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Spin-resolved measurements of the*@pz,lzy3,24sl,2)3=l resonantly excitedl, s;M, sM, 3 Auger decay have
been performed. The low resolution Auger spectrum, which due to cancellation between different multiplet
components should exhibit virtually zero dynamic spin polarization, reveals an unexpected nonvanishing
polarization effect. Calculations within a relativistic distorted wave approximation explain this effect as
configuration-interactioiCl) induced. The CI generates experimentally unresolved fine structure components
with low and high total angular momentum, giving rise to asymmetric cases where thd pagh of certain
multiplets is suppressed by internal selection rules for diagram lines. In this case, only thedmponents
survive with no partner for spin-polarization cancellation.
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Spin polarization of photoelectrons and Auger electronsreason for the very small DSP is twofold: on one hand it is in
the most sensitive probe of the magnetic properties of mattegccordance with recently derived propensity rukls show-
is directly related to the generally anisotrogi@ correlation  ing that for most resonant Auger transitions, due to parity
during the electron emission. In particular, spin polarizationarguments, their partial waves are emitted with equal orbital
manifests itself via two physically different effects. The elec-angular momentum, hence, having very small phase differ-
trons may be spin polarized due to polarization transfer byences that, in turn, diminishes the DSP. This vanishing rela-
circularly polarized light, but also due to the interferencetjyistic phase shift situation is also known from photoioniza-

between different partial waves emitted by linearly polarizedjon [4]. Our measurements performed at the Advanced Light
light. The transferred spin polarizatioffSP) is generally  goyrce (ALS) in Berkeley and our calculations obtained
large because of thg asymmetmsgblevgl pOpU|"?‘t'9'ﬁl_7] within a relativistic distorted wave approximatigRDWA)
generated by the circularly polarized light. This is not the ., rohorate these assumptions. On the other hand, the differ-
case for the dynamic spin polarizatid®SP) induced by  gn fine structure components tend to cancel their spin polar-
linearly or even unpolarized Ilght..The latter is rela_ted to thej, ation with respect to each other due to the requirement of
fact that photons are generally al!gned due to their _transveﬁanishing DSP for the whole multiplet in puteS coupling.

sal character. The DSP shows higher values only if certaifpjs js hecause all spin polarization effects are mediated via
conditions concerning the numbe_,-r of contr_lbutlng partialiq spin orbit interactioi9-13. As a consequence, nonre-
waves and their relative phase shifts are fulfill€B]. Par-  gq\ed fine structure components should exhibit almost no
ticularly, a fully resolved fine structure has been hitherto recieasurable DSP. Therefore virtually no DSP is expected for
ogm;gd asa prerequm_te for a nonvanishing DSP in a nory light element such as argon, i.e., the resohanM, M, 5
relativistic approximation. We report on the first Auger spectrum following the A(2p;5 3481121 excita-
I?ion with linearly polarized light. However, the experimental

types of spin polarization in one Auger spectrum, here thEfow resolution spectra exhibit measurable DSP, at least for
prominentLMM spectrum of Ar.

R A d ¢ axcited . one unresolved group of lines. We have been able to explain
h esona?t luger Tglgag ronps ﬁ?'teDglr:?oTnh atfc_)ms IS abthis unexpected occurrence of DSP by strong configuration
showcase for large ut vanishing 1 - [he |rst.may Fnteraction(CI) in the final ionic state. Our work represents a
understood from the close similarity witshell photoion-

it ticularly th ith- ion. Th combined experimental and theoretical demonstration of a
Ization, particuiarly the case with-wave Suppression. 1n€ echanism that gives rise to the DSP of unresolved Auger

lines.
Defining the reaction plane by the incoming synchrotron
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eters containing solely the dynamics of the primary excitalated in the field of the excited atom, whereas the bound
tion, and angular distribution and spin polarization param-electron wave functions of the final state are calculated in the
eters describing the dynamics of the resonant Auger decayfield of the singly ionized atom.

In our case, measuring the DSP after photoexcitation with The atomic state functiofASF) of the intermediate ex-
a linearly polarized photon beam yields the advantage of &ited and the singly ionized final state have been constructed
maximum alignmentd,,=—2 [16] in the polarization refer- as linear combinations of configuration state functi6@SP
ence system, and the component of the spin polarization vec-
tor may be written agsee[14])

Ne

| (PIM) = 2 c.(a)]y,PIM). (5)
-3¢, sin(2¢)sin 0 r=1

V2 + ay| Py(cos6) - £ cog2¢)sir? 6]’ @) The configuration statgy,PJM) are constructed from anti-

. symmetrized products of Dirac orbitals, which are eigen-
where P5(cos6) denotes the second Legendre polynomialgiaies of the totalone-electropangular momentum and par-
andd is the angle between the synchrotron beam axis and thg, The labely, distinguishes the occupation of the different
direction of the Auger emission whilé gives the angle be- g pshells and angular coupling schenf@se Granf19] for
tween the reaction plane and the oscillation plane of the elegyther details. n. is the number of CSF included in the
tric field vector, which coincides with the synchrotron stor- expansion and,(a), r=1, ... n,, are the configuration mix-

age ring plane¢, and a, are the dynamic spin polarization ing coefficients for the state.
and angular anisotropy parameters, respectively. The Spin-"The intermediate excited state has been generated as a
polarization parametef, has not been uniquely defined in |inear combination from the five possibléj -coupled

the literature, e.g.[6,8—-10. We use here the expression Ar*(2pr ]

' ich i - P1i2,3/AS12)5=1 and Ar(2p;j5 3/303/2,5103-1 CSF. We
given by Lohmanr[8], which is bas.ed on a sqmewhat dif- find the AF(ngllzélsllz)le and AF(ZDI/12431/2)J=1 ASFE as al-
ferent separation between the spin polarization paramet%ost pure states
and the angular part. Af.‘ expression fej is given in[17]. Two calculations have been performed for the final ionic
The;e parameters conS|§t_ of cohe_rent sums over productg &fate. In calculatior(a) a basis set of eight CSF has been
partial wave Auger transition amplitudes multiplied by their

corresponding phase shift differences and related Clebsc used to generate the final state ASF from the possible linear
R >
Gordan and Wigner coefficients. ombinations of the AI(3py/, 34/, jj-coupled state¢8

Our experiment has been performed in the emission refg:SF-CD. Since this approach has not been able to reveal all

erence system under the fixed geometiy;=90° and ey, lines of the spectrurf20,21] our calculation(b) accounts for

 Aoro ) ; . all jj-coupled Ar(3p1,22’3,23d3,2,5,2) CSF, too. Thus, a basis
=135, Insertinge,p, dexpinto Eq. (1) we obtain the DSP as of 36 CSF has been used to generate the final state(B&F

den( Hexp (bex;) = (652)/(2\“”2 - a’z)- (2 CSF'CD-
- , . Eventually, the continuum wave function of the Auger
Similarly, for a fully circularly polarized photon beam, the gjectron is evaluated by solving the Dirac equation with an
TSP can be related to the same component of the spin polafiermediate coupling potential where electron exchange
ization vector which yields with the continuum has been taken into account. The inter-
— (e o > mediate coupling potential is constructed from the mixed
Prand 6) = (V3£ 8in 6)/[v2 + a;Py(c0S )], & CSF of the final ionic state. Thereby we take into account,
where¢; refers to as the transferred spin-polarization paramthat the ejected electron moves within the field of the re-
eter [5]. The TSP becomes independent of the azimuthasidual ion. With this, the Auger transition matrix elements
angle ¢ because the combined photonic and target systemare obtained for calculating the relevant angular anisotropy
where the latter has been assumed as unpolarized, is axialjhd spin polarization parameters, respectively. Note, that
symmetric with respect to the synchrotron beam axis. both are not functions of the transition matrix elements, only
Thus, the TSP can be measured under the same solisiit explicitly depend on the scattering phases. Further infor-
angle as the DSP, i.e6,;=90°, while ¢, becomes redun- mation may be found if5,7].
dant, which yields We have measured the spin-resolved electron spectra of
P 5 the Ar 2pg,— 4s;, and Ar 204,,— 4s,,, autoionization reso-
Prran fexg) = (2V361)/(212 = 2). @ nances. The experiment has been performed at the ALS op-
Our numerical data have been obtained employing a releerating in two-bunch mode, utilizing the elliptically polariz-
tivistic distorted wave approximatiofRDWA). Here, the ing undulator(EPU) at Beamline 4.0.222]. The EPU was
bound state wave functions of the excited intermediate anget to deliver 100% circularly or linearly polarized light at all
the ionized final state of the atom are constructed using thgsed photon energies. Electron energy analysis has been per-
multiconfigurational Dirac-FockMCDF) computer code of formed using a time-of-flightTOF) spectrometer, collecting
Grantet al.[18]. Intermediate coupling has been taken intoelectrons emitted at 45° with respect to the storage ring plane
account where the mixing coefficients have been calculatef27] in the direction perpendicular to the photon propagation.
applying the average level calculation modee[18]). The A spherical Mott polarimeter of the Rice type, operated at
calculation of the Auger transition matrix elements has bee25 kV, mounted at the end of the TOF has been used to carry
done applying a relaxed orbital method. Thus, the boundut the electron spin polarization analy$&3—-25. The ge-
electron wave functions of the intermediate state are calcuemetry of the experiment has been chosen to measure the

den( 0, ¢) =
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polarization of the spin components of the electrons along TABLE I. The calculated degree of dynamipgy fexp Pexp:

the photon propagation directiof26]. The instrumental and transferredpyand fex), Spin polarization is given. Note, that
asymmetries of the Mott polarimeter have been eliminatedransitions to fine structure terms widk=7/2 are suppressed due to
by reversing the helicity in the case of circularly polarizedJ-dependent selection ruleg) Our tentative assignment of the ob-
light and switching the polarization from horizontal to verti- Served and calculated peak3 CSH of the unresolved SJfine

cal in the case of linearly polarized light. The transferred ancptructure termsib) Peak numbers are as assigned in the experimen-
dynamic electron spin polarizations, corresponding tg®@! Spectrum.

ptrans(eexp: 900) and pdyn(eexpz 90° v¢exp: 135 o), respec-

tively, can be calculated from the four measured intensities A" L2M23Ma3 2P3z—4s 2P1i2—48
Ively, ¢ « _ . . e
I, 13, 13, andl; as follows: Final states No. Spin polarization %
= [—% (@ (b) Pdyn Ptrans  Pdyn  Prrans
Puansdyr Oexp Pexp) = = T - ®)  |(3p2%Pls*Py, 5 la 030 -4251 049 853
SeffV|1|2+\"|1|2

|(3p?°P13d)*Dyyp, 712
The lower index denotes the mgltichannel platekCP) of_ |(3p?P14)2Py /5 519 1b  -006 -257 -238 6631
the Mott detector and the upper index stands for the helicity, ’
respectively the horizontal or vertical polarization of the |(3p?°P13d)*Py,, 3,» 2 442 69.50 -4.07 -41.36
light. S;¢s describes the analyzing power of the polarimeter|(3p7°P]3d)*P,,,
(the effective Sherman functiprwhich has been determined \(3p2[1D]4s)2D3,2’5,2'>

Ar2 4s,hv =246.6 eV Ar2 4s, hv = 244.4 (3071 Pl Pz 0

r2p,, —>4s,hv= be r2p;, —>4s,hv = 4 eV 2r3 4

i 1*'1/2 T - 1*]3/2 T |(3p7*P13d) Dy, 579

= | & TG B D gl r—ome A by (3p7'DI3c)%Fep ) 3 -3029 2562 10.14 -75.88

2 — CSF: = | - 52,71 : : : :

2 | L |3p['D13d)%S, )

?‘;: (3p?*Sl4s)’S, ) 4 0.02 7956 -0.02 -99.98

= _ to be S;=0.133). Measurement of the DSP and TSP has
it0 k= : ] (. been achieved arranging MgAnd MCR perpendicular to

& s0i- § 40 the reaction plane using linearly and circularly polarized

§ 0  — § 0 $ . light for the DSP and TSP, respectively. A more detailed

mlzg; a2 Y . :138 Lo description of the experiment and the analysis is given by

209 210 211 212 213 214 207 208 209 210 211 212 Snell et al. [26].
Kinetic energy (eV) Kinetic energy (eV) Using Egs.(2) and (4) we have been able to plot the
Or— T T T 71 — T T T T 7 spin-up and spin-down partial intensities of the spectrum.
I + I

250 r”ane 2 I O e , 9~ Our results are shown in Figs(d and 1b) for the spin-

E 2 resolved spectrum for the TSP and in Fig&)land 1d) for

S the spin—resolved'DSF.’ spectru.m of thg3M%3M2,3 Auger

i decay for the excited intermediate arg@®p;;,4s:,);-1 and

g 10 (2parAsy)0) -1 States, respectively, along with the results of

2 7l the extended 36 CSF calculation.

T oof The spectrum has been generated assuming a Lorentz pro-

% file with a full width at half maximumFWHM)=0.1 eV for

‘5,; 5 b8 - TR (Y - s the Auger lines folded with the appropriate Gaussian line

a2 T ‘{' t ?F shape. The partial intensities of the 36 CSF-CI represent the
soll—L 1L 11 1 ]l 11 1 1 I calculated spin polarizations, as shown in Table I, but nor-

209 210 211 212 213 214 207 208 209 210 211 212

malized to the experimental total intensities and shifted by an
energy offset. A bar diagram underneath of the partial inten-

FIG. 1. (Color) Spin-resolved spectrum for the T§R) and(b)] sities shows the integral values of the spin polarization for

and DSP[(c) and (d)] for excitation with circularly and linearly ~h€ most prominent Auger lines. The filled bars represent the
polarized light, respectively. Full curves: 36 CSF-CI. Circles with €xPerimental values, whereas the two open bars refer to our

errorbars: experimental data. Blue: partial intensities for spin ug€sults for the eight CSF and the extended 36 CSF calcula-
(I*). Red: partial intensities for spin dowéir). The degree of DSP  tions, respectively. Besides the generation of new lines at
and TSP for the unresolved group of lines is shown in the charfower kinetic energies, of which only line 3 is shown in Fig.

underneath. Open diamonds: 8 CSF-CI. Open squares: 36 CSF-Cl.and Table I, the comparison reveals an unexpected differ-
Filled circles: experimental data. The dashed lines in all figuresence between the two types of spin polarization, transferred
separate spectra taken with different resolutions and, hence, retaand dynamic; whereas for the TSP there is little improvement
dation voltage. between the two calculations, only—the eight CSF-CI repro-

Kinetic energy (eV) Kinetic energy (eV)
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duces the experimental data already very well, particularlfo J-dependent selection rules. Therefore, only the lbw
for the 3oz, excitation—the corresponding results for the components survive with no partner for polarization cancel-
DSP differ qualitatively. In this case, the eight CSF-CI yield lation. However, both the statistics of the experimental data
a vanishing spin polarization over the whole spectrum. Reaas well as the number of configurations included in the ClI
sonable agreement with the experiment, showing nonvanistealculations requires further improvements in order to quan-
ing spin polarization for some line®, 3), can be achieved tify the observed effect in more detail.

only by employing the extended 36 CSF-CI. Inspecting more In conclusion, our spin-resolved, low-resolution measure-
closely the different transitions contributing to the spin- ments of the resonant Auger electrons fromeXcited Ar by
polarized part of the spectrum reveals that the CI with 3@inearly polarized light has revealed a measurable DSP ef-
CSF, in contrast to the eight CSF-CI, generates unresolvefiéct, which is in contrast to the hitherto understanding that a
fine structure components with low and high total angularfully resolved fine structure must be a prerequisite in a non-
momentum as shown in Table |. The 36 CSF-CI produkes relativistic approximation. It has been demonstrated that un-
components that correspond in a tentativBJ coupling  der certain conditions this unexpected DSP can be explained
scheme tc?LJJ, states withL=3 andJ,J’ =5/2,7/2.These as a Cl-induced effect in the final ionic state. This effect is
virtual fine structure components however, require nondiadue to the quenching of the cancellation between different
gram lines in the form of Auger satellites in order to populatemultiplet components as a result of their asymmetric popu-
the highJ part. Stressing the picture of Auger decay as aation by internal selection rules for diagram lines.
two-electron transition, the nondiagram lines are normally an

order of magnitude lower than the corresponding diagram Experimental work at the ALS was funded by the U.S.
lines, similar to the situation in photoionization concerningDOE, Office of Science, BES, Divisions of Chemical, Bio-
main and satellite lines. Consequently, such a situation o$ciences, and Geophysical Sciences. We are thankful to J.
fine structure multiplets with a mixed diagram-nondiagramBozek and A. Young for their help in the measurements at
character gives rise to the possibility of asymmetric casethe beamline. One of us, U.B., is indebted to the Deutsche
where the highl part of certain multiplets is suppressed dueForschungsgemeinschd®FG) for financial support.
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