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Abstract: The 270° beam deflection system with magnets is widely used in medical electron linear accelerators
and high-energy electron industrial irradiation accelerators. In this paper, three common structures of 270° deflection
magnet are systematically analyzed and discussed. Numerical calculation and simulation methods are used for the two-
magnet asymmetric deflection structure, the three 90° magnets deflection structure and the 70°+130°+70° deflection
structure. The achromatic transmission conditions of the deflection systems are given, and the changes of beam
envelope in the deflection and exit beam line are analyzed. After analysis and comparison, the advantages and
disadvantages of the three structures are listed in detail, which has certain guiding significance for the selection of
structures in specific application fields. The two-magnet asymmetric deflection structure is suitable for medical
accelerators. The three 90° magnets deflection structure is suitable for irradiation accelerators that require long-
distance drift at the exit. The 70°+130°+70° deflection structure can satisfy the non-destructive drift of a certain
distance from the exit, and it achieves relatively low cost, therefore, it which is a more economical and suitable choice
for industrial irradiation accelerators.
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Table 1 Structural parameters of two 270° deflection systems

description magnet angle/(°) radius/m injection angle/(°) exit angle/(°) gap/m drift/m focus distance/m
two magnets 165.4,104.6 0.1-1 5.73,-59.6 59.6,—-14.3 0.03 0.023—0.23 0.1-1
three magnets 90, 90, 90 S,)/1.4 10.2,10.2,10.2 10.2,10.2,10.2 0.07 0.2-1(S,) >2
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Fig. 4 Variation of beam size at the exit of the dual asymmetric 270° deflection system with the entrance and exit polar face angles
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Fig. 5 Achromatic constraints of 270° deflection system

composed of three 90° magnets
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Fig. 6 Variation curve of beam parameters in dual-magnet asymmetric 270° deflection system
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Fig. 7 Variation curve of beam parameters in 270° deflection system composed of three 90° magnets
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Table 2 Changes of emittance and beam spot size at 1.5 m exit point of two 270° deflection systems under different turning radius

two magnets three magnets
Rim drift/m 6,,6,/(mm, mm) drift/m 0,,0,/(mm, mm)
0.2 0.046 33.8,32.5 0.28 8.72,8.07
03 0.069 23.3,21.7 0.42 8.53,8.05
0.4 0.092 18.1,16.3 0.56 8.41,8.04
0.5 0.115 14.3,12.4 0.7 8.31,8.03
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Fig. 9 Variation curve of beam parameters in 270° deflection system composed of 70°+130°+70° magnets
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Table 4 Structural parameters of three 270° deflection systems and beam parameters at 1.5 m

) magnet radius/ injection exit angle/ gap/  drift/ focus 6,0,/ vertical
e
P angle/(°) m angle/(°) (©) m m length/m  (mm, mm) height/cm
two magnets 165.4,104.6 0.5 5.73,-59.6 59.6,—14.3 0.03 0.115 short 143,124 98.4
three magnets 90, 90, 90 0.2 10.2,10.2,10.2  10.2,10.2,10.2 0.07 0.28 long 8.72,8.07 68
70°+130°+70° magnets 70, 130, 70 0.2 0,8,-43 —4.3,8,0 0.04 01924 medium  3.6,4.75 58
S8 B B I T AL, I LA T =2 O0°ME Bk v e 20 KA 11 55 WA () B/, REAAC ST /N, BB A8 S SISO 1) i e SR BB AR
4 &

ASCRGEH AT ST T = Fl 270°0 (0 B Bk D e R GE RO MR, 2 1) 17 =P A5 48 B BT F S B8 CHX SR
FREGEZ IR, A5 T =AM LB o A R B REBR R A BAR B R R A S o /NS B RGBS X
Pk 270 % 45 44 AT LATE M 0 R R ) D0 PR UE AR R 6 B8 /N SROBRE B0 SR, T I e e R L /N R
YRR o Fh =5 90 G B2 LAY 270 % 25 KL+ ey B T I Y , kol i FMUAR 5, 3 P 7 B RO A i R R
2SR T RN DL . 1 130°RE 8K AN 70°0% Bk 24 A A fin % 25 44 BE A £ 1 1A I SC B 24 2 m B8 B9 G AR A i,
230 R A i 2 o B8 SR AR 2, 7 R A 14 [ 1 05 52 IR 1 v e SR A AR0RY i T A T v R o e 2
S SR i e 2R G R 28 D HL R B %
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