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Linac Coherent Light Source at SLAC

X-FEL based on last 1-km-of existing linac
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LCLS Accelerator Layout
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LCLS Injector Layout
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Commissioning Highlights
Done: Injector commissioning & Phase || commissioning
Great drive-laser uptime (99%) and performance
Projected emittances 0.7-1.6 um near linac end
Routine 30-Hz e~ to 14 GeV (~24/7 with ~90% up-time)
BC1 dipoles & chicane motion fixed!
BC2 compression fully demonstrated
CSR effects measured and agree with codes
Cathode replaced and design QE achieved
Many beam & RF feedback systems running well
Coherent OTR compromises most screens
Electron beam bright enough for 1.5-A FEL
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LCLS Beam Diagnostics (no Undulator)

gin  TCAVO L1X | 4-wire- 4 wire old
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3 OTRs py 1 BC1 © L2dinac  BC2 ° TCAV3 L3dinac  BSY
135 MeV 250 MeV 4.3 GeV 5.0 GeV 14 GeV
B 2 Transverse RF cavities (135 MeV & 5 GeV) ® YAG screens
E ~120 BPMs and toroids (75 more coming) * \C/)V'TR SafSElE
Ire scanners
B 7 YAG screens (at E <135 MeV) Sheee FrEErs
B 9 OTR screens at E > 135 MeV (3 more coming at 14 GeV)
E 11 wire scanners (each with x & y wires, with 4 more coming)
B CSR/CER pyroelectric bunch length monitors at BC1 & BC2
E 3 beam phase monitors (2856 — 51 MHz, 1 more coming)
E  Gun spectrometer line + injector spectrometer line
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Injector Drive Laser

Cathode Laser Spot
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Laser Cleaning and New Cathode

Old Cathode New Cathode
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Cathode Quantum Efficiency
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Design and Achieved Parameters

Design Typical measured Unit
Repetition Rate 120 30 | Hz
Energy 13.6 13.6 | GeV
Charge 1 0.25 | nC
Bunch length 20 8-10 | ym
Peak Current 3 3 | KA
Projected emittance (injector) 1.2 0.7-1 | ym
Slice emittance (injector) 1 0.6 | um
Projected emittance (linac end) 1.5 0.7-1.6 | ym
Laser energy 250 20-150 | pd
Gun field at cathode 120 115 | MV/m
Cathode quantum efficiency 6 0.7-7 | 10°
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Injector Emittance Commissioning
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Bunch Length vs. Compression
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CSR Emittance Growth in BC2
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Y. Ding, Z. Huang
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Laser & Electron-Based Feedback Systems

Transverse Loops Stabilize: Longitudinal Loops Stabilize:
B Laser spot on cathode E DL1 energy
F Gun launch angle F BC1 energy
¥ Injector trajectory F BC1 bunch length
B X-band cavity position F BC2 energy
E Linac trajectory (2) E BC2 bunch length
¥ Undulator traj. (future) E Final energy

A Steering Loop e BPMs
& CER detectors

D. Fairley, L1
J. Wu DL1 A BC1
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Normalized Phase Space Centroid Jitter
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D. Ratnher

3 October 2008 Henrik Loos

LINAC 08 loos@slac.stanford.edu



[ /o] (- ,
== —_ Stanford Linear Accelerator Center
L \—/ S

Coherent Radiation Observations
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COTR Transverse Distribution

Observations for highly compressed Fully transverse coherent micro-structure
beams after BC1 & BC2 explains doughnut shape
Little resemblance of transverse Light intensity increases up to 10°

distribution of COTR to electron beam o _
Destructive interference creates hole in

beam center

Light intensity increases up to 10°

Tmm

Position y

Position x
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Ultra Short Low Charge Bunch Mode
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Emittance Near End of Linac Over Weekend
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LCLS Commissioning Team
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