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•The HTS (REBCO) bulk Staggered Array undulator

•Results on short samples

•Status of the meter long HTS Undulator prototype

•Conclusions 
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The new µ-Tomography beamline of SLS2.0
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Introduction – Magnetic Materials
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magnetic gap = 4mm

ReBCO – Rare-Earth Barium Copper Oxide 

(ReBa2Cu3O
7− x

)

[Scaling laws: E.R. Moog, R.J. Dejus, and S. Sasaki , Light Source Note: ANL/APS/LS-348

James Clarke, FLS 2012, March 2012, Ryota Kinjo Physical Review Special Topics, Accelerator 

and Beams 17, 022401 (2014)]

magnetic gap = 4mm



Permanent Magnet Undulator with Fe poles 
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Superconducting Staggered Array Undulator
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time

T. Kii, et al.: Proc. FEL2006 (2006) p. 653.

Solenoid, Bs

GdBCO Tc=92K
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Example of field cooling magnetisation 
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Example of Field Cooling (FC)
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Superconducting Staggered Array
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• 10 period geometry for simulation and optimization:

Bulk HTS Staggered Array Undulator

Page 19

• Starting point for optimization 

is close to R. Kinjos geometry

• ReBCO bulks

• Jc(0 T, 4.2 K) = 1.5e10 A/m2



Bulk HTS Staggered Array Undulator
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• Superconducting solenoid providing 

external field Bext = +/- 10 T

Superconducting Staggered Array

Page 9



Superconducting Staggered Array
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Bulk HTS Staggered Array Undulator
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Trapped 
currents

Trapped 
field

Resulting undulator field
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•The HTS (REBCO) bulk Staggered Array undulator

•Results on short samples

•Status of the meter long HTS Undulator prototype

•Conclusions 



Samples Overview
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1st Bulk Sample

6mm gap

Bulk Industrial Sample

4mm gap

55 mm

Bulk Simplified Sample2nd Bulk Sample

4mm gap

2019 2023

The “Good” Sample

4mm gap

4mm gap

2021
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Hall sensor array

• Calibrated 12 Hall sensors in a 
PPMS from 4-20 K and from 0-3 T

• Difference of <0.8 % between 
sensors



Hall sensor array

• 5 Hall sensors embedded in 3D printed holder

• 3 offset sensors to measure the undulator field

• 2 others to measure the perpendicular fields
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The new 3.0mm diameter probe 
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x3yz-probe	

x	

y	

z	

printed	

Al2O3	

InAs		

(HZ-116C)	

I nAs Hall Element

●最大定格（ Ta = 2 5 ℃）Absolute Maximum Ratings

●電気的特性（ 測定温度 2 5 ℃）  Electrical Characteristics(T a=25℃)

Notes : 1. VH = VHM – Vos(Vu) (VHM:meter indication)

2.   VH =            X                        X 100

3.   Rin =            X                        X 100Rin (T1)
1

(T2 – T1)

VH (T2) – VH (T1)

(T2 – T1)

Rin (T2) – Rin (T1)

VH (T1)
1

T1 = 25˚C, T2 = 125˚C

項　 目 
Item

定　 　 格 
Limit

単　 位 
Unit

記号 
Symbol  

 

Ⅰc

Topr.

Tstg.

25℃　 定電流駆動 
Const. Current Drive

mA

℃ 

℃ 

最 大 制 御 電 流  
Max. Input Current

動 作 温 度  
Operating Temp. Range

保 存 温 度  
Storage Temp. Range

項　 目 
Item

測　 定　 条　 件 
Conditions

最小 
Min.

単位 
Unit

記号 
Symbol  

 

B=50mT, Ⅰc=5mA
Ta=25～125℃ 

B=0mT, Ⅰc=0.1mA
Ta=25～125℃ 

B=0mT, Ⅰc=0.1mA

B=0mT, Ⅰc=0.1mA

24

240

240

－2.5
 
 

－0.07 －0.11

0 0.2

33

360

360

2.5

mV

Ω 

Ω 

mV

%/℃ 

%/℃ 

 

標準 
Typ.

最大 
Max.

入 力 抵 抗  
Input Resistance

出 力 抵 抗  
Output Resistance

不 平 衡 電 圧  
Offset Voltage

出力電圧の温度係数  
Temp. Coefficient of V H

入力抵抗の温度係数
Temp. Coefficient of R in

※ 
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－40 ～ ＋125

－40 ～ ＋150

ホ ール出力電圧  
Output Hall Voltage

定電流駆動 
Const. Current Drive

B=50mT, Ⅰc=5mA

B=0mT, Ⅰc=5mA

VH

Rin

Rout

Vos(Vu)

αVH

αRin

※ 

※ 

●最大入力電圧  入出力抵抗 2 4 0 ～3 6 0（ Ω）静止気中 
Input Voltage Derating Curve

●最大入力電流  入出力抵抗 2 4 0 ～3 6 0（ Ω）静止気中 
Input Current Derating Curve
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リ　 ー　ド 　 接　 続 
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HZ-116C
H Z -1 1 6 Cはスーパーミ ニモールド 型InA sホール素子です。 

標準はテーピングリール供給です。（ 2 ,5 0 0 pc s .／R e e l）  

Shipped in packet-tape reel(2,500pcs per reel)

Notice : It is requested to read and accept "IMPORTANT NOTICE" 

written on the back of the front cover of this catalogue.
注意：弊社製品のご検討にあたっては本カタログの表紙裏の「 重要注意事項」を  

良く お読みく ださい。 
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Planar Hybrid: CAN-SUPERCONDUCTOR
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•The HTS (REBCO) bulk Staggered Array undulator

•Results on short samples

•Status of the meter long HTS Undulator prototype

•Conclusions 



Active length : 1.0 m
Total length : < 2m
period length : 10.5 mm
magnetic gap : 4.5 mm
B0 ∼ 1.8 T
Cryocoolers
HTS Mag-temp 10K
LTS temp 4.0K

20

THE METER LONG 

PROTOTYPE
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Cooling scheme
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Fermilab Scope of Work

9 07.07.2021 C. Boffo | LSS – 12 T SC Solenoid System

Superconducting coil conductor Nb3Sn & NbTi

Maximum magnetic field 12T

Nominal magnetic field 10T

Nominal ramp rate (<10T) 3mT/s

Ramp rate (>10T) 1mT/s

Warm bore diameter 50mm

Length of the good field (1%) parallel to the beam 

axis, r<15mm
1m

Stray field along the beam axis > 1.5m from the 

center
<0.1mT

Radial stray field from the center outside the 

cryostat
<1mT (active shielding?)

Current leads conductor HTS

Maximum current 1.0 kA

Cooling system
Solid conduction with 

cryocooler

Operating temperature <4K

Persistent mode NO

LSS

Insulation 
Vacuum for HTSI

Insulation vacuum LSS

Beam pipe UHV

HTSI

HTSI

LSS cryocoolerHTSI-1 cryocooler HTSI-2 cryocooler

Shield



Horizontal measurement bench
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Horizontal measurement bench
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Horizontal measurement bench

• Tested the sealing of the vacuum 
insert with an O-ring

• Vacuum remains stable, but the
cryogenics are also a concern

Page 25

Motor

Vacuum chamber

Linear table
Connection to pump

Sealing O-Ring



Conclusions & outlooks

• We demonstrated high magnetic field in a short sample staggered array undulator made of GdBCO
bulks high temperature superconductors.

• With 5 Hall probes, we were able to measure the undulator field vertically in the short sample

• We are now working on the measurement bench for the meter-long undulator, expected to arrive in 
early 2025
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