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the key elements of an undulator-based positron source f E 0.06 i | 0'3 o
CLIC: the goal is to consider such a source as an altern ¢ | . \\ 025 %
tive to the present baseline concept. The parameters of t £ Co2 S
undulator and capture device need to be adjusted to cove = 0-04 015 F
range of operating scenarios. We report the results of ce i 0.03 —e+ 0.1 aj
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CLIC is a high-energy linear collider designed for preci-

sion studies of the Higgs boson and other new physics pheigure 1: Positron yield (per meter of undulator) and polar-
nomena. Electrons and positrons will be collided at centrigation as functions of electron beam energy. The error bars

of mass energy up to 3 TeV. In order to achieve the specifigghow the statistical uncertainty in numerical modelling.
luminosity, CLIC will need of ordet0'* positrons per sec-

ond; for some of the proposed studies, the positron beam

will need to be polarised. The required rate of positron pro- 1. fixed undulator parameters, with undulator at different
duction is a factor60 greater than any previous source,  Positionsin the linac, depending on the center of mass
such as the SLC at SLAC. So far, three schemes have €nergy;

been considered [2] for the positron source: a conventional
source, a source based on Compton back-scattering [3], an@"
an undulator-based source. In this paper, we will consider
the undulator scheme, and calculate key performance prop-
erties, including the achievable production rate and polar FIXED UNDULATOR PARAMETERS

isation. The system we consider, from the undulator to . . . ,

the capture optics, is based on the present baseline for IL%WIth fixed undulator perlod and f|e!d streng.th,. the to-
[4, 5, 6] except that we are using an adiabatic matching d gl number of photons emitted pe_r unit length is indepen-
vice (AMD) for positron capture, to maximise the positron ent qf the e_zlectron begm energy,_however, the_photon en-
yield. ergy (in particular, the first harmonic cut-off) will incres,

. which will help to produce more positrons. In principle,
Key parameters for an undulator-based positron sour o .
. . length of the undulator can be reduced with increasing
include the electron beam energy, and the undulator perio .
ectron energy. However, the capture device after the tar-

fixed undulator position, but different parameters, de-
pending on the centre of mass energy.

and field strength. These parameters determine the ph%-

ton flux and energy spectrum incident on the target. Th%et can only capture positrons within a certain angle and

design of the system is complicated by the fact that thg"ergy acceptance window, and this leads to a reduction

collider will be built to operate initially at 500 GeV centre I the number of positrons delivered to the (pre)damping

: : rings, as the electron energy is increased above a certain
of mass energy, then upgraded to 3TeV by increasing tr\]/%lue. Fig. 1 shows the positron yield and polarisation, as

length of the linac. The dependence of the photon prop-~"" " )
erties on electron beam energy may make it unfeasibleT:dnCt'onS of the electron energy from 100 GeV to 600 GeV:

. . . : Ixed undulator period and field strength are assumed.
operate with a given undulator at a fixed location over suc
a wide range of electron energies. Therefore, we need to
consider practical changes to the system that will allow af|€Ctron beam energy
undulator-based source to operate over the envisaged raiggy stage  From Fig. 1, we can see that for electron en-
Qf collider para_tmeters. As an initial step tO\_/vards optimizaergy up to about 350 GeV, increasing the electron energy
tion of the design, we consider two scenarios: increases the positron yield, and potentially allows for a
“This work is supported by the Science and Technology Fasilit s_horter undu_lator. Elacing the undulator at 'Fhe end of_ the
Council, UK linac would, in the first stage of CLIC operations, provide
tlei.zang@stfc.ac.uk a positron yield of about 0.05 positrons per electron per




0.18 0.14 For a given period, we can specify the field strength by
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% \ — Wheremy is the rest mass of electron,s speed of light,

5 0.08 0.06 =)\, is the period of undulator an® is peak field on axis.

g 006 —polarisation 0.04 % In principle, the higher thé< parameter, the greater the

2 004 —e+ 2= number of photons produced by the undulator, and conse-

£ 0.02 002 5 guently the greater the number of positrons. If we choose

0 0 (based on engineering limitations) a period of 10.5mm,

5 7 9 11 13 15 then in order to avoid quenching the superconductor, the

maximum magnetic field is around 1.1 Tesla, i.eK ga-
rameter value of about 1. This matches the baseline design
Figure 2: Positron yield and polarisation as functions of0f the helical undulator in the ILC positron source.
undulator period, for an electron beam energy of 350 Gev, A feasible set of parameters for the undulator in an
The error bars show the statistical uncertainty in numeric&ndulator-based positron source for CLIC is shown in Ta-
modelling. bl

Undulator Period (mm)

o Table 1: Undulator parameters, assuming variable location
metre of undulator, and about 20% polarisation. However,
Centre of mass energy 0.5 3 TeV

reducing the electron beam energy to about 150 GeV would L

allow a polarisation of close to 30%, though at the cost of Bz\émlg tb(raamrie réergy 11052 1305?) ?n(rar:/
reducing the yield by more than a factor of two (i.e. more Fiel(;J(?nOaxFi)se ° 1 1 1 1 T
than doubling the required length of undulator). Undulator strengthi 11 11

Active undulator length 100 40 m

Second stage The second, 3TeV stage allows a wider
choice of energy. However, Fig. 1 shows that there is
a maximum positron yield when the electron energy is
around 350 GeV, and that this provides a relatively low po- FIXED UNDULATOR POSITION

larisation of about 10%. Depending on the specification ) ) )

for the polarisation, the undulator could be placed to use an NOW We consider the use of different undulators in the

electron energy anywhere between 150 GeV and 350 Gelyvo stages of collider operation, but at a fixed position in
the linac. This means that when moving from stage 1 to

Undul stage 2, the energy of the electron beam will increase be-
naulator parameters tween six and ten times. So, if in the first stage, the undu-

The positron yield and polarisation can be optimized, folator is located at the 150 GeV linac position, in the second
given undulator period and field, by moving the undulatostage, the electron beam energy will be at least 900 GeV.
to an appropriate position along the linac. However, if wé\t this energy, assuming the undulator period and field
wish to use a single undulator for both stages of operatioftrength shown in Table 1, the first harmonic cut-off for the
we need to consider the optimum period and field to covdthoton energy will be 400 MeV, which would make design
the energy range. and operation of the target and capture device very diffi-

In general, better performance is achieved for short&ult. One solution is to reduce the first harmonic cut-off
undulator periods. However, for period, < 10mm, it 1O 10 MeV by changing the period and/or field, and use the
becomes increasingly difficult to wind the superconductof@me target and capture device.
into a helix [7]. Despite this engineering limitation, wenca ~ The first harmonic of the undulator radiation is given
still consider in simulations, periods from 6 mm to 14 mm (0n-axis) by:

2v%wo

. . . w1\9:0 ~ 1+ K2 (2
First stage For 150 GeV electron energy, an increase in +
the undulator period from 6 mm to 14 mm leads to a redusvherewy is the circular frequency of the electron’s helical
tion in the positron yield from 0.067 to 0.01; however, theorbit andy is the Lorentz factor of the electron.

polarisation remains roughly constant at about 30%. 9re

Au

~

wo & 3
Second stage In Fig. 2, we show the positron yield and
polarisation as functions of undulator period, for an elecwe see that with fixed(, in order to keep the photon en-

tron beam energy of 350 GeV. Again, shorter undulator peergy fixed, the undulator period needs to be increased as

riods lead to better performance. the square of the electron beam energy. Then, to keep the



0.08 0.3 SUMMARY AND CONCLUSIONS
~ 007 0.25 The range of proposed operating energies for CLIC
% 0.06 éU presents some challenges for an undulator-based source.
E 0.05 - 02 5 It is difficult to find a single location and set of parame-
5 o \ ols -:u ters that will enable the source to operate effectively over
Che 7 & the full energy range from 500 GeV to 3 TeV; however,
>; 0.03 01 § by moving the undulator to a different location, or replac-
g 0.02 —e+ " 2 ing the undulator at a fixed location, the range of working
é 001 —polarisaton 005 S points can be accommodated.
: For the 500GeV stage, an electron beam energy of
0 0 150 GeV could be suitable. With the use of a photon colli-
1.3 1.8 23 2.8 mator, high polarisation can be achieved with good yield

Collimator Inner Radius (mm) and with reasonable undulator length. Furthermore, the

source could be operated with an electron beam energy as
Figure 3: Positron yield and polarisation as functions ofow as 50 GeV. For the 3 TeV stage, it is possible to achieve
photon collimator aperture, for an electron beam energy @figh yield with a short undulator (40 m), although the po-
350 GeV. The error bars show the statistical uncertainty irization would be only about 15%.
numerical modelling. If we assume that the undulator is kept in a fixed posi-
tion, the 150 GeV electron beam energy in the first stage

will increase to at least 900 GeV in the second stage. How-

same_number of_ photons,_the total undulator length neeg%r' the energy and quantity of the photons can be kept

f b(_e |?cr?_aszch|ntﬁroportlgn tofthﬁ e;lectron bea;n ENer%Red by increasing the undulator period, and reducing the

dgam dor 'X?h ' ebnumf er %‘NE Og?ﬁ gengrz\éﬂ,, field (keeping constank’): however, the total length of the
epends on the humber of periasand he perot, as - ,,4ator would then need to increase by a factor of six or

5 )
.NV o N=A,. Therefore,'|f the electron beam energy 'Smore. While it seems feasible to use an undulator-based
increased by a factor of six, to keep the photon energy t sitron source to cover a wide range of operating param-

same, we need to increased the pe_nod by a factor 36, an s for CLIC, further optimisation studies are needed to
keep the total number of photons fixed, we need to redu?ﬁake the upgrades as easy as possible

the number of periods by a factor six. Overall, the length o Optimisation of the optical matching device also needs

the undulator will increase by a factor of six. Assuming 30 be considered. Here. we have assumed an AMD which

total length of undulator of 200 m in stage 1, 600 m will bemaximises the yield by providing a high magnetic field at

needed in _stage 2 WhICh. may be feasible, though IS clear{Me target; however, this makes the target itself a difficult
not attractive. It is possible that a better solution may b ngineering problem

found by relaxing the constraint of keeping undulator pa-
rameterK fixed.
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