geometry where the initialthe photoprocesses according to the photofragment density
probe light beam is circularly polarized and propagates along matrix angular dependence. The widely used way to treat the
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vector correlation phenomenon is to expend the photofragment
density matrix over the bipolar harmonics and then determine

the bipolar momentbg(k,S that contain the information about
the dissociation dynami®8." However in the next section of

this article we use another approach presenting the explicit

angular dependence of the photofragment density matg’x
(%,¢) from the detailed quantum mechanical thééiy terms

of orientation and alignmeranisotropy parametersOnly the
case of direct photodissociation within the condition of validity
of axial recoil approximation will be discussed. The advantage

of this approach is that the anisotropy parameters have clear

physical meaning and relate directly to the different photodis-
sociation mechanisms.

3.4. Absorption and Dispersion Cross Sections V-De-
pendencies. In some interval of the relative recoil impulsps

the photofragment density matrix elements can be presented in

the form

ol

j — 3
Phq(P) = (2710)f(p) M50, (24)

Wherea‘kq(q),z?) is a differential cross section for one-photon
fragmentation of a molecule to a fragment with total electron
momentunj, ¢ and® are photodissociation recoil polar angles;
p is a relative photofragment recoil impulsgy is the zero-
rank excitation matrix integrated over total recoil solid angle,
andf(p) is a photofragment distribution over the modulus of
their relative recoil impulsg that can be approximated by a
Gaussian function centered @t= po'3

1 e—(p—po)ZIZSS
Poy 275

f(p) ~ (25)

where the parametes, is related to the width of the parent
molecules Bolzmann impulse distribution. The absorption and

dispersion cross sections (10) and (11) are calculated and
presented below for several particular cases as functions of the

light frequencyw. The light was supposed to propagate along
the Z axis.
following values of the parametei, ko, § related to the

detection of polarized ground state Rb atoms produced in

photodissociation of Rbl at 266 nm in bulk conditions that were
experimentally studied in this workl" ~ 36 MHz, kug ~ 7600
MHz, (po/so)? ~ 10.

3.4.1. Zeroth-Order Cross SectionsThe differential cross

The cross sections were calculated using the
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Figure 2. Absorption cross section&q versus relative probe laser
frequency detuningk. (1) The photofragments produced via pure
perpendicular optical transitions in the dissociating molecytgs<
;). (2) The photofragments produced via pure parallel optical
transitions in the dissociating moleculgs & 1). (3) Isotropic case

(Bo = 0).

3.4.2 First-Order (Orientation) Cross SectionsAs shown
in (10), (11), (15), and (18), both resonance and off-resonance
orientation detection schemes where the probe light beam
propagates along th& axis lead to signals that depend on the
diagonal orientation cross sectiar, wherej is the total
photofragment angular momentum. According to the results
of the ref 5c, the components of the differential orientation cross
SeCtionOqu(ga,z?) can be described by three anisotropy param-
eters that are independent of the angfes? and from each
other. These parameters can be defined as follows

f,(1,1)

M1750,0)+ 20(1,1) (27a)
 2Ref(1,0)]

"1 10,0)+ 20(L,1) (27b)

,_2mit.0) 70

" 1,(0,0)+ 2f,(1,1)

section of the zero-order for one-photon fragmentation can be wherefy(q,q') are photodissociatiodynamical function8©d.

written in the following famous forrh

. o
Ohelp.9) =5 [1 + BPy(cosD)] (26)
wherefy is anisotropy parameter.

If circularly polarized or unpolarized dissociation light
propagates in th& direction for pure parallel transitiongy
stands for the limiting valugo = —1 that gives~sir? © angular
distribution while for pure perpendicular transitiofig stands
for Bo = 1/, that gives~(1 + cog ¥) angular distribution. If
linearly polarized along the axis light, for pure parallel
transitionsf, stands for the valug, = 2 that gives~cog
angular distribution while for pure perpendicular transitidps
stands foi3, = —1 that gives~sin? & angular distribution. The
corresponding well-knowh? absorption cross sectiorg, are
shown in Figure 2 as function of the relative frequency detuning
X = (w — wo)/kvp. Only absorption zeroth-order cross sections
(10) differ from zero.

The dynamical functions are a result of the detailed quantum
mechanical treatment and contain all the information of the
transition dipole moments and fragmentation dynamics. In the
high4 limit approximation (semiclassical limit), these functions
can be presented as linear combinations of the well-known
bipolar moment®# (see Appendix). The “diagonal” dynamical
functions for whichq = ' are real, while the “off-diagonal”
functions for whichq = g can be complex. The first anisotropy
parameter describes the orientation of the photofragments
coming from an incoherent pure perpendicular optical transition
in the dissociating molecule, while two others describe the
orientation of the photofragments coming from coherent super-
position of a parallel and a perpendicular transition.

We will study the experimental geometry shown in Figure
1b when dissociation and probe beams propagate at a small
angle to each other in opposite directions along4feis. For
left-hand circularly polarized light propagating in thez
direction, thek = 1, g = 0 component of the differential
orientation cross section can be written as foll&fvs:
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. 3\/:__))()‘ 0.3 T T T T T
Oro(p,9) = ?O o, cos ¥ + %l sif 9|  (28a)

_ 47w

%~ T3¢

[f6(0,0) + 26((1,1)] 1
0.2 |- 1

The anisotropy parameters; and y; have clear physical
meaning, being two different components of the standard
photofragment orientation parameter under the condition of
circularly polarized dissociation light. These parameters are
related to the molecular frame compongp®ndj of the total
photofragment angular momentujn respectively, while the
componeny; is parallel and the componejtis perpendicular
to the recoil direction: -

=D W g S |

v 1
i(i i(i -4 0 4
viG+1) Vil +1) x = (- ag)/ kv,

where angle brackets mean averaging over the recoil aggles Figure 3. Absorption orientation cross sectiods, versus relative

¢ and the lower indeX corresponds to th& projection of the probe laser frequency detuning= (w — wo)/kvo. The dissociation

vectorsj; andjg in the laboratory frame. light is circ_ularly p(_)larized, and the photofragr_nent _total angular
Only the sum of the anisotropy parametexs ¢ 1) can be momentum is equal o= Y%,. (1) Photofragments orientation produced

determined if the experimental procedure does not provide theVia incoherent exgc/it_ation of the molecule. The anisotropy parameter

. - . .oy is equal to 1/(2/3). (2) Photofragments orientation produced via
Z_electt_lon OfBﬂ:ﬁ photofr?gmentdorlentatlt;)n (')t\lger the_t_reCOII coherent excitation of the molecule. The anisotropy paramatés
irections. Both parameters; andy; can be either positive equal toY.

or negative. Their values are estimated below for the case when

only one photofragment carries the angular momentum ' T i i T

different from zero and when the nonadiabatic interactions are

negligible. The parameter; has its extrema if perpendicular

transitions dominate in the photoprocessesi]d: = MV2[j(j

+ 1)]¥2, wheremis the quantum number of the photofragment

magnetic sublevel populated in the photoprocesses. This

parameter goes to zero for largealues; it is mainly responsible,

for instance, for the results of the experimehtShe parameter

y1 has its extrema when the parallel and perpendicular transitions

are of the same intensity:y{lex = £%4. It was shown in ref

19 that the coherent excitation of ICN molecules leads to strong

orientation of CN fragments reported in ref 20. The third

parametery; cannot be determined in the “parallel” experi-

mental geometry described above (see FiguPé d)t can be

determined by measuring off-diagonal cross section elements

(A11 or D17) using probe light directed perpendicular to the

axis. L 2 : I t
Absorption Qg and dispersion ;o) orientation cross “ X = (w_"m ) kv ¢

sections calculated using (10), (11), (24), (25), and (28a) are oo

shown in Figures 3 and 4 versus relative probe light frequency Figure 4. Dispersion orienta}tion Cross sectiobsg versus re!at!ve

detuningx separately for each of the two terms in (28a). The Probe laser frequency detuning= (w = wo)fkvo. The dissociation

N ) - o light is circularly polarized. (1) Photofragments orientation produced
contribution from the first (incoherent) term is given by curve via incoherent excitation of the molecule by circularly polarized light.

1, while the contribution due to the second (coherent) term is (2) photofragments orientation produced via coherent excitation of the
given by curve 2 in both figures. Similar relationships have molecule by circularly polarized light. The values of the anisotropy
recently been reported elsewhéfelt can be seen from Figures  parametersy andy; are the same as in Figure 3.
3 and 4 that the relationships corresponding to the coherent and ) o
to the incoherent excitation of the molecules are quite different ef 5¢ the diagonal cross sectioty(¢.) can be presented as
from each other, which gives the possibility to study they follows
separately. The existence of two absorption maxima on the
relationship 1 in Figure 3 and two dispersion contours on the _ \/_500
relationship 1 in Figure 4 has a simple physical explanation: Tl ®:0) = e
the photofragment angular distributiorcos ¢ (28a) leads to
production of two groups of the photofragments moving in
opposite directions along the probe light beatrakis), which
give their main contributions to the cross sections (10), (11) at iG+1)
two different frequency detunings. m
3.4.3 Second-Order (Alignment) Cross Sectioria order
to define alignment parameter, we first consider nonpolarized The s, oy, y2, and 5, are angular independent alignment
light propagating along th& axis. Then using the results of anisotropy parameters:

Ay (x), a.u.

0.1

Dy (x), a.u.

V(j){ P,(cos)[s, + 0,P,(cos)] +
g v, Sirf 9 cos ¥ + g 1, sin’ 19} (29)

1/2
where V()=5
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f,(0,0)+ 2f,(1,1 016 , T . l .
Sz — (J -1 2( ) 2( ) (30a)
5(0,0) + 2f(1,1) B
f (1!1) - fZ(Oio)
=)t 2 30b a2 | .
%=V " 0.0)+ 211) (300) o
1 Ref,(1,0)] ; |
Yo =2V3V({) (30c) 2
2 f,(0,0)+ 2f,(1,1) ; o8l )
f(1,-1) &
=VeV() 30d .
2= VBV() £0,0)+ 2f,(1,1) (30d)
0.04 - -
The anisotropy parametess o, describe the photofragment
alignment produced by noncoherent optical transitions in the .
dissociating molecule. The parametgr(30a) is responsible
for the alignment component that does not depend on the angles 0.00 . L L
@, ¥ in the molecular frame and vanishes after averaging the 4 x = (w_‘i%)/kv 4
0

photofragment alignment over tiggy. Besides, it is seen from ) ) ) ] )
(29) that this component gives contribution to the alignment Figure 5. Absorption alignment cross sections Rg] versus relative

TR probe laser frequency detuning= (w — wo)/kve. The dissociation
angular distribution in the laboratory frame. The parameters light is linearly polarized, and the photofragment total angular

02, 2, 7172 (280,C,d) are responsible for the alignment components y,omentum is equal th= 1. (1) Photofragments alignment produced
that depend on the anglgs @ both in the molecular and inthe  via incoherent excitation of the molecule. The anisotropy parameter
laboratory frame. These parameters have clear physical meaningy. is equal to'/s. (2) Photofragments alignment produced via coherent
being components of standard diagonal alignment paratfeter superposition of a parallel and a perpendicular transition. The
of the photofragments coming from three different dissociation anisotropy parametey, is equal to 3/(1/2). (3) Photofragments
mechanisms. These are incoherent perpendicular and paralleflignment produced via coherent superposition gf two perpendicular
optical transition in the dissociating molecule (30b), coherent transitions. The anisotropy parametgris equal to%so.

superposition of a parallel and a perpendicular transition (30c), 0,10
and coherent superposition of two perpendicular transitions

(30d), respectively. For instance,

T T T T T

[3j2 — j%),0 0.0
o =—"T—
2 jG+1)

where angled brackets mean averaging over the recoil angles
@, 0. Only the sum of the anisotropy parametess ¢ v, +

772) can be determined in a non-Doppler type experiment. The
values of these parameters can be estimated for the case when
only one photofragment carries the angular momeng§um
different from zero and the nonadiabatic interactions are
negligible. These are, = /s for the paralleE — X transition

in the moleculep = [3m?2 — j(j + D)J/10i(j + 1), 2 = 310 for

the perpendiculak — IT transition, andy, = 3/10[(j + 1)]2

for the same intensities of the parallel and perpendicular -0.10 ” ' o : p
transitions. As shown in (10), (11), (19), and (21), both X = (0-ay)/ kv,

resonance and off-resonance alignment detection schemes whergi 6. Di . ' ) . .

. . . gure 6. Dispersion orientation cross sections B@I versus relative
the probe light beam propagates ann.ngqs lead to 5|gnals probe laser frequency detuning= (v — wg)/kvo. Dissociation light
that depend on the real part of the alignment cross section Re-is |inearly polarized, and the photofragment total angular momentum
[d22(@,?)]. Let the polarization vector of linearly polarized isequaltqg = 1. (1) Photofragments alignment produced via incoherent
dissociation light be parallel to théaxis of the laboratory frame  excitation of the molecule. (2) Photofragments alignment produced

and probe beam be parallel to tHeaxis as shown in Figure  Via coherent superposition of a parallel and a perpendicular transition.
1c. Then using the results of ref 5¢ the cross seatipsig, ) (3) Photofragments alignment produced via coherent superposition of
caﬁ be presented as follows: ' two perpendicular transitions. The anisotropy alignment parameters

0y, y2, andn, are the same as in Figure 5.

0.00

D,, (x), a.u.

-0.05

j _ ‘/%00 . 2i¢{ i Absorption (Refy7]) and dispersion (R&),2]) alignment cross
0P 9) = 167 V(e sin” s, + sections calculated using (10), (11), (24), (25), and (31) are
a,[(1 — cos 2p)P,(cos®) + cos 2p]] — shown in Figures 5 and 6 versus relative probe light frequency
. . deturningx separately for each of the three terms in (29). The
V2 sinf 19[0052 (1 — cos ) + i sin 2p] + contribution from the first (incoherent) term is given by curve
1 while the contributions from two coherent terms are given
by curves 2 and 3. Figures 5 and 6 show that all three
anisotropy parameters in (30) can be determined in the described
4i cog ¥ sin 2€0]} (31) experimental scheme.

77ZZ[(l + co€ ¥) sin’ ¥ + (1 + cos ¥)° cos 2 —
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It should be noted however that the parameters in (30) do Y Rb(5P,,)
not give a full description of the dissociation dynamics U {} 0=0", 0.1
responsible for photofragments alignment because there should
be in principle two other parameteys, 7, related to imagi-
nary parts of the dynamical functiofig1,0) andfy(1,—1) (see
(30c,d)), which do not appear in (31). The former parameters
would arise if elliptically polarized dissociation light could
discussed while the latter can be neglected for the processes of
direct photodissociation because in this case the dynamical
functionsfy(1,—1) are shown to be reét.

The results presented above show that in principle the
paramagnetic Faraday rotation technique can provide the same
information about photodissociation dynamics as the resonance
dichroism technic. Besides, use of the paramagnetic Faraday
rotation technique to study the photodissociation dynamics can
be very hopeful from experimental point of view because the ' r T
contribution from the photofragments orientation and alignment ~ © 10 20 30
to the signal are usually a small fraction of the probe light total Figure 7. Potential curves of Rbl molecufé.
absorption by the photofragmerit%. Comparatively large
absorption decreases the accuracy of the measurements and canternuclear distances that can increase Coriolis type nonadia-
easily break the conditions of thin optical layer that can batic coupling and interference effects in the decaying molecule.
complicate the interpretation of the experimental results. More, 4.1. Experimental Procedure. There are two optical
the saturation of the photofragment resonance optical transitionstransitions of different symmetry from the molecular ground
can be easily achieved under the conditions of the one-photonstate to the second excited state with approximately equal
detection scheme that can complicate much the interpretationintensities: X 1=, — 0T and X =gt — 122 The value of
of the experimental results. It is seen from Figures64hat anisotropy parametef, reported by Su and Ril&Y is as
extremum points of the dispersion signals are relatively far from follows: By = 0.54. Spin-oriented ground state Rb atoms
resonance, which can increase the accuracy of the experimentgroduced in the reaction (30) were already observed elseffhere
and simplify their interpretation. In the following section the when only the resonance detection technique was used.

results of experimental studies of spin-oriented Rb atoms |, our experimental procedure and data analysis, we mainly
prodl_Jced i_n photodissociation of Rbl m_olecules by circularly ojiowed the theoretical expressions (15), (16), (22), and (23)
polarized light are presented by both in-resonance and off- ;¢ there were also some important differences. Firstly, from
resonance schemes. the experimental point of view the direct following of (15) was
not convenient because led to large experimental errors due to
IV. Experimental Studies of Spin-Oriented Rb Atoms necessity of subtraction of two large valdesandI - from each
Produced in Photodissociation of Rbl other. To avoid this problem, we combined pulsed dissociation
light with continuous probe light and modulated the observed
signals by applying an external magnetic field. This gave us a
possibility to detect the difference (15) directly after each laser
. - ulse. Secondly, in the interpretation of the experimental results
schemes and to compare th? (_)btalned results with each Othegresented below, we fixed the orientation signals by the intensity
and with the theoretical predictions presented above. of the absorbediight given by the two last terms in (16) but
We studied oriented ground statéSg, Rb atomic photo-  not by the intensity of théransmittedight given by the whole
fragments in photodissociation of Rbl at 266 nm in the following expression. This approach was convenient because allowed us
reaction where the iodine atoms produced in their metastablety getermine the degree of orientation of the photofragments
state: directly from the resonance experimental signals. We also used
not only the collinear directions of the dissociation and probe
RbI(Z,.) + hv(266 nm)— Rb(5°S,,,) + 1(5%P,,,) (32) light beams described in the section 3 but also another
experimental geometry when the probe beam was perpendicular

It is well-knowr122that covalent excited states of alkali halides, !0 the dissociation beam as shown in Figure 8.

PROBE 794.8 nm

RO(S )+ I(P1)

Rb(281/2]+ |(2P3IZ]

Y=

The experiments were carried out in order to detect and study
the polarized photofragments at the same experimental condi-
tions alternatively with resonant and off-resonant detection

correlating with a ground sta#&,, alkali atom and &P, halide The experimental procedure we used in principle allows us
atom, are typical example of Hund cas¢hat is defined by a  to extract all information about the photofragment orientation
projectionQ of the total molecular angular momentuhon an and alignment from the one-laser pulse with sensitivity that is
internuclear axis and by symmetry quantum numhers + comparable with that provided by the one-photon LIF technique.
for Q = Qo terms. Figure 7 shows qualitatively 3&* ionic The procedure is shown in Figure 8 and is similar to that

ground state and the covalent excited states of the Rbl moleculedescribed elsewhefé. An absorption quartz cell containing Rbl
as well as dissociation and probe channels. The absorptionvapors at a pressure of 13-102 Torr was illuminated by
spectrum of Rbl in the 256330 nm region consists of two  pulsed circularly polarized laser radiation at 266 nm that
bands relating to two possible photodissociation channels thatpropagated perpendicularly to the direction of the permanent
lead to the following pairs of atoms: RE& ;) + 1(5 2Ps) magnetic field H= 50 A/m. The dissociation light was
and Rb(52Sy) + 1(5 2P2).22 In our experiments at 266 nm, generated as the fourth harmonic of a Q-switched Nd:YAG laser
only the second excited molecular state was populated fromat 1064 nm with a pulse duration of= 10 ns and repetition
the ground state and the second pair of the atoms arises (32)rate of 10 Hz. The circular polarization of the dissociation light
In this photodissociation channel the electronic molecular energy was produced by using a prism linear polarizer and a quartz
levels are not split by the van der Waals interaction at large quarter-wave plate that provide a polarization degree of about
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Figure 8. Experimental procedure.

95%. Purified isotopically reaché®Rb'27 salt containing more
that 90% of the®®Rb isotope was used in the cell.

The mean angular momenta of the atoms processed around
the magnetic fieldHp as shown in Figure 8 caused oscillating
optical circular dichroism/magnetic optical birefringence of the
vapor for the probe light whose frequency was in the vicinity
of the atomic absorption lines frequency. The optical circular
dichroism/magnetic optical birefringence signal was detected obo
by a probe resonance Rb;Dine at 794.8 nm from an
electrodeless radio frequency (rf) discharge rubidium lamp Figure 10. Typical experimental signals obtained by the Faraday
operatng i acontinuous egime. The probe bea propagateciSieh e, T Sgnls e 2 ere e oo e rone
perper)dlcularly to Fhe magnetic fiekb, "?‘”d its dlrecthn COL!Id. signal 3 (orientation signal) is the difference betweén the signals 1 and
be varied from antiparallel to perpendicular to the dissociation 5
beam as shown in Figure 8. The probe beam passed succes-
sively through the polarize?,, the cell, and then the polarization  slowly due to the recombination of the atoms by collisions with
analyzer R onto a photodetector. In the case when the the walls and with the molecules in the cell volume. There are
photofragments orientation was detected by the resonancedumping oscillations on the bottom of the signals that are caused
circular dichroism technique, the sarifikb isotope was used by the free precession of the atomic angular momentum around
both in the cell and in the rf discharge lamp, the initial probe the external magnetic field discussed above. The experimental
light was unpolarized (no polarizer; Rvas used), and the signals obtained by the resonance detection technique were
analyzer R was a circular one consisting of a mica quarter- similar to those presented in Figure 10 (see ref 9c) but had a
wave plate and a linear dichroic polaroid. In the case when several times higher ratio between the population step and the
the photofragments orientation was detected by the paramagneti®scillation amplitude. Moreover, the orientation signals obtained
Faraday rotation technique, the rf lamp contained &b by the Faraday detection technique could be observed in the
isotope while the cell contained tH&Rb isotope, and both  much larger pressure range of the molecular vapor than that by
polarizer R and analyser Pwere linear dichroic polaroids with  the dichroism detection technique.
their axes directed 450 each other. The hyperfine structure Signals 1 and 2 in Figure 10 were obtained when the
lines of 8Rb and8’Rb isotopes are known to be shifted from dissociation light was right and left-hand circular polarized,
each other (see Figure 8), which provides a convenient way for respectively. It can be seen from Figure 10 that the difference
the off-resonant detection of oriented Rb atdrsThe output between the phases of these two signals is equal tSignal
from the photodetector was accumulated by a digital oscil- 3 in Figure 10 is the difference of signals 1 and 2. This signal
loscope connected with a computer. The schematic setup ishas pure orientation nature as does not contain the “population
shown in Figure 9. step” that exists in signals 1 and 2. The orientation signal

4.2. Experimental Results. Typical experimental signals  amplitude decreased with time mainly due to the depolarization
corresponding to the off-resonance Faraday detection techniquecollisions of the ground state Rb atoms with the Rbl molecules
are shown in Figure 10, curves 1 and 2. The moment of the in the cell volume. The orientation signals detected by both
laser shot corresponds to the time= 0. The signals are the  resonance and off-resonance techniques were fitted as follows
average of the 20 laser pulses. The rapid decrease of the signal U,
just after the laser shot is mainly a result of the probe light o\ exp -
absorption by the Rb atoms produced in the cell. The main Uy ATTsin(qt + ¢) exp(-y ) (33)
reason for this absorption was a partial overlap of the probe
and absorption atomic lines. Then the absorption decreaseswvhereUy is the “population step’wg is a precession frequency

4.00 8.00 12.00
Time after laser shot, pus
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03 respectively. HereS and | are electronic and nuclear spin
operatorsS= Y/,, andF. = | £%/,, wherel = % is the nuclear
- . spin. The initial hpf orientation vectof& [ and [(FI of the
Rb atoms just after the laser pulse were directed alondthe
axis antiparallel to each other. The hyperfopéactors related
to the K- and E sublevels have the same values but opposite
signs, and thus the orientation vect@F$] andF precessed
01 ¥+ around the external magnetic fidith with the same frequency
o+ + + wo but in opposite directions. The total orientation signal
oscillated, while the orientation vectdisl] and[J precessed
around the magnetic fieltHo having its extrema when the
0.0 *e o . i I - orientation vectors were directed along the probe beam. This
0 200 400 600 signal was a sum of the signals from the pf sublevels and

N RbIx10™ cm® depended on the selection rules for dipole optical transitions,
+ Faraday parallel detection scheme on the directions of théfF[l orientation vectors, and on the
intensities of the hpf components in the probe light atomic line.
The expression describing the orientation signal amplittle
in the case of the resonance and off-resonance technique and
Figure 11. Amplitudes of the orientation signals obtained by using for the parallel and perpendicular detection schemes can be
different detection techniques versus Rbl concentration. The amplitudesyniained on the basis of (15), (16), (18), (22), and (23) and the
are fixed by total absorption of the light by the photofragments. transformation properties of rotati@functions® We assume
that the hpf structure of the RIF®) excited states is unresolved
and write expression for the amplitude of the orientation signal
at the transition2S;,, — 2P as follows:

A
0.2 _|owee

Relative amplitude
[ ]
L]

¢ Faraday perpendicular detection scheme

+ Resonance parallel detection scheme

of the ground state Rb hpf angular momenta around the external
magnetic field Hp, and the amplitudeA®*®, phase¢, and
relaxation rateyg are fitting parameters. Then the amplitudes
AP was extrapolated to the zero-dissociation light intensity in A 11/4—j (. + 1)|'(| +1)(2 + 3)

order to eliminate the influence of the photofragment thick — = n A J +
optical layer and molecular transition saturation effects on the ~©° (I +1)J +1 J7|- 3(2+1)
measured atomic orientation. 2 —-1) ,
The experiments were carried out in two different geometries 3(2 + 1) J| Peexp(yot) (34)

when the probe light beam was either perpendicular or almost

parallel to the dissociation laser beam. With both in-resonance where the upper and lower sign&)(relate to the parallel and
and off-resonance detection techniques, the amplitudes of theperpendicular detection schemes, respectivelys 5> is a
orientation signals were found to depend on the relative direction nuclear atomic spinPe = [&[ISis an initial spin orientation

of the probe beam compared to that of the dissociation beam.degree of thgg = S = 1/, atoms;je = 5, ¥, are the total

The experimental results presented in Figure 10 were observecelectronic angular momenta of the aton#le excited state;
when the probe beam passed through the cell perpendicularly] andJ" wheren = A, D are the functions introduced in (22)

to the dissociation beam. This geometry will be referred below and (23) and written for the hpf components of the probe light
as the perpendicular detection scheme. The orientation signaldine at the k — j andF- — j transitions, respectively. The
detected in this scheme were about two times larger than thatorientation degreeP. used in (34) is proportional to the
detected in the parallel scheme when the probe beam wasorientation parametéas follows: Pe = ((j + 1)/)¥?0;.
transmitted at a small angle (abou) Soward the dissociation In the case of the resonance detection technique the functions
beam. The amplitudes of the orientation signals determined Jﬁ,\]’f in (34) are always positive, and therefore the orientation
by the resonance technique behaved antipathetically relative tosignal has its maximum for the parallel detection scheme when
the amplitudes of the signals detected by the Faraday tech-the hpf orientation vector&F[] and [F[I are antiparallel to
nigue: the orientation signals detected in the parallel detection each other. The intensities of the hpt components of the probe
scheme were about three time larger than that in the perpen-line at 794.8 nm from the resonance rf lamp can be assumed to
dicular detection scheme. be approximately the same. Then for the case of{Ré D;

The amplitudes of the orientation signa&* obtained by resonance ling{ = 1/,), (34) leads to the following ratio of the
the Faraday and resonance detection techniques and normalizedrientation signals in the perpendicular and parallel detection
to the corresponding “population steps” are shown versus the schemes: A(perp)A(parall)lheory= 9/19. The experimentally
Rbl concentration in Figure 11. Curves 1 and 2 in this figure observed ratio was found to ba(perp)A(parall)lex, = 0.3 £
relate to the perpendicular and parallel Faraday detection 0.2, which is in agreement with the theoretical prediction within
schemes, respectively, while curve 3 corresponds to the experimental errors.
resonance parallel detection scheme. Figure 11 evidently In the case of the off-resonance detection technique the
manifests the great advantage of using nonresonance schemdstegrals J°,J° in (34) can be either positive or negative
to detect photofragments orientation at relatively high molecular depending on the position of the probe light line relative to the
concentrations. center of the dispersion cross section profile (see Figure 4). It

4.3. Discussion.The observed dependence of the orientation can be seen from Figures 4 and 8 that when the hpf structure
signal amplitude on the relatie directions of the probe and lines of the®’Rb isotope are used to detect t#f&®b isotope
dissociation beams can be understood by taking into consider-photofragments the integralﬁ and J° have opposite signs.
ation the contributions to the signals of two rubidium hyperfine Thus, according to the (33) the amplitude of the Faraday signal
ground state energy levels. The quantum mechanical observ-is larger in the perpendicular detection scheme and has its
ables describing the orientation of the ground state Rb atomsmaximum when the hpf orientation vectdis} and (F[1 are
are the components of mean total atomic angular momentumparallel to each other, which is in agreement with the observed
F0. =004 +34 for upper () and lower ([0) hpf sublevel, experimental results.
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The experimental signals detected in the present work by the TABLE Al: Bipolar Moments in Terms of the Anisotropy

resonance technique were similar to those reported elseS¢here Parameters. The Dissociation Light Is Linearly Polarized

but have a better signal-to-noise ratio because the detection?/0"d the Laboratory Z Axis®

channel was improved. The initial spin orientation degpee bipolar moment expression
was determined using the amplitud&® of the experimental b2(0,0) 1
orientation signal (33) and the theoretical expression (34). The b0.2) 1
initial spin orientation degrel. of the Rb(5S) atoms produced o 550
in the dissociation reaction (32) was found tofe= 0.11+ b3(2,2) V()
0.02. This value is about twice as small as our previous result ESZ
for the same reactioR. = 0.20+ 0.02 reported in ref 9¢c. This b%(2,0) 2V(j)
disagreement was found to be a result of a wrong fitting —T[a2+y2+;72]
procedure under poor signal-to-noise conditions of the exper- b3(2,2) 22V
iment®¢ o () o+ L _,72]
It can be seen from (34) that the experimental results obtained 5v7 2
by the Faraday detection technique and presented in Figure 11 b3(2.4) 2V2V()) 4y 1
cannot be used alone to determine the photofragment orientation B 57 a3t 6772]
degreeP, because the normalization factdg for this procedure b§(1,2) 26
should be taken from the resonance detection measurement. The - ?iy'1

conditions of our experiment were not favorable for such 2 The photofragment angular momentum dependent coeffivight
complex measurements because the probe light discharge RtI)S given in the (29). Note that the expression presented in the last row

Iamp_s we used had different spectral Chara_CterisFiCS' Thereforecorresponds to the effect of the photofragment orientation by linearly
we did not measure the photofragment orientation degree for pojarized lighte

the Faraday technique signals.

The orientation degree of the Rb photofragmeRyss the Acknowledgment. The authors are much grateful to A. G.
only parameter in (34) containing the information about gyits and A. S. Bracker for fruitful discussions. The research
photodissociation dynamics. The experiment described abovedescribed in this publication was made possible by Grant
was not of the Doppler spectroscopy type. Thus the orientation |NTAS-93-1809-ext and CRDF Grant N RP1-223.
degree determined in the present work is proportional to the
sum of the orientation anisotropy parametegs= v/3 (o1 + Appendix: Relationship between the Anisotropy
71) (see (27a,b)) extrapolated to the moment of the laser pulse.parameters and the Bipolar Moments
The Doppler spectroscopy type experiments are now in progress ) ) ) ) )
in our laboratory and will be used to determine the parameters  1he general relationship between the semiclassical bipolar

oy andy; separately. moment&? and the _dynami_cal fu_nctions is given in expression
; B6 of ref 5c. This relationship depends not only on the
V. Conclusion photodissociation dynamics but also on the polarization of the

This paper presents the results of theoretical and experimentaldissociation light. Here we restrict ourselves to three lowest
studies of two different detection techniques that were used to photofragment polarization momerita= 0, 1, 2 and describe
investigate the angular momentum anisotropy distributions of the case of linearly polarized light with the polarization vector
the photofragments produced in molecular photodissociation: along the space-fixed axis. After renormalization of expres-
the magnetic dichroism and magnetic birefringence techniques.sion B6 from ref 5c in order to satisfy the conditibg'(0,0) =
The frame independent tensor form of the general expressionl, the nonzero bipolar moments in terms of the anisotropy
describing the difference between the initial and the final parameters (27) and (30) are presented in the Table Al.
polarization matrix of the probe light beam passing through the
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