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Abstract about 1 mm mrad with a bunch charge of 1 nC and an en-
0 S .
The Photo Injector Test facility at DESY in Zeuthen®'?Y spread sm_aller than 1%. The possibility to ac_hleve
small beam emittance has been demonstrated during the

(PITZ) has been established to develop and optimize elegl]ccessful commission of the facility in the first phase

tron sources that cover requirements of Free Electrg . :
Lasers (FELSs) facilities such as FLASH and the Europej%rrm) [1] and intermediate upgraded phase (PITZ1.5)

X-ray Free Electron Lasers (XFEL). A major rade o . ' .
y ( ) jor Ubg Further upgrade of the facility towards the final design

the facility is ongoing in steps, in parallel to the commis- . o .
L . : ITZ2 has been continued to extend the ability to achieve
f th f . THe
sioning of the extended setup and first experiments esmaller beam emittance. The so called PITZ1.6 has been

new setup towards the final design mainly includes a pho _ . S
cathode RF gun, a post acceleration booster cavity and s palized aln? \(;@ts ttak(le(n m.tt% opk)]eratl(t)n n t2'006.f FITZl'G
eral diagnostic systems. In order to fulfill the characteriza 2> CO’T‘tP ete |tstas S3VI' 3 éil’ZaC (;nza |otn of two new
tion of the high brightness electron source, the diagnostﬂ:un cavities (prototype 3.1 and 3.2). Recent commission-

systems will consist of three emittance measurement S))Q-g and experimental results from PITZ1.6 with gun 3.2

: - : ~will be discussed in this paper. Furthermore, the facility
high- RF defi :
tems, two high-energy dispersive arms, an de ecun\ﬁ‘ggrade towards the next phases will be described.

cavity and a phase space tomography module as well
bunch length diagnostics. In this paper, results of the com-

missioning of the new RF gun, which has been installed PITZ1.6 SETUP WITH RF GUN
and conditioned at PITZ in spring and summer of 2007, the PROTOTYPE 3.2

current PITZ status and details of the future facility upgrade
will be presented. The current PITZ setup (PITZ1.6) consists of a 1.5 cell

normal conducting RF gun with a €Ee photocathode and
INTRODUCTION a Nd:YLF laser system, a normal conducting booster cav-
ity for post acceleration and diagnostic systems upstream
Source and injector development has been realized asd downstream of the booster cavity. The RF gun and
one of the most important challenges in electron accebooster cavity are operated with separated L-band (1.3
erator technology since several accelerators, e.g. FELSHz) RF power systems. The diagnostic sections include
XFEL or Linear Collider, demand excellent beam condidevices for characterize the electron beam, e.g. beam size,
tions right from the source. The main requirement for abunch charge, its position, transverse emittance, longitudi-
electron injector is its capability to produce a high brightnal phase space distribution, electron bunch length, beam
ness beams. PITZ has been designed and built to serve thiementum and momentum spread. The main upgrade
purpose in order to produce intense electron beams wiffom PITZ1.5 to PITZ1.6 comprises installation of three
very small transverse emittance and reasonably small lonew emittance measurement systems [3] and a new screen
gitudinal emittance. The main objective at PITZ is to genstation after the booster for bunch length measurements at
erate a reliable electron beam, with transverse emittance@iectron energies between 4 and 40 MeV [4]. Gun pro-

- ) totype 3.1 was installed and operated up to the maximum
*This work has partly been funded by the European Community, con- . ts of FLASH with . K 3.5
tract no. RII3-CT-2004-506008 and 011935 and by the 'Impuls- und Ver-SqUIr€émMents o with maximum peak power ot 5.

netzungsfonds’ of the Helmholtz Association, contract no. VH-FZ-005. MW, resulting in~40 MV/m gun gradient at the cathode,

Tsakhorn.rimjaem@desy.dg _ with RF pulse length of 900s at 10 Hz repetition rate [5].

;8” :eave Irom :Eg#\‘ihsolf('ar Blj’i'(g"f‘_”a Gun prototype 3.2 was installed in the PITZ1.6 beam line
nleave frrom s arkov, raine : : H : H

“Presently at PS|, Villigen, Switzerland gnd was tgker_1 into operation in A_pr!l 20_06. A main go_al for

I On leave from MEPHI, Moscow, Russia its operation is to study and optimize its properties in the

*On leave from NSCIM, Kharkov, Ukraine presence of a high accelerating gradient of up to 60 MV/m.



Tuning of Gun 3.2 PITZ from April to August 2007. It has been conditioned

In October 2006, frequency measurements of the gu"i11D toa maxmt:rg gul\r;l\?vradlzntthof aﬁ{b%lljt 60 MVt/.m at mag—
cavity have been performed and the results showed adetL'lW—E.m pzwe':hoth ' RE Ian | etﬁ a ? operallzontﬁan €
ing from 1.3 GHz of 746 kHz at an expected operation temo 1evVed Wi c pulse length up to 208. Further,

perature of 55C. The field profile of the gun 3.2 cavity was the RhF ;:l:.lse Iengtr:jvk\)/as mcrea];sE_d rt10| ml bl#tdonll(y for N
measured by using the bead-pull technique and the ﬁe]H? shortfime period because ot high fevet ot dark current.
en, the gun cavity conditioning has been continued at

at the cathode was about 18% higher than in the full cel

Since a preferable value of the field balance from simulaﬂkgmﬁzzeel)(e:g[i;zxfg; I’?er dabalijsttz)v:'l;/) (\;\;etﬁl;sgzerzj(;rfagi];t
ioni [ high [ L o 4

tion in order to compromise between high momentum gai nd RF pulse length during the conditioning (April-June

i i h h f h . S . .
and a maximum gradient at the cathode for space c ar’gﬁm) is shown in Fig.2. In nominal experiments, the gun

compensation is about 5-10%, the gun was mechanica .
tuned by using a convenient tuning device to slightly de: as been operated mostly for RF pulses of 140(with

form the cavity walls at the cathode plat and at the couplefl-oouS .flat-top) at10 H Z repetition rate. The nom'mal peak
facing wall of the iris [5]. power in the gun cavity was 6.7 MW corresponding to the

The gun was tuned to reach a desired resonant frequen%\flerage power of 9.4 kW for 1405 RF pulses.
of 1.3 GHz at an operating temperature oP66with the

field balance between the half and the full cell of 1.03 orthe _ 60 |

field at the cathode is 3% higher than that in the middle of § q
the full cell. The field distribution before and after the tun- < =
ing are shown in Fig. 1. Prior to installation at PITZ, water- é 40 1 g
to-air leak of a cooling channel was found. After the leak £ P
was repaired, the frequencies and the quality factor of the § 20 1 32
gun were re-measured resulted in a higher frequency corre- 8 o
sponding to an operating temperature of@4Field profile 2 0 0

was not re-measured. RF measurement results of gun 3.2 Apr 10 May 30 Jul'e

before and after the tuning process as well as when it was ] )
installed at PITZ are summarized in Table 1. The quantf-iguré 2: Gun gradient and RF pulse length history of gun

ties f,., Qor andf,_, stand for the resonant frequency, the3-2 a}t PITZ. Max?mum gra_dient (red line) ig the highest
unloaded quality factor af-mode and the mode separationgrad'ent reached in the cavity, average gradient (green dot)

betweenr- and 0-mode, respectively. is the average accelerating gradient over gperating time pe-
riod of one hour and the RF pulse length is represented by
12 , the blue line.

il « after tuning
'“CTB 10 4 before tuning
L 08 Cesium telluride (CsTe) photo cathodes are used at
N 06 PITZ for standard operation, whereas molybdenum (Mo)
g 04 y cathodes have been applied for the conditioning. Dark cur-
2 gé IIIII % rent measurements have been performed at various gun

80 120 160 200 240 powers with different cathodes for both Mo and,Ts
relative position, z [mm] types. The results are shown in Fig.3, where the maxi-
mum dark current is the highest current value measured as
Figure 1: Electric field profile in Gun 3.2 cavity before and® function of the main solenoid currents. One of the mea-
after tuning process. surements is shown in Fig.4 for £&e cathode no. 109.1.
From Fig.3, one can see that the dark current level was im-
proved from conditioning and operation for both Mo and

parameter | before | after | atPITZ CsTe cathodes except the Mo cathode no. 32.2, which
fr [GHZ] 1.3013]| 1.3003| 1.3007 was used at the beginning of the conditioning and a serious
fr—o [MHZ] 5.0 5.1 5.0 damage on its surface has been observed. Another remark-
Qor - 21316 | 23853 able observation for the Mo electro-polished cathode (no.

55.3) demonstrated lower level of the dark current. These
Table 1: RF measurement results of Gun 3.2 before tuningark current measurements ShOW the progress of Condition_
after tuning and after installation at PITZ. ing, but the overall dark current level was still high.

Possible reasons may be because of the fabrication error
of the area around the cathode plug during the assembling,
the bad vacuum condition due the several dismounts (3
times) of the coupler which had vacuum leak after the bake

After the brazing, the tuning and the cleaning processut or the bad condition of the cathode after experiencing
finished, the gun has been installed and commissioned tagh accelerating field. Presumably, the high level of the

Conditioning and Dark current Measurements
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performed using the slit mask technique at the emittance
measurement station (EMSY1) located).7 m down-
stream of the booster exit. The results show that the min-
imum transverse emittance measured during the commis-
sioning period of gun 3.2 was 1.54 0.15 mm mrad for
the gun gradient of 40 MV/m and 1.26 0.18 mm mrad
for ~60 MV/m [10]. Moreover, thermal emittance from
the cathode has been investigated and the results reveal that
1 2 3 4 5 6 7 photoelectrons with kinetic energies of 140.2 eV were

gun power [MW] emitted from the cathode at the gun gradieri0 MV/m

. . . 11]. This value is a factor of two larger than the theoreti-
Figure 3: Maximum dark current as a function of gun[ ] g

power for different cathodes of gun 3.2. cal model.
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eosrsrmamenrreret®® L esong ? 35 MY phase PITZ1.7 was started._ _Mai_n upgrades from PITZl_.6
0.8 49000000G06000000000 ooonc00s ©%0 o 30 MW to PITZ1.7 comprise a modification of the low energy di-
00! OO . . . . . .
e aves M""jf 25MW agnostics section and installation of a new high energy dis-
00 ' ' ' ' persive arm (HEDA1).
0 100 200 300 400 500
Main solenoid magnet current [A] e Upgrade of low energy diagnostics section

Figure 4: Dark current measurements as a function of thEhe dipole at the present low energy dispersive arm
main solenoid magnet current for cathode no.109.1 peftEDA) at PITZ is a copy of the former injector section at
forming on May 31, 2007. FLASH which was not optimized for PITZ. The solenoid
currents necessary for good focusing of the beam down-
stream of the booster cavity lead to the too large beam size
dark currentis responsible for the measured outgassing ra{€the dipole chamber. Modification of the pole shoes and
of some parts in double diagnostics cross (DDG-8t78  vacuum chamber will be performed to increase the vacuum
m from the photo cathode). Several Teflon parts were founghamber aperture from 12mm to 27mm. In addition, the
melted during DDC reparation, what explains bad vacuu@ouble diagnostic cross (DDC) in front of the dipole will
conditions also in the gun cavity. Moreover, this high darlpe upgraded in order to improve the situation of vacuum
current has caused a severe radiation level in the accelgfd wake fields. The new DDC will include a slit which
ator tunnel which damaged several electronic componenjg| be used to improve the resolution of the momentum
in the radiation effecting area. More details of the condimeasurements at LEDA.
tioning of gun 3.2 at PITZ and effects of high dark current
level to delay the commissioning and experiment at PITz ® The first high energy dispersive arm (HEDAL1)

are described in the reference [6]. HEDAL is designed to be a multipurpose system. It will be

used as spectrometer to measure momentum, a device to
Recent Experimental Results characterize the longitudinal phase space and a system to
Momentum and longitudinal phase space have pedneasure transverse incg emittaqce. This system !ncludes

180 dipole magnet which simplify the reconstruction of

m_easured at. two !ocatlons: low energy. (LEDA) an he momentum measurement, a slit at the exit of the dipole,
high energy dispersive arms (HEDA). Experimental resultg . i

. . guadrupole magnet and two screen stations. One sta
show that the highest momentum value achieved from gyn

3.2 was~6.5 MeV/c with an energy spread of about 40 ion will bg used for momentum measurements for glec—
kéV/c at guﬁ power of 6.7 MW [9]. This momentum valuetrqn energies up t0 40 MeV and the other one, eqm_pped
is lower than the expectation from simulation for the gu W'th.an 'opt|cal read-out for strgak camera, to |nvest'|gat.e
gradient of 60 MV/m, which should be about 6.92 MeV/rr?Ong'tUOIInaI phase space k?y using O.ﬁ crest acceleration in
for the field balance 6f 1.03. For the post accelération meg[a\r—]e booster and the slit exit of the dipole. HEDAL can be
. " Used to measure the transverse slice emittance at difference
surement, the highest momentum measured at HEDA Wﬁ)sngitudinal positions along the bunch
~16 MeV/c with 30 keV/c momentum spread. In fact, the '
booster can be operated with higher acceleration, but d
to a limitation of the dipole current it was not possible tot?pgrade to PITZ2
measure the momentum higher than 16 MeV/c. In order to fulfill the characterization of high bright-

Projected emittance measurements for gun 3.2 have besess electron beam, new diagnostic systems will be in-
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Figure 5: Schematic layout of the future PITZ2 beam line.

stalled at PITZ towards the final design (PITZ2). Theaepetition rate. Several results from the conditioning and
PITZ2 setup includes a photocathode RF gun, a post accekperiments of this RF gun with the present PITZ1.6 beam
eration booster cavity and several diagnostic systems iline have been presented in this paper. Further upgrade of
cluding three emittance measurement systems, two higtie facility to the next phase PITZ1.7 has started in mid of
energy dispersive arms, an RF deflecting cavity and a pha8agust 2007. After the upgrade is finished next operation
space tomography module as well as bunch length diageriod will start in winter 2007/2008.

nostics (see Fig.5). The primary goal of PITZ2 is to study
the conservation of small emittance beams along the beam
line after the booster acceleration. The key parameters for
this emittance conservation is the replacement of an exist]
ing TESLA booster cavity with a new Cut Disk Structure
(CDS) booster, which can provide higher energy gain u
to ~24 MeV with the limited RF power and does not de-
grade the beam quality. An improvement of the laser sysI3]
tem is required in order to provide rise/fall time of 2 ps
laser pulses with FWHM of 20 ps. Furthermore, addi- [4]
tional new diagnostics will be installed in the high energy
section downstream of the booster to extend the ability of
facility to study more details about the beam properties. An 5]
RF deflecting cavity and a phase space tomography module
will be included for analysis of the phase space distribution.
At the end of the beam line, a third spectrometer will be
installed in combination with diagnostics to measure mo-
mentum and momentum spread, slice emittance and IongL]
tudinal phase space using a Cherenkov radiator and strerigl
camera or the RF-deflector. More details about the beal
diagnostics upgrade for PITZ2 can be found in reference

(8]. [9]

(6]

CONCLUSION (10]
The gun 3.2 has been conditioned and taken into oper-
ation at PITZ for roughly 4 months in spring and summef11]
of 2007. It has fulfilled the goal to operate at a gun gradi-
ent of~60 MV/m with 140us RF pulses length and 10 Hz
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