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Abstract

A chicane magnet is placed between two IR-FEL undulators in the compact ERL (cERL) and used for improving
performance of the cERL IR-FEL. The chicane magnet can increase the output power of the IR-FEL by converting the
energy modulation to the density modulation in an electron bunch. It consists of three dipole magnets with laminated
yokes made of 0.1-mm-thick permalloy sheets and the coil currents of the three magnets are independently controlled
by three power supplies with the maximum current of 10 A. The maximum closed orbit bump made by the chicane
magnetic field has the longitudinal dispersion(Rss) of -6 mm. The current ratio of the dipole magnets was tuned after
installation to make its orbit bumps closed and then the chicane magnet was used for the FEL operation. The FEL
output power was found to increase significantly by use of the chicane magnet.
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Figure 1: Schematic illustration of the effect of the
chicane magnet in an FEL. Rss means the longitudinal
dispersion of the chicane magnet.
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Figure 2: Layout of cERL components including the
chicane magnet between the two FEL undulators.
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Figure 3: Chicane magnet installed in the cERL.
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Figure 4: 0.1-mm-thick permalloy sheet for the chicane
magnet yokes.

Table 1: Specifications of the Chicane Magnet

Yoke
Material 0.Imm-thick permalloy lamination
Permeability 400000 (max.)
Saturation field 075T
Adhesive insulation ~ Varnish
Coil
Turn number 168
Material Rectangular copper wire (2 x 3 mm)
Adhesive Epoxy resin
Current per turn 10 A (max.)
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Figure 5: Measured and calculated magnetic fields of the

chicane magnet along the center axis for 1400 AT of
BMISO02 and 1170 AT of BMISO1 and BMISO03 [3].
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Figure 6: Horizontal distribution of the measured vertical
magnetic field at the center of BMIS02 for Ismiso2=4.67 A.
The chicane magnet was installed so that the magnetic
center was separated from the beam center by 5 mm.
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Figure 7: Bump orbit made by the chicane magnet.
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Figure 8: Current ratio of the chicane magnet as a
function of Ismiso> for making the bump orbit closed and
the fitted sixth-order polynomial curve.

lemiso2= 0 A lemisoz= 5 A

Ismisoz= 7 A
R =0.832

Iemiso2= 6 A
R =0.834

Figure 9: Beam profiles after the chicane magnet with
Ismisoz=(a) 0 A, (b) 5 A, (c) 6 A and (d) 7 A at the screen
monitor (cam23C) in the Undulator #2.
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Figure 10: Horizontal and vertical betatron functions with
the chicane magnet off from the Undulator#1 entrance to
the Undulaor #2 exit.
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Figure 11: Vertical betatron functions from the chicane
magnet to the Undulator#2 exit for Iemsoo=0 A,3 A, 4 A,
5A and 6 A.
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Figure 12: Correction field strengths of four quadrupole
magnets (QMIS07-10) to make optics matching for Ismiso2
=0-10 A and fitted fourth-order polynomial curve.
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Figure 13: Control panel for the chicane magnet.
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Figure 14: Example of FEL operation using the chicane
magnet for the ML2 RF phase of +2.5 °. The FEL output
measured by MCT is shown by red line as a function of
time.
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Figure 15: Dependence of the FEL output on Igmiso: in the
FEL operation for the ML2 RF phase of +2.5 °. These
data correspond to the FEL output data for Ismisoo = 5 A
- 0 Ain Fig. 13.
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Figure 16: Dependence of the FEL output on Igmiso: in the
FEL operation with the ML2 RF phase of -25.5 °. The
FEL output had the maximum around Igmiso= 6.4 A.

7. £&O

KX DHNEZFEDDBERDEH Ik B,

e cERL FEL oiihm EZHE LT, 2 2D7
valb =YW A VEBHARREL -,

o U AVEMAIZEAT YIS AD/NE L3 DD
feifg S —< v A BRI ERG & Z OB TR
INTVT, KD Ry lZ-6mm (e RKEBEIFRER
10A) TH 3%,

. /\“/7"%7“&%%‘

&7 AW vis=6 A £ T

FIEF—ETH-o7-, 6 A A BLEBERIE
t LT T 7 A NWIEADEL D05, KT

M DG —REDEDRA EEZ o5 5,
o VA VEWMADMBICLXDZ AT T4 7 AD

2V F U ITORNIIT VY 2L — & o VuliE
Wi ko> CHilErEETH 5,
e FEL EIRIZEWT., > A VEREADEIEIC

& - T FEL B3 E#EF I (K 2 f5RE )

By % 2t etER T,

T
AWFZE1E NEDO TR - Eahsx ity — o —
B, 7’mP 27 P OIHRO T T ibnTw 3

SZ 3k

[1] R. Kato, “KEK 23,87 } ERL ®BLIR”, The 17th
Annual Meeting of Particle Accelerator Society of Japan,
Sep. 2-4, 2020, FRSPO1.

[2] N. Higashi er al., “cERL-FEL D #EE%¢”, The 17th Annual
Meeting of Particle Accelerator Society of Japan, Sep. 2-4,
2020, THPP6S.

[3] N. Nakamura et al., “Phase shifter prototype with laminated
permalloy yokes for a polarization controlled undulator”,
Proceedings of PAC09, Vancouver, Canada, May 4-8, 2009,
pp-342-344.

[4] K. Tsuchiya et al., “cERL HEE L —V—H7 v 2
L — % OBAF”, Proceedings of the 16th Annual Meeting
of Particle Accelerator Society of Japan, Kyoto, Japan, Jul.
31 - Aug. 3,2019, pp. 1064-1065.

[5] Y.Honda ef al., “CERL A HHAE L —F—I12B1T 3
AL IFED W, The 17th Annual Meeting of Particle
Accelerator Society of Japan, Sep. 2-4, 2020, FRPPO7.

427 -



