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The 7th instrument SXP (Soft X-ray Port)

GL: Manuel Izquierdo

https://xfel.tind.io/record/2647?ln=en

CBA
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Complete Time-resolved X-ray Photoelectron spectroscopy
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Photoelectron spectroscopy

Photoelectric effect 𝐸𝑘𝑖𝑛 = ℎ𝜈 − Φ

A. Einstein: Nobel Prize Physics 1921 
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Photoelectron spectroscopy

Gabriel Kotliar and Dieter Vollhardt

Physics Today 2004
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Soft X-rays standing wave photoemission
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Femtosecond time-resolved photoelectron spectroscopy
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Spins on an homogeneously excited sample !
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Source requirements for photoelectron spectroscopy on solids

High fluence induce non-linear effects (space charge)

Spot size is limited to ~ Ø 30 mm 

Ideal source

As many pulses as possible: MHz, CW 

Moderate flux: 106 ph/s @ 1 MHz

102 ph/mm2 104 ph/mm2

Gerd Schönhense et al.
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Available sources for femtosecond time-resolved photoelectron spectroscopy

At synchrotrons ➔ Time resolution limited to the ps

With Laser sources ➔ Energy range limited to 100 eV

Warm LINAC FELs ➔ Repetition rate limited to 100s of Hz

MHz FELs

FLASH, DESY: 23 eV – 0.3 keV, ~1 keV (3rd harmonic)

SASE3 (EuXFEL): 0.3 – 3 keV 

LCLS-II (SLAC): 0.3 – 1.5 keV (2024) 

SHINE (2025)

Current alternative ➔ SC-MHz FELs 

T. Popmintchev et al. Science 335, 1287 (2012)
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Femtosecond time-resolved experiments at FELs above 100 eV

Core-level after excitation:

Lower KE 

asymmetric

Doniac-Šunjić renormalization:

Dynamic screening of e-h pairs around Fermi

Correlation self-energy: GW diagrammatic term 

➔ Doniac-Šunjić ?

Probe

h=110 eV
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Femtosecond time-resolved experiments at FELs above 100 eV

Pump

h=1.55 eV

Probe

h=123.5 eV

Dynamics
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Soft X-ray femtosecond time-resolved photoemission

Static photo-excitation

Probe

h=647.9 eV

3rd harmonic

Pump

h=1.6 eV

CO: 3·10-8 mbar

O2  : 3·10-8 mbar

TiO2: Anatase (101)

Time-resolved
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Femtosecond time-resolved photoelectron diffraction

1.55 eV

0.5mJcm−2

337.5 eV
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Femtosecond time-resolved photoelectron diffraction

h=113 eV

h=1.55 eV

4.2 mJ/cm2 Bi2Se3
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SXP instrument layout

ALAS

alignment

laser

KB

Kirkpatrick Baez 

x-ray optics

PAM

photon arrival

time monitor

LIN

laser

incoupling

TR-XPES

station

AIBS

Active instrument

beam stop

NOPA

laser transport

via SCS laser hutch

OPA

optical

parametric

amplifier

pulse

compression
synchronized
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EUV

HHG 
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ALASKBSPAMLIN

TR-XPES

Model and real implementation of the SXP instrument

First experiments: TR-XPES (Time-resolved photoelectron spectroscopy on solids)

SXP instrument
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Experiment setup and laser capabilities

Pump Laser

800 nm, 1030 nm & harmonics outputs 

OPA @ 118 KHz

Momentum microscope spectrometer

Large angular cone ~ 40⁰

MCP-DLD detector

Dk ~ 0.06 Å-1

DE ~ 130 meV

Spin integrated

Omicron type mount for solid samples

Load lock for fast sample insertion

LEED and preparation chambers  

MCP-DLD

MCP-DLD
Spin-filter

spin integrated

drift branch

spin resolved 

drift branch

Sample

Beams

20 K cryostat

Sample transfer

k-aperture

1st achromatic k-image

(back focal plane)

Field-aperture

1st real space-image

Review of Scientific Instruments 91, 013109 (2020)

PEEM ARPES
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FEL commissioning

KB focus commissioned @ 1 & 2.5 keV, best horizontal focus 10 mm

YAG

Imprints

2 x 37 mm2
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FEL, Optical Laser & momentum microscope commissioning 

ALASKBSPAMLINTR-XPESIBS

FEL

LAS

FEL

LAS

TRIGGER

Au/Si chessy with Hg lamp

Au/Si chessy with FEL @ 1 keV

Au/Si chessy with FEL + Hg lamp
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SXP first results: spatial mode

Au/Si chessboard sample 

Hg lamp FEL @ 1 keV

Au 4f

Si 2p

FEL @ 1 keV

Graphene/Ir(111)

2 x 37 mm2

50 x 110 mm2
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SXP first results: static angular mode

Graphene/Ir(111)

Valence band

GeTe

Core levels/XPD 
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SXP first results: time-resolved experiments

WSe2 /patterned Au/Mica

FEL @ 1 keV, 4.5 MHz, 400 mJ

PPL @ 760 nm ➔ resonant frequency of the system, 4.5 MHz (first time)

First completed experiment, beamtime too short !

Surface photovoltage W 4f CL shift ➔ charge transfer?

FEL transmission

~ 0.003 % @ 400 mJ

Hg lamp
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Thank you for your attention!

Contact:

sxp@xfel.eu or manuel.izquierdo@xfel.eu

Webpage: https://www.xfel.eu/facility/instruments/sxp/index_eng.html or browse for SXP XFEL

mailto:sxp@xfel.eu
mailto:manuel.izquierdo@xfel.eu
https://www.xfel.eu/facility/instruments/sxp/index_eng.html
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Femtosecond time-resolved experiments at FELs below 100 eV

Pump

h=3.2 eV
Probe

h=35 eV
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Soft X-ray femtosecond time-resolved photoemission

h= 495.8 eV

Pump

h=1.6 eV
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Soft X-ray femtosecond time-resolved photoemission

Probe

h = 645 eV

3rd harmonic

Pump

h=1.6 eV

H2O : 3·10-8 mbar

TiO2: Anatase (101)

T= 295 K

T= 160 K


