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Positron annihilation age-momentum correlation (AMOC) measurement is a strong tool to investigate
chemical reactions of positron and positronium (Ps). However, the count rate of AMOC measurement is usually
very low because AMOC is a triple coincidence method. We succeeded to make the AMOC count rate higher
than 10 cps, which is almost one million counts a day, by use of four scintillation detectors for 1.27MeV start

- signal from %?Na.

i B  AMOC measurements on OH radical in water show one more interesting phenomenon on the reaction of OH
| and ortho-Ps because there are two kinds of OH radical. One of them has a spin correlation on the electrons in

,7 he ortho-Ps and the OH radical. The other has no spin correlation. The spin conversion reaction between the

spin-correlated pair gives 33% more yield of para-Ps. Hence, it is possible to study OH radical behavior in
. water by AMOC.
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| am going to show
AMOC with 4 start detectors
and some results of water measurements.



We need to overcome this difficulty.

Triple coincidence method = low counting rate

1 week for 1 million counts
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However,
There IS a serious
problem.

T. Hirade et al. , Nuclear Inst. and Methods in Physics Research, A 931 (2019) 100-104



Samples and Na-22 source Start Scintillation detectors
HPG ‘I_ZTBI-IeV
b € e )| )
etector | Energy Stop
511keV 511keV
[Anp] C
Gate and | [Time to [ CFDD [ Delay [
Delay — Amplitude
Generator| [Converter |4 ¢FDD
Cha y I rigger Ch2
Ché Digital Storage Oscilloscope [Chl \|
Qualified

100000
10000 f
4+
5
3 1000
()
100 }
10

000 000 00 000 000 GCOOO0O0s0CTE

] 0 5 10 15 20 25 30

time(ns)

Scintillation detectors

Samples and Na-22 source 5
tart
‘1.2751-Ie\7
HPGe-
Detector | Energy Stop
511keV 511keV
Amp. I
£ ¢
Gate and | |Timeto [~ CFDD [~ Delay [
Delay — Amplitude
Generator| [Converter | C¢FDD
Chd yIrigger Ch2
Ché_ Digital Storage Oscilloscope |Chl \|
Qualified

100000

10000 p

1000

count

100

10

WO VOO OO0 00 COOVO

10 15
time(ns)

20




How to solve this problem.
We need detector (sensor) identification technigue

Gamma- ray Scintillation detector

\[ R

output from detector(a.u.)

o
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time (ns)
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Temperature dependence of 15 In water
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To the theory of Ps formation. New interpretation
of the e™ lifetime spectrum in water
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Reactions after ionization of a water molecule
at the end part of the positron track
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We demonstrate electron dynamics in liquid water within 10 fs

Orange : Auger electron (500eV), Yellow : SE, White : ION, Green : EXC
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0-Ps reaction is less
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Age-momentum correlation measurements of positron annihilation in water:
Possibility of quantum beats on ortho-positronium reactions

Tetsuya Hirade *

Nuclear Science and Engineering Directorate, Japan Atomic Energy Agency, Tokai 319-1195, Japan
Graduate School of Science and Engineering, Ibaraki University, 4-12-1 Narusawa, Hitachi, Ibaraki 316-8511, fapan
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Fig. 1. 5(t) curve observed through positron annihilation age-momentum correla-
tion (AMOC) in ultra-pure water at 18 °C. The arrows give the S(t) beats. The long
arrows are at about 1.15 ns intervals while the short arrows are at about 1.32 ns
intervals. The solid line gives the expected beats indicated by the long arrows in S(t)
with the mechanism proposed here. The minimum should appear at the positron
age of zero according to the mechanism.

ABSTRACT

Quantum beats were detected in the reaction of electron-spin-correlated pairs of ortho-positronium and
hydroxyl radical. Singlet ortho-positronium and hydroxyl radical pairs were generated in positron radi-
olysis of water molecules. The singlet-triplet transition caused via the hyperfine coupling of every radical
affects the rate of the radical reaction, and then affects the rate of the competing reaction, the spin con-
version reaction between ortho-positronium and hydroxyl radical. Spin conversion of ortho-positronium
can possibly be detected using positron annihilation age-momentum correlation ( AMOC) measurements,
and time resolved annihilation gamma-ray energy distribution observed using AMOC measurements did
successfully reveal quantum beats in water.

© 2009 Elsevier B.V. All rights reserved.

S peak positions can indicate
hyperfine coupling constant of OH radical

25
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AMOC at 10, 15 and 20°C are measured to detect
simple OH radicals present at all temperatures.

Chemical Physics Letters 401 (2005) 420-425
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Summary

1. By detector identification using the individuality of the signal, high count rate
AMOC measurement becomes possible.
2. OH radical diffusion changed around 10°C.
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Expected beats with known HFCCs of OH were observed.
4. Results at lower temperatures also will be published soon.
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