
1National Institute of Advanced Industrial 
Science and Technology (AIST)

N. Oshima, K. Michishio and B. E. O’Rourke

PPC12.5, 31 Aug. 2021



2

(AIST) R. Suzuki, K. Ito, M. Yamawaki, T. Odaira, 
H. Hagihara

(Hiroshima Univ.) H. Higaki

(Tsukuba Univ.) A. Uedono

(JAEA) T. Hirade, T. Oka

(The Univ. of Tokyo ) A. Ishida, K. Shu

(Kyoto Univ.) A. Yabuuchui

(Chiba Univ.) M. Fujinami

(Tokyo Tech.) N. Hayashizaki

Acknowledgement



・AIST slow positron facility

・Beamline reconstruction

・Vertical positron beam for PALS

・Positron microbeam (PPMA)

・Positron trap

・Summary

Outline



4

・Acceleration energy︓40 MeV
・Power︓several hundreds W
・Pulse width︓2 μs
・Repetition rate︓1- 70 Hz

Dedicated electron LINAC

・Intensity︓~107 slow e+/s
・diameter︓~15 mm
・transport energy︓10 eV

High-energy
electrons

Slow positron beam

Ta converter(t5 mm)
W moderator lattices
(t25 μm, pitch 3 mm)

AIST slow positron facility 
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LINAC

PALS&PPMA

(PPMA#2)

(PALS#2)

PAES
Combined Ion-
Positron Beamline

Converter/Moderator

Slow positron line

Electron line
10 m

Beamline reconstruction(2014)
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Multiport

PPMA

PALS

Slow positron line

Electron line

Converter/Moderator

10 m

Beamline reconstruction(2019)

LINAC
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Multiport

PPMA

PALS

Slow positron line

Electron line

Converter/Moderator

10 m

Beamline reconstruction(2019)

LINAC

RI based slow e+ beam
・moderator : solid Ne
・moderation eff. : ~0.7%
・used for tuning systems and

DB measurements
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PPMA
(<Φ1 mm)

PALS
(Φ 10 mm) 

Open port

e+ trap
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Time structure of  slow posittrons
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B. E. O’Rourke et al, JJAP-conf. proc. 2, 011304 (2014)

Vertical positron beam for PALS

・Acc. Energy : 1 – 30 keV
・Time resolution :<250 ps
・Beam diameter : 5 mm, 10 mm
・Sample : film, liquid, powder…

Load-lock chamber
multi-sample holder (5 pic.)
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Vertical positron beam for PALS

・Sample︓Synthetic adsorbent; Amberlite XAD

Powder-sample measurement

XAD-2000 XAD-4

Particle size (mm) 0.32-0.44 0.49-0.69

Specific surface area (m2/g) 607 876

Pore diameter (Å) (mode) 72 122

Liquid-sample measurement

・Sample︓
N,N,N-Trimethyl-N- propylammonium 
bis (trifluoromethanesulfonyl) imide 

(TMPA TFSI)

・OFC cup holder & heating stage ︓
Troom - 200 ℃

Collaborative work 
with Dr. Hirade
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Scanning positron microprobe
Time resolution:        <250 ps
Spatial resolution︓ 240 um (FWHM)
Counting rate︓ 200 cps – 600 cps
Scanning area: 15 mm x 15 mm

KaptonYSZ

Positron probe microanalyzer (PPMA)



Rad. Phys. Chem. 78, 1096 (2009)

Buncher Focusing lens Ni (150nm) 

Acceleration Tube 

Positron probe microanalyzer (PPMA)



Beam Trajectory

Ei = 0.8 keV

Correction Lens 1 Correction Lens 2Acc. Tube

Ei = 0.8 keV

Slow positrons accelerated 

from 1 to 30 keV while 

maintaining a small beam 

divergence.

This system which consists of an 

acceleration tube and two correction 

lenses can guide positrons with arbitrary 

acceleration energy with almost the same 

beam trajectory.

Ef = 2.0 keV

Ef = 30.0 keV
1-30keV 

acceleration

Electrostatic Acceleration System
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3-D lifetime mapping by PPMA

Chopper. 

Buncher

Start

Stop

Acceleration 

energy control

1-30 keV

Depth (z)

Lifetime ()

Horizontal position (x, y)

x

y

z

Lifetime mapping


m

0.25     
    0

.75(ns)



x

y

z

z = 750 nm

z = 500 nm

z = 350 nm

Timer

Sample 

(X-Y translation stage)

Gamma-ray

N. Oshima et al., Appl. Phys. Lett. 94, 194104 (2009).
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Measurement of Free Volume Under Humidity Control

Measurement of free volume in 
polymer films (PVA and PA6) as a 
function of humidity

N. Oshima et al., Appl. Phys. Express 4, 066701 (2011).
W. Zhou et. al., Appl. Phys. Lett. 101, 014102 (2012).
K. Ito et al., Appl. Phys. Lett. 112, 083701 (2018).

A positron beam can be 
extracted into the atmosphere 
while keeping the energy low.



・Buffer-gas positron trap in 

conjunction with the 
accelerator based e+ beam.

Positron trap

N2+CF4 gases

Solenoid coil (B = 600G) Multi-ring electrodes

e+ beam

H. Higaki et. al., Appl. Phys. Express. 13, 066003 (2020)



Positron energy ︓〜 10 eV
Rotating wall︓f ~4.8 MHz, Vpp~3V
Trapping efficiency︓~4 %

Lifetime constant: ~2.8 s

・ Slow positrons generated by LINAC were accumulated in the buffer gas trap.
・ The trap efficiency (~ 4%) is lower than the results of previous experiments 
using RI-based positrons (efficiency ~ 20%).
・ The main reason for this low trapping efficiency is due to the large 
longitudinal energy spread of incident positrons in the trap.

Experimental result of positron trapping

H. Higaki et. al., Appl. Phys. Express. 13, 066003 (2020)
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Experimental result of radial compression of positron 
clouds using  rotating wall

・ Positrons were extracted from the trap after 
applying a rotating electric field (3 Vpp, 4 
seconds) in the trap. 
・ The profile of the extracted positron was 
observed by MCP
・ Beam brightness increased due to radial 
compression by the rotating electric field.
・ The beam diameter could be compressed 
during the linac pulse interval (25 ms).

H. Higaki et. al., Appl. Phys. Express. 13, 066003 (2020)
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Experimental result of pulse extraction of slow positrons 
from the trap

H. Higaki et. al., Appl. Phys. Express. 13, 066003 (2020)
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・The pulse width can be 
controlled by changing 
the extraction voltage. 
・A short pulse of 10ns or 
less is achieved.less than 10ns 

(FWHM) 

We plan to develop a next-generation PPMA that uses a highly efficient and 

high-intensity positron focusing beam using a positron trap as an injector to 

a brightness enhancement system.



Technology transfer to commercial analyzers

Desk-top PALS Beam PALS

The basic technology was 

developed by Dr. Yamawaki.

The basic technology was 

developed by Dr. Ohdaira.

Anti-coincidence type
Count rate:  ~ 80 cps / 1MBq 

Beam energy : ~1- 20 keV
Count rate:  ~ 2000 cps / 0.5GBq 
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Summary

� Over the last few years, the layout of positron beamlines 
has changed. 

� A newly developed vertical beamline for PALS and PPMA 
is now operational. 

� A positron trap is under development and will be planed
to be use as an injector for the next generation PPMA.

� The developed technologies are being transferred to a 
commercial analyzers.
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Thank you for your attention
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PPMA Applications



(1) Without remoderator (electron method)

(2) With remoderator (positron method)

Beam divergence  : Large  Guiding Efficiency : Low

Beam divergence  : Small  Guiding Efficiency : High

1st Lens 2nd  Lens

sample

re-moderator (transmission type)

virtual electron

source

virtual positron

source

sample

aperture
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