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Abstract 
 
Three incidents since 2015 at SSRL reveal good lessons on radiation safety for storage ring light sources.  
The incidents covered accelerator electron losses, beam line safety component design and beam line 
alignment.  This paper describes the finding, investigation, and lessons learned from the three incidents. 
 
There are over 130 area dosimeters around SSRL, which is regularly replaced for every six months.  For the 
period from August 2015 to January 2016, several dosimeters showed elevated doses, equivalent to 0.6-0.8 
mSv per 2000 hours.  Investigations found that this was caused by the electron current leak from Linac gun 
chopper, i.e., when chopper is off, there is still some current passing through. 
 
The second event involved the burn-through monitor (BTM) in front of the front end 1st injection stopper of 
BL12 burned in November 2015, which dumped the stored beam as designed.  It shows the necessity to trap 
uncommanded state faults in addition to commanded insertion sequence of the stopper and movable mask. 
 
The third event was that a degraded vacuum at BL13 was identified from a burn-through caused by the 
alignment error on the BL13 movable mask.  It shows the importance of communication between groups and 
also reveals the necessity of more frequent check on tight alignment. 
 
 
Introduction 
 
The Stanford Synchrotron Radiation Lightsource (SSRL) began in 1972 and is now a 3rd generation light 
source driven by a 3 GeV accelerator, SPEAR3.  In the SPEAR3 accelerator, electrons from a thermionic 
gun will be first accelerated to ~120 MeV by Linac, and then sent to Booster, where electrons will be further 
accelerated to 3 GeV before being sent to the storage ring.  The storage ring can store up to 500 mA currents 
and has top-off injections for every 5 minutes.  
 
 
Excessive Dose from Gun Chopper Current Leakage 
 
There are over 130 area dosimeters around SSRL, which is regularly replaced for every six months.  In April 
2016, we noticed that mora then ten dosimeters shown elevated doses for the period from August 2015 to 
January 2016, as shown in Fig.1.  The worse one read 37 mSv, which was inside a posted Radiation Area and 
read only 1.6 mSv in the similar period one year ago (August 2015 – February 2015).  All high readings 
more than 10 mSv are in posted Radiation Area and the whole Booster ring is classified as a Radiologically 
Controlled Area, accessing to which requires personnel dosimeters.  Meanwhile, area dosimeters in the 2nd 
floor of the adjacent building read 0.8-1.0 mSv for this monitoring period, which is equivalent to 0.6-0.8 
mSv for 2000 hours occupancy and is close to the limit of 1 mSv for 2000 hours.  The personnel dosimeters 
of the office occupants were retrieved and processed, and did not show any recordable dose. 
 
Investigations identified the source of the dose as the chopper current leakage.  The SPEAR3 gun is a 
thermionic RF gun, which generate ~3000 bunches at the 10 Hz rate.  The chopper is intended to allow a 
short bunch train of electrons to be injected into the linac.  This is accomplished using a triggered fast pulser 
to sweep the full 3000 bunches from the gun across a slit.  Electrons that arrive early before the trigger are 
not kicked and strike below the slit and are lost.  Electrons that arrive late after the trigger are kicked too 
hard and are lost above the slit.  Only the few bunches (5-10) that arrive at the correct time very close to the 
trigger and with the proper alignment are transmitted through the slit.  The result is most of the bunches are 
lost at the chopper with only the 5-10 bunches transmitted and all the bunches are lost at the chopper when 
the trigger is not fired. 



 
Fig. 1 Area dosimeters around Linac and Booster.  Dosimeters with elevated doses are shown in red. 

 
In reality, the chopper does not exhibit perfect contrast as some fraction of the electrons before and after the 
chopper trigger can be transmitted through the chopper slit depending on beam energy, beam size, alignment, 
corrector strength, timing, etc.  Each transmitted bunch has a slightly different angle due to the time 
dependent kick and thus undesired bunches can be lost at the entrance slit of the linac which is located a 
short drift distance downstream of the chopper slit.  Typically the number of unwanted electrons leaking 
through the chopper is minimized during machine startup every year while at the same time optimizing the 
desired beam performance.  In the FY15 shutdown the thermionic electron source cathode was replaced and 
in the process the alignment was unexpectedly changed.  When the desired beam was optimized, a small 
amount of leakage current was transmitted through the chopper as shown in Fig. 2.  The plot labeled 
3/24/2015 was measured before the FY15 shutdown and the plot labled 10/31/15 was measured after the 
shutdown. 
 

 
Fig. 2 Comparison of chopper current over time 

 
It is worth noting that the total number of unwanted electrons before the trigger are much larger than the total 
number of unwanted electrons after the trigger because the electron pulse is generated at a constant 10 Hz 
but the chopper trigger is only fired about 60 times every 5 minutes.  Since the unwanted electrons are not in 
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the desire angle and do not match the accelerating RF phase well, they will be lost quickly along the Linac 
and contribute radiation around the linac and to the adjacent building. 
 
To mitigate this hazard, shielding was added to shadow the offices from the electron losses along the Linac 
and a radiation monitor was added beside the Linac wall to detect any unwanted leaks.  Meanwhile a tuning 
procedure, which will be performed at the beginning of each run, was created to reduce the leak.  Our close 
monitor shows the doses in the office area and around the Linac have been reduced to their normal level. 
 
 
Burning of BL12 Burn-Through Monitor (BTM) 
 
In the front end of each SSRL beam line, there are a set of fixed masks (water cooled), a moveable mask 
(water cooled, grazing incident for ID lines) and two tungsten injection stoppers, each of which has a BTM 
in front, as shown in Fig. 3 (left).  The moveable mask is designed to absorb the intense synchrotron 
radiation while the tungsten injection stoppers are used to stop bremsstrahlung.  When access to the hutch 
next to the ratchet wall is requested, the moveable mask will move in first to block all synchrotron radiation 
and then the injection stoppers will move in for bremsstrahlung.  If the injection stoppers wrongly move into 
beams before the moveable mask or the moveable mask was not working, the burn-through monitor will be 
burned and the SPEAR3 storage ring will be vented and shut off. 
 
In November 2015 there was an unplanned vacuum vent of SPEAR3 accelerator storage ring and all beams 
were lost.  It was found in the next day that the BTM of the BL12 upstream injection stopper was the source 
of the SPEAR3 vent, as shown in Fig. 3 (right).  The BTM performed exactly as designed.  Specifically the 
resulting vent safely terminated the electron and photon beams before damage to downstream systems or 
radiation exposure to individuals. 
 

       
Fig. 3 Schemetic of SSRL front end (left) and photon of burned burn-through monitor (right) 

 
The root cause of the incident cannot be identified yet.  To prevent similar incidents, a new interlock was 
introduced to trap any uncommanded state faults.  The interlock will monitor the open/close state of 
moveable mask and injection stoppers.  If a moveable mask is not closed and meanwhile the injection 
stoppers are not open, the interlock will raise a fault and dump all beams. 
 
 
Alignment Error of BL13 Moveable Mask 
 
On startup of SSRL in the fall of 2015 the vacuum level in the BL13 front end was found to be high when 
the front end moveable mask was closed.  Initially this was thought to result from photo desorption owing to 
the variable beam power foot print on the moveable mask as the BL13 elliptically polarzing undulator (EPU) 
operating parameters were changed.  Such photo desorption is typically observed on accelerator startup after 
a vent.  Thermocouples (TC) was installed at selected locations to measure component temperatures.  Over 
the course of over 2 hours the TC added to the BL13 front end isolation valve (IV) rose in temperature and 
plateaued at ~125°C.  The long time scale for the temperature rise is inconsistent with a direct beam strike on 
this small valve since the direct beam power exceeds 2 kW.  Rather, the slow temperature rise appears 
consistent with a weak diffuse beam strike on the valve which is uncooled stainless steel hence will heat 
when exposed to even very modest power. 
 



Investigations found the BL13 moveable mask was not aligned correctly aligned.  The beam center should be 
aligned to the center of the moveable mask, it was, however, aligned to the mask tip.  The moveable mask 
was set at a pitch angle larger than the design, so the alignment error didn’t cause problem until the mask 
was set to its design pitch angle in the 2015 downtime.  The alignment of all other beam lines were checked 
immediately and found no similar problem. 
 
Lessons learned from this incident is that the high power undulator beam line masks operate at small grazing 
angles need more frequent alignment verification.  So SSRL now has the annual start up alignment checks 
for high power density beam lines.  Another lesson is to improve the communication between the beam line 
design group and the alignment group.  Therefore more explicit documents were issued to ensure clear and 
complete communication of alignment requirements and results. 
 
 
Summary 
 
There incidents are introduced in this paper.  The unwanted electron leak from the chopper generated 
elevated radiation around the Linac and to the adjacent building.  The undesired movement of injection 
stoppers caused the damage of BTM, which shut off the accelerator as design.  The alignment error caused 
slow damages on isolation valve and injection stoppers.  All these incidents call close attention of radiation 
safety during design and operation. 
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