
PAL-XFEL upgrade plan
: To be more practical

2023-11-09

Chang-Ki Min
On behalf of PAL-XFEL team



2

Outline 

• Principles of hard X-ray FEL

• PAL-XFEL, 8-years operation since 2016

• Upgrade plans to help user experiments
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Hard X-ray XFEL : hard X-ray ultrashort pulse laser 

High electron energy ( ~10 GeV)
High peak current (~3kA)
Low emittance (Norm. 0.5 mm mrad)

e-
…

Microbunched electrons
for coherent gain medium

~Å ~10 μm

N=~105

 Versatile single pass ultrashort pulse laser at X-ray regime
- Easy continuous wavelength tunning by e- energy or undulator gap
- Pulse duration tunability, a few tens of fs and down to a hundreds of as
- Polarization control with elliptically-polarized undulators
- Unique tools to see atoms directly in the reaction timescale 
by spectroscopy or diffraction imaging

~mJ
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PAL-XFEL
2011 ~ 2015:  Construction
2016:  Commissioning
2017:  User-service started
2019 : 60 Hz operation

: Hard X-ray self-seeding service 

PAL-XFEL

PLS-II
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- No timing jitter correction
- Only slow time-drift 

correction

Bi(111) Bragg diffraction intensity modulation

PAL-XFEL: well-known highly stable machine

Integrated jitter
(1 Hz~1MHz) : ~0.6 fs
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<0.2 (~200fs) phase drift compensated 
By a beam based feedback 

One day user run with a self-seeded beam 

Electron energy 

Peak current
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User beamtime is getting crowded
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 US LCLS : LCLS I, NC 14 GeV (operation)
LCLS II SC 4 GeV( commissioning)
LCLS II-HE 8 GeV (plan)

 Japan SACLA: BL1, BL2, BL3 (operation), 
BL4, BL5 (plan)

 Swiss FEL: Aramis, Athos (operation)
Porthos (plan)

 European XFEL, SC 17.5 GeV: SASE1, SASE2, SASE3 (operation)  
SASE 4, SASE 5 (plan)
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New Undulator line + Exp. Hutches

Parallel simultaneous operation by beam switches

• 3 beamlines share the FEL

- HX/SX fast kicker: 60/60 

- HX1/HX2 slow kicker: total 60 shared by two hutches

(e.g. 50/10, 10/50 etc.)
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1.Time-resolved XFEL experiments for condensed matter physics and material sciences
Quantum material research (FXS, RSXS)

: Finding and controlling hidden physics under specific sample environments
Multiplexingmeasurement(SAXS + WAXS + XES)

: Simultaneous measurements from single particle
Development of XFEL imaging techniques

: Dark / Bright field XFEL microscopy
Time-resolved CXI with nanofocusing
Fourier transform holography (SX)

2.Time-resolved XFEL experiments for chemical sciences
Implementing advanced experimental techniques (V2C,HERFD-XANES)
Multiplexingmeasurement(Scattering + XES)

: Precision measurements unveiling chemical dynamics
Varioussample environments (Solid, Solution, Gas, Aerosol, 

3.Structural biology and Macromolecular dynamics
Initiation methods other than optical excitation

: Mixing and Injecting system

Main science drivers for PAL-XFEL beamline
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Closed loop operation of time-resolved experiments

• Full control of delay (shot by shot)

- Programable delay scan 

(lookup table and etc.)

• Seamless measurement

- Delay is adjusted between pulses

• Monitoring all jitters

• Timing jitter ~20fs->~5fs

- Time resolution 100fs->25fs
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Upgrade items of PAL-XFEL  
• Adding another undulator line is highly desired

- Simultaneous parallel operation: more opportunity
- Specialized beamline hutches: time-saving and easy-development

• Closed-loop time-resolved experiment setup
• Accelerator parts

- short pulse : attosecond
- elliptically polarized undulator
- long delay two-color X-ray

• Beamline parts
- Nanofocusing

• Continuous efforts to reduce the energy cost
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