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A systematic study of the positron production and capturing yield for the undulatoer based ILC positron source has been performed, we use undulator parameters of k=0.3 -1 , ( = 0.7 – 1.5 cm as the reference design. The yield is defined as number of positrons captured at the damping ring input by a single electron passing through 100 meter undulator length.  In order to accommodate future development we have also examined other undulator parameters including new baseline parameters. Several scenarios are considered here: polarized (60%) and low-polarized positrons, immersed target in magnetic field and non-immersed cases.  

Introduction:

An undulator based positron source has been chosen as the baseline configuration design for the International Linear Collider.  Concepts of the undulator based e+ source were proposed and studied by many people for different purposes[1-5].  In the past years many ideas and undulator configuration were studied[6-7].  Therefore, it is apparent that a systematic study of all the realistic cases for the wide range parameters is needed.  Here we report on this study.  First, we discuss in details of the old standard reference design parameter: k=1 and λ=1 cm and describe the photon spectrum and the e+ yield from each harmonics.  A brief description of the AMD system and capturing accelerator is then given.   Results on the other undulator parameters are followed.  Scenarios for polarized (60%) and low-polarized cases were investigated.  Finally, a concise table is given in the summary section. The target we used here is the “standard” 1.4 cm Titanium target.
1) Photon spectrum and polarizations.

The spectrum of an electron produced photons from a helical undulators is shown in the Figure 1. The spectrum contains many harmonics.  Figure 2 shows the produced a typical photon polarization spectrum.  For photon with the same energy, their polarization could be different if from different harmonic.

For the purpose of positron production, one can not ignore these higher harmonics because they play dominant role in producing positrons in the target, even though their total number is smaller.  A partition of yield contribution from harmonics for polarized positron source using undulator with K=1 u=1cm is given in figure 3.  The 2nd and 3rd harmonics together contribute ~50% of the yield.  The 1st harmonic only contributes ~12%.
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Figure 3. Partition of captured positron yield contribution from the different harmonics.

2) System Layout for the positron production and capturing 

a. Undulator and photon collimator

We use the photon spectrum from the last section, assume a 100 meter long undulator,  a drift distance of 100 – 500 meters. A collimator located in front of the target with various aperture to control the photon spectrum and polarizations. The typical collimator iris is about 2 – 3 mm.
b. Target

Here we use the standard ILC target 1.4 cm thick Titanium for most of our work.  However, we also looked into Tungsten target at suggestion of a collaborator.

c. Optical matching device (OMD or AMD)

For target immersed in the magnetic field, we use 50 cm long OMD, and field strength from 5 Tesla at the target to 0.25 Tesla at the linac. 

For non-immersed case, the distance of ramping up from 0 to 5T also plays an important role in the capture efficiency.  

d. Preaccelerator and superconducting linac

Once beam is captured into the preacelerator, the beam is accelerated to 250 MeV using a conventional copper accelerator. At this point we select the particles meet our criteria (energy, energy spread, and bunch length) and then it is transferred to a standard ILC superconducting Linac to accelerate up to 5 GeV. One of the simulation constraints is not to lose any particles in the SC section. 
[image: image1]The overall layout is shown in Figure 4.
Figure 4. Overall layout of the ILC positron source.
3) Simulation results for the referenced case of k=1 and (cm and 100 meter undulator and immersed target
a. Polarized positron source

 
Here we maximized the yield as a function of drift distance and iris.  The yield is ~ 1.1 e+ / input electron. Figure 5 shows the yield dependence on the drift distance and apertures.
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Figure 5. Yield and polarization changing with collimator settings.

b. Non-polarized source

The simulation is done the same way as the polarized case, except there is no photon collimator used here.  All the produced photons are used to produce positrons.  We maximized the yield as a function of drift distance (although it has a very week dependent).  The maximum yield is ~ 2.2 e+/e-.  One interesting result needs to be mentioned here is that even though we did not collimate the photons, but the captured e+ beam in the end still has polarization of ~ 30%.
4) The yield calculation for different undulator parameters.
Following the same steps we took in the section 3), we examined other undulator parameters.  

a. New baseline parameters: k=0.96 and (=1.15 cm
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Figure 6. Initial Pol. Vs Energy  of Captured Positron Beam
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A new set of undulator parameters is given above. The calculated yield is 0.7 for polarized case with optimization done as before and 1.37 for non polarized case. 
Figure 7:  The yield dependent on the dirft distance: It drops from ~1.37 down to ~1.29 when length of drift increased up to 500m from 50m.  

b. A special case for k=0.3 and (=0.7 cm

By using the standard Titanium target. The yield is 0.39 per 100m for polarized source and 0.54 per 100m for non-polarized source.
Because the special case of interests, we have also considered Tungsten target (2 mm thick).  The yield is better than Ti, but still lower than other reported results. Details will be reported later.
c. Overall trend of undulator parameter dependence
Figure 8 show the yield optimization for (= 1cm and varies k =0.8 – 1. Comparing the case for k=1 and varying the ( (Figure 9).  
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Figure 8 yield (polarized source) as a function of K for fixed u=1cm
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Figure 9. Yield as function of u for K=1
5) The non-immersed target case.
a. OMD parameters

For the non-immersed case, the capture yield is a strong function of the OMD parameters.  Aside from the peak OMD field, the rising slope of magnetic field also has strong influence on the yield.  Here we define a parameter d, the ramp length as show in Figure 10 for the non-immersed OMD field profiles.
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Figure 10. OMD profile of non-immersed case.
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Figure 11.  Normalized yield as function of the length of ramp.
Here we calculated the non-polarized case using the new undulator baseline parameters, case 4). a. As showing in figure 11, the shorter the ramp the better.  3cm ramp can reduce the yield by 30%.
6) Summary

A wide range of parameters has been considered.  The results show that we can meet the required positron yield using the undulator based source for the immersed target case. For the non-immersed case, the yield will depend on the magnet design details and needs to explored further.  The overall results can be summarized in table 1.
	 
	BCD
	UK I
	UK II
	UK III
	Cornell I
	Cornell II
	Cornell III

	Period (mm)
	10.0
	11.5
	11.0
	10.5
	10.0
	12.0
	7

	K
	1.00
	0.92
	0.79
	0.64
	0.42
	0.72
	0.3

	Field on Axis (T)
	1.07
	0.86
	0.77
	0.65
	0.45
	0.64
	0.46

	Beam aperture (mm)
	Not Defined
	5.85
	5.85
	5.85
	8.00
	8.00
	 

	First Harmonic Energy (MeV)
	10.7
	10.1
	12.0
	14.4
	18.2
	11.7
	28

	Yield(Low Pol, 10m drift)
	~2.4
	~1.37
	~1.12
	~0.86
	~0.39
	~0.75
	~0.54

	Yield(Low Pol, 500m drift)
	~2.13
	~1.28
	~1.08
	~0.83
	~0.39
	~0.7
	~0.54

	Yield(60% Pol)
	~1.1
	~0.7
	~0.66
	~0.53
	~0.32
	~0.49
	~0.44
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Figure 2 Photon polarization correlation between energy and harmonic index.
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Figure1 Photon number spectrum for K=1, u=1cm
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