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Abstract Considering the vacuum degradation caused by material desorption, the correlation mechanism
between bombardment angle and material desorption yield was studied. The desorption characteristics of zirconia

+

ceramics, Au-coated ceramics and Au-coated stainless steel were tested by using a 143 KeV/u Bi*' ion beam
through the self-developed desorption yield test device with adjustable angles. The results show that the desorption
yield increases significantly with the increase of incident angle. The proportion of H, increased rapidly during
bombardment. The desorption yield of zirconia ceramic can be reduced by about 50% after gold plating, while the
difference in desorption yield between gold plated samples on different substrates is less than 15%. It is confirmed
that the desorption process is mainly dominated by the physical and chemical properties of the surface, and the
substrate has little effect. Based on the theoretical model of sputtering yield and incident angle, the surface effect
correction coefficient & was introduced to modify the desorption model and verified. This study provides a
theoretical model and experimental basis for the engineering prediction of particle desorption yield in the vacuum
system.
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Fig. 1 Schematic diagram of desorption mechanism. (a) Direct

reflection, (b) strip off the atoms/molecule on the sur-
face (c) reflection after penetrating the substrate, (d) and

(e) induce the outward flow of substrate atoms
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Fig.2 Schematic drawing of the experimental device
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Fig. 3 Rotating test device for multiple materials

@) test samples pretreatment
(cleaning. baking)
[ rotaing device (RA-7250SE) ] preliminary
calibration work
acquire vacuum environment
and debug equipments
push into the faraday cup to measure
! the beam intensity !
(b) 1073 ; i 3
. blocks the beam at LEBT; start the |
. | rotaing device and adjust the position | measurement
| . under the
g 107 4 4 ! . action of
0%)0 next round. | the extracted beam bombards the target; beams
5y of testing | record changes of vacuum
g |
2 10 4 4 blocks the beam at LEBT;
< .
b7 wait for the vacuum to recover
10 | | ! [ data processing ] 1 Sub;%‘}tem
10°¢ 109 104 103 R T S ETTEEmnEry
calibrated gauge/Pa 5 ER R
K4 BEASHAERUERLZL . (a) BHEREE, (b) KirERRZ Fig. 5 Test process

Fig. 4 Zhe. calibratioTl cufve of vacuum gauge. (a) Calibration BEFEIE T4t
evice, (b) calibration curve
WK S BoR, AR E S N = AWEL i 3 BRSWTRITIE
ST 2 ARSI VR, B PR UE 30 min, 3 gmpp sk m
PRIRAESUZE TR 20000 BT O R AL T FfiE i 143 KeViu, HE3E 4 8.3%10° A By
PR BB S BERL AR L, R ALY OB 5 RA- g R i F r i, it A () HH ST b
7250SE) M Hb AT 2 Mo aE, IR S G R LTI ape b B BAECH 1.62x107 4, [ 6 KA
VSR o B SRR B R L AR A g B T 25 oMb 5 A 9 PR 1250 R WD )
PR A A I 5 SRR R W 55 ok, O S — IR T, W
AR SO R A RGERUAIH HEBT 8% R it e 1735 A5 0 28 i, G450 1o o 2 o A% I 20
A I R R R, DA | min, B8 R IERE s ERAg 225, WA ELZS AT 5.10x10°° Pa 55 5.34x
Jao SRJEHE LEBT ARERIE ARG, BRI 10°Pa 2 i), Moy 45°% o AL B A I 5 1
fE LEBT B . i Z Hibn & S ECH AR SER I i 6 A i, BRI 1 ks F5OR 2
AFRGE, Pt LEBT SRS 6, 1A 2 o 200 3k P 7 48 7 T BB A W R X B 2 i A B A
PRI, [F)FIE S B2 R R R G R B R, AARRE, 8008 7R XY 5 o A B 1 et A R 2
WA 25 AP O OB P76 LEBT, A0 A sl fy SRR oAb, TR ob b X A 74 7



BISCH 4 USRS AR A G R ST 1091

%12
3.0 A
initial pressure
[0 45°[040° 1 30° [ 20° @3 10° [30°
25 pressure increase ]
[145°C140°[130° [ 20° C110° Z30°
é
é -
3 —
% |
a ]

0° 10°20°30° 40° 45°

0° 10°20°30°40°45°

Au-coated ceramics

0° 10°20°30°40° 45°

Au-coated stainless steel

Fl6  Fnhh k) KBRS diit i 22

Fig. 6 Initial pressure and pressure increase during beam bom-

zirconia ceramics

bardment

2500 T T T T T T

[ zirconia ceramics
I Au-coated ceramics au
2000 - [ Au-coated stainless steel =1

1500 1415 5
1000 (220 283 9401

540
500 H 476 250 bl

desorption yield/(molecules/ion)

0° 10° 20° 30° 40° 50°
beam bombardment angle/(°)

YRNG5S E SR
Fig. 7 Desorption yield under different bombardment angle

A . AL B IARLE 1 pm SRS, 2
FIBE TN B A6 X TR RE 2 50%, X 1 B 4 IR RE A8
AR A4 BE S f 27 I R R B AR A I

Xf FE SR B, NS B SR BE 4 i 5 AL B
B AR il B I AR A 22 S /N T 15%, ] iR i
i 32 52 d A1 2 R T W) PR S R S, TR G
FERHRSZ BN

3.2 SEASMSEETRHFIE

Pl 8 BT 78 A o U T 1 % i AR Ab B B R B 4
(1 pwm) B 8UAb Bt P s B0 ) SR o 28 A, X R
TR AT R S BRI /R T 7EAS TR 35 5 fr Be i
fEWCREME . T IHAR SR TIRME s R4, K
HEAT R MR AR MR B A<, T DA 25 s (A ) AR A
g3, KZER(H,0) (5 E 2 51%, HAy R B A
S(H,,37%) . WEE(CH,, 6%) . B/'S/—8 4B (N,/CO,
3%) . B0, 2%) FIR A <o S5 i A AL,

B SR RSO FEA 37% PR ST R 529%. A
Ak 5 U 3% $E B 12% Ao . BEE R
TR RF LR T T L T A, DI AR
T T2 /L, B HE B AR T TR 2% o Ak
B PR B U L AR R A Y 37% TE & 54%.
RA—FA G 3% 253 10% At 155
R SRR A ER R A AR Ak, RIS
i A A B T AR s VRN o R SR o B A
RlEATE S I

(a) 60 T T
1 |
50k 1 1
<40t
= 1
2 30 ! ! —CO
5 1 1 2
= - | — gf
= 1 uring | _—
220 Ibombardment! — Hi
: : — o
10} 't i —CH,
0 -
0 20 40 60 80 100
time/s
(b) 60 T T
1 |
50
S 40 +
g . — N,/CO
£ 30 : , ——CO,
15
=) 1 - 1 — Ar
E90l 1 during — 0,
Ibombardment! —H,
; ! — H,0
’ W —
M
0 | N
0 20 40 60 80 100

time/s

8 Bi g di UM I AR E L. (a) BEEBES:, (b) %L
Bib R
Fig.8 Changes of gas proportion during Bi**" bombardment.

(a) Au-coated ceramics, (b) Zirconia ceramics

ARG IE R0 e 7 B, 4545 HL A LR SR
HJS & 40 04 o7 O3 = AR R g 53 Fe, 1AL 9
7R o RO AR I, T e S A P R R g R B
GRELE, A B BRI EHRA B, Hoh &
Fe3g s W i, 220 Brihie % e an T~ PR SR AL
(1)t T2 B, SO I AN I 1 8 fh
TERER R0 B ST, IR E RAE A N AT A
ST RS (2) mRERL TSR ok TR B
i =



1092 H o= B2 5 #H K % # %455
T T Y T M T Y T T : T
@5 ] '4 B '- bef i) bard ' @) @ measurement values of ceramic
: etore bombardment | _ —— corrected prediction curve
Pt 4 [ during bombardment § 2000 f-.—.- uncorrected prediction curve 1
AT T K 7
= k3! 7
Z3L i S P
b 271 2,67 g 7
= < 1500 | v .
= 2 o
€2t i > 7
2715 g
g £
sl 1.05 | %
< 0.617 < 1000 - ]
0.154 p.262 0.05140.0873] | ! | ! | | |
0 10 20 30 40 50 60
R0 HTA tc(fh NZ/CO 0, beam bombardment angle/°
- rami
u-coated ceramics ® I ‘ 1 —
(b)8 T T T T T @ measurement values of Au-coated ceramic
B before bombardment 1200 7 corrected prediction curve ]
& 67 [ during bombardment é |- - - - uncorrected prediction curve
° % 1000
S 6 : = L 1
E E ,
2 g 800t
O = ’
g4l 4 = | 4
= 3.6 2, 600
— = +
& [ £
Q o
ER) 189 | sé 400 - 1
[} o
2 1.24 ]
<
PR e A OIS EE 0 10 20 30 40 50 60
H,0 H, CH, N,/CO 0, beam bombardment angle/°
zirconia ceramics (¢) 1200 ———
K9 SEEAL, (a)FBgsis4s, (b)E AL Fys = | @ measurement values of Au-coated stainless steel
2 —— corrected prediction curve
Fig. 9 Change in partial pressure of gas. (a) Au-coated ceram- 5 1000 £ uncorrected prediction curve
= r -
ics, (b) Zirconia ceramics %
E
3.3 BRESHERBXR 2 800t a4
- N >
2% Sigmund RIS B 77 A S AR £
AY w18 a
FARE R AR M, g 600 1
Q
o
1n(0)
1n(0) = (3)
cosd 400 | i
1 1 1 1 1

F L AT A L A W 7 ) A B AR P R L AR]
BB G, Bl (cos0)™' o & 10 H HE R A A5
#I(3) 5 52BR 4 (0°, 10°, 20°, 30°, 40°, 45°) f) %}
Fe L, DN R AR/ BT TN (0 <<20°) S E
FEARY(3) FEAT G R B by, Bl 5% 7 /A B AN
S om0 e () O 5 R A kG
TR HE R B L B K BR T ORI KA 24
EE: H T AT KA AR 53 9 W B A b 2R 18T, BT
il 5 AN 1 T, T LA TR B SR T
E B EA AR P A R (3) iR AT
EIE, LLEINAT & SEPR SRR OIR A

Xof T A AL S — 2P B IE

246 — 0, 3# 1t cos O 1) 7 8y e I itk AT B i ol

1 1
0 10 20 30 40 50 60
beam bombardment angle/°

10 B IR B h 2 5 S5MEXT L. (a) EAEE R, (b)
V%4, (c)316L NGB 4

Fig. 10 Comparison between corrected and uncorrected predic-

ted curves and measured values. (a) Zirconia ceramics,

(b) Au-coated ceramics, (c) Au-coated 316L stainless steel

¢ ¢ (=) &

005621—7+F—...Wz1—5 (4)
FE SN
1 2
=w—1z—<<l (5)
3R (3) AlEE AL
n(6) = %(S);[l+ax+o(x2a2)]xa/ <1 (6)



o122 M

BISCH 4 USRS AR A G R ST 1093

MRAE 2RI AT — B bl

(14+x)* = l+ax+o(x?) (7)
LA b AT — 2D TR AR
1O, e nO( 1Y
n() _w(l T = cosO(cosH)
_ 77(0)1+ (8)
(cos@) ™

o Bk — A I 3 v R R T A T
YrBEHLH, 51 AR IOV AE TE R B o, FABRE SR
UE 22 T SR o A R R 22 A6 i R I RE HR s 8
LR R X O B S AR o XA RS
i RE T fifp W A I R AT 0L, G0 et e U045 A
B =R B IEREL o, WK 1R, 010 R EL
R HEE 1, UEHT 19 748 a5k 0 R A i 2 i () A DGR 4
A LR ML A R o AN B G 2 1w A
SR BB B R TG T AR HORH [), B WA [ 5% i A 3
AR R A DX B SN AR T AR S A OG5
R R BN

®1 BER#

Tab. 1 Correction coefficient o

LiLbv) Bl i R Ve e 4 R ME 4
a 1.3020.04 1.3240.05 1.32+0.05
MIEES 928 0.99 0.99 0.99

AT 5K IE F B0 W 8 7 2B RL R AT A
b, FHE T AR S N A R G R, S
IR 2% SR B, 16 1F 5 B IS 0L -5 ) H690 )
X ZETE 20% LAPY, TERA 1 12406 AR AL G n S 1
HTRGEHM. E 10 B, 76 0°-20° %/ S
L, BT TR 36192, i W2 58 X0 #1 BE 1 Sskevk:
A, AR v T 425K FH ARG IE B R4 7 Pk
i

2 G E 20°-40° X [H] 15}, & 1F J5 il 42 AR
SEPRRER b TR, AR R 7 B 18 B rh A
() 08 25 0 s TTE 40°—60° 1 7 £7 JBE X [, A 2]
R ATAG A W %6 B LR X T A A i v R s
TZAE R o RN B IE R, R T ORRIM kLR
AT PR 285 X A W 3l R 1 S I ML, S R 2 5 R
AR I 1) TR S A Ny T ELA A M A BRI AE A,
HAHR TS BB AL T FH B

4 Hig
AR SO v R =7 Bt 3l A 4 B9 58T SSC-

Linac FLZ&HF A RS, X | S ILEE 98 & KR
4 WM FE AN IR 25 AR BT B AR R AT TSR
KIS, FENAEUT:

(DI I T 258 500 A7 R0 305
A SN 2 T A AN ) A BE R I A R DU, Tl
F 107 Pa B A RS

(2) 53 B 25 b # FERE R RF AR it U2 2 1) 5% T 1L
i, I38 2 5 A SRRV AE IE FREL o LAk T R A
R, SEER R, BEE AR 6 DA 003 28 45°, fiff g
SRR, TV BT T X — M E
WA o A ACES B 4 PR A A B 4 BE A il I R
K24 50%, 2 W Wi ' 2% 11 9 4 e A 00 R AR A I %2
XFECAT BT R B, AN 0E 4 5 R AL B 4 MR A A T
REFIINT 15%, UWET AT h R B Z R 2 WAL
SRR, SRR ST A PR . P R IEHE IE R
AR, VLB E L R A E S M R 2R G

(3% A [7) 35 il A BT figf R el 3 5 4 20 17 0
B, 1B = 2RO B IE R B o DL OR Bl 25
R AL Z . RIE T IR A n] Sk S T
FRIE FHE, oA FLAS ZR G0 i W S5 1 TR A 0 2 41t
THSHESE

2 % X #

[1] YangJC, Xial] W, Xiao G Q, et al. High intensity heavy
ion accelerator facility (HIAF) in China[J]. Nuclear In-
struments and Methods in Physics Research B, 2013,
317(1): 263-265

[2] Zhou X H, Yang J C, the HIAF project team. Status of the
high-intensity heavy-ion accelerator facility in China[J].
AAPPS Bull, 2022, 32(35): 1-20

[3] MaX, Wen W Q, Zhang S F, et al. HIAF: New opportu-
nities for atomic physics with highly charged heavy
ions[J]. Physics Research Section B: Beam Interactions
with Materials and Atoms, 2017, 408: 169—173

[4] LiP,Bozykb L, Dong Z Q, et al. Dynamic vacuum simu-
lation for the Booster Ring in the high-intensity heavy ion
accelerator facility[J]. Vacuum, 2019, 163: 15-25

[5] Mahner E, Efthymiopoulos I, Hansen J, et al. Beam-loss
induced pressure rise of Large Hadron Collider collima-
tor materials irradiated with 158 GeV/u In*" ions at the
CERN Super Proton Synchrotron[J]. Physical Review
Special Topics - Accelerators and Beams, 2004, 7(10):
357-363

[6] Mahner E, Hansen J, Laurent J M, et al. Molecular des-

orption of stainless-steel vacuum chambers irradiated with


https://doi.org/10.1016/j.vacuum.2019.02.004

1094

Ho o= B

ST 5 I NI S

545 %

[7]

[8]

(9]

[10]

[11]

[12]

4.2 MeV/u lead ions[J]. Physical Review Special Topics-
Accelerators and Beams, 2003, 6: 013201

Velthaus V, Trautmann C, Bender M. Mitigation of ion
induced desorption for accelerator components by sur-
face treatment and annealing[J]. Vacuum, 2023, 211:
111965

Hedlund E, Westerberg L, Malyshev O B. Ar ion induced
desorption yields at the energies 5—17.7 MeV/u[J]. Nucle-
ar Instruments and Methods in Physics Research A, 2009,
599: 1-8

Xie W J, Meng J, Li C C, et al. Measurement on the des-
orption yields of ceramic and Au-coated ceramic irradiat-
ed with Bi**" and Xe”*'[J]. Vacuum, 2021, 194: 110636
Dong Z Q, Li P, Yang J C, et al. Measurements on the gas
desorption yield of the oxygen-free copper irradiated with
low-energy Xe'® and O'[J]. Nuclear Inst and Methods in
Physics Research A, 2017, 870: 73—78

Xie W J, Meng J, Li P, et al. Surface desorption induced
by heavy ion bombardment: A Simulation and experimen-
tal study[J]. Chinese Journal of vacuum science and tech-
nology, 2018, 38(2): 157162 (I 3CH, Z21R, 221, %
HE TR R IR B SR (0], Ry
FeAR#AR, 2018, 38(2): 157-162 (in Chinese) )

Luo C, Yang W S, Xie W J, et al. Development of thin-
wall vacuum chamber for heavy ion medical accelerat-

or[J]. Atomic Energy Science and Technology, 2020,

[13]

[14]

[15]

[16]

[17]

[18]

54(11): 2245-2251 (B 1, B, SO, 4. BRI E
BN g HERE LS = W (9] T RER AR, 2020,
54(11): 2245-2251 (in Chinese))

Mahner E. Review of heavy-ion induced desorption stud-
ies for particle accelerators[J]. Physical review special
topics — accelerators and beams, 2008, 11(10): 320—-325
Yin X J, Yuan Y J, Xia J W, et al. Design, fabrication,
and beam commissioning of a continuous wave four-rod
RF quadrupole[J]. Physical review accelerators and bea-
ms, 2016, 19: 010402

Zhang X H, Yuan Y J, Xia J W, et al. Saw tooth-wave
prebuncher with dual-gaps in Linac injector for HIRFL-
SSC[J]. Nuclear Instruments and Methods in Physics Re-
search Section A, 2018, 879: 39-46

Luo C, Xie W J, Meng J, et al. Device for determining
desorption yields of multiple targets: CN201710340324.3
[P]. 2023-04-11 (¥ B, I SCH, SRR, 5. —Fh 2R
A7 W2 R 2k % 4 CN201710340324.3[P]. 2023-04-11
(in Chinese) )

LiCC, Luo C, Liu J L, et al. Study on Au coating of ce-
ramic-lined thin-wall vacuum chamber for HIAF[J]. Vac-
uum, 2021, 184: 109898

Molvik A W, Kollmus H, Mahner E, et al. Heavy-ion-in-
duced electronic desorption of gas from metals[J]. Physi-

cal review letters, 2007, 98: 064801


https://doi.org/10.1103/PhysRevSTAB.6.013201
https://doi.org/10.1103/PhysRevSTAB.6.013201
https://doi.org/10.1103/PhysRevSTAB.6.013201
https://doi.org/10.1016/j.vacuum.2023.111965
https://doi.org/10.1016/j.nima.2008.09.052
https://doi.org/10.1016/j.nima.2008.09.052
https://doi.org/10.1016/j.vacuum.2021.110636
https://doi.org/10.1016/j.nima.2017.07.025
https://doi.org/10.1016/j.nima.2017.07.025
https://doi.org/10.7538/yzk.2019.youxian.0798
https://doi.org/10.7538/yzk.2019.youxian.0798
https://doi.org/10.1103/PhysRevAccelBeams.19.010402
https://doi.org/10.1103/PhysRevAccelBeams.19.010402
https://doi.org/10.1103/PhysRevAccelBeams.19.010402
https://doi.org/10.1016/j.nima.2017.09.042
https://doi.org/10.1016/j.nima.2017.09.042
https://doi.org/10.1016/j.nima.2017.09.042
https://doi.org/10.1016/j.vacuum.2020.109898
https://doi.org/10.1016/j.vacuum.2020.109898
https://doi.org/10.1103/PhysRevLett.98.064801
https://doi.org/10.1103/PhysRevLett.98.064801

	1 解吸率测试原理
	2 不同轰击角度下解吸率测量
	2.1 测试装置
	2.2 样品制备
	2.3 测试步骤

	3 结果分析及讨论
	3.1 解吸率测试结果
	3.2 气体组分的动态演变特征
	3.3 解吸率与角度依赖关系

	4 结论
	参考文献

