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Abstract

The operation of the International Linear Collider
(ILC) requires high gradients and quality factors in the
accelerating structure. One way to reach it is to modify
the cavity shape to reduce the ratio of peak surface
magnetic to accelerating field. Two candidate shapes are
suggested recently: the Re-entrant shape [1] and the Low-
Loss shape [2]. To get the maximum advantages of a new
cavity shape it was proposed also to reduce the iris
aperture from original 70 mm in the TESLA cavity to 66
mm in the Re-entrant cavity and 60 mm in the Low Loss
cavity [2]. The expected effect of aperture reduction on
the amplitude of short-range wakefields is bigger than the
effect of the cavity shape itself. In this paper we estimate
numerically longitudinal and transverse short range wake
functions for the new shapes, recently proposed in paper
[2]. The obtained analytical expressions are used in beam
dynamic simulations for ILC lattice. We show that ILC
will tolerate the cavities with the new shapes and the
smaller iris diameter.

INTRODUCTION

In order to reach higher gradients several modified
cavity shapes are suggested recently [2] for the ILC
project. In this paper we estimate numerically the
longitudinal and the transverse wake functions for Re-
entrant (RE) and Low-Loss (LL) shapes following ideas
developed earlier in [3, 4]. Using a time domain
numerical approach [5, 6], we calculate the short-range
wakefields in the accelerating structure of two
cryomodules with a total length of ~24m. The
wakepotentials are calculated for bunches of different
length. The numerical results are fitted to analytical
estimations [8] and explicit expressions for monopole and
dipole wake functions are derived.

The obtained analytical expressions are used in beam
dynamic simulations for the ILC lattice, which show that
the ILC will tolerate the cavities with the new shapes and
the smaller iris diameter.

WAKE FUNCTIONS FOR ILC
ACCELERATING STRUCTURE

Analytical estimations

We consider an axially symmetric structure and a
bunch with a charge of Q moving parallel to the axis.

The bunch with a longitudinal distribution q(s) travels

near the axis, and  thus the longitudinal loss is
dominated by monopole fields
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L=(w) :é M"(s)q(s)ds :é T Sjwf(s—s')q(s Yo(s)ds'ds
and the transvergoal kick by dipole;;gids
L =)= W) -3 [ [ (s-9)a(s)a(s)ests.
Short buncl:;s interact with siﬁ&ie cavity and periodical
structure in a different way. However, in both cases the

wake functions wﬁ’(s) and w' (s) at short distance s are
approximately related by simple equation [8]

0.0 (0) = 2 (0), )

where a is the iris radius.
In the periodic structure the short range wake functions
can be approximated by the relations [8]

502 exp(—/5/5,). @)

a

W, (5) =2 (0)25, (1 (1455 Jexp(-\575,)) . ()

where L,s,,s, are fit parameters to be defined.

w(s)=L

Numerical calculations

The ILC linac consists of a long chain of cryomodules.
One cryomodule with a total length of 12 m contains 8
cavities and 9 bellows [4]. The geometry of the new
cavity shapes is shown in Fig. 1. The iris radius is equal
to 33 mm for RE shape and it is equal to 30 mm for LL
shape.

r[cm]

10 ‘ ‘ ‘ ‘
w
-10 . h . .

0 10 20 30 40
z[cm]

Figure 1: The geometry of the new shapes.

The wakefields for Gaussian bunches up to o =100pum

are studied. To reach a steady state solution a structure of
two cryomodules with a total length of 24m was studied.

The ILC linac can be considered as a multi-periodic
structure. The first elementary period is the cavity cell,
the second one is the 9-cell cavity with a bellow and beam
tubes and the third one is the cryomodule, housing 8
cavities with 9 bellows.
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The new cavity shapes have smaller iris radii compared
with the TESLA shape. As expected it results in stronger
wake field effects.

From the fit of the numerical data for the RE shape to
equations (2), (3) we obtain

W, (s) = —388exp(—/s/s, )[V/pC/module] ,
w, (5)=1300| 1| 1+ | Jexp| = |2 || —Y 1|,
S, s, ) J| pPCxmxmodule
where s; =1.9-10"° and s, =0.91-10°.
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Figure 2: The numerical wakes and the analytical wake
functions for Re-entrant shape.
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Figure 3: The numerical wakes and the analytical wake
functions for the Low-Loss shape.

From comparison of these expressions with (2), (3) we
find that they fit, if we define an "effective length"” for the
cryomodule as L=11.76m and take an iris radius

a=33mm.

Fig. 2 shows the numerical (gray dashed lines) wake
potentials for bunches with a RMS length o =100, 500,
300, 100 um. The derived analytical wake functions are

shown by solid black lines.
From the fit of the numerical data for the LL shape to
equations (2), (3) we obtain the wake functions

w, (s) = —459exp(—/s/s, )[V/pC/module] ,

w,(s) :1720(1—[“ \/EJexp{— \/ED[#} ,
S s, ) )| pCxmxmodule

where s, =1.85-10° and s =0.84-10°. The last

expressions fit to formulas (2), (3) with an iris radius
a=30mm and an "effective length" of the cryomodule

L=11.5m.
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Like in the periodic case the longitudinal wake
functions scale as O(1),s — 0 and the transversal wake
functions scale asO(s), s > 0.

Fig. 3 shows the numerical (gray dashed lines) wake
potentials for bunches with o =100, 500, 300, 100 um .

The analytical wake functions are represented by solid
black lines.

To obtain the formulas for the wake function on the
unit of active length the above relations should be divided
by “active" length L, =8.288 [m/module].

Fig. 4 compares the wake functions obtained in this
paper with the earlier calculated results for the TESLA
shape [4]:

W, (s) = —344exp(—/s/s, )[V/pC/module] ,
w, (5)=1000| 1| 1+ | Jexp| - |2 || — Y|,
S, s, | )| pCxmxmodule
where s, =1.74-10° and s, =0.92-10°.
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Figure 4: The wake functions for different cavity shapes.

BEAM DYNAMIC SIMULATIONS

The ILC Baseline Configuration Document accepts the
TESLA cavity shape as a basic choice. The accelerating
cavities with RE and LL shape are considered as
alternatives, which will improve the cavity performances.
One of the concerns of the alternative designs are larger
short-range wakefields and, as a result, a higher emittance
growth in the ILC linac. To understand this effect a series
of beam dynamic simulations has been done for all three
cavity shapes.

The linac cryogenic system is divided into cryomodules
(CM) with 8 cavities per CM. The accelerating gradient is
31.5 MV/m with the beam phase of 5° off-crest. The
magnet optics: a regular FODO lattice with one quad for
four CM’s and the phase advance of 75°/ 60° in x/y plane.
Each quad has an attached cavity style BPM and a
vertical corrector. The horizontal corrector is attached to
the horizontally focusing quads only. Geometrically, the
linac follows to the Earth curvature. In the main linac the
beam is accelerated from 15 GeV to 250 GeV. All
elements are initially misaligned according to Table 1
[10]. Beam Dynamic Simulations were done by using
MatLIAR code [13], modified for the curved linac.

Two different beam based alignment (BBA) techniques
were used to align the machine: one-to-one (or flat)
steering and the following Dispersion Free Steering

3
s[mm]
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(DFS) [11]. For BBA steering the linac was divided into
few segments (not the same segmentation for flat and
DFS). In flat steering each segment was iteratively
aligned by minimizing the RMS value of the BPM
readings. The DFS technique was applied to the linac
after the flat steering. In each of them the difference
between two orbits (beam with nominal and reduced
energies) and the RMS beam offset in the BPM’s were
minimized simultaneously. Several iterations have been
done before going to the next segment. For statistics the
simulations were performed for 50 seeds (with different
initial alignments). The first seven BPM’s (launch region)
were aligned with 30 um RMS offset, since we didn’t
explore the beam energy variation at the linac entrance
needed for the DFS.

Table 1. Nominal misalignment.

Tolerance Vertical plane
BPM Offset w.r.t. Cryostat 300 um
Quad offset w.r.t. Cryostat 300 um
Quad Rotation w.r.t. Cryostat 300 prad
Cavity Offset w.r.t. Cryostat 300 um
Cryostat Offset w.r.t. Survey Line 200 um
Cavity Pitch w.r.t. Cryostat 300 prad
Cryostat Pitch w.r.t. Survey Line 20 prad
BPM Resolution 1.0 um

The results of the emittance growth in the linac built
out of cavities with different shapes are shown in Fig. 5.
The vertical normalized emittance (corrected to remove
the beam dispersion) is plotted as a function of BPM
index along the linac. Each curve represents the mean
value of 50 seeds. The initial normalized emittance was
20 nm and the beam energy spread was 150 MeV. As one
can see here, the emittance growth for LL cavities is
almost twice higher than for TESLA cavities. It is close to
the allowed emittance budget for the linac: 30 nm. Other
sources of emittance growth like quadrupoles, correctors
and beam jitters were not taken into account.
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Figure 5: Emittance dilution along the curved ILC linac
for cavities with different shapes and apertures: TESLA,
RE33 and LL30.

For the TESLA style cavities the wakefields are
responsible for ~1/3 of the emittance growth in the linac.
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In the case of LL30 cavities the emittance dilution is
dominated by the wakefields. This result of the BBA can
be improved by better cavities alignment (for example,
200 pm initial misalignment instead of nominal 300 um
(see Fig.6)). Another effective way to reduce the
emiitance dilution in the ILC main linac is the
implementation of additional correcting knobs -
dispersion and wakefield bumps [11-12].
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Figure 6: Effect of cavity initial misalignments on
emittance dilution in the linac with LL type cavities.

Simulations of static tuning by using bumps are
underway.
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