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Setting the Scene

ÅHistorically the CI has made a major contribution to 
the ILC project

ïBeam Delivery System

ïDamping Rings

ïPositron Source

ÅLeadership roles were given to CI staff members in 
all 3 areas by the GDE in recognition of their 
technical expertise

ÅRecent UK strategic guidance has encouraged a 
greater role in CLIC

ÅThe CI has responded to this and is now starting to 
make a significant contribution to CLIC & CTF3



The Positron Source

ÅFuture linear colliders require orders of magnitude 
more positrons when compared with present day 
sources

Å If the positrons can be polarised then the physics 
reach of the collider can be enhanced

SLC ILC CLIC

Positrons per Bunch 3.5 x 10 10 2 x 10 10 3.72 x 10 9

Bunches per Macropulse 1 2625 312

Macropulse Rep Rate (Hz) 120 5 50

Positrons per second 4.2 x 10 12 2.6 x 10 14 5.8 x 10 13



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



Positron Source Layout
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Å 10MeV+ photon beam generated in helical undulator by 150 GeV electrons

Å Photon beam travels ~400 m beyond undulator and then generates e + e- pairs 
in titanium alloy target

Å Positrons captured and accelerated to 125 MeV

Å Any electrons and remaining photons are then separated and dumped

Å Positrons further accelerated to 400 MeV and transported for ~5km

Å Accelerated to 5 GeV and injected into Damping Ring



The Undulator

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

ÅFor sufficient positrons undulator must be ~200m

ÅShort period, high field, only possible with narrow 
aperture :

ïResistive wall effects

ïVessel surface roughness effects

ïSynchrotron radiation power problems

ïGenerating a vacuum with difficult aspect ratio

ïMechanical tolerances

ïManufacturing issues

ÅSuperconducting technology solution chosen after 
detailed comparison with permanent magnet

D.J. Scott et al, PR-STAB, 10, 032401 (2007). 



Superconducting Undulator: 
Short Prototypes

5 short prototypes have been 

manufactured to test various designs 

and manufacturing techniques 
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0

0.2

0.4

0.6

0.8

1

1.2

10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 15

Period (mm)

F
ie

ld
 (

T
)

I & II - First 
Trials

III - Reduced 
Period

IV - Include 
Iron

V - RDR Period

Vô ïQuench 
Level Vô ïOperating 

Level

RDR Spec

10 MeV Output



Undulator Details

ÅSeveral short prototypes have been tested

ÅFocus now on design, manufacture and testing of a 
full cryomodule

ÅDaresbury & Rutherford Appleton Laboratories have 
built a full scale 4m undulator module



1.75m Undulator Fabrication

Winding

Potted and in one half of 
steel yoke

Complete magnet



Module Under Test



Magnet Measurements

ÅUndulators measured in vertical 
test stand with 2 axis Hall probe

ÅData confirms that required 
parameters have been achieved



Quench Training Data

Both long 
undulators have 
exceeded the 
design current
(216 A) by ~40%.

The two nominally 
identical magnets 
have quite different 
behaviours.

J.A. Clarke et al, EPAC 08
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Undulator Power Calculations

Undulator is cold bore(4K) and will quench itself
unless (low power) collimatorsare 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 is ~1 W/m.

RDR Parameters
BCD Parameters

Inclusion of 5mm diameter photon 
collimators(shown in red)in room 
temperature sections reduces power 
level to ~0.05 W/m

Single 2m 

undulator

120 x 2m 

undulators

D J Scott 



Wakefield Studies

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

D J Scott


