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Lecture Mechanics 

Lecturer talks---you interrupt and ask questions 
 
Talk for about 50 minutes per hour 
 
Take 10 minute break every hour 
 
Homework problems (after lunch at latest…look at penultimate slide for 
indication of what the homework will be) 
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Goals for Sources Lectures 

What are the main systems in the Sources 
 
What are the principle issues associated with the system components 
 
What are the present R&D topics 
 
Probably not a lot of mathematics in the lectures (lots of math in real life) 
 
Not much discussion on Codes (best to understand the fundamentals at a 
basic monkey level prior to giving your life over to the packaged programs--
-write you own) 
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Who is JCS? 

BS EE UCSB 1974 Semiconductor Devices 
 
MS EE MIT 1976 Quantum Electronics/ LiNbO3 Spatial Phase Modulators 
 
Ph.D EE Stanford 1981 Quantum Electronics/VUV Cerenkov Light Source  
 
1980-1981 Post Doc UVa: Linac Pulse Stretcher cw 4 GeV Electron 
Accelerator (morphed into CEBAF-Jlab) 
 
1981-1987 SLC (a little bit of everything) 
1987-1999 Head of SLAC Accelerator Department: SLC, PEP, PEPII, 
SPEAR, LCLS 
2000-Present: NLC, ILC: e+ and e- Sources, E166 
Daily Activities: ILC e-Source, FACET, ASTA-LCLS 
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Survey of Collider Sources 
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Survey of Collider Sources 

Sources comprise the systems that generate, capture, and deliver beams of 
electrons and positrons to the Damping Rings. In the case of ILC and CLIC 
these are large accelerator complexes. 
 
ILC e- and e+ Sources deliver 200 kW beams at 5 GeV to the Damping 
Rings. The ILC Positron Source requires 100 kW of multi-MeV (>10 MeV) 
photons on the target for e+ production 
 
CLIC e- and e+ Sources deliver 29 kW beams at 3 GeV to the Damping Rings. 
The ILC Positron Source requires 140 kW of 5 GeV electrons on the target for 
e+ production 
 
The LCLS Injector delivers 18W of 150 MeV electrons to the SLAC linac 
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Survey of Collider Sources, 2 

The Sources are complete accelerator systems by them selves. The energy 
range goes from 1eV thru several GeV. The Sources require experts in 
atomic and material science, thermal hydrodynamics, radiation physics, 
undulators, magnet technologies, rf acceleration (NCrf and SCrf), lattice 
design, beam diagnostics,….. 
 
A good foundation in Applied Physics is a good start…… 
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Survey of Collider Sources 
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Bunches and Pulses and Pulse Trains 



ILC  Electron Beams 
TABLE 1).  Major parameters of the ILC high-current 

high-polarization electron source.  

Parameters ILC RDR ILC 500 GeV Ref. ILC TeV Straw 

Particles Per Microbunch 3x1010 3x1010 3x1010 
Number Of Microbunch 2625 1312 2280 
Width Of Microbunch 1 ns [~ps bunched]  1 ns [~ps bunched]  1 ns [~ps bunched]  
Time Between Microbunches  356 ns 670 ns 356 ns  
Bunching Frequency 2.8 MHz 1.35 MHz 2.8  MHz  
Width Of Macropulse 1 ms 1 ms 1 ms  
Macropulse Repetition 
Rate 

5 Hz 5 Hz (10Hz) 5 Hz (10Hz?) 

Charge Per Macropulse 8000 nC 4000 nC 7000 nC 
Normalized Emittance, source 0.1  m-rad 0.1  m-rad 0.1  m-rad 
Normalized Emittance, damped 1x10-5 / 4x10-8 m-rad 1x10-5 / 4x10-8 m-rad 1x10-5 / 4x10-8 m-rad 
Polarization, electrons >80% >80% >80% 
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The Baseline ILC Electron Source  

Electron source provides polarized electron beam and 
consists of all systems from source laser to 5 GeV injection 
to damping rings. (2011 layout: 325 MHz SHB) 
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Summary Parameters (Sabine Riemann, 2011)  

15 

Parameter RDR SB2009 Units 

e+ per bunch at IP 2 x 1010 1 to 2 x 1010 

Bunches per pulse 2525 1312 

e+ energy (DR injection) 5 5 GeV 

DR transverse acceptance 0.09 0.09 m-rad 

DR energy acceptance ±0.5 ± 0.5 % 

e- drive beam energy 150 125-250 GeV 

e- energy loss in undulator 3.01 0.5-4.9 GeV 

Undulator period 11.5 11.5 mm 

Undulator strength 0.92 0.92 

Active undulator length 147 (210 after pol. Upgrade) 231 max. m 

Field on axis 0.86 0.86 T 

Beam aperture 5.85 5.85 mm 

Photon energy (1st harm.) 10 1.1 (50 GeV)  

28 (250 GeV) 

MeV 

Photon beam power 131 Max: 102 at 150 GeV kW 

Target material Ti-6%Al-4%V Ti-6%Al-4%V 

Target thickness 14 14 mm 

Target power adsorption 8 8 % 

PEDD in target 

Dist. Undulator  center  - target 500 500 m 

e+ Polarization 34 22 % 
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ILC RDR baseline schematic (2007 IHEP 
meeting)  

Collimator OMD 

150GeV e- 

~147GeV e- Target 

TAP 
(~125MeV) 

PPA(125-400MeV) 
PBSTR (Cryo-modules for 
boosting energy up to 5GeV) 

γ dump 
e- dump 

Damping ring helical undulator 
γ 



Location of sources at the ILC   

RDR
: 

SB2009 



CLIC Beam parameters 

Parameter Unit 
CLIC  

polarized 
electrons 

CLIC 
positrons 

CLIC booster 

E GeV 2.86 2.86 9 
N 109 4.3 4.3 3.75 
nb - 312 312 312 
∆tb ns 1 1 0.5 
tpulse ns 312 312 156 
εx,y µm < 100 7071, 7577 600,10 ·10-3 

σz mm < 4 3.3 44 ·10-3 

σE % < 1 1.63 1.7 
Charge stability 

shot-to-shot 
% 0.1 0.1 0.1 

Charge stability 
flatness on flat top 

% 0.1 0.1 0.1 

frep Hz 50 50 50 
P kW 29 29 85 



CLIC Layout 

Primary 5 GeV 
e-  Linac 

Injector 
Linac 

Booster Linac 
2 GHz  

 
Pre-injector  

e+ Linac 

Pre-injector  
 e-  Linac  

e- DR 

gun 
 PDR   

e+ DR   

DL’s  

BC1  

DC gun 

target 

9 GeV 

2.86 GeV 

0.2 GeV 

 PDR   

Spin 
rotatator 

• Two hybrid positron sources (only one needed for 3 TeV) 
• Common injector linac 
• All linac at 2 GHz , bunch spacing 1 GHz before the damping rings 



CLIC Polarized electron source 

DC-gun, 140 kV 
GaAs cathode 

1 GHz buncher 2 GHz buncher + accelerator 

Polarized laser 

• Classical polarized source wit bunching system 

• Charge production demonstrated by SLAC experiment 

• Simulations showed 87 % capture efficiency (F. Zou, SLAC) 



Positron source 
conventional ? 

 Primary beam  
Linac for e- 

 2 GHz 

AMD 

Gun  5 GeV 

 Primary beam  
Linac for e- 

 200 MeV 

Hybrid 
target 

AMD 
 Primary beam  

Linac for e- 

 200 MeV 

Hybrid 
target 

RF-
deflector 

Bunch 
compressor 

AMD: 200 mm long, 20 mm radius, 6T field 



ILC Postiron Source 
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Keep Alive Source 



Concept of “Auxiliary” or “Keep Alive Source 

1. RDR Keep Alive source: 10% nominal intensity. 
1. Dedicated 500MeV e- linac  
2. Dedicated e+ target (W or W-Re) and capture section. 

2. SB2009 Auxiliary source: 2% intensity 
1. Dedicated 500MeV e- linac 
2. A common e+ target  (Ti alloy) and capture with undulator. 
3. Placed in BDS tunnel. 

3. Is SB2009 Auxiliary source useful? 
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KAS/APS yield 

500 MeV driver with 0.4X0 target makes ~2% intensity. 
The same driver with 3X0 target makes ~20% intensity. 
0.4X0 Ti alloy and 4X0 W has same thickness .  
 
 

10/25/2011 
ILC Technical Baseline Review, 2011, DESY 
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Two Scenarios 

Start up e+ source is very important in MD phase. 
In the initial phase,  3X0 W-Re instead of  0.4X0  Ti  
alloy improves the e+ intensity. 
500 MeV single bunch S-band accelerator (30m) 
can generate 20 % intensity e+ beam. 
The target can be replaced when undulator  is 
ready for the commissioning. KAS becomes a 
small backup with a few % intensity. 
Could W-Re (or W) and Ti alloy be implemented in 
a same target ? (Hybrid).   

 

10/25/2011 
 

ILC 
Technical 
Baseline 
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LCLS Parameters 



LCLS Parameters 

Figure 6.2-1. Overall layout of the LCLS photoinjector showing the rf gun, 
Linac 0, and the low energy dog leg, with drift sections and diagnostics 
included 



LCLS Parameters 

RF Gun delivers 100pC-1 nC, 2 ps long bunches at 6.2 MeV with 
gradients of ~150MeV on the walls 



Basic Source 
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Space Charge 
 
Emittance 
 
Polarization  
 
Basic Electron Source 
 
Basic Positron Source 
 
Similarities and Differences 



Basic Source: Space Charge 
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Radial space charge force 
goes to zero as vc 

Line charge density ρl = Q/∆ C/m 



Basic Source: Space Charge 
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Longitudinal space charge 
force goes to zero as  γ →∞

Line charge density ρl = Q/∆ C/m and beam radius ro 



Basic Source: Space Charge 
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Lesson here: Higher voltage (γ) is better since space charge 
forces are smaller. 
 
SLC Gun Voltage was 120 kV 
 
NLC and ILC have specified 200 kV 
 
CLIC specifies 140 kV 
 
LCLS operates at 6.2 MV 
 
Question: High voltage seems to be a winner; is high 
gradient also a good idea? Structures tend to breakdown 
from gradient rather than voltage. 
 
Why not talk about space charge for the positron production? 



Basic Source Emittance and Admittance 
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Emittance is used to describe 
the beam. There are several 
commonly used definitions with 
and without π. For Colliders, 
normalized rms emittance is 
standard. Units are m-rad. 



Basic Source Emittance and Admittance 
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How big is the emittances at the cathodes and targets? 
 
 5

2.5 arg

1

1 arg

1

20 arg

r
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mm at photocathode
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σ

σ

σ
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γ
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≈

γεe- = 5e−6 m at cathode, 1ns long and γεe+ = 5e−2 m at target, 1ps long  



Basic Source Emittance and Admittance 
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γεe- = 5e−6 m at cathode, 1ns long and γεe+ = 5e−2 m at target, 1ps long  

Small cathode emittances get diluted in bunching and capture process (rf 
focusing). Large e+ emittances drive design of entire positron system 



Basic Source Emittance and Admittance 
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Longitudinal emittance is not 
conserved in Bunching or in the 
Damping Rings. σE is typically 

quoted as σE/E in %. The 
normalization by γ is sporadic 
and maybe not too useful.  



Basic Source Emittance and Admittance 
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Admittance (acceptance) is a 
property of the lattice and 
aperture. Is used in 
comparison with the beam 
emittance. Aperture and 
beam stay clear definitions 
are similar but less general. 
A has the units of m-rad. 
 
Require A>ε for 
transmission, acceptance, 
capture….. 

A = a2/β 

a= beam pipe 
half aperture 



Basic Source Emittance and Admittance 
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Electron Source Emittances  for ILC and CLIC are ~100e-6 m 
 
Electron Source Emittance for the LCLS is ~0.5e-6 m 
 
Positron Source Emittances for ILC and CLIC are  ~ 0.05 m 
 
Damping Ring Admittances for ILC and CLIC are ~0.09 
 
 
Damping Ring Acceptances are set by the dynamic aperture; are 
driven by the positron beam emittance 
 
Damping Ring Energy Acceptance are ~1%; bunchlength is not 
really issue due to the low frequency rf in the rings compared to 
the linacs (sort of) 
 
LCLS is limited by the longitudinal emittance (on a good day) 



Basic Source Polarization, incl errors 
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ILC and CLIC both 
require electron 
polarization. The ILC 
positron beam can 
be polarized. CLIC 
does not specify 
positron polarization 



Basic Electron Source 
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Gun 

Bunching, Capture, 
initial acceleration 

Acceleration 
Spin 

 
Transport 

Laser 



Basic Positron Source 
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Target 

Capture, 
 initial acceleration 

Acceleration 
e- 
Or 
γ 

Spin 
 

Transport 
(?) 



Basic Source: Compare and Contrast 
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Electron Source 
 
Polarization/cathode 
 
Bunch Structure/Laser 
 
Longitudinal Capture 

Positron Source 
 
Target Viability 
 
Transverse Capture 
 
Energy Compression 
 
Damping Ring Acceptance 

Accelerator component design is driven by large e+ emittance; e- 
systems general follow alnog with the exception of the cathodes and 
lasers 



Electron Sources 
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Electron Sources: Cathodes 
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Require Spin polarized electrons 
 
Use GaAs-type NEA cathodes 

 λ in range of 790 nm Ti:Al2O3 lasers 
 QE in range of 0.5% 



Electron Beams, Cathode Status (RDR) 

Baseline design: strained layer superlattice GaAs/GaAsP 
Polarization ~ 85 - 90 % ,QE 1% maximum, 0.3-0.5% routinely 

 

High gradient p-doping increases QE and reduces surface charge limit: 
5 x 1019 cm-3  5 x 1017 cm-3 
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Electron Sources: QE and Polarization 
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Electron Sources: Cathodes: QE 
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QE   = Quantum Efficiency 
 
  = Ne/Nhν   
 
 = number of electrons/number of incident photons 
 
QE is a function of wavelength. Is in the range of 0.1%-1% 
for typical cathodes 



Electron Sources: Cathodes: QE 
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How Much Laser Power (peak and average) was required for the 
SLC polarized electron source? 
 
n = 5e10, N = 2, f= 120 Hz, ∆t = 2 ns, R = 0.5, QE = 5e-3, λ = 
790 nm 
 
Nphoton = n/(QE*(1-R)) = 2e13 per bunch  
 
∆Ubunch = 1.24 eV-micron/λ* Nphoton = 5 µJ 
 
Peak Power = ∆Ubunch / ∆t = 2.5 kW 
 
Average Power = ∆Ubunch = 1.2 mW 
 
 
 
 



Electron Sources: Lasers 
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Lasers need to produce pulses in the ns-micronsecond range at 
~100 Hz (similar problems with Compton polarimeter laser 
systems 
 
Mode locked systems like to run in the 100 MHz range with 10’s fs 
pulse width. 
 
Need Pulse Stretching and amplification, all good fun 
 
No COTS systems available 



Electron Sources: Lasers 
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ILC  Electron Beams, Laser Development 

Cryocooled Ti:Al2O3 gain cell 

3 MHz Regen Amp 
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CLIC Electron Beam Demo 

CLIC Laser Requirements 
There are two approaches to the CLIC laser: develop a 2 

GHz optical pulse train, chopped and amplified to the 
proper pulse length and bunch energy or develop a 156 
ns cw optical pulse and use an rf system to do all of the 
electron bunching. The former approach will possibly 
ease the requirements on the rf bunching system but will 
not eliminate the need for rf bunching. The CLIC injector 
linac rf system will run at 2 GHz. This in combination with 
the damping ring eliminates the concerns of interbunch 
satellites being generated with the use of a cw optical 
pulse. 
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CLIC Electron Beam Demo 

Parameter Symbol Value Units Comments 
Electrons per bunch nb 96 10×  # CLIC spec. 
Bunches per pulse Nb 312 # CLIC spec. 
Pulse length TP 156 ns CLIC spec. 
Repetition rate frep 50 # CLIC spec. 
Photon energy hν 1.6 eV 775 nm 
Quantum Efficiency QE 0.25 % Optimistic(?) 
Capture efficiency rfξ  70 % E158 experience 
Overhead factor f 2 # Arbitrary 
     
Optical Pulse energy EP 548 µJ  
Optical Peak Power PP 3.5 kW  
Optical Average Power Pavg 27 mW  
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CLIC Electron Beam Demo: Laser 

Flash lamped pumped Ti:sapphire laser 

~15 µs lamp/laser pulse width 
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CLIC Electron Beam Demo: Laser 

Pulse Slicing and Amplitude Control 

156 ns pulse 
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With Brachmann and Sheppard 

BRT 

slicer 

amplitude 

Q-switch: PC 
Laser head 

cavity 

cavity 



CLIC09                     
Oct 12-16, 

2009 
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CLIC Electron Beam Demo: Laser 

Temporal Slice and 
Amplitude Control 



CLIC09                     
Oct 12-16, 

2009 
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CLIC Electron Beam Demo: Electron Beam 



CLIC09                     
Oct 12-16, 

2009 
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CLIC Electron Beam Demo: Electron Beam 

CLIC Goal 0.5 TeV: 35e11 

CLIC Goal 3 TeV: 19e11 



Jefferson Lab Polarized Electron Gun 
200 kV (in development) 

Jlab 
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Jefferson Lab Polarized Electron Gun 
200 kV (in development) 
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Gun development at Jlab 

Inverted Insulator 
Cathode 

Anode 
NEGs and  

Ground Screen 

Anode 
Feedthrough 

Jlab’s Inverted gun design 

conditioned to 150kV 
without observed field 
emission 
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SLAC Polarized Electron Gun, GTL 
(~1989 back-up) 

SLAC 

Asilomar, CA   JCS  November 12, 2011 Page 63 



Electron Sources: Guns 
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Electron Sources: Guns 
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Electron Sources: Bunching 
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Gun Pulses are in 1-2 ns long; need several 
ps long pulses for acceleration in linac 

Gun 

Bunching Cavity 
Capture Accelerator 

Longitudinal focus 

1-2 ns Voejωt 10-20 ps 

Zdrift 



Electron Sources: Bunching 
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General idea is to modulate the velocity of the electrons in the bunch so 
that the bunch comes to a minimum at the entrance of the capture 
accelerating sturcture. Sometimes called longitudinal focusing. Typically 
use 2 bunchers and a subharmonic frequency of the primary accelerating 
frequency. Needs to be compatible with the Main Linac rf and Dr rf 
frequencies 



Electron Sources: Bunching 
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Bunching: Need to think about worrying about longitudinal 
space charge forces as bunches shrink to the ps scale for non-
relativistic beams 
 
 
ILC Design calls for two 325 MHz bunchers (frequency 
selected as ½ DR rf freq; helps to ease bunch filling pattern 
restrictions in the damping rings and in the Main Linacs 
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325 MHz SHB 

DESY October 24-27, 2011 

Tesla-2001-22-2 

ω’V’ = ω0V0 
Scaled SHB parameters 

Cavity # F 
MHz 

Voltage 
kV 

Rs 
MΩ 

Q0 P 
W 

tf 
µs 

Vb 
kV 

1 325 13 5.1 2.0.104 ? ? ? 
2 325 59 5.1 2.0.104 ? ? ? 



CLIC09                     
Oct 12-16, 

2009 
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CLIC Electron Beam Demo: Bunching 



Postiron Sources 
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Positron Sources: Pair Production 
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Bethe-Heitler 
Process~Z4 

e- e- 

e+ 
γ 

e- 
>90% 

Trident  
Process~Z2 

<10% 

Positrons come from Pair Production in metal targets (W and Ti-alloy); 
Trident not significant 
 



Positron Sources: Pair Production 
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In a “conventional” system, high energy electrons generate photons via 
bremsstrahlung, these photons in turn pair produce. The first n-1/2 
radiation lengths of the target create the shower; positrons come from 
the last ½ radiation length. 
 
In an photon based system, photons are made outside of the target by 
high energy electrons by using an undulator (ILC and NLC baseline); or 
for intra-cavity compton sccatters (“alternative source”); from using a 
hybrid schem (xtal channeling followed by a sweeping magnet) (CLIC 
baseline). 



Postiron Sources 
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Helical Undulator 



Postiron Sources: Yield into DR 
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The yield of postitrons captured in the DR is a not trivial function of the 
electronphoton production rate which depends on the undulator 
parameters as well as the electron energy; the spectrum of the undulator 

photons; the quantum yield of γe+ emitted from the target; the initial 
capture in the accelerator system; and the energy and phase space 
acceptance of the damping ring. Whereas the undulator spectrum and 
photon yield can be modeled straightforwardly (see Kincaid, below) the 
photone+ yield require simulations (EGS or FLUKA or GEANT4); the 
accelerator capture lends it self to ray tracing; damping ring acceptance is 
typically modeled by making cuts on the accelerated simulated positron 
distributions. 
 
Lots of fun that can keep you busy for a while. 



Positron Sources: Undulators 
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IWLC 2010  S. 
Riemann   77 

Polarized Positrons from Helical Undulator   
Rotating dipole field in  
    the transverse planes 

 
 
Electrons follow a helical path 
Emission of circularly polarized radiation 
 
 
 
 
 
Polarization sign is determined by undulator (direction of the helical field)   
# photons ~ undulator length 
Photon yield in a helical undulator is about 1.5…2 higher than that in a 

planar undulator (for the parameters  of interest) 

Opening angle  
of photon beam ~1/γ  
(first harmonic) 

See also Mikhailichenko, CLNS 04/1894  



Positron Sources: Undulators 
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Positron Sources: Undulators 
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Positron Sources: Undulators 
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Positron Sources: Undulators 
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Positron Sources: Undulators 
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Positron Sources: Undulators 
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Positron Sources: QE 
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Postiron Sources 
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Photon Collimator 



Photon Collimator 

A. Ushakov, DESY 

Recommendation from ILC 
positron source meeting in 
Durham (2009) was to include a 
tungsten/graphite collimator of 
radius 2mm. 

Same specification works for 
SB2009 (2.5kW in collimator) 

https://znw
iki3.ifh.de/LC

positrons/C
ollim

atorD
esign 



- heat loads (temperatures) for different collimator designs are simulated 

-> collimator design is improved to withstand the heat load 

- time dependent heat and structural loads are simulated with ANSYS software 

Collimator design studies 

graphite collimator simulation theoretical max 

temperature 800 K ~ 4000 K 

deformation 45 µm - 

stress 10 MPa 20-70 MPa 



Postiron Sources 
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Positron Target 



Positron Sources: Targets 
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Positron Target 
Material:     Titanium alloy   
    Thickness:   0.4 X0 (1.4 cm) 
Incident photon spot size on target:  σ ∼ 1.7 mm (rms) (RDR) 
                                                                   ~ 1.2 mm (SB2009)     
Power deposition in target: 8%  10.4 kW (RDR);  <8 kW (SB2009)  
     But peak energy deposition density is higher for SB2009 design 
Rotate target to reduce local thermal effects and radiation damage       

2m diameter target wheel, 2000 rpm 
 
Issues to be resolved and the solutions validated: 

Stress in target material,                                                                pressure 
shock wave impact                                                                     on target 
lifetime 

rotating vacuum seals                                                                                          
to be confirmed suitable  

  



Shockwaves in the target 
Energy deposition causes shockwaves in 

the material 
If shock exceeds strain limit of material chunks 

can spall from the face 
The SLC target showed spall damage after 

radiation damage had weakened the 
target material. 

 
Initial calculations from LLNL had shown no 

problem in Titanium target 
Two groups are trying to reconfirm result 

FlexPDE (S. Hesselbach, Durham → DESY) 
ANSYS (L. Fernandez-Hernando, Daresbury) 
No definitive results yet 

Investigating possible shockwave 
experiments 
FLASH(?) 
https://znwiki3.ifh.de/LCpositrons/TargetShockWaveStudy 

 
 

SLC positron target after 
decommissioning 

S. Hesselbach, Durham 

11/11/2010 JGronberg, 
LLNL 

Global Design Effort 91 
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Accumulated effect of energy deposition 
-bunch separation is 356ns and target is rotating at 900RPM 

The accumulated energy deposition in the rotating target (900RPM, 2m diameter) is 
about 1050 J/cm^3 while the number for RDR is 566J/cm^3.   To bring it back to the 
RDR value, one can consider increase the bunch separation which reduce the 
number of bunch to 1312 per pulse with 712ns bunch separation or double the drift 
from undulator end to target 



Postiron Sources 

Asilomar, CA   JCS  November 12, 2011 Page 94 

Optical Matching Device 
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Positron yield  Optical matching device 
OMD: Increases capture efficiency from 10% to as high as 40% 
Adiabatic Matching Device (AMD): 

Tapered B field from ~5 T at the target to 0.5 T in 50 cm 
 
 
 
 
 
 
 
 
 
 
Capture efficiency >30% 
Rotating target immersed in B field  eddy currents   
Eddy current experiment @ Cockroft Institute  
     expect 8 kW at   2000 rpm 
     heat load on target substantially increased 
 

Z  

B  

Target position 
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Optical Matching Device (3) 
Quarter Wave Transformer (QWT) 

QWT is a save solution 
 
 
 
 
 
 

but capture efficiency is ~15 % 
SB2009 design with QWT 

       Length of helical undulator  231m 
 

upgrade to P(e+) = 60% would make the undulator so long that 
photon powers become worrying and electron energy loss very 
high  

 better to use a flux concentrator 
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Optical Matching Device (2) 
Flux Concentrator (FC)  

Flux concentrator reduces magnetic field on target but  lower 
capture efficiency ~22%  

RDR design with FC 
pulsed flux concentrator  (used at SLD): 

ILC needs ~ 1ms pulse width flat-top   
LLNL: Design and prototype (budget):  

 
 
 
 
  
 
 
  
   
  
 

Target position 
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Capture Efficiency for RDR 
Undulator with Different Drive Beam 

Energy 



Capture Efficiency for 250 GeV Drive 
Beam with Different K of Undulators 

FC 

QWT 



Yield and Pol 

250GeV drive beam 

RDR with different drive beam 
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Ncrf Capture rf Structures 
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CLIC Positron source 
conventional ? 

 Primary beam  
Linac for e- 

 2 GHz 

AMD 

Gun  5 GeV 

 Primary beam  
Linac for e- 

 200 MeV 

Hybrid 
target 

AMD 
 Primary beam  

Linac for e- 

 200 MeV 

Hybrid 
target 

RF-
deflector 

Bunch 
compressor 

AMD: 200 mm long, 20 mm radius, 6T field 



CLIC Hybrid target 

Crystal thickness: 1.4 mm

Distance (crystal-amorphous) d = 2 m

Amorphous  thickness  e =10 mm

crystal amorphous

e-

e-

e+

γ

e-

e+

Dipole

Oriented along the <111> axis

Target Parameters Crystal 
Material Tungsten W 

Thickness (radiation length) 0.4 χ0 
Thickness (length) 1.40 mm 
Energy deposited ~1 kW 

Target Parameters Amorphous 
Material Tungsten W 

Thickness (Radiation length) 3 χ0 
Thickness (length) 10 mm 
PEDD 30 J/g 
Distance to the crystal 2 m 
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Spin Rotation 



A. Latina 
LCWS11 – September 26-30, 2011 – Granada, 

Spain 
108 

Spin rotator location 



A. Latina 
LCWS11 – September 26-30, 2011 – Granada, 

Spain 
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Spin depolarization 



A. Latina 
LCWS11 – September 26-30, 2011 – Granada, 

Spain 
110 

Essential spin dynamics 
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A. Latina 
LCWS11 – September 26-30, 2011 – Granada, 

Spain 
112 

Solenoid based spin rotator 



A. Latina 
LCWS11 – September 26-30, 2011 – Granada, 

Spain 
113 

Spin rotator lattice 

The spin rotator at the entrance of the pre-damping rings starts from the bends 



A. Latina 
LCWS11 – September 26-30, 2011 – Granada, 

Spain 
114 

Solenoid strength 
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Polarimetery 
 Not going to say too much 
 Relies on finding a process that depends on the spin 
 orientation 
 The processes are all based on scattering 
 
Low energy---(non-relativistic….gun energies)  Mott Scattering—
charged paricles 
Low energy---(several MeV……)  Compton Transmission—
polarized photons off of polarized electrons 
High Energy---(>100’s MeV ) Moeller Scattering---e-/e+ scattering 
off  polarized e- in a magnetized foil [Bhabha in case of e+] 
High Energy---( GeV) Compton Scattering—laser photons off e-/e+ 



CLIC09                     
Oct 12-16, 

2009 
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CLIC Electron Beam Demo: Polarimetry 



CLIC09                     
Oct 12-16, 

2009 
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CLIC Electron Beam Demo: Polarimetry 

Mott Polarimetry: 
Scatter electrons off a gold foil and 
measure up-down asymmetry 
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Required for XFELs due to low longitudinal emittnace 
 
Not used for LC primary elctrons due to polarization requirement 
 
Used for CLIC Drive beam generation 
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RF Guns: Cu Cathode 
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Underestimates volume 
because thermal diffusion 
has been neglected 
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Calculation needs to 
be corrected……to 
include thermal 
diffusion over the 2 
ps laser pulse in 
comparison to a 23 
nm absorption depth 



          RF Guns: Lasers 
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LCLS Laser is a tripled 
Ti:Sapphire system running 
at 252 nm. 
 
10 µJ per pulse for 100 pC 
 
20 µJ per pulse in 30 mm 
rms spot for laser cleaning 



LCLS Parameters 

RF Gun delivers 100pC-1 nC, 2 ps long bunches at 6.2 MeV with 
gradients of ~150MeV on the walls 
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ILC Electron Source 
 
ILC Positron Source 



Review: ILC Electron Source 

Electron source provides polarized electron beam and 
consists of all systems from source laser to 5 GeV injection 
to damping rings. (2011 layout: 325 MHz SHB) 
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Review: ILC Electron Source 

200 kW Electron Beam 
 
200 kV Guns: under development 
 
1.5 MHz Lasers: under development 
 
325 MHz Bunching System (October, 2011): needs 
development 
 
NC RF 1 ms Accelerator Structures: needs development 
 
10 Hz SCrf Accelerator Structures: need attention, Main 
Linac people 
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Review: ILC Positron Source 

200 kW Positron Beam 
 

Helical Undulator λ= 1 cm, K =1: Needs development 
 
100 kW Photon Collimator: Needs development 
 
Rotating Ti-target: Needs development 
 
1 ms Flux Concentrator: Needs development 
 
NCrf SW Capture Section: Needs development 
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Review: ILC Positron Source 

200 kW Positron Beam 
 
NC rf TW Accelerator Sections: Needs development 
 
Low energy Lattice: Needs development 
 
Positron Spin Flip Transport: Needs development 
 
Keep Alive System: Needs development 
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Space charge derivation 
Laser power requirements 
Drive beam/undulator lengths 
Spin Rotation equation derivations 
 
Extra credit: 1-d thermal diffusion 



Review: Final Exam Questions 
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Question 1 
 
Question 2 
 
Question 3 
 
Answer any 2 
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