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International Linear Collider these have been
designed to fulfill the precision goals at a large
range of beam energies from 45.6 GeV at the Z pole

Y position (nm)

up to 250 GeV or, as an upgrade, up to 500 GeV.
Different beam conditions have led to different
layouts for the upstream diagnostic systems
compared to the respective downstream ones. [1]

Spin tracking in the BDS

In order to relate the measurements of the
polarimeters to the polarization measured at the
actual collider IP, the depolarisation along the
accelerator and during the collisions has to be
modelled In theory and simulations. In the Beam
Delivery System (BDS), depolarisation can occur
due to ground motion induced misalignments.
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Depolarisation at the Interaction Point

There are two processes that lead to depolarisation
during the beam-beam collision, classical spin
precession described by the T-BMT equation and
the quantum Beamstrahlung (Sokolov-Ternov)
process. Both have been simulated Iin the CAIN
program for ILC and CLIC beam parameters. [2]
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Beam Energy Measurements

The two primary methods planned for making
precise beam energy measurements are a non-
Invasive spectrometer based on beam position
monitors (BPMs), located upstream of the
Interaction point just after the energy collimators
and a synchrotron imaging detector which is located
downstream of the IP In the extraction line to the
beam dump.

The upstream energy spectrometer’'s planned
location I1s about 700 m upstream of the collider
Interaction point, just after the energy collimation
system. The spectrometer consists of four dipoles
which introduce a fixed dispersion of h)=bmm at the
centre. When operating the spectrometer with a
fixed dispersion over the whole energy range, a
BPM resolution of 0.5 um is required. Cavity beam
position monitors can achieve the required single
shot accuracy, even significantly better accuracy of
20 nm has been achieved.
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Schematic for the upstream energy spectrometer using Beam Position Monitors.

The planned ILC extraction line energy diagnostic
[4] I1s based on the SLC Wire Imaging Synchrotron
Radiation Detector. It consists of the Extraction Line
Spectrometer (XLS) an analysing dipole to produce
synchrotron stripes and is provided by a 4-magnet
chicane 55 m downstream of the collider IP. With a

Beam Polarisation Measurements

Both upstream and downstream polarimeters will
use Compton scattering of high power lasers with
the polarized beams. The large difference between
the Compton edge energy and the beam energy,
and the large asymmetry of the cross-section for
different helicity configurations allows precise
polarimeter measurements. It is expected that a
systematic precision of AP/P =0.25% can be
achieved, the main limitations being the analyzing
power calibration and the detector linearity, both of
which are in the range of 0.1% to 0.2%. [5]

| RS A A A S Compton differential
| | | f cross-section versus

scattered electron energy
for same (red curve) and
opposite (green curve)
helicity configuration of
laser photon and

electron. Electron energy
— ] iIs 250 GeV and the laser

0 50 100 150 200 250 photon energy 2.3 eV
Compton—scattered Electron Energy [GeV]

The polarimeter chicanes have been designed to
spread the Compton spectrum horizontally over
about 20 cm with a low dispersion of 20 mm at the
mid-chicane point leading to a stable position
distribution of fixed shape and location at the
surface of the Cherenkov detector. Different
detector options are being studied. One uses gas
tubes for the radiator with the Cherenkov light
detected by conventional photomultipliers. Another
option utilises silicon-based photomultipliers coupled
to quartz fibers as radiator.
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A problem for the theory and simulation of precision
spin tracking is that the Beamstrahlung transition
rate contains a divergence for radiation in the
backwards direction ( cosf; = 1 ) despite the

experimental fact that radiation is emitted forwards
in a 1/y cone. |

dW oc (1:5“)2 f@%S/B(y)dy_(luTu)KZ/B ’ E:UOCWf(l_COSQf>

v N An incoming electron of
k momentum p. is usually

directed opposite to the
field wave vector k of an
oncoming charge bunch.
The transition rate of the
process is divergent when
the radiated photon k. is

parallel to the field wave
vector.

needs to be measured and monitored to a
comparable precision of 10-4. The XLS spectrometer
IS planned to consist of an array of radiation hard
100 um quartz fibres to detect Cherenkov radiation
from secondary electrons and MAPMs for readout.
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section

The upstream Compton polarimeter is located at the
beginning of the BDS where the design helicity and
the beam direction matches those at the collider IP.
The polarimeter laser can have the same pulse
structure as the beam allowing measurements of
every bunch, permitting fast recognition of
polarisation variations within each bunch train as
well as time-dependent effects that vary train-by-
train. The statistical precision of the polarisation
measurement Is estimated to be 3% for any two
bunches with opposite helicity, The average over
two entire bunch trains with opposite helicity will
have a statistical error of AP/P=0.1%.

"he downstream polarimeter is located 150 m from
the collider IP in the extraction line and can measure
the beam polarization both with and without
collisions, thereby testing the calculated
depolarisation due to beam-beam effects.
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