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Motivations

The Time-dependent
Bethe-Salpeter equation - .

Absorption in strong puised. fields. GaAs

Exciton collapse caused by Pauli blocking: h-BIN



Motivations (1): Non-linear phenome

Especially in the linear regime, there are no
. . populations of electrons, holes or excitons at
Linear OP'\'lCS: all=that is, The sysfem is unexcited—and a

- Weak perfurbations probe beam merely tests the transition

-
Conduction band —

possibilities of the system. (...) Clearly, in
the linear case this cannot have any relation
to 1the possible existence of exciton
populations, (S.W. Koch, Naf, Mafer. 5, 523
(2006)7

- Low carriers density

Valence band —

k —

P(t)

Non—linear phenomena:
- Strong perturbations
(comparable to the electric
field inside the atom)
. High carriers densify
(=10%* cm™?)

1f the series does not

converge we have Non

Perturbative effects.
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Motivations II)." Non-linear phenomena

Non-=linear phenomena » ‘? .
& B FLASH I

Saturafion Phenomena

X-ray induced transparency in Al
(Nagler. Nature, 2009)

DouBLE BUBBLE,
a | PAIR BUBBLE,
PARTICLES AND HOLES,

High—gain materials Severe

Amplified light emission in - g —

aligned polymers (1.B. Matrtini. : : J(GSJ“V]Q gvow\ol fOY
Nature, 2007) Nano opfical devices Many—Body Theories

Single-molecule (Hwang. Nature, 2009) and
Carbon Nanotube (Tans, Nature, 1998)
optical transistors

1+1:42



Non-equilibrium Green's function Theory in a DFT framework

Any observable is a functional ot the Green's functions ( G7)
DFT (Ab—Initio) NEGF theory

Perturbations
d s ‘)
¢ iEGnmk(t):[Hk_l_Uk(t):Gk (t>]nm+1nmk(t)

Kadanoff &.Ba%m
Equations, 1962

prT+near P AINEGF -

Kadanoff—Baym *statistical Mechanics* (1944)

Marker of potential

Nc(t):—lz G’;k(t> » non—perturbative
nk

/ Péva‘meTev free, oFFocte
predictive and accurafe
< ) Absorption in the
/ Valid out—of —equilibrium P(t)ocz Finnk Gm”k(t) Linear Response limif
mnk ( ) X and Probe absorption
' Plw in Pump&Probe
/ Va.\nol beyond the X(m):— experiments
linear response E((’O)




The Time-dependent Bethe-Salpeter Equation

iiG:mk(t):[hEFT‘FUk(t)‘l‘Vf(t)_V_f(t)‘FZiOHSEX(t>_ZiOHSEX(t),G;(t)]nm

ot
By subfracting the unperfurbed (underlined) Poster Mqv‘ta av&ning
Harfree and XC_it reduces to the standard C Attacealite. M. Grini
DET+6W+BSE approach in the linear regime \" aooa(;e;: M. runing
) and A.M,
/ 11 leads To a ‘controllable” dynamics in the high— / ArXive: 1109, 2 42 4V4
order Green's function, /
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Time-resolved absorption in strong pulsed fields: GaAAS (I)

L. Huang, PRL o, 185 (14917)
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The Method .x. Benedict Prs 3, 015202 (2001))

T—dependent
occupaTions

Standard BSE

The TD—BSE (at each time)

(

v (O)=Ed,+f7 (6)(2V,—W,)
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R. Huber, Nafure 414, 286 (2001)
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Time-dependent absorption of GaAs: Results (1)

DOS
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Time-dependent absorption of GaAs: Results (1)

8

.Expevimem (PumpaProbe) ‘ Experiment (unperfurbed)
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In confrast to previous studies tL.x. Benedict PRB ¢3, 015202 (2001))
the non—equilibrium carriers dynamics is fully Ab—1nitio,
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Exciton collapse by Pauli blocking in hexagonal BN
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The injection of
carriers in the
excitonic packed

100 150

fime () causes its
The TD—BSE correctly collapse due to
Pauli blocking

/ enhances the carriers
excifation when the pulse is
resonant with the exciton
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Conclusions. .. *‘ 2

Ab—1Inifio based out of-—
the—equilibrium calculations
for solids and
nanostructures are now
possible,., with MANY
possible applications...
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