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The Linac Coherent Light Source (LCLS) is an X-ray Free Electron Laser (FEL) facility located at the SLAC 

National Accelerator Laboratory.  LCLS has been in operation since spring 2009, and it has completed its 3rd 

user run.  LCLS is the first in its class of X-ray FEL user facilities, and presents different availability challenges 

compared to storage ring light sources.  This paper presents recent availability performance of the FEL as well as 

factors to consider when defining the operational availability figure of merit for user runs. 
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INTRODUCTION 

During LCLS [1] user runs, an availability of 95% has 

been set as a goal.  In run III, LCLS photon and electron 

beam systems achieved availabilities of 94.8% and 96.7%, 

respectively.  The total availability goal can be distributed 

among subsystems to track performance and identify areas 

that need attention in order to maintain and improve 

hardware reliability and operational availability.  Careful 

beam time accounting is needed to understand the 

distribution of down time.  

The LCLS complex includes multiple experimental 

hutches for X-ray science, and each user program has 

different requirements of a set of parameters that the FEL 

can be configured to deliver.  Since each user may have 

different criteria for what is considered “acceptable beam”, 

the quality of the beam must be considered to determine 

the X-ray beam availability.  

 

Beam Time Accounting Terms 

During X-ray beam delivery, time intervals longer than 

6 minutes are accounted according to the following 

categories: Delivered, User Off, Configuration Change, 

Tuning, Down and Off.   

Beam is considered available to the users if it is 

accounted as Delivered, User Off or Configuration 

Change.  The “Tuning” category is used to track the time 

when all hardware may be working properly but a 

parameter of the photon or electron beam is not within 

acceptable ranges. (e.g. the pulse energy or number of 

photons in a pulse is not adequate to perform the 

scheduled experiment).  Figure 1 shows the breakdown of 

beam time accounting numbers, per experimental hutch, 

for run III. 

Tuning 

Before run III, time spent performing user requested 

configuration changes was included in the “Tuning” 

category.   

For run III, it has been recognized that user requested 

configuration changes should be accounted as available 

time.  Some experiments may choose to make multiple 

changes per shift and then spend only a short time at a 

given configuration.  

Tuning is now reserved to track time when “Beam 

conditions do not meet the requirements to carry out the 

schedule program, and accelerator adjustments are being 

made to bring the beam to a deliverable state” [2].   

A formal “Task Force” [3] with representatives from 

physics, software and operations groups has also been 

convened to optimize tuning procedures and to address 

various issues contributing to the overall time needed for 

optimizing electron and photon systems.   

 

 
Figure 1: Beam delivery distribution for run III.  Beam 

requirements for each hutch are different. 

Run III Performance 

Figure 2 shows the running total as well as the 5 day 

average operational availability for run III (Oct. 2010 to 

Feb. 2011).  Beam programs were not scheduled for 

SLAC’s regular winter shutdown (gap in data).  Individual 

experiments are typically scheduled for five consecutive 

days during which the users should be able to expect a 

high degree of machine availability  
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 Figure 2: LCLS operational availability over time as a 

running sum and as a five day average.    

 

For run III, we observed increased machine  availability 

towards the end of the run. This is due to reductions in 

both downtime and tuning time; see figure 3. We attribute 

this improvement mainly to a reduction in tuning time due 

to improved efficiencies in our control software. In 

particular, the electron bunch length tuning procedures 

were optimized (electron bunch length is one of the critical 

parameters for FEL process tuning). This contributed 

significantly to tuning time reductions.  However, the 

reduction in downtime over the extent of the run is not 

fully understood.  It is very likely that some reduction is a 

direct result of recent upgrades. Further analysis, for 

example weibull analysis at the subsystem and component 

level, is needed for a deeper level of understanding.  

Figure 3: Percent of scheduled operating time vs. calendar 

date shows gradual improvement in “Tuning” and “Down” 

time. 

Mean Down Time 

The Mean Time Between Maintenance (MTBM) and the 

Mean Down Time (MDT) indicators of system 

performance can also be used to help prioritize resources 

and identify areas that need attention.  Note that the 

MTBM numbers in table 1 only include corrective 

maintenance performed after a system has failed. It does 

not include preventive maintenance. 

   

System  

MTBM 

(Days)  

MDT  

(Hours)  

1.1 Interlocks  69.8  0.1  

1.3 Power supplies  17.4  0.4  

1.6 Linac Modulators  10  0.3  

1.7 Subbooster supplies  23.2  0.9  

3.1 S-band Klystrons  34.9  0.8  

3.3 Hi-power Subboosters  34.8  1.1  

3.6 sol. Stat subboosters, LLRF  6.3  0.6  

3.7 Waveguides  69.7  0.8  

4.2 Gauges, RGA  34.9  0.3  

4.3 Valves  69.8  0.2  

4.4 Beam pipe, Flanges, Stoppers  34.9  0.1  

5.1 Electrical (on site)  23.2  0.3  

5.3 Cooling water (mechanical)  69.7  1.4  

5.4 Cooling water (Instrum.)  69.8  0.4  

6.2 LCLS gun laser system  7.7  0.9  

7.1.1 Micros & Camac crates  11.6  1.4  

7.1.3 Timing  23.2  0.5  

7.1.4 Vacuum I&C  34.9  0.2  

7.1.11 Beam Monitors (F-cups)  69.8  0.6  

7.1.15 MPS  34.8  1.2  

7.2.1 MCC:: (VMS System)  69.7  1.5  

7.3.2 PPS  7.7  1  

7.4.1 Controls Software  8.7  0.5  

10.1 Procedural Error  23.2  0.4  

10.2 Physicists Software  34.9  0.9  

11.2 To Be Determined  69.8  0.1  

12.1 PCDS Hardware  13.9  0.2  

 

Table 1: Mean Time Between Maintenance  and Mean 

Down Time. 

Downtime Statistics and Upgrades 

All problems that generate downtime are tracked using 

the CATER system [4].  Data from this database can be 

analyzed to determine how individual systems are 

performing.  This information is used to guide decisions 

regarding future improvement projects.  

 

The distribution of downtime per sub-system is shown 

in figure 4.  Some of the projects, underway or planned, 

that are expected to improve hardware reliability include:  

 

 Beam Shut Off Ion Chamber upgrades. 

 Linac Fiducial Distribution upgrades. 

 Linac Software Controls Conversion. 



  

 Use of Coherent Laser system as a backup for 

injector laser. 

 Electron gun photo-cathode replacement. 

 Main Drive Line preventive maintenance. 

 Linac Modulator Upgrade. 

 

 

At present, the CATER system’s granularity is limited 

to tabulate sub-systems at a broad level.  For example, all 

problems associated with a Beam Shut Off Ion Chamber 

(BSOIC, personnel protection device) are categorized as  

PPS issues.  An enhancement to the database would allow 

for more resolution, allowing automated reports similar to 

the concept shown in figure 4. For example, this would 

indicate BSOIC problems as a sub-category of the PPS 

system.  Currently, LCLS is in the process of improving 

it’s inventory databases to better track component failures.   

 

Organizationally and for availability goal setting, all 

devices required for LCLS operations are divided into 

systems according to the support group that maintains 

these systems.  In our example above, the PPS sub-system 

is part of the Controls Department (or Controls System).  

While the  system division at this level is useful for having 

individuals take ownership of a problem; higher 

granularity is  desirable  for improved understanding of 

failure rates and upgrade needs.  The next level of 

granularity is illustrated in figure 4. 

 

 
Figure 4: Distribution of lost availability per sub-

system.  

 

Some of the problems that contributed to availability 

reduction include: 

Controls Software – Problems include accidental 

reboot of controllers while running, unexpected behavior 

of controlled devices and  human error.  As new software 

is developed and matures, it is likely that this type of 

problem will be reduced.  

PPS – Most of the problems in this category were 

caused by BSOIC failures. A replacement project has 

already started.  Safety systems are also affected by 

hardware maintainability questions. As inherent to safety 

systems, a significant part of their maintenance is the 

administrative process (signatures and approvals). This 

must be considered when evaluating their reliability.  

Micros and CAMAC – The interaction of the LLRF 

distribution and CAMAC modules was a source of 

downtime.  The Linac Fiducial Distribution upgrade 

(FIDO III) should be completed this summer.  There is 

also an upgrade project to replace CAMAC control from 

the SLC era micro-computers (Intel 386 processors) to 

EPICS control.  This upgrade will also remove the VMS 

system dependence. 

LCLS Laser System and Photocathode– A single 3.5 

hours event dominates the loss of availability for this 

system.  The laser master oscillator power dropped and 

significant laser re-tuning was required to recover 

sufficient laser power.  Laser power and sufficient photon 

cathode quantum efficiency combined are needed to 

produce the electron bunch.  Plans include a photocathode 

replacement and commissioning of a backup laser system. 

RF – A recurring phase jump that proved hard to 

diagnose was a major contributor to downtime.  This may 

be a case of aging infrastructure and lack of proper 

diagnostics.  The phase jump events would occur mostly in 

the middle of the night when experts were not immediately 

available. 

Availability Goals 

The operational availability goal of LCLS is 95%. We 

have recognized that we must allow for tuning time in our 

availability budget.  Recent experience from run III 

suggests that a tuning goal of 2% may be realizable.  

Therefore a 97% hardware availability goal is required.   

Our previous hardware availability goals were set by 

analyzing past performance data [5].  A similar analysis 

has been done with recent data.  Two approaches were 

investigated.  A simple linear scaling of system goals from 

95% to 97% and the goal setting algorithm described in 

reference [6] (using run III data) where the worst two 

events are removed from the data set.  Both approaches 

resulted in similar goals for most systems.  The first 

approach favors the statistical data from past runs, while 

the second approach favors recent performance. 

It was decided to use the average of both approaches. 

Results from this analysis and the new goals are shown in 

table 2. 

 

Sub-System  RUN  

III 

Previous 

Goals 

New 

Goals 

Power Supplies  99.6  99.42  99.77  

Magnets  100  99.96  99.95  

RF  99.37  98.98  99.44  

Vacuum  99.93  99.86  99.95  

Utilities  99.84  99.38  99.84  

Guns & lasers  99.52  99.42  99.64  

Controls  98.36  98.23  98.66  

Non-Radiation   Safety  100  99.95  99.95  

Alignment  100  99.82  99.95  



 

Sub-System  RUN  

III 

Previous 

Goals 

New 

Goals 

Other  99.82  99.92  99.93  

Unassigned  99.99  99.98  99.95  

Photon Controls  99.93  99.98  99.95  

Total  96.7 95.00 97.00 

 

Table 2: All numbers shown in percent (%).  Hardware 

Availability goals: Run III are values achieved during the 

run.  New hardware goals allow for 2% tuning time in the 

budget and still keep the 95% operational availability goal 

and a revised 97% hardware availability goal. 

 

Conclusion  

LCLS operational availability performance is a factor 

that has allowed LCLS Operations to deliver quality 

beams for a variety of X-ray science programs.  As new 

equipment is installed and commissioned, we anticipate 

improvement of overall machine availability.  However, in 

some cases, new equipment may also be associated with 

lower reliability during its initial operating time.  Care 

should be taken to identify the root causes of all failures to 

implement proper corrective actions.  Improvement 

projects, upgrades to reliability data gathering and 

diligence from a diverse set of support groups are 

necessary for the successful operation of a facility like the 

LCLS FEL. 
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