) 32 3R Acta Phys. Sin. Vol. 73, No. 5 (2024)

053401

16 keV C BF R

FHBT B

wE EXBE AAE

WIHEFHEIZIEE
W 3

(A0 0 DA BRAT], 2200 732850)

(2023 4 9 A 17 Hk#; 2023 4£ 12 A 1 HEME%H)

U T 2 HETE DR A TR AR B BS R B IN T BRI o3 AR T A g R e S U L AT T e 4 SR
ARSCHIFE T 16 keV C 7EA [RMBURHA L (09 HEJE B BE A b iz A2 . S0 e S A0 1 OBt A BE I, o ok 1
P A% DX 52 DX B, A% X AT A8 U L P B B, R 5 TR A P B 2 [R) R A i i S04, 2R C
B O C SR A N BE A AR 0 A SR, i C 0 CO M. SRR R D 1O A S 1 ol
IR CO T HRBEA C B 1 BE, A BUAZ X, AR XA 5 107 1) U AR B A AR 107 1), 5 HETR AT
AR TG . B SRR A R W B0}, RS I8 5 AR W), CO SROBE 7 LEBE N, C SEBE & FRIsi . HETE A XA
SVE T AR AR IRAN 1R BE 008 1 1 HEIR AT 1 fn AR S Bk, A B TR AR T RIS SR R

INAER

KEEIA : HOPBORAY, Wk, T
PACS: 34.50.-s, 79.20.Rf, 68.49.Sf

=

=

1 3

Bifi 5 AATTG 5 L 5 P AR BRI B
FETRA, HETE A 570 FURE I AH AR R 5
WFFE NG . AREE TILIRE ) A 454, HEE
PERSAE A UK, fE A ORS00 2 fETFReK
YL R /NI ZERE ) AT DU S O R
T 1) J) R AR | T A P HEL O W L 25 A5 3 R A B3R
[F] B T8 B A8 X A B 8 7 T I FOR RUBE 1 3R
BT AR IF R FHEIE AT UL A0 R AR,
FEAE WL 27 3L MRS B 1) A SR 2 T2
oF . EFA LB TR O T s B & —
X} FLRF RIS AR T B, TR XA ) 4 il
55 67 2 AT (a1

T, Stolterfoht 55 P) 7 2002 4F & 81 T K AE
B AL 1) T m RO, A 3 keV B Ne™
NS EAT — 2 MR B 9K LI, RIS L

t BIE1EH . E-mail: niusht14@lzu.edu.cn
© 2024 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.73.20231513

PR IR A FLIE Sl ) Ty 1) SR ELORARR A R
IS A B T ICFL N BEIE 1Y F 2 2R iy SR
NN R O S YN o IE RN Ok S|
G B, VFEPUE I RBO) T R TR
s HLEI RS, &R RERE (M eV 3 MeV) HI
KM (B, B, MET) MASEFREZEHT
Sy 16-13],

Y THEE BIE O OK RO I R B 1A
TR AT, HRAES [ T TS R 6121,
TEAKHEIX, Yamazaki 5410 H 8 keV Ay Ar®+E
F A HEIE BSOS I, IR AR R BE 10 /2
A, [RIBAIA T B 70 B B G 1Y) 1) 28500 3 i
VR IR B R RE 2 A 2L rL T A . X T RiRe X,
Hasegawa %5 Y i 2 MeV W)l 2R L B EE 45
TEkiz A b & UL N BE TR A L A X MeV 55
T LB A s, FEEDIRA R LT 2K
BEAIL Ay S Rl Ay 3 B as p L] o),

H A0 T8 5 5 HEE 3O S 0y iz etk

http://wulixb.iphy.ac.cn

053401-1


http://doi.org/10.7498/aps.73.20231513
mailto:niusht14@lzu.edu.cn
mailto:niusht14@lzu.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 5 (2024) 053401

SRR T S B RO I, ARECTIE
B, BT NERERG, 5IES T AGHEOA
ARKANA) W, WP AE 07 B 75 HE R B U i B iz
WrFei /b, H A B A TR 5 A ST 0ot i
TR RS RIS R 22290 XA [RMBAR 7 B i i
FHERFI T . A SOR TR RE T B AN )
BURHA BEHEI A P iz i e, ARA5 SRl
FARE | —HEMEIE  HIXE SR R E (FWHM)
AR OO 1. AR SCRNTE T IRAE T B T S TR A 5K
BT FE R, A7 BT s R RE 0 B 1 S HE A

i R AIAA.

2 ELIER K

A I 2 I 22 M R AR 5 R 2 B
2x 1.7 MV i 8 51 i 48 5 560 & 19 8 1 I
JiE, ST AN 1 T R A I S B TR
O B RZSHAREE 75 cm, FLAEA 1.5 mmx
L5 mm MYERMEELS (REUAEN 0.2°), SR A
23 B I T R A HETE B B A R A Rl I A
1070 Pa, HEIEBEIGAE 1Y A B2 0K B2 0.1°1Y
VA AR SC I, AR B R R T S R B A
J& 5 cm MW FAR % 5, SR O B
1 COJRTFTE YAl A5 DLy 8 51 B4y 55 [R] s £
B HAE X o7 e f(5 B, PR T AL B o i {5
S W B A IS 5 30 cm Ab 1Y 2 L 0 R

DERIC SR

ARSI TR FH AT 8 R 3 e A B A
FE W 81% Si0,, 13% By0s, 4% Na,0, 2%
AlyO3P3L. HE TR A5 J2 38 Ao A o Bk 30 08 1 B
FHEER Ay, SR DL — 2 8 1) Wb, DA 3R
AT EHAA A 580 um, H 11 HAAN 23 um, K
30 mm AT BRI, MBS A R 10,

3 LR

TEX—IBE SN T 16 keV C FEA[H]
RUAHIHETE S N SR Hs e i i A5 L.

3.1 16keV CTEL T 0° iRl AERE
A% S5

Pl 2 FIEL 3 43l 46 T 76 T e i e R i 7
LK 4 300 VI, 16 keV C 7E{H 4 /1 BE N 0°HY
HETE B TP PR B A (1 2(a)
Kl 3(a)) LLRAE X, YERTT 1) b 48 5% 2 A 15
(K1 2(b). & 3(b)). MHEIEE AT o°ist AR,
B A iE K %X (core) FIEEIX (halo) P44
B, HA R XA T SR A o T, e
SHAREN 0°, ¥ C B AL, WiE 2 fE 3
a2k X, B XA TFRIX DU, i 2 gk
DX A DR X 22 ) A B 9 2 1 X, 7 e
HLE AR, 2 X0 2 XY CO Jit 1 X S 2

B 1 Sl ERBER (a) i HMEIEERER, A RN 580 um; (b) HEIEH DL, EA R 23 pm; (o) AR E R 0°1 1 —

4

Fig. 1. The schematic view of the setup for the ion transmission experiments: (a) The profile of tapered glass capillary with an inlet

diameter of 580 pm and (b) the outlet with a diameter of 23 pm; (c) the typical two-dimensional spectrum of transmitted particles

with 16 keV incident energy and with a tilt angel of 0°.
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Fig. 2. The typical two-dimensional spectrum (a) and the
projections in the X-axis direction of the transmitted
particles (b) after 16 keV C  transmitted through tapered
glass capillary with a tilt angle of 0° with the 0 V defection
bias.
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Fig. 3. The typical two-dimensional spectrum (a) and the
projections in the Y-axis direction of the transmitted
particles (b) after 16 keV C° transmitted through tapered
glass capillary with a tilt angle of 0°with the 300 V defec-

tion bias.
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Fig. 4. The evolution of the outgoing angle of core (a) and the FWHM of the transmitted particles (b) for 16 keV C transmitted

through tapered glass capillary at the tilt angle of 0°.
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Fig. 5. The evolution of the relatively transmission rate (a)
and the fraction of the transmitted particles (b) for 16 keV C

transmitted through tapered glass capillary at the tilt angle
of 0°.
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Fig. 6. The typical two-dimensional spectrum (a) and the
projections in the Y-axis direction of the transmitted
particles (b) after 16 keV C  transmitted through tapered
glass capillary with a tilt angle of 1° with the 200 V defec-
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tapered glass capillary, the red line indicates the center dire-
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tapered glass capillary at the tilt angle of 1°.
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Fig. 11. Simulated trajectories of transmitted particles for
16 keV C  transmitted through tapered glass capillary at
the tilt angle of 0°.
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Study on transport process of 16 keV C ions in tapered
glass capillary: Role of capillary tilt angles

Niu Shu-Tong’ Zhan Xin  Hua Qiang Li Wen-Teng
Zhou Li-Hua  Yang Ting-Gui

(The 404 Company Limited, China National Nuclear Corporation, Lanzhou 732850, China)

( Received 17 September 2023; revised manuscript received 1 December 2023 )

Abstract

The tapered glass capillaries have been widely used in physics, biology, materials. The features of ions
transmitted through the insulating tapered glass capillary manifest themselves mainly in the interaction
between positive ions and tapered glass capillary, However, the transmission process of negative ions in tapered
glass capillary has been studied scarcely so far.

In the present study, we measure the properties of 16 keV C ions transmitted through the tapered glass
capillary, such as the two-dimensional spectral distribution, the relative transmission rate, the centroid angle,
the charge state purity and the full width at half maximum of the transmitted particles. As the tapered glass
capillary tilt angle is equal to 0°, the transmitted particles are composed of three components, i.e. the core, the C~
of halo and the C° of halo. As the tilt angle is 1°, the transmitted particles are composed of two components, i.e.
C and C° As the tilt angle is >1°, there is no core region, the transmitted particles are composed of two
components, i.e. C and C° No matter how the tilt angle changes, the centroid angles of core are always along
the direction of the incident ions, independent of the tilt angels. And the centroid angles of transmitted C~ and C°
are always along the direction of the capillary axis. The transmission processes of 16 keV C ions in tapered
glass capillary with different tilting angles are analyzed qualitatively. When the tilting angle is small (0°-1°),
the C ions are directly traveling straight through the back cone hole of tapered glass capillary, which are
mainly composed of C ions. When the tilt angle is large (>1°), the C ions cannot directly travel straight
through the back cone hole of the tapered glass capillary, and the core region does not appear. Due to the
guiding effect of the negative charges deposited on inner wall of tapered glass capillary, the transmitted C ions
are located around the direction of the capillary axis. The tapered glass capillary has a focusing effect on the
incident ions. This experiment covers the lack of the studies of low-energy negative ions transmitted through
tapered capillary and helps to strengthen the understanding of the transmission process of low-energy ions

transmitted through tapered capillary.
Keywords: tapered glass capillary, transmission features, negative ions
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