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Resonant Auger decay of X&4dz»6p: A contribution to the complete experiment
from fluorescence polarization studies
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Fluorescence polarimetry has been used to determine the relative partial-wave Auger decay widths for
transitions to states of the Xe5p*6p multiplet after photoexcitation of the )*(eﬂfdg,l26p(J*:1) resonance by
linearly and circularly polarized synchrotron radiation. Combination with data on the angular distribution and
spin polarization of the Auger electrons, providing information on the relative phases of the amplitudes,
constitutes the complete experiment on the Auger decay. Multiconfiguration relativistic calculations of the
amplitudes have been performed and compared to the measurements.
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I. INTRODUCTION Several schemes for feasible experiments yielding infor-

Quantum reactions are completely characterized by th@'ation on the Auger decay amplitudes have been discussed
absolute magnitudes and phase differences of the compldgeoretically already almost 15 years ag#l. The main
amplitudes of transitions between the initial state and each ﬁ owcase subjects for the complete experiments have been
the degenerate final statehannels Hence theompleteset "€ Photoionization and Auger decay of rare-gas atoms. A
of experimental data signifies that from which all of the am-Wide range of experimental techniques have been used to
plitudes can be extracted. From this information any observygain information about these processes including high-
able can be predicted, hence providing data for the mogsolution electron spectroscopy-19, fluorescence mea-
comprehensive test of theofgt]. In recent years many ex- surements on the residual iph6,17), spin-polarization mea-
perimental investigations of photoelectron and Auger elecsurements on the emitted electrongl8-2§, and
tron emission following inner-shell excitation have been mo-measurement of their angular distributi¢i¥,27-31. Sig-
tivated by the quest for such@mpleteexperiment. In this nificant progress has been made due to advances associated
paper we focus on the complete experiment for the photoinwith the development of third generation synchrotron radia-
duced resonant Auger decay: the resonant atomic-core phtien sources and spin-polarization detection techniques.
toexcitation and its subsequent relaxation via the Auger deHowever, as was demonstrated recefifl§,23, a complete
cay [2]. set of data, which allows extraction of the amplitudes, cannot

Any experiment can be considered complete only withhe obtained solely from the properties of the emitted photo-
respect to a model describing the process under investigay Auger electrons. Generally a combination of different ex-
tion. In the case of resonant Auger decay, we imply the twoperimental techniques is required to provide the complete
step model where the direct photoionization is negligible andnformation [25,32-34. Measurements on the residual ion,
the amplitude of the resonant process is treated as a produg§pecially of its alignment and orientation, give access to
of the excitation and decay amplitudg3. Apart from the  two additional experimental quantities and can provide the
tOtal intensity, these assumptions make the description Of th%ck"]g number of independent dynamica' parameters_ Un-
resonant Auger decay independent of the dipole photoexcitaike the parameters of the angular distribution and spin po-
tion amplitudes, keeping as the goal of the complete experigrization of the outgoing electrons, the ion alignment and
ment only the determination of the Auger decay amplitudesrientation are not related to the phase differences between
of the core excited atomic state. In this respect the resonamfe transition amplitudes and therefore allow extraction of
Auger decay is similar to the normal Auger decay. On thehe relative partial cross sections for transitions into different
other hand, a single electron emitted after the photoabsorRhannels. The method of combining data from observations
tion (in contrast to the two outgoing electrons in the normalgf photo/Auger electrons with the data on the alignment and
Auger decay makes the analysis of the complete experimenigrientation of the residual ion has been used in Réf5,26
for the resonant Auger decay rather similar to the case Ofor inner-shell photoionization and normal Auger decay pro-
direct photoionization. cesses. For example, in the case of their investigation of the

photoionization of Xe from thedishell these authors deter-
mined the orientation and alignment of the residual ion from
*Present address: Department of Physics, Auburn University, 20éhe angular distribution and spin-polarization measurements
Allison Laboratory, Auburn, AL 36849-5311, USA. on the subsequent Auger electron.
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In this paper we consider the complete experiment for theence decay channel of the residual ion has been used al-
resonant Auger decay after photoexcitation with synchrotromeady for complete characterization of the resonant photoion-
radiation(SR) of the strong and well isolated Xeld;, 6p  ization of subvalence atomic shells in Ca and/&t,42.
resonance. The validity of the two-step model is well estab- The combination of fluorescence measurements with
lished for this procespl1,15,28. It was also indirectly con- those of measurements on the emitted electron was demon-
firmed theoretically by calculations of the orientation andstrated recently for the resonant Auger dec¢ag)—(1b) in
alignment of the residual ion in the resonant Auger decay ofhe special case of decay to an ion wnh% [32]. An ion
the similar 3ig}, 5p state in kryptor{35]. The whole process with J:% can only be oriented and not aligned and so only
including the subsequent radiative relaxation of the finalmeasurements on the residual ion using circularly polarized
ionic Xe*" 5p“6p states can be described as follows: excitation and detection analysis provides new information.
The absolute ratio of the partial Auger decay amplitudes was

* _1 *
Ysrt Xe— Xe 4ds;6p(J = 1) (1a) extracted in Ref[32] from the ion orientation parameter and
o4 o the combination of the fluorescence data with spin polariza-
—Xe" 5p™(LcSJo)6pLK]; + en(]) (1b)  tion [22] and angular distributiorfil4,31] measurements of
the Auger electron for the same process provided the phase
—Xe" 5pH(L.S.I0)6s,5d[K 1y + Ve - (1c)  shift between the two amplitudes.

o L . In the present paper we extend these results by presenting
Here Racah notation is used for the Xéonic levels, while  jinear and circular polarization measurements following the
orb|ta1 (€) and to_taI(J)_anguIar momenta of the Auger (_alec- Auger decay to substates of the Xeép*6p multiplet with
tron e, characterize different decay chann@srresponding  j~1  thus obtaining experimentally the relative partial
to emission of different partial waves of the Auger eleciron yidihs for these transitions and allowing us to compare them
for a residual ion with total angular momentumThe am-  yith the theoretical calculations. In comparison with the pre-
plltude (_)f the Auger decay with emission of théj el_ectron vious experiments with linearly polarized §&7], we use a
is described by a complex reduced Coulomb matrix elementy nchrotron radiation source with a higher degree of variable
Vi = [Velexpisy;, (20  Ppolarization and a higher brilliance allowing us to obtain
results of much better quality in terms of their statistical
where|V,| is the(non-negativgabsolute value of the decay accuracy.
amplitude,dy; is its phase, and where the energy of the elec- To provide a meaningful analysis of the data we per-
tron e is omitted for brevity. The relative amplitudes dependformed a set of relativistic multiconfiguration calculations of
only on the absolute ratid¥;|/|V, | and the phase differ- the Auger decay amplitudes, extending previous theoretical
encesdy;— &y For states witth% only two amplitudes studies of the resonant Auger decay of thé 4e;},6p state
contribute to the procesda—(1b) and in this case only [15-17,43-4%
three real parameters have to be determined. In contrast, for The paper is structured as follows. Section Il gives a de-
the Auger decay to ionic states wiih>§, five independent scription of the experimental techniques used and summa-
parameters are necessary to completely characterize the Atizes the obtained polarization fluorescence data. Section Ill
ger decay step within a relativistic approach. These parandescribes the procedure of extracting the polarization param-
eters characterize the amplitudes of the three allowed chamters from these data and presents the deduced values of
nels and their phase differences. One of the five requiredlignment and orientation of the residual ion. In Sec. IV the
parameters, the absolute total Auger width, can be excludedelative partial Auger decay widths are determined from
if we consider relative decay amplitudes instead of their abthese data, while in Sec. V the fluorescence polarization data
solute value$36]. For Auger decay from & =1 initial state, are combined with those from electron spectroscopy of other
the interdependence of the four relative parameters, whichuthors in order to get further information on the Auger de-
can be found from the measurement of the angular distribueay amplitudes. In Sec. VI the dynamical models used in the
tion and the spin polarization of the Auger electrons, hasalculations of the decay amplitudes are outlined, followed
been given explicitly in Ref{37], thereby demonstrating that in Sec. VII by a comparison and discussion of the experi-
these methods alone cannot provide the complete informanental and theoretical results.
tion. However, measurements of the alignment and orienta-
tion of the discrete ionic X& 5p*(L.S.J.)6p[K], states after
the Auger decay provide additional parameters, which com- Il. EXPERIMENT
plete the data on the Auger decay step in Eds)—(1b).
These results can be provided by analysis of the degree of The experiments were carried out at the ELETTRA stor-
linear and circular polarization of the fluorescengg in-  age ring in Trieste(ltaly) on the “Circular Polarization”
duced by linearly and circularly polarized radiatiggg re-  beamline. The monochromatized SR provides in the photon
spectively. It should be noted that the resonant Auger decagnergy region around 65 eV an energy resolution of up to
investigated here differs from previous complete experimentd0 meV and a photon flux of about ¥0photons/sec in a
on the Auger decaj22—24,38—4pin that the polarization of ~ focal spot of about 58 50 um?. For the present experiment
the residual ion state needs to be accessed in a differethe slits of the monochromator were set to & resulting
manner, namely by the fluorescence, because this is the onily a photon energy bandpath of about 30 meV. An elliptical
relaxation pathway for the excited ionic states. The fluoresundulator produces linearly polarized light of high purity
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FIG. 1. The geometries used to analyagthe degree of linear Flyorescence Wavelength (nm)

polarization of the fluoresceng€L) following excitation with lin- ) ) )

early polarized SR(b) the degree of circular polarization of the  FIG- 2. Dlspe*rseqlfluorescence spectrum obtained following ex-
fluorescence following excitation with circularly polarized SR. Note citation of the Xe 4ds),6p resonancgsee text The degree of cir-
that different coordinate systems are useirand(b) as thezaxis ~ cular Pc and linearP, polarization for each line is shown in the
in (a) is defined by the polarization axis of the SR, while(l it is upper section. A selectlo.n of the fluorescence lines is identified
defined by the direction of propagation of the SR. using the numerical notation of Table I.

(PL.=0.99 and almost pure circular polarization gation through a sheet polarizéPol) [see Fig. 1a)]. The
(Pc>0.98. degree of linear polarizatioR, was determined by recording
The experimental setup for measurements of the degree spectral intensities with the axis of the polarizer placed par-
polarization of the ion fluorescence is similar to that used irallel to the electric-field vector of the exciting SR, and
previous work{17,32, but is briefly outlined here for clarity. after a rotation of 90° of the polarizdr, . Application of the
The Xe atoms were flowed into the vacuum chamber via arfiollowing equation then yield®, :
effusive nozzle of diameter 300m to give a background -
pressure of 5% 10°°> mbar(background pressure without gas P.= AL (3)
was better than X 1077 mban. The fluorescence from the 1y
residual ions, which are produced after the resonant AugeI
decay, is collected and made parallel by a convex lens q
5 cm focal length. The lens assures fluorescence collectio
within a cone of 5° around theaxis defined by the direction
of propagation of the synchrotron beam. Outside the exper
mental chamber the fluorescence light was propagate
through polarization optics to allow its degree of polarization
to be determined. Subsequently, this light was refocused on
the entrance slit of a high-resolution fluorescence spectro
eter(Jobin ch_>n HR460 for spectral analysis. The resumng.dquarter waveplate was placed at +489) and —45°(1, ) with
wavelength dispersed photons were registered on a liqui fespect to the axis:
nitrogen-cooled charge-coupled device. The dispersed fluo- '
rescence spectra were recorded using a spherical grating of

the case of excitation with circularly polarized SR, analy-
is of the degree of circular polarizatid®y. of the fluores-
ence was required. For this purpose the geometry was
modified by the addition of a rotatable broadband quarter
waveplate introduced in front of the sheet polarifEig.

(b)]. Pc was then determined following excitation with
right-handed circularly polarized liglit.e., with helicity +1)

tBy keeping the axis of the linear polarizer parallel to the
Maxis and recording the intensities when the fast axis of the

lr—IL
300 lines/mm giving a spectral resolutiak\ of 0.2 nm. F’c:I L, (4)
With this resolution it was possible to register the entire in- RTTL
vestigated spectral regio@00—600 nm with a single set- In order to show the overall intensity distribution of the

ting of the grating position. A higher spectral resolution visible fluorescence emitted from the residual X&p*6p
(AX=0.08 nm) was achieved with an 1800 lines/mm grating ions following excitation of the Xe4d;,6p(J'=1) state at
and used for an unambiguous assignment of the fluorescenggr=65.1 eV, the sum of specttaandl| , is displayed in the
lines. lowest panel of Fig. 2. The wavelengths of the lines analyzed
Analysis of the linear fluorescence polarization was perin this paper are given in Table | where their assignment is
formed after excitation with linearly polarized SR by propa- given usingjK notation of Ref[50] and the order of presen-

012705-3



O’KEEFFE et al.

PHYSICAL REVIEW A 70, 012705(2004)

TABLE I. The degree of circulaP¢ and linearP, polarization of the fluorescence from the X&p*6p

states produced following excitation of the*Xmg,lZGp(J*:l) resonance with circularly and linearly polar-
ized synchrotron radiation, respectively. The corresponding values of orientdfjgrand aligmentA},
parameters of the ionic states produced following the Auger decay are @igerext

Fluorescence transition

No. Initial state Final state \ (fluo) Pc P A(fo AEO

1 (3Py)6p[2]s,  (PPn)692]s, 533.933 +0.121(20)  +0.017(15) -0.3914) -0.2927)

2 (®Py)6p[2]s,  (PP,)692]s, 529.222 +0.071(12)  +0.255(10) +0.326)  +0.789)
(®P,)5d[2]s, 603.620 +0.07%4)  +0.27Q40)
(®P,)5d[3];, 605.115 -0.1161)  -0.09220)

3 (®P,)6p[3ls,  (°P,)692]3, 541.915 +0.275(15) -0.354(12) +0.469) +0.8916)
(®P,)5d[3];, 553.107 -0.17®@2  -0.11320)
(3P,)5d[2]5, 571.961 +0.3008  -0.33731)

4 (PPy)6p[1]y,  (3P,)692]s, 537.239 -0.133(11) +0.009(30) +0.443)
(3P,)5d[1];, 594.553 +0.2902)  +0.01580)

5 (®P,)6p[3ly,  (°P,)692]s, 484.433 +0.166(8)  +0.082(25) +0.319) -0.3§15)
(®°P,)5d[3];, 547.261 +0.05®1) -0.16873)

6 (PP,)6p[1ls,  (3P,)652]5, 460.303 -0.146(12)  -0.040(5) -0.403) -0.091)
(®P,)5d[2]5, 481.802 -0.14@5  -0.01940)

7 (PP)6p[1l1,  (3Py)60]y, 519.137 +0.027(15) -0.010(12) +0.053)

8 (3P)6p[0];, (PPy)691]s, 543.896 +0.113(18) -0.018(20) -0.325)

9 (PPo)6p[1ls,  (3P)6g0];, 488.353 -0.480(15) +0.068(12) -0.542) -0.143)
(°P)6[1]3, 530.927 -0.21000 -0.08218)

11 (®P6p[2]s,  (PPp)690];, 452.421 -0.388(25) +0.013(57) -0.423) -0.0211)
12 (®Pp6p[1ls, (P69 1ly, 465.194 +0.00a5)  +0.11%32) -0.022) +0.324)
(®P,)5d[0];, 545.045 —0.05@0) -0.10824)

(®Py)6g1];, 575.103 -0.014(16) -0.183(21)

13 (PPp6p[1ly, (®P,)5d[0];, 536.807 -0.22@85  -0.024400 -0.333)
(°P,)69[1]y, 565.938 -0.235(18)  -0.002(40)

14 (*D,)6p[3]s,  (3Py)5d[1]s, 476.905 +0.282(138) -0.120(145) +0.6244) +0.4962)
(°P,)5d[2]5, 569.961 +0.338185 -0.018110

15  (*Dy6p[1ls, (3Pp)5d[0]y, 421.469 +0.15@1) -0.00415  -0.333) -0.0522
(°Po)5d[2]5, 448595 -0.148%1)  -0.04154)
(3Py)5d[2]s, 461.550 +0.189(20)  +0.005(24)
(®P,)5d[2]s, 589.329  +0.2560) -0.00817)

16  ('D,)6p[3ly,  (PPo)5d[2]s, 453.249 -0.319(45)  +0.070(41) -0.408) -0.2q13
17 (*Dy6p[2ls, (PPp)5d[1ly, 416.216  +0.00813)  +0.09764)  +0.015)  +0.238)
(®Py)5d[2]5, 485.377 +0.003(20)  +0.100(34)

18  ('D,)6p[2]s, (D,)692]s, 441.484 +0.109(10)  +0.233(30) +0.353)  +0.497)
(3P)5d[2]s, 478.777 +0.32(B0)  —0.290:38)

(®Py)5d[2]s, 512.570 +0.09219)  +0.26518)

(1D,)69[2]3, 518.448 +0.34@5  -0.29738)

(°P5d[3]s, 572.691  +0.10B0)  +0.27226)

19  (‘Dy6p[1ly, ((P5d[1]y, 402519 +0.11&4)  +0.01467) -0.295)
(3P))5d[2]s, 466.849 +0.107(16)  —0.005(28)

20 (1sp6p[1ly, (*Dy)5d[1ls, 413.881 -0.130(150) +0.024(73) +0.4754)

21 (1Sy)6p[1ls, (Dy)5d[1]y, 450.711 -0.53®@0) +0.09422) -0.532) -0.152)
(*s))690]y, 501.283 -0.522(15)  +0.081(8)
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tation of the Xen 5p*6p states follows previous publications takes place. These points are illustrated by the equations con-
[17,37. Only lines which are well resolved were analyzed nectingP: and P, to A4, and.A,q [52]:

for polarization dependence and therefore not all lines shown I

in the spectrum are tabulated in Table I. A selection of lines a V3a]AS,

presented in Table | is identified in Fig. 2 using the numerical Pc= YAC + 1’ (5)
notation shown in the first column of Table | to identify the @220

initial state and the number in parentheses indicates the final

state. For example, the fluorescence line at 460.303 nm is 3a27Z§0
given the numerical designatior{1, where 6 refers to the P.= = . (6)
initial state of the fluorescencep®3P,)6p[1];,, and(1) re- a3 Az0=2

fers to the final state, (°P,)65[ 2]y, in the order presented where ) are known intrinsic anisotropy parameters for the

in Table I. The identification of the other observed lines cangmitted radiation, which depend only on the angular mo-

be obtained with the help of Table Il in RelL7], where the  menta of the initial(J) and final(J) ionic states in the ra-
relative intensities are given for each transition. For the asgiative transition:
signment of the individual fluorescence lines, the high-
resolution spectra were used in combination with the tables S k- sraed 1K
of spectral lines for Xa [50] and Xen [51]. (J,J") = 5‘](_ 1) 3317 (7)

The results of our linear and circular polarization analysis ,
to determine the values d?_ and P are visualized as a Here and below we abbreviate=y2a+1 and use the stan-
histogram in the upper part of Fig. 2 and the numerical val-dard notations for thej symbols. In Eqs(5) and (6) the
ues are listed in Table I. The final spectrum for each p0|arquantitiesAE0 andAkO (k=1,2) are the statistical tensors of
ization setting used in the above analysis is the sum of eighte Xe state at the moment of radiative decay, produced by

individual spectra and the errors given in Table | were calijrcularly (C) and linearly(L) polarized SR. It is implied that

culated including statistical and systematic errors. ZEO(‘]) and Zko(‘]) are taken in the coordinate systems with
Numerous checks were performed to ensure self: K .

. - -~ the quantization axis along the SR beam and along the elec-
consistency of the data. For determining the degree of line fic field vector of the SR beam, respectively. The guantities
polarization, for instance, a convenient internal calibration of— ’ P Y- q

the data exists in that fluorescence lines fromiX&p*6p AE@L(J) are relgted to the ini'tial .statistical tensors after the
states withJ=2 cannot be aligned and hence show a vanish/Auger decay via the depolarization factdg(J):

ing linear polarization. Fluorescence transitions originating L cL

from Jzé states are distributed throughout the spectral re- A (9) =D A (). (8

gion of interest. To remove any possible wavelength or poThe factorsD,(J) are treated within the isotropic model of
larization dependence of the detection system the intensitigge radiation cascade, which has been justified in our case
of the spectra were normalized such that each of these lin $7). They can be presented in a product formy(J)
showed zero polarization. This correction leads to a maxim LD (3)G,(J), with the factorD(J) due to the cascade depo-
change of the intensities of the order of only 5%. The cony, i, ation and the factor§,(J) due to depolarization caused
sistency of the circular polarization data was also verified b hyperfine interactions. The cascading depolarization fac-

measuring the degree of polarization using three separal -
methods: changing the helicity of the SR, rotating the sheeg/rS D(J) have been presented in R¢L7] for all the Xe

4 ; 1 o
polarizer by 90° and rotating the quarter waveplate by 90°: p*6p states with)> 3. The depolarization factorS(J) for

_1 Lo
Each of these methods gave similar results and the resultin§€J=3 states 4, 7, 8, 13, 19, and 20 have been derived in a
errors quoted in Table | are calculated from the standargMilar way and take the values 08}, 0.7818), 0.954),
deviation of these values. 0.973), 0.991), 0.754), respectively. The factor§,(J) are

calculated similar to Ref.17] by making use of the assump-
tion of well isolated hyperfine structure levels according to

<2 FOF K2
G =172 F“{ } : 9
The next step of the analysis is to deduce, from the above F J J |

fluorescence polarization data, the orientatidgy(J) and
alignmentA,q(J) transferred to the Xe 5p*6p states during S LR
the Auger process. As can be seen from Table I, the values &f€ total angular momentuf=J+1 with | being the nuclear

Pc and P, measured for transitions from the same Xe SPin. In o_rde_r to find the final results f@,(J) the subse—_
5p*6p state to different final states differ in magnitude andduent weighting according to the abundances of the Xe iso-
even in sign. This is due to the fact that the degree of polartopes was done. This procedure leads to the vaiig$)
ization is also dependent on the total angular momentum of0.74, Gl(g)20.86, Gl(g):o.93, Gl(%):o.%, Gz(g)=0.75,

the final state of the radiative transitiah. Another factor, G,(2)=0.83,G,(%)=0.89.

which needs to be taken into account when extracting orien- Values of the orientation and alignment parameters, ex-
tation and alignment from the polarization data, is the depotracted from the measured valuesRyfandP¢ are presented
larization of the initial Xen 5p*6p states before fluorescence for all the final ionic states in the last columns of Table I.

IIl. ORIENTATION AND ALIGNMENT
OF THE IONIC STATES

where the summation ovér runs over all possible values of
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Although the values ofAS, and A, extracted from different TABLE Il. Relative partial widthd",;/T" of the Auger decay into
fluorescence lines, but originating from the same ionic statehe Xen 5p*6p states withJ=3 and relative phases of the ampli-
are consistent, the values presented in Table | were obtaindddesd;;— 4. First line, present experiment; second line, present
from the data, marked by the bold-type characters. Similar tgheory, modele); third line, theory of Lagutiret al. [16]. In addi-
Ref.[17], the criteria have been the intensity of the lines andion to thejK notation, the correspondirigS-coupling notation and
the possibility to separate them completely from other closebumerical designatioggiven in parentheses in column df Aksela

lying transitions. et al. [15] are also given for the final states of the Auger decay.
IV. EVALUATION OF RELATIVE PARTIAL L/l (%)
. DECAY WIDTHS No. Final state S112 ds2 &°
(*P2)6p[ 112 63(7) 37(7)

4
As the first application of our data, we deduce the relative 32 _
partial decay widthd',;/T" for Auger transitions from the (29 CPIBP°Sy/2 44.1 °5.9 2.185

Xe" 4d;,6p(J°=1) state to the Xer 5p*6p manifold. Within , 30.1 69.9
the two-step model of the Auger process the alignment and (*Po)6p[1]y 36(4) 64(4)
orientation parameters of the residual ion produced after the28) (*P)6p?P 1) 0.0 100.0 —2.208
Auger decay take the forifb2,53 0.0 100.0
L1k 8 (*P1)6p[0]y/2 12(7) 88(7)
. - [y 30) (3P)6p*P 6.3 93.7 -2.195
A(d) = A3 = DVBIS (- 1) 4 (10 ¢ P12 : : :
ko(J) = Aol N éEj( ){J 3 }I‘ (10) 69 93.1
13 (Pp6p[1s 12(4) 88(4)
In this expressiory=J+j+k+1 and we introduced the par- (36) (3P)6p*Dy» 1.2 93.8 -2.211
tial decay widthI';;=2m|V,;|? for emission of the Auger 14 98.6
electron into theefj continuum and the total widtH” 1
. . . D 1 1
=24T';. Equation(10) describes a polarization transfer to a - ( 1,32):p2[P]1/2 141(6(; 8:;62) 0.885
residual ion from an Auger state with unit total angular mo-(4©) ('D)6pPyy2 ' : :
mentum initially characterized by the orientatiof,o(J" ) 156 84.4
=1)=\,F§ (for SR with helicity=+1 and/or the alignment 20 ( 150)6p2[1]1/2 6563) 35(63)
A3 =1)=—\2 (for linearly polarized SR The residual ion (65 (*S)6p°P12 70.4 29.6 0.795
parameterg10) depend only on the relative partial widths 8.3 o1.7
I'yj. Thesel';; were extracted from the present dadag(J) 35,26, -0
1/2 3/2"

and A,o(J) given in Table | by applying Eq(10) and are
collected in Tables 1lI-V together with the results of theoret- 2 o
ical calculations. The numerical designation given in column _1N K

1 corresponds to the labeling given in Table I; to facilitate W(6) =J g, VZTA'(O(J)PK(COS 0), (1D
comparison with the Auger electron analy§l$] the num-

bering of the corresponding electron lines are also given invhered is the angle between the angular momentum vector
parentheses. For clarity the expanded versions of Eyfor ~ and the quantization axis arR(x) are the Legendre poly-

the particular transitions considered in this paper are shownomials. Adding these distributions with coefficients given
in the Appendix{see Eqs(A2), (A5), (A9), and(A13)]. The by the partial widths into each channgliven in Table Vf

error bars for the relative widths were determined by proparesults in the angular momentum distribution, which governs
gation of the errors in the polarizatio®, Pc, and in the the fluorescence polarization. In the particular case illustrated
depolarization factor®(J). The results for the relative par- in Fig. 3 it can be seen that the Auger decay is dominated by
tial widths (branching ratiopwill be discussed in Sec. VII. ~ emission of thesds, wave, which results in a positive ori-

To visualize the polarization transfer during the Augerentation of the angular momentum distribution of the ion.
decay and its connection to the partial widths, we present agence the angular momentum of the ion with all decay chan-
an example a graphical illustration of the angular momentunfi€ls taken into account also shows a positive orientation
distributions for the decay to théP,)6p[3],, state(no. 5,  (positive M, states are preferentially populajegis can be
see Table V following excitation with circularly polarized Seen by the positive value off;, for this statgno. 5 in Table
light. In the case of excitation with right-handed circularly D-
polarized light only the angular momentum substate with
My =+1is populated in theJ'=1) initial state. The subse- o\ iaINATION OF FLUORESCENGE AND ELECTRON
quent Auger decay to an ion with=3 mvr_)lves emission of SPECTROSCOPIC DATA
edgjy, €075, and eggy, partial waves, which give distinctly
different polarization distributions of the residual ion. Thisis To gain information about the phase differences of the
shown in Fig. 3, which was produced using a semiclassicahuger decay amplitudeg2) the fluorescence polarization
description of the angular momentum vector distributiondata need to be combined with measurements on the angular
[54], distribution and spin polarization of the Auger electron, de-
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TABLE Ill. Same as Table II, but for final states wiﬂr%. TABLE IV. Same as Table I, but for final states wiﬂn:g.
Lyi/T [%] Ti/T [%]

No. Final state S0 ds/o ds), 51a 52b No. Final state ds ds)o 972 51a 52b

1 (*P2)6p[2ls; 14(13) 2(21) 84(20) 2 (Pp6pl2ls, 192)  798) 29

(19 (®P)6p*P3, 0.2 1.4 984 -2.235 -0.090 (200 (°P)6p*Ps, 3.3 95.9 0.8 -2.814 -0.079
0.3 1.2 985 3.2 96.0 0.8

6 (®P)6p[1ls. 6(3) 16(3) 785) 3 (*Pp6p[3ls,  1(3) 10315 —4(15)

(26) (°P)6p?P5, 0.3  19.3 804 -2.277 -0.096 (220 (°P)6p?Dg, 2.2 96.6 1.1 -2.811 -0.085
02 155 843 2.3 96.6 1.2

9 (CPobp[lls, 12 72 92(3) 10 (3Py6p[2ls,

(31 (®P)6p°D5, 0.0 09 991 -2249 3.083 (32 (°P)6p*Ds, 41.0 52.1 6.9 -2.723 -0.103
0.0 04  99.6 409 57.0 2.1

1 (CPy6p[2ls,  26)  197) 794) 14 ('Do)6p[3ls2 27(35) 7HA52)  6(60)

(33 (®P)6p*S;, 0.1 81 91.8 0.886 -0.066 (39 ('D)6p°Fs, 164  72.9 10.7 -2.659 3.101
0.1 81 918 19.1  64.6 16.3

12 (Pp6p[lls, 220 553) 43(3) 18 ('Dp)6p2lsz 225) 775 15

(34 (°P)6p*Ds, 0.1 654 345 -2227 3.103 (44 ('D)6p?Dg, 127  77.1 10.2 -2.627 3.109
0.1 562 438 129 731 14.0

1
15 (*D2)6plllzz 5(10) 1915 76(7) 351 O, On

(41) (‘D)6p?Pz, 1.1 199 79.0 -2.291 3.075 b
1.9 18.3 79.8

17 (1D,)6p[2]3,  7(5) 4A7) A4T) (i) The dynamical spin-polarization parametés de-

(43) (ID)ep?Ds, 1.7 462 521 -2.288 3.088 scrlpes_ the spin component_of the A.ug.er electrons following
33 554 413 excitation with linearly polarized radiatiofb5,59,

21 (S6plllz. 220 6(2) 922 & Apesin 29
(67/68 (!96p%Py, 0.0 04 996 0.792 -0.018 YT 1+ apAygPa(cos 9)
00 02 998

27 Cdyyp ™ Oy

(14

where the notation used is the same as in ([&8) and

251:551/2_ 5d5/2' oY= =3-j"=1p p1357 ’
62= Sy, ™ g &=-3V15 > (- 1) L¢']j’(€0,€'0]20)
=<'y’

scribed in our case by four intrinsic parameters, for example, = 3

ay, &, B, andy; [52,55-57. The parameterg; and y,; de- ¢

scribe the spin polarization of the Auger electron due to po-

larization transfer. However, the parameters presently avail- % {1 1 2}<

able in the literature from experiments on electron

spectroscopy following the resonance Auger decay of the Xe

4d;1,6p(J°=1) state arew, and & 2
(i) The anisotropy parametet, describes the angular

distribution of Auger electrongs8]

277 *
¢ >Tlrn(vfjvgrjr)

= NI NI

(15

Explicit expressions for the parametdis3) and (15) in the

lo
[(9) = —[1 + a,Ay0P,(cos 9)], 12
®) 477[ 2AzPal ) i TABLE V. Same as Table Il, but for final states W'Lllh:%.

where ¢ is the angle between the directions of Auger elec- T T
tron emission and the quantization axig.denotes the total _ o /T [%] . )
intensity of the Auger decay, and,,=A,o(J'=1). The an- No.  Finalstate  ds, 972 Qo2 ) )
isot ter i din th | f

isotropy parameter is expressed in the general form as (3P,)6p[3l, 5712 1210) 31(8)

112 (24 (°P)6p?D7,  28.9 1.8 69.3 -0.377 3.104
ij 3 254 15 731
16 ('Dy6p[3ly,  129) 1310) 7510

a,=\3(- )72 > £¢ii" (¢0,¢'0[20)
e'ji’

o2, 42 (‘D)6p*F,, 23 17 960 -0.492 3.101
i L VaVe (13 17 20 963
. . . ’ . - :51:5"5/2_ O
where(j;my, j,mp|jsmg) is the Clebsch-Gordan coefficient.  8,=4;, - &,
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State 5: J= 7/2

D Xe*

ﬁ\#
N AL
¢

FIG. 3. An illustration of orientation transfer in the case of
Auger decay to state pXe™ (°P,)6p[3],,] using a semiclassical
approximationisee Eq(11)] to render a three-dimensional distribu-
tion of the magnetic sublevels for the residual ion.

€8on

case of Auger decay of the Xdd;,6p(J =1) state into the
ionic Xeu 5p46p states with total angular momentudn
=2.2,2, and? are presented in the Appendix.

The amsotropy parameter, has been measured in a few
papers[14,27-3]. Higher energy resolution than in other
experiments allowed Aksekt al.[31] and Langeet al.[14]

to determine the anisotropy parameter for the individuaffinal Xen state WIthJ_Z

PHYSICAL REVIEW A 70, 012705(2004)

Auger transitions investigated in this paper. The spin-
polarization paramete), has been measured for some of the
resonant Auger lines of our interest by Hergenharal.
[22]. The difficulty of spin-polarization measurements, how-
ever, is the low collection efficiency and the resulting low
resolution. Therefore completely resolved experimental data
for all transitions are presently not available.

Figure 4 presents, in the complex plane, the relative Au-
ger decay amplitudes for transition into the final ionic Xe
5p*6p states with]— . The amplitudes, given by E), are
normalized by the condltloh/ J2+|Va, J?=1 and the phase
J,,, Is chosen to be zero. The choice &f A constrictsVs
to be real and therefore the data in Table Il (related
to |V | by the expressiomj:27r|\;§jf) are represented by
a point with an error bar on the real axis. Since the fluores-
cence data give no information on the phage, the data in
Table Il for de are represented by the two circles in the
complex plane depicted in each plot. The error bars on this
data are then given by the space between these two circles. In
order to include the phase differencgsin this presentation,
the values of cc(sssl/z— 5d3/2) were extracted using EgA3)
by substitution of the angular anisotropy parametersmea-
sured in Refs[14,3] and our data onVy |/|Vqg, |. This
gives the phase difference up to the sign. The error bars on
the phase differenceﬁsllz— 6(,3/2, were obtained by propagat-
ing the errors in the determination of the relative partial
widths (Table 1) as well as those in the measurementgf
[14,317].

Therefore the experimental data on the amplitudes for a
are displayed as a combination of

1 1

FIG. 4. Complex plane of the Auger decay
amplitudes(2) for transitions to the ionic Xe
5p*6p states withJ:%. The present data on the

relative partial widthgpoint with error bars and
circles are complemented by the phase differ-

ence data extracted from the valuesaaftaken
from Ref. [31] (area shaded by vertical stripes
and [14] (horizontal stripep (see text Vectors
present theoretical results of mod@) for the

Vs, andVg,  amplitudes. The/s  amplitude is
chosen to be real.
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the experimental poiriwith error bay on the ReV,; axis for * (@ I ' (b) I '
the Vs, amplitude and the intersection of the rings with
striped sectors for thk;!ds,2 amplitude. The angle between the C state 6 1C state 11 ‘
real axis and the vector from the origin to the above inter-
section gives the complex phase. For the particular case o<" 0 -1 X =
state no. 19, the positive sign of the relative phase follows
experimentally from the spin polarization dat22,32, as L 1k -
shown in Fig. 4a). For the other three states only the solu-
tions with ImVy, <0 are left on the plots in accordance = ! | s ! |
with the theoretical calculations. Together with the results
from Auger electron data, the present fluorescence data fo —\/
the decay into th@:% states presented in Fig. 4 constitute -
the complete experiment: the relative complex Auger decay ©
amplitudes are fully determined. The complex Auger decay«" o state 12 -+ state 17 —
amplitudes calculated using the theoretical model outlined in
Sec. VI are represented by the bold vectors and will be dis- L 11 i
cussed in that section. It should be noted that in these plot: /\_ /\
we do not present the Auger line no. 4, unresolved in Refs.  _ , | . | .
[14,31, or the very weak line no. 20 because of large error K 0 TR 0
bars(see Table I). 3, 8

For the Xen 5p*6p states WithJ>%, when three decay
amplitudes are involved, there are not enough data available F/G- 5. The reduced parameter spagevs &, found from a
in order to display the amplitudes in a transparent formcomblnatlon of th_e fI_uor_escence polarization data a_nd t_he _Auger
within the complex plane. Therefore we use the fOIIOWingelectron4angular dlst.rlbutl\?n parameter[14,31 for thg flpal ionic
strategy: having determined the absolute relative amplitude&€ " 5P 6P states with)=7. Results of modefe) are indicated by
|V(J-|/|er ,in Sec. IV we introduce them into EQeAB), crossegsee text The plots shown describe the phase differences in

(A7), (A10), (AL1), (A14), and (A15) from the Appendix. tlh2e Auger decay to th@=3/2 states{a) no. 6,(b) no. 11,(c) no.
- . . . - , and(d) no. 17.
This procedure yields equations with only three variables:
either a, or & and the two phase differencés and 6, (see ) _ .
the Appendix for the notation of, and 8, specific for states anz_ily_zmg the obtained results we turn to the theoretical de-
with differentJ's). In our case, however, only the, param-  SCription of the Auger decay amplitudes.
eters are available from the literatyfi4,3]]. Introduction of
thesea, parameters into Eq$A6), (A10), and(Al4) yields v CALCULATION OF AUGER DECAY AMPLITUDES
parametric relations betweeh and 8,. The black bold lines
in the plots of§; vs &, in Figs. 5 and 6 are the graphical ~ Detailed information about the calculational procedure
illustration of these parametric relations using theparam- ~ may be found, e.g., in Ref§60,61. In particular, the bound
eters from Ref[31] [except for the plots Fig.(8) where the  state wave functions of the Auger state”Xelg;,6p(J" =1)
data of Ref[14] are used due to their smaller error bars forand of the ionic final states Xie5p*6p are constructed using
this statg¢. The shaded area on these plots is the parametéhe multiconfigurational Dirac-FoodMCDF) computer code
space filled due to propagation of the error bars of the ex6RASP92[62]. Intermediate coupling and configuration mix-
perimental determination of partial widtlisee Tables Iy  ing were taken into account for the ionic states, while the
and those of the Auger electron parametgrfrom Refs. Auger state dz;,6p(J"=1) is very well described in a pure
[14,31 together with the condition that,I';;/I'=1. If the  coupling single-configuration approximati¢45]. To follow
value of at least one of the amplitudes is much smaller thatthe evolution of the results, when new ionic configurations
the others, the relative phase of the small amplitude is noare included, we have performed a series of computations by
essential and actually cannot be extracted with high enougimcreasing stepwise the number of ionic configurations in the
accuracy to be compared with theory. This situation is quitavave-function expansionsa) 5p*6p (single-configuration
frequent, as is seen from Tables II-V. It is for this reason thatmode), (b) 5p*6p+5p*7p, (c) 5p*6p+5p*7p+5p°, (d)
Figs. 5 and 6 show only the selected examples, where thp*6p+5p*7p+5p°+5p36p?+5s25p®6p, and (e) 5p*6p
error bars in the reduced parameter space allow a meaningful5p*7p+5p°+5p36p?+ 55 25p%6p+ 5p*4f. In order to calcu-
comparison of experiment and theory. late the Auger amplitudes, separately optimized orbital func-
Furthermore, one can show by calculating the Jacobiangons from the initial and final ionic states were used and
for sets of equations fad, and &, with respect tos; and 5, hence include some of the relaxation effects. However, no
that at each) the parametera, and ¢, are independent pro- attempts have been made to incorporate completely the non-
vided the absolute values of the amplitudes are nonvanisterthogonality effects into the computations. Moded),
ing. Therefore if the parametes are available then Egs. which we use as the final model in our calculations, is close
(A7), (A11), and(A15) can be reduced using the above pro-to those of Tulkkiet al. [45] and Akselaet al. [15] (FE
cedure; a nontrivial solution occurs fd; and 8, and the mode), except that a larger set of configuration state func-
complete experiment can be, in principle, performed. Befordions is used in the representation of the ionic states. The

(
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T T T T

(@) O =~ @gt W—€+(1—Sgnue,‘)z, (16)
state 2 2 2

where sgrx=1 if x=0 and sgrx=-1 if x<<0. Tables [I-V

contain the relative partial decay widths;/I" and the phase

differences &y 6, [defined in the intervall-,7)] in

model (e), allowing calculation of any relative observable

quantity for the resonance Auger deqdg—(1b). Note that

the variation of the relative phaségand 6, by 7 from state

to state(see Tables II-Yare caused by the last term in Eq.

(16). The relative phasé, is due to the relativistic effects,

. . which cause differences between the electron continuum

n 0 T wave functions with the saméand differentj: &, reduces to

n : : : 0 or =7 provided the relativistic effects are negligible. In our

(b) calculations 8, deviates from these values only within 5°,

pointing to a small influence of relativistic effects on the

outgoing electron waves.

Table VI presents the branching ratios of the XBp*6p
Auger lines. The corresponding high-resolution data were
" O state 16 - obtained in Refs[14,15. Our calculations are in good agree-
ment with other theoretical MCDF-based calculations
[15,43—-45, but deviate substantially for some lines from
Refs. [47,48. These deviations can be attributed to a less
sophisticated treatment of the Auger electron-residual ion in-
teraction in Refs[47,48: neglecting the small components

: : : and using a semiempirical form of the scattering potential.
- 0 T . . .
5 Although already the single-configuration mode) repro-
! duces the experimental relative Auger line strength quite sat-

FIG. 6. Same as Fig. 5 but fag) the final state no. 2 witd isfactoritl%/, including nfw_iﬁnic Cor_‘ﬁguiatlic:{;iﬂemgagy Eism-

_5 I roves the agreement with experimenta es 3,7, 8,
2 and(b) that with J=; (state no. 18 8 17, 18. Dgespite the overefll good agreement between
theory and experiment, there is one striking discrepancy for
computations d?ffer also ;Iightly in the generation of thethe 5%('D,)6p[3],,, state(no. 16. None of the calculations
bound and continuum orbitals. can reproduce the small decay rate into this state as derived

For the calculation of the continuum wave functions Wefrom expenmental data Therefore |t |S hard to expect re“_
solved the one-electron MCDF equations for each final scalaple results for other Auger decay parameters for this final
tering state with angular momentumt J+j separately tak- ionic state. Accounting for the final ion configuration mixing
ing into account the proper direct and exchange potentialseduces the total Auger decay width of thdgﬂg6p(\]*:1)

[63]. For these continuum functions orthogonality is en-state to the Xa 5p®p manifold by about 15%: from 9.75
forced with respect to the bound state orbitals of the samex 103 sec? in model(a) to 8.43x 10 sec in model(e).
symmetry but is obtained automatically for different symme-

trie.s of the continuum orbitals as well as for differely; VIl. DISCUSSION

owing to the angular momentum selection rules. Each con-

tinuum orbital is therefore used for exactly one many- Our theoretical and experimental results for the relative
electron Auger decay amplitud®). The normalization and partial widths(Tables 11-V) are in a good qualitative and
the phase shiftéscattering phasg®f the continuum orbitals often quantitative agreement, except for a few cases. The
are deduced using the WKB meth{g]. theoretical results are also in accord with the calculations of

The phase shiftsp,; are determined by thgenergy- Lagutinet al. [16]: the only exception is the extremely weak
normalized asymptotic behavior of the continuum wave line no. 20(Table II), which is strictly forbidden in the pure
functions, pYZsin(pr—m¢/2—-p In 2pr+¢y), where p coupling single configuration approximation and is very sen-
=e(Ry). These shifts are important for the description of sitive to small details of the theoretical models. Experimental
the Auger electron parameters. In the Condon-Shortley phagéata for this state were obtained with large error bars and we
convention used here the Auger decay amplitu@san be omit state no. 20 from the following discussion. The configu-
written in the form\/“_| ‘expl—i¢(j)ugj, whereu; refers to ration mixing only weakly influences the branching ratios
the real reduced matrix element of the electron-electron inbetween the different partial widths, therefore it is not illus-
teraction between the initial bound and the final scatterindated here. Especially stable are the results for the states
state, and is built up from Slater integrals and angular couwith J=35 and3, when thes wave does not contnbute to the
pling coefficients. The scattering phases are related to the decay Although some statésos. 4, 8, 11, 1gwith J=3 > and
phases of the decay amplitudés in Eq. (2) by > 2 show variations of the branching ratios when introducing

a
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TABLE VI. Branching ratios of the Auger lines in the resonant decay Mig,lZBp(J*:l)HXeu
5p*6p+e,.

This work Experiment Theory

No. Finalstate (@ (b () (d) (o [15 [14] [1545 [44] [43] [47.48

1 (°Py6p[2l;, 041 039 056 0.62 0.62 103 030 069 055 051 9.22
2 (°Pp6p[2]s», 3.28 3.65 3.65 3.88 3.88 266 349 324 417 396 0.08
3 (°P,6p[3]s, 4.67 498 498 520 529 6.09 565 462 582 6.17 10.89
4  (°Pyep[l]y, 0.72 0.82 0.70 0.73 0.74 0.65}25 a 087 086 087 066

5 (°Py6p[3l;, 1.89 205 205 216 218 1.36 248 162 163 1.17
6  (°P,6p[lly, 12.51 13.95 11.83 12.33 12.45 1520 15.05 9.13 1556 1555 7.93
7 (Pg6p[lly, 1.28 1.39 125 070 0.63 062 073 069 086 081 0.39
8 (°Pp6p[0];, 0.32 035 031 082 09 09 1.07 075 127 121 057
9  (®Py)6p[lly, 322 343 375 576 584 657 644 560 627 662 3.35
10 (®Py6p[2ls, 0.17 020 0.20 021 021 0.13 020 017 024 022 0.12
11 (PPy6p[2l;, 3.58 3.96 298 261 279 3.70 361 243 3.00 331 216
12 (®Pp6p[llsy, 2.57 293 335 2.67 258 284 383 214 337 294 1.36

13 (®Py6p[1ly, 1.97 226 1.93 219 219 254 294 191 3.03 3.09 8.04
14 ('Dp6p[3ls, 0.56 0.60 0.60 0.63 0.65 0.25 032 058 055 054 6.01
15 ('Dp6p[1ly, 10.20 9.60 10.61 10.77 10.91 13.60 12.45 13.11 10.67 10.35 0.07
16 ('Dp)6p[3l;, 14.97 16.29 16.29 17.15 17.07 2.44 3.66 21.09 10.33 10.09 9.18
17 ('‘Dp6p[2ly, 5.36 6.45 571 6.12 6.07 679 587 376 589 6.06 18.33
18 ('Dy6p[2ls, 6.31 6.76 6.76 7.12 711 7.48 768 699 6.68 6.72 1.65
19 ('‘Dy6p[1l;, 6.25 6.30 6.20 6.57 6.63 9.88 950 6.76 6.78 6.72 5.58
20 ()6p[1]y, 0.00 0.00 0.00 0.01 0.01 0.24 024 000 0.00 0.00 0.04

21 (*Sy)6p[1ls, 19.69 13.61 15.40 11.74 11.24 15.04 14.89 13.00 1257 12.61 13.22

ot resolved.

new configurations, most of the changes remain moderat¢o an effect not included in the theoretical calculations.
As an example where strong variation occurs: adding ife 5 More information can be gained from the complex Auger
configuration [model (c)] changes the branching ratio, decay amplitudes. Figure 4 visualizes the relation between
FSUZ:FdSIZ:]“dS/Z, for state no. 12(see Table Ilj from theory and experiment orl1 the level of the decay amplitudes
0.1:56.7:43.2[model (b)] to 0.0:36.4:63.5, while adding for the ionic states witld=3. Experiment and theory are in a
the configurations 5°6p? and % 25p%p in model(d) brings ~ 900d agreement for the statétD,)6p[1]y, (no. 19 and
this branching ratig0.1:61.1:38.9 almost back to the final (*P1)6p[0]12 (no. 8, while there are disagreements in both
one[model(e)]. Theoretical branching ratios for the majority the relative phase and the absolute amplitudes’ ratio for the
of states can be qualitatively understood on the basis of thétates 7 and 13. Note that for state 8 no part of the amplitude
nonrelativistic strict spectator model, when the Auger transicomplex plane satisfies simultaneously the anisotropy pa-
tion effectively proceeds within the ionic cored45p®  rametera, determined in Ref[14] and our measurements
—5p*+efj, i.e., without any interaction with thepbelec-  (the corresponding;, parameters in Ref$14,3] are also in
tron. The dominance of thed channels for the vast majority contradiction and that only data from Ref31] are used in
of states in Tables 1=V is then partly explained by the factFig. 4(C). The calculated relative phasgsot the phases
that the Auger decay into thes andeg channels is forbidden themselvepare only slightly dependent on the number of
for the 5% 3P and 5* 'S core states of the residual ion. accounted final ionic configurations: modéts and () ex-
Examples of the analysis for the partial Auger widths werehibit not more than a 2° difference ips —¢q, . Disagree-
given in Ref.[32]. ment in the relative phases are likely related to the simple
Despite the general agreement of experiment and theorgne-electron model for the continuum Auger electron. An
there are a few deviations showing that there is room foedditional argument for the latter statement follows from re-
more sophisticated models of the resonant Auger procesyllts of the complete experiment for the normal Auger decay
considered. For example, for the stat#(8D,)6p[3];, (no.  in  sodium, N& (2s2p®4p°P) — Na**(25°2p°?P) +e,(s, d)
16), the main reason of the above-mentioned large disagre¢40]. In this example the improvement of the description of
ment between theory and experiment for the decay(sse the ionic core crucially changed the branching ratio, but did
Table VI) is an overestimation of the contribution from the not influence the phase differenag,— ¢4. Note that the val-
Qg2 Channel(see Table V. The overestimate of thgchan-  ues ofds -4, , are not far from 47/2, which can result in

S1/2
nel appears to be a regularigyee states 5, 38which points  a large dynamic spin polarization of the Auger electrons in
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accordance with the propensity rules discussed in Refsiism of decreasing the dynamic spin polarization of the Au-

[47,63. ger electrons in the resonant Auger decay pro¢esis—(1b)
Experimental and theoretical data, shown as crosses, q@r the final ionic states witll> 1. Close inspection of the

the final states Xe 5p*6p with J>3 are compared in Fig. 5 present results leads to a more accurate conclusion. For states

(9=3) and Fig. 6(J=3,7). When discussing the shape of with J=2 andJ=2 only two decay channels dominatet,

these plots it should be considered that they are the result @fhded,, (7, <1), with a small relativistic splitting between

the combination of the parameterg, 7,, and a, With EGS.  the phases of the corresponding amplituigs<1). Then it

(A6), (A10), and(A14). Taking, for example, Fig. 5, it can follows from Eqgs.(A7) and(A1l) that &, <<1. This situation

be seen that the reduced parameter space for states 6 andci)qrresponds to two decay channels with a small phase differ-

is centered around,=0 (in agreement with the theoretical .
predictiong. These plots correspond to a negativg and E)r:chetitﬁgv:;o[nsge two ampiitudes and has been analyzed a

7,<1 (7, is always small for decay to states will¥; due

to the small relative amplitude of thss, ,, wave for all states,
see Table IlJ. On the other hand, for states 12 and 17 the
reduced parameter space is centered ardgrd:  (again in The relative partial widths of the resonant Auger decay to
agreement with theopyand corresponds to a positivg and  gimost all final Xen states of the p'6p configuration have
7,~1. Furthermore, there is some correlation between th@een measured by means of fluorescence polarimetry in
values ofa, and 7,. For example, ifa, is strongly negative ., mpination with resonance photoionization by both linearly
and»,~1, no values ob; ands;, can be found to satisfy Eq. and circularly polarized synchrotron radiation. Combination

(A6) (likewise for strongly positive values af, and 7, <1). .
The fact that the combination of experimental values gives 3 f these data with the data from the angu_lar _resolved Auger
]ectron spectroscopy allowed the determination of the com-

: . el
reduced parameter space in these plots is a demonstration . ) . .
their consistency. Similar discussions can be made for thafx relative partial decay amplitudes for the states with

plots involving decay to states Wiw]:g,% althougha, is =2 and therefore 'Fhe complete experiment to be performed.
expressed in a less simple way. The complete set of data cajfe Proved that with our measurements and analysis of the
be deduced provided the present data can be combined witfforescence polarization after the Auger decay the coi”nplete
similar plots based on the relation betwegn »,, and 7, experiment is possible for the final ionic states witk 3,
[using Eqs(A7), (All), and(A15) in the Appendi}. when three decay channels contribute. The present analysis
The error bars fors; and 8, can be read from Fig. 5. results in a significant reduction of the amplitudes’ parameter
Taking, for example, state 6 shown in Figah &, is con-  space and in a substantial contribution to the complete ex-
strained to the intervale-m,—m+1.1) and(m,7—1.1) while  periment for the states witli>3. Our theoretical calcula-
6,=0.0x1.5. These error bars are still rather large in spite ofions based on the relativistic multiconfigurational Dirac-
the reduced parameter space shown in the figure. Howevefock model are generally in a good agreement with the
by assuming vanishing relativistic effedis., ,=0 for this  experimental data, although further improvements of the
statg, it is even possible to obtain a rather accurate phasenodel are needed to achieve better agreement. We found that
difference(except the sign §,= i(2.1ﬁ8;1 . the theoretical results are rather stable with respect to mixing
Generally, there is a good correlation between the calcuef configurations in the final ionic states and the most impor-
lations and the phase parameter plots: the theoretical resultant improvement is expected to arise from a more precise
fit or almost fit into the reduced parameter space. Similar talescription of the Auger electron continuum wave functions.
the case oﬂ=%, the sensitivity of the calculations to inclu- The developed method can be used for performing complete
sion of more ionic configurations is smahot shown: the  experiments in photoionization when the photoion remains in
relativistic splitting, thes, parameter, remains always small an excited state decaying by radiation emission.
or close to #r, while the phase difference between the con-
tinuum electron waves with differert, the §, parameter, ACKNOWLEDGMENTS
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these states are still within the error bars. This explicitly
demonstrates that only use of the complete set of data can APPENDIX
evaluate the validity of a theoretical model.
In Refs.[47,65 the destructive interference between the Below are presented explicit expressions for the param-
three emitted partial waves has been suggested as a mecleders(10), (13), and(15) in terms of the partial amplitudes of

VIIl. CONCLUSION
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RESONANT AUGER DECAY OF X& 4dgh6p: A...

the Auger decay d,6p(J =1) — 5p*6p(J)+&fj. Notations

for 8, and 8, coincide with the notations in Tables [I-V. We

use the notationsl=1+7Z for J=3 andN=1+73+ 75 for J
=357

T21212"
J=1/2.Decay channelsss,,,edg,,
61= 35, 8y M= |V51/2|/|Vd3/2|’ (A1)
Aso= (22— 1) (A2)
107 5N i )
L (1+25 coséy), & 3 sin &
@@= oy \ , &= .
2 V2N m 1 2 N it 1
(A3)

J=3/2.Decay channelss,,,eds;5, £ds)s,

6 = 551/2 B 5(’5/2’ M= |V51/2|/|Vd5/2|’ 6= 6"3/2 B 6‘15/2’

72=Vy, )V, | (A4)
\J/g 1

Am=ﬂﬂwﬁ+2%—3h Am=ﬂﬂﬁﬁ‘4%+3’

(A5)
V2 2 =
= 5—N[2772 — 2 + 3y5%,c0s &, — 377,C0S 5,
+ V”57]17]2C05(51 - &), (AB)
é 3 [- 27,5in 8, + \57,sin &, + Sin(6, - &)1

= v ~ %)l

2 2V’TOI\I 71 1 72 2T T2 17 92
(AT)

J=5/2.Decay channelseds,,eds/0, 072,

8=6

9712 5"5/2' M= |V97/2|/|Vd5/2|’ 6= 5“3/2 B 5d5/2’

72= Ve, /[ Vag, | (A8)
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—
/

V3
App=—7—(-5 2+ 7 2+2),
10 2\'/3_5| 7 7

1
=———(57°+ 1452 - 16), A9
20 10\"14N( 71 72 ) (A9)
= L_[— 255 = Tyo+32 - 12\%7@05 o1
35\2N G
— —
+ 6\3’147]2COS 62 + 12\”70771 7]2COS( 61 - 52)],
(A10)
& 3 [- V147,sin &, + V57,sin &
=——=[-V y
2 2\/3_5N 71 1 72 2
+ 4 m,Sin(8; — 5,)]. (A11)
J=7/2.Decay channelseds/y, £g7/2, €092
o= 5"5/2 B 599/2’ 7= |Vd5/2|/|V99/2|' 5= 597/2 - 599/2'
7= |Vg7/2|/ |Vgg/2 , (A12)
A= —2—(972 + 2= )
22N T
A= 1 (1592 - 2075+ 7) (A13)
102N 2

_
1’2 —_—
= ;m[— 372+ 1072 — 7 + 3/1057,C08 8, — \357,C08 5,

+ 3\“‘5771772005(51 - 8], (A14)
£ £ [+2 5,50 &, - V157,sin &
= AY -\
2 2\1’1#4N s 1 72 2
~ T o8in(3, — 8)]. (A15)
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