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Abstract

The PETRA-III Laser-wire, a Compton scattering beam
size measurement system at DESY, uses an automated mir-
ror to scan a Q-switched laser across the electron beam
and is developed from the system previously operated at
PETRA-II. This paper reports on recent upgrades of the op-
tics, vacuum vessel and data acquisition. First beam profile
measurements are also presented.

INTRODUCTION

Laser-wire (LW) beam profile monitors will be the
key beam diagnostic instruments for future very high en-
ergy/intensity particle accelerators to replace the use of
traditional profiling techniques such as wire scanners or
screens. LWs can be employed in synchrotron light
sources[1], linear electron-positron colliders[2], and most
recently H™ ion accelerators[3].

The principle of operation of aLW profiler isto map the
spatial distribution of the particle bunch by using the signal
produced in the collision between the particles and the pho-
tons of alaser beam scanned across the accelerated beam.
In electron machines, using the Compton effect, the laser
photons are scattered by the electrons and can be detected
downstream as gamma rays in a calorimeter. At H= ma-
chines, where the fundamental process is photo-ionization
of the H™ ion to form neutral H-atoms, the released elec-
trons can be detected downstream.
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Figure 1. LW location at the PETRA-I11 facility.

The LW system described in this paper was built at the
PETRA-III accelerator at DESY in Hamburg (see Fig. 1).
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The LW system is an upgrade of the two-dimensional LW
tested previously at the PETRA-II accelerator [1]. The up-
dated LW includes features to make measurements more
reliable, such as real time correction for laser pulse-to-
pulse power fluctuation and time or position jitter. Fur-
thermore, knife-edge scans to measure the laser spot size
as it is at the interaction point (1P) can be performed on-
demand, allowing the user to extract the contribution of the
laser width from the total signal distribution.

The relevant beam parameters of PETRA-III are gath-
ered in Table 1. Also the expected horizontal and vertical
beam sizes at the LW IP are stated.

Table 1: Nominal PETRA-III parameters [4],[5]

Parameter Value Unit
Energy E 6 [GeV]
Circumference C 2304 [m]
Horizontal emittancee, | ~1 [nmrad]
Vertical emittance e, ~0.01 [nmrad]
Revolution frequency f | 130.2 [kHZ]
Bunches per fill Ny 960 (40)
Interbunch spacing 8 (2192) | [ng]
BunchlengthRMS L, | ~12 [mm]
Electronsperbunch N, | 0.25 (12) | -1019
Exp. hor. beamsizeos, | ~175 [m]
Exp. vert. beamsizeo, | ~15 [pm]
SETUP

In Fig. 2, a plan overview of the LW experimental lay-
out on the south-west bending arc of the PETRA-III ring
is shown. It illustrates the major components of the LW
system: high power laser, optical scanning systems, beam
position monitor (BPM) and Compton cal orimeter.

Optical

I breadboard Compton

photons Calorimeter

ot
beam

Beam position| Interaction Dipole magnet Beam

| pipe
monitor vessel PETRA tunnel

Laser beam

Q-switched laser
Figure 2: Overview of the LW setup [1].
The laser pulse collides with the positron bunch within a
custom built vacuum vessel with optical view portsfor laser

light. The Compton photons produced in the collisions be-
tween the positron bunches and the laser light are separated
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downstream from the particle beam by a dipole magnet.
After separation, the Compton photons exit the beam pipe
through an auminium window to reduce the synchrotron
radiation background and are detected by a calorimeter.
The photon detector is made of nine lead tungstate crystals
organised in a3x 3 matrix whichisoptically connectedto a
photo-multiplier [1]. The position of the positron beam on
either side of the IP is measured by a four-button pick-up
BPM.

A Q-switched Nd:YAG laser system with a repetition
rate of 20 Hz is used to produce the high power light pulses
required for Compton scattering. The laser beam is ex-
panded and collimated to approximately 25 mm diameter
and transported from the laser hut into the accel erator tun-
nel underneath. The laser beam is then guided onto the
LW breadboard mounted around the beam pipe, which con-
tained thevertical (V) and horizontal (H) scanning systems.
The LW scanning unit consists of a piezo-electric driven
mirror that deflects the laser beam before it is focused by
the scanning lens.
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Figure 3: Schematic layout of the vertical breadboard.
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Fig. 3 and Fig. 4 show a schematic of the optical layout
and a photo of the LW breadboard respectively. The arrows
indicate movable transition stages. For the LW scanning
system, two scanning lenses were chosen with different fo-
cal length. Thiswas a necessary upgrade in order to match
the different beam sizes and scan range requirementsin the
two profiling directions (V and H). Thefocussing lenses are
an aplanatic lens with f = 250 mm (LV) and a spherical
singlet lenswith f = 750 mm (LH).

The scanning axis (V or H) is set by the position of the
first movablemirror. The scanning mirrors(SV and SH) are
identical for both axes. These are 2-inch mirrors mounted
on a piezo-electric stack that can be deflected by apply-
ing avoltage. The maximum deflection angle is 2.5 mrad
with an applied voltage of 100 V. Given thefocal lengths of
250 mm and 750 mm, the total maximum scanning range
is 1.25mm for the V axis and 3.75 mm for the H axis.

Due to the longer focal length of the horizontal profiler
lens, and the consequent increment of the laser Rayleigh
range, the spot size at the input window of the old vacuum
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Figure 4: Photo of the LW optical breadboard.

vessdl was too small and the intensity definitely above the
damage threshold of the window. An extension of the vac-
uum vessel was therefore necessary in order to movethein-
put window further away from the focus of the laser beam
and work in safe conditions. Simulations showed that the
new extended vessel does not introduce unacceptable RF
fields.

DATA ACQUISITION SYSTEM

In Fig. 5, a schematic overview is shown of the LW
data acquisition (DAQ) and the interface between the LW
and the PETRA-II1I control room (BKR). The overall com-
mand part (LWCMD) issues scan commands (and setstim-
ing and power). The actua data acquisition (LWDAQ)
does the scan and returns the file produced to LWCMD,
which in turn sends the filename to the analysis (LWANA).
A camerais used to determine the laser pointing stability
(LWCAM). This will also send its own datato LWCMD
and be forwarded to LWANA. Once LWANA has anal-
ysed both files, the results are returned to LWCMD, dis-
played and sent to the DESY three-fold integrated net-
working environment (TINE) database via a TINE inter-
face (LWTINE). LWCMD will eventualy receive com-
mands from BKR viathe TINE database [6]. All commu-
nication is performed using LabVIEW Shared Variables.
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Figure5: Interface between LW and BKR.

The LW DAQ system uses a Nationa Instruments
(NI PXI system with a 2 GS/s two-channel digitizer
(PX1-5152), a precision timing module (PX1-6653) and
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a general-purpose DAQ (PX1-6251). Other hardware is
accessed via RS232 and GPIB. Furthermore, the TINE
database is read for beam data, such as local BPM posi-
tions and beam current. The DAQ softwareiswritten using
NI LabVIEW (v8.5) with Statechart and DSC modules, for
both the control of the LW and the online analysis of the
data. The DAQ system aso controls the translation stages
used for beam-finding and focus position movement.

DATA TAKING AND RESULTS

The LW can operate two types of transverse scans.

e Ramp scan - A transverse scan using the piezo-driven
mirror while keeping the beam-finding and focus-
positioning translation stages fixed. It has a step res-
olution of less than 1um. As mentioned before, the
scanning range is dependent on the scanning axis.
Once the tranglation stages are moved into place, the
scan rate is only determined by the laser repetition
rate. Therefore, afast scan can be performed: 20 steps
and 10 shots per step would only take 10 s.

e Stage scan - A transverse scan using the motorised
beam-finding stage with the piezo-mirror fixed has the
same step resolution as a ramp scan. However, the
scanning rangeis much larger (about 25 mm) but there
is a 500 ms overhead for stepping the stages. A scan
with 20 steps and 10 shots per step would take about
20s

The position of the laser focus relative to the beam can
be moved by the focus-positioning translation stage. Then
either aramp scan or stage scan may be performed to mea-
sure the beam size.

In addition, aknife-edge scan to check the waist size and
Rayleigh range of laser can be performed. Furthermore, the
laser timing and laser power can be adjusted.

Profile Measurements

Example profile measurements in the vertical and hori-
zontal axesare shownin Fig. 6 and Fig. 7. The PETRA-III
bunch pattern during both scans was a single bunch fill and
both scans were measured with a stage scan. This provides
a more accurate account of the transverse position and it
will be used to calibrate the LW when working in ramp
scan mode.

The vertical profile scan uses 40 laser positions and the
signals from 20 laser shots are averaged for each position.
At the laser repetition rate of 20 Hz, this scan took 60 s to
complete. The bunch current was 260 pA. The horizontal
profile scan uses 30 laser positions and the signalsfrom 100
laser shots are averaged for each position. This scan took
165 sto complete. The bunch current was 690 pA.

The vertical and horizontal measured profiles have di-
mensions of 30.38 + 1.43 pum and 293.6 £+ 18.1 pum re-
spectively. The profiles represent the transverse size of the
positron bunch convoluted with the laser beam profile and

06 Beam Instrumentation and Feedback

T03 Beam Diagnostics and Instrumentation

MOPE069

1800 T
1600 l Data ——— |

Fit

1400

1200

1000
800
600
400

200 g +F
= =

]

iy
(]

CAL charge [mV.ns]

ES

——— I —

0 . . .
7.85 7.9 7.95 8 8.05 8.1 8.15 8.2 8.25
vertical position [mm]

Figure 6: Vertical scan (o, = 30.38 & 1.43 pm).

800

Da1‘a —t—
700 Fit N
2 600
z I |
E 500 i I
@ I I
& a0
z I Iy
5 300 i kg
< 200
(@]
100 ¥
0 FELE i’iii iT$$ T
10 10.5 11 11.5 12 12.5 13

horizontal position [mm]

Figure 7: Horizontal scan (o, = 293.6 + 18.1 um).

the laser pointing jitter. These effects have to be precisely
measured in order to extract the real positron beam dimen-
sions. However, the discrepancy of about afactor of 2 com-
pared with the expected beam sizes still requiresfurther in-
vestigation.

CONCLUSIONSAND OUTLOOK

The PETRA-II1 LW system has successfully performed
horizontal and vertical beam size measurements. The res-
olution of a beam prafile scan is currently about 5%. The
achieved scan times are 60 s and 165 sfor the V and H axis
respectively. Using the piezo-driven mirror, these times
could be reduced down to values of the order of tens of
seconds for each profiling axis, making the LW is a fast
two-dimensional beam profiling instrument.

The next steps are the integration of the LW system
into the PETRA-III control system and performing vari-
ous benchmarking beam studies, e.g. to measure the lattice
characteristics (dispersion, compaction factor, beta func-
tions, etc.), compared with other beam size diagnostic in-
struments [7].
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