Recent Results and Perspectives of the

Low Emittance Photo Injector at PITZ

* Introduction, Layout and Laser System

* Results for the VUV-FEL gun
(gun prototype #2)

* Results from the next rf gun installed
at PITZ (gun prototype #1)

* PITZ 2
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Laser system from the MBI in Berlin

diode-pumped
Nd:YLF oscillator

Pulse shaper
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Temporal and Transverse Laser Profiles
in 2003 (VUV-FEL gun):
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in 2004 (gun prototype #1):
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VUV-FEL Gun: RF Conditioning Results

RF Power source: 5 MW Klystron

RF Gun cavity: 1.5-cell copper a.u.  ~lJog(power) — Forward power
cavity operated at 1.3 GHz 0.7 - — Reflected power
g5 05 | u
o 0.5 - e.g. 800 us
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- rf pulse lenght: 900 ps , repetition rate: 10 Hz
- gradient: 42 MV/m at the cathode (~ 3 MW)
= duty cycle: 0.9 %, average rf power: 27 kW

(results only limited by conditioning time)

fulfills VUV-FEL RF parameter requirements
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VUV-FEL Gun: Longit. Phase Space
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50 60 70 with simulations !

electron Minimum bunch length:
rajecory FWHM = (21.04 % 0.45stat + 4.14syst) ps
= (6.31 £ 0.14stat £ 1.24syst) mm
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Transverse Emittance Measurements

Faraday cup cathode
streak‘ camera | & screen 1 (Cs,Te)
dipole quadrupole RF i
ICT p 1ICT 1input
Eﬁrﬂdﬂy\ B / . triplet THYn l_,_‘ é bupking
P —<T J = =12 N R ‘—; coil
screen 4 & screen 3 slits & . !
: coaxial
radiators | screen 2 |
e S ==V coupler cavity
o laser input '(copper,‘l.S cells)
araday cup (262 nm) main solenoid
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VUV-FEL Gun: Transverse Emittance

3.0 <<requirement for VUV-FEL (30 nm) = 3
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Start-up requirement of TTF2 is clearly fulfilled !
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Prototype #1: RF Conditioning Results

goals for the XFEL: ~ 6.5 MW, <650 pus, 10 Hz

conditioning results 1Bt
. i s
obtained in 2004: S 1E00 | forward power
5 reflected power
2 1E01 | - =
limited by 5 MW klystronand & _ | |, _1300ps |
water cooling system !! 0 300 600 900 1200 1500
— upgrade Dec’04 me )
—Feb’05 | repetition rate 10Hz | 5Hz | 10 Hz
rf pulse length 0.5ms|1.3ms | 1.0 ms
‘;‘;';":;z't':, peak power atgun | 4 MW | 4 MW | 3 MW
TUPOS03 mean power 20 KW | 26 kW | 30 kW
duty cycle 0.5% [0.65% | 1.0 %
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Prototype #1: Longit. Phase Space
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Prototype #1: Thermal Emittance
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see poster
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— modified Schottky effect 5 10 s 20 25

2-3 pC, size ~ 0.5 mm E/MVm"
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Prototype #1: Transverse Emittance
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optimization ongoing

— preliminary results !
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PITZ 2

— large extension of the facility and its research program

study emittance conservation principle:

(booster cavity + new diagnostics beam line + beam dynamics)

reach XFEL requirements: 0.9 mm mrad @ 1 nC:

(increased RF field on photo-cathode + improved laser system

+ improved photo-cathodes)

study XFEL parameter space:

(low charge and short bunches + vice versa)

operate at higher repetition rates:

(more cooling + new RF system + new gun cavity + diagnostics)
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Preliminary Layout of PITZ2
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How to reach the beam quality required for the XFEL

Goal: 0.9 1 mm mrad from the injector for 10 Hz, 650 ps !!

« upgrades with ~ 40 MV/m at the cathode:

— improved homegenous transverse laser profile:
remote controllable diaphragm close to the cathode

= &&n~1.5mmmrad @1 nC

— improved longitudinal laser profile (20 ps FWHM,
2 ps rise/fall time):

use a broadband laser medium, solve problem of high
average power, conserve stability

= &n~12mmmrad @1 nC
* in addition, with 60 MV/m at the cathode:

= &n~09mmmrad @1 nC
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Transverse Beam Parameters for the XFEL Injector
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0 , | , | ,
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Courtesy of Ph. Piot, FNAL (including th. emittance)
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 VUV-FEL gun:
— minimum normalized emittance (one plane): 1.5 mm mrad
— minimum geometrical average (both planes): 1.7 mm mrad
— good agreement with simulations

* next gun installed at PITZ:

— increased rf power: <P>=30 kW, 1 % duty cycle,
Ppeak =4 MW, rf pulse lenght =1.3 ms

— beam characterization ongoing:
transverse emittance already improved (~1.3 / ~1.6 mm mrad)

 PITZ 2 will start operation in spring 2005:
— further improve emittance from gun
— study the conservation of small emittance to higher beam energy
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