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Adapted from Laurenz Rettig, Fritz Haber Institute
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Explanation?

Crystal Distortion 2

5 10%
Lattice-Orbital-Spin
Interactions

10 40pd ™™ 1ns
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Motivation

Explanation?

Crystal Distortion 2
5 10%

Lattice-Orbital-Spin

Interactions

10 40pd
Ab-Initio?

* aIn similar experiments * aNature 617, 73{78 (2023)
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tanh(! q =2kg T) exp

lonic displacement: R,
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Phonon Momenta: Py
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lonic displacement. R
Phonon Coordinate: zq
Phonon Momenta: Py
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h [
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Scalable Ab-Initio Electron-Phonon Dynamics

lonic displacement. R
Phonon Coordinate: zq
Phonon Momenta: Py

Rp /o q éque (a)zq
Pp/  €9Fre (q)Pq

Dynamics Not Limited to Harmonic Motion

h |
\é\(] — Q » Mexp tanh(! q :2kBT) Z-g + P'qz

Position Identical to Existing Static Methods
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hexagonal Boron Nitride (hBN)

Tight Binding (TB) Model:
1
2
+ At alle +cc

+2q M(q; ;9 (k;q))

Rw (X) =

!q(Frq2 +z§)

Density Functional TDDFT Real Space Supercells
Perturbation Theor Real Time
- Y LDA xc-functional
Input:
g ;e (a)
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Application

Circularly Polarized Pump
Ultrafast: FWHM 4.15 fs
Intense: 79 1011 W,

cm?
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Application

Circularly Polarized Pump

FWHM 4.15 fs

Only Populates one Valley
joki?(t) = JTr[~(t) jnkihnkj] j2
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Transient Absorption Spectroscopy

Pump with Circularly Polarized Light
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Application

e
TB Model

TDDFT
1800 atoms!

11 Kevin Lively Ultrafast Phonon Mediated Inter-valley Scattering with Tailored



Application

Highly Intense (8 TW=cm?), o -resonant pumping ! 0:1Egap

Trefoil Pump

Mitra et. al Nature 628, 752{757 (2024)
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12

Highly Intense (8 TW=cm?), o -resonant pumping ! 0:1Egap

Trefoil Pump
Linear Probe

Signal from Third
Harmonic
Ellipticity

Mitra et. al Nature 628, 752{757 (2024)
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Application

TB Model: STEF

50fs after the pulse
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