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RF guns for FELs: 

• Motivation: Why electron source is so important 

      for linac based FELs ? 

• Basic principles and challenges  

• Examples:   - low average current RF guns 

       - medium average current RF guns 

       - high average current RF guns 

• comparing experimental results and designs 

• future trends 

• personal remark: details are important for good 

      performance and reliable operation 

• summary 1 

• RF guns for FELs 

• New developments at PITZ 

New developments at PITZ: 

• 3D ellipsoidal laser pulse shaping 

• plasma acceleration activity 

• tunable IR/THz source 

• possible PhD positions for future ITN 

• summary 2 
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One FEL key component:  
              the high brightness electron source 

Why electron injector is so important …. ??? 

Any linac based   short wavelength,  high brilliance light source (e.g. SASE-FELs) 

contains the following main components: 

- electron source 

- accelerating sections 

- in between: bunch compressor(s) 

- undulator to produce FEL radiation 

- electron beam dump  

- photon beamline(s) for the users 
 

Example: FLASH 1 

property of linacs: beam quality will DEGRATE during acceleration in linac  

RF gun 

Bunch 

Compressor 

Undulators 
Collimator 

Bunch 

Compressor 

5 MeV 150 MeV 450 MeV 1250 MeV 

Accelerating Structures Diagnostics 

FEL Experiments 

  e.g.  wakefields,  coupler kicks 

  e.g.  coherent  synchrotron  

      radiation (CSR) 

increase 

normalized 

emittance  

 electron source has to produce lowest possible emittance !! 

Beam Dump 
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• Why emittance must be small  … 

en = 1 mm mrad 

required undulator length 

en = 2 mm mrad 

en = 4 mm mrad 
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peak power 

• if even smaller emittance  new horizons: 

    shorter wavelength,  higher repetition rate 

• e.g. XFEL goal:  slice emittance(1nC) = 1.0 mm mrad@undulator 

en = 1 mm mrad 

o
u

tp
u

t 
p

e
a

k
 p

o
w

e
r 

o
f 

 t
h

e
 

X
F

E
L

 S
A

S
E

2
 @

 0
.1

 n
m

  
 (

G
W

) 

path length in the undulator   (m) 

en = 2 mm mrad 
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peak current: 5 kA 

energy spread: 2.5 MeV 

European XFEL 

Why electron injector is so important  … 
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Basic principles and challenges: 

Generic Injector Layout 

 

 
 

in general: 

> RF gun  (high gradient, amplitude and phase stability, 1 ↔ many ↔ cw bunches) 

> Space charge compensating solenoids  (positioning, no higher field components)* 

> Photo cathode laser system  (synchronization, laser pulse shaping in time + space) 

> Booster cavity  (synchronization, matched gradient and position**,  later: high energy gain) 

> 3rd harm. cavity to linearize longitudinal phase space (synchr., matched gradient + phase)[5] 

> Laser heater to increase uncorr. energy spread (prevent µ-bunching instability) [6,7,8] 

> Detailed diagnostics of electron and photo cathode laser beam 

> Bunch compression    and    then further acceleration of beam  ( wakefields) 

Example: 

European XFEL 

* “Emittance compensation“ [1, 2, 3] ** “Emittance conservation“ [3, 4] * “Emittance compensation“ [1, 2, 3] ** “Emittance conservation“ [3, 4] 

Generic Injector Layout 

 

 
 

in general: 

> RF gun  (high gradient, amplitude and phase stability, 1 ↔ many ↔ cw bunches) 

> Space charge compensating solenoids  (positioning, no higher field components)* 

> Photo cathode laser system  (synchronization, laser pulse shaping in time + space) 

> Booster cavity  (synchronization, matched gradient and position**,  later: high energy gain) 

> 3rd harm. cavity to linearize longitudinal phase space (synchr., matched gradient + phase)[5] 

> Laser heater to increase uncorr. energy spread (prevent µ-bunching instability) [6,7,8] 

> Detailed diagnostics of electron and photo cathode laser beam 

> Bunch compression    and    then further acceleration of beam  ( wakefields) 
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Basic principles and challenges: 

Emittance budget: 𝜀𝑡𝑜𝑡 = 𝜀𝑡ℎ
2 + 𝜀𝑅𝐹

2 + 𝜀𝑆𝐶
2 

> thermal emittance  𝜀𝑡ℎ  ∝  𝜎𝑥,𝑦 ∗ 𝐸𝑘    

     [9, 10]       where 𝜎𝑥,𝑦 = RMS laser spot size @cathode 

                   𝐸𝑘 = mean kinetic energy of emitted 𝑒− 

> RF induced emittance growth  𝜀𝑅𝐹 ∝ 𝜎𝑥,𝑦
2 ∗ 𝜎𝑧

2    [11], 𝜎𝑧 = electron bunch length  

> Space charge induced emittance growth  𝜀𝑆𝐶 = subject to numerical optimization, 

                             different dependencies for different photo cathode laser shapes 

High accelerating gradient at cathode 

 

 

 

Photo cathode laser pulse shaping (in time and space): 
 relaxes requirements on cathode gradient and gives a lot of additional flexibility ! 

      high cathode gradient helps, but laser shaping is as important ! 

 mitigates space charge effects  

 allows to extract higher Q for 

fixed beam dimensions 

 cathode roughness plays larger role 

 reliability issues,  heat load 

 larger 𝜀𝑅𝐹 for long bunches 
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Low average current RF guns  (<1 µA) 

> Most popular S-band gun, the BNL/SLAC/UCLA gun,  

and its further developments  the LCLS gun: 

 

 
LCLS Injector 

Setup @SLAC: 
135 MeV 

attach 1 km of 

linac HERE 

For more details see D. Dowell et al., SLAC, FEL 2007, Novosibirsk;   R. Akre et al., PRST-AB 11, 030703 (2008);  C. Limborg et al., 

“RF Design of the LCLS Gun”, LCLS-TN-05-3; L. Xiao et al., “Dual feed rf gun design for the LCLS,” Proc. 2005 PAC. 

250 MeV 

6 MeV 

Realised design improvements: 

> Z-coupling (reduces pulsed heating,  
                       increases vacuum pumping) 

> Racetrack to minimize quadrupole fields 

> Deformation tuning to eliminate field 
emission from tuners 

> Iris reshaped, reduces field 10% below 
cathode 

> Increased 0-p mode separation to 15MHz 

> All 3D features included in modeling  
(laser port and pickup probes,  
 3D fields used in Parmela simulation) 
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Low average current RF guns  (<1 µA) 

Collection of current 

photo injector 

parameters for 

> LCLS 

> SPARC-LAB 

average beam current 

in the nA  range 

low emittances 

S-band guns 

Table from F. Stephan,  

M. Krasilnikov (2014) [12] 
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> The PITZ gun,  used for FLASH 

and  European XFEL: 

RF-gun: 

•L-band (1.3 GHz) 

1½-cell copper cavity 

•RF power: ~7MW peak 

      850 µs pulse length 

@10 Hz  ~1% duty cycle 

•Dry ice cleaning  

 low dark current 

Cs2Te cathode 

QE~0.5-10% 

Cathode laser 

l=257nm 

pulse trains 

(800 @1MHz), 

10Hz rep.rate. 

 

 

Electron 

bunches: 

•pC to  

   few nC 

•𝒑𝒎𝒂𝒙: 

~7MeV/c 

•Bunch 

trains 

Medium average current RF guns  (1 µA <  𝑰𝒂𝒗.  < 1mA) 

How to achieve small emittance: 

> High gradient at cathode: 

                         ~60MV/m (1.3GHz) 

> Cathode laser pulse shaping  

 

 

 

 

 

> Gun launch phase stability 

> Beam based alignment, trajectory 

optimization 

> Emittance compensation and 

conservation  multi parametric 

machine tuning (solenoid, laser spot 

size, gun phase, booster,…) 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

-14-12-10 -8 -6 -4 -2 0 2 4 6 8 10 12 14

t, ps 

temporal profiles 

FWHM=(21.20±0.33)ps 

rise time=(2.02±0.11)ps 

fall time=(2.62±0.13)ps 

transverse profile 

Laser sxy 

Gun phase fg 

Solenoid Imain 

min( 𝜀𝑛,𝑥𝜀𝑛,𝑦) 
with statistics 
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•Measured emittance results set 

a benchmark on photo injector 

optimization 

•Optimum machine parameters 

(laser spot size, gun phase): 

        experiment ≠ simulations 

•Difference in the optimum laser 

spot size is bigger for higher 

charges (~good agreement for 

100pC) 

•Simulations of the emission 

need to be improved 

2nC 

1nC 

0.25nC 

0.1nC 
0.02nC 

PITZ: Measured emittance versus laser spot size 

          for various charges   w.r.t.    simulations 

Medium average current RF guns  (1 µA <  𝑰𝒂𝒗.  < 1mA) 

M. Krasilnikov et al., PRST-AB 15, 100701 (2012). 
 

        TABLE IV. Core xy-emittance (mm mrad) 

        measured for various charges and gun  

        phases. Only statistical errors are shown             

100% RMS 

emittance 

values 
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Medium average current RF guns  (1 µA <  𝑰𝒂𝒗.  < 1mA) 

> The APEX gun at Berkeley: a NC gun for CW operation 

 186MHz: 

- reduced cathode gradient w.r.t. L-/S-band 

- low beam energy at gun exit 

+ reduced RF power density on surface 

+ allows longer laser pulse on cathode  

      reduced space charge density 

+ good vacuum conductivity 

      high QE photo cathodes (𝐶𝑠2𝑇𝑒, 𝐶𝑠𝐾2𝑆𝑏) 

      reduces power request for cathode laser 

 Commissioning ongoing successfully  table 

- dark current @19.5 MV/m  350 nA 

- 300 µA operation   (300 pC @1MHz) 

- 𝐶𝑠2𝑇𝑒 lifetime (1/e) is 3 days 

 Continuous extension is ongoing 

 Courtesy F. Sannibale 

APEX phase 1 layout: 
APEX phase 0 layout: 
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Medium average current RF guns  (1 µA <  𝑰𝒂𝒗.  < 1mA) 

Collection of current 

photo injector 

parameters for 

> PITZ @ DESY 

> APEX @ LBNL 

average beam current in 

the µA  range 

low emittances 

L-band and VHF guns 

high QE photo cathodes 

extensive photo cathode 

laser shaping 

Table from F. Stephan,  

M. Krasilnikov (2014) [12] 
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now with 

High average current RF guns  (𝑰𝒂𝒗.  ≥ 1mA) 

> High current:   high QE photo cathode (NC or SC?), high rep. rate laser,   high duty cycle 

 an interesting example for SRF gun:  the 3.5 cell (1.3 GHz)  SC RF gun @ HZDR: 

Courtesy J. Teichert 

0.0 10.0M 20.0M 30.0M 40.0M 50.0M

10
9

10
10

10
11

 Test#1 (Oct 13, 2010) after first treatment, defects appeared

 Test#4 (May 3, 2011) after mech. grinding an re-treatment

 Test#9 (Feb 13, 2012) after helium vessel welding

 Test#12 (May 15, 2013) after helium vessel leak fixing

 Test#13 (May 23, 2013) after HPR retreatment

 Q0 limit corresponding to a refrigerator power of 30 W

 

Epk [V/m]

q
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a

lit
y
 f

a
c
to

r,
 Q

0

ELBE SRF gun I 

during operation 

≈ beam 
energy  
8 MeV 

vertical 

tests of 

gun II 

> gun I  cavity was limited by strong field emission  

 𝐸𝑙𝑎𝑢𝑛𝑐ℎ,𝑐𝑎𝑡ℎ𝑜𝑑𝑒 only 2.2 - 2.6 MV/m, but  still … 

 first FEL operation with an SRF gun at ELBE 

 excellent life time of  NC  𝑪𝒔𝟐𝑻𝒆 cathode was 

demonstrated (264 C,  400 µA) 

> First beam operation  

with gun II in June 2014 

> Possible future: 

Cavity design allows for additional 

magnetically focusing RF mode 

 

Accelerating gradients: 
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High average current RF guns  (𝑰𝒂𝒗.  > 1mA) 

Collection of photo injector parameters for 

av. beam current 

in the  mA  range 

from DC to  

L-band guns 

high QE photo 

cathodes 

> (DC gun @ Cornell) 

> NC RF gun @ Boeing 

> 3.5 cell SRF gun @ HZDR 
Table from F. Stephan, M. Krasilnikov (2014) [12] 
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Comparison of experimental results / designs 

> Comparing the measured single 

bunch emittance 

 Notice the different charge fractions 

analyzed 

 Notice that the values are measured at 

different beam energies and with 

different measurement methods 

> Comparing the “Average Injector 

Brightness” 

 

 

 

 Design average currents and measured 

single bunch emittances have been used. 

 Lower RF frequency yields higher 

    𝑩𝒊𝒏𝒋𝒆𝒄𝒕𝒐𝒓 due to higher 𝑰𝒊𝒏𝒋𝒆𝒄𝒕𝒐𝒓 

bunch 

charge 
# pulses 

in train 

repetition 

rate 

transverse 

emittances 

Figures from F. Stephan, M. Krasilnikov (2014) [12] 
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Main idea:  minimize the impact of the space charge on the transverse emittance. 

cylindrical 
3D ellipsoidal 

temporally 

x 

Fx 
px 

x 

x 

Fx 
px 

x 

Potential of 3D ellips. for all FELs: 

 30-50% lower av. slice emittance 

 Better longitudinal compression 

 Reduced beam halo 

 Less sensitivity to machine settings  

 German-Russian collaboration: 

• IAP (Nizhny Novgorod) builds laser 

• Installation at PITZ starts autumn 

2014 

Future trends:    Photo cathode laser pulse shaping  

          towards 3D ellipsoid 

transverse 

shape: 

Q = 1 nC 
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Future trends:    Higher average currents 

> Photo cathode laser developments: 

 Laser pulse shaping (time + space) requires significant overhead in laser peak power 

 High average beam currents in addition require high average laser power 

 Extensive developments needed to overcome e.g. thermal lensing +  

     pulse heating  and to allow stable and reliable operation 24/7  

     (often specific requests for planned application) 

 
> Photo cathode developments needed to relax the laser 

requirements:  

 High quantum efficiency at visible wavelength (‘cathodes for green light’) 

 less power needed at basic laser wavelength, allows to omit second conversion stage 

(laser pulse deformation, sensitivity on laser power)  

 Reliable and robust,   low thermal emittance  



Frank Stephan   |   Photo injectors   |  LA3NET School , Salamanca  |  29.9. – 3.10. 2014  |  Page 17 

Future trends:     A plasma based electron source  

> two-component gas plasma cell  [e.g.  H(13.6 eV)   and    He(24.6 eV)] 

 beam driven plasma wave in H  accelerating gradients >10GV/m 

 witness electron bunch by very local laser ioniziation of He inside plasma wave 

> emittance estimate inside plasma cavity:  

   0.03 𝑚𝑚 𝑚𝑟𝑎𝑑  for 2 pC bunch, but 𝐼𝑝𝑒𝑎𝑘=300 A 

> Difficulties: synchronization, energy spread, extraction of bunch from plasma, … 

(e.g. hydrogen) 

(e.g. helium) 
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Details are important:  here contact cathode ↔ cavity 

+ robust spring 

- severe damage on 

peaked nose (part of 

the gun), mainly when 

running at high peak 

power and long pulse 

length 

original watchband design 

“watchband reloaded” 

contact stripe design + spring insert can be exchanged  

- originally: breaking of leaves, 

limited electrical contact 

○ gold coating + electro polishing 

seems to help 

+ robust spring 

+ equalized radii 

- still to be tested in experiment ! 

Courtesy S. Lederer 

Gun4.1 cathode plug 

cathode plug 

cathode plug 

cavity backplane 

cavity 

backplane 

cavity backplane 
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> Gun5 has: RF pick ups, elliptical irises, circular cell shape, 

more&smaller cooling channels  internal water distribution  test 

Details are important:  here water flow simulations + tests 

Current geometry with correct flow 

Courtesy  

S. Philipp,  

V. Paramonov 

First geometry with reverse flow 
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Summary 1 (first  half of talk) 

> The electron source is one of the key components of FELs. 

> Different FEL facilities (average beam current, beam quality, linac type, …) need 

different electron sources  no universal solution ! 

> Different types of electron source have been developed successfully for the 

specific demands of „their“ FEL  from nA to mA beam currents ! 

> Common issues:   stable and reliable 
• RF design, 

• photo cathode laser system, 

• synchronization, 

• diagnostics, … 

> For high “Average Injector Brightness”  (
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡

𝑒𝑚𝑖𝑡𝑡𝑎𝑛𝑐𝑒2 )  lower RF frequencies 

seem to be beneficial. 

> Ultimate beam quality requires 3D ellipsoidal electron bunches ( laser pulse 

shaping). 

> Higher average beam current get increasingly important (e.g. for ERLs). 

> Plasma acceleration might offer interesting options in future. 
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> Benefits from 3D ellipsoidal laser pulses for ALL linac driven light sources: 

 30-50% lower average slice emittance  higher brilliance 

 ~pure sinusoidal longitudinal phase space +3rd harm. simplify/allow required compression 

 ~no beam halo  better signal/noise, reduced radiation damage 

 less sensitive to machine settings  higher stability 

Beam dynamics for 1 nC bunch charge: 

Gaussian     Flat-top      Ellipsoid 
Longitudinal phase space (Z-Pz) at z=5.74m 

Transverse phase spaces at z=5.74m 

Photo cathode laser shaping  3D ellipsoid:    Simulations 

1.08 mm mrad 0.64 mm mrad 0.42 mm mrad 

106.7 mm keV 98.2 mm keV 88 mm keV 
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Practical realization: 

> Collaboration: DESY – JINR(Dubna, Russia) – IAP(Nizhny Novgorod, Russia) 

> Goal – develop a photo cathode laser system with following parameters: 

 parameter  value  unit  remark  

wavelength  258  nm  1030 nm fundamental l 

micropulse energy  15  μJ  for 1 nC bunch production  from Cs2Te photo cathodes  

pulse train frequency  1  MHz  In the future 4.5 MHz will be a goal  

pulse train length  0.3  ms  In the future 0.6 ms will be a goal   

pulse train rep.rate  10  Hz  1,2,5 Hz as an option  

micropulse rms duration  6±2  ps  3D quasi ellipsoidal   

distribution  transverse rms size  0.5±0.25  mm  

BMBF project 

“Development and 

experimental test of a 

laser system for 

producing quasi 3D 

ellipsoidal laser pulses”: 
 

 Laser system 

development at IAP 
 

 Installation at PITZ 

for tests with e- beam 

starts Oct. 2014 

3D pulse shaper layout. 

Faraday Rotator 

SLM λ/2 
Cylindrical  lens 

f=400mm 
to cross-correlator 

SLM = Spatial Light Modulator, 

HOLOEYE Photonics AG (Germany) 

Test setup 

Photo cathode laser shaping  3D ellipsoid:   Realization 
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Imperfections in radial direction show stronger effect 

on transverse emittance than temporal imperfections ! 

3-D ellipsoid laser transverse distribution at different time 

cross sections (t = 0; 1; 2; 2.5; 3; 3.3 ps). 

3-D ellipsoid laser pulse 

shape imperfections are 

studied for tolerances: 

1. Sharpness of edges 

2. Rotational symmetry 

distortions 

3. Shape stability  

1. Sharpness of 3D ellipsoid edges 

o
p
ti
c
s
 s

im
u
la

ti
o
n

 

dr 

dt 

shaping in only 2 

transverse planes 

Photo cathode laser shaping  3D ellipsoid:   Difficulties 

Emittance growth    vs.    δ = δt = δr  

Q=1nC 

δ   

beam  dynamics 

simulations 
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Accelerator Research & Development Activities at DESY 

Courtesy: Ralph Aßmann 

FLASHForward 

LAOLA: 

Laboratory for 

Laser- and 

beam-driven 

plasma 

Acceleration 



Frank Stephan   |   Photo injectors   |  LA3NET School , Salamanca  |  29.9. – 3.10. 2014  |  Page 26 

LAOLA@PITZ:   Self Modulation  →  Background 

> Background: proton driven PWFA experiment at CERN (AWAKE 

collaboration) plans to utilize beam-plasma instability for self modulation 

 Use high energy proton beam to drive wake and convert the proton beam energy into 

electron beam energy in a single stage 

 Problem: 
 

 

 

• High accelerating gradient requires short bunches sz < 100 m 

• Existing proton machines produce long bunches sz  10 cm 

 Solution: use beam-plasma instability to modulate the beam at the plasma 

wavelength, driving strong plasma waves for acceleration 

 But: so far simulations only (no direct experimental evidence) 

> Goal: detect and characterize self modulation of electron beams in 

PITZ beam line to gain critical insights into relevant physics (dephasing, 

hose instability etc.) 

photo gun plasma cell diagnostics 

𝐸𝑧,𝑚𝑎𝑥 = 240(𝑀𝑉 𝑚−1)
𝑁

4𝑥1010

0.6

s𝑧 𝑚𝑚

2

 Caldwell et al., 
Nature Physics (2009) 
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> Well developed electron beam diagnostics 

> High flexibility of facility (pure R&D facility) 

> Very flexible photo cathode laser pulse shapes,  

system developed and built by Max-Born Institute, Berlin 

 Key element: the pulse shaper (13 birefringent crystals. Pulses are split according to 

polarization. Delay is given by crystal thickness; relative amplitude can be varied freely by adjusting relative angle 

between crystals) 

Gaussian 

input pulses  

Shaped 

ouput 

pulses  

Will, Klemz, Optics Express  

16 (2008) , 4922-14935 

motorized 

rotation 

stage 
temperature 

controlled 

birefringent  

crystal  

Electron bunch = Laser pulse 

Temporal laser pulse shapes 

LAOLA@PITZ:   Self Modulation  →  PITZ assets 

weglassen ! 
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Thermal 

Insulation 
Cooling 

Sleeve 

Electron 

Window 

Helium 

Distribution 

Heating Coils 

e- 

Laser Mirror Laser 

Window 

Design: 

Gerald Koss 

LAOLA@PITZ:   Self Modulation  →  new plasma cell design 

Installation in 

PITZ beamline 

in autumn 2014 

 Heat pipe oven (Li) with 

     transverse access 

Simulated measurement at HEDA2: 

~ resolution 

included in the 

simulated 

measurement 
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LAOLA@PITZ:    High Transformer Ratio (TR) studies 

> TR is defined as  

 

> Fundamental beam loading “theorem”: R  2 for bunches with 

symmetric current profile 

> Idea: Tailored bunch current profile (asymmetric bunch) 

 

 

 

 

 

> Significant plasma acceleration of a probe bunch could be possible: 

 Transformer Ratio up to 8 with matched plasma wavelength 

> Needs bunch compressor for high absolute energy gain 

accelerating field behind bunch 

decelerating field within bunch 

PITZ 

Laser 

capability: 

probe 

bunch V 

electron beam 

 

Design is ongoing in collaboration with LAL Orsay (T. Vinatier, C. Bruni) 
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LAOLA@PITZ:    Beam line remodeling with plasma cell 

Electron 

Beam 

Plasma cell 

Ionization laser 

Quadrupoles 

HEDA1 

Existing 

setup 

New 

setup 
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Why a THz source at PITZ? 

> Combination of tunable IR/THz and X-ray pulses in pump and probe experiments 

at the European XFEL facility finds wide applications 

> Requirements:  spectral and temporal characteristics, peak power, polarization, precise synchronization 

 no universal solution from traditional techniques up to now ! 

 

 

 

 

 

> PITZ-like setup:   - can produce required IR/THz radiation 

     - identical pulse train pattern as XFEL 

     - could be installed close to XFEL experimental end stations 

         [ additionally: allows pump-probe experiments with low-energy 

               ultra-short electron bunches (Q ≤ pC )] 
 

  PITZ can serve as prototype for such a development. 

XFEL 

PITZ-like 

Pump & 

probe 

Contribution to FEL 2012, 

Nara, Japan, August 2012 
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What kinds of THz sources are feasible at PITZ? 

> Single cycle radiation source delivering a peak Electric field of few MV/m 

 

 

 

> Narrow band source 

 

 

 

> Modulated e-beam source 

+ dipole → Coherent Synchrotron Radiation 

 

+ target → Coherent Transition Radiation 

+ undulator → SASE FEL 

+ dipole → Coherent Synchrotron Radiation 

 

+ target → Coherent Transition Radiation 

Broad-band  

spectrum 

Narrow-band 

spectrum 

Narrow-band 

spectrum, 
higher radiation power ?!? 

= electron bunch 

weglassen ? 
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Prototype of tunable IR/THz source for XFEL 

> Parameters used: 
 NC RF gun (E ~ 7 MeV) + NC booster (E ~ 25 MeV), bunch charge: up to ~4 nC 

 use existing undulator designs (e.g. APPLE-II, period: 4 cm, length: 5 meters) 

 simulated radiation:   l: ~10 m  1 mm  (30  0.3 THz): 

• l > 200 m  powerful coherent undulator radiation by tailored (compressed) e-beam 

• l < 200 m  by SASE FEL 

E.A. Schneidmiller, M.V. Yurkov, M. Krasilnikov, F. Stephan “TUNABLE IR/THZ SOURCE FOR PUMP PROBE 

EXPERIMENTS AT THE EUROPEAN XFEL”, FEL 2012 Conference, Nara, Japan, August 2012 

spectrum  

bandwidth 

2-3%. 

Example: operation at 100 m (FAST simulations)  

Peak power: 10 - 100 MW 

radiation 

pulse energy: 

some  100 J 

 Undulator, 4cm period 

Q = 4 nC 

> Example: narrow-band source: 

• e-bunch peak current:  ~ 200A (or higher) 

• high e-bunch emittance  reduce defocusing due to SC  

• charge: as high as possible 
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PhD student positions proposed for future ITN @PITZ 

> Electron beam applications:  

R&D on IR/THz source @PITZ 

Work program: There are several methods to 

produce IR/THz radiation at PITZ. This includes 

broad-band THz radiation by using coherent 

synchrotron (CSR in a bending dipole) and coherent 

transition radiation (CTR from a target) as well as 

narrow-band THz radiation which can be produced by 

a SASE FEL using an undulator. Another possibility 

for the narrow-band THz radiation is to use the 

flexibility of the PITZ cathode laser and produce 

modulated electron bunches utilizing CSR and CTR.  

The applicant should combine theoretical work, 

including simulations of radiation properties from 

various THz sources, and experimental 

implementations. THz sources based on CSR and 

CTR can relatively easy be realized experimentally. 

Certain efforts have to be devoted to the design of the 

output ports and THz diagnostics. Extensive start-to-

end simulations of the SASE FEL based source at 

PITZ have to be performed before its experimental 

realization.  

 

weglassen ? 

 dann auch 

in outline ! 
> Advanced Beam Diagnostics R&D 

for plasma acceleration @PITZ 

Background: Initially the self-modulation of a long 

electron beam when travelling through a plasma will be 

characterized at PITZ. Later on asymmetric multi-pulses 

will be utilized to study high transformer ratios (TR up to 

8). 
 

Work program: The main task is the development of 

more robust diagnostics to characterize the effects of 

plasma wakefield acceleration. Criteria are amongst 

others the robustness of operation (beam transport, 

alignment accuracy of involved devices, etc.), achievable 

accuracy, measurement time, etc. The applicant will first 

learn the operation of the existing hardware and then 

start the development of alternatives.  
 

Challenges: To detect early signs of self-modulation 

during alignment a highly sensitive observation screen 

with sufficient spatial resolution is needed.  

The specific challenge for the high transformer ratio 

experiments will be to provide good energy resolution 

over the range of particle momentum resulting from the 

deceleration and acceleration of the driver and witness 

bunches. 
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Summary 2 (second half of talk) 

New developments at PITZ: 

> The laser system capable of producing 3D ellipsoidal bunches will open the 

door for significant improvements in beam quality. 

 Continuous work will be needed to make it a device usable at user facilities. 

> The plasma activities at PITZ (self-modulation, high transformer ratio) can 

deliver important input to the plasma acceleration community 

 It will require a detailed usage of the transverse deflecting system (TDS) and high 

energy spectrometer (HEDA2) to analyze the longitudinal phase space.  

> A IR/THz source based on the PITZ setup promises unique capabilities for 

pump-probe experiments at the European XFEL. 

 The design of the system is ongoing. 


