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What is chirality ?

« A chiral phenomenon or object is not identical to its mirror image. »
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Chirality

Fundamental broken symmetry in nature.
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Fundamental broken symmetry in nature.
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Chirality

Fundamental broken symmetry in nature.

...can emerge at any length scale.

Ubiquitous from astrophysics, to architecture
to molecular physics.

?OOH Right-handed:
C, .—>
o Ny, p
HN- V"R >
H S

Molecule Subatomic



Chirality

A chiral object can be discriminated via its interaction with another chiral object.

How to do this in the lab ?
Mint Dill
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Photoelectron Circular Dichroism

Ritchie ef al., Phys. Rev. A 13, 1411 (1976)

Circularly polarized light 1s chiral.
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Photoelectron Circular Dichroism
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The asymmetry reverses 1f the molecular or the light handedness 1s changed
Ritchie ef al., Phys. Rev. A 13, 1411 (1976) 13



Photoelectron Circular Dichroism

Left m %} 2(L-R)/(L+R)
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1-10 % asymmetry !

PECD has been studied in Synchrotron since 2001

Bowering et al., Phys. Rev. Lett. 86 1187 (2001) ; Lux et al., Angewandte Chemie 51, 5001 (2012) 14



Ultrafast meets chirality

Using ultrafast (femtosecond = 10" s) laser pulse to study molecular chirality

- Different 1onization regime

- Ultrafast temporal resolution
(pump-probe)

- Access to delays 1n the
photoelectric effect
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Ultrafast meets chirality : Question #1

Does PECD exists 1n all 1onization regime ?

1
|—r——1-—1-—r-——1-:

a) single-photon ionization b) multi-photon ionization c) tunnel ionization
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Ultrafast meets chirality : Question #1

Does PECD exists 1n all 1onization regime ?

n
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b) multi-photon ionization

c¢) tunnel ionization

We can use the strong-field/attosecond science toolbox to study chirality.
Beaulieu ef al., New J. Phys. 18, 102002 (2016) 17



Ultrafast meets chirality : Question #2

Can we extend PECD to time-resolved studies of
ultrafast molecular dynamics ?

PECD(t=t,) PECD(t>t,)




Ultrafast meets chirality : Question #2
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Comby, Beaulieu ef al., JPCL 7, 4514 (2016)
Beaulieu et al., Faraday Disc. 194, 325 (2016)



Ultrafast meets chirality : Question #3

Can we create a forward-backward asymmetric electron distribution
in bound states ?
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Beaulieu et al., Nature Physics 14, 484 (2018)



Ultrafast meets chirality : Question #4

Chirosensitivity/asymmetry of photoionization time delays ?
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Ultrafast meets chirality : Question #4

Chirosensitivity/asymmetry of photoionization time delays ?
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Beaulieu et al., Science 358, 1288 (2017)



Ultrafast meets chirality : Conclusions

Interaction between extreme light and chiral molecules allows getting

previously unaccessib!
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e information about chirality, on ultrafast timescales.
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Novel chiral observable : PXCD
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Now : trARPES on 2D topological materials @ FHI Berlin
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