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• Ultrashort laser pulses

- XFEL: ~20 fs (RMS)

- Laser: 35 fs (FWHM) at 800 nm

• Optical pump – XFEL probe?

• XFEL pump – XFEL probe?

• Optical spectroscopy?

- Optical pump – optical probe

- and more…

Time-resolved XFEL experiments, and optical laser
Time-resolved diffraction of Bi2Se3
by prof. Hyunjuing Kim’s group Nano letters (2021)



PSC 초고속 레이저 분광 실험실 (130-2호)

• 구축 목적
- 레이저와 XFEL을 통한 상호보완적인 분광학 연구

- 레이저 실험환경 구축을 통한 XFEL 연구 활성화

펨토초레이저를 이용한 off-line 실험환경을 통해 XFEL 빔라인 실험을 보완, 촉진

극초고속 동역학 연구 활성화를 통해 XFEL 실험에 대한 접근성 증가

PSC 초고속레이저분광실험실

연X선 레이저룸



PSC 초고속 레이저 분광 실험실 : 레이저시스템 사양

Oscillator output
80MHz



PSC 초고속 레이저 분광 실험실 : Pump-probe absorption spectrometer

• Specifications
- Pump wavelength: Ti:Sapphire / OPA
- Probe excitation wavelength: 800 nm
- Probe wavelength range: 330 ~ 1400nm (CaF2, rep. rate<2 kHz)

450 ~ 1400nm (Al2O3)
- Detector: photodiode array (256 pixels) with spectrograph (f=300 mm)
- Spectral range of multichannel detectors: 200~1100 nm, 700~1800 nm
- Time resolution: <1.4 x pump or probe pulse duration, whichever is longer

- Motorized sample holder
- Reflection mode support (switchable between reflection & transmission)
- Pump polarization control



PSC 초고속 레이저 분광 실험실 : Time-resolved Photoluminescence

Time-correlated single photon counting

- Time channel width down to 407 fs

- Electrical time resolution 3.5 ps FWHM

- 10 MHz saturated count rate

- Timing jitter <0.4 ps

- Hybrid detector with a typical time resolution of 40 ps

- Peak detection at 500 nm

- Active area of 20 um dia.

- Dark count <7 cps



Article review: Ultrafast spectroscopy – State of the art and open challenges



The progress of ultrafast science
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Ultrashort, intense and tunable pulse generation

Mode-locking

Cavity length: ~189 cm

Full bandwidth of Ti:Sap output: ~100 nm

Number of longitudinal modes: ~600,000

Chirped pulse amplification
(The 2018 Nobel prize in physics)

Performance overview



Nonlinear light-matter interaction

𝑷𝑷 = 𝜀𝜀0𝜒𝜒𝑒𝑒𝜠𝜠 𝑫𝑫 ≡ 𝜀𝜀0𝑬𝑬 + 𝑷𝑷
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P: (induced) polarization density
E: external field
D: electric displacement
ε0: electric permittivity
χe: electric susceptibility

Linear optics
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Two-dimensional spectroscopy

Example of 2D spectrum

Diagonal 
= 1D spectroscopy

Optical heterodyne detection

𝑷𝑷 3 (𝑡𝑡1, 𝑡𝑡2, 𝑡𝑡3) 𝑷𝑷 3 (𝑡𝑡1, 𝑡𝑡2,𝜔𝜔3) 𝑷𝑷 3 (𝜔𝜔1, 𝑡𝑡2,𝜔𝜔3)
FT FT over t1

ksig= -k1 +k2 + k3

ksig= +k1 -k2 + k3

Non-rephasing

-Photon echo
Rephasing
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Transient absorption spectroscopy (Pump-probe)

ksig= -kpu +kpu + kpr

Self-heterodyne

t1=0  
k1 = k2 = kpu
k3 = kpr
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Ground state bleaching

Stimulated emission

Excited state absorption
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Valence orbitals

Core level

Optical pump & X-ray probe



Experimental examples in the review article

Optical pump – EUV probe experiment for the ring opening reaction of 1,3-cyclobutadiene (CHD)
S. Leone et al., Science (2017)

1s

Carbon K-edge

τ=60 fs
decay

τ=60 fs
rise

τ=110 fs
decay

τ=180 fs
rise



Experimental examples in the review article

2D IR spectroscopy for ion permeation within trans-membrane bacterial channel protein KcsA
M. Zanni et al., Science (2016)

K+

Isotopic 
labeling

(labeled – unlabeled) spectrum Simulation for ‘Knock-on’ model



Experimental examples in the review article

2D IR spectroscopy for photosynthetic process of FMO complex 

T. Brixner et al., Nature (2005)

Simulation

ExperimentExperiment at T=0

Bacteriochlorophylls (BChl) 
having 7 exciton states

E. Thyrhaug et al., Nature Chem (2018)

All parallel Double-crossed
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