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LCLS Machine Protection System Requirements 

1. Introduction 

The role of the Machine Protection System (MPS) is to turn off the electron beam, or limit 
the average power by lowering the repetition rate of the beam when a fault is detected. It is 
designed to prevent excessive loss of the electron beam which would otherwise cause 
damage to sensitive machine components. The MPS design for the LCLS is particularly 
critical because of the sensitivity of the undulator permanent magnet material to radiation 
damage. This single aspect drives a key parameter for the design, namely that the beam turn 
off within one beam pulse of a fault being detected that could damage the undulator. With a 
machine repletion rate of 120 Hz this means that the MPS should detect, diagnose and 
shutoff the beam within 8.3 ms before the next pulse arrives. 
 
The MPS must be integrated with several other protection systems in the LCLS. The 
Personnel Protection System (PPS) and Beam Containment System (BCS) are critical safety 
systems which are built and operated independently of the MPS, but which must return their 
status to the MPS. There are also several other hardware protection systems that operate 
independently of the MPS. These are systems like the vacuum system that monitors and 
controls the vacuum valves. Energized systems such as power supplies have internal 
protection and water cooled loads have thermal interlocks. In general, only the status of 
these devices is reported to the MPS. The defined role of the MPS is to turn off the electron 
beam, but not other devices. 
 
The design of the MPS is done with the ease and stability of long-term operation in mind. 
The list of devices which give inputs to the MPS system are described below, together with 
the logic of how the MPS should respond to protect the machine and provide the least long-
term interruption to the machine operation. There are two devices described in the actuator 
section below which act to shutoff and/or rate limit the beam in response to the MPS 
inputs. The design, location and operation of these two MPS actuation devices are chosen to 
protect the machine with the minimum impact to long-term operating stability. 
 
The operability of the machine is also taken into account in the user interface design of the 
MPS. Where appropriate, the MPS will have the ability to auto-recover from a fault so that 
the machine rate returns to normal without operator intervention. The source and probable 
cause of an MPS fault will be displayed on operator status panels, as described in the section 
on MPS operation below. 
 
In the final section of this document a draft logic table is provided that shows the machine 
response to a change in status of all the MPS devices listed. Since it is expected that this table 
will grow and be adapted to changes in machine configuration according to operational 
experience, an updated version of this table will be kept in the LCLS online document 
repository at 
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https://sharepoint.slac.stanford.edu/sites/LCLS%20Document%20Storage/Common%20
Components/Controls/default.aspx 
 
The overall layout of the MPS components is shown in Fig. 1. There are two ways in which 
the MPS can respond to a fault. One is if the fault is downstream of the LTU in which case 
the beam can be aborted by the single bunch dumper (SBD) in DL2. If the fault is upstream 
of the SBD then the beam is suppressed by the Pockels cell (PC) at the gun laser. 

 

Figure 1:  Schematic layout of the LCLS showing the principal MPS components. PLIC cables are shown 
in RED, ion-chambers are in green, and toroid comparators are in yellow, as indicated.  The exact location 
and number of devices is given in the reference table in the last section of this document. 
 

2. Response Time Requirements 

2.1. Fast Requirement 

The MPS is required to be able to shutoff the beam before the next beam pulse arrives at 
120 Hz in the event of a beam loss being detected near the undulator. The available 8.3 ms is 
to be budgeted between the response time of the beam loss monitor, the communication 
time to the MPS controller and the response time of the MPS abort actuator. 
 
This requirement is driven by the need to ensure no stray beam strikes the undulator 
permanent magnet material. 

2.2. Slow Requirement 

Some inputs to the MPS are pre-emptive in that they indicate a pending failure that may lead 
to beam loss. In this case, since the beam loss has not yet started there is a little more time 
allowed for the MPS to respond.  
 
The reason for stating this exception to the response time is that it will allow inputs to be 
made to the MPS controller from IOCs in the control system, rather than always having a 
hardwired connection from an input device to the MPS controller. Examples of this would 
be warnings of: 
Deteriorating vacuum pressure 
An orbit oscillation growing in amplitude, but not yet striking any collimators 
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A power supply current drifting out of tolerance 
 
The MPS should respond to a slow requirement within 3 beam pulses at 120 Hz, or within 
24.9 ms. 

3. Machine Modes 

Machine modes indicate where the user has requested the beam to go in order to distinguish 
between transportation to the diagnostic dump lines or the main dump. In different modes 
the beam may also be parked on insertable tune-up dumps. The machine mode also reflects 
what rate the user has requested to send the beam to that location. 

3.1. Requested Rate 

The requested rate is the maximum possible rate at which the machine will deliver beam if 
there are no MPS faults. A user will request the rate from a panel from a selection of 
predefined values: (120 Hz, 60 Hz, 30 Hz, 10 Hz, 1 Hz, Single shot). The actual rate will 
depend on the status returned by the MPS controller so that the actual rate may be lower 
than requested, but never higher. 

3.2. Beam Dumps 

Nominally the beam is transported all the way to the final dump beyond the undulator. 
However, there are a number of intermediate dumps where the beam can be terminated: 

 The gun spectrometer dump is active when the BXG dipole magnet is switched on. 
 The straight ahead beam (SAB) dump is active when BX01 is off and BXS is on. 
 Insertable tune-up dump TD11 after BC1 
 Insertable tune-up dump TD21 after BC2 
 Insertable tune-up dump TDUND at the start of the undulator  
 If a beam is stopped on one of these dumps then the MPS should ignore all beam 

rate-limiting conditions downstream of that dump. 

4. MPS Input Devices 

Input devices to the MPS can report a fault such as a beam loss, an imminent fault such as a 
large amplitude beam orbit, or the status of a device such as a screen which obstructs the 
beam. The different input devices are described below, but the list of input devices and their 
location is given in the table at the end of this document. 

4.1. Vacuum System 

The vacuum system has its own internal protection system that inserts valves in response to 
vacuum faults and allows opening of valves only when vacuum pressures meet requirements. 
The in/out status of valves is returned to the MPS system so that the MPS can prevent beam 
striking the valve. 

4.1.1. Vacuum Valves 
All valves are equipped with limit switches that indicate “in”, “out”, or intermediate status. 
All vacuum valves that are in the beam path should report their status to the MPS. If the 
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MPS detects that a valve is inserted, or in an intermediate position, it should turn off the 
beam. 
 
The MPS should recognize the location of valves with respect to beam dumps so that the 
beam is only turned off if valves are not “out” in regions upstream of the currently selected 
dump. 
 
The MPS will not actuate any valves. 

4.1.2. Vacuum Gauges 
Vacuum gauges are used primarily for monitoring the vacuum system and have a direct 
connection to the valve controllers independent of the MPS. In some limited applications a 
rise in vacuum pressure could lead to a beam loss before any valves went in and beam 
shutoff by the MPS. This may happen in the undulator region so some of these vacuum 
gauges will be equipped with threshold detectors to give an indicator to the MPS. 
 
A non-catastrophic rise in vacuum pressure is categorized as a slow response time 
requirement for the MPS. 

4.2. Beam Charge Monitors 

One beam charge monitoring toroid near the gun will detect if the beam charge is above the 
maximum allowable charge for MPS and turn off the beam accordingly.  This limit is 
presently set at 1.2 nC. 

4.3. Beam Loss Monitors 

A beam loss monitor (BLM) will detect if a fault has occurred on the preceding beam pulse 
and the MPS can respond by inhibiting the next pulse(s). The MPS needs to gauge the 
severity of the fault according to the location of the BLM and how large a loss is detected. 
The severity of the fault will be determined according to which of three predefined 
thresholds has been exceeded by the BLM. The signal from a BLM is also integrated over 
the last second so that the system can infer whether the MPS fault would be mitigated by 
lowering the rate or whether it should zero rate. Even though the integration process 
extends to one second, this does not prevent the MPS from tripping the beam within one 
pulse of the trip threshold being exceeded. The method for defining the thresholds and 
integration of the losses is defined in more detail in section 6.4. 
 
The BLMs can be placed close to sensitive devices that are intolerant to beam strikes, or they 
can be placed close to collimators where the loss indicates an excursion in beam position or 
energy which may cause a problem further downstream if left unchecked. 
 
Several different beam loss monitors that detect ionizing radiation will be used in the LCLS. 
The design choice of BLM for each application will depend on the space available, sensitivity 
requirements, cost and availability. Each type of BLM is described briefly in the following 
paragraphs in order to highlight their different features. Each of the BLMs described is a 
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relative loss monitor and does not yield an absolute beam loss measurement. The calibration 
of the BLMs during operation is described in section 6.5. 

4.3.1. Protection Ion Chambers 
Protection Ion Chambers (PICs) have been widely used at SLAC as MPS devices to detect 
beam losses. They consist of a gas filled can with a high voltage electrode that draws current 
when struck by ionizing radiation. The sensitivity and linearity is influenced by the gas 
mixture and voltage. They are relatively simple and robust devices for which SLAC has 
several existing, inexpensive designs and interfaces. 

4.3.2. Cerenkov Detectors 
Cerenkov monitors detect the light from relativistic charged particles traversing a medium 
such as air using a sensitive photomultiplier tube (PMT). They can be more sensitive than 
PICs and compact so that they can be positioned closer to sensitive elements on the 
beamline. 
 
The detectors can also incorporate a status monitoring device such as a light emitting diode 
triggered between beam pulses that indicate the device is working. BLMs normally only 
respond once a fault occurs so the user can be blind to a failure in the BLM itself. The ability 
to monitor the health of the BLM is necessary to minimize the risk of damage to critical 
devices such as the undulator. 

4.3.3. PLIC 
The Panofsky Long Ion Chamber (PLIC) is used widely at SLAC as a general purpose 
detector for detecting losses along extended beam lines where there are no discrete BLMs 
installed. The amplitude of the loss pulse is to be measured within a timing gate to indicate 
to the MPS if a loss threshold has been exceeded. The length of the timing gate is set to 
match the propagation time along the length of the cable. The waveform of the PLIC pulse 
should also be available to the user as a general tuning tool and to allow the location of the 
loss pulse to be localized with respect to fiducials along the cable. 

4.3.4. Distributed Fiber Loss Monitor 
Long fiber detectors are under development as distributed BLMs for deployment in the 
undulator gap. They can function in two modes: One, where the fiber acts as a Cerenkov 
detector for charged particles and the light output is monitored at the end of the fiber with a 
sensitive PMT. Alternatively, a calibrated light pulse can be transmitted down the fiber to the 
PMT at the other end. Integrated radiation dose in the fiber will be evident as a loss in light 
transmission over time. 

4.3.5. Toroid Comparators 
Toroid comparators measure the beam charge on a single beam pulse on two toroids located 
at the entrance and exit of a beam line to be monitored. The locations are typically where 
bending magnets are used (DL1, SAB, BC1, BC2, DL2, undulator, and dump) where a beam 
energy error could take the trajectory outside of the beam pipe. 
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A difference in reading, above a certain threshold, indicates a loss between the two toroids. 
 
Average current comparators have been used at SLAC, which average over a number of 
beam pulses with analog signal processing to compare differences. New toroids under 
development could also use digital comparators within the control system IOC. 

4.4. Beam Trajectory Monitors 

Monitoring the beam trajectory is intended to detect faults before they can lead to a beam 
loss. In contrast to the BLM system that responds after the fault, the trajectory monitor can 
act to prevent faults and will therefore be used at the launch point into the undulator. In 
some cases it is adequate to monitor the trajectory at a single BPM and other times the fitted 
trajectory through several BPMs is used. 

4.4.1. Single BPM 
Normally, a pair of BPM readings will be used to determine the beam energy in DL2 at the 
beginning of the LTU. However, when the MPS fires the SBD, the second BPM of the pair 
sees no beam. In this case, the energy determination is still completely adequate for all 
purposes, but the energy calculation needs the intelligence to know when to calculate energy 
using one BPM or two, depending on the MPS state. 
 
A single BPM just downstream of the SBD can be used to monitor the kick amplitude of the 
SBD. If the SBD fails to produce a large enough kick the MPS should trip the beam at the 
gun laser PC. 

4.4.2. Combined BPM Orbit 
A betatron oscillation in the beam trajectory is best detected over several BPMs and is 
calculated within the control system IOC for the BPMs. The beamline location where the 
launch into the undulator is to be monitored is also controlled by a trajectory fast feedback 
loop. The feedback provides convenient monitoring of the orbit amplitude so it is 
reasonable to use the feedback output as an input to the MPS. This also provides the 
necessary monitoring of the feedback loop itself which has failure modes capable of grossly 
mis-launching the beam into the undulator. If the feedback IOC freezes or exceeds its 
actuator limit the MPS should turn off the beam.  

4.5. Tune-up Dumps 

Tune-up dumps TD11, TD21 after the bunch compressors, and TDUND at the end of the 
LTU, are insertable and have limit switches to return their in/out status to the MPS. When a 
tune-up dump is inserted, all downstream MPS faults will be ignored. 
 
When inserted, the x-ray stoppers at the dump/FEE wall will rate limit the machine to 10 
Hz using the SBD. 
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4.6. Beam Profile Monitor Screens 

Insertable beam profile screens have limit switches to return their in/out or indeterminate 
status to the MPS. The MPS should be aware of a screen being in the beam since it can spoil 
the emittance which might cause beam loss downstream. The MPS should also act to 
prevent excessive beam pulses from reaching the screen and degrading the performance of 
the screen. 
 
The MPS will turn off the beam when the profile monitor is being inserted to prevent beam 
strikes to the screen frame as it moves in. When the screen is inserted, the rate will be 
lowered to increase the lifetime of the screen. These details are specified for each profile 
monitor listed in the table. 

4.7. Beam Spoiler Foil 

A beam emittance spoiler foil is under development for inclusion in BC2. The spoiler foil, 
when inserted, will degrade the electron beam quality sufficiently to prevent the FEL from 
lasing, thereby greatly reducing its FEL output power. The in/out status of the foil should 
be returned to the MPS so that sensitive photon diagnostics can be deployed only on 
condition that the foil is in. 

4.8. Magnet Power Supply Monitors 

Certain magnets are critical to the undulator beam launch parameters. The power supply 
settings of these magnets will be monitored by the MPS to verify that they are within the 
MPS tolerance, as specified below. 
 
The quadrupoles at the end of the LTU launch feedback region will be monitored since they 
can steer the beam without being seen by the beam trajectory monitors. The MPS will check 
that the actual power supply current is within 5% of the desired power supply current and 
will not rely on the standard database tolerance value. If the power supply current deviates 
by more than 5% from its desired value, the beam will be switched off. The 5% value is large 
enough that minor fluctuations in the current will not trip the beam off, and will only signal 
the MPS if there is a serious discrepancy in the power supply operation. 
 
Given the long time constant of a magnet load for the power supply, this is categorized as a 
slow response time requirement for the MPS. The power supply information can therefore 
be returned from its IOC to the MPS. The use of the IOC as an MPS input device implies 
that the MPS will trip if the IOC crashes and fails to report the power supply setting. This 
added level of protection will increase the number of nuisance trips in the MPS, but the 
justification is that we should not leave critical power supplies unmonitored. 
 
Several bending magnets also determine the mode of the machine operation by bending the 
beam into diagnostic beamlines such as the gun spectrometer and the SAB spectrometer. 
The MPS should verify that these power supplies are in tolerance before allowing beam in 
that mode. The tolerance in this case needs to be an absolute value since the desired field 
value for the magnet is a function of both the desired bending angle and the beam energy. 
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When the beam is required to go straight ahead the field should be zero.  When the bend 
angle is nonzero, the field should be within 2% of a configuration value stored in the MPS 
database. The present desired energy for each bend should be stored in the MPS database 
and easily adjusted when the operational energy changes. 
 
In order to ensure that the main dump bends are set at the correct value for the beam 
energy, the MPS should determine that the ratio of the DL2 and main dump power supply 
settings are in a predetermined ratio. This ensures that the DL2 and dump bends are set for 
the same energy and will prevent beams of the wrong energy reaching the dump. If the beam 
from the linac has the wrong energy it will be lost in the DL2 region and trip off the BLMs 
without reaching the undulator and main dump. The design will avoid the situation where an 
incorrectly set linac energy makes its way through the DL2 and causes losses in the main 
dump bend. 

4.9.  Klystrons 

The klystrons contain their own internal protection system against vacuum and RF power 
faults. The protection system will trip off the klystron for a short period of time and allow it 
to automatically recover if the fault clears. During that time the beam energy will be off by 
~200 MeV which may result in some beam loss downstream or simply stop the FEL from 
lasing during that time. 
 
At present there is no interlock between the klystrons and the MPS to suppress beam pulses 
during the time a klystron “cycles”. However, when the klystron system are upgraded at 
some point in the future this input will become available to the MPS.  The MPS will, 
however, fire the SBD when the DL2 energy feedback loop has sensed a significant relative 
energy error with respect to an MPS-defined threshold of about 2%. 

4.10. Magnet Movers 

The position of magnet movers in the undulator should be reported back to the MPS to 
ensure that no beam is put through the undulator if a mover is grossly misadjusted or “walks 
away” if a mover controller fails. The MPS will trip the beam if the actual mover position is 
not within about 100 µm of the desired position.  
 
Since all mechanical movers are slow, this is categorized as a slow response time requirement 
for the MPS. 

4.11.  PPS and BCS Inputs 

The MPS will not attempt to allow beam if the PPS and BCS systems are not fully made up. 
The PPS and BCS use completely independent means to shutoff the beam, but the status of 
these actions should be returned to the MPS system. 

5. MPS Mitigation Devices 

The mitigation devices are capable of shutting off or lowering the beam rate within one 
beam pulse. By having more than one actuator device we have some control over how much 
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of the machine gets shut off in response to an MPS trip. The MPS should also indicate, 
through the timing system, that the beam has tripped so that other beam synchronous 
acquisition devices, such as BPMs, are cognizant of missing beam pulses. 

5.1. Gun laser Pockels Cell 

A Pockels cell is a fast electronic shutter that can extinguish the laser light before it reaches 
the electron gun. The Pockels cell (PC) will only open in response to triggers supplied by the 
MPS. It is located just in front of the gun with the intention that the laser can operate at a 
fixed repetition rate while the electron beam rate is controlled by the PC. Ideally, the light 
should still go to the virtual cathode and be blocked to the gun cathode only. 
 
The PC cannot cause 100% complete extinction of the light, but attenuates it by such a large 
factor that there is negligible electron beam charge generated. An additional, slower 
mechanical shutter can be closed after the PC closes for machine studies of the dark current 
from the gun. However, the Pockels cell must close first to prevent laser damage to the 
mechanical shutter. 

5.2. Gun Klystron 

The repetition rate of the gun klystron will not normally be changed by the MPS in response 
to beam faults. This is done to keep the gun in thermal equilibrium during electron beam 
rate changes. However, if the MPS determines that the PC has failed because the charge 
monitor registers current when the PC has been commanded to close, then the MPS will 
turn off the high power RF to the gun. This would not be a routine occurrence. 

5.3. Single Bunch Beam Dumper 

The single bunch beam dumper (SBD) is located within the DL2 bend region in the LTU. It 
is a pulsed kicker magnet operating at 120 Hz and can kick the beam sufficiently off-axis, 
depending on its firing time, to be intercepted by a stopper, as described in PRD 1.3-014. 
The MPS can shift the timing of this device to fire synchronously with the beam so that 
individual beam pulses can be dumped, or it can allow an arbitrary rate through the 
undulator and into the main beam dump. 
 
MPS faults occurring downstream of the SBD should cause the beam to be rate limited at 
the SBD and leave the upstream rate of the injector and linac unchanged. 
 
Since the kicker power supply pulses continuously at 120 Hz its amplitude can be monitored 
by the MPS to verify that it remains within tolerance. If the measured amplitude of the 
kicker pulse is not within 10% of the desired value, the MPS rate limiting requests should be 
forwarded to the gun laser PC. 
 
When the kicker does fire on a beam pulse a BPM also verifies that the actual beam kick has 
sufficient amplitude. If the measured BPM value is not within about 1 mm of the value 
stored in the MPS database  the MPS will instruct the gun laser PC to rate limit the beam. 
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6. MPS Operation and Interface 

The primary requirement of the MPS is to protect sensitive components, but it should be 
integrated into the control system in such a way as to allow smooth operation and tuning of 
the machine. There can be many MPS trips to the machine, especially during commissioning 
and tuning, but the impact of these should be minimized through automated responses and 
diagnostic interfaces. 

6.1. Rate Control 

The requested rate will be specified on a dedicated panel from the Main Control Center 
(MCC) only. The operator will select a predefined rate from a menu and the MPS will display 
the allowed rate, which may be lower according to the machine mode and possible faults. 
Whenever the MPS does lower the rate below the requested rate the MPS display panel 
should indicate which input device is causing the trip. 

6.2. Auto-Recovery  

Many MPS faults are transitory such as those that occur during tuning, or when a feedback 
loop must respond to a sudden perturbation. In those cases we want to have the option that 
the MPS restores the beam rate to the requested rate when the fault clears. This option 
should be password protected and selectable by an MPS operator on a device by device 
basis. 

6.3. Postmortem Analysis 

More serious faults should only be reset by an operator who has verified that the cause of 
the fault has been remedied before attempting to send beam down the machine again. The 
operator therefore needs to understand the sequence of events that led to the last MPS trip. 
In addition to seeing which input device caused the trip, the operator needs to be able to 
recall pertinent beam data from the last ~1000 beam pulses prior to the trip. Typical data 
that should be buffered is BPM orbit information, BLMs, feedback actuators and any other 
devices under synchronous beam control that can affect the beam on a pulse by pulse basis. 
Buffering of the data is a feature of the synchronous data acquisition of the LCLS control 
system. The postmortem analysis requires that the buffers freeze when the MPS trip occurs 
in order that the buffers retain their data for the ~1000 pulses before the trip occurred. This 
is possible because of the requirement in Section 5 that the MPS outputs information to the 
timing system whenever a MPS trip occurs. The timing system should send a trigger to 
freeze the buffers. The buffers are unfrozen when the MPS is reset. 
 
As experience is gained during commissioning it would be useful if the relevant buffers be 
automatically displayed after an MPS trip so the operator can see at a glance what the root 
cause of the trip was. 
 
Information from slow responding devices such as power supply currents, temperature 
monitors etc. can be retrieved through the control system Channel Archiver to view the 
history of any changes over the previous few minutes. 
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6.4. Trip Thresholds 

Some devices such as BLMs can have different thresholds to indicate the severity of a fault. 
The MPS will recognize three thresholds in order to characterize the fault as low, moderate 
or high. Crossing each of the thresholds would in turn lower the rate from 120 Hz to 10 Hz 
to 1 Hz and to off. The threshold at which any trip should occur is to be software selectable 
by an MPS operator under password protection. 
 
Figure 2 shows examples of how the beam will be lowered in rate when the integral loss over 
the previous one second exceeds each of the three thresholds. 

 
Figure 1: Examples of how beam losses integrated over the previous second may cause rate limiting:  A. Pulses 
1 through 4 are below threshold but pulse 5 exceeds threshold-3 and sets the beam to a zero rate.  B. Pulses 6 
through 9 integrate a loss that exceeds threshold-1, lowering the rate to 10 Hz.  C. Pulses 12 through 14 
integrate a loss that exceeds threshold-2, lowering the rate to 1 Hz. 
 
The tolerance value for an MPS trip by a power supply should also be programmable by an 
MPS operator under password protection. 

6.5. Calibration of BLMs 

The BLMs are relative radiation detectors and rely upon calibration measurements to 
translate the electronic amplitude of the signal into meaningful units. The exact procedure 
for calibration will vary according to the location of the BLM. Typical methods of calibrating 
the detector against a specified beam loss are to insert an obstruction in the beam, such as a 
profile monitor screen or a wire scanner, or a collimator jaw. Where obstructions are not 
available the beam may be miss-steered to scrape a fraction of the beam on the vacuum 
chamber walls. 
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6.6. Bypass Capability 

In some instances the trip response from an MPS input device needs to be bypassed, either 
because the device is malfunctioning or the protection is deemed unnecessary by an expert 
for a particular mode of operation. The bypass should be software selectable by an MPS 
operator under password control. In order to minimize the risk associated with bypassing 
the MPS and leaving it bypassed indefinitely, each bypass will have an expiration time 
associated with it. As the expiration time is approached the operator will be warned and 
given the opportunity to renew the bypass, or have it automatically un-bypassed.  
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7. Tables of MPS Device Logic 

 
Table 1: Rate limit logic for the gun laser Pockel cell 

    Requested Rate 
at Gun Laser 

PC, Hz 

   Footnote 
no. 

       Single 
Shot 

 

input device 
type 

unit severity 
status

additional 
condition

MPS Limited 
Rate, Hz 

(A=autorecovery) 

   1,6 

         
vacuum valve        4 

 gun, VV01 not out       
 injector, 

VV02-4 
not out Bend BXG 

off
     

 injector, 
VV02-4 

not out Bend BXG 
on, in 

tolerance

   SS  

 linac valves not out Bend BX01 
off, BXS on, 
in tolerance

   SS  

 linac valves not out BXG on, in 
tolerance

   SS  

 linac valves not out Bend BX01-
2 on

     

vacuum gauge        2,5 
 injector high       
  intermediate  10 A 1 

A 
SS 
A 

SS  

 linac high       
  intermediate  10 A 1 

A 
SS 
A 

SS  

beam stopper         
 alignment 

mirror, AM01 
out     SS  

  not out also 
requires 

gun RF off

0 A 0 
A 

0 
A 

0 A 7 

 BXG 
Wakefield 

shield 

indeterminate       

 BXG 
Wakefield 

shield 

out and bend 
BXG on, in 

tolerance

10 10 1 SS  

 BXG 
Wakefield 

shield 

in and bend 
BXG off

120 10 1 SS  
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 RST1, 
backward 

beam stop 

not out       

 TD11 indeterminate  0 A 0 
A 

0 
A 

0 A  

 TD11 in or out  120 10 1 SS  
 TD21 indeterminate  0 A 0 

A 
0 
A 

0 A  

 TD21 in or out  120 10 1 SS  
magnet power 

supply 
       3 

 gun 
spectrometer, 

BXG 

on, in tol.  10 10 1 SS 8 

 gun 
spectrometer, 

BXG 

on but out of 
tol.

    SS  

 heater. 
BXH1-4 

on but out of 
tol.

    SS  

 inflector, 
BX01-2 

on but out of 
tol.

BX01 off 
requires 
BXS on

   SS  

 SAB spectr., 
BXS 

out of 
tolerance

only when 
BX01-2 off

   SS  

 BC1, BX11-
14 

out of 
tolerance

BDES 
depends on 

chicane 
position

   SS  

 BC2, BX21-
24 

out of 
tolerance

BDES 
depends on 

chicane 
position

   SS  

         
profile monitor 

screen 
       9 

 YAG01/FC01 out     SS  
  indeterminate  0 A 0 

A 
0 
A 

0 A  

  in  SS SS SS SS  
 YAGG1 and 

CRG1 
out BXG on 10   SS  

  indeterminate  0 A 0 
A 

0 
A 

0 A  

  in  SS SS SS SS  
 YAGG1 out BXG off    SS  
  indeterminate  120 10 1 SS  
  in  120   SS  
 YAG02, 3, 4 

and CR01 
out     SS  

  indeterminate  0 A 0 0 0 A  
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A A 
  in  SS SS SS SS  
 OTRH1, 2 out     SS  
  indeterminate  0 A 0 

A 
0 
A 

0 A  

  in  SS SS SS SS  
 OTR1, 2, 3 out     SS  
  indeterminate  0 A 0 

A 
0 
A 

0 A  

  in  SS SS SS SS  
 OTR4 out BX01 on    SS  
  indeterminate  0 A 0 

A 
0 
A 

0 A  

  in  SS SS SS SS  
 OTR4 out BX01 off    SS  
  indeterminate  120   SS  
  in  120   SS  
 YAGS1, 

OTRS1, 
YAGS2 

out BX01 on    SS  

  indeterminate  120   SS  
  in  120   SS  
 YAGS1, 

OTRS1, 
YAGS2 

out BX01 off    SS  

  indeterminate  0 A 0 
A 

0 
A 

0 A  

  in  SS SS SS SS  
 OTR11, 12, 

21 
out     SS  

  indeterminate  0 A 0 
A 

0 
A 

0 A  

  in  SS SS SS SS  
toroid         

 IM01 > 1.2 nC     SS  
toroid 

comparator 
        

 DL1: IM02, 
IM03 

>10% 
difference

BX01 on 10 A 10 1 SS  

  >50% 
difference

 SS A SS 
A 

SS 
A 

SS  

 SAB: IM02, 
IMS1 

>10% 
difference

BX01 off 10 A 10 1 SS  

  >50% 
difference

 SS A SS 
A 

SS 
A 

SS  

 BC1: IMBC1I, 
1O 

>10% 
difference

BX01 on 10 A 10 1 SS  

  >50% 
difference

 SS A SS 
A 

SS 
A 

SS  
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 BC2: IMBC2I, 
2O 

>10% 
difference

BX01 on 10 A 10 1 SS  

  >50% 
difference

 SS A SS 
A 

SS 
A 

SS  

Protection Ion 
Chambers 

        

 injector level 1  10 A 1 
A 

SS 
A 

SS  

  level 2  1 A 1 
A 

SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

 BC1 level 1 BX01 on 10 A 1 
A 

SS 
A 

SS  

  level 2  1 A 1 
A 

SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

 BC2 level 1 BX01 on 10 A 1 
A 

SS 
A 

SS  

  level 2  1 A 1 
A 

SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

PLIC         
 injector level 1  10 A 1 

A 
SS 
A 

SS  

  level 2  1 A 1 
A 

SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

 linac level 1 BX01 on 10 A 1 
A 

SS 
A 

SS  

  level 2  1 A 1 
A 

SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

LTU abort 
kicker 

        

 SBD out of 
tolerance

MPS fault
downstream 

of SBD

  SS SS  

         
         
Notes:         
1. additional intermediate rates between 120 and 10 Hz can also be defined at 60 and 30 Hz if the need 
arises 
2. RF klystrons have independent vacuum protection 
3. Magnets and power supplies have internal thermal protection 
4. limit switches on all obstructions are either in, out, or indeterminate 
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5. vacuum gauges are interlocked directly to valve controllers but also have the option having a 
programmable threshold linked directly to the MPS 
6. auto-recovery A means that the rate will go back up to the requested rate once the fault clears, but it 
will go back in stages 1=>10=>120 in 5 second intervals 
    If auto-recovery is not indicated the operator is required to reselect the required rate manually when 
the fault clears 
    All profile monitors will zero rate the beam on insertion and await an operator reset when the in limit 
switch is made up. 
7. insertion of the gun alignment mirror AM01 is to be inhibited unless the gun RF status is off 
8. when BXG is on rate is always limited to 1 Hz max because mirror is permanently in. Beam should 
no longer be rate limited by downstream faults except injector vacuum 
9. during first commissioning, when any profile monitor is inserted the rate will drop to single-shot in the 
interest of protecting the screen. We may increase this after gaining some experience. 
 

Table 2: Rate limit logic for the Single Bunch Beam Dumper in the LTU 
    Requested Rate 

at Single Bunch 
Beam Dumper, 

Hz 

   Footnote 
no.

       Single 
Shot 

 

input 
device type 

unit severity 
status

additional 
condition

MPS Limited 
Rate, Hz 

(A=autorecovery)

    

         
vacuum 

valve 
        

 LTU not out       
 DUMP not out TDUND 

out
     

vacuum 
gauge 

        

 LTU high       
  intermediate  10 A 1 A SS 

A 
SS  

 undulator high       
  intermediate  10 A 1 A SS 

A 
SS  

beam 
stopper 

        

 TDUND in  10 10 1 SS  
magnet 

power 
supply 

        

 DL2 
BX31,32,35,36 

out of 
tolerance

    SS  

 DL2 VB BY1,2 out of 
tolerance

    SS  

 Dump 
BYD1,2,3 

out of 
tolerance

    SS  
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 launch Quads 
QE31-36 

out of 
tolerance

TDUND 
out

   0  

 launch Quads 
QUM1,2,3,4,5,6 

out of 
tolerance

TDUND 
out

   0  

 launch Quads 
QE31-36 

out of 
tolerance

TDUND 
in

10 10 1 SS  

 launch Quads 
QUM1,2,3,4,5,6 

out of 
tolerance

TDUND 
in

10 10 1 SS  

 SBD, BYKIK out of 
tolerance

will rate 
limit gun 
laser PC

- - -  1

profile 
monitor 
screen 

        

 LTU OTR30,33 out     SS  
  indeterminate  0 A 0 A 0 

A 
0 A  

  in TDUND 
in

10    SS  

 LTU OTR30,33 out     SS  
  indeterminate  0 A 0 A 0 

A 
0 A  

  in TDUND 
out

0 0 0 0  

 OTRDMP out     SS  
  indeterminate  0 A 0 A 0 

A 
0 A  

  in  10    SS  
toroid 

comparator 
        

 LTU, IM31 
IM36 

>10% 
difference

TDUND 
out 

10 A 10 1 SS  

  >50% 
difference

 SS A SS 
A 

SS 
A 

SS  

 LTU, IM31 
IM36 

>10% 
difference

TDUND 
in 

10 A 10 1 SS  

  >50% 
difference

 1A 1A 1A SS  

 undulator, 
IMUNDI 
IMUNDO 

>5% 
difference

TDUND 
out 

10 A 10 1 SS  

  >20% 
difference

 SS  SS  SS SS  

 dump, 
IMUNDO 
IMDUMP 

>10% 
difference

TDUND 
out 

10 A 10 1 SS  

  >50% 
difference

 SS A SS 
A 

SS 
A 

SS  

Protection 
Ion 

Chambers 
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 LTU transverse 
Collimator 

level 1 TDUND 
out 

10 A 1 A SS 
A 

SS  

 CX31,35,37 level 2  1 A 1 A SS 
A 

SS  

 CY32,34,36 level 3  0 0 0 0  
 LTU transverse 

Collimator 
level 1 TDUND 

in 
10 A 1 A SS 

A 
SS  

 CX31,35,37 level 2  1 A 1 A SS 
A 

SS  

 CY32,34,36 level 3  SS A SS 
A 

SS 
A 

SS  

 LTU energy 
collimator 

level 1 TDUND 
out 

10 A 1 A SS 
A 

SS  

 CEDL1, CEDL3 level 2  1 A 1 A SS 
A 

SS  

  level 3  0 0 0 0  
 LTU energy 

collimator 
level 1 TDUND 

in 
10 A 1 A SS 

A 
SS  

 CEDL1, CEDL3 level 2  1 A 1 A SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

 SBD, PCTDKIK level 1  10 A 1 A SS 
A 

SS  

  level 2  1 A 1 A SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

 TDUND, 
PCMUON 

level 1 TDUND 
out 

10 A 1 A SS 
A 

SS  

  level 2  1 A 1 A SS 
A 

SS  

  level 3  0 0 0 0  
 TDUND, 

PCMUON 
level 1 TDUND 

in 
10 A 1 A SS 

A 
SS  

  level 2  1 A 1 A SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

 dump 
linePCPM1L 

level 1  10 A 1 A SS 
A 

SS  

  level 2  1 A 1 A SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

 individual 
undulator BLMs 

level 1  10 A 1 A SS 
A 

SS  

  level 2  1 A 1 A SS 
A 

SS  

  level 3  SS A SS SS SS  
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A A 
PLIC         

 LTU level 1 TDUND 
out 

10 A 1 A SS 
A 

SS  

  level 2  1 A 1 A SS 
A 

SS  

  level 3  0 0 0 0  
 LTU level 1 TDUND 

in 
10 A 1 A SS 

A 
SS  

  level 2  1 A 1 A SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

 undulator level 1  10 A 1 A SS 
A 

SS  

  level 2  1 A 1 A SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

 Dump level 1  10 A 1 A SS 
A 

SS  

  level 2  1 A 1 A SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

Beam 
Position 
Monitors 

        

 launch energy level 1 TDUND 
out 

10A 10A 1A SS  

  level 2  1A 1A 1A SS  
  level 3  0A 0A 0A 0A  
 launch energy level 1 TDUND 

in 
10A 10A 1A SS  

  level 2  1A 1A 1A SS  
  level 3  1A 1A 1A 0A  
 launch 

trajectory, fdbk 
level 1 TDUND 

out 
10 A 1 A SS 

A 
SS  

  level 2  1 A 1 A SS 
A 

SS  

  level 3  SS A SS 
A 

SS 
A 

SS  

 launch 
trajectory, fdbk 

level 1 TDUND 
in 

10 A 10A 1A SS  

  level 2  1 A 1 A 1A SS  
  level 3  SS A SS 

A 
SS 
A 

SS  

 undulator 
trajectory 

level 1 TDUND 
out 

10 A 1 A SS 
A 

SS  

  level 2  1 A 1 A SS SS  
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A 
  level 3  SS A SS 

A 
SS 
A 

SS  

 SBD BPM 
amplitude 

out of 
tolerance

rate limit 
at gun 
laser PC 

-    2

         
 
Notes: 
1. if the single bunch beam dumper goes out of tolerance on standby timing pulses the MPS rate limit 
will be transferred to the gun laser PC instead 
2. if the BPM reading the bunch kicked by the single bunch beam dumper goes out of tolerance the 
next pulse will be rate limited by the gun laser PC  
 


