
3. Positron Source Description

Table 3.1 lists the performance requirements of the ILC undulator-based positron system and outlines key aspects of the system. The undulator based system uses a 100m long helical undulator placed at the 150GeV point 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 3.1 shows the undulator located at the 150 GeV point of the electron main linac. There are several layout options for the undulator in the linac (chicane, dog-leg, etc). The undulator will consist of a number of identical segments, each segment being several meters long. The active length of the full undulator is 100 m. The example helical undulator parameters used are K=1, and a period of 10 mm. This undulator system is designed to operate at a fixed electron drive beam energy of 150 GeV with an overhead factor of 1.5 in the estimated captured positron yield. In order to describe undulator operation, the ILC linac energy can be divided into ranges of 50 to 150 GeV and 150 GeV and above. In the energy range of 150 GeV and above an electron beam of 150 GeV is passed through the undulator and the remainder of the linac is used to increase the energy to the value required. For energies below 150 GeV electrons of 150 GeV are still passed through the undulator and the beam is then decelerated in the remainder of the linac to the required energy.
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Figure 3.1: Schematic overview of Undulator Based Positron Source in which the undulator is located at the 150GeV point in the electron main linac. The option of the undulator in a chicane is shown here.
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 ~100 m more undulator, photon collimation, polarimeters, and spin rotators as appropriate.

Photons are converted in a rotating target wheel of high strength, radiation hard, 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. The proposed intensity for the keep-alive source has been specified at 10% of nominal charge.
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	Bunches per pulse
	2820 (5600) †
	number

	Pulse Repetition Rate
	5
	Hz

	Positron Energy
	5
	GeV

	Electron Drive Beam Energy
	150
	GeV

	Electron Drive Beam Energy Loss
	3.23
	GeV

	Undulator Period
	10
	mm

	Undulator Strength
	1
	-

	Undulator Type
	Helical
	-

	Undulator Length (unpolarized source)
	100
	m

	Photon Energy (1st harmonic cutoff)
	10.7
	MeV

	Max Photon Beam Power (unpolarized source)
	147
	kW

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

	Target Thickness
	0.4
	r.l.

	Max Target Absorption
	11
	kW

	Incident Spot Size on Target
	0.75
	mm, rms

	Positron Polarization (upgrade)
	60
	%


† Low Q Parameters

Table 3.1: Undulator-based positron system parameters:

Alternative Positron Source Description

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.

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 nsec, 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.
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