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Outline..

« Use laserwires in Beam Delivery System, specifically to measure
emittance for skew correction

« |LC Beam Delivery System, RDR Layout, 2006b Release
( Mark Woodley, SLAC)

« Linac simulations for realistic coupling ( Daniel Schulte )

e Errors on Laserwire measurements

e X.Y, Roll error / correction
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Abstract

The measurement of the International Linear Collider
(ILC) emittance in the ILC beam delivery system (BDS)
is simulated. Estimates of statistical and machi lated
errors are discussed and the implications for related
diagnostics R&D are inferred. A simulation of the
extraction of the laser-wire Compton signal is also
presented.

INTRODUCTION
In the TLC, the luminosity will depend on maintaining
the emittance (especially in the vertical planc) delivered

by the damping n proposed 1o use laser-wires
(LWs) in the BDS w measure the beam sizes for both
emittance  diagnostics  and  coupling  correction.  The
of the beam siee measurement depends upon
1 the beam size at the LW and other
spurious
ms,  laser

the

paper discusses the effects of these ermors on the
emittance measurement accuracy and considers the skew
correction procedure. The skew correction method n
on scanning the strength of each skew quadrupole whi
measuring the beam profile with the LWs. The rate will
be limited by the magnet response time; the actual
correction 1ime may :up 1o a few seconds, Thus, for
the skew correction procedure, o multi-point laser scan
with several measurements per train (as envisaged at
present) looks reasonable.

The simulations show that the emittance measurement
accuracy is dominated by machine and jitter errors. Since
the length of the optics section must increase significantly
(to increase the ratio of electron to laser spot sizes via an
increased beta function) in order to improve the intrinsic
measurement accuracy from a given LW system, such a
step — or a major improvement in LW technology - may
not be justified unless the machine-related contributions
to the emittance measurement error can first be reduced.

SKEW CORRECTION AND EMITTANCE
MEASUREMENT

A beam can be described by a 4 x 4 symmetric matrix.
The projected two dimensional beam emittances, €, and €,
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are defined as the square roots of the determinants of the
2D on-diagonal 2 x 2 submatrices. The non-zero off-
diagonal terms give the information about the coupling
between the two transverse planes. In the ILC BDS, the
coupling correction section starts at the exit of the linac,
which is then followed by four LWs. The ideal skew
correction section is provided by an interlaced FODO
lattice that contains four skew quadrupoles separated by
appropriate betatron phase advances. Figure 1 shows the
optics of the skew correction and emittance measurement
section in the ILC baseline design. This scheme allows
total correction of any arbitrary linearly coupled beam.
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e optical layout of skew correction and
emittance measurenent section for the ILC.

The ideal emittance measurement section would
comprise six LWs, with three scanning directions each, to
measure ten coupled beam parameters: &, By, 0, and 4 x-
y correlation terms. It was shown [1] that a simpler
method using only four scanners with two wires each is in
fact preferable, since it occupies less space and requires
less instrumentation. In this case, the coupling is inferred
from the differences between the measured and calculated
projected emittances, a procedure that is robust to
measurement errors.

An optimised 2D emittance measurement section
contains four LWs separated by 45° of betatron phase
advance in both planes. Each LW will measure both the x
and y profiles. There are in total three beam parameters
to determine (¢, P and o) and four beam size
measurements in each plane, which leaves one degree of
freedom in the analysis. Figures 2 and 3 show simulations
of the 2D analysis and the estimated projected emittance
in the vertical plane. The input heam is coupled in both
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G. Blair, RHUL

Relative Error on Pessimistic Optimistic
Parameter Estimate Estimate
B function at the LW 3% 1%
LW readout error 2% 1%
Laser spot waist 10% 10%
Laser Pointing Jitter | 15um, 10% 0.5um, 10%
Beam Jitter 1.0 o, 10% 0.56,, 10%
Residual Dispersion | 2.5mm, 10% | 0.5mm, 20%

Beam Energy Spread

1.5x10-3, 20%

1.5x103, 1%

Total Error

>100%

23.8%
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The Optimistic case requires
the limits on these ‘planned’
errors to really be pushed...

Machine Alignment Errors still
to come!



5% measurement error gives: 5.957 + 0.523 [10'8 m]
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emittance measured at laserwires
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« X, Y, roll errors in quads
» Position errors corrected to ~1micron with BPMs
« Additional dispersion caused adds 1% error up to 20 microns

* Roll of up to 3 degrees adds 1% error
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Conclusions..

paper and poster presented

» skew correction and emittance diagnostic section design in place

» |aserwire measurement errors are large

e emittance: more measurement points but more time

* Increasing beta-function at laserwires might be easiest way to
Improve the situation

 Reasonable x, y, roll errors don’t seem to effect emittance

measurement too much
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