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Overview

X-ray photoelectron spectroscopy (XPS)

Y

X-ray photoelectron diffraction (XPD)

Key questions

Fundamentals of techniques
Analysis & interpretation

e Moving to the ultrafast regime
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X-ray photoelectron spectroscopy (XPS)

analyzer
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hv ~10s - 1000s of eV

sample




X-ray photoelectron spectroscopy (XPS)

analyzer

monoenergetic light:
hv ~10s - 1000s of eV

T IT T YT YT T Y Y YT P PR

sample

o chemistry g
L « magnetism/spin §
| « electronic i
b states close to
. Fermi level

>
O

95.5 K
Intensity




X-ray photoelectron spectroscopy (XPS)

analyzer

monoenergetic light:
hv ~10s - 1000s of eV
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Photoemission lineshape
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(phononic excitations, experimental energy resolution)

Hughes & Scarfe—J. Phys.: Cond. Matt. 8 (1996) 1421
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Photoemission lineshape

oo . . 2,2 T0 eiE,t —_
I(E) x J [e Ele ik p=Alll =53~ % exp(“ J(E") I dE")|dt
— 00 O A
Ee lo.w-energy lo;se;
during photoemission

S J(E’): density of excitations (T=0K)

Hughes & Scarfe—J. Phys.: 2
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Extending our model to dynamical systems

Image: J. M. Harms, MPSD e o e wr
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Extending our model to dynamical systems

Image: J. M. Harms, MPSD
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Extending our model to dynamical systems

Image: J. M. Harms, MPSD s s e

o chemical processes ]

 e-ph coupling ,

Analyzer 7S |« Optical excitations of |

I magnetic/spin states |

 « physics in conduction
. band

up to ps

>
)
T TP ETETET R Y/ S P T T T T TR T
S PP P PP F e P PR EE T ETE P LLIm
ST rr P77 Py P rPETREYLTY
S Yy Y PP P PPEPERYE Y
T rr PP PP R PP RPEEPREEEY
> F B B B B &2 B B B = B B R BE B B B B O5.5 K

Sample Intensity




Free-Electron Laser (FEL) FLASH PG2 Beamline
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XPS: quasifreestanding monolayer

graphene
hv = 337.5 eV, C 1s
15 WL
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Binding energy (eV)

pump fluence:
0.5 mJ/cm?

~ t resolution: 210 fs

E resolution: 190 meV

.. Phys. Rev. B 103 (2021)

L161104
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Photoemission lineshape: pump-
induced changes, high electronic temps
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Photoemission lineshape: pump-
induced changes, high electronic temps
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Photoemission lineshape: pump-
induced changes, high electronic temps
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Photoemission lineshape: pump-
induced changes, high electronic temps
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Fitting the pumped lineshape

red: data
blue: fit
hv = 337.5 eV, C 1s green: asymmetry kernel
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Fitting the pumped lineshape

LI B 30
Te = 1190 (c)

e Electronic temps extracted
from fitting, using model

e Consistent with earlier work
based on angle-resolved
measurements: Phys. Rev.

Lett. 111 (2013) 027403
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Electronic temperature fitting

Phys. Rev. Lett. 111 (2013) 027403
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Fitting the pumped lineshape
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Fit to 3-temp model yields e-ph coupling
constants:

7\opt = 0.06
)\acous = 0.0029

Phys. Rev. Lett. 111 (2013) 027403
Phys. Rev. B 86 (2012) 161402(R)
Phys. Rev. B 76 (2007) 205411
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Recap so far...

= Through detailed lineshape fitting, we can extract detailed
iInformation about surfaces:

= Chemistry, electronic properties, ...
= With pump-probe, we can further investigate:

= Evolution & decay of excitations in electrons and lattice, at
short time scales and in strongly-out-of-equilibrium systems

= Time-dependent changes in chemistry, electronic properties, ...

= Can we use these techniques to gain information about structure?
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X-ray photoelectron diffraction (XPD)
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X-ray photoelectron diffraction (XPD)
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X-ray photoelectron diffraction (XPD)

2D Mater. 5 (2018) 035012
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Quantum

interference:

e encode geometry/
symmetries of local
structure

e depend on emission
angle
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Intensity (arb.units)

X-ray photoelectron diffraction (XPD)
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Intensity (arb.units)

XPD
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Intensity (arb.units)
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XPD analysis
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XPD analysis
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Range of applicability

hv . @« surface sensitivity
< .5
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Can we take this to the time domain?

= Dynamical studies of
= Structural changes

= Phonon modes
s Combine chemical/electronic info from XPS with

structural information from XPD:

Intensity
(arb units)

Phys. Rev. Lett.
i 74 (1995) 3069

Science and g :
Technology 2 A \
Facilities Council i - ]
Nat. Comm. 146 (2019) 146 B IECIE 34
Kinetic Energy (eV)




Can we take this to the time domain?

= Dynamical studies of
= Structural changes
= Phonon modes

= Combine chemical/electronic info from XPS with structural
iInformation from XPD:

= Correlated states: charge density waves, etc.
= “Movies” of surface catalytic processes, photocatalysis

= Local geometric information about adsorption sites from
XPD 110

Nature 368 (1994) 131
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Pump-Probe XPD

Image: J. M. Harms, MPSD
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Time-of-flight momentum microscope
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XPD: Bi2Ses
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Allg phonon mode

s Coherent mode
s 2 THz / 500-fs oscillation

= 140-fs time resolution
INn measurement

= 3-ps decay time
= Easy to pump

Se
Bi
Se
Bi

Se

39



Time-dependent measurements

diffraction pattern

(@) detector
Momentum
X-ray probe microscope
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Time-dependent measurements

Measured

At = -0.275 ps At = 0.675 ps At = 0.925 ps At = 1.525 ps
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Time-dependent measurements
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Time-dependent measurements
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Surface-softened phonon mode

(@)
X-ray probe

optical
pump
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Surface-softened phonon mode

= Approx. 500-fs period of
oscillation, few-ps decay
time

= Consistent with 2-THz Allg
softened mode at surface

Phys. Rev. B 87 (2013) 054301
Science 357 (2017) 71

0
<
t5—-0.02
>

A
< 0.02
3 o

~~
§
~—|

7

7

Pump-probe delay f (ps)
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Outlook

Intensity
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