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InjectorInjector
Sector 20Sector 20

Linac

Undulator Hall

Near Experiment Hall

Far
Experiment
Hall (underground)

The LCLS will use the last 1/3 of the The LCLS will use the last 1/3 of the 
SLAC linac to create an xSLAC linac to create an x--ray FELray FEL
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Fundamental FEL Wavelength 1.5 15 Å
Electron Beam Energy 13.6 4.3 GeV
Normalized Slice Emittance (rms) 1.2 1.2 mm-mrad
Peak Current 3.4 3.4 kA
Energy Spread (slice rms) 0.01 0.03 %
Bunch/Pulse Length (FWHM) ≤ 200 ≤ 200 fs
Saturation Length 87 25 m
FEL Fundamental Power @ Saturation 8 17 GW
FEL Photons per Pulse 1 29 1012

Peak Brightness @ Undulator Exit 0.8 0.06 1033 *
* photons/sec/mm2/mrad2/ 0.1%-BW

LCLS Design ParametersLCLS Design Parameters
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RF Gun & Solenoid

Gun Energy 
Spectrometer

L0a&L0b S-Band Linacs

Laser-Heater

OTRs & Wire Scanners

Straight Ahead Spectrometer

Transverse RF Cavity

L1 S-Band Linacs
Bunch Compressor 1

Wire Scanners

Bunch Length Diagnostics
X-Band Linac

Injector and Bunch Compressor 1
Installation is in Progress at Sectors 20 and 21

Commissioning will begin in Early 2007
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LCLS Accelerator and Compressor SystemsLCLS Accelerator and Compressor SystemsLCLS Accelerator and Compressor Systems

SLAC linac tunnelSLAC linac tunnel research yardresearch yard

LinacLinac--00
L L =6 m=6 m

LinacLinac--11
L L ≈≈9 m9 m
ϕϕrf rf ≈≈ −−2525°°

LinacLinac--22
L L ≈≈330 m330 m
ϕϕrf rf ≈≈ −−4141°°

LinacLinac--33
L L ≈≈550 m550 m
ϕϕrf rf ≈≈ 00°°

BC1BC1
L L ≈≈6 m6 m

RR5656≈≈ −−39 mm39 mm

BC2BC2
L L ≈≈22 m22 m

RR5656≈≈ −−25 mm25 mm DL2  DL2  
L L =275 m=275 m
RR56 56 ≈≈ 0 0 

DL1DL1
L L ≈≈12 m12 m
RR56 56 ≈≈0 0 

undulatorundulator
L L =130 m=130 m

6 MeV6 MeV
σσz z ≈≈ 0.83 mm0.83 mm
σσδδ ≈≈ 0.05 %0.05 %

135 MeV135 MeV
σσz z ≈≈ 0.83 mm0.83 mm
σσδδ ≈≈ 0.10 %0.10 %

250 MeV250 MeV
σσz z ≈≈ 0.19 mm0.19 mm
σσδδ ≈≈ 1.6 %1.6 %

4.30 GeV4.30 GeV
σσz z ≈≈ 0.020 mm0.020 mm
σσδδ ≈≈ 0.71 %0.71 %

13.6 GeV13.6 GeV
σσz z ≈≈ 0.020 mm0.020 mm
σσδδ ≈≈ 0.01 %0.01 %

LinacLinac--XX
L L =0.6 m=0.6 m
ϕϕrfrf= = −−160160°°

21-1
b,c,d

...existing
linac

L0-a,b

rfrf
gungun

21-3b
24-6dX 25-1a

30-8c
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BC1 Chicane Support and Translation StageBC1 Chicane Support and Translation Stage
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Spectrometer DipoleSpectrometer Dipole

DogDog--LegLeg--1 Dipole1 Dipole

Injector Solenoid #2Injector Solenoid #2

Injector QuadrupolesInjector Quadrupoles

GunGun--SpectrometerSpectrometer
QuadrupoleQuadrupole
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Cathode Drive Laser Operating at Sector 20Cathode Drive Laser Operating at Sector 20
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Injector VaultInjector Vault

Drive LaserDrive Laser

fs Streak Camerafs Streak Camera

WorkersWorkers

Drive Laser Installed & Drive Laser Installed & 
Vault Ready for InstallationVault Ready for Installation
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RF Gun Fabrication and Cold RF Testing Finished & Preparing for RF Gun Fabrication and Cold RF Testing Finished & Preparing for HighHigh--Power TestsPower Tests
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Klystron Gallery at S20 Looking Toward the Undulator and End StaKlystron Gallery at S20 Looking Toward the Undulator and End Stationstions

Linac is 10 m below galleryLinac is 10 m below gallery
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Single Undulator Test (SUT) at ANLSingle Undulator Test (SUT) at ANL
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New Magnetic Measurements Facility (MMF)New Magnetic Measurements Facility (MMF)
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Undulators being Undulators being 
shimmed at the MMFshimmed at the MMF

MMF Measurement MMF Measurement 
BenchBench



David H. Dowell
dowell@slac.stanford.eduLCLS Status & Challenges

2006 FEL Conference
15

LCLS Site PlanLCLS Site Plan
SpearSpear Pep Ring RoadPep Ring Road

SLCSLC

Research YardResearch Yard

Beam Beam 
Transport Transport 
HallHall

FutureFuture
Beam LinesBeam Lines

NEHNEH

XX--Ray TransportRay Transport

Beam DumpBeam Dump
Front EndFront End
EnclosureEnclosure

Office ComplexOffice ComplexUndulator HallUndulator Hall

FutureFuture
Office Office 
SpaceSpace
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Path of LCLS Beamline Path of LCLS Beamline 
Through Research YardThrough Research Yard

View of the Research Yard, Looking back toward the LinacView of the Research Yard, Looking back toward the Linac
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Remains of FFTB

Future Entrance to Undulator Hall

LCLS Beamline

Construction has begun in the SLAC Research Yard with Construction has begun in the SLAC Research Yard with 
removal of the Final Focus Test Beam (FFTB)removal of the Final Focus Test Beam (FFTB)
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XX--Ray BeamlineRay Beamline

View east toward the experimental hallsView east toward the experimental halls

San Francisco BaySan Francisco Bay SLC HEP detector hallSLC HEP detector hall
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Technical Challenges for Angstrom Technical Challenges for Angstrom FELFEL’’ss
Gun emittanceGun emittance

Cathode emittance, uniformity, and quantum efficiencyCathode emittance, uniformity, and quantum efficiency
RF field qualityRF field quality
gun solenoid field uniformity and alignmentgun solenoid field uniformity and alignment

Drive laser reliability, stability and 3D shaping (UV diagnosticDrive laser reliability, stability and 3D shaping (UV diagnostics)s)
Emittance preservationEmittance preservation

Optical aberrations and CSROptical aberrations and CSR
WakefieldsWakefields

Beam Instabilities (CSR, Longitudinal space charge)Beam Instabilities (CSR, Longitudinal space charge)
LaserLaser--HeaterHeater

Bunch length diagnostics and controlBunch length diagnostics and control
AlignmentAlignment

gun to solenoid etc.gun to solenoid etc.
undulatorundulator

Magnetic MeasurementsMagnetic Measurements
Beamline componentsBeamline components
New measurement facility for undulatorsNew measurement facility for undulators

RF power stabilityRF power stability
VibrationsVibrations
Temperature stability and controlTemperature stability and control
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Thales Drive Laser System for LCLSThales Drive Laser System for LCLS

1.5mx3.75m footprint
(~4.5’x11.5’)

Spectra Physics 
MILLENIA Vs

Femtolasers Oscillator
Femtosource Scientific 20s

(chirped mirrors)

JEDI #1
100 mJ,120 Hz

Amplifier
2-pass BowtieCompressorTHG

Pre-Amp
4-pass Bowtie

RGA
Regen Amp

Stretcher DAZZLER

20 mJ, 120 Hz

80 mJ, 120 Hz

100 mJ, 120 Hz

119MHz
400mW

5W, 119MHZ

150ps
80mW
119MHz

1mJ, 120Hz

>20mJ, 120Hz

>40mJ, 120Hz>25mJ, 120Hz,
765 nm

>2.5mJ, 120Hz,
255 nm

To 
cathode

Measuring 150-200fs
phase stability from osc.

JEDI #2
100 mJ,120 Hz

UV-diagnostics:
Streak camera
Spectrometer

Cross-correlators
TG-Frog…
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Z-coupling: 
reduces pulsed heating
increases vacuum pumping

Racetrack to minimize quadrupole fields
Deformation tuning to eliminate rf tuners
Iris reshaped reducing field 10% below cathode
Increase 0-pi mode separation to 15MHz
All 3D features included in modeling:

laser port and pickup probes 
3D fields used in Parmela simulation

3D RF Design of Gun3D RF Design of Gun

RF Parameters
f0 (GHz) 2.855987
Q0 13960
β 2.1

Mode Sep. Δf (MHz) 15
E0:E1 0.999:1

Compliments of Z. Li & L. Xiao

C. Limborg et al., “RF Design of the LCLS Gun”, LCLS-TN-05-3
γβ

r/m
m

-0.008
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0.008

-180 -120 -60 0 60 120 180

rf  phase

cylindrical cavity

racetrack cavity with
d=0.124"
racetrack cavity with
d=0.14"
racetrack cavity with
d=0.134"γβ

r/m
m

-0.008

-0.006

-0.004

-0.002

0.000

0.002

0.004

0.006

0.008

-180 -120 -60 0 60 120 180

rf  phase

cylindrical cavity

racetrack cavity with
d=0.124"
racetrack cavity with
d=0.14"
racetrack cavity with
d=0.134"

L. Xiao et al., “Dual feed rf gun design for the LCLS,” Proc. 2005 Particle Acc. Conf.
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Cathode Qualification System (CQS)Cathode Qualification System (CQS)

180 190 200 210 220 230 240 250 260 270 280 290 3001 .10 8

1 .10 7

1 .10 6

1 .10 5

1 .10 4

1 .10 3

0.01

Theory, 4.3eV work function
H-ion cleaning
230degC bake
Initial QE (before 230degC bake)
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y: 50 micronsx: 50 microns

Height (nm)
594

0

Length (microns)

0                 9.966               19.932             29.898 39.864          49.831

Length (microns)

0                 9.966               19.932             29.898 39.864          49.831

65.9

57.4

48.9

40.5

32.0

23.5

H
ei
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t (
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)

y: 50 micronsx: 50 microns

Height (nm)
594

0

Near-UV monochromator
for QE vs. wavelength

H-ion gun for cathode cleaning

XPS/Auger electron spectrometer

RGA

AFM measurement of cathode surface

Compliments B. Kirby
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Magnetic Measurements and Calibrations are being performed on Magnetic Measurements and Calibrations are being performed on allall beamline magnetsbeamline magnets
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I-sol=172.76amps

I-sol=147.5958 amps
I-sol=197.93amps

Gun Solenoid on Magnetic Meas. Test StandGun Solenoid on Magnetic Meas. Test Stand
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Injector Diagnostics Are EssentialInjector Diagnostics Are Essential

PORCUPINE CATHODE

HOLDER

 

UHV ALL METAL

GATE VALVES

 

SPOOLS FROM VALVE

SEAL

 

LONG BELLOWS

ASSEMBLY

 

TREATMENT CHAMBER

 

VACUUM PUMPS

Transverse RF deflectorTransverse RF deflector

RF GunRF Gun

gun gun 
spectrometerspectrometer

YAG screenYAG screen
YAG screenYAG screen

YAGYAG
screenscreen

YAG screenYAG screen

OTR & OTR & wirewire
OTR & OTR & wirewire

OTR & OTR & wirewire

YAGYAG YAG & YAG & OTROTR

OTR & OTR & wirewire

YAG screenYAG screen

main SLAC Linac main SLAC Linac 

injector spectrometerinjector spectrometer

trajectory (BPMs)
emittance (+ slice)
energy spread (+ slice)
bunch length (+ dist.)
charge (+ dark current)

trajectory (BPMs)trajectory (BPMs)
emittance (+ slice)emittance (+ slice)
energy spread (+ slice)energy spread (+ slice)
bunch length (+ dist.)bunch length (+ dist.)
charge (+ dark current)charge (+ dark current)

PORCUPINE CATHODE

HOLDER

 

UHV ALL METAL

GATE VALVES

 

SPOOLS FROM VALVE

SEAL

 

LONG BELLOWS

ASSEMBLY

 

TREATMENT CHAMBER

 

VACUUM PUMPS

Transverse RF deflectorTransverse RF deflector

RF GunRF Gun

gun gun 
spectrometerspectrometer

YAG screenYAG screen
YAG screenYAG screen

YAGYAG
screenscreen

YAG screenYAG screen

OTR & OTR & wirewire
OTR & OTR & wirewire

OTR & OTR & wirewire

YAGYAG YAG & YAG & OTROTR

OTR & OTR & wirewire

YAG screenYAG screen

main SLAC Linac main SLAC Linac 

injector spectrometerinjector spectrometer

trajectory (BPMs)
emittance (+ slice)
energy spread (+ slice)
bunch length (+ dist.)
charge (+ dark current)

trajectory (BPMs)trajectory (BPMs)
emittance (+ slice)emittance (+ slice)
energy spread (+ slice)energy spread (+ slice)
bunch length (+ dist.)bunch length (+ dist.)
charge (+ dark current)charge (+ dark current)
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SliceSlice--Emittance Measurement SimulationEmittance Measurement Simulation
Transverse RFTransverse RF--deflector at 1 MVdeflector at 1 MV

slice OTR 10 timesslice OTR 10 times

σσyy ≈≈ bunch lengthbunch length

quad scannedquad scanned

135 MeV135 MeV

Compliments P. Emma
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Injector SInjector S--band Section on CMMband Section on CMM

Alignment and Measurement of Everything is Important: Alignment and Measurement of Everything is Important: 
Straightness of Injector Linac SectionStraightness of Injector Linac Section

z(mm)

Coordinate measurement machine measurement 
of s-band linac showed a significant bow

Nearly straightened already (Aug. 21, Nearly straightened already (Aug. 21, ’’06)06)
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Vibration measurements performed on
similar gun and solenoid for E-163 Experiment

Vibration Tolerances have been Determined for all Beamline CompoVibration Tolerances have been Determined for all Beamline Components, nents, 
Especially Solenoids & QuadrupolesEspecially Solenoids & Quadrupoles

Measurement compliments of J. Turner

LCLS Physics Req. Doc. 1.1-008, P. Emma

<100 nm measured<100 nm measured
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Undulator Support SystemUndulator Support System

Fixed Pedestal
Designed to be very 
stable in temperature due 
to concerns of thermal 
expansion shifting the 
quadrupoles

Insulated
Filled with sand
Note: Hall temperature 
stabilized to +/- 1 deg F

slide compliments S. Milton, ANL
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ΔΔKK//KK meas.meas.
res. ~0.003%res. ~0.003%

±±0.015% goal0.015% goal
See talk by J. Welch, See talk by J. Welch, 
Session 8, ThursdaySession 8, Thursday

Insert 2 ~adjacent undulators.
Measure e− energy per pulse.
(Δω/ω)rms ≈ 0.2%, measured to 
0.006% resolution.
Use Si crystal on 111-axis to 
meas. angle-integrated high-
energy spectrum edge.
Scan undulator x-position (ΔK/K 
= −0.2 to +0.2%).

Insert 2 ~adjacent undulators.Insert 2 ~adjacent undulators.
Measure Measure ee−− energy per pulse.energy per pulse.
((ΔΔωω//ωω))rmsrms ≈≈ 0.2%, measured to 0.2%, measured to 
0.006% resolution.0.006% resolution.
Use Si crystal on 111Use Si crystal on 111--axis to axis to 
meas. anglemeas. angle--integrated highintegrated high--
energy spectrum edge.energy spectrum edge.
Scan undulator Scan undulator xx--position (position (ΔΔKK//K K 
= = −−0.2 to +0.2%0.2 to +0.2%).).

ΔΔϕϕ = 0= 0

ΔΔKK//KK = = −−0.2 0.2 

ΔΔKK//KK = = ++0.2 0.2 
ΔΔKK//KK = 0 = 0 

×× 1
010

66
ph

ot
on

s/
nC

/0
.0

1%
B

W
ph

ot
on

s/
nC

/0
.0

1%
B

W

Δx = ±3 mmΔΔxx = = ±±3 mm3 mm

((ΔΔϕϕ = = ±±7070°° still OK)still OK)

InIn--Situ Measurement of Situ Measurement of 
Undulator K using AngleUndulator K using Angle--
Integrated Spontaneous Integrated Spontaneous 
Spectra for 2 UndulatorsSpectra for 2 Undulators
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Undulator Segment SupportsUndulator Segment Supports

Fixed SupportsFixed Supports

Horizontal SlidesHorizontal SlidesSegmentSegment

Cam MoversCam Movers

ManualManual
AdjustmentsAdjustments

GirderGirder

ManualManual
AdjustmentsAdjustments

Vacuum Vacuum 
Chamber Chamber 
SupportSupport

See talk by H-D. Nunn
E-Beam Alignment Strategy for LCLS Undulators

Session 8, Thursday
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Design of Region Between the UndulatorsDesign of Region Between the Undulators

Undulator RF Beam Position MonitorUndulator RF Beam Position Monitor

Quadrupole
RF BPM
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LCLS Installation and Commissioning TimeLCLS Installation and Commissioning Time--LineLine

JJJ AAA SSS OOO NNN DDD JJJ FFF MMM AAA MMM JJJ JJJ AAA SSS OOO NNN DDD JJJ FFF MMM AAA MMM JJJ JJJ

DriveDrive--Laser Laser 
InstallInstall

DriveDrive--Laser Laser 
CommissioningCommissioning

Gun/Inj./BC1 Gun/Inj./BC1 
CommissioningCommissioning

Gun/Inj./BC1 Gun/Inj./BC1 
InstallInstall

(8/21 (8/21 –– 1/5)1/5)

linac/BC2 linac/BC2 
InstallInstall

First Spont. First Spont. 
LightLight

linac/BC2 linac/BC2 
CommissioningCommissioning

LTU/undulator LTU/undulator 
CommissioningCommissioning

LTU/und. LTU/und. 
InstallInstall

200620062006 200720072007 200820082008

FEL Comm.FEL Comm.

undulatorundulator
hall readyhall ready

First FEL First FEL 
LightLight
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SummarySummary
LCLS construction has begun:

Laser building at Sector 20 finished
Drive laser delivered, installed & operating
RF gun fabricated and high-power testing in Sept.
Beamline through BC1 installation begun
Final Focus Test  Beam (FFTB) removed for LCLS construction
Undulators arriving from ANL and being magnetically shimmed 
in new Magnetic Measurement Facility (MMF)

LCLS design addresses many of the varied technical 
challenges of Angstrom FELs
Commissioning of Injector through BC1 to begin in 
early 2007
On schedule for first light in 2008 and beam for users in 
2009.
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