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Abstract Photo Injector Set-up

The Photo Injector Test Facility at DESY Zeuthen (PITZ) was built to test and optimise electron sources for Free Electron Lasers

. . . . . . . Faraday cup cathode
and future linear colliders. The focus is on the production of intense electron beams with minimum transverse emittance and short streak camera & acvecn 1 (Cs.Te)
bunch length as required for FEL operation. The experimental set-up includes a 1.5 cell L-band gun cavity with coaxial RF coupler, a P quadrupole ‘ i E )
solenoid for space charge compensation, a laser capable to generate long pulse trains with variable temporal and spatial pulse shape, Faraday ICT P triplet ICT input :
an UHV photo cathode exchange system, and an extensive diagnostics section. This contribution will give an overview on the cup H O = v EE=OET 0N coil
facility and will mainly discuss the measurements of the electron beam transverse phase space. This will include measurements of screen 4 & screen 3 slits & coaxial

o : . . radiators screen 2 : .

the transverse and longitudinal laser profile, beam charge as a function of RF phase, and transverse emittance as a function of 5 coupler cavit
different parameters. The corresponding measurements of momentum and momentum spread as well as the RF commissioning screen D BPM s R (copper, 1.5 cells)
results will be summarized. As a first application of the PITZ electron source it will be installed at the TESLA Test Facility Free Faraday cup (262 nn]: y main solenoid

Electron Laser at DESY Hamburg in autumn 2003.

Achievements on RF Conditioning Beam Emittance Measurements

: imi ; i Emittance Measurements: Conditions and Method
RF f .13 GH Typical Long RF Pulse | Prellmlnary Simulations |
requency. |I. Z Before starting emittance measurements numerous beam dynamics Gradient at th thod 40 MV/
i i © au. (~dB simulations have been performed. The emittance has been simulated fora 1 nC radaient at the cathode ~ m
e dpaielieit=oloito A ol =X oMb i i Forward power beam with a laser longitudinal profile of 25 ps FWHM and 5 ps rise/fall time. A Beam charge 1nC (laser power has been tuned for every RF phases)
- RF pU'Se IengTh: 900 pusec 0.7 1 homogeneous transverse laser profile with 6, = 0.45 mm and an accelerating RF Phase -10...+10deg
i+ 0,6 - dient at the cathode of 40 MV/m were assumed. Only changing the : :
- gradicit a Y ging M 1 285A...315A
repeTlTlon rate 10 Hz 0,5 1 / transverse laser shape to a Gaussian with the same o, yields an emittance B e
- gradient at photocathode ~ 40 MV/m o4 22200 Reflected power m minimum of ~ 5 T mm mrad. ) (300A->beam focus at screen 2)
o 0,3 . .
= duty cycle 0.9%, 0.2 | | | | | | Simulated Norm. Emittance / =-mm-mrad Measurements of the transverse emittance were performed using a single-slit scan
averaged power in the cavity 27kW " 800 1000 1900 1400 1600 1800 2000 9900 15 T technique. Beamlet profiles were observed 1010 mm downstream of a single-slit mask
t/ usec (z- position of screen 2; 1 mm thick tungsten plate, 50 um slit opening) at screen 3.
Beamlets from three slit positions were taken into account for the emittance
10? calculation yn _ <Y>screen2 + 1076 ;creenZ; ne {_ 1,091}
< f;:.Jj:I:'..
g beam spot single slit beamlets at
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Pulse shaer el The main achievement of the cathode laser upgrade at
Sod q P Nd:YLF oscilator PITZ is a stable production of long laser pulse trains where
Nd:YLF:?amgﬁﬁer ON EOM AOM each micro pulse has a flat top longitudinal profile.
foun 1o = 27MHZ i
The 1as§r is based on a diode-pqmped pulsed oscillgtor %0 RF phase - @/ deg
synchronized with the RF. A diode-pumped amplifier Comto oot of <inmlated b "
chain and two flash-lamp-pumped booster amplifiers R ated transyerse normalized beam emitiance as
. . phase and main solenoid current. The reference
] purp follow. A grating based pulse shaper allows for generation solenoid current corresponds to the conditioLrlls of electron beam
Faraday o of temporal flat-top pulses. The laser material is Nd:YLF focusing atscreen 2.
, Bol ator %icngggw photocathede gperated at a wavelength of 1047 nm. Since the photo
i /L cathode requires ultraviolet radiation, the infrared laser . .
| . 1pretop Pulses are converted to the fourth harmonic (262 nm) by Measured Normalized Beam Emittance
g o ham. 4Psedges  means of two nonlinear qrystals. The ris@ng edge of the flat Horizontal Vertical
S E =30 tOP pulses after conversion to the UV is presently in the —
diodes = Bus=24am)  orderofd-6 ps. 12 a) X -10 deg T 12 b) X -10 deg
2-stage diode-pumped 2-stage flashl g| Uv 262 nm) 11 - ¢ -5 deg [1] 11 o -5 deg
! -pu -stage flashlamppumpe ) ) ) A B T A
NdYLFanplifier Nd:Y LF booster amplifier | T The laser is able to generate trains of micro pulses of up to 10— o 2 ;329 / W 10 - O 2;329
800 us length. 9l O +10 deg L 2; dJE] ~— O +10 deg
© o _
. . . . @ T
Temporal Laser Profile Transverse Laser Intensity Distribution £0 ul] i s
Analog Integration (1) (Zoom x 1] . ) - E 7 o \']__l/@ 1 E r]
: - S \I T / I
= .

{50 Trame(s]) A=

] = RS L Scew Camess Som Puske L P fusl] P E

1 — — — — Flat Top Rt m?ﬂmmfmmwﬂmm Didiat Mhlya_r-sp_ 6 x
5 60 1 o I:I:I

1 5 N\ - =

1 / : | &

SRES.
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photo cathode. The rms spot size

can be varied from 0.3 mm to 1 2 \ \ \
mm. For the emittance

Temporal profile of the laser micro pulse R measurements shown later, the 290 300 310 320 290 300 310 320
measured at a wavelength of 524 nm using a ' 5 : TIEEEY i o Epel S0 @ Imain / A
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streak camera. 10 laser pulses have been the Vl_rtual cathode was
. . 0,=0.45+£0.03 mm
integrated. The dashed line shows a flat top fit B
ith ~24 ps FWHM and 6 ps rise/fall time 0,=052+0.03 mm ' i
ol p p : Measured EmittanceX /= mm mrad Measured EmittanceY / = mm mrad
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Beam Charge Measuremenmts . .
\% 3054 LAl _5505
The charge of the electron beam is measured with Faraday Cups and integrating current transformers (ICT). — =
A basic measurement 1s the so called phase scan. The accelerated charge downstream of the RF gun
measured as a function of launch phase, the relative phase of the laser pulses with respect to the RF. 300 300
The space charge effects on and near the cathode depending on the laser pulse shape, the solenoid position
and strength, and the acceleration gradient at the cathode determine the shape of the phase scan.
295 295
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PhaSG SCElIl 2D Phase Scan RF Phase _(DO / deg RF Phase -(Do / deg
Beam charge measured at the Beam charge measured at the
éirst Faraday Cup as a function of RF phase first Faraday Cup as a function of RF phase and main solenoid current
radient at the cathode ~40 MV/m, maximum charge ~ 1.6 nC Geradient at the cathode ~40 MV/m, maximum charge ~ 1.6 nC o o o o
ASTRA Simulations Measured Normalized Transverse Beam Emittance
[ el Seam LOargey as a Function of Bucking Coil Current
6 - 173004, simulated = The normalized beam emittance has been simulated using ASTRA for injector u 1 ucking .01 u
14 parameters close to the ones observed during emittance measurements. This includes . . o
212 the modelling of the measured transverse and longitudinal laser profiles. RF phase (-5deg) anq main SO!CHOId. current (305-310A) corresspond to minimum
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S 1] [1300A [
?; 0_; ] = The coarse agreement between measurement and simulation (minimum emittances between A 310A
0.6 2 and 5 ® mm mrad for different transverse laser profiles) is good. In detail, the usage of the 2 ‘ ‘ 1 ‘ ‘ ‘ ‘
04 <:| 0 measured transverse laser distribution as an input for the simulations results in a rotational 0 10 20 b 32 A 40 50 60 0 10 20 b 32 A 40 50 60
o e & 2 =0 o Bl G Gl el asymmetry. At least a part of the disagreement between simulated and measured emittances can Hek Het
® RF Phase / deg be explained by the fact, that the space charge routine used in ASTRA is based on a cylinder
0 \;)0 0 50 100 150 2(‘)0 symmetric beam model. Another probable explanation comes from possible imperfections in
. RF phase / deg ) slit orientation, which causes X-Y coupling resulting in increased measured emittances.
Reference RF Phase
In order to have a defined comparison between measurements and Transverse Beam Size at Screen 3 ( ' On clu Si O ns
simulations a corresponding reference RFphase @, has to be settled. as a Function of RF Phase,
main solenoid current 300A
To not rely on details of the comparison between the measured and 7 .+ Rrms, measured 44 i .. i . ) ) )
simulated phase scans, the reference RF phase is defined as the phase R, st The experimental optimisation and full characterization of the electron source at PITZ 1s ongoing.
5 A N . . . 6 ’ o .
upU ey DTG O DR LI MBI R A b o, fe 1% The current optimum machine parameters have been found.
obtained using a beam transverse size vs. RF phase measurement. E s Y A 3 . . . .
The transverse beam size is to be measured at screen 3 as a function of % b 142 A normalized transverse beam emittance of 3 T mm mrad for 1nC electron beam 1s measured with
the RF phase for slighly over focussing main solenoid current. The ) P hi gh Stability and reproducibility
reference phase corresponds to the minumum of the beam size 3 " . . ' . . . .
10 20 40 50
0 The simulations for the phase scan show reasonable agreement, while emittance simulations need
RF Phas g .
further studies.
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