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1.0 Motivation 
Primary electron beam directly striking the above-ground Beam Transport Hall concrete wall may 
result in extremely high radiation levels. Credible mis-steering situations are considered to create a 
system of shield walls to spoil mis-steered beam, and Burn-Through Monitors (BTMs) in order to 
terminate the condition in the event of a Beam Containment failure. 
 
2.0 Basic Assumptions and Methods 
These following basic assumptions and methods we used to calculate credible extreme mis-steering 
conditions: 

a) Incoming beam energy is between 3.0 and 17.0 GeV. The lower limit is set by a meter relay 
on the DL2/Dumpline bend string (BX3s and BYDs). The upper limit is set by LCLS Mode 
where the BAS II Dump is held in, preventing delivery of CID beams to the BTH. The 
effective maximum energy for beam accelerated from the LCLS Injector in Sector 20 is 17.0 
GeV. These interlocks are described in LCLS ESD 1.1-311 “LCLS Beam Containment 
System Requirements.” The nominal energy for the LTU beamline in the BTH is 13.64 GeV.  

b) Beams are assumed fully offset to the pole-tip for the quadrupole under consideration in 
order to induce maximum mis-steering effect, even though such an offset may not be 
achievable in all cases. No credit is taken for the physical vacuum chamber; no credit is taken 
for quadrupole magnets wired as strings.  

c) Worst case quadrupole mis-steering occurs when the beamline is tuned up for 3.0 GeV beam 
delivery to the quadrupole under consideration, and then the quadrupole is turned up to 
power supply maximum. This situation is considered for each quadrupole. 

d) Bends are considered both at power supply maximum with a 3.0 GeV incoming beam, and 
also tripped off. Reversed polarity is not considered in the analysis but appears to be covered. 
Each individual bend magnet was considered ‘off’ individually, simulating a total magnet 
short. For maximum energy, DL2 energy acceptance was taken into account as described in 
Assumption ‘e’ below. 

e) Energy Acceptance is considered for bend strings BY1/BY2 and the BX3’s (DL2 bend 
magnets). The high dispersion and limiting aperture at quad QDL31 and collimator CEDL1 
creates an energy acceptance of 9% for DL2. 

f) Where correctors are considered, the beam pipe outer diameter is taken as the maximum 
beam offset.  

g) The following standard equation is used to calculate the deflection angle induced by 
quadrupole and bend magnets: 
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3.0 Incoming Angles 
In addition to the deflection angle induced by a magnet, the worst-case incoming angle to the 
magnet under consideration is also calculated. I have considered two cases for quadrupole magnets 
below. 
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3.1 Focusing Quads 
The worst case incoming beam for a focusing quad is maximum horizontal offset (pole-tip distance, 
assumption ‘b’ above) with no incoming angle. Any beam directed towards the quad pole-tip from 
inside the pole-tip radius would have an incoming angle that reduces the net outgoing angle. Beams 
originating from outside of the pole-tip radius are unphysical and not considered. 
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Figure 1: Focusing Quad cases.  

Solid lines depict real physical situation;  
dashed lines depict conservative incoming beam assumption. 

 
3.2 Defocusing Quads 
For defocusing quads, the incoming angle adds to the net outgoing angle. A calculation and/or 
conservative assumption must be made. The method for determining the incoming angle is 
described below and references Figure 2: 

Step 1: Calculate φ1G = Q/d2. This is the geometrically limited extreme angle possible from 
the upstream device. 

Step 2: Calculate φ1M given B and Leff for the magnet and the E for the case at hand. This is 
the largest angle that can be imparted to the beam by this upstream device. 

Step 3: If φ1M > φ1G , then θ1G is the worst case incoming angle and you’re done. If not, 
continue to calculate to the next upstream component, or simply take φ1G as a 
conservative assumption. 

Step 4: Calculate φ2G using the equation: φ2Gd2 + φ1Md1 = Q. This is the geometric limit for 
the second upstream devices contribution to the incoming angle. 

Step 5: Incoming Angle Δ =  φ1M + φ2G. 
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Figure 2: Incoming Ray Angle Calculation Reference Figure 

 
 
 
4.0 Special Considerations 
As the purpose of these BTMs and shield walls is to prevent the credible delivery of extreme mis-
steered beam to the above-ground BTH shield wall, extreme rays that strike inside the BTH West 
(the BSY portion of the BTH) are not blocked. Instead, BTMs are sized to prevent beams from 
escaping the BTH West and striking downbeam BTH shield wall. Similarly, rays originating in the 
BTH that strike the accelerator housing in the underground Undulator Hall are also not terminated 
on a BTM. 
 
5.0 Specification of BTMs and Shield Walls 
All ray calculations were performed systematically in an Excel spreadsheet. Results were transferred 
to a simplified spreadsheet formatted to be accepted by Solid Edge and delivered to Mechanical 
Design. Mechanical Design produced drawings of the LTU beamline that contain the calculated rays. 
These drawings were used to gain an intuitive understanding of the mis-steering conditions and 
tentative locations were selected. Actual transverse dimensions of the BTMs were calculated in the 
Excel spreadsheet based on final ‘Z’ location placement along the beamline. 
 
Many mis-steering rays pass through large amounts of steel before striking the BTH bulk shielding, 
but this cannot be guaranteed for all cases. As such, Radiation Physics has requested that all BTMs 
be situated behind 2 inches of iron per Dieter Walz memo. 
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The results of this analysis are summarized below in Table 1. The minimum size for each BTM is 
given, as well as the dimensions of a ‘universal BTM,’ where a single design can be used in all 
locations except for BTM3 and BTM5: 
 
BTM Z location, LCLS 

Coordinates 
BTM ‘+X’ from 
BL Center 

BTM ‘-X’ from 
BL Center 

BTM ‘+Y’ from 
BL Center 

BTM ‘-Y’ from 
BL Center 

BTM1 193.00 m 0.2715m 0.2699m 0.1532m 0.2200m 
BTM2 211.00 m 0.3119m 0.2715m 0.2523m 0.2523m 
BTM3* 246.98 m 0.5353m 0.2323m 0.3242m 0.3242m 
BTM4 283.00 m 0.2175m 0.2709m 0.3135m 0.3134m 
BTM5* 319.00 m 0.2446m 0.4990m 0.3092m 0.3092m 
BTM6 354.00 m 0.2281m 0.2281m 0.2841m 0.2841m 
BTM7 362.30 m 0.2711m 0.2711m 0.2711m 0.2711m 
BTM8 375.25 m 0.1358m 0.1358m 0.2273m 0.2273m 
BTM9 382.10 m 0.2523m 0.2523m 0.2523m 0.2523m 
Universal 
BTM 

 33cm 31cm 33cm 33cm 

Special 
BTM3 

 55cm 26cm 34cm 34cm 

Special 
BTM5 

 26cm 55cm 34cm 34cm 

* Not included in Universal BTM design 
 

Table 1: Minimum BTM Size per Z Location 
 
 
 


