Ultrafast core level spectroscopy on FELSs:
XPS and XPD
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‘% XPS: chemical sensitivity and many-body effects
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XPS: chemical sensitivity and many-body effects

0 H H
F. | . ” Lorentzian line shape (lifetime)
FF ~C—C—0 (|:H E -

broadening by phonons
in the excitation process

o J (Lorentzian convoluted with Gaussian)
I (O
' [}
}’ *’ L’ 11
| | | for metals: asymmetric because
= | | of electron-hole pair excitations
u u \“‘ (Doniach-Sunijic)

1 T

&V 10 8 6 4 2 0 Eg=291.2eV
CHEMICAL SHIFT

INTENSITY

U. Gelius, et al. J. Electron Spectrosc. Relat. Phenom. 2, 405 (1973) P. H. Citrin et al., Phys. Rev. B 16, 4256 (1977)



Following the geometrical changes in a surface
reaction: Dehydration of Ethylene on Ni(111)
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X-ray Photoelectron Diffraction (XPD, PhD)
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X-ray Photoelectron Diffraction (XPD, PhD)
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Following the geometrical changes in a surface
reaction: Dehydration of Ethylene on Ni(111)
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photoemission intensity

Following the geometrical changes in a surface
reaction: Dehydration of Ethylene on Ni(111)
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Following the geometrical changes in a surface
reaction: Dehydration of Ethylene on Ni(111)

C 1s XPS C 1s photoelectron diffraction
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Coherent phonons

on Bi(114) on BixSes
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Ultrafast core level spectroscopy on FELSs:
XPS and XPD
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e Track binding energy, lineshape and intensity, resolved in time and angle.

e QOr at least:

Intensity: angle-resolved, time-resolved lineshape: time-resolved but angle-integrated
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ultrafast XPS @ FLASH

C
3 2mJ/cm2 B Bulk -yttt Pttt prr b
’g_ 6 " Surface
b 'S_II;' [ Sideband
5 4 it
a
2 2 : :
o 1s00ps Partial suppression and
z . recovery of CDW in
ps
1T-TaSy
— 750 ps
i
(=
8 = 500 ps
%‘ 4 > 350 ps
a »
f‘éﬁ 2 § 100 ps
50 =
3
=
2.1 ps
Binding Energy (eV) Bl e ) 0.3 ps | .
E 600 ¥ T3PS -
ng s . " . -1.5 pS j’ 550__ \ }{
® |ow repetition rate, inefficient electron et
detection, low count rate Res Cl0l 0L Sl Mowe
-26 -25 ‘24 '23 - O Delayz(ps) i ;

® space charge i fad

M. Dell’Angela et al., Surf. Sci. 643, 197 (2016) S. Hellmann et al., New Journal of Physics 14, 013062 (2012)



momentum microscopy @ FLASH
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® much more efficient electron detection

® space charge issues
D. Kutnyakhov et al., Rev. Sci. Instr. 91, 013109 (2020)
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ultrafast XPS line shape analysis
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electronic temperature from XPS lineshape
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» €lectronic temperature from XPS lineshape
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electronic temperature from XPS lineshape
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time-resolved XPD: coherent phonons in Bi2Ses
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time-resolved XPD: coherent phonons in Bi2Ses

time-resolved structure (preliminary)
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conclusions

® promising initial experiments for time-resolved XPS and XPD with new and
unexpected effects

® very challenging experiment in terms of achieving sufficient statistics
® space charge continues to be a real issue

e substantial gain at XFEL due to higher photon energy range
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