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LCLS: 17 years from idea to first light

1992: Proposal (Pellegrini)

1997: BESAC (Birgeneau) Report

1999: BESAC (Leone) Report

2000: LCLS- the First Experiments (Shenoy & Stohr)  SLAC-R-611<< for BES

2001: Critical Decision 0

2002: Critical Decision 1

2005: Critical Decision 2
2006: Critical Decision 3

2009: First Light, 10 April
2010: Project Completion

BESAC July 7, 2015  LCLS-II Status
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LCLS-II Director's Status Review, 20-22 March 2018

Slide 5

LCLS-II
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Mission Need, Scope & Key Performance Parameters
Report of the 
BESAC 
Subcommittee 
on Future X-ray 
Light Sources

• LCLS-II adds a 4 GeV SC linac to the first kilometer of the SLAC linac 
tunnel.

-The copper linac in that region will be removed
• The new beam will run CW at up to 1 MHz 

-The LCLS-1 linac is not altered, retains performance
• The new beam can be directed at either of two new undulators

-The LCLS-1 beam can be directed to the new Hard X-ray Undulator

Key Performance Parameters for LCLS-II

IPAC 2018 - 30 April 2018 J. N. Galayda LCLS-II
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New mission:
CD-0 9/2013

Shooting to
Finish 3/2021
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LCLS-II schematic layout
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Photocathode Gun
750 keV electrons
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186 MHz RF gun -
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750 keV
10-100 pC/pulse
0.2 mm-mr @ 10 pC
0.35 mm-mr @ 100 pC
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Checkout/commissioning underway
First electrons in August 2018                       WEPAL039
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35 cryomodules

IPAC 2018 - 30 April 2018 J. N. Galayda LCLS-II

35 cryomodules, each with eight 9-cell XFEL cavities
16MV/m produces 4.25 GeV beam 

Laser “heater” to control energy spread
Two bunch compression chicanes
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LCLS-II cryomodule design derived from ILC/XFEL
FNAL set the design for LCLS-II

Tom Peterson

A. 2.4 K subcooled supply 
B. Helium gas return pipe (HGRP)
C. Low temperature intercept supply 
D. Low temperature intercept return 
E. High temperature shield supply 
F. High temperature shield return 
G. 2-phase pipe 
H. Warm-up/cool-down line 

Circuit (Line)

Operating Parameters A B C D E F G H

Pressure, [bar] 3 0.031 3.2 2.5 3.7 2.7 0.031 3

Temperature, K 2.4 2.0 5.5 8.0* 35 55 2.0 2.0

*Line D returns 1.3 bar, 7.5 K to cryogenic plant after expansion valve

IPAC 2018 - 30 April 2018 J. N. Galayda LCLS-II
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GHe storage

LN2 storage

CP1 Compressors

CP2 Compressors

CP1 4.5K Cold Box

CP2 4.5K Cold Box

LHe 
Dewar

CP1 Oil Removal

LHe 
Dewar

CP2 Oil Removal

Instrument Air
Guard Vacuum

Oil 
processor 2K CBX

CDS Interface Boxes
Motor Control

Center
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2 x 4kW @ 2K cryoplants

IPAC 2018 - 30 April 2018 J. N. Galayda LCLS-II



Cryomodule:

• Approximately 6 months to assemble a cryomodule
• Construction ongoing at FNAL and JLAB
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Cryomodule Production
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• ~6 months to build/test a cryomodule start to finish
• 5 workstation stops + test stand

• Typically, the pacing item is cryomodule test
• To date

• JLAB
- THPAL137 Drury et al, Cryomodules at JLAB
- 7 Cryomodules built+tested
- 6 Cryomodules in the production line

• FNAL:
- WEPMK010 Arkan et al, Cryomodules @ FNAL
- MOZGBD3 Solyak, et al
- 9 Cryomodules built
- 8 Cryomodules tested
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Cryomodule Production
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• Design changes, procedural changes during production
• Reverse JT valve and “wipers”
• Gate valve support
• Baffle for Gaseous Helium Return
• Re-center notch in HOM coupler

• Tightening or replacement of fasteners
• Reworks will add 3 months to project schedule
• The work plan for completion of cryomodules is on “critical 

path” for the completion of the project
• Forecast project completion in March 2021
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High Q Nitrogen Doped Cavities
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• Very good results in vertical tests:

• Vertical tests of 144 cavities:     <Q>=3.05 x 10

• Usable gradient, averaged: 22.8 MV/m

• Many lessons learned about doping, fabrication

• Palczwewski et al., THPAL 139,THPAL140
• Nitrogen doping provides desired high Q for LCLS-II
• Success in flux expulsion in doped cavities depends on Niobium 

hardness, grain size for reasons not fully understood
• Production- control of the “basics” is essential
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High Q in Cryomodules with Nitrogen Doped Cavities
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• To realize high Q from doping, “fast” cooldown is required 
to expel magnetic flux from cavities

• At least 30 gm/sec; some cavities require 80 cm/sec
• This can be done at FNAL CMTS
• It will be possible for LCLS-II
• JLAB CMTF is being modified to support “fast cooldown”

• Extrapolating only FNAL cryomodule measurements for 
now, LCLS-II will run at 4 GeV, cooled by one 4 kW@2K 
cryoplant
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Undulators 
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Soft X-Ray Undulators
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• SXR deliveries on track
• 12 @ SLAC

20
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Hard X-Ray Undulators
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Why build  vertical polarization undulator?
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Re-use of pedestals
Re-use of cam movers
Re-use of beam-based 
alignment software
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Vertically polarized radiation can be deflected in 
horizontal plane with much less attenuation 

• The XCS detector arm designed to operate in horizontal plane: 0º to 55º
• Vertical polarization is preferred for scattering

• Gain factor shown in plot: dependent upon scattering angle and type of 
sample

• Most XCS samples are non-perfect crystals

Thanks to D. M. Fritz 

X-Ray Correlation Spectroscopy (XCS) instrument receives a brighter beam

XCS Periscope 
Mirror 



The Lack Of Environmental Repeatability Is Attributed 
To Two Critical Interfaces

Interface between modules and strongbacks needs to accommodate 
small material differences between the strongbacks and modules

Interface between girder and strongbacks needs to accommodate temperature 
differences that can develop between the strongbacks and girder

Unconstrained Length 
Difference of ~250µm 

Distortions are sensitive to Tstrongback - Tgirder
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* Maximum expected  
temperature Difference is 5 ºC  

* CTE difference is ~ 0.6 µm/(m ºC) 
* Maximum temperature excursion of 15 ºC

6061 Al Alloy

Unconstrained Length 
Difference of ~25µm 

Distortions are sensitive to Tstrongback change

6061 Al Alloy

5083 Al Alloy
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Thank you

IPAC 2018 - 30 April 2018 J. N. Galayda LCLS-II

IPAC organizers for inviting me

IPAC attendees for your attention

SLAC and DOE for entrusting me w/LCLS-II

LCLS-II collaboration for dedication and resourcefulness

DESY and XFEL for help in all areas



3/16/2018 assessment reflecting the plan to re-work cryomodules built to date  

Project Completion–
March 2021

IPAC 2018 - 30 April 2018 J. N. Galayda LCLS-II 26
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