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Mu-Metal Shielding in the Injector and Linac 
 

The low energy electron beam in the LCLS injector makes it quite sensitive to stray magnetic fields 
in the tunnel, presumably due mostly to the Earth’s field.  The transverse beam offset induced by a 
constant vertical magnetic field, By, over a length L, for an electron beam with momentum, p, is 
given by 
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With a typical field of 0.5 G [1] and an electron momentum of 30 MeV/c (average over the 1st RF 
structure, L0-a), the beam is deflected by >2 mm (and larger when properly integrated over the real 
energy variation), which is large enough to generate significant emittance dilution due to transverse 
wakefields in the RF structures. 
 
The effect is less severe, but still potentially damaging, for the L0-b structure and the three L1-linac 
structures, as well as the long drift tubes after the BC1 chicane.  By including steering coils at the 
beginning and end of each section of length L, the maximum offset, ∆x, can be reduced by another 
factor of two, but the correctors are spaced by L = 12 m in the L2-linac, thereby inducing ∆x > 0.2 
mm for beam momenta less than about 2.5 GeV/c (sectors 21 through 22). 
 
In order to mitigate these transverse deflections, it is recommended to wrap these RF accelerating 
structures (not including the L0-a solenoid) and some of the long drift tubes with mu-metal.  
Experience at PEP-II has shown the stray fields are reduced by two orders of magnitude, which 
completely eliminates any significant field for the wrapped sections.  The un-wrapped sections 
typically include steering elements, allowing empirical corrections where field may persist.  Table 1 
lists the structures to be wrapped while Fig. 1 graphically depicts mu-metal locations (L0-a and most 
L2-linac RF sections are not shown in the figure). 
 

Table 1.  RF structures and drift sections to be wrapped with mu-metal. 
Machine section Section to be wrapped in mu-metal Length [m] 

L0-linac L0-a & L0-b 2×3.0 = 6.0 
DL1 area Drift tubes between WS01 & WS03 wires 2×2.0 = 4.0 
L1-linac 21-1b, 21-1c, & 21-1d 3×3.0 = 9.0 
BC1 Drift tubes between chicane bends 2×2.0 = 4.0 
Post-BC1 Drift tubes between WS11 & WS13 wires 2×1.5 = 3.0 
L2-linac* 21-3b through 22-8d* 56×3.0 = 168* 
 TOTAL = 194 
* The RF sections in sectors 21-22 may already have mu-metal, but need inspection or repair. 
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Figure 1. Suggested location for mu-metal in the LCLS injector and BC1 area shown outlined in 
green dashed boxes.  The L0-a section is not shown (off the plot at left), but it should also have 
mu-metal shielding downstream of SOL2 solenoid.  The L2-linac continues off the plot to the right. 
 
 
Other shorter drift sections, which are clear of obstructions up to about 30 cm in length, are also 
candidates for mu-metal installation, keeping about 15 cm clear of any nearby magnets (or flush for 
magnets which include mirror plates). 
 
The GTL section (~1.4 m following the gun) is too densely populated with beamline components to 
wrap with mu-metal.  The SC1, SC2, and SC3 corrector pairs in the GTL will be used to minimize 
the deflection. 
 
The mu-metal should be wrapped fully around each section with at least a 10% circumferential 
overlap and be secured tightly using either radiation-hard cable ties or possibly copper wire, spaced 
approximately every 30 cm.  The typical mu-metal thickness used in such applications is about 0.015 
inch. 
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