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Abstract

We report on measurements of the transverse wakefields induced by collimators of differing
characteristics. An apparatus allowing the insertion of different collimator jaws into the path of a
beam was installed in End Station A (ESA) in SLAC. Eight comparable collimators geometries
were designed, including one that would allow easy comparison with previous results, and were
installed in this apparatus. Measurements of the beam kick due to the collimator wakefields were
made with a beam energy of 28.5 GeV, and beam dimensions of 100 microns vertically and a range
of 0.5 to 1.5 mm longitudinally. The trajectory of the beam upstream and downstream of the
collimator test apparatus was determined from the outputs of ten BPMs (four upstream and six
downstream), thus allowing a measurement of the angular kick imparted to the beam by the
collimator under test. The transverse wakefield was inferred from the measured kick. The different
aperture designs, data collection and analysis, and initial comparison to theoretical and analytic
predictions are presented here.
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Abstract

We report on measurements of the transverse wakefields
induced by collimators of differing characteristics. An ap-
paratus allowing the insertion of different collimator jaws
into the path of a beam was installed in End Station A
(ESA) in SLAC. Eight comparable collimator geometries
were designed, including one that would allow easy com-
parison with previous results, and were installed in this ap-
paratus. Measurements of the beam kick due to the col-
limator wakefields were made with a beam energy of 28.5
GeV, and beam dimensions of 100 microns vertically and a
range of 0.5 to 1.5 mm longitudinally. The trajectory of the
beam upstream and downstream of the collimator test appa-
ratus was determined from the outputs of ten BPMs (four
upstream and six downstream), thus allowing a measure-
ment of the angular kick imparted to the beam by the col-
limator under test. The transverse wakefield was inferred
from the measured kick. The different aperture designs,
data collection and analysis, and initial comparison to the-
oretical and analytic predictions are presented here.

INTRODUCTION

It is known that the collimation system at the ILC may
introduce short-range wakes, which have the potential to
dilute the emittance, and amplify incoming position jit-
ter. In order to design collimators to have minimal im-
pact on the beam quality it is necessary to fully understand
how the characteristics of the collimator jaws influence the
impedance seen by the beam.

Previous studies [1] have shown the complexity of ana-
Iytical calculations of the impedance of particular collima-
tor designs, even in simplified cases. Previous experimental
results have advanced the ability of modeling codes such as
MAFIA to predict measured data to within a factor of 2-3,
however, it is important for ILC design that this agreement
be improved to the 10% level.

This experimental program aims to measure the beam
kick induced by various collimator designs, and to compare
with theoretical predictions, and simulations of the interac-
tion. Collimators with a range of different geometries, sur-
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face finishes, and materials were installed on the beamline
in End Station A (ESA) [2] in SLAC, and their effect on
the beam was measured. Results from these measurements
will be compared with 3D computer simulations.

MEASUREMENT TECHNIQUE

The collimators were installed on the ESA beamline,
and up- and down-stream beam position monitors (BPMs)
were used to determine the incoming and outgoing trajec-
tory of the beam in order to allow a measurement of the
kick angle imparted by the transverse wakes. The beam-
line apparatus containing the collimators is detailed in [3],
and a schematic is shown in figure 1.
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Figure 1: Schematic of the collimator wakefield measure-
ment box (beam moving out of the page).

Figure 1 shows an inner “sandwich’ containing five pos-
sible slots for the beam to move through. Four of the slots
are occupied with collimators, and the fifth is empty to
allow for undisrupted beam operation. The sandwich is
pushed back and forth by the X-mover in order to change
the slot presented to the beam. This assembly is contained
within a vacuum chamber, which is controlled by three
movers. These are installed in such a way as to allow high
precision movement in y, z, and dy/dz (where y is verti-
cal, and z is in the direction of motion of the beam). Fur-
ther details of the mover scheme can found in [4]. Since
these motors allow control and readback of the vertical po-
sition of the collimator jaws, it is unnecessary to control
the beam, therefore, the beam could be centred between the
collimator jaws, and the box moved to different positions to
measure the change in the kick imparted to the beam.

For each set of collimator jaws, the beam was centred
using upstream position feedbacks. A ‘reference’ dataset
(typically 300 machine pulses) was recorded without mov-
ing the collimators in order to account for offsets of the
BPMs. The collimator box was then stepped from -1 mm



to +1 mm in 200 pm steps, recording 30 s of data at each
step. Since ESA operates at 10 Hz, this resulted in 300
measurements at each collimator position in the case of no
machine trips.

For each pulse, the readings from each of the BPMs
(four upstream and six downstream) were recorded, to-
gether with the bunch’s charge and energy (the energy was
measured using a BPM in a high dispersion region of the
machine).

DATA ANALYSIS

The kick given to each pulse was determined by per-
forming a straight line fit to the BPMs upstream of the col-
limator, and a separate straight line fit to those downstream.
For each dataset, the resolution of each BPM was measured
by comparing its readback to the position predicted from
the output of the other BPMs. The calculated resolution
was used as the weighting factor in the two straight line
fits. The kick imparted to the beam was calculated as the
difference in the slopes of these fits.

Some pulses with zero or very low charge, indicating a
"misfire’” of the beam, were removed. Also removed were
pulses with unusual large BPM values, implying a BPM
malfunction, or a machine error. In some early datasets it
was necessary to cut on the chi-squared value of the up-
and down-stream fits, however, this proved unnecessary in
later runs due to improved BPM performance.

COLLIMATORS

The collimators tested are shown in figures 2, 3, 4, and
5.

Collim. # Side view Beam view | Revised
4-May-2
- o | a=324mrad
//' £ £
o E r=2.0mm
1 1=1/2 gap 8
—
h=38 mm
oy [ ‘ a=324mrad
r=1.4mm
2 y
[ o=324mrad
mmmmm | r=1.4mm
3 B aurensrervroween ‘ ‘
~L L=1000mm ™
I [ | [o=warad
r=4.0mm
4 7mm .

Figure 2: Schematics of the collimators from sandwich 1.

EXPERIMENTAL RESULTS

The results obtained for slots 2 and 3 have been plotted
in figures 6 and 7. Since the kick should be an odd func-
tion with respect to the position of the beam (with an offset
term to take into account any initial offset of the beam), the
data have been fit to a third order polynomial, where the
quadratic dependence has been set to zero. Since the kick
is expected to be linear in the central region of the collima-
tor gap, some of the data were fit to a straight line (after
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Figure 3: Schematics of the collimators from sandwich 2.
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Figure 4: Schematics of the collimators from sandwich 3.

exclusion of the outer points). Full results, along with a
comparison with theory and 3D modeling code, are shown
in table 1.

Table 1 show two calculations of the measured kick fac-
tor: one with a 3" order fit as described above, and a
second with a linear fit performed on the central points.
This preliminary comparion shows some agreement be-
tween simulations and measurements and further studies
are ongoing. The measured result for collimator #1 agrees
well with the measurement in [1] of a collimator with the
same specifications.

The results of the linear fit to the measurements have
substantially lower error bars than the 39 order fit. This
may be a consequence of the kick near the centre of the col-
limator having a well understood linear relationship with
the beam position, while the magnitude of the kick in the
region close to the collimator surface having a more com-
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Figure 5: Schematics of the collimators from sandwich 4.



Table 1: Measured Kick factors (x2/DOF of fit in brackets) and theoretical predictions (assuming a 500 zzm bunch length)
Collimators 10, 11, & 12 have not been included as their analysis is not yet complete. The 3D predictions for collimators

13-16 do not include the resistive component of the kick.

Call. M easured Kick Measured Kick Analytic Prediction 3-D Modeling
Factor / V/pC/mm Factor / V/pC/mm Kick Factor Prediction Kick
(Linear Fit) (Linear & Cubic Fit) V/pC/mm Factor V/pC/mm
1 1.4+0.1(1.0) 1.2+£0.3 (1.0) 2.27 1.63 +£0.37
2 1.4+0.1(1.3) 1.2+0.3(1.4) 4.63 2.88+0.84
3 4.44+0.1(1.5) 3.7+0.3(0.8) 5.25 5.81 £0.94
4 0.94+0.2 (0.8) 0.5+ 0.4 (0.8) 0.56 0.8
5 3.7+0.1(7.9) 4.9+0.2(2.6) 4.59 6.8
6 0.94+0.1(0.9) 0.94+0.3(1.0) 4.65 212+1.14
7 1.7+£0.1(0.7) 2.2+0.3(0.5) 4.59 2.87+0.53
8 1.7 £ 0.3 (2.0) 1.7+£0.3 (2.2) 4.59 2.39£0.89
13 4.1+0.4(0.8) 3.57+0.98
14 2.6 +£0.4 (1.0) 3.57 £0.98
15 2.0+0.3(1.8) 2.51+1.16
16 1.3£0.3 (1.0) 2.35 £ 1.50
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Figure 6: Kick factor vs collimator position for coll. 3.
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Figure 7: Kick factor vs collimator position for coll. 4.

plex behaviour that is poorly modeled by the cubic coeffi-
cient of a polynomial fit.

Also noticeable are substantial differences between the
measured results, the analytical predictions, and the 3D
simulations. Many of the 3D simulations agree with the
measurements within their associated errors, however there
are still some anomalies in the data. For example, it is im-
portant that it is understood why the measurements of colli-
mators #1 and #2 agree, despite these collimators being the

same specifications but with different half-gaps. Also, it
is not yet understood why collimator #14 has a lower mea-
sured kick factor than #13, despite being of the same shape,
but constructed from a material of higher resistivity (note
that the 3D simulations are identical for these collimators
as the resistive component was not simulated).

CONCLUSIONS

A robust collimator wakefield measurement system has
been developed at SLAC’s ESA, and this has been used to
measure a total of 15 collimators. Analytical calculations
and 3D computer simulations have been performed to pre-
dict the kick factors induced by these collimators, although
some of this work is currently ongoing.

Disparities between the measurements and the predic-
tions have been found, and work is underway to determine
their source.
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