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The NLC ZDR [1] called for an rf shield in the IR that extended from the end of the final
quadrupole towards the IP. In addition, the ZDR specified an rf septum that partially
covered the quadrupole exit face. These are illustrated in Fig. 1.

Figure 1. Schematic of the IR from Ref. [1].
The rf shield and septum were proposed to reduce possible wakefield effects in the IR
including rf heating as well as beam deflections. However, the rf shield is a significant
source of backgrounds due to the scattering of the e+/e- pairs from the IP.
There are four issues to consider when discussing the need for an rf shield: parasitic
beam-beam collisions, short-range wakefields, multi-bunch wakefields, and heating.

With a crossing angle of 20 mrad, the parasitic beam-beam collisions have a negligible
effect – the growth of the kink instability is very small and then additional focusing is not
important [2]. Similarly, preliminary calculations of the multi-bunch wakefields,
presented in LCC-0025, indicate that the dipole wake is significantly less than 1 V/pC/m
at a trailing bunch. The deflection from such a wakefield will be negligible even if it is
driven resonantly by the beam.
This is not necessarily true of the beam induced heating. In principal, it might be possible
to deposit a few Watts of average power in the IR but this would be most easily dealt with
by adding absorbing material to the region.
The last issue is that of the short-range wakefields. Here, the effect can be more
important as discussed by Gennady Stupakov in a memo included in Appendix A. Using
his expressions for the short-range wakefield, the deflection can be expressed in terms of
the incoming jitter at the final quad:
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where κ = 2/a2 and a is the chamber radius. For the standard NLC design with
N=1.0×1010, E = 250 GeV, L* = 2m, β* = 100 µm, and a = 6mm, the jitter amplification
is a factor of 12% and the emittance dilution would be 0.2% for incoming jitter equal to
the beam size at the final quad; the expected beam jitter is less than ½ the beam size at the
final quadrupole. If the aperture of the final quadrupole simply scales linearly with the
L*, which is necessary to maintain an equivalent aperture in units of the beam size, the
jitter amplification and emittance dilution are independent of the L*.
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Figure 2. Schematic of the final quadrupole exit.
The amplification could be reduced by adding a taper to increase effective exit aperture of
the final quadrupole as illustrated in Fig. 2. In this case, the kick factor would be:
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where L is the length of the taper which is assumed to be greater than L > a2 / σz. The
first term decreases with the outer radius b while the second term increases. Then b can
be optimized to minimize the kick factor. The outer radius b and the resulting kick factor
κ are plotted against the length L in Figs. 3 and 4, respectively.
κ =

Figure 3. Optimum normalized outer radius b/a versus normalized taper length Lσz/a2.
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Figure 4. Resulting normalized kick factor κa2/2 versus normalized taper length Lσz/a2.
One can see that the kick factor can be reduced by a factor of two by adding a taper out to
an outer radius that is roughly 70% larger than the inner radius but there is not as much
relative gain beyond this point. For the NLC parameters, this implies a taper length of
roughly 30 cm, however, since the wakefield effect is already quite small, we do not think
such a taper is necessary.
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