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Abstract and beam diagnostics measurements. This laser serves two

A superconducting RF (SRF) photoelectron injectoPperanon modes at high bunch charge. A second laser is

is currently under commissioning by a collaboration Opnder development for operation of the injector at higher

BESSY, DESY, FZD and MBI. The project aims at the de_repetltlon rate (13 MHZ) with a reduced bunch. c'harge of

. : .77 pC. The three main operation modes of the injector are
sign and setup of a continuous-wave (CW) SRF electron Iré-ummarized in Tab.1. The photocathode is made 6T€s
jector including a diagnostics beamline for the ELBE FEL o P 0

and to address R&D issues of high brightness CW injectors

. ELBE H FEL
for future light sources such as the BESSY FEL. The layout ¢
= . . . RF frequency 1.3GHz
and realization of the diagnostics beamline for the electron
. : . . Beam energy 9.5 MeV
beam is presented including systems to monitor the mo- :
. . Operation Cw
mentum, charge, transverse emittance and bunchlength in_".
various operation modes of the injector. Drive laser 263 nm
P J ' Photocathode Cs,Te
Pulse length FWHM 5 ps 16 ps 50 ps
MOTIVATION Repetition rate 13MHz 500kHz 1 kHz
Future FEL light sources such as the proposed STARS Bunch Ch?rge 77pc 1nC 2.5nC
Trans. emittance 1.bm 2.5um 3um

FEL [1] and the ELBE facility [2] operate with super-

conducting RF (SRF) for electron acceleration to enabl?able 1: Design beam parameters of the three main oper-

continuous wave (CW) operation generating flexible buncg}ion modes: ELBE FEL, at high bunch charge (HC) and

patterns. : : BESSY FEL (FEL).
The SRF injector project combines the advantages of

photo-assisted production of short electron pulses, high ac-

celeration field at the cathode of an RF field and CW opyjth a quantum efficiency of better than 1 %. This cath-
eration of a superconducting cavity. The main challenggsye is placed at the entrance of a 3 1/2 cell cavity structure
are the design of the superconducting cavity with a suitabigith a RF frequency of.3 GHz. The axis peak field of the
cathode insertion, the risk of contamination of the CaVit)éccelerating mode 50 MV/m (design value). The cavity
with cathode material, and a method to control the transtrycture is embedded in a liquid helium tank. At the exit of
verse emittance of the electron beam. The SRF gun collajgre SRF gun the electron beam is focused with a solenoid
oration of BESSY, DESY, FZR and MBI sets out to tacklemagnet. After that, the electrons pass the transfer section
these issues. The target of the collaboration is to Setup‘:ﬁeparing the beam parameters for injection into the ELBE
SRF gun [3] together with a diagnostics beamline servinghac. Behind this section the diagnostics beamline is lo-
as a test facility for photoelectron injectors. The task of thgated, and the beam parameters will be measured.
diagnostics beamline is to ensure safe operation of the in-
jector, check the theoretical model for the injector by mea- BEAM CHARACTERIZATION
surements and to find an optimum working point for the
setup of the injector parameters. In order to characterize the performance of the photoin-
jector, the following beam parameters need to be consid-

EXPERIMENTAL SETUP ered:

The setup for the photoinjector consists of the SRF gun ® The energy distribution of the beam — the kinetic en-
and the diagnostics beamline as depicted in Fig. 1. The ergy of the electrons and the energy spread. The beam
electrons are generated by a pulsed laser beam impinging momentum will vary between a few ard5 MeV.
on the photocathode. The laser is designed to operate at The minimum momentum spread as expected from
500 kHz repetition rate delivering pulses of 16 ps FWHM  simulations will be36 keV for the low charge oper-
length with 1,.J pulse energy at 263 nm wavelength [4].  ation mode.

The repetition rate of the laser can be reduced for alignment.

The total beam intensity, together with the time struc-
*kamps@bessy.de ture. The bunch charge can vary between a few pC
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Figure 1: General setup of the SRF gun and diagnostics beamlin

during operation with a Copper cathode &éhd nC are mounted below every viewscreen station. For the
for nominal operation in the BESSY FEL mode. Cherenkov monitor a differential pumping scheme is ap-

] ) ) ) _plied. Valves are put along the beamline to divide the
e The optical properties, which can be described ijeamiine into different vacuum sectors.
terms of the transverse beam emittance. The normal-

ized beam emittance is expected to vary between 1 and
10 mm mrad. BEAM INTENSITY AND POSITION

The optical properties are dependent on the intensity and .
energy distribution of the beam. Therefore all paramete8€am Intensity
need to be analyzed. In this paper the tools for the charac-

terization of the electron beam are considered. Faraday cups and integrating current transformers (ICT)

are used at several positions to measure the total beam in-
tensity. The Faraday cup is insertable at the location of
BEAMLINE OVERVIEW the first profile monitor port. Two additional Faraday beam

A schematic overview of the diagnostics beamline anfUmMps are implemented at the dispersive and straight end

the SRF gun is given in Fig. 1. The diagnostics beamlin@f the beamline. During commissioning of the beamline
consists of: average beam currents as lowsanA (at 100 kHz repeti-

tion rate) have been measured with a sensitive Ampereme-
e Six viewscreens for transverse beam profile measureer directly connected to the first Faraday cup (FCupl).

ments, marked as Screens 1to 6 in Fig. 1, Two integrating current transformers [5] are used to con-
tinuously monitor the bunch charge at two locations, before
and in the dispersive arm of the spectrometer dipole. At
low bunch charge and low repetition rate the signal from
e Two integrated current transformers (ICT 1 and 2) tdh€ ICTs will be amplified by2 dB using low-noise am-
control charge transmission through the beamline, Plifiers. Tests at the ELBE linear accelerator indicate that
bunch charges as low a8 pC can be resolved with 10%
e One pair of slit masks to analyze the horizontal andesolution.
vertical beam emittance (EMS),

e Five beam position monitors (BPI') and four steer-
ing coil pairs for orbit control (STV/),

e One 180 degree dipole spectrometer (C-bend) for m@agm Position
mentum and momentum spread measurements,

: . . The requirements for the beam position measurement are
e A Cherenkov monitor and electro-optical sampllnga

X EOS) t the ti fruct £ th resolution of better that00 pm for single bunches for
system ( ) to measure the time structure o fieam offsets as far &mm. The readout electronics has to
electron pulses, and

cope with all operation modes. We use stripline BPMs as

e Three Faraday cups, FCup 1 can be inserted at the giplemented at the ELBE accelerator. The striplines have
ginning of the beamline and two (Fcup 2 and 3) ar& length of 1/4\zr and are mounted in a compact pack-
included into the beam dumps. age. The readout electronics utilizes a logarithmic detector

for direct RF to DC conversion and a logarithmic amplifier
To keep the diagnostics beamline at low pressure (b®4th a large linear dynamic range 66 dB, the sensitivity
low 102 mbar), ion vacuum pumps and ion gauge®fthe BPM system is measured to®8 dBm/mm [6].



BEAM PROFILE AND EMITTANCE

Screenlatl.4dm

Beam Profile

The profile monitors are used to image the full beam at
several locations along the beamline and to measure the
size of the beamlets released by the emittance measuremer
slit mask. The relative resolution of the profile monitor has
to be better than 10% for full and beamlet imaging. For
this purpose thin Yttrium-Aluminum-Garnet (YAG) crys-
tal sheets doped with the visible light scintillator Cerium
are inserted into the beampath to produce an image of the
transverse charge distribution. This beam image is detected
by a CCD camera. The screen material has to be robust
and UHV-compatible as the first screen is located in close
proximity to the SRF cavity. To provide for the best image Screen2 at 2.7 m
fidelity, the screens are mounted at normal incidence to the
electron beam. An Aluminum mirror is placed downstream
to deflect the fluorescent light out to the camera. Outside
the vacuum beam pipe the light is deflected again by a mir-
ror and then focused onto the sensitive area of a CCD cam-
era. The optical focus and magnification can be calibrated
by inserting a calibration target at the location of the screen.
The minimum object size generated by the crystal screenis
dominated by multiple scattering for beam energies below
10 MeV. At 2 to 3 MeV beam momentum the minimum
resolution is around0 pm and at9.5 MeV the resolution 0 5 10 15
is aroundl0 pm. During commissioning, the viewscreens Horizontal size / mm
were able to withstand operation conditions with several
thousand nC per hour without any visible degradation of

the beam image. In Fig. 2 the first beam images of thejgure 2: First beam images produced with the electron
electron beam generated during commissioning are showgeam generated by the SRF injector.
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Emittance Measurement Section The contribution of the slit width towards the beamlet

The electron beam generated in the injector is in all nonsize should be small, but it must be large enough to sup-
inal operation modes space-charge dominated. For this rgdy the beamlets with sufficient charge. To meet the re-
son a double slit-based phase space sampling method [7fisirements of various operation modes, a slitmask with
considered, where an actuator-mounted slit mask is movéwlo pairs of slits with100 um and50 pm width are con-
perpendicular across the beam. The purpose of collimatirsgructed. For single-shot measurements of the beam emit-
the beam intensity with slits is two-fold. The first is to cuttance, an array with fivé00 pm slits is also included in the
low current beam portions out of the high brightness beamslitmask. The size of the released beamlets will be mea-
These small beamlets have the same divergence as the orig-
inal beam with negligible effects due to space-charge. The
second purpose is to separate the beam into many beam:
lets, whose intensity distribution at some downstream point
can be measured to give the phase space distribution of the
beam; the width of each beamlet gives a measure of the
width of the transverse momentum distribution at each slit,
and the centroid of the beamlets gives the correlated offset
of the momentum distribution at each slit. The normalized
beam emittance can then be calculated according to Figure 3: EMS slitmask inside the carrier, which can be

tilted with respect to the beam by a flexure joint.

Actuator
direction

b

Array of five
100 um slits

en =BV < a? ><a? > — < aa’ > 1)
sured with three viewscreen stations downstream in the di-
Here< 22 > and< z'?> > are the RMS beam size and agnostics beamline. The stations are loc#tédm, 1.6 m
divergence of the beamr; zz’ >? the correlation between and2.0 m after the slit mask. The beamlet sizes at these
size and divergence artl the relativistic factors. stations vary betwee60 pm and250 ym. The mask it-



self is made ofl .4 mm thick Tungsten, being an optimum

between acceptance and background due to Coulomb scat-

tering. The slits were produced by electro-discharge ma- Aerogel
chining the bulk material with a wire. The material is quite

brittle and splinters were found in the slit opening. For Aﬁ
this reason th&0 um slits were produced by sandwiching

two polished half-plates. The complete slitmask is placed Beam
inside a carrier (see Fig. 3), which can be moved by an

actuator inside the beam path. The tilt of the slit mask :L/
can be changed by a movable flexure joint. This second cherenkov Radiation
actuator is mounted inside the large actuator moving the

mask in and out. The size of the individual slits and the Off—axis parabolic mirror
spacing of the multi-slit array have been measured by an-

alyzing the Fraunhofer pattern of the slits illuminated by
a monochromatic light source. The average slit width for

Actuator

—

Multiple mirror
beam path

Radiation protection wall

the broad single slits i, = 85 + 2 um and for the slit i Streak camera
arrayd, = 84 + 8 um. The spacing of the slit array is . X OAP
499 + 48 um.

TEMPORAL PROFILE Figure 4: Schematic of the Cherenkov monitor.

To verify the shape and length of the temporal profile

of the electron bunches, two techniques with ps time res- . .
olution will be used. Inside the Cherenkov monitor [8 reflected by a mirror and leaves the beam pipe through a

the electron bunches pass a thin sheet of radiator. Tp{bewport wmd(_)w (s_ee Fig. 4). The Cherenkov light is then
transported with mirrors to the streak camera [12] over a

radiator emits a Cherenkov radiation pulse with the sam ¢ f hiv 20 m. The Ch kov liaht exits th

time structure as the electron bunch. A streak camera c ﬁtancgtﬁlrougd.y m. teh efren ov Ilg rexits the r?h

be used to measure the shape and length of this radiati jior with large divergence, tnerelore a refay imaging wi
ocusing elements is necessary to achieve a high photon

pulse with ps resolution. This technique is destructive t i ici Using | for thi di
the electron bunches as the beam size increases during ?ﬁ)ge_c lon €fliciency. L'sing 1enses Tor this can cause dis-
rsion of the short photon pulse up to several ten picosec-

passage through the radiator. The electro-optic samplir?id Theref I reflecti tical el ts pl d
(EOS) diagnostic technique [9] inspects the electric fiel!0s- Thereltore only refiective optical elements, plane an
ff-axis parabolic mirrors, were considered for the light

co-propagating with the electron bunch and enables nof}

destructive single-shot measurement with sub-ps resolﬂgnSport' The setup was simulati_ng \.Nith th_e ray-tracing
tion g P code RAY [13]. The pulse broadening is dominated by the

dispersion in the viewport window, which &t = 1.4 ps

. for the first viewport and\¢ = 3 ps for the second. Both

Cherenkov Monitor values are calculated assuming the collection of the wave-
The first temporal profile monitor is located after thdength region between 300 and 600 nm. The resolution can

spectrometer magnet in straight direction. The Cherenkd®# enhance by limiting the wavelength band with bandpass
process is characterized by the Cherenkov-aaglé. = filters.

1/(Bn) (whereg is the relativistic velocity factor of the

electrons and. the refractive index of the radiator), underLaser Pulse Measurements

which a radiation cone is emitted. The number of emitted

photons per pathlength in a bandwidth between wavelengétﬁF'rSt tests with the streak camera were perfomed to

eck the laser pulse length and the synchronisation of the

Arandas is streak camera to the master oscillator. The intensity of the
dN, orers? . <in? ¢ Ao — A\ ) !aser pulses was attenuat.ed py using several low reflectiv-
de | crar csmibor DY (2) ity optical flats. Synchronization between laser and streak

camera is achieved by a 250 MHz PLL synthesizer driven
where z is the charge in elementary charge units and by a 13 MHz reference signal from the laser itself. The
the fine-structure constant [10]. Silica aerogel plates afynchronization accuracy between laser and streak camera
small dimensions with refractive index af = 1.008 and was measured to be better than 2 ps. In Fig. 5 the results
1.028 are available [11] and considered as Cherenkov rder the pulse length measurement are shown. For each data
diator. The threshold energy far = 1.008 is 4.1 MeV, point five streak images were taken. Each image was an-
forn = 1.028 is 2.2 MeV. After emitting Cherenkov radia- alyzed by applying a Gaussian fit to the time-projection
tion, the electron bunch and the light pulse exit the Aerogelxis data. The average RMS pulse length for the laser is
plate through a transparent quartz window. The light is thes, g,.cc, = 6.9+0.2 ps andr; vy = 6.6£0.2 ps. The laser
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