Commissioning and First Results

from the Photo Injector Test
Facility at DESY Zeuthen (PITZ)

e 1ntroduction
e rf measurements
e dark current

e measurements with beam
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The Photo Injector Test Facility at
DESY Zeuthen (PITZ)

Goals:
« test facility for FELs and future LCs:

— very small transverse emittance (1 mm mrad @ 1 nC)
—> stable production of short bunches with small energy spread
« extensive R&D on photo injectors in parallel to TTF operation
« compare detailed experimental results with simulations:
= benchmark theoretical understanding of photo injectors
« test rf guns for subsequent operation at TTF-FEL
 test new developments (laser, cathodes, beam diagnostics)

« for TESLA: flat beams, polarized electrons
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e January 13%, 2002: first photo electrons
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RF Conditioning in March 2002

- rf pulse length: stable operation up to 400 ps

(more needs adjustment of gun water cooling system, ongoing)
> duty cycle:
0.2%

- rf pulse repetition rate: 5 Hz operation

/

- gradient at cathode: up to 34 MV/m, limit of old PS

(new PS i1s installed, now under commissioning)



Dark Current ([LA)
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DC measurements (preliminary results)
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Dark current for 100 [is pulse length, Cs-cathode
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Laser Parameters and Bunch Charge

Laser:
(MBI,
Berlin)

Bunch Charges:

e during first run:
Qbunch ~ (5 o 30) pC

» after cathode exchange:

long. profile

by streak camera: UV light at up to 0.8 nC
virtual cathode: e serveral nC with
FWHM, ~10 ps better cathode

(still gaussian shape) ~ RMS, , = 0.65mm

handling

(= 250MS/5)

[ 19.40 %




Momentum Measurements
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(preliminary results)

< picture in dispersive arm

parameters:

I . =1804
SP otage =3SMV /' m

SPPhase = _700
Number of laser pulses =80

=up to 4.0 MeV/c



Mean Momentum vs. RF Phase
(preliminary)
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SF,

Voltage

=2004
=2TMV | m
Charge =70 pC good agreement

Number of laser pulses =1
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Calibration of Set Point voltage

maximum electron momentum vs. SP voltage:

E_ .......................................... ......... meas.urement .........
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maximum electric field vs. SP voltage:

N

SP voltage / MV

conclusions:

E*  ~34MV/m

klystron is operated
close to saturation



Momentum spread vs. # of bunches

(prelininary results)
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parameters:

for 1:

I . =2004

SB) age =30MV /' m
Charge=100pC
SPPhase = _420

possible explanation: for 2

RF amplitude changes during rf pulse

conclusions:
need to run with RF feedback (in preparation),
measure momentum spread with low # of bunches

I . =1904
SByage =2TMV [m
Charge=180pC
SPpjgse = =30



The new emittance measurement system at PITZ

. . n__ 2 2 2 '
« normalized transverse emittance: &x = B”{\/Gx oy —cov” (X,x")

« emittance range: ~1-10 ® mm mrad
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Commissioning the emittance measurement system
(very preliminary results)
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* method 1: measure all parameters with beamlets

» method 2: measure beam size separately at position of slit mask

* method 3: beam size from M2, divergence as weighted av. from
beamlets, correlation set zero

rm s values m ethod 1 m ethod 2 method 3
beam size 1.05 1.73 1.73
[m m |

divergence 0.367°6 0.3676 0.14

[m rad ]

covariance [m m .m rad ] -0 .3 43 -0. 343

norm .em ittance 1.5 4.3 1.9

[m m .m rad ]

simulation result: 0.76 1 mm mrad



Future plans (@ PITZ

upgrade rf system: better stability + higher
output power (in autumn: 10 MW Kklystron)

commission diagnostics (p&Ap, Q, BPM,
EMSY, bunch length, long. phase space)

until end of April 2003: gun should be fully
characterized — use at TTF-FEL 2

then: upgrade PITZ with a booster cavity

2004: measurements with higher beam energy
(~ 40 MeV)



Simulations with booster cavity e s
TTF2 gun+sol. set-up with a booster
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Summary

photo 1njector test facility at DESY Zeuthen
(PITZ) has taken first measurements with and
without beam

commissioning and upgrade 1s ongoing

characterization of FEL gun 1s foreseen until
spring 2003

then upgrade facility with booster cavity
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