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Abstract

Alignment is one of the major challenges within CLIC study, since all accelerator components have
to be aligned with accuracy up to 10 pm over sliding windows of 200 m. So far, the straight line
reference concept has been based on stretched wires coupled with Wire Positioning Sensors. This
concept should be validated through inter-comparison with an alternative solution. This paper
proposes an alternative concept where laser beam acts as straight line reference and optical
shutters coupled with cameras visualise the beam. The principle was first validated by a series of
tests using low-cost components. Yet, in order to further decrease measurement uncertainty in
this validation step, a high-precision automatised micrometric table and reference targets have
been added to the setup. The paper presents the results obtained with this new equipment, in
terms of measurement precision. In addition, the paper gives an overview of first tests done at
long distance (up to 53 m), having emphasis on beam divergence
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Abstract

Alignment is one of the major challenges within CLIC study, since all accelerator
components have to be aligned with accuracy up to 10 um over sliding windows of
200 m. So far, the straight line reference concept has been based on stretched wires
coupled with Wire Positioning Sensors. This concept should be validated through
inter-comparison with an alternative solution. This paper proposes an alternative
concept where laser beam acts as straight line reference and optical shutters coupled
with cameras visualise the beam. The principle was first validated by a series of tests
using low-cost components. Yet, in order to further decrease measurement uncertainty
in this validation step, a high-precision automatised micrometric table and reference
targets have been added to the setup. The paper presents the results obtained with this
new equipment, in terms of measurement precision. In addition, the paper gives an
overview of first tests done at long distance (up to 53 m), having emphasis on beam
divergence
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Abstract picture of the laser spot formed at the shutter surface, the
Alignment is one of the major challenges within cL|cpicture is processed to compute the spot centre coordinates

study, since all accelerator components have to be alignE{12ly; the spot centre coordinates given by all LAMBDA
with accuracy up ta0 wm over sliding windows 0200 m. sensors are compared to see whether the linac components
So far, the straight line reference concept has been basd§ Well aligned or not. _

on stretched wires coupled with Wire Positioning Sensors, | '€ Study and development of LAMBDA-sensors is

This concept should be validated through inter-comparisdijvided into two steps: validation of the principle at short
with an alternative solution. This paper proposes afiStance (up t@m)and application to CLIC projectatlong

alternative concept where laser beam acts as straigfipt@nce (up t@€00 m). Concering the step validation of
line reference and optical shutters coupled with camerd@€ Principle’, first tests were done with a simple setup and
visualise the beam. The principle was first validated by §2V€ €ncouraging results [7]. The idea was then to further
series of tests using low-cost components. Yet, in order @fCréase measurement uncertainty with an improved setup.
further decrease measurement uncertainty in this vatidati R€SUlts regarding measurement precision at short distance
step, a high-precision automatised micrometric table arff® Presented in the first part of this paper. Concerning

reference targets have been added to the setup. The paii¥ér SteP ‘application to CLIC project,, it was necessary
R a first iteration to check the beam diameter over a long

presents the results obtained with this new equipment, | o h
terms of measurement precision. In addition, the papgllstance because this is a key parameter for the size of the
MBDA-sensor. Results regarding beam divergence at

gives an overview of first tests done at long distance (u k - g
to 53 m), having emphasis on beam divergence. ong distance are presented in the second part of this paper.

INTRODUCTION TEST AT SHORT DISTANCE

One of the important technical challenges within CLICObJeCt'Ve
(Compact Linear Collider) study consists of achieving the First tests for the validation of concept had already
pre-alignment of the two main linear accelerators (linacspeen done at short distance (up 3an) with a simple
especially the Beam Delivery System (BDS) [1]. Indeed, isetup [7]. Even though low cost components were used,
order to meet the demanding luminosity requirements, thresults were encouraging: the position of the spot centre
beam related components have to be actively pre-aligneths measured in a range of4[im,4 um] around the
with accuracy ofl0 um rms over sliding windows of at expected value and its standard deviation was computed
least200 m along the20 km of linac [2]. below 5 um. After these tests, the idea was to further

This challenge can be solved by using a wire as straighecrease measurement uncertainty during the validation
line reference coupled with Wire Positioning Systemstep. Thus, several changes were made to the experimental
(WPS) [3, 4, 5]. However, this method has drawbacksetup, e.g. a motorised micrometric table was added. In
like its cost or difficult implementation. A second solutionorder to compare results obtained with the old and the new
based on a laser beam as straight line reference coupketup, the same experiment protocol was used for both
with beam positioning sensors is presented in this papdests.
The beam positioning sensor is called LAMBDA-sersor . )
and is made of a shutter and a camera [6]. Linagonflguratlon
components that have to be aligned are equipped with Figure 1 gives an overview of the experimental setup.
LAMBDA-sensors. The shutter is placed at a distance3600 mm from the

To check the alignment, all LAMBDA-sensors are usedeam expander. The camera lens is placed at a distance
one after the other with the following process: the shugter iof 100 mm from the shutter. The angle between camera
mechanically switched across the beam, the camera takeaxas and laser beam axis 39°. The laser is HeNe with
 qullaume sem@cem.ch a wavelength\ = 633 nm. The CCD has a resolution of

19I'lrj1learl1jan?és ﬁAMBCI:?A—-sCensor comes from the LAMBDA-project; 1280 x 1.024 and a p|_xel size 08.6 _pun. .
LAMBDA stands for Laser Alignment Multipoint Based Design 1he differences with the experimental setup used in [7]
Approach are summarised in the following list:




Data processing

four times each. This results thx 4 = 24 data points
camera (crosses in Figure 2). Each data point is obtained by an
fibre average ovet0 measurements. A measurement comprises
% three steps: first, a picture with laser spot is capturedh,the
s the spot centre coordinates are computed in the CCD plane
j S~ I by application of two-dimensional Gaussian matching [9];

laser

' Seam finally, the spot centre coordinates are computed in the
: g expander / dosed shutter plane by means of projective geometry [10, 11, 12].
s sutter N total, the whole experiment las3§ min.

>
u.

LAMBDA-sensor
(mounted on motorised

micrometric table) Results

First of all, when the laser and the motorised micrometric
table are switched on, the room temperature increases by
0.5° during the first three hours. After this time, the four
e The camera and the shutter are put together on themperature sensors give values that are stable enough to

same plate in order to have a first prototype of thaeglect the temperature effect on the position of the laser

future LAMBDA-sensor. spot centre. The capture of pictures is performed when the

) ] ) _ temperatures are stable.

e The mapual micrometric table is rep!aced with Figure 2 presents the-position of the laser spot centre
a motorised one enabling two translations (alongiw, respect to the-position of the LAMBDA-sensor. Al
wy and w,) and one rotation (aroundtwy). \aes remain in an interval of {4um,2 pm] around the
The uncertainty of positioning of the motorisedg, e cted value. This is significant improvement compared
micrometric table is0.1 um (value given by the .y, reqyits achieved using the manual micrometric table,
manufacturer Aerotech). where the interval was 4-um,4 um]. Moreover, the
The collimator is replaced with a beam expander o_ﬂandard deviation over of theposition 40 measurements

magnifying powerl5. This enlarges the laser beam!S @ways below 1.2 um, which is also better than
at the beginning but reduces its divergence, which iBréviously ¢ pm).
necessary for the future alignment system @@rm

[8].

e Targets are added on the shutter in order to hav
reference points for the computing of the laser spc
coordinates. These targets are white disks with
diameter of2mm, printed on black paper. The
positions of their centres are determined in the
metrology lab with a measurement uncertainty o
3 pm.

Figure 1: Top view of the experimental setup
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e Four temperature sensors are added to the settL
Three of them are in the air (one close to the bear
expander, one between beam expander and shutt : : : : :
one close to the shutter) and the last one is put on tt . m > pvs - -
LAMBDA-sensor plate. These sensors are needed 1 x-position of LAMBDA sensor (in um)
check temperature stability. Indeed, the metal parts of
the setup expand when temperature increases, whiEigure 2:z-position of the laser spot centre computed from
modifies the vertical position of the LAMBDA-sensor pictures with respect ta:-position of LAMBDA-sensor
and the beam expander. determined by the motorised micrometric machine

5

Xx—position of laser spot centre (in um)

o

Protocol Results are similar regarding the vertical coordinate of

The LAMBDA-sensor does two round-trips in7, the spot centre on the shutter. Thgoosition of the spot
direction (radial) betweer = 0 um andz = 50 um in  Ce€ntre on the shuter remains in an interval @fifm,2 pm]
steps of10 pum?2. Thus, the sensor occupies six differen@iround the expected value (instead &f jfan,3 pm] with
positions ( um, 10 pm, 20 pm, 30 um, 40 pm, 50 um),  the manual micrometric table). The standard deviation of
y-position over 40 measurements is always befoum,

2The motorised micrometric table can move in smaller steps thaWhiCh is also better than previousl& (Lm)
10 um but the manual one cannot go below this value. Since the goal '

of this paper is to compare the old and the new setup, the ewpetal These t_e‘StS ShOW_ how measurefmem U_ncertainty is
protocol applied with the manual micrometric table is reusatiimpaper. reduced with a motorised micrometric table instead of a




manual one. The results contribute to the step 'validatfon @xpected value and the standard deviation dropped to below
the principle’ at short distance. The next step dealing witB pum.
"application to CLIC project’ at long distance is described Moreover, a first test dealing with beam divergence

in the following section. was done over a long distance (upd®m). The laser
beam diameter was computed smaller thannm over a
TEST AT LONG DISTANCE distance o063 m.
.. In order to decrease measurement uncertainty for future
Objective experiments, the sensor will be further studied and

The objective of the experiment is to do a first test over developed, e.g. material, colour and roughness of the
long distance (up t63 m) regarding one crucial parametershutter. The image processing software will be also
for the alignment project: laser beam divergence, whicktmproved, using ellipse fitting and taking into account
plays a major role in the sizing of the future sensor. Thdistortion for a more accurate spot centre detection. In
beam diameter should be as small as possible over tharallel, a test with mirrors ove200 m is going to be
200 m in order to have a compact sensor. Without bearerformed in order to check measurement precision as well
expander, the beam diameter remains approximately inas beam divergence.
range froml mm to 140 mm. With a beam expander of
magnifying powerl5, the range is fron15 mm to 30 mm REFERENCES
[8], which is acceptable for the project. [1] http://clic-study.org/

In the experiment presented below, the idea is to checlfz] T. Touze, “Proposition d'une rathode d'alignement de
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