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Abstracl. This paper shows that angular distribution of spin-unresolved Auger electrons eraitted
in the decay of a vacancy created by the absorption of a pheton in a certain class of free, unpolarized
and gaseous non-lincar molecules is completely characterized by three, rather than by two well-
known parameters. The presence of this additional third parameter gives risc to circular dichroic
affect which varies as cosine of the angle made by the departing Auger glectron with the direction of
incidence of the circularly polarized radiation. Linear dichroic effect varies as the square of sing of
the angle made by the direction of emission of Auger electron and the polar axis of the space frame.
Linear and circular dichroism in the anguiar correlation between the o photoetectron and Auger
electron emitted sequentialiy from a moiecule belonging to one of the 32 point groups has also been
investigated.

Keywords. Circular dichroism; linear dichroism; Auger electron; photoelectron; correlation be-
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1. Introduction

Angular distribution of spin-unresolved Auger electrons emitted following phetoabsorp-
tion is given by

M =700 1~(2 — 3m2)BaPalcos .} (1)

ik, 4 2

This result was first derived by Flugge et af [1] for atomic targets and later shown to be
applicable even to linear molecules without [2, 3] or with [4] rotation of their nuclei taken
into account. The target in these { 1—4] studies is always free and unpolarized in its gaseous
state. Ineq. {1) o, is the integrated Auger current; B, the Auger asymmetry parameter; m,
specifies the state of polarization of the absorbed photon. Further in (1), ]Aca((i,,‘, Pa) 15 the
propagation vector of the Auger electron in the photon (or laboratory)-frame of reference.
The polar axis of this frame is taken along the direction of the electric field vector if the
absorbed photon is linearly polarized (LP, m,. = 0). On the other hand, it is the direction
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of incidence which defines the polar axis of our photen-frame for circularly polarized (CP,
m., = L1} or unpolarized (UP) beam of radiation. Both a, and £, in (1) depend on the
photoabsorption as well ag on the Auger decay dynamics.

Flugge er al [1] further showed that the asymmetry parameter 3, is different from zero
in the non-radiative decay of only those vacancies which are in other than /' shell in an
atom. But, Dill et af [2] found that even K shell vacancies in a linear molecule can be
anisotropic giving rise to the angular Auger current (1). The theoretical prediction [2]
of an anisetropic i-shell Auger emission has been experimentaliy observed by Saito and
Suzuki [5] and by Yaghishita ei al {6] in the N{1s) and by Hemmers et o [ 7] in the C(18) o*
shape resources of Ny and CO, respectively. This difference in the behaviour of molecular
£ shell vacancies from that of their atomic counterparts arises due to the highly anisotropic
nature of the photon-molecule interactions [2-7].

In §2 we show that the enisotropy in the molecular interactions gives rise, in principle,
to one more term in the angular distribution (1) of Auger electrons emitted following pho-
toabsorption. This term varies as cos #,. The occurrence of this additional term provides
not only a new experimental parameter for studying Auger dynamics of molecular targets,
but alse gives rise to circular dichreism (CD) in angular distribution of spin-unresolved
Auger electrons emitted from free and unpolarized, gaseous molecules by the scalar, inter-
electronic coulomb interaction. We also discuss some of those circumstances when this
term does not vanish identically and show that the condition in which dichraic effect pro-
duced by it exists are totally different from those found to be necessary for the existence
of CLr in the angular distribution of Auger electrons emitted following photoabsorption in
rotating linear molecules [8] and in atoms [9].

In §3, we further show that linear and circular dichroism is present alsc in the angular
correlation between photo- and Auger-electrons from a free, unpolarized gaseous moiecule
belonging to one of the 32 point groups. Therein, we prave that this CD in one photon, two-
step, double ionization (i.e., CDDI) of non-linear molecules is ctap cos@ for a collinear
experimental geometry in which Auger and photoelectrons depart in a line. - Here @ is
the angle between the polar axis of the photon-frame and the line joining two correlated
outgoing electrons. CDDY has already been studied in atoms [10-12] and in rotating finear
molecules {13]. Section 4 contains an application of the analysis presented in this paper to
molecules whose point symmetry group is Ty, {e.g., CCly, SICl, etc) and 5, {e.g., CHyI,
CHj3Cl, etc). The conclusions of this work are described in §5.

2. Auger electron angular distribution and dichroism

In order to formulate a general theory for dichroism for molecular Auger emission pro-
cesses we need to introduce two concentric frames of reference, These are photon-fixed
frame of reference and space (or laboratory)-fixed frame of reference. Polar axis of the
photon frame is the direction of incidence (electric vector) for circularly polarized (lin-
early polarized) light, Let wy, = {¢b,, 6y, v,) be the set of Euler angles which rotates the
space frame in photon frame. Foliowing Edmond [14] the rotation matrixes D(w,) are
defined such that

- VJ -
V() = 30Dk e, Vi (R,
.NL

480 Pramana - J. Phys., Vol, 52, No. 5, May 1999



Angular anisorropy and dichroism

where unprimed (primed) variable refer to the photon (molecule) frame of reference.
i’:a(.f.:;) is the direction of propagation of Auger electrons with respect to photon (space)
frame.

Ineq. (1.22)[15] we have already derived an expression for angular correlation between
phatoelectrons and Anger electrons emitted from a molecule belonging to one of the 32
point groups. On integrating (1.22) over the direction of propagation Ap( o 0p) of the
photoelectron, we obtain angular distribution de, (m. )/d}‘,, of Auger electrons emitted i m
the decay of vacancy created by the absorption, in electric dipele approximation (£1), o
a photon in a free, gascous molecule. This expression can be written as

[1 — M, cOs 8, + %(‘7 — 3m3) [, Pa{cos8,) ], {2)

dou(my) a4
df{:(1 T dn

where

(3a)

IR P 1| P
Yo = gD Z(ZHU ‘ M

is the spin-unresolved, integrated Auger current, and

A 1 1
i x ‘:}
o = W"ﬁanap\[ ZZ 2 K“)(o 0 o) {x L K}
P71
I(q fryly
l\fl’,l(‘])l‘flf'i,l[l;I(q)_ﬂvﬁr;:(pif’lhﬂl;_K'(]), (3'3)
2w Ky . JE P2 11 2
Ao = W*hoaa}]\/ SN S E RS
H omn
K'q ,'1111
M; (]J}_T]_ Flys I(Q’)ﬂffﬁ (p]_‘f] haly; I‘:q). {3c)
The dynamical terms
- I 1 K )
Mt ) = e (0 S alagon @

AL

present in (3b, ¢) are the sums of the products of the Auger decay amplitude M deﬂned
in (1.21a) and of the F1 photoabsorption matrix elements d’ L LA ) given in eq (1) in
[16]. Further in (4a}, the photoabsorption cross- section &y Emd the constant i, are those
given in eq. (12) in [16] and [17}], respectively. The symbols not explained herein have
meanings identical to those given in paper L

Thus, complete characterization of the angular distribution of spin- -unresoived Auger
electrons emitted following phetmbsmphon in electric dipole (£1) approximation in a
free and unpolarized gaseous molecule requires three parameters {(¢#a, e, B}, instead of
the two {aq, ) considered hitherto [1-7} in eq. (1). But this new term, which is present
on the right hand side of eq. (2) and is propostional to cos 8., makes no contribution to
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the angular Auger current in any of the following five circumstances : (i} Auger electrons
are observed in the X-Y plane of the photon-frame {(i.e., 8, = #/2). (i1) The incident
bearmn of radiation is LP (i.e., m, = (). {iii) The absorbed photon is UP. {In order to obtain
angular distribution of Auger-electrons in this case, expression (2) should be averaged over
my = +1.] (iv) The 3-7 symbol present in (3b) is zerc if { -+ I' is not odd. This means,
for e, in (2) not to vanish identically, the single-centre expansion of the cortinuum orbital
of Auger electren should contain both even as well as odd partial waves. That is, the
molecular target must not have a plane of reflection perpendicular to the molecular axis or
a centre of inversion. {v) Let us assume that the nuclear field has cylindrical symmetry,
like in linear molecuies belonging to the Cu,, 01 Doy, point groups. The dynamical term
{4a) for such a system becomes

- m{ 1K
My Kq) =y (=1 <4n \ ;)M},,;)dh.,.,tl(,\,.). (4b)
i /,-
mAg

Here, ﬂ-ﬁrt(;;) is the Auger decay amplitude (1.28a), and the phototonization matrix element
g, m, (A) are defined elsewhere [3,14,18]. Because, nuclear field in a linear molecule is
cylindrically symmetric, therefore these two amplitude possess the properties {1.29a) and
dpy —my (= Ar) = dym, (Ar), respectively. In order to specialize the eqs {2)-(4) to Cre, and

Do targets, one needs to make therein only the following replacement

Z Mi(prmhaly, KMl Kg) =

q171
Tih

K I

ST Mlmy; KgyMi(lims; Kq).

g=—d mi=--I

This can readily be shown to be zere unless I -+ I’ is even. This, in view of the 3-7 symbol
present in (3b), immediately means that e, = 0 and #, # 0 for molecular systems with
cylindrical symmetry.

Thus, a free, unpolarized, gaseous nou-linear molecule without a centre of inversion
and a plane of reflection perpendicular to its axis may, in general, give rise to a, 0
and #, # 0. Then expression (2), rather than (1), describes the Auger electron angular
distribution.

An immediate and important consequence of this general result is the presence of CD

dgfcim - do, (m,; =+1) dog (m,; = 1) - (52)
dk, dk, dke,
where
Uy = =00t [, (5bj

in the angular distribution of spin-unresoived Auger electrons emitted in the decay of a va-
cancy created by photoabsorption in E1 approximation i a free and unpolarized gaseous
moelecule. According to the discussion, already presented in this paper, a certain class
of non-linear molecules will exhibit this CD in their Auger electron spectroscopy (i.e.,

482 Pramana - J. Phys., Vol. 52, No. 5, May 1999



Angular anisotropy and dichroisnt

CDAES). But, in atoms as well as in linear molecules the previously mentioned circum-
stances {iv) and/or (v} exist. Therefore, for both of these targets, one always has o, = 0.
The occurrence of this situation not only gives rise to the distribution (1) or Auger elec-
trons emitted from such systems, but also makes it necessary [8, 9} that their spins too be
analysed if one is interested in studying CDAES in atoms and in linear molecules.

Now we calculate from (1.22) linear dichroism (L.I))

dokP _ dPoq(my = 0;p{n/2,n/2)) Ao, (my; plm/2,0)) - sin? 8, cos 2,

ak;, Ak dp dk:dp
(6a)
where
1 /15
[T e
Bo= =10 5 Batq. (6b)

So, from previous discussions we can say LDAES exists for both linear as well as non-
linear molecules. ${= 8,, ¢,) is direction of the polar axis of photon frame with respect
to space {rame.

The three parameters present in (2) are readily determined by performing three measure-
ments in succession:

(a) For o, one measure (o (m))/(dk,) at magic angle (A, = 54.7°) following ab-
sorption of LP or UP radiation.

(b) Measurement of linear dichroism (in (6)) and (daa(m,.))/(dfc(,,) in the X'-Y" plane
of the photon-frame for absorbed radiation of any polarization will contain both &,
and A,.

(¢) The remaining parameter ¢, can readily be extracted by measuring either CD de-
fined in (5) or {doa(m.))/{dk,) for RCP or LCP photon at the magic angle. While
the former measurement will directly give a,, the latter will contain o, and &,.

3. Dichroism in angular correlation between Auger and photoelectrons

Equation {1.22) for angular correlation between the Auger and photoelectrons from a free,
gas phase molecule gives us the following expression for CDDL

A £ \/gss*
dk,dk, Wiy 2

DD D G A DL+ {201 + 1)
il LL;Ng
el Ke

{ ﬂ" L lj H L] L L{ 1 Il l" 17 I:,Il 55 ‘1}1
000 0 6 0 Ny —=Np 0 oK 1’ lL 1‘

MLk Fg) ML K@Y (ko) Y (). (7)
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Here, the dynamical amplitude

) Il K .
Ml Eq) =Y (m Wif . ) M dy (L, me) (®)

LT

Is the linear combination of the products of the Auger decay amplitudes ﬂ[( and of
the #'1 photoionization ‘reduced’ matrix elements [f]l( ¢y} obtained from the lebpechvc
egs (I.21a) and {1.21b). The simplified form (7) of the CDDI is obtained by analytically
performing the sum over A7, present in (1.22}, with the help of the identity (4.16) [19].
Expression (7} shows that CD exists in the I/1 photoelectrons emitted also from free
saseous moelecular targets provided they (photoelectrons) are observed alongwith Auger
electrons. This result is applicable to any experimental geometry. It, nevertheless, becomes
particularly simple for the foliowing three photon-propagation and electren-detection
configurations: (a) when photoelectron is observed along the polar axis out of photon
frame, t.e., }?'p(é?p = (), ¢h}; (b} on detecting Auger electron aleng the polar axis, Le.,
F»a( = 0, ¢,); () photo- and Auger-electrons depart in opposite directions, ie,, if
,a(r‘){,, =0, ¢,); then f::,,(ﬁp = w—8, ¢, = 7+ ). Bach of the three cases {a)—(c) will give
us CDDI in a coplanar experimental arrangement wherein the detection directions of the
Auger and photoelectrons lie in a plane which contains also the polar axis of the photon-
frame. While CDDI in both {a) and {b) is expressible in a series of Legendre polynomials
of order up to 2.y and 24y, respectively (2., and 20y ___ are the highest angular mo-
menta used to represent the continuum molecular orbitals of the Auger and photoelectrons
respectively), (c) gives

d(jCD

dd

= frgp COSH, Fa)
where

Ixj (
Xonp — — ? \I +i+ L+ 2[( 1 ‘2L~L1 ’
oy AW Z Z (280 + 1)( 2Ly + 1)

thiy Ly

Pl gy
.
(zm)(hz;J;1><LL-.1){11*1,} houh
v o Ly by
000 oo oj\ooo) L xfyils
ML Kg) MEALE K g). (9b)

Therefore, similar to CDAES (5), the CDDI (7) in a collinear experimental arrangement
is completely described by & single parameter given in (9). Here @ is the angle which the
line joining the Auger and photoelectrons makes with the polar axis of the photon-frame.
It obviously vanishes for § = /2, i.e., if these two electrons are moving out in opposite
directions perpendicular to the polar axis. This collinear behaviour of CDDI is both simple
as well as interesting.

Let us now consider CD in angular correlation between the Auger and photoeiectrons
from linear molecules. Using properties (1.29a) and (1.29h) applicable respectively to the
Auger decay and the ‘reduced” mabrix elements due to cylindrical nature of nuclear field
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in Cowy and Doy, molecules, the dynamical amplitade {8) present in the CDIDI (7) can be
shown to satisfy the relation

Myl K — gy = (=D T - R an a0 Kg).

With the help of this equation and that of the first two 3-4 symbols present in (7), we find
that
K
> i K — oMLl Kq) =0, (10a)

g=—K

unless (L + Ly) is even.

But, one further finds that for an experimental configuration wherein the two electron
detectors and the polar axis of laboratery frame (which is along the direction of incidence
of the CP radiation) lie in a single plane, i.e.,, withn = 0, 1,2,

S (i, S o)t =0
Ny
unless (L + L1) is odd.

In view of the two mutually exclusive condition (10a, b), the CDDI (7} does not exist
for linear molecules in a coplanar photon-propagation and electron-detection arrangement.
This conclusion is applicable also to the geometeries {a)—{c) mentioned in this section,
as each of these describes CDDY in a plane which contains also the beam of CP ionizing
radiation.

From (1.22) we can derive the expression for LD for the angular correlation between
Auger and photoelactrons frame from a free, gas phase molecule, which can bhe written in
the following form :

{2 LD : . P
d?gt /2[{?\/'3" g
dk’gdk,’, WW+hy 2

Z Z (_“1)11+.!1—L1+1<(2K U@L+ D2 + 1))1/2

Uil, LL1Ny,
vy Ky

I i i '51 ll} Ll
(llL)(llllLi){llL} any
i ? t {
000/ \L0D D0 0 ni K I
(Vi (k, K) -+ Dk Gk, By DM, (s K ) M (140 K ). (1

Here }'s are the hipelar harmonics. Simplifying (11), we have seen LDDI does not vanish
for linear molecules in a coplanar geometry.

4. Application

We present in this section an example for experiments on CDAES, LDAES, CDDI, and
LDDI. Let us take a non-linear, free, gas phase molecule. If its peint symimetry group

Pramana — J. Phys., Vol. 82, No. 5, May 1999 4835



M Chakraborty

is Ty, then it is one of CHy, CCly, SiCly, GeCly, CFy, etc., and if the point symnietry
group is Ty, then it is one of CHCl, CH3Br, CHzl, etc. Let us consider the case when
vacancy is created in the ma; orbital of these molecules by the E'1 photoionization proce-
dure described by (1.3 1a). The photoionization amplitude dﬁl?j {Ar) and the corresponding
‘recuced’ matrix elements dy, (I;9m;) needed to describe the photoienization step (E31a) in
the respective CDAES expression (5), LDAES expression {6) and CDDI result (7}, LDDI
result (11) have already been discussed by Chandra at length elsewhere [16-18].

The second quantity needed in the calculation of the dynamical amplitudes {4) and (8)
present in the CDAES (3), LDAES (6) and in the CDDI (7), LDDI (1 1) respectively, is
the matrix element M%) defined by (1.21a). This definition contains the amplitude 457
specified by (1.32) for the Auger decay step (1.31b) of the fon A41* (mmay). (An underline
under an orbital indicates a vacancy in that orbital.} The calculation of these amplitudes
without including either SOI or SRI has already been discussed by us in §4 in rel. {15].
Here too we foliow the same procedure which is based on the standard technique described
elsewhere [20]. Tt we assume, for simplicity, that one of the two vacant orbitals in the
electronic configuration of M+ after the Auger decay is na; belonging to the 4; TR of a
T aroup or Cs,. then the ailowed transitions are only those given for Ty molecular by (27}
in [3] and for Cy,, group transition will be mg, — naey n’ﬂ My - Ny 1o and may —

Let us first consider 2a; — nay n'e; transition of Ty point group molecules, Here we
have p = ay in {3bywith 7, h = Tand! =0, 3, 4. For this we get

\/gﬂ' w f - . 3 ) 0 apl” Tl
g = 7% S (:ﬂ, exp (v, (cr:ga) o U:(lﬁ )) Ajélfll',l‘ + C.C.) . (12a)

However C.C. represents complex conjugate of the expression preceding letters A’s are the
amplitudes A77 defined by (1.32).

Next, we consider CDAES in Ty point group molecules for ma; — nag n'es transition
here p= ay, 7, h = I and ! = 6 then o

a, = 0. {(12b)

Similarly, CDAES in Ty point group molecules for may, —na) n'e transition for p = ¢,
r=1,2;h=11=2,4then

o, = 0. {12¢)

Now, we consider CDAES in T, point group molecules for ma; — nay n'iy transition
pe=t,r=1~-31=23 4, h =1, for this, we get

( x - (5+15 w)
X, TR =T el
163 W *he, Ve 22 4

sciexp(i{ol — ol (Al Al £ abZ BTy . (124)

o
3

Similarty, the final case for may — nay n'ls transition of Ty point group molecule with

p=to;7=1-3 h=1and! =1, 2, we get

486 Pramana ~ J. Phys., Vol. 52, No. 5, May 1999



Angular anisotropy and dichroism

_ o ap S {a) {a) ) ( Lol” b Ala2”

vy = ——————— 5" i eX (.i, a; = o 2A l - DA AT

‘ oS o [ P ( 1 2 ) 1
(24027 4L2E mzﬁﬁAg“y+oc}. (12¢)

We thus sce that CDAES; following photoabsorption in the ma; orbital of free gas phase

of CCly, SiCly and GeCly vanishes for may — nay n'a; and ma; — nap n'e transitions,
but has o non-zere value for the remaining three (‘Ml — nday 7 al, 2y — ey N i; and 2aq
— nqy n'ty) transitions.

Now we present an application of CDAES in O, point group, on evalmtuw e\p{esslon
(3b) we find that cx,, = 0 for all the transitions (namely ma; — nag 7 Gy, ey — ey nas
and may — 1a) o n'e) ie. CDAES, following photoabsorption in may orbital of [ free gas
rhase CH In CHgBL CH-C! vanishes for the lh{ee transitions.

Now we consider LDAES in may — nay »'oq transition of Ty point group molecules.
Here we have p = a1 in (3¢) with 7, L = 1 and [ = 0, 3. For this we get

054 o

Mo = = {13)

WH+ha,
Similarly, we have seen for Ty, point group molecules for the remaining four transitions (i.e.
Gl — 101 Rag, Py = Ty e ‘e, may —nog n't and moy —napn 71/t5) /3, is non-zere.
So, we see thal LDAES, foi lowmc photoabsorption in the ma, orbital of a free, gas
phase CCly, SiCly and GeCly exists for the five Auger transitions given by (27) of {3].
Next, we consider application of LDAES in Cs,, point group molecules.
Let us consider may — i’ﬂ_l_l’!ﬂ transition, p = a3, h =1, [ = 0,1. For this, we get

275 {6 ?

Bo= |2 (14)

AW o, V15

Here, [ i3 angular asynmumetry parameter !“01‘} hotoionization.
We also see, d, # 0forma; —na n n'ay and may — nay il e transition.
So, LDAES, following pholmb:oxptlon in ma 01bml of free, gas phase O’f CHal,

CH,Br. CHsCl exists for may — ngy n'ay, mar — nay oy and may — nag n'e transi-
tion.
The CDDI for the example of 7 molecules considered in this section means that we are

studying CD in the angular correlation between the £1 photoelectrons emitted from the
ma, orbital and the Auger electrons ejected subsequently in one of the transitions {27) in
[3]. While the continuum orbital of the photoelectron belongs to the Ty IR, but that of the
Auger electrons may transform according to one of the (A1, As, BT, Ty) IRs of the Ty
molecular point group. '

in (1.33a) and (1.33b) we have already developed expressions for angular correlation
between photoelectron ejected from e, orbital and the Auger electrons coming out in
the respective may — noy n'ay and e, — ney wlap transitions in a Ty molecule for a
general experimental geometry. So CBDI for these two cases can readily be obtained. On
substituting (1.33a) in the definition of CODI, we find

L/2

(’120'(] D ) (}p i 5} _ - " {a) [a) 1 1"
7o e (23 24 *{ fos — ol AR AR
dkdk, Yeven 1 (? Fd)(2=0) 57 lexplilay 7y )AL
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4T e gl gt L
TeCh g \/E'(CXP(HU:@” ~of At ant + c.c.i} x

V33 (o, k) sin 6 {(15a)

for two electrons ejected in (1.3 {a) and may — nay n'aq transitions. Here, the phase angle
& is defined by (1.34). T

We thus, see that for ma; — nay n'ay transition for Ty molecules, CDDI is not nec-
essarily zero if the Auger electrons are observed along with the photoelectrons. For the
second case, corresponding to (I.31a) and ma; — ngy y_’ﬁgﬁ; emissions, we use (1.33b) and

find

CPJC}D
d.i.::ﬂ dl?:p

That is, both CDAES as well as CDDI are zero for this transition.

We have calculated CDDY also in the remaining three of the five allowed Auger transi-
tions (27} in [3] and found it, unlike (10b}, not to be necessarily zero.

The CDDI for the example of 3, molecules considered in the sub-section means we
are studying CD in angular correlation between the £1 photoelectrons emitted from the
may orbital and the Auger electrons ejected subsequently in one of these three {ma; -
nay n'ay, ma; — na; n'es and may — nay p'e) transitions. While the continuum orbital
of the photoelectron belongs to the A; and E IR, but that of the Auger electrons may
transform according to one of the (A, 4s, E) IRs of the Cy, molecular point group.

Assuming A} o 7le* and using (7} we find CDDI for may — nay n'aq transition
of C's,. point group {p ( =ay,vh=1,1=0,1,2Zand m = 0)

12 5 CD = 7 : - 1/2
= i [3 S* ! L [A%Y sin 8, sin 6, x
dk,dk, T TnWh 2\/'“

= 0. (15b)

(111/1“‘1 sin{og okt {") +ay” “ . a,(;‘))

\ l”‘i Sin(agn‘) - (Tr(,”‘) +£¥EHJ — a.{,a)) %
\/‘ 2 i 2

COS(L‘Tém _ o_i'p) + agp) (p)} + B\ﬁbm g, sinf, x

1 :
= sinfly sindy, cos 2(p, — ¢p) — cos b, cos by, cos2{p, — ) %

2
(JA2Y] A% cos(al® < ol 4 al® — ale)y - \A‘”l
+1|4m!|3 R {(2cos” 8, — sin® ) cos

7,‘ 12 120\/5 A P ¥ piatlg

—3sind, cosfy,sin ), cos{dy, — @) X
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EN
f Y

AT A4 sin(el™ - ol + ol ~ af¥) x

{A“”ii 1 sin{o; (a )—JS“’ %agg) Ck)ﬂ))

17’

=4
J -2 ) 2 :
5 oo B, sin® 8! sin® 8, cos(ps — ¢p) — (4 cos” 4] sind,

—sin® 8, ) cos B, sin 8y, cos(he — dp) — (4 cos? 0, sin 8, — sin® 8,,)

1
cos By, sin y, cos(da — dp) — /—i(2 cos® 8, — 3cosb, sin? 6,) x
(2 cos® 8, — sin® 6,) : (16)

So, CDDI is non-zero for ma; — nay n'ey Auger transitions if the Auger electrons are
observed along with the photoelectrons.

We have calculated CDDI alse ia the may — nay n'ay and may - nay n'e Auger
transitions and found, like (16) not to be necessarily zero.

We thus see that, although there is no CDAES for the Auger transition ma; — na; n' n'a,
ma; — nay n'ay andmaey — nay e n'e transitions of Uy, molecules, CDDI is not neccssnlly
zero if the Auger electrons are e observed along with the photoelectrons.

The T.DDI for 7' moiecules considered here, means that we are studying LD in the
angular correlation between £1 photostectron (whose continuum orbital belongs to Ty
IR} emitted from the mia; orbital and Auger electrons (which can belong to one of the
(A1, Ay, B, Ty, Ty IRs) ejected subsequently in one of the transitions (27) in [3].

Let us consider LDDI in may — nap n'a; transition of Ty point group. Here, we have
p=ua;in{11)withr k= 1land! = 0. We find LDDT is

d’a™” Op (2,06 + 3.250) sin” 8, cos 24, §[A P (17)
~ S e . . 511 COs .
bz, sy, 401N i

So, LPDI is non-zero for ma; — na, n a1 Auﬁel transitions. .

We have also calculated LDDI in gy — noy n'as, may — TLay n'e, ma; — nay ML
and mo; — nay n 'ty Auger transitions in Ty molecules and found LDDI has non-zero
value for these four transitions.

We also studied LDDI in Cy,, point group molecules, where the I71 photoelectroas emit-
ted from 01bila} and the Auger electrons ejected in one of these three {rma; — nay
n'ay, ma; — nay N ‘a2, and mag — noy n'e) transitions. The continuum orbital of the
photoelectrons s belong to A; and E IR, %, but that of Auger electrons may belong from one
of the {4y, A2 ) IRs of Cy,, molecular po:nt group.

Now, we constder LDDI in ma; — nay n' ay transition or 3, point group molecules.

Here we have p = ay in {11} with{ = 0. For this.we get

I.) LD 1—1 B
A 30 oi" Fsin® ¢ cos 24, S| AT (18
ki Ak, 12607 /EW *h v i’
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We also see LDDI, like (18), is also non-zero for may — nap n'as and may — nap n'e
Auger transitions of Cy, molecules.

5. Conclusion

We have shown that the angular distribution of spin-unresolved Auger electrons emitted in
the decay of a vacancy created by the absorption of a CP photon in a certain class of {res,
unpolarized, gaseous, non-linear molecules is completely described by terms of degree
zero, one, and two in cos #,. The presence of the term finear in cos 8, gives rise o the
possibility of performing an experiment in which the angular distribution difference for
absorption of RCP and LCP radiation is measured. This additional term is shows to be
non-zero for may — nay n'ay, ma; — nay 0t and may — ey n'ts Auger transitions
and zero for W, Ecﬂ—n’ag and ma, — na; n'e Auger transitions in CCly, SiCly, and
GeCly molecules and also zero for may — nay n'ay, may — nay n'ay and ma, — na; n'e
Auger transitions in CH;Cl, CH: Br, CH,T molecules. The present paper further shows the
existence of LDAES; CDDI and LDDi in angular correlation between photo- and Auger-
electrons ejected from molecules belonging to one of the 32 point groups. These EDAES,
LDDI and CIDI have also been calculated by us for five different transitions in each of
CCly, SiCly. and GeCly and three different transitions in each of CHyBr, CHaI and CH, ClL

Schonhense [21], in connection with circular dichroism in photoelectron angular distri-
bution {CDADY) in molecules fixed in space, had argued that, in order to observe dichroic
effects in achiral systems, the experimental geometry must possess chirality, i.e., be char-
acterized by three non-coplanar vectors. (These, in the case of CDAD in fixed molecular
systems, are the direction of incidence of CP ionizing radiation, axis of the molecule, and
propagation vector of photoelectron.) But, several subsequent investigations [22-26] have
revealed that the requirement of a chiral experimental geometry, suggested by Schonhense
[21] for the existence of CD in achiral systems, is neither sufficient nor necessary.

Chandra and Sen studied CDAES in spin-resolved, integrated Aunger current emitted
following absorpticn of a CP photon in a rotating linear molecule {8] and in an atom [9].
Here, again, two vectors (namely, the directions of incidence of CP radiation and of spin-
polarization of Auger electrons) are present in an experiment. Their [8, 9] investigations
further revealed that CDAES may be present in the differential Auger current too if the
spin-resolved Auger clectrons are observed in the same plane which contains the other two
vectors as well.,

We have shown that spin-unresolved CTYAES is specified by only two directions and
is proportional to cos #,. Similarly, spin-unresolved CDDI may exist in a coplanar ex-
perimental arrangement. Both of these results are, however, applicable to Tree, non-linear
molecules only. We also have shown the existence of LDAES and LDDI exist also for
these cases, in free both linear and non-linear molecules,

Measurement of spin-polarization of electrons is an extremely difficult experiment. The
main reason for this difficuity is that there is a significant loss (approximately by a factor
of 1000 [27]1) of intensity in a Mott detector used to observe the direction of quantization
of the spin of an Auger electron. Thus this study is experimentally more feasible compared
to the investigations performed by Chandra and Sen [8, 9].

The CDAES, LDAES, CDDI and LDDI processes proposed here provide two new ex-
perimental parameters for studying Auger dynamics of an electron—electron correlation in
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free, unpolarized, gas phase molecules. CIDALES and CDDI can also be used to calibrate
the degree of CP of the electromagnetic radiation over a wide range of their wavelengths.
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