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Abstract nominal peak power of 5.5 MW providing final beam mo-

The development of high brightness electron sources C%nentum of about 25 MeV/c. The characterization of the
. X > Mfre h irectl h
pable to drive FELS like FLASH and European XFEL is aransverse phase space was done directly after the booster

major objective of the Photo-Injector Test Facility at DESY;?glé);blgsggted with EMSY1 on Fig. 1, where slit scans
location Zeuthen, PITZ. A key parameter used to define th? In addition to the gun and the booster, the beamline was

beam quality at PITZ is the transverse phase-space denﬁ'}ggraded with a module for phase-space tomographic di-

distribution and its evolution along the beamline. Com- nostics, marked with PST in Fig. 1. The setup consists
plementary to the standard phase-space measurement Sén%&?

. ) . . nly of four observation screens separated by FODO
using slit-scan stations, a module for tomographic dlagnog y . val P y

. S . . lIs [3]. Together with the analysis based on tomographic
tics has been commissioned in 2010/2011. It consists 9§construction, the module will be used as a standard mea-

four observation screens separated by FODO cells and &rement technique downstream the beamline, comple-
upstream matching section. The expected advantages éntary to the single slit scan used at PITZ O;;posed to
the tomography method are the possibility to measure botge slit scan, the tomographic measurement is expected to
transverse planes simultaneously and an improved reso ’

tion for low charges and short pulse trains. The fundamen—.Cimate measu_rements Of a single micropulse per screen
tal challenges are related to strong spacé-charge forceswanﬁh |mprove.d. S|gnal—to-n0|§e rat|o: T.herefore, the mettho
low beam momentum of only 25 MeVic at PITZ, being anl§ ess sensm\'/e. .to fluctuations within a macropulse and
obstacle to obtain beam envelope parameters V\;ell-match qes the pos.§|.b|l|ty to evaluate shot-to-shot beam and ma-

: : ine instabilities. Measurements of the two transverse
to the optics of the FODO lattice.

. o , _ .__planes simultaneously are attainable provided that both of
This contribution presents the first practical experiencg .\ are well matched to the optics of the FODO lattice

with the phase-space tomography module. Results of fir§6 that the phase advances from screen to screen are 45
measurements are presented as well. The major challenge to be able to perform a tomographic
reconstruction is the significant impact of the space-aharg
INTRODUCTION forces related to the small emittances, high bunch charges
] - ~and moderate beam energies PITZ operates with.

The Photo-Injector Test Facility at DESY, location This work presents the initial experience with the to-
Zeuthen, PITZ, is dedicated to the development and opyography module and results for different bunch charges.
timi;ation of electron sources capable to Qrive high peakome of the results are compared to ones obtained up-
brilliance short wavelength FELs. PITZ is based on &yeam using slit scan technique at EMSY1. For all the
normal-conducting L-band RF gun cavity where electrong,easyrements the phases of the gun and the booster are
are produced via photoeffect from(&,Te cathode. Ad- agiusted for maximum mean momentum gain and the tem-

ditional acceleration is obtained with a booster cavityeThpora| laser profile is a flat top with FWHM @§22 ps and
space between the two cavities and downstream the boostgg /4|l times of~2 ps.

is occupied by extensive diagnostics components as shown
in Fig. 1. PRECONDITIONSFOR TOMOGRAPHIC

In the run period 2010/2011 PITZ was operated with MEASUREMENTS
newly installed and conditioned 1.6-cell gun [1] and 14-
cell booster cavities [2]. The accelerating gradient at the The input data used for the reconstruction of the
cathode surface was about 60 MV/m with which a maxtz,z’,y,y') phase space are projections of the spatial
imal mean momentum after the gun of about 6.7 MeV/€x, y) distribution on each of the four screens and the trans-

could be reached. The booster cavity was operated withp@rt matrices defined by the FODO lattice. A require-
- ment for a successful reconstruction with minimized ar-
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 On leave from INRNE, BAS, Sofia, Bulgaria t|fa_cts is the equm_llstqnt angular spacing between th_e lo-
t on leave from NRNU MEPhI, Moscow, Russia cations where projections are taken. The setup requires a
§ On leave from YerPhl, Yerevan, Armenia phase advance of 4hetween the screens for the two trans-




_1GUN: | LOW 1 BOOST | | . HIGHT _RFD . PST | (HIGH2 | DUMP

[ I | | T | | | |
6950 8128 10358 11658 13038 15458 16482 18054 20347 23039

PhaseSpaceTomography Module EMSY3
EMSY2 Wire Matching Section o wire
Scar

uads

555555 /o /i OR-I¥AG-screen [ Quodiupoe o
8PM 1 o OOrc Beamdump I
DISP1 T ) i
[l G oroorto 59 ok osu DISP3
| Colimator g seerngaipoie -
| W
i |
s DISP2  7sr

Figure 1: PITZ setup in the run period 2010/2011 - major congmis being the gun and booster cavities, low- and
high-energy spectrometer dipoles, emittance measuresystems EMSY and a module for tomographic diagnostics
PST.

verse planes, and, therefore, Twiss parameters fixed on ttreases further if more rotations of the beam in the phase
screens. As in general the actual beam Twiss parametsgsace are used [7]. The contribution of this rim to the emit-
are different from the design ones, an upstream matchitignce is negligible as shown in Fig. 2(c) where 0.1% of
section of up to nine quadrupole magnets is provided ithe integrated intensity from the reconstruction resuleis
order to adjust them on the first screen. Due to machimaoved corresponding to about 1 pC equivalent charge. The
considerations seven matching quadrupoles were involveé@crease in emittance is 2% with respect to the initial re-
in the matching in the 2010/2011 run period. construction while the visual representation improves. Fo
The beam envelope matching is based on the measurtdé reconstructions shown in the following 0.1% of the in-
beam sizes on the four screens along the tomography mddgrated intensity is cut out.
ule. Knowing the transport between any two screens, a
multiscreen approach is used to obtain a reasonable est- MEASUREMENTSAT NOMINAL

mation of the emittance and the Twiss parameters on the CHARGE OF 1 nC
first screen and the emittance increase from the position of
EMSY1 downstream along the matching section. Emittance Evolution along the Beamline

The Maximum ENTropy (MENT) [4] algorithm was . -
chosen as a more accurate reconstruction technique given® Verify the validity of the tomography tech-

the limited number of projections as compared to a numb jque the transverse phase space was measured for a
of others tested [5]. MENT outlines areas of the underly?Unch charge of 1 nC at the locations of EMSY1
ing phase-space density distribution having differenbpro (2 = 574 m from the cathode), on the first screen of the
ability to be occupied by charge. This is shown in Fig. 3°mMography moduléz = 13.038 m) and behind it on the
where an original distribution with 1 nC bunch charge, nuStation denoted with EMSY3 in Fig. {z = 16.303 m).
merically tracked with ASTRA [6] from the gun down to The rms spot size of the laser on the photo-cathode was

the last screen of the tomography module, is reconstructéf°Sen to be 0.4 mm - bigger than the one for which the
emittance minimum at the location of EMSY1 was ex-

using MENT. The colour scheme in the original distribu perimentally obtained [8], so that the difficulties related
! to the influence of space-charge forces during the match-
- e | - | ing are expected to be smaller. The beam momentum was
o w& ‘ 24.66 MeV/c. A particular feature of the beam in the dis-
‘ e [l cussed run period was asymmetry of the transverse dis-
e T R tribution, stronger pronounced with the distance from the
(@) Original phan- (b) Reconstruction () 0.1% of the inte- cathode as |t_ can be seen in F|g._3 where the transverse
tom distribution, result using MENT, grated intensity from beam profile is shown at the location of EMSY1, the ob-
ex = 1.17mm.mrad. ex = 1.21 mm. mrad. the MENT reconstru-  servation screen of EMSY1 and on EMSY3. Quadrupole
ction Lo remo"e‘i{ magnets were not used when measurements with EMSY1
ST T M-S o EMSY3 were performed. The reasons for such asym-

Figure 2: Simulated original and reconstructed transverggetry are still examined with a likely explanation being
distributions on the first screen of the tomography modulé,maf_ihlne imperfections. S
Excluding 0.1% of the integrated intensity does not lead to Figure 4 shows the phase-space distributions for the

a significant underestimation of the emittance. two transverse planes obtained with slit scans (top), cor-
responding to the beam profiles from Fig. 3(a) and 3(b),

tion in Fig. 2(a) represents the number of particles per biand with tomographic reconstruction (bottom). The main
whereas in the reconstruction result in Fig. 2(b) it corresolenoid current of 390 A correspondsto 1 A higher current
sponds to the probability to have particles in that range d@han the one with which minimum emittance on EMSY1

the phase space. The weight in the rim of Fig. 2(b) dewas obtained. The small tails visible already on EMSY1
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Figure 3: Transverse beam profiles evolution along thda) Emittance evolution for 100%b) Emittance evolution for 90% of
beamline. The satellites in the horizontal plane Wereofthe reconstructed intensity.  the reconstructed intensity.

stronger pronounced downstream. ) , .
Figure 5: Measured (dashed) and simulated (solid curve)

emittance evolution for the injector setup as for Fig. 4. The

95 = 1189 mm mrad
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g emittance values calculated from the simulated ASTRA
’ < data take into account the full 100% distributions. The
‘ : . measured vertical emittance at EMSY3 is underestimated
. s S due to technical problems.
0 0
. i 0 X macropulse contains a single bunch which delivers inten-
T e T sity sufficient to use the full dynamic range of the grabbing
(a) Horizontal distribution on (b) Vertical distributon on  cameras. There are no statistical measurements for EMSY1
EMSY1. EMSY1. and EMSY3 and the slit data were taken with 7/15 pulses
on EMSY1 and 2/11 pulses on EMSY3 for the horizon-
T T tal/vertical planes respectively. The emittance valuemfr
E 2 E , the slit scans are calculated as in [8], whereas the tomo-

graphic method uses the reconstructed 2D distribution.
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Emittance Dependence on the Laser Soot Sze

The transverse phase space was measured as a function

-2 0 2 -, . . .
X [rm] z  yhm of the laser spot size on the photo-cathode in order to esti-
(c) Reconstruction of the hor(d) Reconstruction of the verti- mate the effect of the laser transverse size on the emittance
zontal plane. cal plane.

The results from the measurements, together with the ex-
pectations from particle tracking with ASTRA, are sum-
Figure 4: Phase-space distributions at EMSY1 (top) angharized in Fig. 6. Each point corresponds to the solenoid
on the first screen of the tomography module (bottom) fogyrrent delivering optimum emittance at EMSY1 as ob-
1 nC, beam momentum of 24.66 MeV/c, laser spot size @hined using slit scans. The beam momentum was in the
0.4 mm, main solenoid current of 390 A. The horizonta}ange 24.6-25.2 MeV/c. Considering the 90% emittance
axis on EMSY1 data is with respect to the position of thehe simulations correctly predict the trend of the depen-
beamlet on the observation screen. dence. More details on the results from the slit scans can
be found in [8]. Measurements for bigger laser spot sizes
develop downstream and their contribution to the overalere not performed due to inhomogeneous emission from
emittance becomes significant in terms of rms values as time photo-cathode.
the first screen of the tomography module the tails of the
distributions are well pronounced. Figure 5 shows the sumi EASUREMENTS FOR BUNCH CHARGE
marized results, together with the numerical predictiams f OF 100 pC
the same photo-injector setup as used in the measurements,
for 100% and 90% of the integrated reconstructed intensity. The transverse phase space was measured also for a
The measurement results for 90% of the beam intensity fiunch charge of 100 pC. The transverse laser profile on
the vertical plane correspond to the ASTRA simulationthe photo-cathode was kept fixed with an rms spot size
until the tomography setup. The asymmetry of the profilesf 0.125 mm and the solenoid current was varied. The
could not be included in the ASTRA simulations. The errobeam momentum was 24.76 MeV/c. The results for 100%
bars on the results from the tomographic measurement regmid 90% of the reconstructed intensity are summarized in
resent the statistical deviation from the analysis of 20-corig. 7. Phase-space distributions for the horizontal plane
secutive macropulses on each of the four screens as edh100% of the reconstructed density for the smallest and
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Figure 6: Measured and simulated emittances on the first § L ’
screen of the tomography module as a function of the trans- x

verse laser spot size. The emittance value for 100% of the

integrated intensity for laser spot size of 0.3 mm is not in- \
cluded in the plot for the horizontal plane due to a big mis-
match. =

-1 0 1
X [mm
X, 90% (C) 396 A.

1 Figure 8: Reconstruction of the horizontal plane for 100 pC
12] % % 1 { 1 bunch charge. The distribution at the bottom for 396 A

g corresponds to minimum emittance measured at EMSY1.
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