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Casida’s approach and approximations..

1 — Project the TDDFT Dyson's equation for the response function
X (w)=X, (w)+K,+K_(w)

in the transition space: @, (7)= P (7) (pfﬁv (7)
:> X;é‘,hkT(w):<Xg'O',hkT>_l(w)—i_(KH)ijO',hkT—l_<Kxc>ij0',l’lkT(w>

and then reorder the basis set in order to have electron-hole and hole-electron pairs

2 — Finally we get the polarizability from the response function;

o, (W)= Z xijO'XijO',hkT(w)thT

ijo,hkTt
We know that the poles of polarizability are the spectrum _ Z /i
of the system from its many-body representation ——> &= ~ w0 —w’

ngihh(w) <fh-r_fk'r)(€k'r_€h'r>
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Spin symmetry
We will work within the adiabatic approximation: K (w)~K (0)
We have the following external potential with selection rules:

Zfdx( (%,0)7,(%)+V, (%, 1), (F)) - 55=0,1

_fd%( (%,1)(3)+B.(%,1)(%)] o, =0
Unpolarized system. 4 possible KS excitations _|A+B oa+p
_ S_Somglet 0 0 S"l6+y C+D
—5=0 =" " " L e ) 0

# m =0 Triplet g D 0 — A—B o—p
Spin-polarized system. 4 possible KS excitations
Doublet ~ ~ 0 =29 Wehaveto

i S=1/2, S=1/2, m=1/2 — Jg ED work with
=1/2 Quadruplet >~ <" 4 4xd the full

$=3/2, m =1/2 Q,=?? matrix
S _/

N~

Spin-symmetry has been destroyed by the adiabatic approximation
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Nitrogen molecule : TDDFT

Values for: ecut 45 Hartree, nband 30, acell 12 11 11 Bohr

—a G*u AA
Kohn-Sham TDDFT, nsppol== nsppol==2
triplet  singlet 10.90 eV
% * .
T¥ex | ey M, 1092ev 10.46 eV 10.90 eV 10.46 oV
10.32 eV
> " 9.78 eV (jonized
O . ( ) 9.89 eV
A A, - 978eV < 890eV10.32¢eV i
v v 5 9.78 eV
TCux Tuy u_/ . 7.87eV 9.78¢eV 55
% o Zg 9.52 eV 9.32eV 989 eV 9.3 oV
u
M, 839ev 7.75eV 936 eV 8.90 eV
A 7.87 eV
y O 775 eV

Ok. The results are the same.
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spin up spin down
Rydberg states
=== (.14eV =
0.13 eV Ok 0.08 eV
(0L __-005eV -0.02eV g
(@) -0.07 eV TCx TCy
2p< 159V
-2.34 eV
> TUx Ty —
Oo% -2.83eV
G*#
-4.63 eV
)
25| 6 835¢V ey
N

BeH molecule: easiest polarized molecule
lowest KS transitions
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exp. and Casida data both taken
from JMS 527, 229-244 (2000)

BeH molecule : TDDFT

Kohn-Sham TDDFT Main excitations Casida's paper Exp.
411 641eV [ ~5.65eV 1->3.4 (u&d) + ..77... 5.73 eV 7.27 eV
31 6.01 eV} <\ 5.63eV Vacuum+ 1->3,4(u&d) 5.67 eV 6.74 eV
52 5 1% e </ 544 eV 1->2 (down) + vacuum | 5.42eV 6.71 eV
42 | 5.19eV  Vacuum+ 1->2 (down) | 5.13eV 6.12 eV
211 48lev — » 480eV 2->8.9 (up) 4.86 eV 6.31 eV
32 471ev > 470eV 2->6 (up) 477 eV 5.61 eV
22  454eV —® 452eV 2->5 (up) 4.59 eV 5.51eV
1II 229¢ev —> 240eV 2->3.4 (up) 2.39 eV 2.56 eV

1 — We obtain good results compared to the ones of Casida. (within 0,05 eV of error)

2 — Not really good compared with experiments, probably due to the problem already
outlined before of broken spin symmetry and for the asymptotic behaviour of the kernel.

3 — Mixing with vacuum is really difficult to analyse...
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Convergence of excitations energies

Data are well converged for energy cut-off and number of states taken
into account. Things are a little more difficult for cell size...

Cubic cell; dimensions in Bohr
5.750 o 1->3,4(u&d)

5.500 | e 1->2(down)
5.250 -

5000

4.750 —

4500 w

4.250 -

4.000 - 2->8,9 (up) 2->6 (up)
3.750 -
3.500 -
3.250 -
3.000 -

2.750 |
2.500 - 2->3,4(up)

Energy in Electron Volt

2.250 \ \ \ \
30 40 50 60 70
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Some notes on running the code
First dataset Second dataset

Non-SCF calculation
=) | (with many bands)
+TDDFT

The most difficult parameter to converge remains the cell size.
Mainly because our excitations are mixing with
vacuum that (we are in a box) 1s continuously changing.

Ground State SCF
(with occupied bands)

The programs remains really memory demanding, our calculations need
up to 9GB of RAM. We were lucky that BeH only needs ecut 10 Hartree.

The data presented here have been calculated with:

acell 3*50, nband 50, ecut 10 and are not yet fully converged.

(The first energy differences are converged within 0.01 eV. For states far
above the HOMO may be difficult to reach convergence. Anyway we kept
them as they are mixing with the first excitations...)
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