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Photoionization of mercury: A relativistic time-dependent density-functional-theory approach
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The relativistic time-dependent density functional the@®yDDFT) has been applied to the photoionization
of mercury in the energy range from the threshold up to 300 eV, thus covering almost all the photon energy
range for which experimental data are available. Partial cross sections and asymmetry parameter profiles for
the 6s, 5d, 5p, and 4f subshells have been calculated and compared with earlier relativistic random-phase
approximation and RTDDFT theoretical calculations and with the experimental results. A study of the spin
polarization of photoelectrons from the outer subshefis6d 5 at RTDDFT level is also presented. The use
of the LB94 exchange-correlation potential together with an implementation of the RTDDFT equations in a
B-spline basis set based on a noniterative procedure for the calculation of the induced response potential has
permitted the study, at RTDDFT level, of the autoionization resonances converging tdghemnd 54, 31
thresholds. Comparison of the RTDDFT results with the other theoretical and experimental data available
confirms the effectiveness of the method in the description of correlation and relativistic effects in the photo-
ionization of such a heavy system.
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[. INTRODUCTION fects in molecular photoionization, a subject barely treated
until now.

From the experimental point of view, interest in the Before generalizing the RTDDFT formalism to the mo-
photoionization of atoms and molecules has grown in recerlecular case, we felt it to be important to test the algorithm
years due to the availability of tunable radiation sources. Th@n mercury, the heaviest closed-shell atom, which is the ideal
ever increasing availability of experimental data of increase@ystem on which theoretical approaches including electronic
accuracy has made photoe|ectron spectroscopy a unique td(:jprrelation effects as well as relativistic spin-orbit effects
for the study of electron correlation and of relativistic effectshave to be tested. The large amount of theoretical and ex-
in many-body systems. perimental studies already existing in the literature permit a

In the past two decades, in the atomic field, two theoretfruitful comparison with the present calculation. In the fol-
ical approaches have been extensively used for the interprédwing, total, partial photoionization cross sections and
tation of the experimental results. These are the randon@symmetry parameter profiles for the,65d, 5p, and 4
phase approximatiofRPA) [1] and the time-dependent Subshells and branching ratios between fine-structure compo-
density-functional theoryTDDFT) [2], as well as their rela- nents are presented in a wide photon energy range, from
tivistic generalizations, namely, relativistic RRRRPA) [3]  threshold up to 300 eV, thus covering almost the entire pho-
and relativistic TDDFT(RTDDFT) [4]. These theoretical ap- ton energy range for which experimental data are available
proaches, formally identical, include the spin-orbit interac-from the literature. Comparison is made with the available
tion and an important class of correlation effects naturally inexperimental data and with a nonrelativistic TDDFT calcula-
a relativistic framework, thus allowing the correct interpre-tion, in order to assess the relative importance of relativistic
tation of, at least, the gross features of the experimental dagffects in such a heavy system.
such as partial and total cross sections, asymmetry param- In addition, at RTDDFT level, spin-polarization param-
eters profiles, pure relativistic features such as branching r&ters have been calculated for the &d 53, 5, subshells
tios between fine-structure components, and spin polarizatiodnd a comparison between the RTDDFT results, those calcu-
of photoelectrons. lated at the RRPA level, and the experimental ones is pre-

Recently[5] we have implemented the RTDDFT equa- sented. In the final section, a detailed analysis of the auto-
tions in a finite basis set, with a noniterative algorithm forionization resonances converging at thiy5 s, and 51/ 3/,
the calculation of the response induced potential. Togethehresholds is presented and a comparison is made with re-
with the use of an exchange-correlatigkC) potential, Spect to the existing theoretical calculations and experimen-
which exhibits a correct asymptotic behavior, this algorithmtal measurements, where available from the literature.
has been successfully applied to the xenon atom, thus high-
lighting its profitable applications to heavy atom systems.
Infact the finite basis set approach employed for the resolu-
tion of the RTDDFT equations should be easily extended to In this section we briefly outline the relativistic density
molecular systems allowing the evaluation of relativistic ef-functional theory(RDFT) approaches employed for the cal-

culation of the various photoionization dynamical param-

eters. The two possible approaches, namely, the relativistic
* Author to whom correspondence should be addressed. Email adcohn-Sham(RKS) approach and the RTDDFT one, are de-
dress: toffoli@univ.trieste.it scribed separately, in order to point out their intrinsic differ-

Il. THEORETICAL METHOD
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ences. For further details concerning the implementation oiteratively solved, the unbound photoelectron wave function
the RTDDFT equations, interested readers are referred tmust be determined as a solution of the following homoge-
Ref. [5] and references therein. neous equation:

A. The relativistic Kohn-Sham approach (hpks—E)¢=0, (7)

In the RDFT formulation[6], the description of the whereE = c\p%+ 2 ;
. . =cy/p“+c*, p being the photoelectron momentum,
?roun?] statelf of a _closed];slhegl(r:electrcljn.aton} 'Sh obtame;j ¢ the speed of light¢=137.0359895 a.u.), anthks is the
rom the self-consistent-fiel¢SCH solution of the set of gcr pirac-ks Hamiltonian. Finally, partial cross sections

single-particle Dirac-Kohn-Sham equations, which take theand angular asymmetry parameters for the) subshells are
following form:

computed 3]:
hoksei=eiei, 1=1..N, oy 2
where Unk(w)zgwdD,—ﬂ;llerIDJ-HJ-|2+|DHH1|2),
8
hpks=Ca-p+(B—1)c*+Ver p,r] 2 ®
is the Hamiltonian, sum of the free particle Dirac Hamil- g ()= 1(2]—_-3)|Djﬂ,—71|2
tonian and a central potentid ¢ p,r], which is given by 2 2
(a.u. are used throughout this paper 3( 2j-1 |\
N et Al o *
Z [ o) 2] (2<21+2)) (Bj=j-abiyree)
Veff[P’r]:__+J@dr,"'vxc[ﬂr]- 3 _ .
' r=r (21—1>(21+3>|D 2
The particle density(r) is given by (2))(2j+2) "
N 3((2j—1)(2j+3)\? .
p(r)=2, U’ (F)-ui(). (4) _E( 5i2jr2) ) (PimimPinjatec)
1=

1 (2j+5)

By using the standard representation for the Dirac matiaces —————ID._.4]?
y using p | | 2 (21+2)| J—>J+l|

and g, the bispinor wave functions; () =u,,() are writ-

ten as 3 2] +3) 1/2(D . \
+ 55 D7, 1tc.c,
. N =" j—=j+1
" (F):E(Igm(rmkm<r> - (2j+2)12(2))
T a1 Qe ()] X(IDj_j-al?+ D P+IDj a7 9

where the radial wave functiong,,(r) and f,(r) are \yhereq is the photon energy, ari;  are the dipole matrix
known as thdarge andsmall components. Here the angular glements between the initial and final states with total angu-
functions are spinor spherical harmonics, given in terms o

spherical harmonic¥,,(f) and two-component spinorg,
by

rar momentum of andj, respectively. The total cross sec-
tion is then computed summing over initiglk) states:

ka(f)=; (m=N\,22\[(1172)jm)Y| (P xy - (6) <f<w)=% on(@). (10

In Eq. (5), nis the principal quantum numbeg,andm are  The other photoionization dynamical parameters are associ-
the angular quantum numbers=(j+3%) for j=1+%,  ated with the spin polarization of photoelectrons. Photoelec-
wherej and| are the total and orbital angular momentum of trons are usually spin polarized due to the spin-orbit interac-
the upper component. The latter also determines the parit§ion in the final ionic state and in the continuum for the
which is (—=1)', while m is the z component of the total oOutgoing electron waves. According to the general treatment
angular momentum. made by Huan{8], spin polarization of the photoelectrons is

As already stated, the relativistic KS equatiofig are ~ best studied in a special coordinate systeqyz obtained
solved iteratively, starting from an initial estimate of the par-after a rotation with the Euler anglég,6,0) on a fixed frame
ticle density; the eigenfunctions are then updated on eackYZ whoseZ axis is in the direction of the photon fluzee
loop until convergence is reached. The Hamiltonf@nhas  Fig. 1. The rotated coordinate systeqyzis chosen such that
to be fixed with a particular choice of the teiviy.. We have the z axis, making an angl@ with the Z axis, is oriented
employed the LB94 ad/,. potential [7]: this choice was along the photoelectron momentym whereas thg axis in
determined by the requirement of the correct asymptotic bethe direction defined bnyZJ. In such a reference system,
havior (Coulomb tail— 1/r at large distangen order to have for an arbitrarily polarized radiation, the three components of
bound virtual states. Once the Dirac-KS equations have beethe spin-polarization vector of the photoelectroRg, P,
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2222 Pl T e Pl
3 [(2j-1)(2j+2)\¥?
4(2)) 2

X (D DF + 3
(2))(2j+3)\ "
X X(T (Dj_;D¥_j 1 +cC)
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FIG. 1. Geometrical relationships used in spin-polarization for-
mulas. The photon is incident along t#eaxis and the photoelec- 3((2j—1)(2j+3)\? .
tron is ejected along the axis. —c.c) 2 —2j(2j +2) (Dj—j-1Dj—j+1
o . — 3((2j+3)\¥
andP, are given in terms of three dynamical parametefs —c.c)—— L D. .D* ...—c.C.
. 4\ 2(2 ( =17 )=+l )
(see footnote 1%, and ¢ according tq8] (2))

X(|Dj_j-1/*+[Dj_j|>+|Dj ;1) 7Y, (13
Pu(0,0)=| 5[ —S;siN(2¢)+S,c082¢)]

- 3 3
+ES,[Sin(0)/F (6, ), Lo @)= —TZJ-)IDHHIQWIDHIZ
3
Py(0,4)=n[1—S, cog2¢) * 2252y Pl
—S,sin(2¢)]sin(A)cog O)/F(6,¢), (11) 3 (2j-1)(2j+2)| 12
~ 22 > (Dj—j-1Dj-;
PZ(0,¢)=§33005(0)/F(0,¢), 3 21(2]+3) 1/2 .

+C'C')_2(2j+2) 2 (Dj_; j—j+l

where
+¢.¢) [(IDj_j—1/*+IDj_;[>+|Dj_ 11/ %

F(0,¢)=1—7B|P,(cog 0])+3[S; cog2¢)

14
+S,sin(2¢)]sir?(6)]. (14)
From Eq.(11) it is worth noting that for linear polarizetr

unpolarized light only the » parameter can be measured,

£, 7, and{ are energy-dependent parameters &nd =1, 3, . .
are the Stokes parameters which specify the polarization Ovyhereas when cwcularly polgrlzgd photons are used, every
component of the spin-polarization vector corresponds to a

the given photon beam. Specializing to pure circularly polar- . X
ized photons or to linear polarization they assume the follow—dyn""mlcal parameter. In order to make contact with the ex-

- . ; i tal measured quantities it is useful to define an
ing valueq8]: (1) S;=S,=0, S;=*1 (+1 for right circular perimen - L X
poglarizatii[n,]—l forl Ieftszcircui:r polarizatiojt (29) S,==*1, equivalent set of spm-p_olarlzanon par.ametArm, andgin
S,=S;=0 (+1 and -1 for linear polarization along th¥ terms of those defined in EqeL2)-(14):

and X axes, respectively Like partial cross sections and

=7l2,
asymmetry parameter§, », and are given in term of the €=
dipole amplituded;_7[8], e
A=—3(26-10), (15
Un Ref.[8] the parameteé is denoted by a=— §(€+ 0).
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When pure circularly polarized photons are used, the spinSCF potential had been obtained, the RTDDFT partial cross
polarization parameters and « specify completely the com- sections, angular asymmetry parameters, and spin-
ponent of the spin-polarization vector along the photon mo+polarization parameters for each subshek) are computed
mentum[A(6, ¢) in Fig. 1], which is given by with the aid of Eq.(8), (9), and (12)—(15), using ®5F in
place of the dipole operator.
AO.)= = A— aP,(cosh) _AO) 16)
' 1-1/2BP5(cos0) ' Il. COMPUTATIONAL DETAILS

where the+ and — signs apply to right and left circular Both homogeneous Eqgél), (7), and inhomogeneous Eq.
polarization, respectively. (189 differential equations are recast into algebraic eigen-
In Eq. (16) the A parameter represent the total spin polar-value equations or linear systems by employing a finite basis
ization, directed along the photon momentum, whereas  set of radialB-spline functions[11,12. The B-spline basis
related to the angular dependence Af#). As usual, setis unambiguously determined by its order and the grid of
P,(cos#) is the Legendre polynomial of second degree. Theknots. In this work we have employed splines of order eight
& parameter is instead related to the component of the spirand the radial grid of Ref.13] slightly modified in the fol-
polarization vector along the axis, denoted aP, (6,¢) in  lowing way: the original grid is kept until the step between
Fig. 1 because it is perpendicular to ttze?) plane(reaction  two adjacent knots is greater than a step which is half of the
plane. For circularly polarized or unpolarized ligRt, (6, ¢) minimum wavelength of the photoelectron and afterwards it
is given by is linear with this step to a large cutoff radius. In the present
work we have employed different grid parameters, according
2¢sin(#)cod ) to the energy region investigated. In the near threshold re-
P (0.4)= 1- 1 BP,(cost) =P.(0). (7 gion (up to 210 eV a linear grid step of 0.125 a.u. and a
2P e cutoff radius of 30.0 a.u. proved a good choice while in the
high-energy regioriup to 300 eV the former parameter was
B. The relativistic time-dependent density-functional theory set to 0.10 a.u. The profiles have been joined at a photon

The present RTDDFT procedure starts with the calcula®nergy qf 210 eV. In studying the autoionization resonances
tion of the first-order perturbations on the Dirac-Kohn-Shamconverging to the 85, 5, and ,, 3/, thresholds the linear
eigenfunctions<pi(1'i), which according to the modified grid step parameters were set to 0.24 and 0.16 a.u. respec-

Sternheimer approad®] are solutions of the following in- iuvely, Wher?as the cutoff rad||us was Set_lt_?] 25.0 a'LIJ' in the
homogeneous equations: atter case for computational economy. The nonrelativistic

TDDFT results have been obtained usBgplines of order
. . eight and a grid of knots as suggested by Froese Fischer,
[hpks— &1 £ @] ™= (1—ny) @p(m|®SCHi). Guo, and Sheii14] slightly modified as described if5].
" (18) The linear grid step was set to 0.100 a.u. whereas the large
cutoff radius was set to 30 a.u. In E48), hpks, &, andg;

Here ®5CFis the SCF potential which is given by are obtained from a Dirac-KS calculation for the ground state
in the B-spline basis set, employing the LB §4] exchange-
Op(r',w) correlation potential. In Eq(18) we employed the experi-
SCR 7 \— HEXT (7 7 L A .
P> w)=P (r,w)+f F—7] r mental ionization potentials instead of, in order to have
better agreement with the experiment. In the nonrelativistic
Nxc - TDDFT calculation the ionization potentials have been aver-
+ ap p(F,). (19 aged according to the relative population of the spin-orbit
p(r) fine-structure components.
In Eq. (19), X7 is the unperturbed external dipole potential
while the second and third right-hand terms represent, re- IV. RESULTS AND DISCUSSION

spectively, the Coulomb and exchange-correlation potentials
induced by electron redistributionip represents the first-
order perturbation of the density, which is computed from the The total RTDDFT photoionization cross section of Hg
first-order perturbed wave functions: versus the incident photon energy is reported in Fig. 2 up to
300 eV together with a nonrelativistic TDDFT calculation.
The opening of the various photoionization channels is pre-
ceded, in the theoretical profiles, by a very rich series of
autoionization resonances. The energy intervals from the
In this work we have approximated the XC response withthreshold(at 10.438 eV to the °Ds, one(at 14.841 eV and
that relative to the Vosko-Wilk-Nusair(VWN) [10]  between the two?Dgy, 5, Spin-orbit split threshold$?Ds,
exchange-correlation potential. As stated before, d&F  threshold at 16.705 eMare characterized by features associ-
potential is not evaluated with the usual iterative procedurated with discrete excitations of a bound ®lectron. The
but directly. The general lines of this procedure are fullyopening of the ./, 3, photoionization channel§®Ps, 1/
explained in Ref[5] and are not reported here. Once thethresholds at 71.7 and 90.3 eV, respectiyelye preceded by

A. Total and partial cross sections

6p<rirw>=2i ni(ef oM+ @i %).  (20)
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FIG. 2. Hg total photoionization cross-section profile: full curve, RRPA calculation§18,19, whereas a slightly better agree-
RTDDFT, dotted curve, TDDFT result; closed circles, experimentalment with the experiment is obtained with a RRPA calcula-
data from Ref[16]. tion which includes the relaxation effectRRPAR [19].

These findings confirm that the discrepancies observed be-
autoionization resonances due to excitations opakectron  tween our RTDDFT calculation and the experiment cannot
to nsy, and n'ds;, 5, Rydberg states. Autoionization reso- be ascribed entirely to difficulties associated with absolute
nances converging to thef4,s, and 5,, thresholds at cross-section measurements but they are also due, to some
107.1, 111.1, and 134.0 eV, respectively, are visible in theextent, to the importance of relaxation and multielectron ef-
theoretical RTDDFT profile but have not been investigated infects neglected at the RRPA or RTDDFT level. The compari-
detail, since no experimental data are available. In the uppeson between the RTDDFT results and the analog nonrelativ-
panel of Fig. 2 the theoretical results are compared with théstic TDDFT results suggests that relativistic effects does not
available experimental data of Cairns, Harrison, and Schoealter dramatically the behavior of the total cross section, at
[16]. According to Dehmer and Berkowifd 7] the experi- least in nonresonant regions.
mental data of Cairns, Harrison, and Schoen were scaled by The RTDDFT partial cross-section profile for thes;6
a factor of 0.5 thus providing=30% accuracy. As can be subshell is reported in Fig. 3 along with the available experi-
seen from Fig. 2, the theoretical cross sections rise steadilyental resultd20] and with a RKS calculation which ne-
from the 5 thresholds(due to centrifugal barrier effects on glects interchannel coupling. As stated above, the opening of
the dominant 88— f orbital wave functionsand after reach- the 5d5, photoionization channels is preceded by a very rich
ing @ maximum near 40 eV of photon energy, gradually de-autoionization series converging to thB 5, threshold. After
crease, a behavior displayed also by the other elements of thleat, the partial cross section rises steadily reaching a maxi-
[IB group [18]. As can be seen from the upper panel of Fig.mum at about 28 eV in fair accord with the experiment. The
2, the agreement between theoretical RTDDFT and experipresent RTDDFT results agree with earlier RRPE&] and
mental results is quite good only for a few eV’s above theRTDDFT [21] calculations. It has to be noted that in the
2Dy, ionization threshold. Infact, from about 22 eV to the energy region between thd ), threshold and about 24 eV,
entire energy range experimentally explored, the experimerthe experimental data are affected by a severe scattering sug-
tal points lies systematically below the theoretical profile.gesting a minimum at about 20 eV ascribed to a Cooper
These RTDDFT results are in good agreement with previougninimum [17,20. Actually, neither with the RRPA18] nor
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glected at RTDDFT or RRPA level. The comparison between
the RTDDFT and RKS calculations reveals that inclusion of
interchannel coupling with the strongesd Bhotoionization
channels is needed in order to achieve good accord with the
experimental data above thel hresholds. Infact the RTD-
DFT 6s partial cross section reaches a maximum of about
0.7 Mb at~28 eV of photon energy followed by a minimum
at about 130 eV, in complete disagreement with the single-
channel RKS calculation. However, the position of the mini-
mum is difficult to determine with accuracy because it is
very close to the § threshold.

The 53, 5, RTDDFT partial cross sections are reported
in the upper panel of Fig. 4 along with the experimental data
Photon energy(eV) available[17,20,26,27. The RTDDFT total 5 photoioniza-
tion cross section is in good agreement with the experimental
measurements of ‘Sar et al. [26] and with RRPA calcula-
tions[18,19 but in disagreement with a RRPAR calculation
of Kutzneret al. [19]. Relaxation effects are more apparent
in the partial cross sections, where, despite the good accord
with the experimental results of Shannon and Cod[i2@|
until few eV’'s above the 8 thresholds, both RTDDFT and
RRPA[18,19 profiles are significantly larger than the ex-
perimental values at higher energies whereas a RRRAR
calculation shows a better, although not completely satisfac-
tory, accord with the experiments. These findings highlight
both the role of relaxation and multielectronic effects in the
o0 50 200 250 300 near threshold energy range and the necessity of experimen-

Photon energy(eV) tal data of improved accuracy which may allow a clearer
evaluation of the former. It is interesting also to note that the

FIG. 4. Upper panel Theory: & total cross sectiofsolid ling, ~ RTDDFT profiles display a clear Cooper minimum around
5ds, partial cross sectiokdotted ling, 5d3, partial cross section 190 eV, in good agreement with the experimental data of
(dashed lingin the RTDDFT. Experiment: open squares and closed) jndle et al. [27], whereas it is not so apparent in RRF2S]
diamonds representdstotal cross section of Ref§26] and[27], and in Dirac-Slatef29] calculations.
respectively. Closed circles and open circles represent partial cross- The RTDDFT partial s, 1,» photoionization cross sec-
section measurements of Ref0] and[17], respectivelyLower  inng are reported in the lower panel of Fig. 4 along with the
panel Hg 5p,, 32 partial cross-section profiles. Theory: solid line, experimental data of Lindlet al. [27], which include the
E;L?iz':;oizl’;eﬁgﬁ' g(%iiirieeﬁtl?r::’loiztéegngngbgnng:T;i)%re thimportant correctio_ns on previous meas_urements of qurin
5 artial cross sections from R 4e7] St :_;1I. [29] for the mcrea_lsed quantum yield of the sod|u_m

Pu2a2P ' salicylate detector at higher energies. Both the theoretical
partial cross sections are in good agreement with the experi-
the RTDDFT[21] approaches has a Cooper minimum beenment and with previous RRPA calculatiof28].
detected above théD 5, threshold. In this context it might Finally, the RTDDFT 4 total photoionization cross sec-
be of interest to note that in the energy region fromtBg,  tion and partial 4, 5;, photoionization cross sections are
threshold to~=24 eV a great number of resonances attributedeported in Fig. 5 along with the totalf &xperimental cross
to two-electron excitations had been observed in absorptiosection of Lindleet al. [27]. Both experimentally and theo-
measurement22] together with the appearance of satellitesretically, the delayed onset of thé 4ross section is apparent
in the photoelectron spectf@3,24], which are believed to due to a large centrifugal barrier acting on thg continua.
reflect @2 admixtures in the § ground state, with’P,;,  The RTDDFT results resemble closely the RRP¥9,28
and 2P, final ionic states. It was observggs] that both the  ones and appear substantially overestimated with respect to
6p (%P, final ionic stat¢ and 6 cross sections are consid- the experimental data above the cross-section minimum at
erably modulated at wavelengths where two-electron resaabout 140 eV although its position and the general shape of
nances appear. Two-electron excitations are not accountete experimental profile are rather well accounted for. The
for by RRPA or RTDDFT approaches and these modulatiomeasons of this discrepancy are essentially twofold. First, the
effects might be responsible for a theoretically unexpectedbsolute scale of the cross-section measurements could be
minimum in the cross section and, in general, for the scatteroff by as much as 3094 7], possibly explaining much of the
ing in the 6 partial cross-section data reported 20]. Fur-  discrepancy with both RTDDFT and RRPA. Second, the in-
ther experimental investigations in this energy range arelusion of relaxation effects at the RRPAR leJdl9] im-
needed in order to establish the effects into the main-lingroves the agreement with the experimental data partly due
photoionization channels, of multielectronic processes neto the inclusion of overlap integrals, which account, in an

25 -

20 -

Cross section(Mb)

5dg/o 5/0 Partial cross section(Mb)

05

5pq/0,3/2 partial cross section(Mb)

0.0
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FIG. 5. Theory: 4 total cross sectiofisolid line), 4f;, partial

cross sectioridotted ling, 4f5, partial cross sectiofdashed ling

in the RTDDFT. Experiment: open circles represehipértial cross g
section of Ref[27]. >

2

energy-independent manner, for the transfer of oscillator
strength from the main-line channels to doubly excited chan-
nels. However, due to uncertainties in the absolute scale o
the experimental data and the lack of experimental measure
ments for Hg double excitations or ionization in this energy
range, a reasonable estimation of the multielectronic pro-
cesses neglected at RRPA and RTDDFT levels is hinderec *
and, therefore, further measurements should be encourage er
for a correct evaluation of the performance of the RTDDFT 3
and RRPA methods in this energy range. 14y * .

B. Branching ratios between fine-structure components 121 o *

The 5ds), 3/, branching ratioBR) ysq4 is reported in the
upper panel of Fig. 6, up to 300 eV along with the experi- %00 150 200 250 300
mental data available from the literatyr€7,20,23,26,29,30
At variance with the 8 partial cross sections, the accord
with the experimental data is excellent in the entire energy FIG. 6. Upper panel Branching ratioy for the 5d subshells of
range covered by the latter. In particular, in the near threshmercury. Theory: solid line, RTDDFT result. Experimental data:
old region, the present RTDDFT results closely resemble thé&olid circles from Ref[20], open circles from Ref[23], closed
RRPA[18], RRPAR[19], and earlier RTDDFT21] results.  squares from Refl17], open squares from Reff30], closed dia-
The behavior of the branching ratio is easily explained acmonds from Ref[26], closed triangles from Ref.29). Central
cording to the arguments of Walker and Watj@d], from panel Branchlng.ratlo for the 6 subshells. Theory: solid line, RT-
which the BR should be higher than its statistical value wherPPFT: closed circles, experimental data from RE29]. Lower
partial cross sections are rising and below it when they ar anel Branchlng ratio for thg i subshells. Theory: solid line RT-
falling. In the high-energy region, the RTDDFT results have DFT; closed circles, experimental data from RER].
to be compared with an earlier RRPA calculatj@8], where
all the 17 relativistic channels allowed by dipole excitation The RTDDFT BR profiles for the p and 4f subshells,
from the &, 5p, and & subshells were taken into account. ys, and y,;, are reported in the central and lower panel of
Both calculations predict an increase of the BR after theFig. 6, respectively, along with the experimental data of Ref.
Cooper minimum in the partial cross section, at valued29]. The large spin-orbit splitting of thegbsubshell§18.6
higher than the statistical ratio. Then, after a maximum valueV) leads to large deviations of the BR from its statistical
of 1.7 at about 220 e\the maximum value predicted at the value of 2.0 and indeed the experimental points show an
RRPA level[28] is less than 1.6 at about 240 gthe BR is  increase from about 0.8 at 115 eV to 2.8 at about 210 eV. In
seen to reach asymptotically the statistical value. Unfortuthis energy range there is a good agreement between experi-
nately, no experimental measurements are available in thesgent and the RTDDFT results. Infact, the RTDDFT calcula-
energy regions for a fruitful comparison with the theoreticaltion gives a branching ratio of 0.986 at 115 eV and 2.811 at
findings. 210 eV, in good accord with the experimental findings, and it

Photon energy(eV)
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is seen to be closer to the experimental data than the RRP: 20
calculation of Johnson and RadojeyR8] especially in the

near threshold region. However both the RRP&|] and RT- s
DDFT calculations fail to predict the sudden drop of the BR

to the statistical value of 2 experimentally seen at about 22C
eV, where however the experimental data are affected by &
large experimental errof9]. A further accurate experimen- é?
tal measurement of thegBBR in this energy range will help

in a fruitful comparison with the theoretical results. Finally,
comparison between theoretical RTDDFT and experimental .1
results for the 4 BR reveals a fairly good agreement be-

1.0 H

05 H

tween theory and experiment only in the near threshold re- ., \ e 10
gion where, in accord with the experiment and with a 0 % %080 100 150200 25000
RRPAR calculatiof19], the BR is predicted higher than the Photon energy(eV) Photon energy(eV)

statistical ratio, in disagreement with previous RRPA results 20
[19,28. At higher energies, the experimental df29] are {
affected by a severe scattering which limit the comparison 15[
with RRPA[19,28, RRPAR[19], and RTDDFT calculations, :
which display the same general behavior. Again, an accurate 1ol
experimental redetermination of thé¢ 48R at energies well
above the thresholds should help in a critical evaluation of
the theoretical results elucidating if the discrepancies ob-&
served are due to experimental accuracy or correlation ef-
fects not accounted for by the RTDDFT or RRPA ap-
proaches.

da/e 512

0.5 ¢

0.0 -

-0.5

C. Asymmetry parameter profiles for 6s, 5d, 5p, and 4f % 100 150 200 250 300
subshells Photon energy(eV)

The asymmetry parameter profiles for the;6 subshell )
and for the S spin-orbit fine-structure components are re- F'G- 7- Upper panel Asymmetry parameter profiles for thes 6
ported in the upper and lower panels of Fig. 7 respectiVelysubshell of mercury. Theory: sollq line and _dottegl line are the
along with the available experimental data from variousRTDDFT and RKS results, respectively. Experiment: closed circles

B ) ~ from Ref.[32], open circles from Ref25], open squares from Ref.
sources[25,29,32-3% The behavior Of. the asymmetry pa [35], open triangle from Ref33]. Lower panel Asymmetry param-
rameter for the 6, subshell as a function of photon energy

- . eter profiles for the 85, 5/, subshells of mercury. Theory: solid line
has been the subject of various theoretj@8,21] and ex- and dotted line are the RTDDFT results for thd;p and S5,

perimental stud|e$25,32,33,.3.$ t_)ecause of its pronounced subshells, respectively. Experiment: open and closed circles are the
departure from the nonrelativistic value of 2. As can be seegymmetry parameter profiles ofi5, and s, subshells from
from the upper panel of Fig. 7, in the energy region whereref. [32]; open and closed triangles are the asymmetry parameter
two electron excitations are seen to modulate the partighrofiles of 5, and Sdg, subshells from Ref[34]; closed dia-
cross section, the experimental data show a considerabifonds are the & asymmetry parameter profile taken from Ref.
scatter around the RTDDFT results, which are similar to[29].
those of Parpia and Johnsfil] and to earlier RRPA results
[18], and appear to interpolate well the experimental valuesis shown, along with the experimental data available from
The evidence does not appear to support the presence oftlze literature[29,32,34. The 53/, 5, asymmetry parameter
minimum related to a Cooper minimum in the cross sectiorprofiles are characterized by strong oscillations within the
[32]. However, as suggested [@5] features that so drasti- allowed range of-1 and +2, due to the shape resonances
cally alter the & partial cross section should also influenceand the subsequent Cooper minima in the partial cross sec-
the other photoionization parameters such as the asymmettipns. The present RTDDFT results are in rather good agree-
parameter thus possibly explaining the scattering of the exment with earlier RTDDFT21]and RRPA[19,2§ calcula-
perimental data from various sources. Both RHB&] and tions and with the experimental data. At higher energies our
RTDDFT approaches predict a minimum in the asymmetryRTDDFT results are compared with the experimental data of
parameter profile at about 130 eV, close to tisettireshold, Kobrin et al. [29] and a good agreement is obtained.
in correspondence with a minimum in the partial cross sec- We present the RTDDFT &, 3, asymmetry parameter
tion. This is clearly due to interchannel couplings because iprofiles in the upper panel of Fig. 8, along with the experi-
is not seen at the RKS level, which exhibit a monotonicmental data of Kobriret al. [29]. Both theoretically and ex-
growth up to the nonrelativistic value of 2. perimentally, the asymmetry parameter profile for the two
In the lower panel of Fig. 7, the RTDDFT asymmetry final ionic states shows substantial differences beyond that
parameter profile for the &y, 5, fine-structure components due to the kinetic-energy effect. Infact the RTDDFP»
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FIG. 8. Upper panel Asymmetry parameter profiles for the
5p12,32 Subshells of Hg. Theory: solid line and dotted line are the  FIG. 9. Spin-polarization parameters for the €ubshell of mer-

RTDDFT results for the By, and 54, subshells, respectively. Ex- cury. Theory: solid lines, RTDDFT results. Experimental data:
perimental data: open and closed circles are the asymmetry pararglosed circles from Ref25], open squares from Rdf35].

eter profiles of Py, and T, subshells from Ref[29]. Lower

panel Asymmetry parameter profiles for thefg, 7, subshells of  p - gpin-polarization parameters profiles for 6s and 5d

Hg. Theory: dashed line and dotted line are the RTDDFT results for subshells

the 4fg, and 4f;, subshells, respectively. Experiment: open circles i )
are the 4 asymmetry parameter from Réﬂg] We haVe reported the RTDDFT pl’OfIleS Of the Spln—
polarization parametei& A, and« for the 68, and 53, 50

asymmetry parameter drop to 0.25 at about 210 eV, while theubshells in Figs. 9 and 10, respectively, along with the ex-
5ps, one reaches its minimum value ef0.2 at about 180 perimental result§25,35-317.

eV. Experimentally, the minimum values are close to 0 and The RTDDFT results for the $subshell(Fig. 9) are in
—0.3 for the H,,, and H5, subshells, respectively. The good agreement with the corresponding RRPA results of Ref.
present RTDDFT results are in good agreement with an eaf18] and display for all the parameters a strong deviation
lier RRPA calculatior28] and in fairly good accord with the from the nonrelativistic value of zero in the entire energy
experimental data especially at photon energies well after theange experimentally explored. This behavior was, however,
thresholds, though the latter are rather scattered. The RTanticipated from the analysis of the energy dependence of the
DFT 4fs, 7, asymmetry parameter profiles are reported inasymmetry parameter profile, which highlights the impor-
the lower panel of Fig. 8 with the available experimental datdance of the relativistic spin-orbit effects. The general energy
taken from Ref.[29]. Good accord with the experimental dependence of all photoionization parameters is rather well
data is obtained up to 190 eV whereas at higher energies oaccounted for by the present RTDDFT calculation, though
results lie consistently above the former. An analogous disthe experimental datp25,35 show some scattering which
crepancy had been observed also in earlier RRF8Y and  might be caused by the presence of resonances attributed to
RRPAR[19] calculations. A comparison with these theoreti- two-electron excitation$25] and which are not accounted
cal results suggest that both RRPA9,28 and RTDDFT for by the present RTDDFT approach. A strong energy de-
predict correctly the energy position of the maximum in thependence is predicted for all the spin-polarization parameters

asymmetry parameter profile and are in reasonable agre& the energy region of the minimum in thes @artial cross
ment with the RRPAR resulfsl 9]. section at about 130 eV. Also strong autoionization features,
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FIG. 11. Upper panel Total photoionization cross-section pro-

FIG. 10. Spin polarization parameters for thesp s, subshells  file in the autoionization region of Cﬁ)(zDsfz)npl/z,s/ﬁ'fs/z (n
of mercury. Theory: solid lines and dotted lines are the RTDDFT=6-9n’=5) and S°(?Ds)n"ps, (n"=7,8) configurations.
results for the 8, and &5, subshells, respectively. Experimental Solid line, RTDDFT result; dotted line, experimental data from Ref.
data: closed and open circles represent thg,5and s;; spin-  [38]. Lower panel Angular distribution asymmetry parameter pro-
polarization parameters taken from RES7]; closed and open tri- file for the 2S,, state of Hg' in the same spectral region. Solid line,
angles represent thiebds, and £ 5ds, spin-polarization parameter RTDDFT result; dotted line, experimental data from REf3];
taken from Ref[36]. closed circles, experimental data from Ref2].

predicted by the present approach, are superimposed on tHgN of mercury is dominated by pronounced autoionization
nonresonant profile. Unfortunately, to our knowledge, no ex/@sonances due to excitation df electrons into discrete
perimental data exist in this energy region. states beyond the pho_t0|on|za}t|on threshold, which are ener-
The accord between experimental dig8,37 and RTD- getically d_egenerate \_Nlth continuum states. There are six Ry-
DFT results is rather good for the spin-polarization param—dber29 series of autoionizing states converging to 1Bey,
eters associated with photoionization from the Subshells ~ and “Ds> thresholds of Hg:
(see Fig. 10 Near the thresholds there is a strong ener 9p.2,2
dependgence of all the spin-polarization parameters%ue togi)h/e Hg 50%6S°(*Ds2NPar2:N fsr2.N 72,
shape resonance in thed5-ef photoionization channels,
and another one is clearly associated with the occurrence of a
Cooper minimum at about 190 eV. Unfortunately, no experi-

mental data are, to our knowledge, available for a compari:rhese intermediate states decay into either thepg, or

son with the RTDDFT results in the high-energy region, far6ij8 p3,ﬁcont|nl:ﬁ for photog ?nerg|etsﬁelow tf‘5/2r§h:§Sh.'
from the 5 thresholds. old, whereas the region between thB s, 5, thresholds is

characterized by autoionizing levels which interact with the
partial continua of two final ionic states FIg?S,, and Hg"
2Dyy,, giving rise to photoelectrons of different kinetic en-
ergy. The total RTDDFT photoionization cross section in this
Starting from the first ionization thresholdS;,), at  energy region is reported in the upper panel of Fig. 11 to-
10.438 eV of photon energy, the photoionization cross secgether with the experimental data of Brelj&8]. Above the

Hg 5d°65°(°D3/)NPyj2,N P32, N 5.

E. Autoionization resonances converging to théDglzﬂ2
thresholds
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23, ,, threshold, the first two strong resonances are associatddr the 5d°6s2(?D3,,)6py2,P3 €Xcitations, whereas a less
with the discrete excitations Hgd36s%(°D3/,)6p1/2,P3/2, satisfactory accord is found for the energy positions of the
while at photon energies between 13 and 14 eV's two resdd®6s?(2Dg,) 7Py, P32 €XCitations belonging to the same
nances of the same Rydberg series HIy&?(°Dg)nps,  Rydberg series. Infact, their resonance energy calculated at
for n=7, 8 appear. We also observe two further resonancethe RTDDFT level disagrees with the absorption measure-
at 14.14335 and 14.1437 eV associated with the closethents of Garton and Connerafi¢l] by about 0.3 eV, but
channels 8°6s?(?Ds,,) 5fs», 5f, in fair accord with the  this gap is reduced at 0.1 eV for the subsequent members. A
absorption measurements of MansfigRP], who located similar behavior is found when the RTDDFT energy reso-
these features at 13.973 and 13.976 eV, respectively, with mances for the 8°6s%(2Ds,) 7psj, and 50°6s?(?Ds,,) 8pg),
splitting of about 3 meV. This value was confirmed by aautoionization resonances are compared with the values
relativistic R-matrix calculation[39], whereas the spin-orbit tabulated in[41] (Table Il). The energy position for the
splitting predicted at the RTDDFT level is less than the ex-5d°6s?(°Dy,,)5f5, excitation predicted at the RTDDFT
perimental one by about one order of magnitude. This distevel is in good agreement, within 0.15 eV, with the experi-
crepancy can be attributed to the LB94 XC potential usedmental data of Garton and Conneradel] (Table ). The
Above the Dy, threshold there are three Rydberg seriespresent results compare quite favorably with the only previ-
namely, those associated with the discrete excitations Hgusab initio study of autoionization resonances in the energy
5d%6s%(?D3x) NP1s2, NP3y, N f50, Which are reported for interval between théS,,, and 2D, thresholds with a rela-
n=7-9 and fom’ =5 in the same figure. Breaks are used intivistic R-matrix approach39]. The overall accord between
order to separate these two energy intervals. The calculate’TDDFT results and experimental ones can be considered
autoionization resonances have been characterized by fittinguite satisfactory, the discrepancies being ascribed to the de-
the theoretical profiles with a parametric form developed byficiency of the LB94 XC potential used in the calculation.
Fano and Coopd#0], which, for an isolated resonance, take In the lower panel of Fig. 11 we have reported the asym-
the following form: metry parameter profile for th&S,, final ionic state either in

the energy region between t88,,, and ?Ds, thresholds or
(q+e)? between the’Ds, and 2D, ones together with the experi-
(1+82)_p +11, (21) mental data available from the literatufd2,43 for the

5d°6s2(?D4,)6py2,P3, autoionization resonances. The
wheree is the reduced energy asymmetry parameter profile fluctuates rapidly within the al-

lowed range oft-2 and—1 across each resonance. As can be
2(E-ER) seen, the accord between theoretical and experimental results
- T is excellent for the B°6s2(?D5,,)6p3), autoionization reso-
nance, and the present RTDDFT results constitute an impor-

The best-fit parameters have been computed by minimizingant improvement over the earlier theoretiBamatrix results
the squared deviations between the curve and the computé89]. As can be seen, above tR®, thresholds, the oscil-
cross sectiono is the background intensity is a coeffi-  lation amplitude of thg8 parameter across the various mem-
cient for the background linear drifp? is the correlation bers of the Hg 8%6s%(?D3) NPy, NP3, N’ f5, Rydbergs
index, which is the ratio between the resonant intensity andgeries are slightly decreasing with the photon energy.
the sum of resonant and nonresonant intensitiess the Similar to cross sections and asymmetry parameter pro-
Fano parameter which characterizes the line profiles the  files, also the spin-polarization parameters display strong
half-width, andEg is the resonance energy. Whanauto-  fluctuations across each autoionization resonance, as can be
ionization resonances were partially overlapped, the fittingseen from Fig. 12, where the spin-polarization parameiers
procedure was performed with a modified parametrized®, anda are reported for théS,, final ionic state either in
curve obtained as product of parametric forms of the type the energy region between ti&,,, and 2D, thresholds or

o=0o(1+as)|p?

e=

(21), with a quadratic background: between the’Dg,, and 2D, ones, together with the experi-
mental data available from the literatydd —46. As for the
o=0o[1+a(E—Ee) +b(E—Ee)?] Bss asymmetry parameter, the accord between RTDDFT re-

sults and experimental measuremdu$, 45 is excellent es-

(29 Pecially for the 519(_532(2D3,2)693,2 autoionization reso-
nance, whereas at higher energies the experimental data are
rather sparse. The opening of thésp photoionization chan-

where the various symbols have the same meanings as abowels has an influence on the behavior of th@arameter

specified whereas, b, andE s are parameters that specify which is characterized by wider oscillations across each
the background behavior. member of the Hg 8°6s%(°D ) NP2 32N’ f5/, autoioniza-

The Fano parameters for the lowest members of the Rydion resonances than that observed for the lowest member of
berg series converging to tH® 5, and 2D, ionization lim-  these Rydberg series. The opposite behavior is instead ob-
its are collected in Tables | and Il, respectively, together withserved for theA parameter. In this energy interval the RTD-
the available experimental results of Garton and ConneradBFT results are compared with the experimental results of
[41] and Brehm[38]. Good agreement between RTDDFT Muller et al. [46]. For both the¢ and A spin-polarization
results and the experimental data of Bre[88] is obtained parameters, the experimental variation across the Hg

m
(gi+e&p)?
X L —p?+1|,
];[ pl (1+8i pl
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TABLE |. Theoretical and experimental values of Fano parameters.

Relative to the three lowestd3(?D 3,)npy,, autoionization resonances

RTDDFT Expt? RTDDFT Expt? RTDDFT Expt?
Parameter 5d°(*D3/) 6Py 5d°(*D3) 7Py 5d°(°D3/) 8Py
I' (meV) 147.285 205.0 10.448 3.187
q 9.682 6.305 5.548
oo (Mb) 5.084 6.240
Er (eV) 11.019 15.137 14.875 15.843 15.743
a 0.170 4.03%10 2
b 8.507x 10 © —1.943<10-4
p? 1.00 0.483 0.455
Relative to the three lowestd3(?D 4, npsy, autoionization resonances
5d°(*D3/)6p32 5d°(°D3/) 7Pz 5d°(°D3/)8p32
I' (meV) 31.592 22.0 2.502 0.734
q 7.091 6.0 5.567 5.606
o (Mb) 5.084 6.240
Er (eV) 11.711 11.607 15.243 14.966 15.884 15.777
p? 1.00 0.651 0.585
Relative to the lowest & (D) nfs;, autoionization resonance
RTDDFT Expt®
Parameter 5d°(?D3y,)5f 5
I (meV) 3.480< 103
q 144.216
oo (Mb) 6.753
Er (eV) 16.000 15.842
a —2.264x10°°
p? 0.672

#Experimental values, Ref38].
bExperimental valueg41].

5d°65%(*D3;) NP1j2,NP3s2,

experimental data for thé and « spin-polarization param-

eters prevents a more definitive analysis of the theoretic

RTDDFT data.

TABLE II. Theoretical and experimental values of Fano param-

eters relative to the two lowestl8(2D s, n py, autoionization reso-
nances.

RTDDFT Expt? RTDDFT Expt?
Parameter 5d%(°Ds,) 7pa, 5d°(°Ds,) 8p3)n
I (meV) 9.512 2.568
q 25.678 41.065
oo (Mb) 0.664 0.340
Er (eV) 13.420 13.131  14.043 13.920
a —6.712<x10°3 —4.07x10°8
p? 0.751 0.570

8Experimental values, Ref41].

n=7,8, discrete excitations

seems to be rather well accounted for by the RTDDFT re-
sults, apart from a small energy shift of the theoretical pro-
files toward higher photon energies. However, the lack ofosonances conver

F. Autoionization resonances converging to thezpyzygz
thresholds

There are five different Rydberg series of autoionizating
ging to tﬁ@s,zyl,zthresholds, associated
with excitation of a bound p electron tons;, andn’ds; 5/,

6fJdeberg states, according to the following scheme:

Hg 5p°5d%s?(*P3;)ns;/,n" dap,n"dsy,
Hg 5p°5d'%s?(?P,,)ns;»,n’ dgs.

Owing to the huge spin-orbit splitting of th@3,2,1,2thresh-
olds, the Rydberg series of autoionizing resonances converg-
ing onto different ionic thresholds are well separated in en-
ergy.

The total RTDDFT photoionization cross section in the
energy interval of the Hg 3°5d'%s?(*P3)NSy/2,n' dgiz.50
autoionization resonances is reported in the upper panel of
Fig. 13. The theoretical profiles were characterized by the
least-squares fitting procedure with the parametrized forms
(21) and (22), and the minimized Fano parameters are col-
lected in Table Il for the two lowests;,» (n=7,8) and for
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FIG. 12. Spin-polarization parameters for the,6 subshell in
the autoionization region Ofcﬁ(zDslz)npllzy:g/ﬁ’fs/z (n=6-9n’ FIG. 13. Upper panel Total RTDDFT photoionization cross-
=5) and 5°(°Ds,)n"ps, (N”=7,8) configurations. Theory: solid section profile in the autoionization region opF2P5,)ns,,, and
lines, RTDDFT result. Experiment: closed circles from R, 5p5(2P3,2)n’d3,2,5,2 configurations fom=7-9 andn’=6,7. Cen-
open circles from Refl45], closed diamonds from Reff46]. tral panel RTDDFT asymmetry parameter profile for the, 6 sub-

shell in the same spectral regidrower panel RTDDFT asymme-

the lowestn’ da/, 5/, (N’ =6) excitations, respectively. To our try parameter profile fc_)r thedy), (dotted ling and_&'ds,z (solid line)
’ . . subshells of mercury in the same spectral region.
knowledge, no experimental data or other theoretical calcu-
lations are available from the literature for a comparison with
the RTDDFT results. As can be seen from Fig. 13, the firsizating resonances belonging to the remaining Hg
member (=7) of the HglPg,)ns,, excitations is well (2P3,)Nndsy s, Rydberg series are seen to be strongly over-
separated from the other, it displays a positivealue and is  lapping. Infact, the computed resonance energies for the low-
superimposed on a strong nonresonant background. The sesst pair differs by only 59 meV. Because of the small energy
ond member of this Rydberg series is strongly overlappinglifference between these two excitations the corresponding
the lowest member of the other two Rydberg series, and foresonant behavior of the total cross section is drastically in-
its characterization we have performed the least-squares fiftuenced. Infact, in the energy interval between 70.3 and 70.5
ting procedure with the parametric for(@82) with m=3. eV a broad structure is preceded by another resonant struc-
With respect to the first member it displays nearly theture of reduced intensity. The assignment of the features to
same values for thg index and for thep? correlation index, the 5p°(?P5,)6ds, and 50°(2P5,) 6d5, discrete excitations,
whereas its half-width is reduced by a factor of 4. Autoion-respectively, can readily be done by inspection of the eigen-
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TABLE Ill. Theoretical RTDDFT values of Fano parameters. 40 v » ' T
Relative to the two lowest 55d'%s?(>P4,) NSy,

autoionization resonances 9 30l

Parameter B°(?P3) 751/ 5p%(?P5/,) 85y, %
(o]
I (meV) 19.920 4.783 3
q 3.689 3.253 o 2T
oo (Mb) 13.670 15.172 g
Eg (V) 69.181 70.580 I
p? 0.965 0.960 P otor
a —1.472x10°3 1.086x10° 3 N
b —-0.163
Relative to the lowest p°5d*%6s%(*P3) Nd3 57 0 5.0 o5 20 295

autoionization resonances Photon energy(eV)

Parameter B°(?P3,)6d3), 5p°(?P3,) 6ds),
2. T

I' (meV) 0.369 42.297 ’
q —165.796 2.789 [
Er (eV) 70.311 70.370
p? 0.924 1.00

o
values of the @5, 3, Rydberg states in the bound-state prob- g
lem. For these two resonances the Fano parameters diffe™ 14[ N
significantly. Infact, the computed half-width for thed§,
discrete excitation is less than that of the other excitation by
about two orders of magnitude. Its profile indgxis pre-
dicted negative and with a large absolute value whereas it i

positive and close to the value of 3 for the second resonance 10 . \ . \
In the central and lower panel of Fig. 13 we have reported 880 885 89.0 895
the asymmetry parameter profiles for the three final ionic Photon energy(eV)

states®S;;,, °Dsjp, and ?Dsj,. In correspondence with ev-
ery autoionization resonance, thieparameter profiles dis-
play strong oscillations with periodic behavior. The asymme
try parameter profiles for théD3,2,5,2 ionic states are very
similar apart from a small shift at higher values for 2,
one, whereas a completely different behavior is associate
with the 6s photoionization, where the window-type struc-
tures visible across each resonance in ttgJ5;, photoion-
ization channels are replaced by sharp peaks irBtharam-
eter profile for the 8,,, photoemission.

Finally, we present in the upper panel of Fig. 14 the RT-

DDFT total cross-section profile in the autoionization regionRydberg series, which is nearly the same for the two autoion
55 4108 <22 , ; : : -
of Hg 5p°5d76s ("P1,2)nsy/2,n" dyy, Configurations. Of the izating resonances considered. Unfortunately, the lack of ex-

two Rydberg series, the sharper one is associated with exci-_ . L S .
. . -perimental and/or other theoretical investigations in the reso-
tations tons,;;, Rydberg states, whereas the other is associt

ated with discrete excitations to'ds, states. In the lower nant regions below théPy5 g5 thresholds prevent a further
X detailed analysis of the performance of the RTDDFT ap-
panel of Fig. 14 we have reported ti#s asymmetry pa-

rameter profile in the same spectral region, whereas thgroach.

B5d3, 51, and B5pz, asymmetry parameter profiles are re-

ported in the upper and lower panels of Fig. 15. The behavior V. CONCLUDING REMARKS

of the asymmetry parameter is very similar for t?@3,2'5,2

final ionic states, which in turn differ substantially from that  In this work we have applied the RTDDFT formalism to
observed for the $ and 54/, photoionization channels. The the photoionization of mercury in a wide photon energy
Fano parameters obtained with the least-squares procedui@ge, both in nonresonant and in resonant regions. All dy-
are collected in Table IV for the three and two lowest termsnamical parameters, including spin polarization, have been
of the Hg H°5d'%s?(?Py)ns,, and Hg considered.

5p°5d%s?(?P,,)n’dg, Rydberg series, respectively. For ~ An implementation of the RTDDFT equations with a
the three lowest members n£7-9) of the Hg noniterative procedure for the determination of the response

FIG. 14. Upper panel Total RTDDFT photoionization cross-
section profile in the autoionization region 0p%2P,)ns,, and
5p%(?Py;)n’dg;, configurations fom=7-9 andn’=6,7. Lower
panel RTDDFT asymmetry parameter profile for the;6 subshell
i& the same spectral region.

5p°5d1%s?(2P,/,)ns,, autoionization resonances, the index
profile q displays a positive value slightly decreasing in the
series, and the same behavior is displayed by the correlation
index p2. A positive g value is also displayed by the two
lowest terms (=6,7) of the Hg $°5d%6s?(’P;,,)nds,
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20 v ‘ ‘ - TABLE IV. Theoretical RTDDFT values of Fano parameters.
Relative to the three lowest85d'%s2(?P ) ns,/,
autoionization resonances
Parameter  B°(°P1) 7S 5p°(°P12)8sy,  5p°(°P1) 951,
N
e T (meV) 2,611 0.562 0.257
) q 7.575 7.384 7.119
= Ll oo (Mb) 9.030
Er (V) 87.763 89.177 89.600
osh 2 0.809 0.792 0.790
a —-1.406<10°% —0.207 —-0.508
1o , , , : b 6.263x10°°  2.291x10°°
88.0 88.5 89.0 89.5 .
Photon energy(eV) Relative to the two |oyvest;555d1°632(2pl,2)nd3,2
autoionization resonances
20 1 ‘ ; ' ' Parameter B°(?P1/») 60, 5p°(?Py,) 7d3
15l F [ I' (meV) 24.997 7.746
q 2.216 2.194
10} H Eg (eV) 88.934 89.514
N p? 0.850 0.850
Lré)" 05 a —0.207 —0.508
< b 6.263x10°° 2.291x10°°
0.0
05 i RRPA method. Agreement with experimental data is gener-
ally very satisfactory, although in some energy regions there
are indications of discrepancies attributed to the neglect of

880 885 890 895 additional many-electron interactions not taken into account
Photon energy(eV) in the present scheme.
Generally, an excellent description of autoionization reso-
nances is obtained for all the photoionization dynamical pa-
rameters as demonstrated by the satisfactory accord with the

FIG. 15. Upper panel Asymmetry parameter profile for the
5d,, (dotted ling and Y5, (solid line) subshells of mercury in the
autoionization region of B°(2P,)ns;, and 5°(2P,)n’ d,j, con- ! Y ]
figurations fom=7-9 andn’=6,7.Lower panel RTDDFT asym- experlmental.data vyhen available frpm the Iltergture.
metry parameter profile for theps,, subshell in the same spectral N conclusion, this work has confirmed the high level of
region. accuracy attainable with the RTDDFT approach in the de-

scription of the photoionization of heavy systems in a wide
induced potential together with the use of an exchangePhoton energy range. Therefore the generalization of the al-
correlation potential with correct asymptotic behavior hasgorithm proposed for the resolution of the RTDDFT equa-
permitted, at RTDDFT level, the study of the Rydberg seriegions to the molecular case will constitute an important goal
of autoionization resonances converging to am/z,sxz and for the description of molecular photoionization processes.
2Py 32 thresholds.
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