
Positron Sources WS
Daresbury, 11.-13.4.

E.Elsen

http://www.astec.ac.uk/id_mag/ID-
Mag_Helical_ILC_Positron_Production_Workshop.htm

had strong participation from SLAC and CCLRC

Pre
par

at
io

n fo
r S

nowm
as

s



Topics
Overview Sources

Conventional Targets
Undulator Sources
Compton Sources

Targets
Positron Capture
Polarised Positron Production
Operational Aspects

E.E.

S.R.}

}



Generic Sources

Workshop on Positron Sources for the International Linear CollidWorkshop on Positron Sources for the International Linear Colliderer

Status of Existing Positron SourcesStatus of Existing Positron Sources –– Daresbury , April 10, 2005Daresbury , April 10, 2005

Vinod Bharadwaj, SLACVinod Bharadwaj, SLAC
!

vinod@slac.stanford.eduvinod@slac.stanford.edu

GENERIC POSITRON SOURCEGENERIC POSITRON SOURCEGENERIC POSITRON SOURCE

!"#$%
&'(&)(*+,*'+

*,+-)*

)./%!

0'")('12/%3456

7.8,(2%9:%&,;*#+)%0)&*1'(

)
..

)<

=:%;+).,&&)")+,*'+
*'%,&&)")+,*)%*'%

2,>;1(-%+1(-%)()+-?

@.2%
,;)+*#+)

!

A,21,8,*1&%>,*&B1(-%2)C1&)D
56.3456

~200 MeV

Power Requirements
SLC 4 kW
ILC 30 kW



SLC Target…
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…and the result
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Different Layouts

From TESLA dogbone 17 Km

To 6 Km

And 3 Km

Damping Ring Requirements

TESLA dogbone

6 km ring

3 km ring
Requirements

damping on entry time
horizontal γεx = 8 × 10

−6
m

γε = 0.01m
vertical γεy = 2 × 10

−6
m τy = 28 ms



Undulator Source
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Possible ILC Layout

Electron Source

Pre-accelerator

Damping Ring

Bunch 

Compressor

Linac
Undulator

Target

Capture

Pre-accelerator

Linac

Beam Delivery

Damping 

Ring

Interaction 

Point

Photon 

Collimator

(Spin Flipper)

Period ~14mm

Field ~0.8T

Length ~200m

Aperture ~4mm

2.8x1014 e+/sec

here or behind IA?



Undulator Position
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Alternative Undulator Positions (3)

! Decouple positron source from main electron linac entirely 

by using positron feedback loop

! Start with low energy electron linac on target – generate 

low intensity of positrons

! Accumulate these in damping ring

! Send them through main positron linac to create new 

positrons

A Mikhailichenko 

Low intensity 
conventional 
target

Accumulation 
in DR

Accelerate in e+-
linac

A. Mikhailichenko

decouples e+ and e- production

Iss
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Undulators
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Planar Examples

TTF 1  Undulator ~ 15 m

Spring-8 In-Vacuum 

Undulator ~ 25 m

Spring-8

Planar Undulator

several planar 
undulators are in 
operation

helical undulator 
are used for light 
sources; yield 
high intensity

added benefit: provide polarised e+



Typical Undulator
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Polarisation Rates vs Aperture
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Possible Designs for ILC Helical Undulator

! Need a short period 

! more periods 

! more photons

! more positrons

! Two competing designs 

both 14mm period and 

~4mm beam aperture:

Required B Field to Produce 20 MeV Photons
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! Super-Conducting Bifilar 

helix

! Permanent Magnet ‘Ring 

undulator’

Possible Undulator Design



Undulator Magnet Tests
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Permanent Magnet Test Module at Daresbury

Magnet block assemblies 

being manufactured –

Due end Apr 05

Other components 

manufactured at 

Liverpool

Assembly at Liverpool

Followed by Magnet 

Measurements at 

Daresbury

Permanent magnet 
test at DL & 
Liverpool

SC coil winding at 
RAL

Positron Sources for the ILC Jim Clarke 23

Cut Away of Winding



Power along Undulator Length
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Power Dissipated due to Synchrotron Radiation

! Undulator modelled in 2m 

sections with 1m gap between 

sections

! Calculated power deposited in 

each section due to 

synchrotron radiation produced 

in previous sections

r = 2mm

2m

1 2 4 5

1m

! 50 GeV, 150 GeV, 250 GeV

! Photon beam collimation will 

be needed at intermediate 

points along full undulator

! Lower electron energy is 

worst case but looks easily 

manageable

50 GeV

150 GeV

250 GeV

Extra 
collimation 
along length of 
undulator 
required to 
shield from 
synchrotron 
radiation.



Compton based Source
Concept of a Compton Source

11/2/2005 6 Klaus Mönig

long photon 
wavelength

high energy 
e- beam



Laser/Beam IA
Detailed arrangement of a laser-beam collision point

11/2/2005 9 Klaus Mönig

Arrangement of a series of collision points

11/2/2005 10 Klaus Mönig

Series of Collision Points

Single Collision Point;
mirrors leave hole for 
beams



Conventional Target

ENG-05-0055-NTED-#3

Conventional source target system layout

4.6 X0

watercooled

0.7 J/g per bunch
at exit surface56 kW

W.Stein

220°C peak
temperature 

jump



Undulator Target

ENG-05-0055-NTED-#18

Undulator-based photon beam target (front view)

ENG-05-0055-NTED-#19

Undulator-based photon beam target (side view)

Front view

side view

220 kW in
18 kW deposited

1.45 J/g per bunch
411°C

Radiation damage: 5 DPA/a



Target Test at KEKB !
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Target Survival 
Tests at KEKB
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E Charge Bunch Ebunch

ILC 6 GeV 3nC 2820 51 kJ

KEKB 8 GeV 10 nC 1300 104kJ

Test of target material 
has been approved by 

PAC



Other Target Options 

Liquid Target

li Pb Tests at Novosibirsk

Channeling

Diamond and Si test at CERN and 
KEK



ADM & Pre-
Acceleration

Pioneering 
Science and
Technology

Office of Science
U.S. Department 

of Energy

KJK, Workshop on Positron Source for the ILC, Daresbury, 4/11-13/05

Source, ADM and Pre Accelerator Layout
Target 

(1.4 cm Ti)
Adiabatic

Matching

Solenoid

!"#$ %!! %&'() **+()"#$

5 cell ! mode iris loaded L band linac, the aperture D=5cm, T is about 0.74, E0T=12MV/m, P=4.4MW. Total energy 

gain=8.4 MeV, Q=25000, r/Q=613 Ohm

8 MeV linac section

5 - 0.25 T



Positron Capture
 

 

 

 

GEANT3 simulation of shower development generated by 6 GeV electron in 

4.5RL  77W-Re target: (blue) photons, (red) electrons and positrons. 

Geant3 simulated 
shower by 6 GeV 
incident electron on 
4.5 X0 77W-Re
blue photons
red electrons



Behind the thick Target

    

   

 

 

EGS generated positron distribution from 6 GeV electron beam  

with !x = !y = 2mm, ! t= 1.5 ps (by John Sheppard). 



Adiabatic Transformation
 

ADIABATIC TRANSFORMATION OF BEAM PHASE SPACE 

                                    

(Blue) transverse beam emittance at the target.         (Blue) transverse beam emittance at 250 MeV. 

(Red) emittance area of 0.03 ! m rad.                        (Red) emittance area of 0.03 ! m rad. 

 

 
Magnetic field profile in flux concentrator, field profile Bz =Bmax/(1 + gz). 



Polarised Positron CapturePOLARIZED POSITRON CAPTURE 
 

            
 

             
 

Initial distribution of positrons generated by 11.7 MeV ! – flux. 

 

 



Capture and 
Acceleration

 

 

 
(Blue) initial distribution of polarized positrons generated by (top) 10.7 MeV !-flux, (middle) 30 MeV !-

flux, (bottom) 60 MeV !-flux, (Red) positrons accepted at 1.98 GeV, (green) area of 0.03 " m rad. 

10.7 MeV photons

30 MeV

60 MeV

blue: initial e+ 
distribution 
generated
red: at 1.98 GeV
green: 
0.03 π m rad



Transverse Acceptance
Transverse Acceptance Cut

Cut at γAx + γAy = 0.04



Conv. Source/Undulator
Conventional & Undulator Source Bz = 0.24 T

Conventional Source / Undulator Source Bz=0.24 T

0% 5% 10% 15% 20% 25% 30% 35% 40%

raw yield

longitudinal cut 10 mm

momentum cut +/- 2
0 MeV

acceptance cut  0.04

acceptance cut  0.02

acceptance cut  0.01

capture efficiency



RF Structures for Source
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L-Band Test 
Stand @ SLAC

detailed discussion of gradients 
and cavity structures (J. Wang)



Positron Pre-Accelerator
NC design 
(V.Paramonov)

particle loss

Capture 
efficiency 
(V.A. Moiseev)

BDS
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Summary

Baseline options

Helical Undulator

Conventional Source

Polarisation

Pol ⇔ Luminosity has to be clarified


