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Abstract

The bending magnets for the cERL chicanes are designed and fabricated to use for injecting an electron beam from
an injector, ejecting the decelerated beam to its dump and adjusting the circumference of the recirculation loop. For
designing these magnets, we use 2D and 3D simulation codes to establish the good field region required by the lattice
and beam dynamics. As these magnets are made of electromagnetic soft iron, their magnetic properties deteriorate due
to machining process. To restore them magnetic annealing is applied after the machining process. Results of the
simulation and the field measurement with flip-flop coil are compared to check whether the magnets have the required

magnetic properties.
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Figure 1: Illustration of the Compact ERL.
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Figure 2: Magnets of the merger and chicanes.
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Table 1: Parameters of the Merger and Chicane Magnets

Magnet type Number of Core Gap Pole Maximum Coil Maximum Good field
magnets WxHxL Height  Width current turn magnetic field region
[mm] [mm]  [mm] [A] numbers [T] [mm]
Merger A 3 420x320x200 70 180 10 95x2 0.0456 80
Merger B 1 410x335x200 60 215 10 82x2 0.0498 30
( at center)
Merger C 1 420x385x200 70 180 10 190x2 0.0925 115
Dump A 2 425x325x300 70 195 10 79x2 0.0351 95
Dump B 1 435x345x300 70 195 10 158x2 0.0701 95
Circumference 4 440x450x300 70 240 30 184x2 0.248 140
adjuster chicane
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Figure 3: 3D Simulation models of Merger A magnet.

Table 2: Add Shim and End Shim

Magnet type Add shim End shim
WxH [mm] WxHxD [mm]
inside outside  inside outside
Merger A 20x2  20x2  30x95x7  20x95x7.5
Merger B 18x1.5 18x1.5 80x95x3
Merger C 18x2  20x2 30x95x6.5 30x95x6.0
Dump A 22x2  20x2  30x95x7.5 20x95x7.5
Dump B 20x2  20x2  30x100x7  20x100x8

Circumference 20x1.5 22x1.5 30x110x8.5 30x110x7.5
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5.0E-04

3.0E-04 / \
1.0E-04 /
-1.0E-04 /\”Pr-/
-3.0E-04 / \
-5.0E-04 I \

0.1 -0.05 0 0.05 0.1
X [m]

AlntBy/By0

———w/0 End Shim  ———with end shim
(b) Result of the 3D simulation; with and w/o shim.

Figure 4: Simulation results of the good field region.
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Table 3: Magnetic Flux Density after Heat Treatment !

Heat treatment B[T]
[C] 1[Oe] 2[Oe] 3[Oe] 5[0e] 10[Oe] 25[Oe¢]
no heat treatment 0.44 0.78 0.94 1.15 1.39 1.58
600 0.60 1.04 125 144 156 1.65
700 072 120 138 1.52 158 1.66
890 081 130 144 152 158 1.66
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Table 4: Result of Dimensional Measurement before and
after Magnetic Annealing

Before annealing After annealing Difference

[mm] [mm] [mm]
P1 0.0029 -0.0012 -0.0041
P2 -0.001 0.0006 0.0016
P3 -0.0034 0.0009 0.0043
P4 0.0014 -0.0003 -0.0017
P5 0.0035 0.0014 -0.0021
P6 -0.0018 -0.002 -0.0002
P7 -0.0034 -0.002 0.0014
P8 0.0018 0.0026 0.0008
L1 49.9986 50.014 0.0154
L2 49.9978 50.0178 0.0200
L3 99.9861 99.9991 0.0130
L4 99.9864 99.9886 0.0022
LS 99.9817 99.982 0.0003
L6 99.9806 99.953 0.0147
L7 240.067 240.0809 0.0139
L8 300.07 300.0945 0.0245
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Figure 6: Magnetic field measurement for Merger A
without grinding process.

WA R BERL % | R 1 & AN 1 L 7= BB
il & LT Dump A ERA DR A Figure 7 1277,
Nol K TF No2 TIIfESy L7=ids O & X° shim D
BOMEHHE FRDOND, shim OFEIZLY A
IntBy/IntBy, 23 A Zhi5s ik O E#% £ 5E-4 2 x T
LES>TWBIILH 5,

Z OWSREIL, EBROERIC K E T 512 & Tk
TR BERRIE OFFHIIN T %2 L7 WG/ e TRk
SUENEWNE R DD,

1.5E-03

1.0£-03
S 5.0E-04 N
E \ ~
< 0.0£+00 ~——
> /
=]
£ 5.0604

-1.0E-03

i
-1.5E-03 {

0.1 -0.05 0 0.05 0.1
X[m]

Nol(5MeV)

Nol(10MeV)

No.2(5MeV)

No2(10MeV) simulation

Figure 7: Magnetic field measurement for Dump A after
grinding process.
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