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PITZ:  Collaboration  for  developing  high brightness  

 photo  injectors  and applications  

> Founding partners of PITZ: 

ÁDESY, HH&Z (leading institute) 

ÁHZB (BESSY): magnets, vacuum 

ÁMBI (S. Eisebitt ): cathode laser 

ÁTU Darmstadt (TEMF, T. Weiland,  

H. DeGersem ): simulations 

 

> Other national partners: 

ÁHamburg university:  

- most PhD students;  

- HGF-Vernetzungsfond;  

- generation of short pulses 

- plasma experiments 

ÁHZDR:  

- BMBF-PC-laser-project between MBI, 

DESY and HZDR, unitl ~2009;  

- ~ regular exchange;  

- collaboration between HZB, HZDR, 

MBI and DESY in SC-gun-cluster 

> International partners in the PITZ 
Collaboration : 

ÁSTFC Daresbury (S. Smith, B.Militsyn): phase 
space tomography 

ÁINR Troitsk (L. Kravchuk): CDS, TDS, Gun5 

ÁINRNE Sofia (D. Tonev, G. Asova): EMSY + 
personnel 

ÁLAL Orsay (A. Stocchi): HEDA1 + HEDA2 

ÁThailand Center of Excellence in Physics  
(T. Vilaithong, Ch. Thongbai): personnel 

ÁIAP Nizhny  Novgorod  + JINR Dubna :  
3D elliptical laser pulses, THz radiation 

> Other international partners: 

ÁINFN Milano (C.Pagani): photo cathodes 

ÁINFN Frascati + Uni Roma (L. Palumbo, M. 
Ferrario): TDS and  E-meter  pre-studies 

ÁYERPHI Yerevan (V. Nikoghosyan): personnel  
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Operation of gun 4.2:  

Current PITZ RF-Gun Setup and Dedicated Tasks  

RF vacuum 

windows 

position:  

- adapted to 

available RF 

components 

- compatible 

with XFEL 

setup 

PMT - Photomultiplier tube 

e-det ï Electron detector 

IGP ï Ion getter pump 

         (pressure reading) 

PG - Pressure gauge 

> Highest  priority  at PITZ currently :  

Participate  in the solution  of  the 

remaining  problems  of  the RF gun  

for XFEL (RF windows , RF spring, 

stability  and long  term  reliability ) 

Áe.g. conditioning and operation 

of RF guns 

Ą Currently  check the principle  of  

     operation  with  2 RF windows  

Ą Are current Thales windows appropriate 

    (light signals, pure Ti coating) ? 

Ą Can current 10MW in-vacuum coupler 

     be used reliably ? 

Ą Does configuration with 2 vacuum 

     windows and 2 gas windows work ? 

Ą Check long term breakdown rate at  

     high average power ? 
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Conditioning and operation history from 03.09.2014  to  01.11.2015  

Gun.PG1 Gun.IGP1 

Gun.IGP2 Cath.IGP4 

Ą Gun vacuum continuously improving with time Ą finally: the best ever. 

restart 

of RGA 

Conditioning  6MW run  5MW run  Meas. 
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History and relevant interlocks during Gun 4.2 Conditioning  

PMT IL threshold  

Å During conditioning:  limited by RF windows. 

Å After conditioning:  limited by activity from gun (often light or vacuum) 

Sept.`14 Jan.`15 

Many PMT ILs 
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  uTCA 

Problem  

Full history  and relevant ILs for gun 4.2 (Pgun >4MW, PL>395us)  

PMT IL threshold  

Sept.`14 Nov.`15 

Å Most of the PMT ILs at the windows happened at low power 

Å After conditioning: no problems with RF windows anymore ! (all remaining interlocks 

at RF windows were due to problems in the gun, other sub-systems or wrong operation due to operators) 

Å After conditioning:  limited by activity from gun (often light or vacuum, even below intl. threshold) 

Ą goal of 1 interlock per week not yet reached due to OLD gun !  
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Gun-4.2 History  

DESY, Hamburg site DESY, Zeuthen site 

2006 ï built, dry ice cleaned 24.8.2007 Č PITZ tunnel 

12.12.2007-13.02.2008 ï conditioning at CTS 

 Č PITZ linac 

From 20.05.2008  ï re-start at PITZ-1.7 

09.06.2008 stop Ą bad 

vacuum: water-to-vacuum 

leak from T-combiner 

10.07.2008-19.10.2009 ï operation at PITZ -1.7 

                    with 60MV/m at cathode  16.12.2009 Č FLASH 

January 2010 ï May 2012 ï operation at FLASH  

 

 

 

Dismounted Ą severe damage 

of the cathode spring area 
15.8.2012 Č PITZ for disassembling 

Autumn 2012 Ą Gun backplane was re-

machined  to install contact stripe cathode 

spring (new design) 

5.12.2012 dry ice cleaned 

May 2014 Č PITZ, mounted (vac. Lab) with 2 Thales 

windows (#1, #3) + 10 MW coupler + T-combiner  

21.072014 Č PITZ tunnel 

03.09.2014 ï 31.12.2014 ï conditioning at PITZ-2.0 

01.01.2015 - 2.11.2015 ï operation at PITZ -2.0 

2006 

 

2007 

 

 

2008 

 

 

 

 

 

 

 

2009 

 

 

2010 

 

 

2012 

 

 

 

2014 

 

 
2015 

 

 

(1200 GJ) 

(393 GJ) 
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Power and pulse length usage over the full run of gun 4.2  

Conditioning  6MW run  5MW run  Meas. 
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(all data with  >100kW in the gun are taken into account) 

~3 months 
(as usual) 

Å6MW, 600µs:quite unstable 

Åslow recovery after  

vacuum trip Ą short pulses 
Å5MW, 600µs: quite stable !  

Å6MW, 200µs:  

also quite stable !  
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Run time at given Power  

    Specific 

measurements 

                       Total deposited energy: 393GJ  

[ Average peak power: 4.68MW,  average RF pulse length: 444us ] 

Operation hours:  

Pulse length Runtime 

0 ï 200 us 1107 H 

200 ï 400 us 843 H 

400 ï 600 us 361 H 

>600 us 2926 H 

In total:  5237 H 

Future beam measurement schedule: 

2wks run, 2 wks shutdown, 2wks run é, 

requires higher reliability of machine 
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Summary of RF operation results in 2014 -2015 

2 x Thales RF window solution at PITZ: 

Å It works !  
Å Venting Ą conditioning status of RF windows lost Ą needs re-conditioning 

Å After  ~2-3 month of conditioning  limited by RF windows Č no problems anymore 

with windows !  

Č 2 Thales RF windows works , BUT due to the lively history (9 years) of gun -4.2, this 

cavity  cannot support full specifications (1 week w/o IL at 6MW, 600us, 10Hz). 
 

Č Still, reliable measurements  at reduced RF parameters are possible . 
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Beam measurements:  

testing the beam quality for the XFEL startup conditions  
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100% RMS Measured Emittance, 500pC  

Emittance measurements in 2015:  

Gun at 53 MV/m, Cathode laser Ą temporal Gaussian  
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Requirement for XFEL (injector) commissioning: 1 mm mrad at 500pC Č fulfilled !  

Laser transverse  

distribution  
E-beam X-Y  

at EMSY1 
X-Px Y-Py 

2015 ï temporal Ą Gaussian with 11-12ps FWHM 

(i.e. similar to current XFEL laser å13ps FWHM) 

Ůx,n = 0.840 mm mrad Ůy,n = 0.798 mm mrad 

100% RMS 

emittance  data  


