


 
 

_______________________________________________________________________________________________________
ESD 1.6-100-r0                                                                          Check the LCLS Project website to verify  
2 of 10  that this is the correct version prior to use. 

1. Introduction: 
 
AMO experiments at the LCLS will be carried out in vacuum where the LCLS FEL beam will 
interact with atoms, molecules or clusters introduced into the chamber via a gas jet.  A variety of 
spectrometers will be used to detect electrons, ions and fluorescent x-rays emerging from the sample 
as a result of irradiation with the FEL beam.  The vacuum chambers and stands serve the purpose of 
maintaining the appropriate vacuum while holding the spectrometers in the correct positions for the 
duration of the experiment.  Additionally, magnetic shielding is used to attenuate the magnetic field 
strength in the interaction region to sufficiently low levels so as to not significantly affect the 
trajectories of charged particles in the spectrometers. 
 
2. Vacuum Chambers: 

2.1. The vacuum chambers will be used both to hold vacuum and support the various 
spectrometers and ancillary equipment that makes up the experimental apparatus.   

2.2. Vacuum chambers must be fabricated using proper UHV techniques, i.e. constructed of 
metal using con-flat and wire seal flanges with proper vacuum welding, in order to achieve 
the required level of ultra-high vacuum, eventually as low as 10-10 Torr.  

2.3. Sufficiently strong materials should be used in the construction of the chamber to fully 
support all of the spectrometers, pumps, valves, etc. without further support structures.   

2.4. The chamber design is dictated primarily by the requirements of the spectrometers, gas jet 
and photon beam, all of which are aligned to the interaction region at their intersection.   

2.5. The chamber configuration and size will provide for as small a distance as possible between 
the beam entry port and the interaction region. 

2.6. The chamber should include mounting tabs/points to attach the chamber to the stand.   
2.7. Lifting points should also be provided on the chamber to facilitate mounting and 

dismounting the chamber from the stand using cranes and lifting hardware. 
2.8. The vacuum chamber for the high field physics experiment needs to provide provisions for 

the following instruments/capabilities: 
2.8.1. Gas jet  
2.8.2. Ion spectrometer 
2.8.3. Electron spectrometers (5) 
2.8.4. Pumping 
2.8.5. FEL beam in 
2.8.6. FEL beam out 
2.8.7. Laser beam in/out ports close to the vertical and horizontal directions 
2.8.8. In vacuum skimmer gate valve 
2.8.9. By-pass valve port 
2.8.10. Pressure monitoring 
2.8.11. RGA monitoring 
2.8.12. Up-to air valve 
2.8.13. Various spare ports 
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3. Valves: 
 

3.1. Several valves are required on the vacuum chamber to provide a fully functional chamber.  
The valves should all be pneumatic and actuated and monitored by the vacuum control 
system. 

3.2. Upstream and downstream gate valves should be provided to isolate the chamber from 
adjacent vacuum volumes.  The gate valves should be interlocked to the vacuum of the 
chamber and immediately adjacent chamber.  The equipment protection system should 
protect the valves from being illuminated by the FEL beam. 

3.3. An up-to-air valve should be provided and connected to liquid nitrogen boil off to vent the 
chamber to clean dry nitrogen.  The up to air valve should be a normally open valve that 
fails in the open position, venting the chamber in the case of a power failure after an 
appropriate delay to allow time for the turbo pump to spin down.  The controller for the 
up-to-air valve should be on an uninterruptible power supply to prevent it from opening 
inadvertently.  

3.4. The isolation valve between the skimmer chamber and main chamber has been described in 
detail separately in the gas jet ESD.  It will be a two piece valve with the gate and mount 
attached to the skimmer chamber and the actuator attached to the main chamber with a 
flexible linkage between them.  This valve allows the skimmer chamber to be vented 
separately from the main chamber to allow maintenance on the gas jet nozzle. 

3.5. A bypass valve connecting the volume of the skimmer chamber and the main chamber 
allows them to be vented or pumped down in concert.  This valve will normally be closed 
but opened whenever the entire chamber is vented to atmosphere.  It has been described in 
greater detail in the gas jet ESD. 

3.6. A pumping isolation valve will be used to isolate the turbo pump (and potentially 
cryopump) from the main chamber volume.  This large gate valve will allow the chamber to 
be vented quickly without waiting for the magnetically levitated turbopump to spin down.  
It will also close if the turbo pump fails, isolating the vacuum of the main chamber from the 
pump(s).  Care will have to be taken to ensure that the valve is not opened when a 
differential pressure is present across the valve. 

3.7. A pump foreline valve will be fitted between the turbo pump and the primary pump and 
used primarily to prevent backstreaming of dust and contaminants from the foreline pump 
into the UHV chamber when the system is vented. 
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4. Pumping: 
 

4.1. The main experimental chamber will be pumped by a magnetically levitated turbo molecular 
pump with a pumping capacity of about 1000 L/s.  The pump should have an ultimate 
pressure in the 10-10 Torr range in order to achieve the required base pressure for single 
particle densities in the beam focus.   

4.2. Depending on the gas load from the increased surface area of the magnetic shielding and 
complex shape of the vacuum chamber additional pumping may be required to achieve an 
ultimate base pressure of 10-10 Torr.   

4.3. Provisions should be made in the design to include a high capacity cryopump.  The 
cryopump will not help with gas loads due to the gas jet when He, Ne or Ar gases are used, 
but it will provide efficient pumping for molecular gases which make up the majority of the 
background gases in the chamber.   

4.4. If a cryopump is affixed to the chamber, it will be important to include a gate valve above 
the cryopump head to isolate it from the vacuum of the chamber and turbo pump in order 
to facilitate venting the chamber for maintenance. 

4.5. The turbo pump will be backed with an oil free primary pump with sufficient capacity for 
pumping light gases such as He and Ne to achieve the desired background pressure when 
the gas jet is operating.   

4.6. The primary pump will be isolated from the turbo pump by a foreline valve to prevent 
backstreaming of particulates into the turbo pump and main chamber when the system is 
vented.   

4.7. The pump exhaust should be vented to an exhaust system that removes the exhaust gases 
from the experimental hutch.   

4.8. To reduce vibration of the chamber and optics, the primary pump should be located on a 
vibration isolated platform. 

4.9. Each of the electron spectrometers will be fitted with turbo pumps to maintain low 
pressures in the region of the detectors. The pumps can be backed by the main chamber, 
ideally to a flange located near the input to the main chamber turbo pump. Backing these 
pumps with the main chamber vacuum assures a clean vacuum in the detector regions while 
their compression assures a low vacuum in the detector region. 

 
5. Pressure monitoring: 
 

5.1. The pressure in the main experimental chamber will be monitored continuously and pre-
defined set points used to interlock the chamber pressure to the vacuum valves.  A cold 
cathode or nude hot filament ion gauge will be used as the primary monitor of the chamber 
pressure.    

5.2. If a cold cathode gauge is used, it should be located as far from the interaction region as 
possible to prevent interference from the magnetic field of the gauge tube. 

5.3.  If a hot filament ion gauge is used, it should be shielded from the interaction region by a 
grounded grid to prevent ions from the guage reaching the detectors.   

5.4. Pressures of pump forelines should also be monitored using pirani or thermocouple gauges.   
5.5. A residual gas analyzer (RGA) will be permanently attached to the chamber and the residual 

gas content of the chamber monitored and recorded on a regular basis to maintain a record 
of the vacuum history of the chamber. 
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6. Laser ports: 
 

6.1. The main experiment should be equipped with several ports to bring a laser beam into the 
interaction region for pump probe experiments.   

6.2. One port should be provided in a cross before the chamber to bring the laser into the 
chamber nearly coincident with the x-ray FEL beam using a mirror to deflect the laser beam 
along the FEL axis with a hole in the mirror for the FEL beam to pass through.  A second 
mirror after the interaction region should be used to transport the laser beam out of the 
chamber onto a beam stop.   

6.3. Other ports should be provided on the chamber to provide access to the interaction region 
from angles as close to vertical and horizontal as possible.  Mirrors opposite the interaction 
region from the ports can be used to transport the beam out of the chamber after it passes 
through the interaction region.   

6.4. Provisions should be made to mount optical rails or tables close to the laser ports for laser 
optics and personnel safety covers. 

 
7. Differential Pumping: 

 
7.1. Differential pumping should be incorporated into the entrance flange of the main 

experimental chamber (as well as the diagnostics chamber).  While the high field physics 
experiment will sometime be operated at very low gas pressures, in other experimental 
configurations, the pressure in the main chamber will rise to 10-7 Torr to provide sufficient 
sample density.  Differential pumping will be required to maintain the optics at sufficient 
vacuum.  

7.2. A tube of 10cm length with a 1cm aperture with appropriate pumps should be sufficient to 
reduce the pressure by 2-3 orders of magnitude for atmospheric gases.   

7.3. The tube should be reentrant into the experimental chamber to minimize its impact on the 
overall length between the optics and the interaction region.  

7.4. The tube and any surfaces that can be illuminated by the FEL beam should be fabricated 
from or coated with materials that are resistant to damage by the beam, such as B4C.   

7.5. A small (~50-100L/s) pump will need to be provided to pump the volume on the other side 
of the differential pumping tube from the chamber volume.   

7.6. The pump should be backed with a small dry pump which is further exhausted to the pump 
exhaust system carrying the exhaust gases out of the experimental hutch.   

7.7. Pressure in the vacuum volume ahead of the differential pumping tube should be monitored 
and the pumps appropriately interlocked to the vacuum control system to ensure safe 
routine operation of the pumps.   

7.8. To facilitate alignment of the differential pumping clear aperture with the beam, the 
entrance to the differential pumping tube should be covered with a YAG crystal with a 
central hole for the beam to pass through and viewed with a video camera.  Alignment 
would proceed by viewing the beam on the YAG on either side of the aperture and them 
positioning the chamber so that the beam passes through the central aperture.   

7.9. A downstream YAG screen would be used to verify clear passage of the beam through the 
differential pumping tube. 
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Figure 1:  Design concept for the differential pumping tube with angled YAG vewing screen and tube extending 
into the high field physics chamber. 
 
8. Bellows to upstream and downstream chambers: 
 

8.1. The main experimental chamber should be connected to the upstream and downstream 
chambers with flexible bellows to allow independent positioning of the chambers.   

8.2. The bellow should accommodate transverse displacements of ±25mm and angular 
displacements of ±2º.  

8.3. Displacements along the FEL beam direction of ±25mm should also be accommodated.   
8.4. A position interlock or limiting mechanism needs to be developed to ensure that the 

displacement of the bellows does not exceed its range of motion.   
8.5. To protect the bellows from damage due to relative roll of the chamber, a rotary coupling 

should be incorporated into the design with a break away torque that does not exceed the 
yield strength of the bellows to twisting forces. 
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Figure 2: Concept for the bellows protection hardware. 
 
9. Beam termination: 
 

9.1. The focused FEL beam will have sufficient power to ablate any material, so care should be 
taken to ensure that it does not illuminate any surfaces while focused.  Even the unfocussed 
beam will have sufficient power density to ablate many materials, such as metals.   

9.2. An insertable beam stop made of the suitable material to withstand illumination by the 
unfocussed beam should be located at the end of the chamber before the gate valve.  This 
beam stop will allow operation of experiments in the high field physics chamber without 
requiring that the beam pass through to the downstream diagnostics chamber. 
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Figure 3: Possible design of an appropriate beam stop. 

 
9.3. Possible beam paths through the differential pumping and chamber must therefore be 

shielded with materials that are able to withstand illumination by the intense FEL beam.  
9.4. A sufficient clear aperture through the end of the chamber should be preserved to facilitate 

alignment of the downstream diagnostics chamber.   
9.5. Special consideration should be given to the bellows between the optics chamber and high 

field physics experimental chamber to be sure it cannot be illuminated with the beam as a 
vacuum leak would quickly develop. 

 
10. Magnetic Shielding: 
 

10.1. The chamber will be fitted with a magnetic shield to reduce the ambient magnetic 
field in the interaction region and along the flight paths of all charged particles.  An 
attenuation of approximately 1000 times is required to reduce the residual field below 1mG 
so as to not the significantly affect the trajectory of particles towards the detectors.   

10.2. The shield will be constructed of a high magnetic permeability alloy with a likely 
thickness of 3-5mm. 

10.3. A second layer of shielding may be required to achieve the desired attenuation of the 
magnetic field.   

10.4. The magnetic shield should be fitted inside the vacuum chamber and held in place 
using fasteners pressed against the inside walls of the vacuum chamber.   

10.5. Sufficient clearance should be provided between the magnetic shield and vacuum 
chamber to prevent trapped volumes or virtual leaks.   

10.6. Penetrations in the shield should be minimized both in quantity and size.   
10.7. Penetrations for pumping should be covered with a grid of holes of <25mm in 

diameter to minimize penetration of magnetic fields into the shielded volume.   
10.8. Cuffs and sleeves should be fitted into ports that extend towards the detectors.  The 

cuffs should be firmly attached to the main shield with numerous nonmagnetic fasteners 
with a spacing not to exceed 15mm.   
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10.9. Long extensions of the magnetic shielding out to the electron spectrometers should 
mate with magnetic shielding in the electron spectrometer chamber that extends at least as 
far as the detector anode.   

10.10. The large diameter ion spectrometer extension should extend beyond the detector 
and in the case of the metal anode detector, extend around behind the detector.  In the case 
of the phosphor screen detector, the shielding should wrap around the detector as much as 
possible, leaving as small a penetration as possible.   

10.11. The shield should be open on the gas jet port side to allow installation of the sleeve 
extending down the spectrometer tubes.   

10.12. The last piece of shielding to be applied should be the gas jet port cover that will 
provide a hole for the gas jet to pass through as well as other pumping apertures.   

10.13. The magnetic field in the interaction region should be monitored during assembly 
and whenever the interaction region is accessed to ensure proper functioning of the 
shielding. 

 
11. Stand: 
 

11.1. The experimental chamber, gas jet assembly and spectrometers are all held in place 
on a structural steel stand.  The stand is constructed of two pieces, a base that is attached to 
the floor of the hutch and an upper frame that supports the experimental apparatus and is 
connected to the base though stepper motor driven linear stages.   

 

 
Figure 4:  Stand configuration with free and motorized degrees of freedom. 

 
11.2. The stand should be capable of supporting the chamber with positional tolerances of 

±10 μm over the period of an eight hour shift.   
11.3. The linear stages should be capable of scanning the position of the interaction region 

over a range of  ±10mm in the transverse directions with a step resolution of ±2 μm.   
11.4. The stand should be capable of scanning the angular position of the interaction 

region over ±2º with ±0.0002º step resolution. 
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11.5. The top frame should be positively mounted to the floor and capable of 
withstanding >1 G of lateral acceleration without failing. 

11.6. The stand, and top frame in particular, should not contribute more than 50mG of 
magnetic field over the volume of the interaction region and charged particle trajectories. 
(not this field tolerance is in the absence of magnetic shielding) 

11.7. Lifting points should be incorporated into the two frame bodies to allow them to be 
positioned using cranes and other lifting equipment. 

11.8. The fully assembled stand should fit into the Near Experimental Hall (NEH) 
elevator. 

11.9. The upper frame of the stand should extend far enough to accommodate the 
extended gas jet. 

11.10. The stand should have sufficient travel to position the interaction region in the FEL 
beam with the optics in and out of the beam (i.e. with or without the 30mrad deflection 
introduced by the optics). 

 
12. Controls: 
 

12.1. The control system is responsible for the vacuum system of pumps, valves, gauges 
and RGA as well as operating the stepper motors for the stand. 

12.2. Vacuum System: 
12.3. Pumps should be started, stopped and monitored by the control system in concert 

with the valves and gauges.   
12.4. Pump down and up-to air procedures should be developed and programmed into the 

PLC logic to permit one-key operation. 
12.5. Appropriate interlocks should be developed to ensure safe operation of the vacuum 

system. 
12.6. The status of the pumps and pressure readings from the gauges should be recorded 

on a regular basis and archived for later diagnosis. 
12.7. State changes of the valves should be recorded. 
12.8. The RGA should be monitored on a regular basis (daily, weekly?) and recorded to 

provide a history of the vacuum system with the option of continuous operation when it is 
used to diagnose problems. 

12.9. Position Controls: 
12.10. Control of the position of the chamber should be tied to the various limit switches 

on the linear slides and bellow protection mechanism. 
12.11. Algorithms should be developed to allow rotation of the chamber about an arbitrary 

position (i.e. the front of the differential pumping aperture). 
12.12. Scan routines should be developed to optimize the position of the chamber relative 

to some user selectable signal. 
 
 


