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1 Abstract
The PETRA-III Laser-wire (LW), a Compton scattering beam size measurement system
at DESY, uses an automated mirror to scan a Q-switched laser across the electron beam
and is developed from the system previously operated at PETRA-II. Here, recent up-
grades of the optics, vacuum vessel and data acquisition arereported. First beam profile
measurements are also presented.

2 Introduction
The LW system is an upgrade of the 2-D LW tested previously at the PETRA-II ac-
celerator [1]. New features, such as real-time correction for laser pulse-to-pulse power
fluctuation and time or position jitter, make measurements more reliable. Also, knife-
edge scans to measure the laser spot size as it is at the interaction point can be performed
on-demand, so the contribution of the laser width can be extracted from the total signal
distribution.

Nominal PETRA-III parameters [4], [5].
Parameter Value Unit
EnergyE 6 [GeV]
CircumferenceC 2304 [m]
Horizontal emittanceǫx ∼1 [nmrad]
Vertical emittanceǫy ∼0.01 [nmrad]
Revolution frequencyf 130.2 [kHz]
Bunches per fillNfill 960 (40)
Interbunch spacing 8 (192) [ns]
Bunch length RMSLb ∼12 [mm]
Electrons per bunchNe 0.25 (12) ·10
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Exp. hor. beam sizeσx ∼175 [µm]
Exp. vert. beam sizeσy ∼15 [µm] Aerial view of the PETRA-III facility.

3 Experimental Setup
The laser pulse collides with the positron bunch within a custom built vacuum vessel.
The Compton photons are separated downstream by a dipole magnet and detected by a
calorimeter. Button pick-up BPMs on either side measure thepositron beam position.

Location of LW. Overview of the LW setup.

4 Vertical breadboard

Schematic layout. Photo of the optical breadboard.

• Laser: 20 Hz Nd:YAG laser (1064 nm, frequency doubled)

• 2” high reflective static mirrors, 2 piezo-driven scanning mirrors

•Horizontal (H) scan: 750 mm lens, vertical (V) scan: 250 mm lens

5 Laser beam size
The spot size at the laser waist (w0) was measured using a digital CCD/CMOS cam-
era. The laser was passed through an optics setup designed toreplicate the IP focussing
outside the vacuum vessel with the camera mounted on a translation stage in the focus.

Laser profile Vertical Horizontal

Waist,w0 23.64± 0.43µm 77.67± 0.56µm
M2 2.09± 0.07 2.75± 0.02
Rayleigh range,zR 1.58± 0.08 mm 12.94± 0.21 mm

6 LW operation
•Two types of transverse scans possible:

–Ramp scan– Using the piezo-mirror with the translation stages fixed: step res-
olution < 1 µm, scanning range 1.25 mm V and 3.75 mm H. Scan rate is only
determined by the laser frequency: 20 steps and 10 shots per step only take 10 s.

–Stage scan– Using only the motorised beam-finding stage with the piezo-mirror
fixed: step resolution< 1 µm, scanning range∼ 25 mm. 500 ms overhead for
stepping the stages: scan with 20 steps and 10 shots per step takes about 20 s.

• Laser focus position relative to the beam can be moved by another translation stage.

• LW system self-correction features:

–Knife-edge scan to check waist size and Rayleigh range of thelaser.
–Photodiode to measure laser pulse-to-pulse power fluctuation and time jitter.
–CCD camera to determine the laser pulse-to-pulse position jitter.

7 Profile measurements
Stage scan Vertical Horizontal
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Laser positions 40 30
Laser shots 20 100
Scan time 60 s 165 s
Bunch current 260µA 690µA
Dimension 30.38± 1.43µm 293.6± 18.1µm

Profiles are a convolution of the transverse size of the positron bunch with the laser
beam profile and the laser pointing jitter.

8 Conclusions & Outlook
•Successful performance of horizontal and vertical scans.

•Beam profile resolution is currently about 5%.

•Scan times of 60 s and 165 s for the V and H axis respectively were achieved.

•Full integration of the LW system into the PETRA-III controlsystem.

•Benchmarking beam studies compared with other beam size diagnostic instru-
ments [6], e.g. to measure the lattice characteristics (dispersion, compaction factor,
beta functions, etc.).
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