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4> Setting the Scene
A Historically the CI has made a major contribution to
the ILC project
I Beam Delivery System
I Damping Rings
I Positron Source
A Leadership roles were given to Cl staff members in

all 3 areas by the GDE in recognition of their
technical expertise

A Recent UK strategic guidance has encouraged a
greater role in CLIC

A The CI has responded to this and is now starting to
make a significant contribution to CLIC & CTF3
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A Future linear colliders require
more positrons when compared with present day

sources
A If the positrons can be

The Positron Source

polarised

orders of magnitude

then the physics

reach of the collider can be enhanced

SLC ILC CLIC
Positrons per Bunch 3.5x10 10 2x10 10 3.72x10 °
Bunches per Macropulse 1 2625 312
Macropulse Rep Rate (Hz) 120 5 50
Positrons per second 42x10 ' | 26x10 4 | 58x10 13
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4> Undulator Based Source
The ILC baseline solution uses an undulator  to
generate high energy photons which subsequently
generate e */e - pairs in a conversion target

This is judged to be the lowest risk option for the
ILC
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4> Positron Source Layout
The Cockcroft Ir“_??'r fn,“:"f:'-l
To Collisions
150 GeV 250 GeV
Helical D >
Undulator
Dumps
|
To Damping
Ring
Target & (5 GeV)
Capture
Magnet 400 MeV
10MeV+ photon beam generated in helical undulator by 150 GeV electrons
Photon beam travels ~400 m beyond undulator and then generates e *e" pairs

To Do o B0 Io D»

in titanium alloy target

Positrons captured and accelerated to 125 MeV

Any electrons and remaining photons are then separated and dumped
Positrons further accelerated to 400 MeV and transported for ~5km
Accelerated to 5 GeV and  injected into Damping Ring
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4> The Undulator

A To generate the photons with a high enough energy
(>10MeV) need to use short period, high field ,
undulator

A For sufficient positrons undulator must be ~200m
A Short period, high field, only possible with narrow
aperture

i Resistive wall effects

I Vessel surface roughness effects

I Synchrotron radiation power problems

I Generating a vacuum with difficult aspect ratio
I Mechanical tolerances

I Manufacturing issues

A Superconducting technology solution chosen after
detailled comparison with permanent magnet

D.J. Scott et al, PRTAB, 10, 032401 (2007).  KE_SAESEENECIE )
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Superconducting Undulator:
4>
The Cockerot ingtte Short Prototypes
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5 short prototypes have been
manufactured to test various designs
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Matrix of built and tested prototypes

I [l |1 |V V V’
Prototype goal Winding Check Prototype Check Prototype Quench study
technique effect of with effect of with final with improved
verification | mechanical reduced iron period impregnation
tolerances period
Length, mm 300 300 300 300 500 500
Former material Al Al Al lron lron Iron
Winding period, mm 14 14 12 12 11.5 11.5
Winding bore, mm 6 6 6.35 6.35 6.35 6.35
Vacuum bore, mm 4 4 4.5 4.5 5.23 5.23
Winding 8-wire 9-wire /-wire /-wire /-wire /-wire
ribbon, ribbon, ribbon, ribbon, ribbon, ribbon,
8 layers 8 layers 8 layers 8 8 layers 8 layers
layers
Sc wire Cu:Sc Cu:Sc Cu:Sc Cu:Sc Cu:Sc Cu:Sc 0.9:1
1.35:1 1.35:1 1.35:1 1.35:1 0.9:1
Field at test current, 0.8 0.9 0.53 0.96 0.82
T
Test current, A 220 220 200 200 200
Quench current, A - - - 230 315
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4> Field Levels Measured
The Cockeroft Institute
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A Several short prototypes

Undulator Detalls

have been tested

A Focus now on design, manufacture and testing of a

full cryomodule

A Daresbury & Rutherford Appleton Laboratories have

built a full scale  4m undulator module
Undulator Parameters Symbol Value Units
Undulator period A 1.15 cIm
Undulator strength K 0.92
Undulator type helical
Active undulator length L., 147 m
Field on axis B 0.86 T
Beam aperture 5.85 mim
Photon energy (1°* harmonic cutoff) Eo 10.06 MeV
Photon beam power P, 131 kW
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1.75m Undulator Fabrication

|

Winding

Potted and in one half of
steel yoke

Complete magnet




4o Module Under Test
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q4> Magnet Measurements
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A Undulators measured in vertical
test stand with 2 axis Hall probe

A Data confirms that required

parameters have been achieved
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q4> Quench Training Data
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Undulator Power Calculations

1 2

Undulator iscold bore(4K) and wilguench itself
unless (low powergollimatorsare included in

the cryomodule string

Full ~200m undulator made up of many ~2m
sections, each treated separately

Power per metrewithout collimators
>10W/m. Limit of cryosystem is1 \W/m.

0.001]

Incident Power (Wm™)

Inclusion of 5mm diametgshoton
collimators(shown in redjn room
temperature sections reduces power

120 x 2m level to~0.05 W/m
RDR Parameters undulators
| BCD Parameters B> 0} | ‘ TTHTETE
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* Points: 2
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4> Wakefield Studies
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Energy spread increase of electron beam for 200m
long undulator at room and cryogenic temperatures
for alternative vessel materials due to resistive wall
impedance

Energy spread increase of electron beam at room
(solid) and cryogenic (dashed) temperatures for copper
vessel due to resistive wall impedance

DC model
AC model
ASE model

Surface roughness necessary to produce an
energy spread of 0.005% (nominal for ILC is 0.05%)
for different vessel radii and form factors.

Mean emittance increase due to geometric wakes of
misaligned taper sections and photon collimators in
undulator section.

Vertical

Horizontal
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