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INTRODUCTION — MOTIVATION FOR SRF GUN

Int. FEL Community \ Radiation Source ELBE
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NEW CHALLANGES
SC Cavity Design with Cathode Insert
Cavity Degradation during Operation
Choice of Photo cathode type
4th Coupling RF power in cavity & HOM effects
lig emittance growth compensation method
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INTRODUCTION — HISTORY OF SRF GUN R&D Radiation Source ELBE
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2002 first beam from a SRF gun o
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B .\ 2004 ELBE SRF Photomjector
LK A. Arnold et al., NIM-A, Vol. 577(2006)440
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INTRODUCTION

ELBE Superconducting RF Photoinjector
I'FEEEEE&‘T““ * New Injector for the ELBE SC Linac
" » Test Bench for SRF Gun R&D
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final electron energy < 9.5 MeV : ] :
RF frequency 1.3 GHz » A ! -
. | b #
operation mode CWwW rl_m R X-rays | positrons =
bunch charge 77 pC 1nC | 100TW tazar
repetition rate 13 MHz 500 kHz ik
Iaser pUlSG (FWHM) 4 pS 15 pS 4: FTIR, biclogical IR axperimeant
5: Moar field and pump-probe IR expement
transverse rms 1 d 2.5 mm B: Radln:r:'.hemlsiry and sum frequency generabion experiment,
emittance mm mra mrad photothermal beam deflection spectroscopy
average current 1 mA 0.5mA
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MAIN COMPONENTS
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MA I N CO M PO N E NTS a.' Radiation Source ELBE

Niobium Cavity

Nb RRR 300 cavity —design values
E...= 25 MV/m in TESLA cells, Q,=1x10"0
110 mT maximum magnetic surface field
Eeak (TESLA cells) = 50 MV/m

E peak (half-cell) = 30 MV/m

Eathoge = 20 MV/m (retreated cathode)
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COMMISSIONING - FIRST COOL'DOWN al' Radiation Source ELBE

o J

first cool-down 1 — 2 August 2007 !
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COMMISSIONING — RF TESTS

i’ [ Radiation Source ELBE

Quality factor and Gradient measurements
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COMMISSIONING — RF TESTS

i’ [ Radiation Source ELBE

He pressure effect on cavity frequency
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COMMISSIONING — UV LASER INSTALLATION

kHz Laser system devel MBI
500 aser system developed by 262 nm CW laser mit 0.5 W /UV)
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COMMISIONING - DIAGNOSTICS BEAMLINE -a_l' Radiation Source ELBE

ELBE shut-down, Oct. 15 — 26, 2007

Installation of BESSY diagnostics beamline

- Emittance measurement (slit mask)

- C bend (E, AE)

- Cherenkov radiatior with optical
beamline and streak camera

Diagnostics for SC Photoinjector, V 7.1
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FIRST ELECTRON BEAM

_ First beam of the 3% cell superconducting rf photo gun on November 12th, 2007
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Places for
._, : 6cathodes

Transport
5| chamber

installation in the shut-downs
of ELBE in Jan. + March 08
at the SRF gun

R
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Cs,Te PHOTO CATHODES

Photo cathode prepa}‘ration lab at FZD May 08: First set of Cs,Te
" cathodes in the SRF gun
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BEAM PARAMETER MEASUREMENT e Sawres 152

Schottky scan — laser phase variation @ constant laser power
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Radiation Source ELBE

BEAM PARAMETER MEASUREMENT

Schottky scan — energy & energy spread screen DV04 (YAG)
4.4 m from cathode
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BEAM PARAMETER MEASUREMENT D rossen s e

Transverse Emittance — Solenoid scan -
*not suitable for space-charge dominated beams, blrec0%/]
spreliminary method as long as the analysis
tools for the installed slit mask method are
under development
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BEAM PARAMETER MEASUREMENT D rossen s e

Transverse Emittance — Solenoid scan

launch phase scan — search for optimum bunch charae denendence
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S U M MA RY all Radiation Source ELBE

Problems during commissioning:

 Cavity cleaning and low gradient

» wrong cavity TT-mode frequency at 2 K (will be corrected in shut-down)
* high level of microphonics due to membrane pumps (solved)

* tuners have hysteresis (will be repaired in shut-down)

« insufficient vacuum in cathode transfer system (improved in shut-down)

Answers to the ,big“ questions:

* basic principle (NC photo cathode) works well

* no limits found, results agree with predictions

* high current operation: answer will be given in the first run in 2009
* high gradient and brightness: needs an improved cavity

Future:

* Oct.- Jan. 09: correction of TT-mode frequency

» 2009: connection to ELBE, run with high current

» fabrication of two improved cavities, funded by BMBF, replacement in 2010
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