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Function by interfaces (“1 + 1 > 2”7)

“The interface is (still) a new material, the device, and the catalyst.”

Insulator + insulator
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Wang et al., Nat. Mater. 19, 861 (2020)
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Function via dynamics
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Science cases
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The technique

Complete time-resolved soft x-ray photoelectron spectroscopy

photoelectron diffraction
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femtosecond time resolution (via pump—probe)
+
tunable MIR-THz pump

* low-energy resonances
+

tunable soft x-ray probe
* interface sensitivity
+ 3D momentum selectivity
* core resonances
» forward scattering

+

ultra-efficient 3D energy-momentum detection
+

(ultra-efficient 2D spin detection)

complete ultrafast
“core-cum-conduction(-cum-spin)”
photoelectron spectroscopy
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The source & instrument: kHz---MHz-XFEL + ToF k-mic

Highest repetition rate of soft x-ray pulses + highest efficiency in photoelectron detection
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HEXTOF @ PG2 / FLASH Bl (i o

“The momentum microscopy (ARPES) and photoelectron diffraction (XPD) machine”
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CuPc / TiSe,: “E” + C 1s

HOMO momentum map QYYQ C32H16CuNg C 1s momentum map
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CuPc / TiSe,: “E¢”

Pump - probe delay (ps)
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CuPc / TiSe,: C 1s

Time-resolved XPS
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CuPc / TiSe,: C 1s

Time-resolved XPS cum XPD

Pump - probe delay (ps)
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ToF k-mic @ SXP/EuXFEL

Complete time-resolved soft x-ray core-cum-conduction(-cum-spin) photoelectron spectroscopy
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Contributions to SXP (“Open Port”)

Total BMBF funding (Hamburg, Mainz, Kiel, Duisburg, 2013-2022): 5.1 MEUR

ToF momentum mlcroscope
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Trigger events

FEL pulse arrival time monitor

» EuXFEL design
» At=10-20fs

= 800/ 1030 nm
= quasi-collinear
~ geometry

optical
laser
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First experiments: 2D materials (+ molecules)

CAU Kiel /| DESY Hamburg

Layer-selective pump—probe in TMDC heterostructures

Valence,

Momentum
microscope | Core

Soft x-ray Spin
robe pulse
- -
| VN . f Topgate  —
MIR-THz . ) hBN
pump pulse A
- - Vi
—Vae

hBN
High Bottom gate @~ ——

Low

Yu et al.,
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First experiments: Topological & correlated materials
KTH Stockholm / JGU Mainz

Ultrafast strain-induced topological phase transition Ultrafast dynamics of coexisting electronic orders
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Future direction

few-100 as spectroscopy

1fs

ultrahigh time resolution

Electron motion

de la Torre et al., Rev. Mod. Phys. 93, 041002 (2021)
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Tee ~ 101s few-10 fs spectroscopy
10 fs 100 fs
His «—— 360 meV high energy resolution
Coherence Incoherence Relaxation & thermalization

laser-induced coherences

Coulomb-induced correlations

. . cf. Axt & Kuhn,
resonantly coupled excitations Femtosecond spectroscopy in semiconductors:

. . . a key to coherences, correlations and quantum kinetics,
quantum-kinetic retardations Rep. Prog. Phys. 67, 433 (2004)

observe on timescales shorter than typical interaction times
control the outcome of interaction processes
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