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Development of S-band hybrid bunching-accelerating structure prototype
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(1. Department of Engineering Physics, Tsinghua University, Beijing 100084, China;
2. Research and Design Center for Cyclotron, China Institute of Atomic Energy, Beijing 102413, China;
3. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Hybrid bunching-accelerating structure (HBaS) is a novel RF structure integrating a standing-
wave(SW) pre-buncher (PB), a traveling-wave (TW) buncher (B) and a standard accelerating structure together. This
paper presents the design results, including beam dynamic optimization, microwave design and the cold test of the S-
band HBaS prototype, and explicates the reason of transverse emittance increasement caused by the hybrid structure.
The low RF power results are in good agreement with the RF design. The measured S;; at operation frequency is less
than —45 dB, the phase shift deviation is less than +2° and the bandwidth is more than 5 MHz (VSWR<1.2). The
axis field distribution fully meets the dynamic requirements.

Key words: bunching system; hybrid bunching-accelerating structure; non-resonant perturbation

measurement; SLAC method; low power test
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Table 1 B value for the accelerating cells

p value for the cells in the SW section S value for the cells in the TW section

variant SW1 SW2 Bswlbrw =i tw2 Tws Tw4 TWS  TW6  TW7  TWS
1 - - - 075 075 075 1 1 1 1 1
2 1.26 0.74 0437 075 075 075 1 1 1 1 1
3 - - - 075 075 075 075 1 1 1 1
4 1.26 0.74 0.44 075 075 075 075 1 1 1 1
5 - - - 075 075 075 088 092 095 1 1
6 1.26 0.74 0425 075 075 075 088 092 095 1 I
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Table 2 Beam dynamic results for the bunching system

) capturing efficiency/% Eqe/MeV trans efficiency/% Ewe/MeV trans efficiency/% Eqave/MeV SE/MeV
variant bunching system exit chicane system exit linac exit
1 78.9 11.1 51.4 11.8 51.4 101.2 +3.9
2 84.6 11.6 66.5 11.6 66.5 100.6 +4.0
3 83.7 10.9 70.4 11.2 70.4 94.8 +9.9
4 89.1 12.3 71.0 12.3 71.0 101.4 +3.9
5 81.6 11.2 70.4 11.5 70.4 95 +10.1
6 87.4 12.3 72.8 12.3 72.8 101. +3.9
Fre i o BE R /)N, 28 AH B B H2 i 2 A 200 , ,
— x(lo) th the standard bunch{ng system
P25 S P SR SRR 0 R D 1 A S EE R . N [T 2 - L) with the sandard bunching systm
Fis, AR HE SRR R GEAH LL, R H] HBaS 5o 28 58 Y R i 75 g 150 ¥ (o with the fBas
G 78 1T S B K 24 60%. R i i 2T R R 4 A O E
s _ % “p £ 100+
g, fir i R R RS HER AT 3
g
LV, 2
R=— (D e Or
/lﬁeOVO l
. RS Sk, [ TR K. S S = 0 . , , ,
Soh ROEASHG LI K V, B A IE; o T T
AR s Vo ATEA R distance/cm
HBaS &5 T I 2R A5 R R, EAEKE LM, i Fig.2 Transverse emittance evolutions along the linac
HBaS i 9 53 (9 A S8 AR 2R R R g4 0T, o i L R Pl 2 B AR A ol 2

Vo 2 IR SRR 19 3 4%, 29 90 keV, X FBU T 7E TR A h R AU d FEAH X 202, R SFREEAE R
At A kAT, B 2= S5 R 4 1Y HBaS 45 F BT BR AN 5% 3 fr o REMLILAHE 44 DS540 BT, 43 5]
R 24 TAETE 2 B A BRI 0 | S A /g R A 48 K 40 A TAETE 203 SR A T I e . BRA TR R 14 MW B, £
HLH T PR BE R 29 10 MeV,
R 3 Hybrid BR-MELHFH NFEEKX

Table 3 Dynamic requirements for the HBaS

S values for the cells in the SW section p values for the cells in the TW section
Esw/Erw
SW1 SW2 TW1 TW2 TW3 TW4 TW5 TW6 TW7 TW8~42
1.26 0.74 0.44 0.75 0.75 0.75 0.88 0.92 0.95 1 1
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