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From an informal survey it From an informal survey it 
turned out that turned out that three Fermi three Fermi 
beamlines (EIS-TIMEX, beamlines (EIS-TIMEX, 

EIS-TIME, Magnedyn) lack EIS-TIME, Magnedyn) lack 
of even basic numerical of even basic numerical 
tools to interpret and tools to interpret and 
predict the Experimental predict the Experimental 

datadata..



  



  



  

...and the theory?!?!...and the theory?!?!



  

The “Gap” (I)The “Gap” (I)



The Ab-Initio “Way”The Ab-Initio “Way”



  

The “Gap” (II)The “Gap” (II)
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Anomalous ultra-fast Anomalous ultra-fast 
carriers and gap dynamics carriers and gap dynamics 

of Black Phosphorusof Black Phosphorus

Ultrafast electronic Ultrafast electronic 
dynamics across the FeRh dynamics across the FeRh 
magnetic phase transitionmagnetic phase transition
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carriers and gap dynamics carriers and gap dynamics 

of Black Phosphorusof Black Phosphorus
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In the heaven of a theoretical 
physicist there are only diagrams...





...is collaborative...is collaborative

2015

Advanced computing of excited state properties in Advanced computing of excited state properties in 
solids and nanostructures with Yambosolids and nanostructures with Yambo

24th - 28th April 2017 24th - 28th April 2017 

CECAM-HQ-EPFL, Lausanne, SwitzerlandCECAM-HQ-EPFL, Lausanne, Switzerland



...is part of communities...is part of communities

Automated Interactive Infrastructure 
and Database for Computational 

Science



...is part of communities...is part of communities

http://www.max-center.eu/http://www.max-center.eu/

http://www.nffa.eu/http://www.nffa.eu/

http://www.etsf.eu/http://www.etsf.eu/



DesigningDesigning  materials with materials with 

High Performance ComputingHigh Performance Computing



...is performant

+
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New materials search: a paradigm shiftNew materials search: a paradigm shift

(TD)DFT(TD)DFT

MBPTMBPT

NEGFNEGF
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Quantized Electrons, Quantized Electrons, PHOTONSPHOTONS & PHONONS & PHONONS

H (t )=h0+H e−γ(t )+H e−e+H e−n
H (t )=h0+H e−γ(t )+H e−e+H e−n

The Equilibrium Hedin “Pentagons”The Equilibrium Hedin “Pentagons”

R. van Leeuwen et al, Time-Dependent Density Functional Theory, Springer Berlin Heidelberg, 2006, 33-59 R. van Leeuwen et al, Time-Dependent Density Functional Theory, Springer Berlin Heidelberg, 2006, 33-59 

P. Melo, AM, PRB 93, 155102 (2016)P. Melo, AM, PRB 93, 155102 (2016)

P. Melo, AM, PRB 93, 155102 (2016)



  

The Equilibrium Hedin “Pentagons”The Equilibrium Hedin “Pentagons”

Hedin’s setHedin’s set

Extension IIExtension II

GWGW

Extension 1Extension 1



  

EQ  NEQ (BKE)→ NEQ (BKE)EQ  NEQ (BKE)→ NEQ (BKE)



  

BKEBKE

““Simulator”Simulator”



  

The AnsatzThe Ansatz
G<

(t , τ)≈i [Gr (t−τ)G<
(τ)−G<

(t)Gr (t−τ)]

The Generalized Baym Kadanoff AnsatzThe Generalized Baym Kadanoff Ansatz

S (t , t ' )≈S (T )



  

NEGFNEGFDFTDFT

AiNEGFAiNEGF

DFTDFT

AiMBPTAiMBPT

The “Bridge”The “Bridge”

i ∂
∂ t
G <

(t , t )=[hDFT+Σs (t) ,G
<
(t , t )]+S <

(t )



The adiabatic ansatzThe adiabatic ansatz

E. Perfetto, D. Sangalli, E. Perfetto, D. Sangalli, AMAM and  and 
G. StefanucciG. Stefanucci

Phys. Rev. B Phys. Rev. B 9292, 205304 (2015), 205304 (2015)

χ (t ,t ') χ (t ,t ')≈χ
τ
(t−t ')The Adiabatic The Adiabatic 

RegimeRegime

The adiabatic ansatzThe adiabatic ansatz

NEGFNEGF
EQ EQ 

MBPTMBPT



  

Some of the approximations Some of the approximations 
usedused

G<(t ,τ )≈i [Gr (t−τ)G< (τ)−G<(t)Gr (t−τ)]
Generalized Baym-Kadanoff ansatzGeneralized Baym-Kadanoff ansatz

Static screeningStatic screening

Diagonal lesser GF (in the collision integral)Diagonal lesser GF (in the collision integral)

Diagonal self-energiesDiagonal self-energies

Completed Collision ApproximationCompleted Collision Approximation

∫
−∞

t
f
n k⃗

(τ )(...)≈ f
n k⃗

(t)∫
−∞

t
(...)

Retarded GF is not evolved on-the-flyRetarded GF is not evolved on-the-fly
G(r )

( t , τ)≈G(r , frozen)
( t−τ)

A. Marini, Journal of Physics: A. Marini, Journal of Physics: 
Conference Series 427, 012003 (2013)Conference Series 427, 012003 (2013)



The adiabatic ansatzThe adiabatic ansatz

NEQNEQ

EQEQ

PhotoemissionPhotoemission

AbsorptionAbsorption
KERR angleKERR angle

PhotoluminescencePhotoluminescence

Raman & Phonon Raman & Phonon 
assisted processesassisted processes
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Anomalous ultra-fast 
carriers and gap dynamics 

of Black Phosphorus

Ultrafast electronic 
dynamics across the FeRh 
magnetic phase transition

Anomalous ultra-fast 
carriers and gap dynamics 

of Black Phosphorus



Time Resolved Angle Resolved Photo EmissionTime Resolved Angle Resolved Photo Emission



  

Photocarrier-induced band-gap renormalization andultrafast charge Photocarrier-induced band-gap renormalization andultrafast charge 
dynamics in black phosphorusdynamics in black phosphorus
[S. Roth,..., AM and M. Grioni, in press on 2D Materials][S. Roth,..., AM and M. Grioni, in press on 2D Materials]



  

Photocarrier-induced band-gap renormalization andultrafast charge Photocarrier-induced band-gap renormalization andultrafast charge 
dynamics in black phosphorusdynamics in black phosphorus

[S. Roth,..., AM and M. Grioni, in press on 2D Materials][S. Roth,..., AM and M. Grioni, in press on 2D Materials]

file:///home/marini/01%20Perugia/7.5E7_FWHM_25fs_ep_71K_rad_adapt.avi
file:///home/marini/01%20Perugia/6E7_FWHM_25fs_ep_71K_rad_adapt.avi


  

Photocarrier-induced band-gap renormalization andultrafast charge Photocarrier-induced band-gap renormalization andultrafast charge 
dynamics in black phosphorusdynamics in black phosphorus

[S. Roth,..., AM and M. Grioni, in press on 2D Materials][S. Roth,..., AM and M. Grioni, in press on 2D Materials]

The GAP!The GAP!



  

Magnetization dynamics in FeRh: Experiment and First principles simulationsMagnetization dynamics in FeRh: Experiment and First principles simulations
[Federico Pressacco, Davide Sangalli, Andrea Marini, [Federico Pressacco, Davide Sangalli, Andrea Marini, 
FaustoSirotti, Matteo Gatti, Steinn Ymir Agustsson, in FaustoSirotti, Matteo Gatti, Steinn Ymir Agustsson, in 

preparation]preparation]

BKEBKE

Phase TransitionPhase Transition



micromicroMACROMACRO
Transient reflectivity SiliconTransient reflectivity Silicon

((D. Sangalli, S. Dal Conte, C. Manzoni, D. Sangalli, S. Dal Conte, C. Manzoni, 
G. Cerullo and A. Marini,  PRB G. Cerullo and A. Marini,  PRB 93, 93, 

195205 (2016)195205 (2016)))

0.1%!!!!0.1%!!!!
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EQ-MBPT extended to NEQ: wrong decay ratesEQ-MBPT extended to NEQ: wrong decay rates

[D. Sangalli, AM, EPL, 110 (2015) 47004][D. Sangalli, AM, EPL, 110 (2015) 47004]

f (t)≠f (0)e−γeq tf (t)≠f (0)e−γeq t

EQ people approaching NEQ use EQ 
concepts! Erroneous definition of 

decay rates.

We do need reliable and 
quantitatively accurate tools 

OUT-of-EQ 



  

EQ people approaching NEQ 
use EQ concepts! 

Excitons=BSE. Is it correct?

EQ-MBPT extended to NEQ: e/h ExchangeEQ-MBPT extended to NEQ: e/h Exchange



  

Beyond the one-body density matrix?Beyond the one-body density matrix?

““Real”Real”
ExcitonsExcitons
Dynamics?Dynamics?



  

Laser Coherence: EOM, dissipation, dynamics ?Laser Coherence: EOM, dissipation, dynamics ?

AtomicAtomic
displacementsdisplacements

MagnetizationMagnetization

PolarizationPolarization

[AM, Y. Pavlyukh, PRB 98 075105][AM, Y. Pavlyukh, PRB 98 075105]

( d
2

dt2
+Ω

2)⟨b(t)+b+
(t)⟩∼F [ E⃗ ,ρ(t , t)]



  

Transients. Example: Pump field effects.Transients. Example: Pump field effects.



  

Time evolution: intrinsically serial!Time evolution: intrinsically serial!

tt

t+dtt+dt



  

HUGE request of theoretical support!HUGE request of theoretical support!



  

Test & ValidateTest & Validate



  

G. Stefanucci G. Stefanucci 
(Phys.Dept. Rome)(Phys.Dept. Rome)

A. MariniA. Marini D. SangalliD. Sangalli
(postDoc)(postDoc)

E. PerfettoE. Perfetto
(postDoc)(postDoc)

Division of Ultrafast Division of Ultrafast 
Processes in MaterialsProcesses in Materials

  CNR-ISM,Montelibretti, CNR-ISM,Montelibretti, 
ItalyItaly
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