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Algorithm

To determine v, one must solve a non-linear generalized eigenvalue problem. We employ
the optimal damping algorithm (ODA) to iteratively converge to the solution.

Abstract

Within the framework of the Extended Kohn-Sham (EKS) model, we study the ability to
bind additional electrons to isolated atoms. This allows us to investigate the ionization
conjecture numerically and to analyse the behavior of approximate exchange-correlation

functionals under fractional electronic charge. We developed a Julia code that employs a While ||p.+ — p,i-1|| > tol : do step k :

c?reful.ly c.hosen f_’"'te elen7ent b_a_s's' achlévmg .al’bltljal’lly high accuracy bOt_h in the 1. Using ~*, compute the Exchange-correlation matrix by quadrature and the Hartree matrix
discretization (basis set) and in the finite-precision arithmetic, to represent the electronic states. by solving the electrostatic problem and assemble the mean field Hamiltonian H. y/(p.)
2. For each [ and o, solve the generalized eigenvalue problem

Hi’?v(p,yk)Ulﬂ — o sule
3. Aufbau principle to fill n,, : Example with 22 electrons for LDA. When there is a degeneracy,
the repartition of electrons is such that it minimizes the energy.

Why study ionization of atoms in DFT ?

= |lonization conjecture :

Orbitals
—Statement: "A neutral atom can bind at most one or two electrons” energy
— No theoretical proof of the existence of negatives ions for some models. | | o) Yl ) Vet ([ i () Jen s s wnnnnn >
— Only upper bound of the maximal number of electrons N,,...(2) the atom of atomic number Occupation
z can bind : 2 < Nyu.(2) < Crz 4+ C; ([1] and references therein). Number

= Study of the behaviour of approximate density functional in presence of fractional electronic 4. Compute 7" using (U”ZU) and (n”la) of the current state k.

charge [2].

We consider an atom of nuclear charge z € N with NV € R™ electrons.

5. Compute "™ by relaxation using the ODA principle :

where t* € [0, 1] is the minimizer of ¢ € [0,1] — E7vty* + (1 — £)y").

Maximal lonization for LSDA

Extended-Kohn-Sham Model [3]
minimize £, x ()

/YEPN H z=1 He z=2
where :
] the total energy |S : Li z=3|Be z=4 B z=5|C z=6|N z=7|0 z=8 Ne z=10
: 37 0.55 0.8
1 1 T 0.67 0.3
EZ,N(/Y) — I <——A’y _ 5 & + = pﬂy( )p’y(y)dxdy 4+ Exc(/y) : Na z=11|Mg z=12 Al z=13|Si z=14|P z=15|S 2z=16 Ar z=18
2 - 2 x —y 0.68  0.35 0.57 | 0.70 .96
N —’ N— ————
Kinetic Nucleous-electrons Hartree Exchange-correlation K 2=19|Ca 2z=20|Sc 2z=21|Ti 2z=22|V 2=23|Cr z=24|Mn z=25|Fe 2=26|Co 2z=27|Ni 2z=28|Cu 2=29|Zn 2z=30|Ga z=31|Ge 2=32|As 2z=33|Se 2z=34 Kr 2=36
= Py is the set of one-body density matrix v such that one can write B 0-4° i V.70 9.67 ECimuts
Rb z=37|Sr z=38|Y z=39|Zr z=40|Nb z=41|Mo z=42|Tc 2z=43|Ru z=44|Rh z=45\Pd z=46|Ag z=47|Cd z=48|In z=49|Sn 2z=50|Sb z=51|Te 2z=52 Xe z=54
77 = E n?|d7) (7] 0.70 | 0.48 0.57 | 0.76 | 0.72 | 0.85 | s
[] 1 1
; Cs z=55|Ba z=56 Hf z=72|Ta z=73|W 2z=74|Re z=75|0s z=76|Ir z=77|Pt z=78|Au z=79|Hg z=80|TI z=81|Pb z=82|Bi z=83|Po z=84 Rn z=86
: 0.70 | 0.52 0.57 | 0.67 0.74 | 0.80 00
with o > n? = N, o 0 < nf <1, o (¢7]¢7) = 6i5, o V@7 € L?, and under the
) J J b Fr z=87|Ra z=88 Rf z=104 Db z=105|Sg z=106 |Bh z=107 |Hs z=108 | Mt z=109 |Ds z=110{Rgz=111|Cnz=112|Nhz=113|FI z=114|Mcz=115|Lv z=116 Ogz=118
N 0.72 | 0.55 0.59 | 0.74 | 0.87 | 0.97 [ s
spin-collinear assumption v = e
0 7
Symbol z La z=57|Ce z=58|Pr 2z=59(Nd z=60|Pm z=61|Sm z=62|Eu z=63|Gd z=64|Tb z=65|Dy z=66|Ho z=67|Er z=68|Tm z=69|Yb z=70|Lu z=71
Maximal 0.61]0.53|0.46|0.40 | 0.61  0.44 046 |050|/0.35/0.35/0.33/1.060.10 0.44 | 0.48
Note : We assume no spherical symmetry breaking (which is valid for E®®" and lonization
educed Hartree-Fock . . OZ(T) 0.59 057 0.61 0.61 0.74 0.74 0.70 0.65 1.19 1.02 0.59 0.23 0.70 0.40 0.57
- _ _ n
E™ ) = one can choose ¢f = @7, = Yim(0,0).
=Computed
_ ~2570.2- I o
= We compute numerically N,,..(z) for the xpecte
Discretization PW exchange correlation using D = 10, s =
1.3, and N,,..;, = 20. The value of R,,,, N
One only needs to discretize the radial part of : ... is adapted to z by examining the density of 3
o y _ P Discretization Parameters P y 5 y i
a finite set of orbitals: the neutral system N = z.
Nbasis = [;, - Max angular momentum,
o _ nlo My | o ~2570.6
ulr) = Z Uj Q,(r) = 15, : Max principal quantum number,
f J=1 . P . Radial cutoff = We can analyse the behaviour of E,. in the
< < < max - , _
or ) <l <ipandi<n<mny,tl where o | | presence of fractional charge (see [4]). | | | | |
« (Q))1<i<n,.. is the radial basis, s Npusis - Cardinality of the radial basis, 34.0 34.5 3?\.[0 35.5 36.0

. (anla) are unknown and satisfies the con- = Npesn : Size of the radial mesh,

straints » s : Mesh parameter,

(Unla)T SUn’l’U _ 5nn’5ll’

with S the overlap matrix.

= [ : Max degree of polynomials used.

Further Work

In the future, we plan to:

Radial Basis : Finite Element method
Exponential Mesh :

ri = (14 Ropg) Toi) — 1
with s a parameter.
Generators (defined on [—1, 1])

» [mplement other exchange—correlation functionals, such as GGA, meta-GGA, and hybrids,

» [mplement a quadratic convergence algorithm to accelerate computations,

= Allow spherical symmetry and spin-collinearity breaking.
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