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Abstract:
It is shown herein that the energy spread of order one percent in the beam train in the
NLC can suppress the emittance growth due to structure misalignments and initial jitter
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1 Introduction
In this note we consider the beam break-up instability in the train of bunches in
the NLC main linac. This instability is driven by long-range wake elds in the
structures. If not cured, it imposes very tight tolerances on the beam injection
errors as well as structure misalignments in the lattice.
In previous studies of the instability it was usually assumed that the energy
of all bunches in the train during acceleration are equal. One can intentionally
introduce an energy variation between the bunches, in order to use the BNS
damping mechanism or decoherence e ect.
In this note, we rst give an analytical estimate of the necessary energy
spread in the train, and then con rm the estimate using a computer simulation
with LIAR. We show that the required energy spread is in the range of 1%.
2 Analytical Estimate
We start from the autophasing condition for the BNS damping in the twoparticle model for a FODO lattice [1, 2]
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where Æ is the relative energy between the particles, N is the number of particles
in the macroparticle, w is the transverse wake, E is the beam energy,  is
the betatron phase advance per cell in the FODO lattice, and lcell is the cell
length. The value of Æ given by Eq. (1) would be enough for suppression of the
beam break up instability between the two macroparticles with the interaction
characterized by the wake w.
In order to apply Eq. (1) to the train, we rst have to specify the wake
function. The transverse wake is shown in Fig. 1 [3]. For a rough estimate of
the e ect we will use the rms value of this wake wrms = 0:21 V/pC/m/mm.
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Figure 1: Transverse wake w and the corresponding sum wake S used in the
simulation.
2
The quantity F  lcell
1 + 32 ctn2 2  =(24E ) from Eq. (1) was calculated for
the NLC lattice as a function of distance s and is shown in Fig. 2. For the
estimate we will use the average value of Fav = 0:54 m2 /GeV.
Finally, we need to relate the quantity Æ to the energy spread in the train.
Since Eq. (1) was derive for two macroparticles, one can expect that Æ refers
to the energy di erence between the adjacent bunches in the train. Hence, the
required energy spread in the train for suppression of the instability is equal to
Æ multiplied by the total number of bunches in the train,
Ætrain  NbunchÆ:
(2)
We can now estimate Ætrain as NbunchNe2wrms Fav . For N = 1:1  1010 and
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Figure 2: Factor F  lcell
1 + 32 ctn2 2  =(24E ) as a function of distance for the
NLC lattice.

Nbunch = 95 this gives

Ætrain  0:02;

which is of the same order as the energy spread in the bunch.

(3)

3 LIAR Simulations
We carried out LIAR simulations with and without energy spread in the train
for the wake shown in Figure 1. In these simulations, the bunches were treated
as macroparticles without internal slices.
In the rst set of simulations, all the structures were randomly misaligned
with rms value of 5 m. In one case, the energy of all bunched in the train
was the same. In the second case, the energy in the train varied from the head
to the tail of the train as shown in Fig. 3, so that Ek = k, where the k
is the bunch number in the train. The slope (and hence the rms spread) of
the energy within the train linearly increased with the distance along the linac,
= const  s, so that the relative energy spread was approximately constant
(except at the beginning of the linac).
The nal bunch energy at the end of the linac is shown in Fig. 3, it corresponds to the rms energy spread of 0.8%. The emittance growth in the train
for the two cases is shown in Fig. 4. We see that introduction of the energy
spread indeed suppresses the instability and results in much smaller emittance
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Figure 3: Bunch energy in the train at the end of the linac.
growth. The nal e ective emittance of the train as a function of the rms en-

ΕyΕy

0.1

1

0.05
2

0
0

2500

5000
s m

7500

10000

Figure 4: Emittance growth for the case without energy variation in the train
(1), and with 0.8% rms energy spread (2).
ergy spread is shown in Fig. 5. Positive values of Æ correspond to the BNS-like
energy pro le shown in Fig. 3, when the energy decreases toward the tail of the
4

0.15

ΕyΕy

0.1

0.05

0

0.01

0
rms ∆

0.01

Figure 5: Relative emittance increase as a function of the energy spread for
misaligned structures.
bunch. The negative values of Æ, correspond to the opposite slope of the energy
pro le, with the energy decreasing toward the head of the train. As we see, the
positive values of Æ are more e ective in suppression of the emittance growth.
In the second set of simulations, the train was initially o set by 1 m (with all
structures and quadrupoles perfectly aligned). The resulting emittance growth
of the beam as a function of Æ is shown in Fig. 6. Again, we see that the energy
spread of the order of 1% results in much smaller emittance growth then for the
bunches with the same energy.
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Figure 6: Relative emittance increase as a function of the energy spread for
initial train o set of 1 m.
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