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This is the start-up plan for turning on and commissioning the LCLS X-ray free-electron laser 
(FEL). At the end of this activity, ultra-bright X-ray pulses will be reliably generated and 
delivered to the LCLS experimental stations.  LCLS is designed to use the Self Amplified 
Stimulated Emission (SASE) process to generate its FEL X-ray pulses. With this process it is 
necessary to create high-brightness electron pulses, accelerate them to high energy through a 
linear accelerator, and transport them through a precisely tuned undulator magnet system along 
an extremely straight trajectory. To deal with these technical challenges, this plan sets out the 
order in which different systems are commissioned, making optimal use of beam time and 
maximizing the number of commissioning tasks that can be done in parallel. 
 
The basic strategy used to plan the commissioning is to commission increasingly-longer sections 
of the beam line as construction and installation allows. Starting at the electron beam source, 
commissioning begins with the Injector system and the first part of the Linac. This is done while 
construction and installation of new Linac upgrades, Linac-to-Undulator, Undulator, and X-ray 
beamlines are still underway. When the new facilities are ready, commissioning continues in 
those areas. Finally, attention is devoted to commissioning the machine as a whole, which is 
required to produce and deliver FEL X-rays. Detailed performance goals for each technical 
system are described in the appendices. An overview of the schedule for the LCLS 
commissioning plan, based on the project schedule and milestones, is also given in the 
appendices. 
 
In accordance with DOE Order 420.2B, before commissioning of the accelerator can commence, 
an Accelerator Readiness Review must be held.  This has been done for commissioning of the 
LCLS Injector.  A second ARR will be needed for the beamlines downstream of the Injector, and 
is scheduled for October 2008.   
 
The ARR will ascertain that: 
 

1)      A Safety assessment Document has been written and approved.  The SAD for the LCLS 
is due to be completed by August 2008. 

2)      The Accelerator Safety Envelope has been defined.  This is done within the SAD. 
3)      There are trained and qualified personnel available to operate the facility during 

commissioning.  The Operations Group within the Accelerator Operations Department 
are qualified to operate the Linac, and will be trained on new systems. 

4)      Written procedures are in place for the operation of the facility.  
5)      Applicable safety reviews of the new systems have been completed. 
6)      A plan is in place covering the commissioning. This plan will include any tests and 

measurements needed by the Radiation Safety Department at SLAC to confirm that 
radiation shielding is sufficient, and to calibrate monitoring systems. 

 
Following the conclusion of the ARR, permission will be obtained from the SLAC Directorate 
and the SLAC DOE Site Office to begin commissioning operations.  A Beam Authorization 
Sheet for LCLS Commissioning will be issued by the Radiation Safety and the Accelerator 
Operations Departments once this permission is granted and all safety systems have been 
formally certified.  The BAS lists allowed running conditions and requirements, and all required 
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tests and measurements needed by the Radiation Safety Department at SLAC to confirm that 
radiation shielding is sufficient, and to calibrate monitoring systems. 
 
As stated above, commissioning of the LCLS electron beamlines will proceed in a phased 
manner.  The Injector system has already been commissioned, meeting its Criteria for Substantial 
Completion in September 2007.  In FY2008, the second bunch compressor and remaining 
diagnostics in the existing Linac tunnel will be commissioned.  The Linac to Undulator beam 
line, the Undulator, and the electron dump beam lines will be installed in FY2008 and will be 
ready for commissioning in FY2009.  A detailed schedule of commissioning work has been 
prepared by the LCLS Physics group, who will direct the effort. The goals for the commissioning 
of these lines are listed in the appendix.  The Substantial Completion of these commissioning 
goals completes the commissioning for the relevant beamlime system. 
 
The cost accounts for commissioning effort are listed in the OPC section of the LCLS WBS:   
 

1.      WBS section 2.01.01.12 contains labor for the management of these efforts.   
2.      WBS section 2.01.01.13 contains labor for LCLS Physicists performing the 

commissioning. 
3.      WBS section 2.01.01.14 contains labor for the commissioning and maintenance of the 

LCLS Injector Laser system. 
4.      WBS section 2.02.17 contains labor for engineering and maintenance activities during the 

commissioning of the LCLS Injector.  This effort is complete and these accounts have been 
closed.  

5.      WBS section 2.03.07 contains labor for engineering and maintenance activities during the 
commissioning of the LCLS Linac and dump lines.   

6.      WBS section 2.04.07 contains labor for engineering and maintenance activities during the 
commissioning of the LCLS Undulator.  

7.      WBS section 2.06.03 contains labor for engineering and maintenance activities during the 
commissioning of the LCLS X-ray systems. 
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Appendix: 
 
Criteria for Substantial Completion of Injector Commissioning 
 
Commissioning of the LCLS injector electron beamline began in 2007, from the electron gun 
through first bunch compressor BC1. The criteria for substantial completion commissioning the 
Injector are outlined in the points below: 
 

1. The drive laser pulse will be transported to the gun cathode with at least 0.25 mJ of 
energy in a 10-ps pulse length at a repetition rate of at least 10 Hz. 

2. The RF-Gun will operate with a peak cathode field of at least 110 MV/m at a 
repetition rate of at least 10 Hz (demonstrated in the hot-test, prior to installation). 

3. The electron bunch will be transported from gun through first bunch compressor to 
the TD11 stopper at 250 MeV with at least 200 pC of charge and minimal beam loss 
at a repetition rate of at least 10 Hz. 

4. The electron bunch will also have been transported to the injector and gun 
spectrometers with minimal beam loss. 

5. All relevant beamline components (magnets, BPMs, screens, toroids, wire-scanners, 
RF-structures) will be operationally verified (with beam) in terms of polarity, 
calibration, function, timing, reasonable alignment, and motion-control, where 
relevant. Basic control system functionality will be validated simultaneously and as a 
consequence of this verification process. 

6. All machine protection (MPS) and beam containment systems (BCS) will be 
operationally verified early in the commissioning cycle to ensure safe operation for 
both personnel and hardware. PPS checkout is not part of commissioning. 

7. The electron bunch will be characterized, and tuning sensitivities demonstrated, with 
regard to energy, energy spread, trajectory, charge, emittance, beta function, bunch 
length, and centroid coordinate stability in all six dimensions. These measurements 
need to be made both before and after the bunch compressor (with the possible 
exception of the bunch length measurement see next point below). 

8. (The bunch length after BC1 is best measured in an absolute sense using the 
transverse RF deflecting structure located in sector-29, requiring beam transport 
through the full linac during the 2007 commissioning cycle. This capability is not yet 
guaranteed so the post-BC1 bunch length measurement is not a rigid goal.) 

 
 
Criteria for Substantial Completion of Linac Commissioning 
 
The majority of the commissioning of the Linac segment of LCLS will begin in December 2007. 
This includes the beamline from BC1 through second bunch compressor BC2 and Sector 30. The 
criteria for substantial completion of this commissioning segment are outlined in the points 
below: 
 

1. Injector operations (drive-laser, gun, booster linac, and BC1) has been re-established in 
the first 2-3 months of Linac commissioning (see Injector goals). 
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2. The electron bunch has been transported through the second bunch compressor to the 52-
SL2 stopper in the BSY (or beyond) at up to 13.6 GeV with at least 200 pC of charge and 
minimal beam loss at a repetition rate of at least 10 Hz. 

3. All relevant new beamline components (magnets, BPMs, screens, toroids, wire-scanners, 
RF structures) have been operationally verified (with beam) in terms of polarity, 
calibration, function, timing, reasonable alignment, and motion-control, where relevant. 
Basic control system functionality has been validated simultaneously, and as a 
consequence of this verification process. 

4. All machine protection (MPS) and beam containment systems (BCS) have been 
operationally verified early in the commissioning cycle to ensure safe operation for both 
personnel and hardware. Personal Protection System (PPS) checkout is not part of 
commissioning. 

5. The electron bunch has been characterized, and tuning sensitivities demonstrated, with 
regard to energy, energy spread, trajectory, charge, emittance, beta function, bunch 
length, and centroid coordinate stability in all six dimensions. These measurements must 
be made both before and after each bunch compressor, although the measurements are 
somewhat limited after the compressor until the LTU beamline becomes operational in 
2008. 

6. The very short bunch length after BC2 has been measured in an absolute sense using the 
2.4-m long transverse RF deflecting structure and new OTR screen, soon to be located in 
sector-25. 

 
 
Criteria for Substantial Completion of LTU Commissioning 
 
Commissioning of the Linac-to-Undulator (LTU) segment of the LCLS beamline will begin in 
January  2009 This segment includes the new components downstream of Sector 30 up to and 
including the tune up dump (TDUND) just inside the Undulator Hall. The criteria for substantial 
completion of this commissioning segment are outlined in the points below: 
 

1. The electron bunch has been transported through the “dogleg 2” bends DL2 (located just 
upstream of the LTU) and the LTU to the undulator tune-up dump TDUND, with at least 
200 pC of charge and minimal beam loss at a repetition rate of 10 Hz. Beam transport has 
been established for 3.6 GeV, 4.5 GeV and 7 GeV. 

2. All relevant new beamline components (magnets, BPMs, screens, collimators, toroids, 
wirescanners, RF structures) have been operationally verified (with beam) in terms of 
polarity, calibration, function, timing, reasonable alignment, and motion-control, where 
relevant. Basic control system functionality has been validated simultaneously, and as a 
consequence of this verification process. 

3. All machine protection (MPS) and beam containment systems (BCS) have been 
operationally verified early in the commissioning cycle to ensure safe operation for both 
personnel and hardware. PPS checkout is not part of commissioning. 

4. The electron bunch has been characterized, and tuning sensitivities demonstrated, with 
regard to energy, energy spread, trajectory, charge, emittance, beta function, bunch 
length, and centroid coordinate stability in all six dimensions. These measurements must 
be made both before and after DL2. 
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5. Adjustable collimators CX31, CY32, CX35, CY36, CX37, and CY38 have been set to 
eliminate beam halo at the entrance to the Undulator. Mis-steering tests have been carried 
out to verify an errant beam from the Injector will not enter the Undulator. 

 
 
Criteria for Substantial Completion of Undulator and Beam Dump Commissioning 
 
Since there is no beam stopper between the beginning of the Undulator and the main electron 
Beam Dump these beamlines will be commissioned together. The Undulator to Beam Dump 
segment completes the LCLS electron beamline. Downstream of the Beam Dump only X-Ray 
beams are present. Commissioning will begin in January 2009. The criteria for substantial 
completion are given in the points below. When these criteria are met, commissioning of the 
entire electron beam system will be substantially complete. 
 

1. The electron beam has been transported to the Beam Dump with all undulator segments 
in the rolled-out position, at 4.5 GeV, 7 GeV, and 13.6 GeV. The beam charge should be 
at least 200 pC, the repetition rate 10 Hz, and there should not be an excessive radiation 
dose rate to the undulator segments. 

2. The electron beam has been transported to the Beam Dump with at least 30 undulator 
segments in the normal, rolled-in position, at 4.5 GeV, 7 GeV, and 13.6 GeV. The beam 
charge should be at least 200 pC, the repetition rate 10 Hz, and there should not be 
excessive radiation dose rate to the undulator segments. 

3. The functionality of the Safety Dump Line has been established, with beam if necessary. 
4. The CAM-based mover system for the undulator segments is operational. 
5. The beam-based alignment (BBA) procedure has been successfully performed with the 

undulator segments all rolled in and all rolled out. 
6. The Alignment Diagnostic System is operational 
7. The Beam Finder Wire system is operational 
8. The energy and energy spread of electron has been measured in the Beam Dump line. 
9. The spontaneous X-ray beam has been measured in the Front End Enclosure to 

demonstrate transmission of the X-ray beam through the vacuum chamber and the 
alignment of the chamber with respect to the X-ray diagnostics and protection 
collimators. 

 
Criteria for Substantial Completion of Front End Enclosure (FEE) Commissioning 
 
Before these commissioning tasks can proceed, the X-ray stopper system in the FEE must be 
certified, and radiation measurements in the Near Experimental Hall must have confirmed the 
effectiveness of the FEE X-ray beam containment system.  Commissioning will begin in June 
2009. 
 

1. The spontaneous X-ray beam at 8 keV has been used to check alignment of all 
diagnostics and collimators in the FEE. 

2. The Direct Imager detector has observed a signal of the expected level from the 
spontaneous X-ray beam, and the X-ray distribution is consistent with calculations. 
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3. The Gas X-ray Detectors have been tested with spontaneous X-rays, and deliver a signal 
of the expected level. 

4. The X-ray Calorimeter detector has been tested with spontaneous X-rays, and delivers a 
signal that is consistent with the measured electron beam properties for each pulse. 

5. The Gas and Solid Attenuator systems have been tested, and are shown to deliver the 
expected levels of attenuation to the spontaneous X-ray pulses. 

6. Cross-calibration between the Imager, Gas Detectors, and Calorimeter has been achieved. 
7. The calibrated detectors have been used to demonstrate that LCLS is producing X-ray 

pulses with a minimum spectral flux density of 106 photons/mm2 in 0.1% BW, at 8 keV 
energy.  This test satisfies one of the LCLS CD-4 milestones. 

8. The Soft- and Hard-X-ray spectrometers have been shown to work as expected with 
spontaneous X-ray pulses. 

10. Spontaneous soft X-rays have been used to align the Soft X-ray Mirror system and direct 
the X-rays to the Soft X-ray beam stoppers. 

11. Spontaneous hard X-rays have been used to align the Hard X-ray Mirror system and 
direct the X-rays to the Hard X-ray beam stoppers. 

 
 
Criteria for Substantial Completion of Near Experimental Hall (NEH) Commissioning 
 
Before these commissioning tasks can proceed, the X-ray stopper system in the NEH must be 
certified, and radiation measurements in the NEH and X-ray Tunnel must have confirmed the 
effectiveness of the NEH X-ray beam containment system.  Commissioning will begin in August 
2009. 

1. The spontaneous X-ray beam has been used to check alignment of all collimators in the 
NEH 30-mrad beamline branch, and the alignment of chambers for the Atomic Physics 
(AMO) experiment station. 

2. The AMO diagnostics have observed a signal of the expected level in Hutch 2 from the 
spontaneous X-ray beam. 

3. The spontaneous X-ray beam has been used to check alignment of all collimators in the 
NEH Hard X-ray beamline branch. 

4. The LUSI diagnostics have observed a signal of the expected level in Hutch 3 from the 
spontaneous X-ray beam. 

 
 
Criteria for Substantial Completion of X-ray Tunnel and Far Experimental Hall (FEH) 
Commissioning 
 
Before these commissioning tasks can proceed, the X-ray stopper system in the X-ray Tunnel 
must be certified, and radiation measurements in the X-ray Tunnel and FEH must have 
confirmed the effectiveness of the X-ray Tunnel beam containment system.  Commissioning will 
begin in January 2010. 
 

1. The spontaneous X-ray beam has been used to check alignment of all collimators in the 
X-ray Tunnel. 
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2. LUSI diagnostics have detected X-rays in the FEH (hutches 4 and 5).  This test satisfies 
one of the LCLS CD-4 milestones. 

 
 
Key Performance Parameters prerequisite to approval of Critical Decision 4, Start of LCLS 
Operations 
 
Key Parameters Performance 
  
Accelerator Facilities  
   Electron energy 13 GeV 
   Electron charge 0.2 nano Coulomb 
   X-ray flux density at the FEE Minimum of 106 photons/(mm2 *0.1%BW) 
  
Conventional Facilities  
   LCLS Beam Line Area >  100,000 Total GSF 
          - Injector facility  
          - Beam Transport Hall  
          - Undulator tunnel  
          - Near Experimental Hall  
          - Photon transport tunnel  
          - Far Experimental Hall  
  
Experimental Facilities  
   Physics instrument One instrument installed and ready for 

commissioning with x-ray beam 
 
 
Rationale for Key Performance Parameter: X-Ray Flux Density at the FEE and X-Rays in the 
FEH 
 
The Commissioning Plan includes a measurement of the single-pulse x-ray spectral flux density 
in the Front End Enclosure just upstream of the Near Experimental Hall, at a minimum level of  
106 photons/(mm2 ·0.1%BW) at 1.5 Ångstrom wavelength. This flux density was chosen to 
indicate that all accelerator, undulator, and beam transport components to the NEH have been 
installed and are working, though operation is not yet optimized.  Specifically, this x-ray flux 
density is the expected result of spontaneous radiation from the full-length LCLS undulator, 
when excited by an electron pulse of 0.2 nC charge at 13.6 GeV energy.  It is assumed that at this 
stage of commissioning the undulator sections will be aligned closely but not yet optimized to 
the point where FEL amplification will occur.  
 
Detection of x-rays in the Far Hall will confirm that the x-ray transport system to the endstations 
in the FEH is functional.  These tests will indicate that the electron beam transport system is 
working properly, that the basic systems for transport of the x-ray beam are in place, that basic 
systems for characterization of the x-ray beam are in place and functional, that full-energy beam 
can be achieved during routine operations, and thus that the facility is capable of functioning as 
an XFEL producing intense, coherent x-ray pulses.  
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