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Divalent Atoms

e Effective one-particle Hamiltonian :

1d> Z 1£(£+1)
eff _ (-~ _ =, = FCHF
hy?l = ( sdz 5 T3 2 )—I—Ve (r)+Vp(r),

where VFCHF (7) is the frozen-core Hartree-Fock (FCHF')
potential and

V, = _% (1 _ exp(r/ro>6)

is a parametrized long-range dipole core-polarization
potential.

e One-particle radial equation:

hﬁ‘f‘f(’l") Xne(T) = €ne Xne(T),

where the solution x,¢(r) is expanded in terms of a
set of B-splines defined between r = 0 and r = R,
i.e.,

N
Xng(’r) = ‘21 C,, Bi('r).



Forzen-core Hartree-Fock Potential

co're 200 + 1 1/2
7 2( ) €] V° (Xngto» Xnoto3 T || €
f (T) noLo 2£+ 1 ( || (X 0209X 0201/’"” )fz(’r)
1
Ze +1 n%:(, %:( 1)V (EH 4 (X"OKO’ fKO; r ” EO) X"ofo(r)a
where

(€l V¥(a,bsr ]| €) = (€] CM || ) (Lal| C¥T ] £)

/ ds a(s) b(s) U-I-l

and (¢||C™™||¢) is the reduced matrix element of the
tensor operator C” for spherical harmonics given by

(0| CP || €) = (—1)(2€ + 1)(2¢ + 1)]2 (£ v ”) .

00O



Complex B-splines

e Modified complex radial function:
N ~
Xee(z) = ;1 C;Bi(z),

where z = re ™, B; = B;(z) e ?? and (3 is a varia-
tional parameter.

e T'wo-electron configuration:
|16 £os €0 £,(0, B)) — complex open channel

|ncfesmy £,) — real closed channel
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Complex Zero-order Eigenstate

Nonrelativistic complex eigenvalue problem:

(00 (0)| Hpr |93 (8)) = 6,1 EX(0),

where

¢LO)(0) _ E C(closed) |n'.£’ nj‘ej>
J

ngﬂg-njlfj 3¢50
(open) Y,
+3 Crp by e |7 LEr bk (0, Br))
is the complex zero-order eigenstate and

©(gy — E© _ ;p©
EV(0)=E iT® /2

n,res

is the complex energy eigenvalue.
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Figure 2. The energy spectrum from a saddle-point complex-rotation caleulation in the field-free
case. Seven angular symmetries and 892 terms are used in the wavefunction. Our calculated widths
are very stable when the angle & is varied from 0.3 to (L6 rad.



Inner-projection Technique

<n0£0 eueu(07 :3) |Hnr|'n6e6 €L£L(03 16,)> — Z , Oe,,,n,,
(nolo by | Hpp |l m L)) OF

! o9
v N,4Ey,

where the overlap integral
Osu,ny — <n0£0 €V£V(0, /B) |n0£0 nu£u>
and O?, o is its corresponding transpose

O, ., = (nylyn L |nye e L (6,3)).
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Hamiltonian Matrix

e Total Hamiltonian:
H = Hnr + Hso,

where H,, is the spin-orbit interaction.

e Complex eigenvalue problem:
(P,(0)|H|¥,(0)) = .., E,.(0),
where
,(0) =Y CH ¢00(0)
is the complex eigenstate and

E,(0) = E*_—iT,/2

res

is the complex energy eigenvalue.



Photoionization Cross Section

o(E) = %: o,(E)
where
<<I>0|D|\Il,,(9)>2
E,(0) —E

oy,(E) =4ra AEY Im

AFE = FE — Ej : transition energy
dipole-length: D = é. (¥; +72) and v =1

dipole-velocity: D = é- (V1 + V3) and v = —1



Parametrized Photoionization Cross Section

e Complex dipole matrix:

(®o|D|¥,(0)) = B, +iC,

e Fano profile:
o(E) =oo(F) + ; O,
where o¢(F) is the background cross section, and

(@ +&)° ;
1+ €2

pJ

7(B) = of |

where

e, =(E—EY)/ %I‘,,: reduced energy,
q, = —B, /C,: Fano g-parameter,

oy = 8maAE'C?/T,: background.
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Ca ground-state photoionization
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Photoionization of Ca

IN a static electric field
[Phys. Rev. A82, 063402 (2010)]

The Hamiltonian for atoms in an external
field is given by

H:Hnr+Hso+F'(r1 +r2)’

where F Is the electric field strength.
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Photolonization calculation for Ba















