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Electronic Born-Oppenheimer SE
H=T,+T,+V(,R) = H. =T.+V(,R) Hoi(r;R) = U;(R)¢(r; R)
AW,(r,R) = E;U;(r,R) ' Nuclear.

(T + Ui(R)) x5 (R) = Y- Ajixs(R) = Bx;(R)

Non-adiabatic coupling: A ;; = 51'an — /drzp;f(r; R)Tn@b;‘(r; R)




Electronic SE: Full CI

Full Cl: U;(R) = (y;(R)| He |¢:(R))
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Excited states from DFT

Ensemble DFT

Zwi =1 ’LU:Z 0

EX, two states:
Ew = (1 — ’lU)EO —I— ’lUEl
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Fromager, et al. Phys. Rev. B, 95, 035120 (2017)
Gross, Oliveira, Kohn, Phys. Rev. A, 37, 2809 (1988)

Ht) =T, + V(r,R) + ey (1, 1)
n 2R (e R)

Time-dependent DFT

Response theory:
5p(w) = X()Fvert ()
Resonance condition:
x(wr) = £o0

Non-interacting system:
X(W) = Xs(W) + Xs (W) frze(w)xs(w)
EX, two states:
By — Ey =€) — €%

+(LH|frzc(Er — Eo)|HL)



TDDFT fundamentals

Runge-Gross theorem: p(r,t) — j(r,t) — 'Uappl(ra t) +c(t)

~

(i) Vappl (I', t) must be t-analytic
Constrains: <

(i I_lgglo p(r,t) =0

Runge-Gross-Vignale action principle:

o 0 .
Alp] =/ dt{Wp|(t)[H — i |Wp[(t)) — i(P[p] ()| Wp](t))
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Runge, E; Gross, E. K. U. Rev. Lett. 52 (12): 997-1000, (1984) ; G. Vignale, Phys. Rev. A 77, 062511 (2008)



Exact TDDFT

Exchange-correlation potential:

0Azc P ®o; \IJO]
U.’L‘C [p; (1)07 \IJTO](I') t) — 5[p(r t)

Interacting initial state
Non-interacting initial state  Memory

All densities from to to time t

X(w) = Xs(w) + Xs(W) fHzc (W) X5 (W)

Ve (T, w)

foc(ra rla CU) —

Op(r',w)
Exact Casida equations:

(B0 A) () —+ () o eua
Aig jp(w) = (62 — 6?) 0ij0apb + (10| frze(w) |b])
Biajb(w) = (ai] fazc(w) |b])




Adiabatic TDDFT

Exchange-correlation potential:

(B ) ()= 6)

Aia,jb ~ (62 - 610) 5’L’j5ab + (ZCL| foc ’bj)

Bia,jb ~ (ai| frzc |0])
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MBPT corrections to TDDFT

frze(w) = x5 (W) = x (W)
L y(w) = YIL(w) YT

Frze(w) = (YT (w)YT) ™" [(w) — M, (w)] (YH,(w)YH)
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foc(w) ~ H(w) o Hs(w)

Density-Functional Methods for Excited States,
Topics Current Chemistry, 368, 1-60.




MBPT corrections to TDDFT

frze(w) = x5 ' (w) — x ' (w)

Density-Functional Methods for Excited States, Topics Current Chemistry, 368, 1-60.
<S|]:I€ TE0|S> <,§'|[:]6|D> Cs — W Cs
(D|H,|S) (D|H,. — Eo|D) ) \cp ¢p

Lowdin partitioning technique: @

(SIL ~ Eol$) + (SILID) (1o ~ (DI, ~ EolD)) " (DIFLIS)| es = wes
{<S|]:Ie — Ey|S) + AD(w)} Cs = Weg

Adiabatic approximation: Dressed adiabatic approximation:

(B 2)E) () B0 A0 E)<6)




Dressed TDDFT

Full CI: 2!3,t==—313,"
AC-TDALDA/TDA: 2'3,*——
Maitra D-TDALDA/TDA: 2!3 j*=—— 313 jt—=—
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Dressed TDDFT
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Adiabatic approximation: Full dressed adiabatic approximation:
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Spin-Flip TDDFT

Spin-preserving excitation: Spin-flip excitation:

Agg,aa Agg,ﬂﬁ 0 0 +
A | Abboa Adsss O 0 . A
0 0 Alsas 0 LY A
0 0 0 A3l YR T

Spin-flip TDDFT: APEXSE = (,SEXSE
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Spin-Flip TDDFT
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Spin-flip TDDFT:

Double excitation + S=0 reference:
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From Dressed to Spin-Flip TDDFT

Dressed spin-preserving TDDFT: Spin-flip TDDFT:
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From Dressed to Spin-Flip TDDFT

Dressed spin-preserving TDDFT: Spin-flip TDDFT:
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From Dressed to Spin-Flip TDDFT

Dressed spin-preserving TDDFT:
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Spin-flip TDDFT:
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From Dressed to Spin-Flip TDDFT

Dressed spin-preserving TDDFT: Spin-flip TDDFT:
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