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Fig. 1. Schematic diagram of the experimental setup: (a) Definitions of the tilt angle ¢ and the outgoing angle 6;

(b) SEM image of the PC membrane; (c) typical 2D spectrum obtained in the experiment.

176102-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 17 (2018) 176102

(58 S, TR AL BT AY F1 2 NS O 1) 5 AL
VBRI IS, AR D SRE T T T S ON S RO
T A, R T2 S I RO A AR
WG B 7 A AT BT AS 0 S, i A R L e
JE 77 30 cm AbH —4ERUETERAIRIMZR . B 1 (c)
SR RS ] BB He?t, T ARBE N He?,
He?t 5 Hel 1073 B2k, Seit b IRERAK. Se5
AL A FL 25 BE R 108 em =2, JE A 30 um, 1
FLEA N 200 nm (FRTEEE 150 : 1, X N LT 5K

(¢

sk (a) Begining

I (b) Build up

0,/ (%)

-2 0 2 4
0:/(°)

B2 30 keV ) He?t NAFHURHA N —1° (1 PC LIRS — 4k 4345 B LL & He? T A1 He® 7E o #0717 _E B

90.38°), B 1 (b) JALIRE i) o7 B AORAR, AL
SHETE I HBA R AEESIR, Pl 5y 2 1R
B R T L E AR P,

3 XRER

FEIX 357, B 7R 30 keV ) He?+ B 7 N4
AN B HABTR} A B 1 PO 4 LIRS HE SR T 14 A
I3 FRART A 20 A DA 5 1 RIS (A A, TR
Xof SR 25 B e PR A3 A

—1°, 500 pA)
G B
T T T T T | T T T
3| (d) He2+ | 1| =DBegining |
. e Build up
e Reached
1
1
1
2 - -
1
1
1
1
1L 1 4
1
1
> 1
i
~
1] 1 L 1
= 0 T T T T g T
=
3 (e) He® . = Begining
1.5 F === Build up

== Reached

1.0 -

02/(°)

(@), (), (c) 77

ARSI NIT AR I B P S B b Sk B4 5 1) 4004 BB (d), (e) 40l He T RBERN He® HEBELE o 5 1 %R
2, ML MARE (a), (b) M (c) MBEEEEE, HrP 2 RAIoR AT 17, B ELER T 7R

Fig. 2. Typical two-dimensional spectrum and the projections of He?+ and He® in the z-axis direction of the transmitted

particles after 30 keV He?t pass through the PC microporous membrane with a tilt angle of —1°. 2D spectra are recorded

at the beginning stage (a), build up stage (b), and reached stage (c). The projections of the 2D spectra of He?>+ (d) and He?

(e) along the z-axis direction. The black, red, and blue solid lines represent the projection data in Figs. (a), (b), and (¢). The

green dash dot lines and orange dash dot lines represent the beam direction and guiding direction, respectively.
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Fig. 3. Time evolution of the centroid angle of the transmitted particles with different tilt angles of PC microporous
membrane: (a) —0.5° tilt angle; (b) —1° tilt angle; (¢) —1.5° tilt angle; (d) —2.5° tilt angle. The green dash dot

lines and orange dash dot lines represent the beam direction and guiding direction, respectively.

176102-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % R Acta Phys. Sin. Vol. 67, No. 17 (2018) 176102

100 T T T T T T T T T T T T T T T T
-43’) —0.5° (b) —1° | (c) —1.5° -W.IESIO-II_.III-'.
-
8o " N ] T 7
am
ISS [] 4
R .
2 "=
T 60 -__‘/.p‘y-p- 7 7 T 7
a - H +
[0) L ']
0 i .
£og0f . i At 7 T 7
< | -
O II-
20[ * = Het | = Het g = He2t = He2+ -
- He0 0 0 s Hel
? [ ] e = He = He B
1 | 1 | 1 1 | 1 | 1 | 1 | L u h | L | 'n
0 0 700 1400 0 10000 20000 0 6500 13000 O 2500 5000

Irradiation time/s

4 & PCAFLBERIBURI A AR FIRITE LU T, SRR T AU S A BE I TRl B3 AE  (a) BURHA N —0.5°; (b) BRI

—1°; (c) RHAE N —1.5%; (d) BiRAREN —2.5°
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membrane: (a) —0.5° tilt angle; (b) —1° tilt angle; (c) —1.5° tilt angle; (d) —2.5° tilt angle.
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the initial experimental stage (b) and balanced stage
(d). Projections of the transmitted particles in thez-
axis direction for these 4 scenarios are shown on the
right with —1° tilt angle.
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Abstract

Nanocapillaries in various materials have received considerable attention due to the rapid growth of the nanotech-
nology. Recent studies have focused on the transmission of ions through the nanocapillary.

The pioneer work, the transmission of 3-keV Ne’™ through polyethylene terephthalate nanocapillaries based on
guiding effect has been reported by Stolterfoht et al. (2002 Phys. Rev. Lett. 88 133201), indicating that the self-
organized charge patches on the capillary walls, which inhibits close contact between the ions and the inner capillary
walls, deflecting the trajectories of ions, and thus the ions transmit along the direction of the capillary axis. For the
high-energy region (E/Q > 1 MV), Hasegawa et al. (2011 J. Appl. Phys. 110 044913) measured the outgoing angle
and energy distribution of 2 MeV H' ions transmitted through a tapered glass capillary. The results indicated that the
main transport mechanism of the MeV ions in a tapered glass capillary is the multiple random inelastic collisions below
the surface.

In the medium-energy region (E/Q from dozens of kV to hundreds of kV), Zhou et al. (2016 Acta Phys. Sin. 65
103401) measured the transmission features of the 100-keV protons transmitted through a polycarbonate (PC) membrane
at a tilt angle of +1°, the transmitted particles were located around the direction along the incident beam, not along
the capillary axis, the transport mechanism of the 100-keV protons in the nanocapillary is the charge-patch-assisted
collective scatterings on the surface. With the nanocapillary membranes at different tilt angles, the transverse momen-
tum of the incident ions are different. What is the transmission mechanism of the ions in nanocapillary membranes
at different tilt angels? In the present study, we measure the time evolution of the angular distribution, charge state
distribution and relatively transmission rate of 30-keV He?' ions with 500 pA transmitting through a polycarbonate
nanocapillary membrane at different incident angles (—0.5°, —1°, —1.5°, —2.5°). It is found that for the small tilt
angles (—0.5°, —1°, —1.5°) the transmitted He®" ions are located around the direction of incident beam, not along the
capillary axis, and the directions of the transmitted H® atoms change from the direction of capillary axis to the direction
of incident beam gradually, during the experimental period, the charge exchange is observed. The charge patches in the
capillaries overcome the transverse momentum of the incident ions, the ions are transmitted by specular scatterings on
the inner surface of capillary, and the main transport mechanism of ions in the nanocapillary at the small tilt angles
is the charge-patch-assisted collective scatterings on the surface. For a large tilt angle (—2.5°), the transmitted He?"
ions are located in the direction of the incident beam, and He® atoms are always in the direction of capillary axis, the
charge patches cannot overcome the transverse momentum of the incident ions, and the main transport mechanism of
ions in the nanocapillary at the large tilt angles is the multiple random inelastic collisions below the surface. This finding
increases the knowledge of charged ions through nanocapillary at different tilt angles within dozens of keV energies in
many scientific fields.

Keywords: incident angle, nanocapillary membrane, specular scatterings
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