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Abstract This article explains the experimental principle of the synchronous gas path method to measure the
outgassing rate of materials systematically. First, the outgassing rate of SmCo permanent magnets at room
temperature is measured at different times and its fitting curve is given, which can predict the outgassing rate of
SmCo materials corresponding to a longer period of time. Secondly, the total outgassing of the SmCo permanent
magnet drift tube prototype was experimentally measured and compared with the total outgassing of the SmCo
sample. It was analyzed that air inclusion was the main reason for the slow decline in the outgassing of the drift tube
prototype, and an improvement plan was proposed. Then, the residual gas composition under different conditions is
compared, and the analysis results provide improvement ideas for subsequent drift tube processing. Finally, the
pressure change caused by the application of the SmCo permanent magnet drift tube in the DTL1# physical cavity
was calculated, providing data support for the application of the SmCo permanent magnet drift tube.

Keywords Synchronized gas path method, Outgassing rate of SmCo, Outgassing of drift tube, Residual
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Fig. 1 Main section view (a) and side section view (b) of per-

manent magnet drift tube prototype
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Fig. 2 Drift tube sample pretreatment
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Fig. 3 Schematic diagram of experimental device
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Tab. 1 Background outgassing of HV chamber at different time
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Tab.2 SmCo outgassing rate at different time
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Fig. 4 SmCo outgassing rate and its fitting curve
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Fig. 5 Total outgassing of drift tube prototype
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Tab. 3 Drift tube prototype outgassing at different time
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Tab. 4 Partial pressure ratio of main residual gas components

under different states

JALL (mle) 2 12 14 16 18 28 44 =65
L3S 442 1.0 03 24 325 25 00 0.1
EEHRE T 164 12 0.6 35 478 44 01 02

ERAAFHLRNEE 181 19 1.6 45 325 7.1 01 3.0
ERERIL80C MU 335 13 1.5 23 241 48 00 62

P 4 v DLE N, AR S S AR KA L,
12 amu, 14 amu, 16 amu, 18 amu, 28 amu L\ F|# A
R BE Y 1T, o 28 amu (N,7) | 14 amu (N
T R, PR S 2R KOs T AR,
W R SR T . R NIERERILS
ARIEAEE, 12 amu. 14 amu. 16 amu. 28 amu L #R
A AR FREE ) LT, SRR 28 amu, 14 amu [T}
e ) 5 e, {2 12 amu, 16 amu | FF 0 FE 3 PH B,
28 amu i N, +CO HYZH 55 [AI I 65 amu 2 J5 Hi B
TR AT, T R e B R A R e R
o ELAS 1Y T AR BUAT, 3 U o A L) Bahis s,
JE AU . 80°C B M IR FHLS



% o9 M

KRER 5 PRUKBEERE I BUE i 795

AL, 14 amu, 28 amu Fe A LT, 1B AT
FEMLNANARAE IR, S EARK I [ A fe bR, oh )5
2 1F RS AN T 100 R SR B A S A =
65 amu [ LU W 17, AT RE R s B e i T A
BLA 5% B B R, [RIBid BH 80°C FL25 LIS X A 1L
VIR BRSO B, e 22T DL R i B s R 1

.

4 PEHKMEBETE DTL 2 AN A

HTil CSNS DTL R H H G IR, I 48 41
7R T AU L SRR R DR T A, LR IR R
H q,=1.0x10" Pa-m*/(s'm’)""”", DTL1#4¥) B 5 1% 7% 45
gz, 63 MEBE M 2 P, REH 4=
20 m’, L5k 0,=¢q, 4,=2.0x10"° Pa-m’/s; DTL Ji& N &
AT K %% B T8 15950 204K FEL 8% JC U, S50 I A5 0 48
h H IR SR AN 1.94%107° Parm’/(s-m”), £ K]
EHBRAE, A BFABEMZE —F, N ¢,=9.7x
107 Pa-m’/(s'm’), F 1 L 4=15 m’, L3 0=¢, 4~
1.46x10° Pa-m’/s; 7341, B4~ R G5 R 0,<1.0x10"°
Pa-m’/s, AL, 2523 0= 0,+0,+0,~1.46x10 " Pa-m’/s.,
DTL1##) P8 Jf 2L ic 45 2 2 1300 L/s (1950 T = LA
F17 5 1000 L/s MBS F2, Ry 1 9820 i B 37 1) it s
AR A8 L2 AR, 2 2 A 3 A I A T
3 9 A 7 A5 FE A TR B AN ] (14 3 AU 21
B, BARRSHE 7 frs . B S B A =R
U=309Ka’b’/[(a+b)L])", a, b HIEIE WK (m), L A
IR (m), K, AIEAR R B TR, S E RS 5%
FR A1, S 0 3 $~3.26 m/s, ] 4K 45 Al % FR 23
p~4.5x10 ° Pa, HH DTL J# 52 b i 45 A9 1 38 p~4.0x
10° Pa, SR L5REEARY) A,

B4 K R R R R T R A e — A T AT
PRy %, i LA DTLU#Y) B 491, 315552 4 7k i
R IR AR R SR 52 m , BREA
B4 120 h B R EUE ¢=1.19%10 7 Parm’/s, X,
# 0°=7.62x10° Pa-m’/s, A It , B R 3 0'=2.22x
10° Pa-m’/s, A 345 A FRITZS p~6.8x10° Pa, i /&
DTL i E#<1.0x10"° Pa B EL A5 753K .

5 &g

3 Ao [F) A0 AT S I A RS K b
BHE 2 T AN R B Z0 08 A% S LA il 2, T T
DN A B[R] B2 88 i X6 12 A A8, L 24 h VAR Y
9 8.54x10°° Pa-m™/(s-m’), UK, SN AS45 5 K

K7 B2 () 4r AL (o)Al H AL
Fig. 7 The pumping port grid of ion pump (a) and molecular
pump (b)

BRIERS A REILB AR I U, JF 5 B2 8RR B B T
AT HOXE, e R S BUR A A AL U
T REGENE I F R, T B OR B Bl gk Ty
Fo BRI, MR TRPRE T B3R R, 0 #r
SRR T 5 SR IEAS A R T ko % . S,
TR T 2B K WG TRAZ A8 BT T DTL ) B 5 R
14 P 5 28 1k, 45 SR 2 LS 7oK, L A2 il K i R
M8 1 o fie A S04

5 & X #

[1] LiuHC,LiA H,PengJ, et al. Design study on accelerat-
ing field distribution and stability tuning of drift tube
linac[J]. Atomic Energy Science and Technology, 2017,
51(10): 1874-1879 (XL 5, ZBLL, s2 %, ¢ ERAG
LM N B35 5040 KRS E PRI (0], T
RERL#H A, 2017, 51(10): 18741879 (in Chinese))

[2] LiB,LiuHC, Wu X L, et al. Development of the drift
tube magnet coil for China spallation neutron source[J].
Nuclear Science and Engineering, 2023, 43(3): 576-580
(e, XA B, SN, &5 EHCR— T IR AL
BREIBWHR [7]. %A 5 TR, 2023, 43(3): 576-580


https://doi.org/10.7538/yzk.2017.youxian.0073
https://doi.org/10.7538/yzk.2017.youxian.0073
https://doi.org/10.7538/yzk.2017.youxian.0073
https://doi.org/10.3969/j.issn.0258-0918.2023.03.014
https://doi.org/10.3969/j.issn.0258-0918.2023.03.014

796 H o= B % 5 #H K % #f o5 44 4
(in Chinese) ) B M. bt Tl A, 2004: 1250-1254 (in
[3] Iwashita Y, Yamada M, Ushijima S, et al. Variable per- Chinese) )

[4]

(5]

L6]

[7]

[8]

[91]

manent magnet multipoles[J]. IEEE Transactions on Ap-
plied Superconductivity, 2012, 22(3): 4000905
Kashikhin V' S, Andreev N, Lamm M J, et al. Design and
manufacturing main linac superconducting quadrupole for
ILC at fermilab[J]. IEEE Transactions on Applied Super-
conductivity, 2008, 18(2): 155-158

Mihara T, Iwashita Y, Kumada M, et al. Super strong per-
manent magnet quadrupole for a linear collider[J]. IEEE
Transactions on Applied Superconductivity, 2004, 14(2):
469472

Teotia V, Malhotra S, Mishra E, et al. Design, develop-
ment and characterization of tunable permanent magnet
quadrupole for drift tube linac[J]. Nuclear Instruments
and Methods in Physics Research Section A: Accelera-
tors, Spectrometers, Detectors and Associated Equipment,
2020, 982: 164528

Halbach K. Application of permanent magnets in acceler-
ators and electron storage rings (invited)[J]. Journal of
Applied Physics, 1985, 57(8): 3605-3608

Wang Y, Li G. Thermal outgassing of NdFeB permanent
magnets[J]. Vacuum Science and Technology(China),
2000, 20(4): 296 (£ 55, Z5A. K B BRI A9 R =
1. A BA5SHIR, 2000, 20(4): 296 (in Chinese) )
Liu Y K. Vacuum engineering design[M]. Beijing: Chem-
ical Industry Press, 2004: 1250—1254 (XI| T 18k, 55 T2

[10]

[11]

[12]

[13]

[14]

Feng Y, Zeng X P, Zhang D X, et al. Design of measure-
ment apparatus for material outgassing rates by orifice
conductance method[J]. Journal of Astronautic Metrolo-
gy and Measurement, 2010, 30(3): 66-69 (V5 #%, ¥ +£3,
SRUEHR, S5 /LI TR BRHCRCR I 3 A B
(1. FRCTHIE A, 2010, 30(3): 66-69 (in Chinese) )
Guan Y H, Song H, Dong H Y, et al. Measurement of low
outgassing-rate in self-developed pumping-path switch-
ing algorithm: a methodological study[J]. Chinese Jour-
nal of Vacuum Science and Technology, 2020, 40(6):
524-530 (G, AUE, #E S, A5. F WA RN0r
ER AL IR [7]. AR 5HOREH], 2020, 40(6):
524530 (in Chinese))

Guan Y H, Dong H Y, Song H. Device and method for
measuring material outgassing rate in dual test chambers:
CN110501257A[P]. 2019 (&£ &K, #ife S, Rk, —Fip
XS 3 2 0 e B AR AR A2 e T v 110501257A
[P]. 2019 (in Chinese) )

Chimenti V, Di Raddo R, Lollo V, et al. Preliminary vac-
uum simulation results on ELI C-band accelerating struc-
ture[R]. 2014

Da D A. Vacuum design manual(3" edition)[M]. Beijing:
National Defense Industry Press, 2004: 116—117 (35 i&
. BB TR = O M. AEst: B Tolk A,
2004: 116—117 (in Chinese) )


https://doi.org/10.1109/TASC.2012.2185471
https://doi.org/10.1109/TASC.2012.2185471
https://doi.org/10.1109/TASC.2012.2185471
https://doi.org/10.1109/TASC.2008.921945
https://doi.org/10.1109/TASC.2008.921945
https://doi.org/10.1109/TASC.2008.921945
https://doi.org/10.1109/TASC.2004.829698
https://doi.org/10.1109/TASC.2004.829698
https://doi.org/10.1016/j.nima.2020.164528
https://doi.org/10.1016/j.nima.2020.164528
https://doi.org/10.1016/j.nima.2020.164528
https://doi.org/10.1016/j.nima.2020.164528
https://doi.org/10.1063/1.335021
https://doi.org/10.1063/1.335021
https://doi.org/10.3969/j.issn.1000-7202.2010.03.016
https://doi.org/10.3969/j.issn.1000-7202.2010.03.016
https://doi.org/10.3969/j.issn.1000-7202.2010.03.016
https://doi.org/10.3969/j.issn.1000-7202.2010.03.016

	1 漂移管样机预处理
	2 实验装置和测试方法
	3 实验过程及结果分析
	3.1 本底测量
	3.2 钐钴样品出气率测量
	3.3 永磁漂移管样机整体出气量测量
	3.4 残气成分

	4 钐钴永磁漂移管在DTL腔上的应用
	5 结论
	参考文献

