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From last time discussion
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• Progress of the HTS bulks R&D activities:

−Planar

−Helical

• Full polarisation control

−cryo APPLE

−SCAPE: NbTi or Nb3Sn

• More established Helical undulators

Overview
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Staggered Array With CoFe Poles
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With additional ferromagnetic poles : 

CoFe ΔB0 = +0.20 T
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Experimental results
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Figure 5. Left: Undulator prototype after mounting strain gauges; right: measured mechanical hoop strains along the length of the aluminium 

shell after each thermal cycle training at 77 K. 

 

Figure 6. Measured on-axis undulator field By (a) before sorting and (b) after sorting. ΔBs refers to the change in the background solenoid field. 

 

R.Kinjo, M.Calvi et al. PRAB 25, 043502 (2022) 



Experimental results
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Figure 7. (a) Relation between the mean undulator field B0 and ΔBs. A record field of 1.90 T is obtained after sorting the 10 mm-period undulator. 

(b) Relation between σB/B0 and ΔBs without correction coils (solid line) and with correction coils (dashed line). 

 

     

Figure A1. (a) Calibration curve of InAs sensor No.1 at temperatures between 4.4-21.4 K and under magnetic fields up to 3 T; (b) comparison of 

the calibration curves of four InAs sensors at 10.8 K. 

⅓

1.9T



2D field map of single disks
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1the disk  2pre-cooling  3field Cooling  4flux creep  5disk support  62D field map  7drying 

We have manufactured additional 200 disks from CAN-GdBCO / EuBCO & NS-GdBCO

All of them will be individually cooled in 1T down to LN2 and 2D field mapped, on both sides, 

with the aim to spot the broken ones / and to pre-sort them with respect to their strength



Nippon Steel results

Page 10



Nippon Steel disks pre-selection
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10 period sample measurement results
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ΔBs = 0.0T

ΔBs = 1.0T
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ΔBs = 8.0T

ΔBs = 10 T
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Bulk helical undulator
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Bulk helical undulator
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Bulk helical undulator
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Period length, 𝜆U: 16mm

Aperture: 4mm

!!!!! Charging in progress… we are just at ΔBs = 7.0 T !!!!!
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Apple versus SCU NbTi
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Cryo Apple X

3.0 3.5 4.0 4.5 5.0
15

16

17

18

19

20

g (mm)

λ
u

(m
m

)

K- value

1.2

1.4

1.6

1.8

2.0

Br = 1.6T



SCAPE – Argonne style (rotated 45°)
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SCAPE PROTOTYPE
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▪ SCAPE 0.5-m long prototype magnet is built:

• period length –30 mm

• magnetic gap –10 mm 

▪ The prototype has been tested in a LHe bath 

cryostat equipped with a movable Hall probe

▪ Max quench current is 680 A ▪  operating current 

is around 540 A ▪  field on axis is 0.7 T

SCAPE mechanical structureSCAPE core winding

Measured field profiles Excitation curves

Courtesy of Kai Zhang

Period length, 𝜆U: 15mm

Aperture: 5.3mm

K-value: 1.70

1.32kA/mm2



SCAPE – Berkeley style
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Period length, 𝜆U: 15mm

Aperture: 5.3mm

K-value: 1.72



SCAPE – Berkeley style
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Period length, 𝜆U: 15mm

Aperture: 5.3mm

K-value: 1.72

Bmax ≃ 3T



Sc Helical undulator 

Page 21

 3 

vacuum bore (9.8-mm magnetic bore), was constructed in 1973; 

without quenching, it reached a maximum current density of 700 

A/mm
2
 with an estimated on-axis field B0 of 1.3 T but failed in 

later laser experiment due to the electrical short between NbTi 

wires and the helical aluminum mandrel. The second NbTi helical 

SCU32.3 was designed with 10.2-mm vacuum bore (12.5-mm 

magnetic bore) and based on a new Delrin mandrel for insulation; 

it was constructed successfully and employed to demonstrate the 

feasibility of high gain FEL at wavelength 10.6 μm [10]. In 2005, 

Alexeev et al proposed the design of soft iron poles based NbTi 

helical SCU28 model and experimentally demonstrated that an 

on-axis field B0 of 1.06 T was achievable at 11-mm magnetic bore 

[11]. In 2017, Kasa et al reported the design and construction of a 

1.2-m long NbTi helical SCU31.5 which based on a continuous 

winding of a single NbTi wire on a helical mandrel with turn 

around pins at both ends, as shown in Figure 1 [12]; this SCU 

device reached an on-axis field B0 of >0.41 T after training 

quenches at 31-mm magnetic bore; in 2018, it was housed in a 

compact cryostat with 8-mm vacuum bore and commissioned in 

the Advanced Photon Source (APS) storage ring, providing a 

single harmonic of about 6 keV x-rays  [13]. 

The helical SCU is also of great interest for the application in the 

electron-positron collider. In 1991, Kezerashvili et al reported the 

fabrication of an 8-period NbTi helical SCU24 for measuring the 

polarization of the electron-positron colliding beams in the 

VEPP-2M storage ring; this short device reached an on-axis field 

B0 of 0.47 T at 18-mm vacuum bore (20-mm magnetic bore) but 

failed due to the signal to noise ratio in the spatial distribution of 

backscattered gamma-rays [14]. In 2002, Mikhailichenko et al 

winded a mini-helical SCU prototype with merely one layer NbTi 

winding and reported that an on-axis field B0 of 0.34 T could be 

reached at 2.42-mm period and 0.9-mm vacuum bore [15]. Since 

2005, a series of NbTi helical SCU models had been constructed 

and tested for the demonstration of being used in the International 

Linear Collider (ILC) for producing polarized positrons with 

circularly polarized γ-ray sources in excess of 10 MeV. As 

reported by Ivanyushenkov et al in [16][17]18], five short NbTi 

helical SCU models wound with NbTi ribbons were made to study 

the key parameters required for obtaining high on-axis field B0 

 
Figure 1. 1.2-m long NbTi helical undulator with 31.5-mm period and 29-mm magnetic bore developed for APS strorage ring. Images in this figure 

are reprinted from [12], with necessary permissions from the American Physical Society. 
 

 

 

Figure 2. Four of the short NbTi helical prototypes and a 4-m long cryomodule containing two 1.74 m long undulators developed for ILC positron 

source. Images in this figure are reprinted from [20], with necessary permissions from the American Physical Society. 

 

Daresbury lab

Rutherford lab

Argonne 

future TeV-scale positron-electron linear collider (ILC)

positron sources



Helical
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Helical
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Flux Creep
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B0-µ ∝ lnt

∝ 1-exp[-t/𝜏]

𝜏=2.2days

µ≃1


