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Linac Lattice of PAL-XFEL Linac Parameter for HX FEL

Optimized Linac Lattice

Dynamic Error Simulation

Beam energy (GeV) 10 

Beam charge (nC) 0.2 

Slice emittance (mm-mrad) 0.4

Injector gun Photocathode RF-gun

Peak current at undulator (kA) 3.0

Repetition rate (Hz) 60

Linac structure S-band

Beam energy =  10 GeV Proj. emit. -x =  0.337 μm

Charge =  200 pC Proj. emit. -y =  0.257 μm

Current =  2.91 kA Sat. power =  12.0 GW

Bunch length =  65 fs Sat. length =  52.8 m

Beam parameters

Linear Interpolation Method (ref. LCLS CDR)

Tolerance Budget

Error Study with Random Errors
Error Setting Beam Jitter

Summary
• Machine tolerances were determined

– Linear interpolation method & confirmed with random dynamic error simulation 

– Machine tolerances are reasonable with ΔI / I0<10%, ΔE / E0<0.02%, Δt< 20 fs, Δεnx/εnx0<10%

– Significant parameters for the beam stability: φ1, φ2, V1, V2, φx

• Emittance dilution by misalignments
– Alignment tolerance of BCs were calculated by 2% of emittance dilutions

– 500% emittance dilution is arisen by 80-μm misalignments of all elements in the linac lattice

– Compensated by beam correction: 60% / 30% by 1-to-1 correction, 50% / 15% by local BBA

Simulation with Misalignment

Alignment Tolerance of BC
HOM of Bending Magnets

HOM BC1 BC2 BC3

b1/b0 - -1.60 x 10-16 -1.60 x 10-16

b2/b0 -0.93 x 10-4 -0.80 x 10-4 -0.80 x 10-4

b3/b0 - - -

b4/b0 3.68  x 10-4 -0.57 x 10-4 -0.57 x 10-4

b5/b0 - - -

b6/b0 2.57 x 10-4 0.58 x 10-4 0.58 x 10-4

Emittance vs. BC1 misalignment

Tolerance of BC magnets

Emittance Dilution by Misalignments & 

Compensation with Beam Correction
Simulation Setting Emittance Dilution & Compensation

Correction
− Correctors and BPMs: 98 sets
− σ = 80-μm misalignment
σ = 50-μm relative misalignment (quads & BPM)

− BPM resolution = 5 μm
− One-to-one correction & local BBA

Error Setting


