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Abstract tion synchrotron light source some beam time is allocated

The vertical beam profile at the PETRA positron storagJ([a0 machine development. PETRA was chosen for exper-

. . : Iments with the laserwire because of the availability of a
ring has been measured using a laserwire scanner. A la

: L . . : L SI%rng straight section for hardware installation, an eRripti
wire monitor is a device which can measure high brilliance . . .

: g ' access pipe, sufficient energy and because of its bunch pat-
beam profiles by scanning a finely focused laser beam non-

: : : ._tern, which is similar to high energy linear collider. Beam
invasively across the charged particle beam. Evaluation . . ; )
. ests with the laserwire were carried outabeV with av-
the Compton scattered photon flux as a function of the laser
o : , .6rage bunch currents @f1 mA and40.5 mA. The laser
beam position yields the transverse beam profile. The aim

of the experiment at PETRA is to obtain the profile of th{ulses were triggered to interact with the first bunch of the

. nch train carrying bunch charges3$ nC and22.3 nC.
positron beam at several GeV energy and several nC bun . . L S
i rom the optics lattice the average beam size in the ring is
charge. Key elements of laserwire systems are current] .
. . Lo = 268 um for the horizontal and, = 68 um for the
being studied and are described in this paper such as lasér . : .
: . ._vértical dimension.
beam optics, a fast scanning system and a photon calonme-_l_h : tal setun is sketched in Fig. 1. The setup i
ter. Results are presented from positron beam profile scans € experimental setup Is sketchedin Fig. 1. The Setup s

using orbit bumps and a fast scanning scheme.
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Future high performance TeV-scale lepton collider as
well as high brilliance linac based light sources require on
line, non-invasive beam size monitors with micron and sub-
micron resolution for beam phase space optimization [1]
A laserwire monitor is a device where a finely focused,
high power laser beam is scanned transversely overthe lep-  ,.ze:
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ton beam. The resulting Compton-scattered photons are *re
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detected downstream and the measurement of the total en- "

ergy of these photons as a funciion .Of Iasgr spot pOSitiqﬂgure 1: Positron beam, laser and trigger path for thedaser
yields the lepton bunch transverse dimensions [2]. Lasg;‘\;ire experimental setup

wire beam profile monitors have been tested at the SLC at
SLAC [3] and ATF at KEK [4]. The aim of the experi- . . .
ment at PETRA is to elevate these designs and to invesmamly divided in two areas, the PETRA accelerator tunnel

gate key issues for a laserwire device in order to develop ?hthf laser hdUt' T_r:e trlgger 5|gnalsdfor S)énfchrorllhzatll:?g
standard diagnostic tool for low-disruption, high-resan ot the faser and positron beams are derived from the F-
beam profile measurements TRA accelerator bunch clock and brought to the laser hut

from the access hall. These are then fed into VME-based
trigger electronics, which exchanges trigger and statyss si
EXPERIMENTAL SETUP nals with the laser. The laser timing is measured relative to

The laserwire experiment is installed at the storagt%BPM signal at the IP using two fast photodiodes; one in

ring PETRA at DESY. The PETRA ring operates as prel'€ laser hut and the other close to the IP. The Compton-

accelerator for positrons and protons and serves the ij;attered photons are boosted along the incoming positron

lider HERA. In the context of an upgrade to a 3rd genera2€aM direction and exit through the beampipe wall within
a downstream dipole magnet. Most of the photons inter-

*kamps@bessy.de act with the wall material producing an electromagnetic
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shower. The tail end of the shower is measured by a lead-
tungstate calorimeter read out by a fast ADC. SCANNING

3 MIRROR .
LASER BEAM [ t .T'IALI(B_NMENT

The laser pulses are created in a Q-switched Nd:YAG
laser amplifier with second harmonic generator. The aver-
age power i8 W in the IR at a wavelength of064 nm
and2.1 W in the green a632 nm. Green light was cho-
sen for this experiment because its shorter wavelength en-
ables both smaller spot-sizes to be achieved and greater en-
ergy deposits in the calorimeter. The longitudinal profile
was measured using a streak camera Wwiths time reso-
lution. The data revealed a pulse lengthf = 12.5 ns
FWHH with a sub-structure of roughl§0 ps peak-to-peak
and70 ps peak width at full contrast. This sub-structure is
due to mode-beating of different longitudinal modes lasing
and causes the Compton signal amplitude to vary between
zero and full signal for different laser shots. The transger
profile of the laser beam was measured in the near and
far-field with knife edge and sliding slot techniques. For
the far-field measurement the beam was focused using a
f = 125 mm doublet focusing lens of the same type as used
for the IP focusing. A viewport window was also included
in the setup. The mode quality parameter was measured to
be M7 = 8.5+ 0.6 for the vertical and\/2 = 5.6 £ 0.4 for

the horizontal dimension. The measured laser waist radiﬁgure 2: Optical elements and laser pathway before the
(atl/e? intensity) isw, = 77+5 um andw, = 696 um. interaction point with the positron beam.

The laser pulses are transported via a matched Gaussian
relay made up of twgf = 5 m lenses over a distance of
20 m from the laser hut via an access pipe into the turposit is collected for an incoming Compton-scattered pho-
nel housing the accelerator. The laser beam passes then with 300 MeV energy.
the scanning mirror before it reaches a focusing lens with
f = 125 mm back-focal length. The scanner is a piezo-
driven platform with an attache2b mm high-reflectivity DATA TAKING
mirror. The maximum loaded frequency of the platform To establish initial overlap between positron and laser
is 1 kHz with a scan range of2.5 mrad. The optical el- beam first the timing was fixed by fine-adjusting the laser
ements before the laser-positron IP are shown in Fig. Bulse timing with a delay box relative to the BPM signal.
After the interaction the main part of the beam intensity iThen a local orbit bump was driven to bring both beams
divided and guided into an appropriate dump. The remaine transverse overlap. This procedure usually takes less
ing intensity is used for diagnostics and relayed on a CCkhan5 min. After that the laser beam was scanned using
camera for online monitoring of the laser spot size and pahe piezo-driven platform over the positron beam. At each

sition at the IP. scan point 5000 events were recorded before the beam was
moved again. In Fig. 3 a typical background and signal
COMPTON CALORIMETER spectra are displayed. The low energy pedestal in both

spectra corresponds to the electronics base. With a laser

The Compton photon calorimeter is composed of leadepetition rate oB0 Hz one scan point is handled 3nmin
tungstate (PbWOA4) crystals fixed with optical grease to gesulting in30 min to complete a full scan. During the scan
matching square face photomultiplier. The individual erysthe orbit stability is observed with the BPM at the interac-
tals have dimensions @B x 18 x 150 mm and are arranged tion point. The orbit was found to be stable withif ;zm.
in a 3 by 3 matrix (see [5] for more details). From calibra-
tion measurements with a testbeam from the DESY Il ac- DATA ANALYSIS
celerator, the complete detector setup including ADC read-
out was tested with electrons froth0 MeV to 6 GeV. The After applying a background cut eliminating the syn-
energy resolution was found to be better than 6% for indichrotron radiation pedestal the individual spectra at the d
vidual crystals and 10% for the overall setup. Simulationferent scan points were integrated. In Fig. 4 the result-
show that with the 3 by 3 matrix 95% of the total energy deing total energy deposit versus laser beam position is plot-
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Figure 3: Preliminary data for background and signal
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bremsstrahlung. The accelerator environment is modeled
including beampipe, magnets, and cooling water channel.
From an analytical description of the Compton process [7]
the number of Compton photons can be estimated for the
relevant laser and positron beam parameters. For the low
current case witl3.9 nC in total 98 photons are released
and the Compton edge is &tl7 GeV resulting in57 GeV

total energy deposit, for the high current case W2t nC

in total 561 photons are released resulting28 GeV en-
ergy deposit. Most of the energy is lost in the beampipe
material as the Compton photons hit the chamber under a
shallow angle inside the dipole magnet with an effective
length of roughly100 cm. In the next step the measured
longitudinal profile of the laser beam will be included in
the simulations.

CONCLUSION AND OUTLOOK

A laserwire monitor system has been setup and run at
the PETRA accelerator. The vertical beam size of the
positron beam was measured using a scanning platform, re-
sults agree well with expectations from lattice calculiasio
The laser has been upgraded with a longitudinal mode fil-
tering etalon. For the Compton photons pathway planning
and construction is under way to replace the dipole vac-
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Figure 4: Spotsize measurement data and fit for the low
current scan. [

ted for the low current scan. For the high current scan [&]
similar results was achieved. This distribution can be ap-
proximated with a Gaussian function with a linear gradi-
ent term. The linear term in the model compensates fQg]
the decreasing beam current over 3emin measurement
time. The measured beam size for the low current scq
iS o = 68 £ 3sq¢ £ 144ys pm and for the high current
scano,, = 80 =£ 6stqr = 164y, pm. The systematic error
is dominated by the uncertainty of the set-voltage to angle
scanner calibration and will be investigated with dedidate
measurements.

COMPARISONWITH SIMULATIONS

The propagation of the Compton photons was simu-
lated using the Geant4 [6] simulation package includ-
ing background sources like synchrotron radiation and

uum chamber with a chamber with a thin exit window, to
enhance the observed signal.
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