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Abstract . . .
Table 1: Undulator parameter options. Yield and polari-
CLIC will need of order10™ positrons per second to sation are calculated taking capture RF and damping ring
achieve its specified luminosity [1]. An undulator basedicceptance into account.

scheme has been proposed as one of the options for the Option1l  Option 2
positron source to meet this challenge. As CLIC may op-Electron energy in undulator 150GeV 250 GeV
erate over a wide range of energy (from 0.5 TeV to 3 TeV Undulator period 11.5mm  11.5mm
centre of mass), there is a large scope to push the perfobeflection parameter 0.92 0.92
mance of the whole system to reach high efficiency. We re-Undulator length 100 m 32m
port on the undulator parameters and optimisation of com-Average photon energy 10.5MeV 29.7 MeV
ponents of the source, focusing on the undulator, and thd®ower deposition in target 3.3kW 1.8kW
adiabatic matching device. In addition to maximising the Positron yield 15 15
positron yield, the polarisation of the positron beam igals Positron polarisation 33% 24%
considered.

plan to operate CLIC in stages, with collision energy in-
INTRODUCTION creasing from 0.5 TeV initially, to an ultimate goal of 3 TeV.

An undulator-based scheme has long been the baseline
choice for the positron source for the International Linear UNDULATOR PARAMETERS

Collider [2]. A source of this type has the benefits of pro- i
ducing a beam with an emittance smaller than could be K€y parameters for the undulator include the energy of

obtained from a conventional source achieving the sani€ €lectron beam, and the field strength, period, and over-
production rate, whilst limiting thermal load and actieati all Iength. of the u.ndulator itself. All these parameters af-
of the production target; and also allows for the possibilf€Ct the yield (positrons produced from the source per elec-

ity of producing a polarised positron beam by use of a hdron in_ the_ un_dulator) _and the positron beam polarisation.
lical undulator. However, an undulator-based source h&ZPtimisation is complicated by the fact that there are sev-
the disadvantage of coupling the positron production to tHef@! Possibilities for the CLIC upgrade from 500 GeV colli-
high-energy electron beam. To avoid this disadvantage astPnS t0 3 TeV collisions: for example the upgrade could be
still retain the possibility of producing a polarised pesit  2chieved either by extending the length of the linac, or (in
beam, studies for CLIC have recently focused on a positrdi{inCiPIe) by increasing the linac gradient. In the upgrade
source based on a small electron storage ring [3], in whidie undulator for the positron source could be relocated, or
collisions (Compton scattering) between the electrons agPlaced.
photons from a laser are used to produce gamma rays; thel he upgrade options, and their impact on the undulator
gamma rays are then incident on a target in which positrof@timisation, were discussed in [5]. A high electron beam
are generated by pair production. energy has the advantage of providing a higher yield; how-
However, the Compton-based source is still a noveiver the polarisation is reducepl, and the phqton energy is
idea with many technical challenges. It is therefore of'cr€ased, which can make design and operation of compo-
value, despite the disadvantages associated with COUp”QPms_ downstream of th_e undulator more dlfﬂ_cult. Yield is
the positron production to the high energy electron beam, f§50 improved by reducing the undulator period; however,
consider the use of an undulator-based positron source fB}"€ IS a lower limit of around 10 mm for a superconduct-
CLIC. Some previous studies [4] have indicated the feasifd helical undulator, set by the difficulty of winding the
bility of such a configuration. Here, we present the resul{2lIS- A higher magnetic field also improves the yield; but
of some recent simulations from the undulator to the erl€€ there is an upper limit set by the maximum magnetic
trance of the positron linac following the target and adial€!d that can be produced without quenching the coils.
batic matching device. We focus attention on the positron € most likely upgrade scenario for CLIC is an exten-
yield and polarisation: our goal is to define a parameter s&ion of the linac, with relocation of the undulator for the
that optimises these parameters, taking account of cost R@Sitron source. That allows a range of options for the elec-

sues and engineering constraints, and considering also {f@" beam energy, and other parameters. Two options for
reasonable choices for the undulator parameters, consid-

*Work supported by the Science and Technology Faciliieseitu  ©€fing technical performance and cost issues, are shown in
tlei.zang@stfc.ac.uk Table 1. Note that although in principle, a yield of just one
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Figure 1: Positron yield and polarisation as functions ef thFigure 2: Positron energy spread immediately after the tar-
electron beam energy in 100 m helical undulator. get, for undulator parameters Option 1.

providing a solenoid field that varies smoothly with dis-

positron per electron in the undulator is sufficient, a h'rgheby
from the target:

yield is needed in practice because of losses between fiancez
positron source and the interaction point. B,
In principle, either option could be used at each stage B(z) = 1+az
(for collision energy 500 GeV, or 3 TeV). Option 2 allows 9z
for a shorter undulator because of the better yield from Whereg is a constant “taper parameter”. Key parameters
higher electron beam energy; however, the polarisation fgr the AMD are the initial fieldB,, the value of the taper
lower. The precise requirements for polarisation for thgarameter, and the physical aperture. Because of the nature
physics studies at CLIC need to be understood. of the positron distribution from the target (in particylar
Fig. 1 shows how the positron yield (per 100 m of unthe very wide energy spread), it is not possible to achieve
dulator) and polarisation vary as functions of the electroa perfect match between the target and the solenoid in the
beam energy between 70 GeV and 250 GeV, for fixed utinac. Optimisation of the parameters to achieve a low rate

dulator period §, = 11.5mm) and deflection param- of lost positrons (i.e. a good transfer efficiency) is bestalo
eter ({ = 0.92), defined in the usual way by = by simulation. Tracking studies can also be used to investi-
93.4 B[T] Ay[m]. gate the effect of the AMD on the polarisation of the beam,
although the impact is expected to be small because the po-
ADIABATIC MATCHING DEVICE larisation is predominantly in the longitudinal direction

One difficulty with an AMD is that it produces a high

Photons from the undulator strike a target, and genemagnetic field on the target. The target has to rotate at
ate positrons by pair production. The positrons are adigh speed to spread the energy deposition from the photon
celerated by a linac, in which transverse focusing is prdseam, and the magnetic field from the AMD then leads to
vided by a uniform solenoid field of strength 0.5 T. To min-arge eddy currents, which create an additional thermal and
imise losses, the beam at the entrance to the rf sectibmechanical load on the target. For this reason, the baseline
should have a transverse phase space correctly matchedenfiguration for the ILC [2] specifies a pulsed flux con-
the solenoid field, which means that the phase space digentrator for matching the beam from the target to the first
tribution will simply rotate as the beam moves along theiccelerating section: this simplifies the engineeringessu
solenoid, without any variation in transverse size. A bearhut at the cost of a lower transfer efficiency compared to an
will be correctly matched to a solenoid of field strength AMD. For CLIC, an AMD may be more practical, because
if, at the entrance to the solenoid, the beam is characteristhe different time structure of the beam allows for a sig-
by a beta function with value§ = 2%, whereBp is the nificantly lower rotation speed of the target wheel. Other
beam rigidity. For the case of the po%itron source, it is difoptions for the capture optics include a quarter-wave trans
ficult to specify the beam rigidity, since the energy distriformer.
bution is very wide. However, taking an ‘average’ value Fig.2 shows the energy distribution for the positrons
using a typical distribution, it is found that the transwers produced from the target, using the Option 1 parameter set
phase space distribution would generally be matched toshown in Table 1 for the undulator. Fig. 3 shows the hori-
solenoid field much larger than 0.5 T. Therefore, an optizontal phase space for the positrons immediately after the
cal component is needed to transform the phase spacetaiget. Higher energy positrons tend to have lower values
the exit of the target, to the phase space matched to tfw the transverse co-ordinates and momenta.
0.5T solenoid in the first accelerating section. An adia- Fig.4 shows the variation in capture efficiency with ini-
batic matching device (AMD) achieves this transformationtjal field strength and taper parameter, with fixed aperture
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Figure 3: Positron transverse phase space immediately af-

ter the target, for undulator parameters Option 1. Figure 5: Positron polarisation at the exit of the AMD, as
functions of the AMD initial field and taper parameter, for
undulator parameters Option 2.

tance limitations in the systems downstream of the AMD
leads to loss of some positrons from the beam, anitran
provement in the polarisation.

CONCLUSIONS

An undulator-based scheme appears to be a viable op-
tion for the CLIC positron source. There is a wide range
of parameter options for the undulator, with electron beam
energies in the range 150 GeV to 250 GeV providing good
Taper (perm) B positron yield for reasonable undulator period and deflec-
tion parameter. A higher energy allows for a shorter undu-

Figure 4: Positron transfer efficiency through the AMD, adtor; however, the polarisation is reduced, and there is a
functions of the AMD initial field and taper parameter, for19n€r photon energy, that increases the energy spread of

undulator parameters Option 1. the positrons from the target.
An AMD provides matching of the phase space from the

target to the first accelerating section. With a high initial

of 30 mm for the AMD, and electron beam energy in thdield (6 T), thert_a is a goqd transfer efficiency; .however, the

undulator of 150 GeV. While there is a strong dependen&ldy currents induced in the target by the field from the

on field strength, the effect on the capture efficiency froffMD make the engineering of this system very challeng-

changes in taper parameter is small. As expected, the beHH- For this reason, alternative options for th_e matching

polarisation is not significantly affected by the AMD. Specdevice should be explored, although these are likely to lead

ifying nominal values of 6 T for the initial field strength, t© @ reduction in transfer efficiency.

and 30 nT! for the taper parameter results in a transfer ef-
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