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Charge Migration in Phenylalanine

— J. Phys. Chem. Lett. 9, 1353 (2018) —
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Experiment Calegari et al. Science 2014



Choose a convenient basis
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How good this Hamiltonian is
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depends on the physics we are

Interested In. Here we assume it IS a

good Hamiltonian

Many-body Hamiltonian

H = thcﬁd + = Z%mn did'dd

h = hKS — VHxc
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Wavefunction description

After the pulse

TN (1) = g e Y)Y e te BT R g w
Ik

neutral cationic
State states

Single-particle density matrix

pij () = (U (t)|dld; |V (1)) = pfy + piy (1)

]

Time-dependence of observables contained in p" ~'(t) , a quantity

independent of p”"



NEGF description

{zi — hHF(z)} G(2,2") =6(2,2") + Tion(2,2") + Lc(2,2")

dz //
T (2.7) = / B25 (22)G(5 )

>.c.ij(z,Z) @ correlation self-energy

Yion,ij (2, 2) = Z (E(2) - Dix) gx(2,2) (E(2Z) - Dg;) :ionization self-energy
k

GKBA

p(t) +1 [hHF (t)v p(t)] — _IC(t) - Iion(t) — h.c.

K/

I...(t) — I< (ta t)
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p(t) +1 [hHF (t)a p(t)] — _Ic(t) — h.c.

_;]1 Initial state
v

P o i o)
computed with an adiabatic

switched-on interaction Initial-correlation
/ integral (PRB 2018)

p(t) + i [hur (1), p(t)] = —Ze(t) — Lion(t) — Zic(t) — huc,,

low-intensity fields imply highly accurate thermalizations for the
pump-induced variations to overcome remnant fluctuations; out of
reach

thermalization is not always guaranteed: GKBA stability is system
dependent

Q Huge eftort to correct only slightly the HF ground state



9 L Initial state
Current solution in 2nd Born

In the absence of external field

p(t) +1 [hHF (t)a p(t)] = —1. (t) — h.c.

Explicitely Z.=Z5(t) —Z7(t) Wmgsj = Umgsj — Umgjs

(4
IS() = Y VirpnWings) /O dt’ G,%m(t,t’)qu(t,t’)G?T(t’,t)ij(t’,t).

mnpqrsk

We split the set of interacting HF levels in occupied and ™~
unoccupied. —/
We set to zero all Coulomb integrals with more than two *\ i
indices in the unoccupied sector A

* HF density matrix is stationary



_jl Initial state
Current solution in 2nd Born

In organic molecules the correlated ground state is very close to the HF
ground state

Comparison of HF occupations in a model glycine using CI

CI From HF ground state

CI From exact ground state




?; Mixture consistency

After the pump
pij(t) = (T()|dId;[T(t)) = p + p} ' (t)

Since the sectors with N and N-1 particles are independent, solving
p" +i[hurlp"], p" | = —Zclp"] —hec.
p" i [hup[p™ T N T = —Ze[p" ] — he (1)

N—1

and calculating p = p" +p should be equivalent to solving

p + 1 [hHF [/0]7 /0] = —Z1. [/0] —h.c. (2)

However, this is not even true in HF. Since all time-dependence comes

from p" ~' is it more accurate to solve (1) or (2)??



?2 Mixture consistency
Empirical evidence and more tests

From comparisons with Cl we found more accurate to work with a
mixed density matrix as generated by the ionizing pump

Systematic tests are needed

They are centainly possible in HF

Beyond HF the NEGF equations should be solved either using the
correlation blocks (PRB 2012) or a clever Hamiltonian on the vertical

track



lonization

The ionization selt-energy

with { 7

is accurate only for single-photon ionization

- [WANTED-|
The non-perturbative ionization self-energy is

Yion,ij (2, 2) = Z (E(2) - Dik) grr (2, 2) (E(Z) - Dyj)
Kk’

where continuum-continuum

coupling ‘k\\\\\\\\
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lonization

The ionization self-energy

Sion,ij (2, Z) = Z (E(2) - Dik) gk(2, 2) (E(Z) - Dy;)
k

i— —er| gr(2,2") = 0(z,2")

dz

IS accurate only for single-photon ionization

Currently, continuum states for dipole couplings are the
unoccupied KS states

Improvements are possible, see e.g. Ruberti et al J. Chem Phys. 141,
164126 (2104), but they need to be checked



{1 Correlation in excited states

The ubiquitous spin-exchange scattering

spin-exchange

U2424

cationic
state




{_4_, Correlation in excited states

Shake-up processes are described by the second-order self-energy

2 =

U2314
— U2314

—k

3

Spin-exchange requires diagrams beyond 2B
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{_t Correlation in excited states

Shake-up processes are described by the second-order self-energy

U2314
U2314

U2424

Spin-exchange requires diagrams beyond 2B

Which are the relevant diagrams? Certainly infinitely many

Can they be included without spoiling the computational gain of
GKBA?

Is the self-energy or the collision integral the most convenient
quantity for approximations?



E?i Auger decays

<

Interaction with continuum states has to be included

* Unfeasible size of the density matrix for NEGF



g‘ Auger decays
- A possible solution — PRA 2018

p(t) +ilhur(t), p(t)] = —Zc(t) = Lion(t) — Lic(t) — Iauger(t) — h.c.

4—————________—
quger,ij(t’f) — Z: ZGr%n(t’f)

mn pq @ continuum index

<, S T A A A A

X [AGi(t,l-)G;q(t,t)(viqmuwunpj viqumwnﬂpj)
< — > - A A

+ G5, (6,DG 5 ()], wncmj]’

fu = =T ulo, f1—T5p, ]
T,.(0) = [O ATLK, (1D 20 + K5, (D) £7 (D]

</, 7 : A A
= —
KW(t,t) = E Vrom Wngsy

mn pq sr

X Gngqn(taf)Gpgq (t,f)Gszr(lT,t)e_iév(f_t)



Auger decays
Open problems

Focussing on the p - dependence

p= Al + Y B [plourw,s f,
I1Ju

fu — Z Cij[P]Uulqufu

IJu

The continuum occupations are, in general, anisotropic
due to anisotropy of Coulomb integrals

Too many continuum states! (23

Is it possible a description in terms of reduced quantities like, e.g.

fle) = ZQ(Eu)fu5(€ —€u) ?



gﬁ Auger decays
Open problems
I\

4+
44— 43—
%_ 4*_*7 -matrix in the

particle-particle channel
O How to deal with it?
“ What is >.,., 2,y ?
C C
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