WG3a ILC Positron Source Type Recommendations:

1. Helical undulator-based source as baseline

2. Development of laser Compton source design for consideration as an alternative

3. Halt further development on the conventional design with recognition that the conventional system is a back up for the baseline system. 


Revision 7: September 13, 2005

Abstract: There are three possible positron source designs, two of which, “conventional” and “undulator-based” are considered mature enough to be considered for the ILC baseline and the third, “laser-Compton”, which could be an alternate ILC positron source if major design issues are resolved. This working group recommends that the undulator-based positron source with a “keep-alive” addition be adopted as the ILC baseline. This working group further encourages more work on the laser-Compton scheme to resolve outstanding technical issues and recommends no more R&D on the conventional source at this time. 

The description, performance specifications and general layout for the undulator-based ILC positron system are described here. A discussion of the reasons for recommendation is also included.

Baseline System

Parameters

Table 1: Undulator-based positron system parameters:

	Parameter
	Value
	Units

	Positrons per bunch
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	Bunches per pulse
	2820 (5600) †
	number

	Pulse Repetition Rate
	5
	Hz

	Positron Energy
	5
	GeV

	Electron Drive Beam Energy Range
	150-250
	GeV

	Electron Drive Beam Energy Loss
	2.1
	GeV

	Undulator Period
	10
	mm

	Undulator Strength
	1
	-

	Undulator Type
	Helical
	-

	Undulator Length (unpolarized source)
	65
	m

	Photon Energy (1st harmonic cutoff)
	11-30
	MeV

	Max Photon Beam Power (unpolarized source)
	95
	kW

	Target Material
	Ti-6%Al-4%V
	-

	Target Thickness
	0.4
	r.l.

	Max Target Absorption
	7
	kW

	Incident Spot Size on Target
	0.75
	mm, rms

	Positron Polarization (upgrade)
	60
	%


† Low Q Parameters

Layouts, Schematics & Figures: 
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Figure 1: Overview of Undulator Based Positron Source in which the undulator is located at the end of the electron main linac
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Figure 2: Capture efficiency vs edge emittance (damping ring acceptance) for a conventional source assuming 1% energy acceptance of the damping ring. The red line indicates the required efficiency for 1.5 positrons per electron at the damping ring.
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Figure 3: Capture efficiency vs edge emittance (damping ring acceptance) for an undulator based source assuming 1% energy acceptance of the damping ring.
Undulator-Based Positron Source Description:

Table 1 lists the performance requirements of the ILC undulator-based positron system and outlines key aspects of the system. The undulator based system uses a 65 m long helical undulator placed at the end of the ILC electron linac. The ILC electron beam passing through this undulator generates circularly polarized photons. The photons pair-produce in a relatively thin, high strength Ti-alloy target. The positrons from this process are collected and accelerated up to the damping ring energy of 5 GeV. A yield into the damping ring of 1.5 positrons per electron through the undulator has been chosen for the design as an operational safety factor. This overhead is manifested in extra photon beam power incident on target and in the power and peak energy handling capabilities of the pair-production target system as well as the power load considerations of the downstream capture systems.

Figure 1 shows the undulator located at the end of the electron main linac. The undulator will consist of a number of identical segments, each segment being several meters long. The active length of the full undulator is 65 m. The example helical undulator parameters used are K=1, and a period of 10 mm. This undulator system is designed to operate over a range of electron drive beam energies of 100-250 GeV. In order to describe undulator operation, the ILC linac energy can be divided into ranges of below 100 GeV, 100-150 GeV, and 150 GeV and above.  At 150 GeV ILC beam energy, operation of the full undulator provides an overhead factor of 1.5 in the estimated captured positron yield. Operation at higher drive beam energies can generate more photon beam power and positron yield can be controlled by turning off the requisite number of undulator segments. In the energy range of 100-150 GeV, the number of positrons produced is limited by the gamma beam energy which decreases by a factor of about 2 at 100 GeV as compared with 150 GeV. For ILC operation below 100 GeV, a bypass line at the 100 GeV point in the main linac permits operation of the upstream portion of the linac in the energy ranges of 5-100 GeV; an additional electron source is used in conjunction with the downstream portion of the electron linac to produce a 150 GeV drive beam for full positron intensity production. An undulator-based source with the parameters of Table 1 can be operated up to 1 TeV c. m., however, the efficiency of the positron production (i.e. the number of produced positrons per GeV drive beam energy loss) is reduced at higher energies since the photon energy increases while the pair production cross section stays constant. Hence it is desirable to exchange the undulator at some point to recover efficiency. An important constraint is the separation of the photon and electron beam without emittance growth at higher energy. Additional length can be gained when the undulator is exchanged (or sections are removed) since only a short undulator is required at higher energies.

A key feature of the undulator based source is the capability of producing positrons with a longitudinal polarization of about 60%. The upgrade to a polarized positron source is easily achieved through the addition of ~120 m more undulator, photon collimation, and spin rotators as appropriate.

Photons are converted in a rotating target wheel of high strength Ti-alloy. Positrons are captured downstream in an L-band RF linac operating at a nominal gradient of 15 MeV/m. After acceleration to 250 MeV, the captured positrons are separated from captured electrons in a magnetic chicane and injected into the 4.75 GeV booster linac for acceleration to the full damping ring energy of 5 GeV. The booster linac is a standard ILC L-band superconducting system operating at a gradient of about 25 MeV/m.

A “hot spare” positron conversion target and capture system is included in the design to enhance system availability. A keep alive source has been included in the design to add flexibility during commissioning, reduce the loss of machine time due to downtime (scheduled or otherwise) of the primary electron beam, and provides a source of polarized electrons for e-e- and  ILC options. Various possible options for the keep-alive exist, but the parameters of such a source need better definition.

Discussion


The helical undulator based positron source has been recommended for the baseline configuration since it offers the greatest certainty of meeting the required positron source design specification. This statement is justified by consideration of the following points:

Target Design 

The photon beam power absorbed by the target is much less than for the conventional scheme. The conventional target will absorb ~53 kW of average power whilst the undulator target will absorb a maximum of 7 kW. A consequence of the high power on the conventional target is that it must be rotated at very high speed (360 m/s at the outer edge) whereas the undulator target moves with a tangential speed of only 100 m/s. The undulator target operates at half its fatigue stress limit whereas an equivalent conventional target would operate at almost its limit. The present target design has a lifetime of 1 year, limited by radiation damage. A number of techniques exist to increase target lifetime if needed.

Beam Size on the Target

The undulator based source is insensitive to anticipated variations in the photon spot size on the target [EuroTeV-2005-15-1, K Floettmann]. By contrast if the spot size were to double on the conventional target, the yield would drop by a factor of two [Report on ANL Positron Source Studies, W Gai, WG3a, Snowmass 2005]. Although such gross beam size changes are unlikely, this sensitivity will lead to jitter in the positron intensity delivered to the damping ring. 

Radiation Levels

The positron target needs to be installed in a shielded area with remote handling capability. Similar facilities are presently used at neutron spallation sources and they require complex engineering solutions to implement them. The undulator photon beam impinging on the target produces an order of magnitude fewer neutrons [Radiation aspects in positron sources, S Riemann, Daresbury Workshop, April 2005] and less activation than an electron drive beam of a conventional source and this will make the target vault and shielding simpler to engineer. 

Positron Capture Efficiency

The interaction of the photon beam with the target produces a higher positron phase space density than a conventional system. The consequence of this higher phase space density is that capture of the positrons into the damping ring is much more efficient. The efficiency of positron capture for the undulator-based source is 3 to 5 times larger than for the conventional source as can be seen by comparing Figures 2 and 3 above [EuroTeV-2005-15-1, K Floettmann].

Thermal Load on Capture RF Systems & Optics

The nature of the drive beam (photons or electrons depending upon the scheme) interaction with the target causes some particles to be dumped into the capture system equipment. In the undulator source the systems will have to cope with a maximum heat load from this process of 8 kW/m, in the conventional system the heat load is 75 kW/m. By comparison, the RF heating in this linac is about 33 kW/m.

Damping Ring Acceptance

At present the damping ring acceptance provided by WG3b is 2(J=0.09 m-rad, in both horizontal and vertical planes and the maximum energy acceptance is ±0.5%. This acceptance is adequate for both the conventional and the undulator designs. However, the smaller positron emittance generated by the photon beam provides significant margin in this acceptance whereas the conventional scheme has little margin (except for the explicit design specification of a yield of 1.5). If the damping ring acceptance were to be reduced during the design phase or found to be less than anticipated during the commissioning phase then the undulator scheme will be able to cope with this better than the conventional scheme.

Availability

An availability study has been carried out by GG3 and this has demonstrated that the availability is essentially equal for the undulator and conventional sources, provided that a so-called “keep-alive” source is included in the undulator scheme [LC Availability Simulation Results, T Himel, GG3, Snowmass 2005]. This keep-alive source is not well specified as yet and several options were considered by GG3 concerning the bunch intensity and frequency.

Polarisation
Polarised positrons are presently specified as an option for the ILC. The undulator based source provides a straightforward method of generating polarised positrons when they are required. With a 186 m long undulator and photon beam collimation the required polarized positron intensity can be produced down to 150 GeV beam energy. Note that the undulator system layout is sized to accommodate this 186 m of undulator so that it can provide a yield of 1.5 for this polarized running. In fact, at 250 GeV electron drive beam energy the initially installed undulator (65 m) is already long enough to provide polarized positrons. During non-polarised running the number of photons hitting the target will be greater and so the undulator based source has the potential to produce many more positrons than are presently asked for in the design specification. This is another example of a significantly higher design margin over the conventional source.

Location of the undulator

The undulator has been placed at the end of the main electron linac. This takes advantage of the machine protection system, offers a factor of 3 additional safety margin when operated at 250 GeV (normally undulator modules will be turned off in order to generate only the required positrons), allows a higher polarisation level to be achieved at high beam energies and has reduced tunnel length requirements. Tuning requirements of the system when the electron beam energy is altered are negligible compared to the tuning effort required for the rest of the machine. [Positron Source Location, K Floettmann, WG3a, Snowmass 2005]. Steering elements in the undulator system would need to be altered in a similar manner as to those in the main linac system.

R&D Topics for the Undulator-Based  ILC Positron Source

The following topics have been identified by the working group as requiring further R & D. Organisations who have already expressed an interest in pursuing these topics are shown in brackets.

Undulator prototype

A prototype undulator segment should be constructed with the ILC parameters to confirm that the field strength and quality requirements can be met (Daresbury/Cornell).

Collimator

An engineering solution is required for the collimator systems (Liverpool/Desy/Cornell).

Target module

A prototype target system should be constructed to confirm that the design parameters can be achieved and also checks of radiation hardness

(Liverpool/Livermore/Slac/Daresbury).

Vault and remote handling

Consideration needs to be given to the target vault and remote handling systems (Livermore/Liverpool/Slac).

Capture optics design

The capture optics design needs further study to optimise the efficiency of the system (Argonne/Slac/Cornell).

Capture RF component power handling capability

An engineering assessment is required to optimise the power handling capability of the capture RF system (Slac/Desy).

Keep alive/commissioning positron source requirements

The keep alive source requires a clearer specification before detailed studies can begin (Slac/Desy and members of Global Group 3).

System layout

A fully optimised positron source system layout is required (Slac/Desy/Daresbury/Cornell).

Upgrade scenarios (polarization and machine energy)

Attention needs to be given to the envisaged upgrade scenarios of ILC (Slac/Desy/Daresbury/Cornell).

Fast ion instability in the undulator

The fast ion instability should be studied in more detail to help to set the vacuum requirement (Slac).

Stabilization Schemes
Stabilisation schemes should be investigated since these could enhance the performance of the source (Cornell/Slac/Desy/Princeton).

Spin tracking
Detailed checks should be carried out to confirm the high polarisation levels can be achieved at the interaction point, this is not specific to the undulator scheme and is also a requirement for the electron source (Liverpool/Desy/Durham/Slac).

Polarimetry
Possible methods for measuring the polarisation levels produced should be investigated, this is not specific to the undulator scheme and is also a requirement for the electron source (Desy/Humboldt/Slac).

Alternative System

The Compton scheme can also generate the high intensity positron beam which meets the ILC requirements with some margin. In contrast to the undulator scheme, the Compton scheme has advantages as follows;

· It is a completely independent system from the electron arm. It avoids complex interference between two arms that is important feature especially for the commissioning. This is also important for good availability of the collider.

· Because of the independency, there is much flexibility to change the beam structure, intensity, etc.

· The performance can be much improved by introducing some new technology, e.g. more powerful laser system, more precise high-gain optical cavity,etc. These improvement can be made after enough confirmation of the new technology in the laboratory without any risk.

· Because the operation is completely independent from the electron linac, there is no limitation at the lower energy operation. The collision at the energy from 5 GeV up to 250 GeV (500GeV eventually) can be easiliy made without any cost. On the other hand, in the undulator scheme, the energy spread is larger and/or the luminosity is lower at some energy region.

· The injection scheme is totally different from that of the undulator scheme. Any fast kicker, which is one of the most difficult device in ILC injector, is not necessary.

· It can generate the polarized positron. The polarization depends on the laser helicity which can be switched pulse by pulse. This polarization switching is very important for the physics experiment. It is hard to switch pulse by pulse the polarization in the undulator scheme requiring an extra section to implement the switching.

Addition to these advantage, the critical elements of the Compton scheme can be demonstrated prior to the real construction and partly demonstrated already. Then the Compton system can be developed step by step. This feature is remarkable in contrast to the undulator because the undulator scheme is hard to demonstrate with a reasonable scale prior to the construcution. Even these advantages compare to the undulator scheme, the Compton scheme is still in an initial stage to develop the real ILC positron source because a high current electron beam needs to be produced and a high power multi-bunch laser scheme is needed. However, this concept is so attractive that the people keep their aggressive R&D efforts towards the well matured design based on the Laser Compton scheme.

The conveners encourage their R&D efforts to develop this attractive concept as a potential alternavtive of the ILC positron source.

Compton Scheme Design

The Compton based polarized positron source [1] consists of (1) an electron linac which is the injector of the Compton ring, (2) a electron storage ring named Compton ring, (3) a laser which send laser beam to pulse stacking cavities, (4) laser pulse stacking cavities which are installed in a straight section of the Compton ring, (5) conversion target and capture section, (6) positron injector linac, and (7) a damping ring.

Now two versions of design are under consideration. One uses CO2 laser and the other uses YAG laser. The former is called CO2-version, and the later is called YAG-version. In following description, the number corresponds to CO2-version is firstly shown in each statement, then that of the YAG-version is shown in parentheses.

Compton ring is a high current electron storage ring. The energy of the ring is 4.1 GeV (1.3 GeV). The ring has long straight section in which 30 laser stacking cavities are installed. The circumference of the ring is 649.2 m (276.7m). Two trains are (one train is) circulating in the ring. In both CO2- and YAG-versions a train consists of 280 bunches with bunch-to-bunch spacing of 3.077 n sec, and the bunch population is 6.2E10. An electron linac which energy is 4.1 GeV (1.3 GeV) is employed to inject electron to the Compton ring. The linac is not necessary to be high current, because electron population loss due to Compton scattering is negligible. The collisions of electrons circulating in the Compton ring and photons stored in laser stacking cavities create polarized gamma rays. In one turn of the Compton ring, 280 (280x2) gamma ray bunches are created. Polarized positrons are created from those gamma rays on thin (~0.5 X0) target, then positrons in the high energy side of the spectrum are corrected in the capture section.

Each laser stacking cavity stored a photon bunch which energy is 210 mJ (600 mJ). The laser stacking cavity is designed to have enhancement factor of 100. Thus, each bunch of laser beam delivering from a laser should have energy of 2.1 mJ (6.0 mJ). The laser operates at 100 Hz and each pulse of laser contains 3.6E4 (2.9E4) bunches with bunch-to-bunch spacing of 3.077 n sec. The duration of the laser pulse is 110(s (90(s). Single laser provides a laser beam to 30 stacking cavities in daisy chain. The laser operates at 100Hz, thus laser cavities are filled by photons every 100ms.

Then positron injector linac accelerate positrons up to 5 GeV. A cold linac is employed. The linac is almost identical to the main linac, except that the injector operates at 100 Hz. Since the linac operates at 100 Hz, necessary cooling power per module is 4 times larger than that of main linac. However, the excess of total cooling power of the collider is not significant. After acceleration, positrons are sent to the damping ring. In the Compton scheme the damping ring has two functions: stacking and damping. Actually, main damping ring itself is the ideal choice of stacking ring, because it can store full number of positron bunches, it can be designed to have short damping time of ~10 m sec, and it has large longitudinal bucket area. The circumference of the damping ring is chosen to be 3247 m (2767 m), which is 5 times (10 times) larger than that of the Compton ring. The damping ring stores 10 trains with inter-train gap of 133 n sec (61 n sec).

The procedure of collision in the Compton ring and positron stacking in the damping ring is as follows. The collisions with laser photons make negligible loss of electron population in the Compton ring, however collisions make bunch lengthening. Due to bunch lengthening, number of gamma rays created by collisions decreases as a function of turn number. Therefore number of gamma rays becomes practically zero, if laser photons always exist in cavities. Pulse mode operation is applied to cure this problem. Laser cavities are filled by photons only in 110(s (90(s). This corresponds 50 (100) turns of the Compton ring. Then laser is turned off in ~9.9ms of cooling time. In the cooling time, electron bunch length become shorter and go back to primary length. Average number of gamma rays per turn is 1.8E10/bunch (1.4E10/bunch) in the energy range of 23-29 MeV. Then the average number of positrons is 2.4E8/bunch (1.9E8/bunch). 50 (100) turns of the Compton ring corresponds 10 turns (10 turns) of the damping ring. During this 110(s (90(s), injection to the damping ring continues and 10 times of stacking in each bucket are made in the damping ring. This stacking is performed using large longitudinal phase space of the damping ring. After the first injection, there is a ~9:9ms of damping time which corresponds the cooling time of the Compton ring. In a ~9:9ms, the area in the longitudinal phase space occupied by injected positrons is damped to the size which is small enough to accept the next injection. Since the laser operates at 100 Hz, next injection starts at this timing. This alternate cycle of injection and damp is repeated 10 times. Therefore, 100 times of stacking in each bucket are made in total. At this moment, the damping ring still has 100ms which is enough to make the emittance of positron beam fully damped. The simulation shows that the average stacking loss is 18%. Taking this into account, total number of stacked positrons in the damping ring is 2.0E10/bunch (1.6E10/bunch).

Compton Scheme R & D
There are several important components and technologies for the Compton scheme. Among of them, a couple of essential components were already demonstrated in KEK-ATF as follows,

· High gain laser cavity[2],

· The Compton scattering to yield enough gamma rays[3] with polarizaion[4], and to yield polarized positron[5],

that means the proof of principle of Compton scheme is reasonably confirmed. There are several issues to be studied for the Compton scheme as follows.

· High current Compton Ring.

· Positron beam stacking into the main DR.

· High power CO2 or YAG laser system.

· Control the chain of the laser cavities.

R&D Plans for these items are under scheduling as international collaboration. Regarding to .High current Compton Ring.[6][7] and .Positron beam stacking into the main DR., since we have developed of full beam tracking simulation code, research of the realistic values on beam parameters will be finished within one year. Then, parameters on laser systems and laser cavity will be redetermined.

On the other hand, we already started the design of the double chain of the YAG laser cavities and the installation will be planned at ATF. Test of laser focus to 5(m will be established at the center point in the cavity in this JFY and we will install the double chain of the laser cavities into ATF damping ring next JFY and generate gamma rays for the demonstration.

Another challenge of our scheme is the necessity of high power and high quality laser. For the YAG-version, we have to develop long laser pulse amplification system using commercial available components. In the R&D program, both flash lamp excitation and solid state excitation are under consideration for this long pulse operation. Furthermore, the study to make the pulse stacking cavity which has higher enhancement factor[9], which reduce requirements to the laser. For the CO2, slicing of a long laser pulse into multiple bunches is the point. Essentially, the technology of slicing is already established[10]. However, in the Compton scheme, we need many bunches, thus heat load of the Ge-plate is not negligible. The engineering study to cure this problem is necessary.

Essential hardware R&D's are almost on scheduling and the results will be demonstrated within two years.
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Conventional ILC Positron Source Overview 

Abstract: The performance specifications and general layout for the conventional ILC positron system are tabulated. A sketch of the conventional system is included along with a discussion of the basic requirements.

Table 1: Positron System Parameters lists the performance requirements of the ILC conventional source for unpolarized positron production. 

	Parameter
	Symbol
	Value
	Units

	Positrons per bunch
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	Bunches per pulse
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	2820 (5600) †
	number

	Pulse Repetition Rate
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	5
	Hz

	Positron Energy
	E0
	5
	GeV

	Electron Drive Beam Energy
	Ee
	6
	GeV

	Electrons per bunch
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	Electron Drive Beam Power
	Pe
	270
	kW

	Target Material
	-
	W-23%Re
	-

	Target Thickness
	Lt
	4.0
	r.l.

	Target Absorption
	-
	14
	%

	Incident Spot Size on Target
	i
	2.0
	mm, rms


† (Low Q)

1.
Schematic of Conventional  Source 
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For the conventional source, 6 GeV electrons are targeted onto 4 r.l. thick, high Z, high strength W-Re alloy for positron production. The single target is possible, but the operating point is near of the fatigue limit with the exreamly high tangential speed, 360m/s[1].  Multi-target system relieve these tight operation conditions. If four targets are assumed, the thermal stress made by the injected beam could be half of the fatigue limit with the moderate rotation speed, 180m/s. To distribute the electron beam bunch by bunch for the four target statios,  650 MHz RF kicker driven with 1MW input RF power is employed. The kick angle is expected to be 1.0 and 20.0 mrad for 6GeV and 250 MeV beams respectively[2]. These kick angles are likely to be enough to make the separation, but the  detail design has to be made eventually. The bunch spacing of the electron beam in the driver linac is expected to be 300ns or 150ns, that is clearly much larger than the bunch spacing in the warm option case, 1,4ns. Originally, this separation scheme is proposed by NLC/GLC positron production with this small bunch spacing[3]. Therefore, there is no question to apply this technology to the bunch flipping. 

By assuming four target stations, 3nC electron beam comes every 1200ns on each station. That makes a thermal heat stress corresponding to half of the fatigue limit on the target. The tangential target rotation speed is assumed here to be 180 m/s corresponding to 1800 rpm rotation with 1m radius. 

Positrons are collected by AMD (Adiabatic Matching Device) and captured downstream in an L-band RF linac operating at a gradient of about 15 MeV/m. After acceleration to 250 MeV, the captured positrons are separated from captured electrons in a magnetic chicane. The beams from the four lines are then merged by RF-kickers which is identical to that used in the separation section.  The emittance of the generated beam can be expected to be 0.04 m.rad which is much larger than that of the injected drive electron beam. However, the energy is only 250 MeV which makes the kick angle larger up to 20mrad. Accounting the energy difference, the same kicker system can be used both separation and merging with a same drive power, 1MW. 

The positron beam is injected into the 4.75 GeV booster linac for acceleration to the full damping ring energy of 5 GeV. The booster linac is a standard ILC L-band superconducting system operating at a gradient of about 25 MeV/m.

A positron production overhead factor of 1.5 has been chosen for the design as an operational safety factor. This overhead is manifested in extra electron drive beam power incident on target and in the power and peak energy handling capabilities of the converter target systems as well as the power load considerations of the downstream capture systems. 

2. Advantages and disadvantages of the conventional scheme

The primary advantage of the conventional scheme is the system simplicity. Because there is no interference to the electron system, the operation can be completely independent. The positron energy at the interaction point can vary from 5 GeV to 250 (500) GeV without any difficulties.  There is no limitation on the beam structure unless too much thermal stress on the production target.  Those features are very important especially at the initial commissioning because the commissioning can start immediately after the construction. 

The construction cost is cheaper than other method. U.S. Linear Collider Technology Options Study report published in 2004 mentioned that “replacing the undulator-based source with a conventional source results in a cost savings of about 2% of the total project cost” (Chap 2.6.5) [4]. In this report, the undulator is placed at the middle of the main linac where the beam energy is 150 GeV.  

Addition to those advantages, this technology is historically well established because  this scheme has been used in many facilities to generate the positron. That is why it is called conventional. Even though, it is true that the operation condition of ILC conventional positron source is much different from any existing positron source and it is not “conventional” at all. However,  the issues are mostly concentrated on the rotating target which can be examined prior to the real construction with a prototype.  If the rotating target is implemented successfully , there is no doubt for the conventional scheme.   

Unfortunately, there is no possibility to generate any polarized positron with this scheme. The polarized positron is currently classified as one of the desirable options, but the physics demand for the polarized positron might be raised eventually.  In that case, an upgrade option for the polarized positron has to be considered. 

Electrons from the drive linac are available to add flexibility during commissioning, reduce the loss of machine time due to downtime (scheduled or otherwise) of the primary electron beam, and provides a source of polarized electrons for e-e- and ILC options. 

3. Issues for the Conventional ILC Positron Source

The following list shows issues on the conventional scheme which will be taken as R&D efforts. Some of them depend on the external criteria like demend for the polarized positron , polarized electron for the future options, etc.

As already mentioned, there is no principal difficulties on the positron production in ILC format with this conventional method. Most of the issues are only the detail designs.  

· Is positron polarization required as an upgrade option

· Are polarized electrons required for e-e- and ILC options

· Drive beam energy-current optimization

· Number of targets 

· Target station design

· Design of the beam line  for the bunch by bunch based beam flipping section.

· Develop the RF kicker for beam separation and merging.   

· AMD design

· Capture rf component power handling capability

· Initial deceleration rather than initial acceleration

· System layout

· Maintainance scenario for any accidental fairlures in the target station and the caputure section. 
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[4]U.S. Linear Collider Steering Group Accelerator Sub-committee, Linear Collider Option Task Forces, “U.S. Linear Collider Technology Options Study”, 2004 http://www.slac.stanford.edu/xorg/accelops/
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