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Abstract tance measurements and analysis techniques presented in

The TESLA Test Facility (TTF) linac at DESY has beenthIS paper can be found in [4].
extended to drive a new free electron laser facility, the
VUV-FEL. The 250 m long electron linac has been com- EXPERIMENTAL SET-UP

_rmsgmned in2004 and in the_beglnnmg O.f 2005. Character- The VUV-FEL has two diagnostic sections dedicated to
ization of the electron beam is an essential part of the com-

. . mittance m rement Fig. 1). The first one is lo-
missioning. The transverse projected emittance has been - ance measurements (see Fig. 1) € first one 1s ‘o

measured at a beam energy of 127 MeV with the fourgated downstreams of the first bunch compressor at the

monitor method using optical transition radiation (OTR) electron beam energy of 127 MeV. This section consists of
g op '[8ur OTR monitors combined with wirescanners embedded

We describe the experimental set-up and discuss the data- . . . -
analysis methods. Experimental results as well as simulIrl a FODO lattice of six quadrupoles with a periodic beta
. ' flinction. A second FODO lattice with four OTR moni-
tions are presented. ; .

tors is located upstreams of the undulator. In this paper we

concentrate on emittance measurements in the first section
INTRODUCTION using OTR monitors only.

The TESLA Test Facility (TTF) linac has been extendedl_'\ITFhe ?JITI?\I :KIStSm Is 2d gsignﬁzdband .const.rﬁcltjegsb\)(/ I.'I_\thN-
to drive a new free electron laser, the VUV-FEL [1], in the an -Romaz in collaboration wit - 'he

wavelength range from vacuum-ultraviolet to soft X-rays.syStem can be contrqllled_remotely, and it provides three
The commissioning of the new facility started in the begin-d'fferent image magnifications (1.0, 0.39, and 0.25). The

ning of 2004, and the first lasing was achieved in Janua@ad'oUt system s 'F’ased on digital CCD cameras V.Vith

2005. EE1394 (f|rgW|re) interface. Thg measured .r_esollutlon
Figure 1 shows the present layout of the TTF VUV—FELOf the syst.em Is 1am rms for' the highest mggmﬂcanon.

linac. Electron bunch trains with a nominal bunch chargt]:ylore details of the OTR monitor system are in [5, 6, 7].

of 1 nC are generated by a laser-driven RF gun. Five accel-

erating modules with eight 9-cell superconducting TESLA EMITTANCE CALCULATIONS

cavities are installed to provide electron beam energy up . . .

to 750 MeV. The electron bunch is compressed using two The four (multi) monitor method S _bas_ed on mea-

magnetic chicane bunch compressors. At the location &yrements of the transversg bea”.‘ d|str|but|on (shapg and

the first bunch compressor the beam energy is 127 Me ze) at four (or more) locations with a fixed beam optics.

and at the second one 380 MeV. During the commissiorghe tra:jr?s;/(_agss emlttar&ctehw Setermltned fron: thetmeaszred
ing the main emphasis has been on lasing with the wav €am distributions and the known transport matrices be-

length of 30nm, corresponding to an electron beam erp;veen the monitors using two different methods. The first
ergy of 445 MeV., The lasing process requires a high qualif}?ne uses a least square (chi-square) fitting of the TWi.SS pa-
electron beam in terms of transverse emittance, peak c Ameters and .th(.a emittance to the mea;u-red bea”.‘ sizes. A
rent and energy spread. The design normalized emittan gneral description of the least square f|tt|_ng t_echnlque can
of the VUV-FEL is 2mmmrad. A more detailed descrip- € found, for example_, in [8], and an application _for emit-
tion of the machine and first experimental results can b%ance measurements n [9]: The second method is b‘?‘se.d on
a tomographic reconstruction of the phase space distribu-

foundin [2, 3]. i ina th : i lqorithm 110
At the VUV-FEL, measurements of the transverse O USINg INe maximum entropy algoritnm [10].
In the error estimation for the fitting method, we take

projected emittance are performed using a four-monitar o ; o
to account both statistical and systematic errors. Statisti-

method. In this method the transverse beam distributiol? ;
is measured at four locations along the linac with a ﬁxe&al errors are caused by fluctuations on the measured beam

beam optics. The emittance is calculated by two differen%izes' gnd they are calculated as in_ [9]. Systematig errors
techniques. The first one is based on fitting of the Twis&"® e;tlmated using a Monte Carlo S|mulat|0n assuming 5%
parameters and the emittance to the measured beam si [Lor in thg beam energy, 6% error in the gradlent O.f the
The second one uses a tomographic reconstruction of the DO lattice quadrupoles, anq ?f% error in the cqllbra-
phase space distribution. A detailed description of the emiglon of the optical system. Statistical errors are typlc_ally
-4% and systematic ones 5-6%. For the tomographic re-

* katja.honkavaara@desy.de construction, no error analysis is performed yet.
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Figure 1: Present layout of the TTF VUV-FEL linac (not to scale). Beam direction is from left to right, and the total length
is about 250 m. Locations of the diagnostic sections for emittance measurements are indicated.

IMAGE ANALYSIS rameters, but it was not tuned to obtain the minimum emit-
) i tance. The beam energy was 127 MeV, and one bunch of
In a typical emittance measurement 20 beam and backy,c \yas used. The beam was transported through the

ground images are recorded on each of the four OT o compressor without compression (on-crest acceler-
screens. In order to remove the influence of darkcurrent ar}ﬂion in the first accelerating module)

damaged camera pixels as well as to correct off-sets gener—Figure 2 shows the normalized horizontal and verti-

ated by, for example, noise in the camera system, an avely| ;g emittances measured ten times durifigs hours
aged background image is subtracted from each beam izt changing the machine parameters. The results ob-
age. A sophisticated analysis procedure is applied to eagly, oy fitting and by tomography are presented for 100%
image to determine an elliptical region of interest (ROI), 4 9094 heam intensity. We can see that the results by the
surrounding the entire beam. Remaining off-sets are COf techniques agree well, and that the stability of the mea-
rected as well. If required, a wavelet filter can be used 19, .ements is good. The rms jitter of the 100% emittance in
reduce the noise further. Horizontal and vertical rms beamy, o horizontal plane is-3.5% and in the verticat2%, in

sizes as well as projections onto the horizontal and Vertic%reement with the statistical error estimated above.
axes are then galculated_. _ . o In order to reduce space charge induced emittance
A small fraction of particles in the tails of the distribution growth in the RF-gun, the electron beam is focused by a
can have a significant influence on the measured emittancg)|enoid magnet. Figure 3 shows the normalized horizon-
Therefore, in addition to the emittance of the entire beamg| ong vertical rms emittances as a function of the current
also the emittance of the high density core is of interest, s solenoid. The beam is matched to the FODO lattice
We determine this core by cutting away 10% (an arbitrary, e5ch solenoid current. This is important, since matched
choice) of particles in the dlstnbut!on tails. _After that th_eTwiss parameters inside the FODO lattice are required for
horizontal and vertical rms beam sizes of this core containg. rate emittance measurements [4]. The measurement
ing 90% of the beam intensity are calculated. was repeated twice for each solenoid current. The result
The rms beam sizes defined as above are used to calgysm ASTRA [11] simulations using normalized projected
late the emittance using the fitting technique resulting iRmittance of 2 mm mrad is shown as a solid line. We can
the rms emittance of the entire beam (refered here as "Fife that the behavior as a function of the solenoid current
100%) and the rms emittance of the,bgam core includingegicted by the simulations agrees well with the measure-
90% of the particles (refered here as 'Fit 90%). ments. Both show that the optimal solenoid current, from

In the tomographic reconstruction an averaged beafhe emittance point of view, is around 277 A, which corre-
profile of the entire beam on each screen is used. In Ordgbonds to a magnetic field of 0.163 T.

to avoid broadening of the profile due to a beam position

jitter, the measured profiles are rebinned and the center of SUMMARY AND OUTLOOK

each profile is moved to the same position before averag-

ing. The emittance of the entire beam is then determined The emittance measurement system based on a four-

by the maximum entropy algorithm (refered here as 'Tomaenonitor method using OTR monitors is commissioned and

100%’). In order to obtain the 90% core emittance (refereth routine use by operators to measure and to optimize the

here as 'Tomo 90%’), 10% of the particles in the tails ofelectron beam parameters in the VUV-FEL injector.

the reconstructed phase space distribution are cut away. Wirescanners in the injector diagnostic section are still
under commissioning, but in the near future they will pro-

MEASUREMENTS AND RESULTS vide a complementary measurement of the beam sizes and
the emittance to be compared with the results obtained by
The measurements presented here are performed in thee OTR monitors.
first diagnostic section using OTR monitors. During these Due to present priorities at the VUV-FEL, it has not yet
measurements the injector was operated with nominal paeen possible to optimize the measurement conditions in
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Figure 2: Horizontal (top) and vertical (bottom) normalizedFigure 3: Horizontal (top) and vertical (bottom) normal-

rms emittances. The measurement is repeated 10 times dired rms emittance measured as a function of the solenoid

ing ~1.5 hours. Results obtained by fitting for 100% (red)current. Results obtained by fitting for 100% (red) and 90%

and 90% (blue) beam intensity as well as by tomographgblue) beam intensity as well as by tomography for 100%

for 100% (green) and 90% (magenta) intensity are showifgreen) and 90% (magenta) intensity are shown. Error is

Error is the statistical error only. the statistical error only. The solid line is a prediction from
simulations.

the second diagnostic section. Therefore, accurate emit-
tance measurements at the full beam energy have not bedAl F. Lohl, “Measuremen_ts of the transverse Emittance at the
done yet. However, when the emittance measurements can VYV-FEL', to be published as DESY-THESIS 2005-014
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fore the undulator, useful information about the emittance versity, 2005.
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