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Design and measurement of CTFEL magnets
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Abstract  [Background] China Academy of Engineering Physics THz Free electron laser (CAEP THz FEL),
referred to as CTFEL, is the first scientific facility in China that can provide users with high power and wide-
spectrum terahertz waves. As an accelerator-based radiation source, magnet is one of the most important components
for the transportation, measurement and manipulation of electron bunch. [Purpose] This study aims at the design and
measurement of magnets to satisfy that requirements of CTFEL. [Methods] According to the specifications of
CTFEL magnets, the magnet system was designed to consist three solenoids, three 45° dipoles, one 90° dipole, six
circular quadrupoles and six square quadrupoles. The problems of design and their solution schemes were described.
The magnetic field distribution, integral field distribution, transverse field distribution and magnetic axis were
measured. [Results & Conclusion] The test results show that all magnets satisfied the specification
requirements. At present, all magnets have been completely installed and commissioned to ensure the laser operation
of the CTFEL facility.
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Table 1 Specifications of magnets

IR 45° MRk 90° Rk HRAEIER BIALE &S
Solenoid 45° dipole 90° dipole Circular Square
quadrupole quadrupole
K 3 3 1 6 6
Quantity
SN RS 300 1 600 1300 300 400
Max. field or gradient
/ Gs, Gs-cm™
e 4% - 200 300 - -
Deflection radius / mm
i % 1 - 45 90 - -
Deflection degree / (°)
ARKE 135 157 471 90 90
Effective length / mm
[ B LA 100 43 43 43 43
Gap or aperture / mm
Bt 140 130 - 120 120
Mechanical length / mm
IR - £17.5 £17.5 +14 +14
Good field region / mm
IR iR 2 - 5 0.5 - -
Field integral error / %o
i 2 - - _ _
Leak field / Gs

L R AR B A — s A e T Rk BRI E
B2 IR 13X £ BRER A PO Bl 1 B 1) B 32 2 A1 R
R BERCE S, M N 4.63 A IO 37 5
9302 Gs, IR R HI7 2149 1.03 Gs. WK E 2
() 137 53 A v AT BB 2R ML ALK R 200
138 mm, K FFRFRER I 135 mm. ME 260 LA
HRZR W3 3 AT TR /D, 01X R B i TR 2R
(R FLAR LIRS FE I ELAE K

WER 2 TR 2 SR i AR R, B = ARAIE R 2R TR AL
ANZWM T ETB, R S R vl e AR R 2
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Fig.2 Distribution of longitudinal field of solenoid
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Table 2 The magnetic axis angles of three solenoids

HRLEE 7K 77 1) i £ & EL 77 17 i £
Solenoid id / (°) Horizontal angle / (°) Vertical angle / (°)
1# 0.05 0.09

24# 0.15 0.11

3# 0.18 0.11

100203-3



% AR

2019, 42: 100203

22 ZiREk

Kl 3 SR T 45° AR TE TOSCA H I il Al RN
Pumgs g R, A C G M. 45° Mk
MUK 2 9 B E 7E 130 mm AR, I B it i
HURSE M T2 2 g 2 el AT 48 S |) . 3B T2
[E) P PR i, 45° — Bk AR i R ~H 380N, BT LA R
— M 14D J TSR TET 5 T 2 455 ot R AW T 15 A0 R e T B T
XAEBER T8 Kz X, m B 5 TN . N
TIE B R (U35 X Ry 371 72 3 A AR T
BEAT T BANDTE] LAk 5 B AR T 2544 WL 3 R .

242 —>|
120
80
141 G
Neck Magnetic Pole
235 A
Trapezoidal Polar Surface ‘ Unit: mm
(50,26.5) (29,22.5) (-31,22.5) (=50,26.5)

(4521.5) (3121.5) (-3221.5) (—45,21.5)

B3 45° Wkl A AL B B 45 K R~
Fig.3 Structure and dimension of 45° dipole's pole and yoke
4 BoR T 45° ARG A 5] oA DN A5 R B
T 45° AR I BEAR KL, W3 o0 AT P TR %2, B
KWE1602 Gs. |85 RoR T 45° Bk IF 5 X
ANTFIRE ) 7 B b W37 AR o otk 3, W3 AR oy
it 24 7 1 T r ) S A RN 5 B2 b SR S5 2R
B KR 0y iR 22 BRI 3 X 30 55 09 2.7%o 5 1
& 5%0 ITRARE R . B SIE IR | 45° ik A Rl
o) AL B B, i XN B KT

1800

1605 Gs

1400 |

1000 |

600

Magntic Field / Gs

200

_200 1§ 1 1 1 1 1 1
—400 =300 -200 —100 O 100 200 300 400

Longitudinal Position / mm

4 45 THRERMEA N A A
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