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Abstract RF feed system with Electron beam Optimized beam (500 pC)
two RF windows optimization

The Photo Injector Test Facility at DESY in Zeuthen (PITZ)
develops, tests and characterizes high brightness electron sources
for FLASH and European XFEL. Since these FELs work with
superconducting accelerators in pulsed mode, also the corresponding /
normal-conducting RF gun has to operate with long RF pulses.

Generating high beam quality from the photocathode RF gun in

The emittance of the electron beam produced by the gun
4.6 has been measured using the slit scan technique [2]. A
~11 ps Full Width Half Maximum (FWHM) Gaussian laser
was used to extract a charge of 0.5 nC while the power in the

Phase shifter

addition requires a high accelerating gradient at the cathode. 3 Klystron ) _
Therefore, the RF gun has to ensure stable and reliable operation at 8 vacuum windows il gun was 6.5 MW (corresponding to a gradient at the cathode _
high average RF power, e.g. 6.5 MW peak power in the gun for 650 5MW couplers 8 of 60 MV/m and a beam momentum of 6.5 MEV/C) =
us RF pulse length at 10 Hz repetition rate for the European XFEL. For each measurement, the solenoid current has been E
Several RF gun setups have been operated towards these goals DESY optimized, then 10 consecutive measurements have been X
over the last years. The latest gun setup was brought into the PITZ _/ VeSO GRS \‘_ done to get statistics for the setup with the smallest
tunnel on February 10th 2016 and its RF operation started on March - & emittance value
7th. This setup includes RF gun prototype 4.6 with a new cathode PMT MT '
contact spring design and an RF input distribution which consists of
an in-vacuum coaxial coupler, an in-vacuum T-combiner and 2 RF o . | . .
windows from DESY production. In this contribution we will TOMW in-vacuum Pz boost BSA | Sol i Emitt FWHM b h T 05 0 a5 1
summarize the experience from the RF conditioning of this setup directional coupler Z booster olenol mittance unc
towards high average RF power and first experience from the (MeV/c) (mm) | Current (A) | (mm.mrad) | length (ps)
operation with photoelectrons. . 23.3 1.2 387 0.87+x0.03 |17.1+0.4
UHV IGP GUN.IGP2
J e-det 20.9 1.2 392 0.80x0.04 |16.3z0.4
PMT
LI 23.4 1.1 391 0.90+0.07 | 18.3+0.6
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i These emittance numbers are better than the specifications

CATH.IGPa , @ o cuneer for the commissioning of the European XFEL (1 mm.mrad @
|

P GUN.IGP1 .
RF feed system used for gun 4.2 with 2 vacuum RF windows. | O-2NC)and are comparable to previous guns.
The smallest emittance was obtained with a reduced

Main interlock (IL) systems: ) : )
> Photomultipliers (PMTSs). booster power as predicted by simulations [3].
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> Electron detectors.

> Reflected power (measured by directional couplers).
> Vacuum pressure (measured by PGs and IGPs). Horizontal (on top) and vertical phase space measured for a
0.5 nC electron beam after optimization. Despite the
rotational symmetric injector, horizontal and vertical phase

Percentage of weekly gun 4.6 operation time spent at different RF pulse lengths | &ereervopirors o e oo 2@ en goins
and power levels.

Previous (on left) and new (on right) cathode spring design : the new
design has been optimized to avoid any sharp edges [1].

RF pulse Iength < 200us longitudinal profile with TDS phase=0 deg, FWHM = 16.9 £0.4 ps
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RF pulse length > 200us and < 600us ; ;
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% 5 Hzoperation ~ ) Solenoid sweep ’ ¢ weeks from startup % o _ _
RF pulse |ength > 600us N Fast recovery [4] - a2l LongltUdlnaI prOflle measured by the Transverse DeﬂeCtlng

%‘100 Structure (TDS) [5]. Measurement is done at both O-crossing

s phases to take into account possible transverse-longitudinal

— 80 correlations of the bunch in the TDS and to mitigate screen

X 60 in-homogeneity. For each 0-crossing phases, 70

Q measurements were done, the variance gave the error and

= 40 the mean gave the profile. From these 2 profiles the Full

= 9 Width Half Maximum (FWHM) value is calculated. The final

E result of 16.3 ps is obtained taking the geometric mean of the

« 0 55 2 FWHM values.

52 weeks from startup

Rate of interlocks Conclusion

After ~4 months of conditioning, gun 4.6 reached XFEL
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5 jg 3 E ) type of ILs specification (6.5 MW @ 650 us RF pulse length and 10
= 35 R ey L L o [ 55 .2 5 02, Despite the ~5 ILs per day observed during the last
=30 = a4 © : Pressure Gun IGP1 weeks (e.g week 20, 24, 26 and 28), the rapid recovery
..ﬂ_.:’ 25 = Q o - (151) technique used at PITZ is helping to increase the up-time
© 20 — 3 Qo e- Detector Gun After 6 months of conditioning and operation, there were
115 = 9 c = Coupler (195) no problems anymore with the RF windows, proving that
— 10 =< g E PMT Gun Coupler the 2 windows solution works. Also, as no signature of
5 1 - (135) cathode spring failure has been observed, it seems that
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