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Abstract ILC UNDULATOR PARAMETERS

An undulator based positron source is a baseline for theThe requirements for the ILC helical undulator have
International Linear Collider (ILC). The HeliCal pheen discussed at the IAZcelerator Workshops and at
collaboration in the UK is carrying out an R&Dthe Global Design Effort Meetings and are presented in

programme on a short period superconducting helicgde |LC Reference Design Report [1]. They are listed in
undulator with the goal to develop modelling, measuringhe following table.

and manufacturing techniques. Several undulator
prototypes have been built and successfully tested. This

paper summarizes the results of the R&D phase of the Table 1- ILC Undulator Parameters

project.
Electron Drive Beam Energy 150 GeV
INTRODUCTION :

The work of the HeLiCal collaboration is focused on Photon Energy (Lharmonic cutoff 10.06 Mev
the development of a superconducting undulator which Photon Beam Power 131 kW
meets the specifications for operation in the ILC (50 Undul T helical
GeV e'e interactions in the first stage). ndulator Type clica

Following selection of superconducting technology for| Undulator Period 11.5 mm
the ILC undulator in 2005, the collaboration started & Undulator Strength 0.92
R&D programme to develop the short-period )
superconducting helical undulator. At this stage of the Field on Axis 0.86T
project, several short prototypes with lengths 300 to 500
mm were built and successfully tested. As a result of the Béam Aperture 5.85 mm
R&D phase, the; technology was devgloped WhiCh_\Undulator Length 147 m
allowed us to achieve the parameters required for the IL

undulator and to proceed to build a full scale 4-m long
undulator module.

The outcome of the R&D phase, including design
construction and test results of the superconductin UPERCONDUCTING UNDULATOR R&D

prototypes are presented in this paper. Aim of R&D Phase

In 2004 the HeLiCal collaboration launched an
extensive R&D programme with the goal of developing
construction techniques applicable to manufacture a 2 m-
long superconducting helical undulator section, which can
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be used to build a full-scale undulator module for the ILC
positron source. This phase of the project is now
complete, the group is currently working on the design
and manufacture of the first 4-m long undulator module.

TO2 Lepton Sources
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scale prototype and it was used to check manufacturing

Magnetic Modelling . o -
Intensive magnetic modelling was carried out, asapiﬁcm'que and winding geometry before building the

of the R&D programme, in order to select the windin oné;elr tundulaté)rlsecﬂo?i reqwt[e? for thle ;rst Ju”'sct";le
geometry of the undulator. ndulator module. Unlike prototypes 1-3 where the

; X . . ouble helical groove was cut onto the bored former rod,
Morg information on the magnetic modelling can b he formers of the prototypes 4 and 5 were assembled by
found in [2]. : . . .
mounting two iron springs onto the copper bore tube. This
Fabrication R&D

technique has been adopted for the fabrication of 2-m
An extensive R&D programme has been launched {

gng undulator sections.
develop fabrication techniques suitable for producing 2-
m long sections of short-period helical undulators. The
issues of machining undulator formers with a precision of
50 um or better, incorporating a beam pipe into the
former, developing winding and vacuum impregnation
techniques were addressed.

SHORT UNDULATOR PROTOTYPES

In order to test the techniques developed during the
manufacture R&D, 5 short undulator prototypes with a
length of 300 mm and 500 mm have been built. The final
prototype 5 was re-wound and re-impregnated with an
improved technique and tested as prototype 5
Parameters of the short prototypes built and tested, are

listed in Table 2. . - .
. The quality of the winding technique was checked b
Prototypes (Fig. 1) are wound onto the formers Suc&ctioncilng gf prototype 29 whereqthe actual winding

that the _Windings_ form a double helical V\_/inding .Wit.h eometry was measured. The cross section of winding is
currents in opposite directions. Some details of Wlndlnghown in Fig. 2

technique are described in [3]. Prototypes 1- 4 were
wound with a superconducting wire having a copper-to-
superconductor ratio of 1.35:1 while the final prototypes 5
and 5’ use wire with the ratio of 0.9:1, this allowed for an
increase in the operation current. The superconducting
wires are glued into a ribbon which is used to wind
undulators on a specially developed winding machine.
Prototypes 1 and 2 have a period of 14 mm and
magnetic bore of 6 mm and are wound onto aluminium
formers. Prototypes 3 and 4 have a shorter period (12
mm) and differ only in the former material ( aluminium
and soft iron respectively), these were used to study the
effect of magnetic material and to compare the measured
field with the magnetic modelling results. Prototype 5 is a
short version of the final geometry selected for the full

Figure 1: Prototypes 1 to 4.

Figure 2: Prototype 2 winding cut.

Table 2: Parameters of Short Prototypes

Parameter Prototype 1 Prototype 2 Prototype 3 Prototype 4 Prototype 5 Prototype 5’
Prototype goal Winding Check effect of| Prototype with | Check effect of| Prototype with| Quench study
technique mechanical | reduced period iron the final period | with improved
verification tolerances impregnation
Length 300 mm 300 mm 300 mm 300 mm 500 mm 500 mm
Former material Aluminium Aluminium Aluminium Iron Iron Iron
Winding period 14 mm 14 mm 12 mm 12 mm 11.5mm 11.5mm
Winding bore 6 mm 6 mm 6 mm 6 mm 6.35 mm 6.35 mm
Magnet bore 4 mm 4 mm 4 mm 4.5 mm 5.23 mm 5.23 mm
Superconducting Cu:sC Cu:sC Cu:sC Cu:sC Cu:sC Cu:sC
wire 1.35:1 1.35:1 1.35:1 1.35:1 0.9:1 0.9:1
Winding 8-wire ribbon, | 9-wire ribbon, | 7-wire ribbon, | 7-wire ribbon, | 7-wire ribbon, | 7-wire ribbon,
8 layers 8 layers 8 layers 8 layers 8 layers 8 layers
03 Linear Colliders, Lepton Accelerators and New Acceleration Techniques TO2 Lepton Sources
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After winding all the prototypes were vacuum216 A which was far below the measured quench current
impregnated with epoxy resin. In prototypes 1-4 the eraf 315 A.
regions were loaded with glass micro spheres to redu
the volumes of clear resin and eliminate cracking. This @euenCh Study
evident from the tests of the prototypes 5 and 5'. The testThe quench current was measured for prototypes 4, 5
of prototype 5 which had no micro spheres in the resiand 5, see Table 2. It is found that prototype 4 wound
showed visible cracking after cool down whilst thewith 0.44 mm Vacryflux superconducting wire with
prototype 5’ impregnated with micro spheres, did not.  1.35:1 copper-to-superconductor ratio, quenches at 230 A
while the quench current of prototype 5 wound with
R& D PHASE RESULTS Supercon 0.44 mm wire with 0.9:1 Cu-to-SC ratio is 315
A.
Field Achieved The prototype 5 quench study indicated a training
Field profile was measured by using a Hall prob@rocess for this prototype which was eliminated by an
moved by a stepper motor through the bore of thH@WProved impregnation technique in the prototype 5’ as
undulator under the control of a PC running LabVIEWShown in Fig. 4 and discussed previously.
The value of radial component of magnetic field was

measured in steps of 0.1 mm over the length of th 3%
magnet. In some cases the field was measured in
orthogonal plane as well. 300 4= /\//; NI
A typical field profile is shown in Fig.3. / »
<
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CONCLUSION

Position along axis, mm
The HeLiCal group has completed the initial phase of
R&D programme aimed at developing the
manufacturing techniques applicable to building a full-
scale undulator module which meets the specifications for
The homogeneity of the field (peak-to-peak) was at thgperation in the ILC positron source.
level of 1%. The field quality depends on the former Through the technology development programme,
geometrical tolerances. A study made on prototype 2everal short prototypes have been built and successfully
indicated that the field changed in value by 2 % folested giving a clear experimental confirmation that the
every 100um deviation from the nominal winding boredesign field required for the ILC positron source
size of 6 mm. The achieved values of the field for thendulator can be achieved.
prototypes are listed in the following table.

Figure 3: Profile of the axial component of the magnetic
field on the undulator axis measured for prototype 1.
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The results from the prototype 5 test indicated that the 2295
nominal field of 0.86 T required by the ILC undulator
specification could be reached at an operation current of
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