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Work Areas

• Undulator manufacture
• Impact of undulator
• Photon collimator
• Conversion Target
• Spin Tracking
• Low Energy Polarimetry



Manufacturing prototypes 
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Prototypes family
First 4 300mm long 

prototypes 
Final 500mm long 

prototype-
Almost ready to test !



Short prototypes results summary
Undulator field on axis  vs. Period
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(Prototype III)

achieved with iron
former (Prototype IV)

achieved with iron
former and iron yoke
(Prototype IV)

Prototype V not yet 
tested

Effect of Iron



4m Module Overview
Stainless steel vacuum vessel 

with Central turret
50K Al Alloy Thermal shield.  
Supported from He bath

Stainless Steel He 
bath contains100L 
liq He.  Supported 
by 4 rods attached 
to the vacuum 
vessel

U Beam used to 
support/align the 
magnet.   

U beam 
Support rod

Magnet cooled 
to 4.5K by liq
He in bath.

Beam Tube



Undulator Parameter Optimisation 
with Target

Energy deposition in the target per 
positron at the IP (red)



Resistive Wall Results

• Energy spread 
inrease of nominal, 
200m - 5.6mm vessel

• Red is room 
temperature, blue is 
at 77K

• Induced energy 
spread is  5 10-6

• Vessel will actually be 
at 4K but hard to get 
reliable material data 
for modelling – will 
just get better



Surface Roughness Wakefields

surface roughness required to produce an 
energy spread increase of 10% of nominal with

200m long vessel against vessel radius

A copper pipe with 
OD 6.35mm, 
ID 5.8mm and 
surface roughness 
RA~100nm is 
available from 
industry today

Various Models for 
surface



Magnetic Errors & Trajectory Correction

5% 
rms

• σ of Peaks ±5% (~5 times worse than measured)
• 2 x 2m undulators per module

2 Simple dipole steerers placed here



Results from 100 random seeds
• The trajectory can be corrected to within a few 

microns over 4m
• No correction in modules may be ok – especially 

when considering real errors are 5 times smaller

With Correction Without Correction



FLUKA Photon Collimator Simulations (1)

Assume a 300kW 10 MeV photon 
beam with Gaussian transverse 
beam profile (1mm rms):

Power deposited in spoiler: ~2.5 kW

Power deposited in absorber: ~3 kW

(1.8% of total beam power)

Starting collimator geometry:

Inner radius of spoiler 1.2mm

Thickness of spoiler 2.3mm

Inner radius of absorber 53.5mm

Thickness of absorber 160mm

Collimator length 1500mm

Lei Zang, University of Liverpool



FLUKA Photon Collimator Simulations

Electron fluence

(per primary photon)

Positron fluence

(per primary photon)

105 Events



DL Prototype Target Wheel

No internal water cooling 
channel in first 
prototype, but design 
fully compatible with 
channel.



Target Station - Remote Handling

Vertical remote-handling 
design to mimimise footprint 
of target hall and therefore 
minimise civil engineering 
costs.

RAL - draft design



Beam Power and Deposited Power 
in Target

Conventional Undulator (150 GeV)
Primary Beam Power (kW) 253.1 139.4
Power Deposited in the Target (kW) 48.3 11.2
Power Deposited in the AMD (kW) 49.1 7.9
Power Deposited in the RF Structure (kW) 85.5 1.0
Power Deposited in the Solenoid (kW) 8.1 0.1

(assumes 100m Undulator)



More Detailed FLUKA Model Being 
Developed



OCS Spin Diffusion at 5.066GeV for spins 
initially at 100 mrad from
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No full decoherence of horizontal components of spins 

Longitudinal polarisation (some fraction) can survive  DR

0n̂







G4 Implementation



G4 Implementation



• Measures Asymmetry of scattered particles (e+,e-,(γ)) of two 
magnetization states of the target

• Mask or shielding selects angular range with max. asymmetry
• Spectrometer -> particle separation, energy selection

Bhabha Polarimeter

e+

Magnetized
Iron

Detector

Polarized GEANT4

6 m



Bhabha Polarimeter: Target
• Magnetized thin IronTarget
• Heating of the target -> Magnetization decreases

– Simulation for 30 µm
– Cooling by radiation
– TC (Fe) = 1039 K; melting point 1808 K

• Ongoing considerations on target layout
– ΔT -> ΔM -> ΔP -> ΔA
– Magnetic field (tilted or not)
– Cooling in real
– Monitoring of magnetization

Target temperature vs. time

Magnetisation vs. Temperature


