


 

___________________________________________________________________________________________________________ 
ESD 1.5-139-r0  Check the LCLS Project website to verify  
2 of 21   that this is the correct version prior to use. 
 

SLAC National Accelerator Laboratory

1. Introduction: 
This document seeks operations authorization for LCLS hard x-ray FEL beam 

transport between the Front End Enclosure (FEE) and the Far Experimental Hall 
(FEH), i.e. through the Near Experimental Hall (NEH), and the X-Ray Transport 
Tunnel (XRT), with access allowed in hutches NEH 1, NEH 2, and NEH 3 (see 
Figure 1 below). This operational mode is called "XRT Mode". The FEL beam will 
be terminated on Stopper S5, which is located ~20 m upstream of FEH Hutch 4. 

The major components threaded by the beam between the FEE and the FEH are 
illustrated in Figure 1. The conditioned FEL beam (see Section 2) initially passes out 
of the FEE through Stopper SH1 and collimator C3H. In NEH Hutch 1, it passes 
through two collimators, C4H and C5, located at the upstream and downstream ends 
of the hutch. In Hutch 2, it passes through the shielded diagnostics assembly for the 
XPP experiment. Note that in both Hutch 1 and Hutch 2, this hard x-ray transport 
beam line joins transport, conditioning, and experimental equipment for the Hutch 1 
and Hutch 2 experiments. Therefore, it must be well shielded, to permit access to all 
this other equipment while hard x-ray beam is being transported. The FEL beam is 
transported through Hutch 3, with the XPP experiment retracted. The beam then 
passes out of the NEH and into the XRT through Stopper SH2 and Collimator C6. 
Note that ~170 m of the simple (no optics) beam transport in the XRT is not 
illustrated in Figure 1. Near the downstream end of the XRT, the FEL beam 
terminates in Stopper S5.  
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Figure 1: Schematic plan-view layout for transport of LCLS hard x-ray FEL beam between the 
FEE and the FEH. Beam will terminate on Stopper S5, which is located ~20 m upstream of 
FEH Hutch 4. 
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2. Radiation Source: 
2.1. Primary Source Parameters: The FEL radiation source is the LCLS undulator, 

whose downstream end is located at Z = ~647 m, ~110 m upstream of the 
NEH. Fundamental parameters for the undulator, the LCLS electron beam, 
and the emitted photon beams are summarized in the latest revision of PRD 
1.1-005, Maximum Credible FEL and Spontaneous Energy per Pulse1. As the title of 
this PRD suggests, the document includes not only nominal operational 
conditions, but also maximum operational conditions, and maximum-credible 
conditions. These conditions are discussed in Section 4. 

2.2. "Conditioned" Source: The photon flux directly produced by the LCLS 
undulator is modified within the FEE, before it is transported into the NEH. 
In the case of the hard x-ray branch beam line, this modification is primarily 
performed using the Hard X-Ray Offset Mirror System (HOMS), which 
consists of three collimators and two grazing-incidence x-ray mirrors within 
the FEE. The HOMS optical system is designed to significantly attenuate 
Bremsstrahlung and higher-photon-energy spontaneous radiation, while 
transporting FEL photon beams with high efficiency, up to a photon energy 
of ~25 keV. The resulting "conditioned" photon spectrum, for both 
spontaneous and FEL radiation, for the nominal 8.3 keV "Hard X-Ray 
Setting", is depicted in Figure 2. The spontaneous radiation spectrum is 
indicated with the continuous curve, while the flux available from the FEL 
fundamental, and its odd harmonics, is indicated by the points. Additional 
details about the spontaneous and FEL radiation flux at the input and output 
of the FEE Offset Mirror System, for several different electron beam settings, 
are presented in LCLS ESD 1.5-127, Estimation of the XTOD Beam Line Photon 
Spectra2. 
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Figure 2: "Conditioned" Spontaneous and FEL photon flux from the LCLS undulator source at 
the nominal "hard x-ray setting", 8.3 keV. See LCLS ESD 1.5-127 for additional details. Note 
that due to the natural emission bandwidth of the FEL, the photon flux is given with 0.03% 
bandwidth. The spontaneous spectrum has been scaled accordingly. 
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3. Geometry: An overall description of this beam transport region has been presented 
in the Introduction, Section 1, with reference to Figure 1. This section describes 
additional elements of the beam line geometry, as they pertain to radiation protection. 
3.1. Optics: This region contains no optical elements, of a type relevant to 

radiation protection. It contains no x-ray mirrors and no x-ray crystal 
monochromators. The only optical systems present are the three Pop-In 
Monitors, which are only treated as "potential targets" in Section 3.3 below. 

3.2. Apertures: This region contains three fixed apertures, the XTOD collimators 
C4H, C5, and C6. 

3.3. Potential Targets: 
3.3.1. "Accessible"/"Inaccessible" Regions: SLAC Radiation Physics has 

specified shielding requirements for potential targets within the LCLS hard 
x-ray beam transport system3. These requirements apply when a potential 
target may be closely-approached by personnel when FEL beam is present 
in the transport system, e.g. a "through-beam" transport pipe in an 
experimental hutch, which may be closely-approached while the hutch is 
"in access". This is an example of an "accessible" region. All the NEH 
hutches must be considered "accessible" for the transport mode 
considered here. In contrast, all personnel are excluded from the XRT 
when the FEL beam is present, for this transport mode. Therefore, the 
XRT is considered "inaccessible", and therefore is not subject to the 
shielding requirements specified in Reference 3. 

3.3.1.1. Potential Targets in Accessible Regions: A list of potential targets is 
summarized in Table 1. 
 

Table 1: Potential Targets in Accessible Regions, i.e. the NEH 

Symbol Name Z (m) Item # 
C4H Collimator #4, Hard X-Ray 758.674 NEH1:3 
P4H Pop-In #4, Hard X-Ray 759.307 NEH1:5 

 Sector Valve 759.484 NEH1:7 
C5 Collimator #5 767.940 NEH1:10 
P5 Pop-In #5 768.468 NEH1:12 

 Sector Valve 773.040 NEH2:5 
 XPP Diagnostics 773.705 NEH2:7 
 Sector Valve 783.230 NEH3:3 
 Sector Valve 801.310 NEH3:11 
 

3.3.1.2. Potential Targets in the XRT: Although the XRT is considered 
"inaccessible", a list of current potential targets is summarized in 
Table 2. 
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Table 2: Potential Targets in Inaccessible Regions, i.e. the XRT 

Symbol Name Z (m) Item # 
SH2 Stopper #2, Hard X-Ray 803.223 XRT:2 
C6 Collimator #6 803.837 XRT:5 
P6 Pop-In #6 804.521 XRT:7 

 Sector Valve 805.771 XRT:8 
 Beam Shutter 811.196 XRT:10 
 Sector Valve 872.719 XRT:14 
 Sector Valve 945.947 XRT:21 

S5 Stopper #5 979.499 XRT:25 
 Sector Valve 990.957 XRT:29 

 

4. Beam Containment System Summary: Beam Containment for FEL transport 
through the NEH and XRT is analyzed using anamorphic ray trace diagrams. The 
FEL source to be used in the analysis is defined in LCLS ESD 1.5-1384. The ray trace 
diagrams themselves are available as GP-380-001-055. Passive beam containment 
safety devices can meet all necessary requirements within this transport system. 
Although safety component damage can occur through mis-steered transport of FEL 
photon energies below those intended for the beam line, safety component failure 
poses no personnel safety implication, by virtue of the beam line geometry and 
passive exclusion/shielding. 

4.1. Collimators and Stopper: The four XTOD collimators, C3H, C4H, C5, C6, 
and the S5 stopper (all illustrated schematically in Figure 1) form the basis 
for beam containment within this transport system. 

4.1.1. Damage Threshold Analysis:  
4.1.1.1. Terminology: 

4.1.1.1.1. Maximum Nominal Beam (MNB): This is the maximum FEL 
beam condition, for a given photon energy, utilized in current 
or near-future operating conditions of the LCLS facility. 

4.1.1.1.2. Maximum Operational Beam (MOB): This is the maximum 
FEL beam condition, for a given photon energy, ever to be 
considered for LCLS user operations. 

4.1.1.1.3. Maximum Credible Beam (MCB): This is the maximum FEL 
beam condition, for a given photon energy, that might ever be 
created and sustained for a significant time duration. Such a 
condition can only occur if systems within the accelerator 
complex malfunction. 

4.1.1.2. SLAC Radiation Physics Requirements: All safety components that 
may intercept the FEL beam (XTOD collimators and the S5 stopper, 
in this case) must be able to sustain an MCB strike indefinitely, or 
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must be supplemented by active beam-containment systems, if 
component failure has personnel safety implications6. 

4.1.1.3. Analysis Cases: The FEL beam dose to the XTOD collimators and 
S5 stopper are obtained for nine cases outlined in Reference 1, i.e. 
the FEL cases with "harmonic number" = 1. The input parameters 
required are summarized in Table 3 below: 

 

Table 3: Damage Threshold Analysis Cases 

Case Class 
Photon Energy 

(eV) 
Q (pC) Ipeak (amp) 

Maximum 
Nominal Beam 

(MNB) 

8266 
250 

3000 
827 
544 3300 

Maximum 
Operational 

Beam (MOB) 

12840 600 
3400 2000 1000 

400 1000 
Maximum 

Credible Beam 
(MCB) 

12840 650 3400 
2000 2500 3500 
400 8100 3900 

 

4.1.1.4. Analysis Procedure: Heinz-Dieter Nuhn has developed an Excel 
spreadsheet to calculate the 11 parameter configurations presented in 
Reference 1. Using that spreadsheet, and the parameters summarized 
in Table 3, the peak coherent photon density at a given target 
distance can be obtained. That quantity, combined with the photon-
energy-dependent x-ray attenuation length in B4C, and several other 
B4C parameters, yields the FEL beam dose to B4C in eV/atom. 

4.1.1.4.1. B4C Parameters: The needed parameters are listed in Table 4 
below: 

 

Table 4: B4C Parameters 

Parameter Value Notes 
Atoms/Molecule 5 - 

Density 2.485 g/cm3 Minimum ceramic density 
from BAE/CERCOM 

Molecular Weight 55.26 g/mole
Natural isotopic 

composition, i.e. not 
enriched (Ceradyne) 
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4.1.1.4.2. B4C X-Ray Attenuation Length: The x-ray attenuation length 
was obtained from the CXRO website, using the parameters in 
Table 4 above. 

4.1.1.4.3. Dose Arithmetic: The following equation was used to obtain 
the dose: 

· ·
· · ·

 
 

Where: I0 = peak coherent photon density at the target 
hν = photon energy 
MB4C = B4C molecular weight 
Lattn = x-ray attenuation length in B4C 
ρB4C = B4C density 
NA = Avogadro's number 
natom = number of atoms in B4C "molecule" 

 

4.1.1.5. Analysis Results: The results are reported in Table 5, below. The 
color/hatch code for the table is derived from LCLS-TN-06-57, 
where theoretical calculation results for B4C damage thresholds are 
presented. 

Case Class

Maximum
Nominal Beam

(MNB)
Maximum

Operational
Beam (MOB)

Maximum
Credible Beam

(MCB)

Photon Energy
(eV)
8266
827*
544*

12840
2000
400*

12840
2000
400*

C4H C5 C6 S5

Dose (meV/atom)

332.5156.8121.0111.7Z        (m     )target        eou

Tensile
Fatigue

20

Theoretical B C
Damage Thresholds

Dose (meV/atom)

4 Compressive
Fatigue Melt

200 630

0.54
19
32

0.33
22
190
0.33
33
760 660

29
0.30
160
19

0.30
28
19

0.50 0.32
11
17

0.20
12
100
0.20
19
410 100

4.8
0.063

25
2.8

0.063
3.8
3.7

0.072

Table 5: Dose Results

* The hard x-ray beam line is not intended for use below 2000 eV.
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4.1.1.6. Interpretation: The color coding in Table 5 is based on a theoretical 
determination of damage thresholds for B4C. Experimental 
determination/confirmation is feasible at the LCLS, and some data 
have already been taken. As of 2010/2, only preliminary experimental 
results have been reported. They appear to confirm the theoretical 
melt dose, but have so far failed to see any evidence of the fatigue-
damage process8. Recall that the hard x-ray beam line is only 
intended for use between 2000 eV and 25 keV. Within this range, 
there may be some chance of tensile fatigue damage at 2000 eV for 
the MOB and MCB cases. However, if operational/equipment 
malfunction permits lower photon energy FEL radiation to be mis-
steered into the hard x-ray beam line, it is probable that B4C damage 
of safety components will occur in the MCB case, and possibly in the 
MOB case. 

4.2. Hard Stops and Limit Switches: There are no relevant hard stops or limit 
switches within this beam transport region. 

4.3. Burn-Through Monitors (BTMs): Dual BTM systems are incorporated in 
stoppers SH2 and S5. For XRT Mode, stopper S5 plays a more significant 
role, as the FEL beam termination component. 

4.4. Implications of Safety Component Failure: As detailed in Section 4.1.1 above, 
safety component damage may occur if mis-steered FEL beams below 2000 
eV are transported. XTOD collimator failure is the more complicated case. If 
failure of XTOD collimators had personnel safety implications, a redundant 
active interlock system would be required. 

4.4.1. Stopper S5: Component failure will be detected by the dual BTM system 
(Section 4.3).  

4.4.2. Collimator C6: Here there are no personnel safety implications, since C6 
is located in the XRT, where no personnel access is permitted when the 
FEL beam is being transported. 

4.4.3. Collimator C4H and C5: Failure of these collimators poses no personnel 
safety hazard, because the vacuum system breach which would eventually 
result will be located either within the XRT, within the required 
polyethylene shielding surrounding collimators C4H and C5 and their 
exclusion zones, or within Wall 2 and the FEE. (No personnel access is 
permitted within the XRT or the FEE when FEL beam is being 
transported.) For a vacuum system breach located near C4H or C5, the 
polyethylene shielding acts as an exclusion zone, together with specific 
exclusion zones (located at the upstream and downstream ends of the 
polyethylene shielding) to keep personnel at a safe distance. Furthermore, 
a soft x-ray FEL beam capable of causing collimator failure in the first 
place will also be absorbed quite strongly, even in air (the air attenuation 
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length for 2000 eV photons is 16 mm, and 4.5 mm for 400 eV). The 
polyethylene shielding geometry provides an air column for safe 
attenuation and absorption of the FEL beam. 

The mis-steer geometry associated with these arguments is detailed 
using Figure 3 below. The upper portion of the figure is a 100:1 plan 
view anamorphic through the NEH. The lower portion of the figure 
includes a real-scale view of the transport hardware surrounding 
collimator C5. This portion illustrates how, to enhance the effectiveness 
of the polyethylene stacks as neutron shields, beam transport tubes of 
reduced diameter are utilized immediately upstream and downstream of 
both C4H and C5. 

NEH1 NEH2 NEH3 XRTFEE

C3H

C4H C5 C6

C5

POLY SHIELDING

100:1 PLAN VIEW ANAMORPHIC

EXCLUSION ZONE (2X)

 

Figure 3: Geometrical analysis of collimator failure within the accessible NEH hutches. See 
text for details. 

Now consider the consequences of collimator failure for the 
accessible NEH hutches. A personnel safety hazard would be created if 
the FEL beam could breach the vacuum chamber in an exposed, 4 inch 
diameter section, where personnel can closely approach. The upper 
portion of Figure 3 demonstrates that this is impossible. The desired 
FEL beam transport is down the illustrated centerline. As the beam 
begins to be mis-steered, to the north or to the south, any vacuum 
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chamber breach would be located downstream of the region illustrated in 
Figure 3, i.e. in the XRT. However, as the mis-steer angle increases, the 
FEL beam approaches the downstream portion of NEH Hutch 3. But 
before this can occur, the FEL will first be incident on the thin-wall 
bellows downstream of collimator C5. This is where the vacuum breach 
will first occur, and is illustrated with the pair of red lines nearest the 
centerline in Figure 3. 

It would be a further concern if the FEL beam could be steered 
enough to avoid the C5 region and directly penetrate the transport tube 
within NEH 1. However, this is also impossible, as illustrated with the 
second pair of red lines in Figure 3, located further from the centerline. 
These are illustrated at the maximum mis-steer angle that can occur from 
the M2H mirror, located in the FEE (ray trace GP-380-001-03), and are 
attenuated by 1.8 m of air in Wall 2 and the air gaps associated with 
collimator C4H before they approach the outside diameter of the 4-inch 
transport pipe. 

Taken altogether then, failure of XTOD collimators C4H and C5 
within the NEH will not result in a personnel safety hazard. 

5. Shielding: 
5.1. Hutch Walls, Doors, Windows, and Feedthroughs, and XRT Doors: 

Implementation of radiation shielding in the NEH and XRT is summarized 
in SLAC Radiation Physics Note RP-10-04.9 

5.2. Spool Pieces: All transport spool pieces in this region are composed of 300 
series stainless steel. The standard, 4-inch diameter (101.6 mm) transport 
spools are 2.11 mm thick, however some smaller-diameter tubing may be as 
thin as 1.65 mm. Near potential targets (see Table 1) 6.35 mm thick spools 
are used in some locations, with a minimum spool length of 203 mm. 

5.3. Tanks and Crosses: All vacuum tanks and crosses are also composed of 300 
series stainless steel. Most utilize material 2.11 mm thick, although in some 
places as thin as 1.65 mm may be used. 

5.4. XPP Diagnostics Box Shielding: A collection of diagnostic equipment for the 
XPP experiment (NEH Hutch 3) is located in this transport system, in the 
upstream portion of NEH Hutch 2. This equipment is enclosed in a shielded 
box. The box, its transport spools, and its contents do not conflict with the 
geometry analyzed in SLAC Radiation Physics Note RP-09-1510, namely: 

5.4.1. Shielding Box Dimensions: 24 inches wide, 36 inches high, and 36 inches 
long. 

5.4.2. Shielding Material: 1/8 inch thick steel. 
5.4.3. Transport Spools through the Enclosure Walls: 1/4 inch, thick-wall 

stainless steel pipe. 
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5.4.4. Potential Target Locations: The distance between internal potential 
targets and the shielded box wall is not less than 8 inches.  

5.5. Local Shielding: The requirements of Reference 3 were utilized to design the 
local shielding required within the NEH. Recall that, because the XRT is 
considered "inaccessible", it is not subject to these requirements and no local 
shielding will be applied there, in general. 

5.5.1. XRT Local Shielding: Stopper system SH2, located at the extreme 
upstream end of the XRT, is designed to terminate the FEL beam, even 
while the XRT is "in access". Therefore, SH2 must be specially shielded, 
in accordance with Reference 3. This is accomplished by utilizing a 
modified vacuum chamber design, which utilizes a stainless steel 
thickness of 6.35 mm minimum throughout. The PPS doors of the XRT 
provide the required shielding when the XRT is in "no access". 

5.5.2. C4H and C5 Polyethylene Shielding: 4 inches of polyethylene shielding 
completely surrounds XTOD collimators C4H and C5, in accordance 
with SLAC Radiation Physics Note RP-08-0511. 

5.5.3. Applied Lead or Steel: Beam line components receiving applied lead or 
steel shielding are listed in Table 6 below. 

Table 6: Components Requiring Applied Lead or Steel Shielding 

Symbol Name Z (m) Item # Notes 

P4H 
Pop-In #4, 
Hard X-Ray 

759.307 NEH1:5 1.65 mm Pb applied on primary 
vacuum chambers, each 270 mm 

along the beam direction. P5 Pop-In #5 768.468 NEH1:12
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5.5.4. Thick-Wall Vacuum Components: Components utilizing thick-wall 
stainless steel materials are listed in Table 7. 

Table 7: Thick-Wall Vacuum Components 

Symbol Name Z (m) Item # Notes 
 Thick-Wall Spool 772.896 NEH2:4 

All of these components have 
6.35 mm thick minimum, 300 
series stainless steel vacuum 

chamber walls. 

 Thick-Wall Spool 773.184 NEH2:6 
 Thick-Wall Spool 774.294 NEH2:8 
 Thick-Wall Spool 783.093 NEH3:2 
 Thick Wall Spool 783.366 NEH3:4 
 Thick-Wall Spool 801.166 NEH3:10 
 Thick-Wall Spool 801.454 NEH3:12 
 Thick Wall Spool 802.384 NEH3:14 

SH2 
Stopper #2, 
Hard X-Ray 

803.223 XRT:2 
 

5.5.5. Viewport and Bellows Covers: Beam line viewports or bellows receiving 
shielding covers are listed in Table 8 below. 
Table 8: Viewports and Bellows Requiring Covers 

Symbol Name 
Z 

(m) 
Item 

# 
Notes 

 Bellows 758.503 NEH1:2 Exclusion/shielding provided by 
C4H polyethylene  Bellows 758.848 NEH1:4 

P4H 
Pop-In #4, Hard 

X-Ray 
759.307 NEH1:5 

Viewport near target. 1.65 mm Pb 
applied between vacuum chamber 

and lens 
 Bellows 759.590 NEH1:8 1.9 mm Pb applied 
 Bellows 767.768 NEH1:9 Exclusion/shielding provided by 

C5 polyethylene  Bellows 768.113 NEH1:11

P5 Pop-In #5 768.468 NEH1:12
Viewport near target. 1.65 mm Pb 
applied between vacuum chamber 

and lens 
 Bellows 768.667 NEH1:13 1.9 mm Pb applied 
 Bellows 770.416 NEH2:3 

1.9 mm Pb applied 
 Bellows 777.855 NEH2:10
 Bellows 783.737 NEH3:6 

12.7 mm thick 
steel-tube enclosure 

 Bellows 792.275 NEH3:7 
 Bellows 796.595 NEH3:8 
 Bellows 801.014 NEH3:9 
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5.5.6. Personnel Exclusion Zones: Specific personnel exclusion zones are 
utilized immediately upstream and downstream of the polyethylene 
shielding associated with collimators C4H and C5. 

6. Configuration Control Items 
6.1. Flange Locks/Padlocks:  

6.1.1. Flange Locks: In general, no flange locks are utilized in this transport 
region. Instead, padlocking of the manual, up-to-atmosphere vent 
valves serves as the primary means of configuration control. 

6.1.2. Padlocks: 
6.1.2.1. Manual, up-to-atmosphere vent valves are utilized in this entire 

transport region. Because venting a region of vacuum hardware to 
atmospheric pressure is a necessary precondition to 
maintenance/modification, control of the vent valves is an effective 
means of preventing unauthorized/inadvertent modification of the 
vacuum transport system. Consequently, valve stem covers will be 
padlocked in place on all the NEH up-to-atmosphere vent valves, for 
vacuum regions contained within the NEH (contained either partially 
or completely). These covers will prevent operation of the valves. 
The keys for these padlocks must be inserted in the HPS hardware to 
enable beam transport. A list of the relevant vent valves is given in 
Table 9 below. 

Table 9: Up-to-Atmosphere Vent Valves for Vacuum Regions within the NEH 

Name 
Z 

(m) 
Item 

# 
Notes 

Vent Valve #1 759.307 NEH1:6 DN-63, Varian 951-5032 
Vent Valve #2 769.974 NEH2:2 DN-40, Varian 951-5027 
Vent Valve #3 774.634 NEH2:9 DN-40, Varian 951-5027 
Vent Valve #4 783.577 NEH3:5 DN-40, VAT 54032-GE02 
Vent Valve #5 803.223 XRT:3 DN-40, VAT 54032-GE02 

6.1.2.2. XTOD collimator C6 includes a tamper-resistant enclosure 
surrounding the collimator alignment controls. This enclosure is 
secured with padlocks. In addition, means to prevent adjustment of 
the collimator floor anchor hardware is also utilized. 

6.1.2.3. Access covers on the XPP Diagnostics Box are secured with 
padlocks. The padlock key must be inserted in the HPS hardware to 
enable beam transport. 

6.2. XTOD C4H and C5 Collimator "Enclosures": Recall that collimators C4H 
and C5 utilize 4 inches of polyethylene shielding, completely surrounding the 
collimators. This shielding is not easily installed or removed, and requires the 
use of tools. As a result, warning labels that alert staff and users of the 
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polyethylene shielding function, and the required procedures for performing 
work on shielding, should be adequate to assure configuration control. In 
addition, the polyethylene shielding performs a second function, as the 
tamper-resistant "enclosure" for the collimator alignment controls. These 
controls cannot be accessed unless the polyethylene shielding is removed. 
Finally, like collimator C6, means to prevent adjustment of the collimator 
floor anchor hardware is also utilized on C4H and C5. 

6.3. Vacuum Pressure Interlock: A vacuum pressure interlock system may serve as 
a means of configuration control for hard x-ray beam transport hardware 
between the FEE and the XRT, i.e. within the NEH. For a configuration-
control function, this vacuum interlock system must be satisfied before the 
HPS will allow FEL beam to be introduced for transport. During beam 
transport, if a vacuum pressure rise is detected above threshold, BCS and 
MPS signals are sent to cease operation within the accelerator complex. 
When FEL beams are not being transported, the system remains active, in 
order to detect and localize unauthorized entry, specifically into the vacuum 
transport regions within the NEH. 

6.3.1. Vacuum Region Geometry: Eight independent vacuum regions comprise 
the beam transport between the FEE and the FEH. The upstream five 
regions, each of which has territory within the NEH, may be separately 
monitored by a vacuum pressure interlock system, in order to detect any 
unexpected vacuum pressure rise within the NEH.  

6.3.2. Equipment: The vacuum pressure interlock is a copy of the system utilized 
for beam containment at SSRL, and includes commercial, high-speed 
vacuum sensors and controllers from VAT. 

6.4. NEH Hutch 3 Through-Beam Spool: In general, when the FEL beam is to be 
transported beyond NEH Hutch 3, the XPP experiment is removed from 
the line and replaced by a through-beam spool. Activation of this beam 
transport mode is only permitted when the through-beam spool is properly 
installed. This is assured through the use of captured keys, associated with 
the spool, which can only be released when the spool is properly installed, 
and must then be inserted in the HPS hardware to activate the through-beam 
transport mode. 

6.5. Thick-Wall Vacuum Chambers: To meet the shielding requirements described 
in Reference 3, some spool pieces and other vacuum parts utilize thick-wall 
stainless steel material. These components must not be exchanged with 
standard components, since the required shielding effect would be lost. The 
components affected are listed in Table 7 above. 

7. Relevant Component List: Component information is listed in Table 10 through 
Table 13 below. 

 



 

________________________________________________________________________________________________________________________________________________ 
ESD 1.5-139-r0  Check the LCLS Project website to verify  
16 of 21  that this is the correct version prior to use.  
 

SLAC National Accelerator Laboratory

Table 10: Component Information: NEH Hutch 1 
Item 

# 
Symbol Name X 

(m)* 
Z 

(m)* 
Composition 

Dimensions

(X x Y x Z or ID x OD x Z) 
Notes 

NEH Hutch 1 

NEH1:1  Rat-Shield 
Closure 

0.031 758.316 Steel 
381 mm x 503 mm x 6.35 mm
central hole 25.5 mm ID

 

NEH1:2  Bellows 0.031 758.503 Stainless steel 38.1 mm ID x 123 mm long 
material thickness ~0.1 mm 

 

NEH1:3 C4H 
Collimator #4, 

Hard X-Ray 
0.031 758.674

B4C, heavy tungsten 
alloy, polyethylene 

3 mm ID x 125 mm OD 
z_ B4C: 10 mm 
z_tungsten: 80 mm 
polyethylene: 4 inches all around 

B4C is located upstream 

NEH1:4  Bellows 0.031 758.848 Stainless steel 38.1 mm ID x 123 mm long 
material thickness ~0.1 mm 

 

NEH1:5 P4H 
Pop-In #4, 
Hard X-Ray 0.031 759.307 YAG:Ce, silica 

z_YAG:Ce: 1 mm maximum
z_silica: ~15 mm  

NEH1:6  Vent Valve #1 0.031 759.307 Stainless steel, copper DN-63, Varian 951-5032
NEH1:7  Sector Valve 0.031 759.484 Stainless steel 100 ID x 85 mm long VAT Series 48, DN 100 

NEH1:8  Bellows 0.031 759.590 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm 

 

NEH1:9  Bellows 0.031 767.768 Stainless steel 38.1 mm ID x 123 mm long 
material thickness ~0.1 mm 

 

NEH1:10 C5 Collimator #5 0.031 767.940
B4C, heavy tungsten 
alloy, polyethylene 

3 mm ID x 125 mm OD 
z_ B4C: 10 mm 
z_tungsten: 80 mm 
polyethylene: 4 inches all around 

B4C is located upstream 

NEH1:11  Bellows 0.031 768.113 Stainless steel 12.7 mm ID x 123 mm long 
material thickness ~0.1 mm 

 

NEH1:12 P5 Pop-In #5 0.031 768.468 YAG:Ce, silica z_YAG:Ce: 1 mm maximum
z_silica: ~15 mm 

 

NEH1:13  Bellows 0.031 768.667 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm 

 

NEH1:14  Rat-Shield 
Closure 

0.031 768.831 Steel 
508 mm x 503 mm x 6.35 mm

central hole 102 mm ID 
 

*  Coordinate system: The x/y origin is the nominal beam position on entering the FEE. All components listed are installed at y = 0, ~1.4 m above the nominal 
finished floor. The z origin is SLAC Station 100. The z location given is to the CENTER of each subsystem component. The downstream end of the LCLS undulator 
is located at z ~646.988 m. 
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Table 11: Component Information: NEH Hutch 2 
Item 

# 
Symbol Name X 

(m)* 
Z 

(m)* 
Composition 

Dimensions

(X x Y x Z or ID x OD x Z) 
Notes 

NEH Hutch 2 

NEH2:1  
Rat-Shield 

Closure 0.031 769.440 Steel 
508 mm x 503 mm x 6.35 mm

central hole 102 mm ID 
 

NEH2:2  Vent Valve #2 0.031 769.974 Stainless steel, copper DN-40, Varian 951-5027

NEH2:3  Bellows 0.031 770.416 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm 

 

NEH2:4  
Thick-Wall 

Spool 
0.031 772.896 Stainless steel 89 mm ID x 203 mm long 

material thickness 6.35 mm 
 

NEH2:5  Sector Valve 0.031 773.040 Stainless steel 100 ID x 85 mm long VAT Series 48, DN 100 

NEH2:6  Thick-Wall 
Spool 

0.031 773.184 Stainless steel 89 mm ID x 203 mm long 
material thickness 6.35 mm 

 

NEH2:7  
XPP 

Diagnostics 0.031 773.705 Steel 
871 mm x 1120 mm x 973 mm
3.2 mm thick plate Dimensions refer to shielding enclosure 

NEH2:8  
Thick-Wall 

Spool 0.031 774.294 Stainless steel 89 mm ID x 461 mm long 
material thickness 6.35 mm 

 

NEH2:9  Vent Valve #3 0.031 774.634 Stainless steel, copper  DN-40, Varian 951-5027 

NEH2:10  Bellows 0.031 777.855 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm 

 

NEH2:11  
Rat-Shield 

Closure 0.031 779.727 Steel 
508 mm x 503 mm x 6.35 mm

central hole 102 mm ID 
 

*  Coordinate system: The x/y origin is the nominal beam position on entering the FEE. All components listed are installed at y = 0, ~1.4 m above the nominal 
finished floor. The z origin is SLAC Station 100. The z location given is to the CENTER of each subsystem component. The downstream end of the LCLS undulator 
is located at z ~646.988 m. 
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Table 12: Component Information: NEH Hutch 3 
Item 

# 
Symbol Name X 

(m)* 
Z 

(m)* 
Composition 

Dimensions

(X x Y x Z or ID x OD x Z) 
Notes 

NEH Hutch 3 

NEH3:1  
Rat-Shield 

Closure 0.031 779.880 Steel 
508 mm x 503 mm x 6.35 mm

central hole 102 mm ID 
 

NEH3:2  
Thick-Wall 

Spool 0.031 783.093 Stainless steel 89 mm ID x 203 mm long 
material thickness 6.35 mm 

 

NEH3:3  Sector Valve 0.031 783.230 Stainless steel 100 ID x 70 mm long VAT Series 10, DN 100 

NEH3:4  
Thick-Wall 

Spool 
0.031 783.366 Stainless steel 89 mm ID x 203 mm long 

material thickness 6.35 mm 
 

NEH3:5  Vent Valve #4 0.031 783.577 Stainless steel, copper DN-40, VAT 54032-GE02

NEH3:6  Bellows 0.031 783.737 Stainless steel 95.3 mm ID x 20mm long 
material thickness ~0.1 mm 

13 mm thick steel shielding included in 
the assembly 

NEH3:7  Bellows 0.031 792.275 Stainless steel 95.3 mm ID x 20mm long 
material thickness ~0.1 mm 

13 mm thick steel shielding included in 
the assembly 

NEH3:8  Bellows 0.031 796.595 Stainless steel 95.3 mm ID x 20mm long 
material thickness ~0.1 mm 

13 mm thick steel shielding included in 
the assembly 

NEH3:9  Bellows 0.031 801.014 Stainless steel 95.3 mm ID x 20mm long 
material thickness ~0.1 mm 

13 mm thick steel shielding included in 
the assembly 

NEH3:10  
Thick-Wall 

Spool 
0.031 801.166 Stainless steel 89 mm ID x 203 mm long 

material thickness 6.35 mm 
 

NEH3:11  Sector Valve 0.031 801.310 Stainless steel 100 ID x 85 mm long VAT Series 48, DN 100 

NEH3:12  
Thick-Wall 

Spool 
0.031 801.454 Stainless steel 89 mm ID x 203 mm long 

material thickness 6.35 mm 
 

NEH3:13  
Rat-Shield 

Closure 
0.031 801.876 Steel 

508 mm x 503 mm x 6.35 mm

central hole 102 mm ID 
 

NEH3:14  
Thick-Wall 

Spool 
0.031 802.384 Stainless steel 89 mm ID x 1219 mm long 

material thickness 6.35 mm 
 

*  Coordinate system: The x/y origin is the nominal beam position on entering the FEE. All components listed are installed at y = 0, ~1.4 m above the nominal 
finished floor. The z origin is SLAC Station 100. The z location given is to the CENTER of each subsystem component. The downstream end of the LCLS undulator 
is located at z ~646.988 m. 
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Table 13: Component Information: XRT 
Item 

# 
Symbol Name X 

(m)* 
Z 

(m)* 
Composition 

Dimensions

(X x Y x Z or ID x OD x Z) 
Notes 

XRT 

XRT:1  
Rat-Shield 

Closure 0.031 802.790 Steel 
508 mm x 503 mm x 6.35 mm

central hole 102 mm ID 
 

XRT:2 SH2 
Stopper #2, 
Hard X-Ray 0.031 803.223

B4C, heavy tungsten 
alloy 

82.6 mm x 82.6 mm
z_ B4C: 10 mm, two places 
z_tungsten: 82.6 mm, two places 

Each assembly has 2 stopper blocks, 
on independent actuators. Vacuum 
tank on this unit is 6.35 mm thick. 

XRT:3  Vent Valve #5 0.031 803.223 Stainless steel, copper DN-40, VAT 54032-GE02

XRT:4  Bellows 0.031 803.660 Stainless steel 100 mm ID x 178 mm long 
material thickness ~0.1 mm 

 

XRT:5 C6 Collimator #6 0.031 803.837
B4C, heavy tungsten 

alloy 

3 mm ID x 125 mm OD
z_ B4C: 10 mm 
z_tungsten: 80 mm 

B4C is located upstream 

XRT:6  Bellows 0.031 804.015 Stainless steel 100 mm ID x 178 mm long 
material thickness ~0.1 mm 

 

XRT:7 P6 Pop-In #6 0.031 804.521 YAG:Ce, silica 
z_YAG:Ce: 1 mm maximum
z_silica: ~15 mm 

 

XRT:8  Sector Valve 0.031 805.771 Stainless steel 100 ID x 85 mm long VAT Series 48, DN 100 

XRT:9  Vent Valve #7 0.031 811.037 Stainless steel, copper  DN-40, VAT 54032-GE02 

XRT:10  Beam Shutter 0.031 811.196
Stainless steel and 

copper 100 ID x 100 mm long VAT Series 79, DN 100 

XRT:11  Bellows 0.031 811.311 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm 

 

XRT:12  Bellows 0.031 836.499 Stainless steel 152 mm ID x 165 mm long 
material thickness ~0.1 mm 

 

XRT:13  Vent Valve #8 0.031 860.705 Stainless steel, copper  DN-40, VAT 54032-GE02 

XRT:14  Sector Valve 0.031 872.719 Stainless steel 100 ID x 70 mm long VAT Series 10, DN 100 

XRT:15  Bellows 0.031 872.818 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm 

 

XRT:16  Vent Valve #9 0.031 884.985 Stainless steel, copper  DN-40, VAT 54032-GE02 
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Table 13: Component Information: XRT, continued 
Item 

# 
Symbol Name X 

(m)* 
Z 

(m)* 
Composition 

Dimensions

(X x Y x Z or ID x OD x Z) 
Notes 

XRT 

XRT:17  Bellows 0.031 885.158 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm  

XRT:18  Bellows 0.031 909.544 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm  

XRT:19  
Vent Valve 

#10 0.031 933.755 Stainless steel, copper  DN-40, VAT 54032-GE02 

XRT:20  Bellows 0.031 933.928 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm  

XRT:21  Sector Valve 0.031 945.947 Stainless steel 100 ID x 85 mm long VAT Series 48, DN 100 

XRT:22  Bellows 0.031 946.045 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm 

 

XRT:23  Bellows 0.031 958.286 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm 

 

XRT:24  Bellows 0.031 979.115 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm 

 

XRT:25 S5 Stopper #5 0.031 979.499 B4C, heavy tungsten 
alloy 

82.6 mm x 82.6 mm
z_ B4C: 10 mm, two places 
z_tungsten: 82.6 mm, two places 

Each assembly has 2 stopper blocks, 
on independent actuators. 

XRT:26  
Vent Valve 

#11 0.031 979.499 Stainless steel, copper  DN-40, Varian 951-5027 

XRT:27  Bellows 0.031 979.848 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm 

 

XRT:28  Bellows 0.031 990.859 Stainless steel 100 mm ID x 127 mm long 
material thickness ~0.1 mm 

 

XRT:29  Sector Valve 0.031 990.957 Stainless steel 100 ID x 85 mm long VAT Series 48, DN 100 
*  Coordinate system: The x/y origin is the nominal beam position on entering the FEE. All components listed are installed at y = 0, ~1.4 m above the nominal 
finished floor. The z origin is SLAC Station 100. The z location given is to the CENTER of each subsystem component. The downstream end of the LCLS undulator 
is located at z ~646.988 m. 
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