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ABSTRACT

Electron-positron annihilation is a fundamental process, when an electron and a positron collide in free space; the
ener gy-momentum conservation requires that the annihilation takes place with the emission of at least two photons.
Annihilation of electron-positron in more than two photons is less likely and (very) too sensitive to detect. In this
work | created a simulation of the triple-photon decay in electron-positron pair annihilation, by using 1Python
program, and | compared the simulation results with actual data of the experiment that was performed by M. E. A.
Elbasher et al in the Department of Physics, University of Stellenbosch.
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INTRODUCTION

When a subatomic particles like electrons or pretoaollides with its respective anti-particles,stannihilate into
photons must have energy equivalent to the mapartitles and anti-particles pair before collisibased on law of
conservation of energy, ‘energy can neither beteceaor destroyed but can change from one formntiher'.
Anti-particles have exactly same mass, oppositetédecharge and opposite additive quantum numifens
particles; so that the sums of all quantum numbétke (particles and anti-particles) pair are zand this require
the momentum of photons production to be conserved.

Examples for the annihilation processes includetale- anti-electron (positron) pair annihilatieand the proton-
anti-proton pair annihilation. In this project di@n-positron pair annihilation at low energy, veisdied to observe
the decay of the triple-photon.

Positron can directly annihilates with an electbgremitting back-to-back two 511 keV (rest enerfiyhe electron
or positrony-rays, according to Einstein’s equation E = merays tell us that mass and energy are interchéngjea
[1]. This emerges when electron-positron pair basénergies.

If either the electron or positron, or both, haypr@ciable kinetic energies, other heavier pasiadan also be
produced (such as D mesons) since there is enougtickenergy in the relative velocities to provittee rest
energies of those particles. It is still possilmgptoduce photons and other light particles, bey till emerge with
higher energies.

The energy of the emission should directly coreelaith the mass of the positron. This is a uniquecess in
electron-positron interaction. It is often employteddemonstrate the law of momentum conservatiosulratomic
processes; the reason for the fact that the aatidmil radiation contains information on the eleactraomentum
distribution at the annihilation site.

Sometimes the electron and positron creating bbraugh the electromagnetic force with binding epe8@ eV to
form positronium atom [2]. There are two types okitronium atom, depending on spin aligned of etectand
positron, if spins of electron and positron areaplal called orth-positronium, or spins anti-paghltalled para-
positronium.
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When electron-positron pair first form positroni@tom, the direction of the energy emitted from tlinihilation
will not be linear. i.e. more than twprays were emitted in annihilation process. In thisject, last case was
studied 'positronium atom (Ps) was formed firgt';observe decay of triplerays emitted, and this possible by
simple triple coincidence measurements system.

The cross-section and the nature of annihilatiopedd on the mutual orientation of the spins of plagticles
participating in the annihilation process. For amgte, para-positronium under goes two photons datiim, while

ortho-positronium undergoes three photons annibilafThe probabilities of the spontaneous anniioitebf p-Ps
and o-Ps atoms are also different. Ore and PowdlP#9 calculated that the ratio of the cross-eadtr the three
and twoy-rays cases is approximately 1/370 [3]. The conoéptoss-section in nuclear physics is the effectirea
which governs probability that nuclear reactionl ¥gke place.

Since both positronium formation and direct anaitidn end in the same products (emifteays) they can be
difficult to distinguish experimentally. Positromiuformation cross-section are typically on the ordethe cross
sections for elastic and inelastic processes, wbiless-section for direct annihilation are seveveders of
magnitude smaller. For example, for Argon the positm formation cross-section is ~o3avhere gis the bohr
radius, while the direct annihilation cross-seci®r10° a2 For this reason, above the positronium formatiois,
difficult to measure direct annihilation [4].

In the absence of positronium formation, the retafprobability of decay three photons in electrasiyon pair
annihilation is small. When positronium atom wasnfed, the relative probability of decay three pinstan
annihilation of the positron increases. Hence mesmsants of the relative probability of decay thpg®otons
annihilation of the positron after positronium atomas formed, provide a direct indication of posiiton
formation.

y-rays can interact in matter, only three interattimechanisms have any real significance in gamnya ra
spectroscopy: photoelectric absorption, Comptorites¢ag, and pair production. Since photoelectrisaption
predominates for low-energyrays (up to several hundred keV), pair productiwadominates for high-energy
gamma rays (above 5-10 MeV), then Compton scagieédgnthe most probable process and only would take
account.

In this work IPython was used; it provides a rioblkit to help make the most out of using 2Pythaith support
for interactive data visualization and web-basetklbook with the same core features but supportéale, text,
mathematical expressions, and inline plots [5].

All possible probabilities to detect the triple-ptio decay in the electron-positron pair annihilatiander triple
coincidence measurement have been inserted angizadaby IPython program and interpreted by usingphr
interpreter, the methods and all cases of the catmglvents are fully explained in appendix.

The triple-photon and the incomplete event wemggered by compton scatter. Thus,Python itself wdficgently
defined, | used Python because it represents aléigh language, and its an interpreter, interactiwd object-
oriented programming language is of high accuracy.

Additionally Python has many advantages over osheigh-level language like C,"G Perl and Java.

These advantages can be enumerated as follows:

» Python is easy to learn because of the very clgatas.

» Extensive built-in run-time checks help to deteagband decrease development time.
» Programming with nested, heterogeneous data stagcisieasy.

» Object-oriented programming is convenient.

» There is support for efficient numerical computing.

+ The integration of Python with C,"C Fortran, and Java is very well supported [6].

THEORIESOF POSITRON AND POSITRONIUM

The positron is anti-particle of electron, accogdio the CPT theorem, which states that the fundéahdéaws of
physics are invariant under the combined actiongharge conjugation (C), parity (P) and time reakid),
positron its has mass (9.11°1@g) and lifetime are equal to those of the electrast be 4 18 Year, also positron
has an electric charge of positive electron (+e4D.& c) [7]. The positron eventually annihilates with electron
after a lifetime, which is inversely proportionalthe local electron density [8].
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Historical view
The anti-matter are not found in nature, exceptasmic ray interactions, and are therefore diffitaldetect. The
positron is an anti-electron, and it is first olysgion of anti-matter.

In 1930, P. A. M. Dirac was a predict of the existe of an anti-electron, when he applied relaiiviguantum
theory to an electron moving in an external magniiid [9]. In 1933 Diracs anti-electron was firdtserved by C.
D. Anderson in the cloud-chamber tracks of cosradiation. Anderson noticed a particle with chargpasite the
electron, but lighter than either of the known figsiparticles at the time, the proton and the alpérticle [10].

Anderson who gave the positron its name, the degoef Anderson was soon confirmed in December 1933
Blackett and Occhialini, who also observed the pheenon of pair production [11]. In 1934 Mohorovixbposed
the existence of abound state of a positron anelentron [12]. Mohorovici ideas on the propertiéshis new atom
were somewhat 3unconventional and the name electinich he gave to it did not become widespread.
Experimentally positronium atom was reported fa finst time in 1951 by M. Deutsch [13].

Sour ce of the positron
Positrons are emitted as a result of:

1. Decay of radioactive isotopes such’@$a’Cu and*®Co within a unstable nucleus into neutron, positaon
neutrino. This unstable nucleus emitferhys to reach stable nucleus. These positron esw@ used for laboratory
applications.

pon+et+v 1)

2. Another way to produce high flux of positronstagsbombard electrons on an absorber of high atominber
creating bremsstrahlung rays, thereby generategirein-positron pairs.

For purpose research, alwaybla isotope is used; becatf¢a isotope give a relatively high positron field3f.4
% and has several other advantages, first of albfipearance of a 1274 keYays almost simultaneously with the
positron enables positron lifetime measurementdigjoidence detectors. Moreover, the manufacturatwdratory
source is simple; due to easy handling of differgsdium salts in aqueous solution, such as sodtioride or
sodium acetate, finally reasonable price [14].

As shown in Fig. ?Na decays by positron emission or Electron Captife) to 1274 KeV excited state &Ne
with a branching ratio of nearly 90% and 10% refipely and rather low component of 0.05% decaydiyeto the
ground state, the half-life 6fNa is 2.6 years.

#Na 260y

beta decay 90 %

EC 10%

1274 keV
0.05 % beta decay

0 keV

22
Ne

Figure 1: Decay scheme of ?Na

Physics of positron and positronium

Positronium atom like hydrogen atom without nucledsch consists of one electron and one positrosijtmpnium
atom can not be found in nature. Positronium fornmed positron-electron atom collision can be istate with
principal quantum number up tgsrprovided that the kinetic energy of the incidemisiron, E, exceeds the
difference between the ionization energy of thgaark, and the binding energy of the positronium in ttate, i.e.
E> E- 6:8/f,&V .

There are two types of positronium depend on slpgm@ent of the electron and positron: para-positrm (system
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of an electron and a positron with anti-paralldhspand ortho-positronium (system of an electrod a positron
with parallel spins). According to quantum mechar{igsing tensor product), there are two spinsvar tiypes of

positronium singlet state with total sfis % - % = 0, for para-positronium and triplet state with t6tad %+ % =1,
for orth-positronium.

Ortho-positronium has three sub states, which diffehe value of the magnetic quantum number m 6; 11, and
para-positronium has m = 0. In vacuum positronitiomaare formed of approximately 75 % ortho-positiomand

25 % para-positronium. If electron and positronihitete directly or after formed positronium atonush be satisfy
conservation of electric charge formulated at t@es time by American scientists Benjamin Frankhid &Villiam
Watson, in 1747, which provides electric charge weither be created nor destroyed. i.e. the netredecharge of

an isolated system remains constant (the totalgeher always the same) and momentum conservatientatal
momentum of the system is the same after the moilims before. The most common applications of the
conservation of momentum is to problems involveligiohs for isolated systems, thus it is applied tie
annihilation of positron (collision of positron aetectron) [15].

Mathematically
F = -F ( third law of newton )
F=dp/dt=0

where F is the external force, it is equal zeroifotated systems. Thus, P=constant , the total embwm of an
isolated systems remains constant. Two types dfrpogim atom (para and ortho-positronium ) canfduend in
excited state called rydberg positronium. The afatibn modes of positronium governed by selectiole derived
by wolfenstein and ravenhall [16]. To conclude thasitronium in state with spin S and orbital amguwhomentum
L can only annihilates into n gamma rays where

D™ = (-1 (2)
where n number of photons emitted in annihilatioocpss.

For ground state positronium with L= 0, for exampte para-positronium atom (S=0) and (L=0), the tifle of
above equation becomes € 1) 1, so that; the number of photons must be eeuah number (2, 4,...), for ortho-
positronium (S=1) and (L=0), the left side of abeepiation becomes % 1, so that; the number of photons must be
equal odd number (3, 5,...).

Note that ortho-positronium annihilation is accomipd by emission of odd number of photons, at I¢hste
photons; because one photon cannot be emittech@rpair of positron-electron); applying energy amoimentum
conservation, the photon would have an energy equaletotal energy of the incoming electron-pasitpair and a
momentum of zero. This is impossible because agpisagdnergy and momentum are related by E = pc.

The para-positronium has a shorter lifetime thahapositronium, and it is annihilates in two phmtpwhile ortho-
positronium annihilates in three photons. The msig lifetime for para-positronium is 0.125 ns aod ortho-
positronium is 142 ns. In ordinary molecular metlie, electron density is low enough; so that parsitppnium can
pick o electrons from the media that have antiHterapin to that of the positron, and under twoofams
annihilation this called pick-o annihilation of gibsnium [17].

Para-positronium and ortho-positronium atoms cafobad in excited state Ps* other than ground sttie called
reydberg positronium. One quantity that can be oreasis the annihilation rates of positrons for @colles; the
annihilation rate for a molecule is proportional ttee overlap of the wave functions of the positreith the
molecular electrons. Therefore, the measurementnothilation rates gives information about theseloange
interaction of the positron with the molecular élens, to measure annihilation rates usé&¥a radioactive source,
which emits a 1274 keYy-rays with a negligible delay after the emissioraqfositron.

EXPERIMENTAL DESIGN

For -particles emitted from radioactive decays loarge particles emitted from nuclear reactionsoat énergies
(MeV), very thin detector is sufficient. While fgfrays the range of thickness is large; thus a geitmadetector is
used.
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Detecting X-rays ang-rays is not a direct process. X-rays aagys photons do not have an intrinsic charge and
therefore do not create ionization or excitatiorthef medium it is passing through directly. Thbe measurement
of these photons is dependent on their interaatitimthe electrons of the medium. The incident phetwill create
fast electrons which we look at; to understandnéiire of the photon itself. These electrons waldhna maximum
energy that is equal to the energy of the inciderdays on that electron. There are three mannesshich the
photon will interact with the medium that, whicha$ concern fory-rays spectroscopy: Photoelectric absorption,
Compton scattering, and Pair production. Becaus¢heffact that the photons themselves are invisiblehe
detector, a detector needs to have a couple offgplmctions. The first is to act as a mediumttidl have a high
probability that an incident-rays will interact within that medium. The secofuhction of the detector is to
accurately detect the fast electrons that are elldas].

The setup of the experiment, which was conductatiénPhysics Laboratory of Department of Physiasivérsity
of Stellenbosch, was shown in Fig. 2, and the corapts of the experimental setup are illustratedels:

+ HPGeand Nal detectors

High Purity Germanium detectors (HPGe) have beatelyiused in the nuclear and industrial sectorsniany
applications. HPGe detectors must be operatingvatémperature, namely 90-120 K. The great advantagising

a High Purity Germanium detector is the fact tiatythave excellent energy resolution ferays spectroscopy, a
high energy resolution means that the detectordiseriminate between-rays with similar energies. The more
resolution a detector has, the more defined a gasp@etrum becomes.

They-rays absorption efficiency for Ge (Z=32) is mueld than that for the iodine (Z=53) in Nal(TIl); doethe
higher atomic number and generally larger size.

< pre-amp D2 @ pre-amp

pre-amp)

Figure2: Block diagram of electronic and detectors used in the experiment

Although of advantages of HPGe detectors, Nal(Té)wsed because it is has higher detection effigiéor higher

energyy-rays than do HPGe detectors (but much poorer gregplution), also Nal(TI) detectors offer longhé
for timing measurements.

* Pre-amplifier

The primary function of a pre-amplifier is to exttahe signal from the detector without signifidgrdegrading the
intrinsic signal-to-noise ratio. Therefore, the jaraplifier is located as close as possible to tegaor, and the
input circuits are designed to match the charattesi of the detector. Different pulse processichhiques are
typically employed, depending on whether the atrivae or the amplitude (energy) of the detectednt\must be
measured. There are two types of signal pulseadiation measurements: linear and logic pulsesnéal pulse is
signal pulse carrying information through its amymde and shape. A logic pulse is a signal pulsstarfidard size
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and shape that carries information only by its @nes or absence. Generally, linear pulses are peddoy radiation
interactions and then converted to logic pulse$.[19

* Pixie-4

The DGF Pixie-4 is a multichannel data acquisitgystem for nuclear physics and other applicati@ugiiring
coincident radiation detection. It provides digisplectrometry and waveform acquisition for fouruhpignals per
module; several modules can be combined into &tasgstem. The DGF Pixie-4 is based on the Comg@ateX|
standard which allows data transfer rates fromePdxmemory to the host computer of up to 109 MBO.[

METHOD OF SIMULATION

The experimental setup are simulated as showngin3Rio obtain the same results. In this setuglétectors are not
shielded against Compton scattering andrays is likely to deposit its energy in two indluial detectors through
Compton scattering, thus Compton scattering was ilalaccount; because the range-odys emitted from source
is large.

#Na was used in an experiment of the project, thietectors (two HPGe detectors and one Nal(Tl) deteare
placed in one plane at an angle1@0° to each other at equal distances from the samipketire source. Such an
arrangement of the detectors permits the detectidhe three photons from a single act of decagetphotons in
electron-positron pair annihilation with the samemy.

The distance between the source and the detestah®sen such that no straight line could passitiiréhe source
or through more than one detector, thus none afotiets pairs are aligned, such that it is impossibldetect the
back-to-back photons in coincidence measuremerdgnwlie annihilation takes place in the vicinityttoed source.

If three photons are emitted in three differenediions with approximately equal energy, the phstotust be
emitted on a plane with relatively similar anglegviieen every direction; due to momentum consematio

The scientific importance of this simulation is @gility to study the annihilation of triple-phot@s shown in Fig.
3, in which the three individual photons are chemarzed by continuous energy spectrum with tota&rgy equal to
1022 keV (each photon have energy equal to 1023, kand direction verifying the momentum consdpratvith
respect to center of annihilation. Three detectbeg not only able to detect triple-photon emitiadelectron-
positron pair, but also able to detect the enerfgyne back-to-back and -rays transition with fratof Compton
scattered from each of any one (511 or 1274 keMjpincidence measurement as illustrated in FandFig. 4 are
employed.

All the possible cases for detectionrays emitted from electron-positron pair annihdat in coincidence
measurements are precisely summarized in table 1.

Table1: All possible cases of triple coincidence measur ements on three detectors

Detector 1 (ke\)Detector 2(keV)Detector 3(keV)
1022/3 1022/3 1022/3
Y 511-b b

Y b 511-b
y-a a 511
y-a 511 a
511 a vy -a
511 vy -a a

511-b b Y
511-b Y b

a 511 y-a

a y-a 511

b Y 511-b

b 511-b Y
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Figure 3: Three Germanium detector s at equally-spaced angles pointing at a *Na sour ce detect triple photons emission from ortho-
positronium annihilation with the 1274 keV y-raystransition are emitted

A

Figure4: Three Germanium detectors at equally-spaced angles pointing at a ?Na sour ce detect 1274 keV y-raystransition, one of back-
to-back annihilation (511 keV) and fraction scattered from 511 keV
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Figure5: Three Germanium detectors at equally-spaced angles pointing at a ?Na sour ce detect 1274 keV y-raystransition, one of back-
to-back (511 keV) and fraction scattered from 1274 keV

RESULTSAND DISCUSSION

The results of theimulation that were obtained by using Python progning language (IPython) are discusse
illustrate the triplephoton decay in electr-positron pair annihilation.

Simulation results
As shown in Table 1 all the possible cases ofdrg@incidence nasurements on the three detectors are simu
using IPython. The results of the simulated ca$#spde coincidence measurements are describdallasv:

The energy of emitted photons can be detected pyna of the three detectors used in thisect are obviously
presented in Fig. 6, in which the energ of one detector (i=1, 2 or 3) can be any valuesdfi( 1274, 340.66, 5-
b, 1274-a, a or b) keV, where

511 keV one photon of back-tmack emitted in annihilation. 1274 key-rays transition eergy emitted from the
#Na source.

a and b fraction of the energy scatterComptonscattering)from 1274 keV and 511 keV respecti
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Figure 6: Simulation of emitted photons measured in one detector

The three bigreaks appear from left to right on the interpreter be explained as follo

 The first peak indicates one tiple-photon (340 keV) decayed in the annihilation.
e The second peak indicates one of I-to-back (511 keV) photon decayed in tmmiilation.
« The third peak indicatesrays transition energy emitted from *Na source.

Note that the peak of case of triple annihilati8AQ.66 keV) appears without small peaks besideeitause it i
happened without any compton scattel

The two peaks atf,= 1022 and 1274 keV in Fig. 7 can be interpretetbbew, 1022 keV represents the eve
when the total energy is the energy of triple phaleposited in thr¢ detectors corresponding to Fig. 3. Ttgym =
1785 keV peak is the erggr sum of the 1274 keV plus one of b-to-back annihilation of photons corresponding
Fig. 4, and represent incomplete eve

Note that 1785 keV peak is very long compared WiR2 keV peak; this because the ratio of eventigletphotons
(1022 ké&/) to the incomplete events involve scatter photphg85 keV) is very sma

6000

5000

4000 -

counts arb. units
w
(=]
=3
[=]
T

2000

1000 -

Boo 1100 1200 1300 1400 1500 1600 1700 1800
E _sum (keV)

Figure 7: Simulation of energy deposited in three detectors
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Experimental results

The tool used for analyzing the data of experinvess ROOT, which is ¢ object oriented data analysis framew
initiated at CERN by Ren Brun and Fons Rademaltecaintains a largeumber of packages concerning erent
parts of data analysifor example histogramming tdling, curve fiting, ministration and statisticools [21]. The
dataof experiment analyzed by RO(to get on following graphs.

Fig. 8 shows, the energy of emitted photons medsimeone detector, obviously, it is in agreementhwiesult
obtained by IPython, except 1022 peak which reprtese repeeof two back-toback decay see Fig. 6. Note that
graph obtained by experimental results, associaittdnoise at whole graph, which reprnt background. Thus the
only difference to experimental considerati

Fig. 9 shows sum of energy deposite three detectors, obviously, it is in agreement wékult obtained by tr
simulations, see Fig. 7. But, the graph obtainedth® actual experimental results ers from the graph of
simulation, by 2296 keV peak which represent cotiom of two even for two bacl-to-back (1022) keV plus
1274 keVy-rays transition, this occurs wt positron annihilate away from ttéNa source between a pair
detectors with transition energy deposited in thde&ctors. Obviously, this is the only differerfoetweel the
actual experiment and the simula

600 - Entries 15045

Mean 457.9
RMS 336
500 —

o

)
z 1022 keV|
2 400 —
g -
I -
300 —
£ -
5 -
o 200 — \
_ :.
W0— S -
P ;
LA N 7
P R ", VO TR T S L2 e S P S S
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Energy (E_i) [keV]
Figure 8: Energy of emitted photons measured in one detector
[ hol
= 1785 keV
#00y 1022 keV Entries 18046
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Figure 9: Sum of the energy deposited in the three detector s
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CONCLUSION
The results of the simulation of the triple-phottetay in the electron-positron pair annihilationichhobtained by
using IPython program are in adequate agreemeiht thvé actual experimental results which performedhie
Physics Laboratory of Department of Physics, Ursitgr ofStellenbosch [22]. Interestingly, the sintida
interpreter has very precisely illustrated all asp®f the triple-photon decay in a very high pesien and was able
to avoid the researcher burden of a conducting ekgeriments by using the sensitive reactions atdsial
laboratory conditions. The result of this simulatistrongly suggest that the simulation is very sitio study the
electron-positron pair annihilation and it also gaeld more accurate results that are comparabtk avisimilar
experiment run at the lab.
Appendix

This program simulates triple-photon decay in posielectron pair annihilation.
import sys import doctest import math import random
from pylab import *

y=[l

y1=l

y2=(]

y3=(]

yo=(]

n=10000 import random

for i in range(n):

g=1022

a=random.randint(1,100)

b=random.randint(1,40) d1=random.choice([g/3,12/241@74-a,9/2-b,a,b]) d2=random.choice([g/3,12 419 74-
a,0/2-b,a,b]) d3=random.choice([g/3,1274,0/2,12,(2ab,a,b])

B HHHHHHHHHH RS
if d1==g/2: d2=a d3=1274-a

elif d1==g/2: d2=1274-a d3=a

HHHH R H B R A
if d1==g/2-b: d2=b

d3=1274

elif d1==g/2-b: d2=1274

d3=b
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HHH

if dl==a: d2=g/2 d3=1274-a

elif d1==a: d2=1274-a d3=g/2

HHBHH B R R A R R

if d1==b: d2=1274 d3=g/2-b elif d1==b: d2=g/2-b d274

HHHH R

if d1==1274: d2=b d3=g/2-d2

elif d1==1274: d2=g/2-b

d3=b

HHHHH B R R R R R R R

if d1==1274-g/2: d2=a

d3=g/2

elif d1==1274-g/2: d2=g/2 d3=a

HHHHH B R R R R A R H

if d1==g/3: # 340.66666 d2=d1

d3=d1

POS=d1+d2+d3

y.append(POS)

yl.append(dl)

y2.append(d2)

y3.append(d3)

hist(y1,bins=190) xlabel('E _sum (keV)") ylabel(ots arb. units’) show()

Acknowledgments

I would like to express my special gratitude anahtts to Mr. M. E. A. Elbasher for the thoughtfuselissions and

for his full support for this work, my thanks gealto Dr. Paul Papka who providing me with the eixpental data.

Itis also a pleasure to thank Dr. Mohamed A. Osfoaneading the draft of this paper and providimgnments.
REFERENCES

[1] A. Einstein. Does the inertia of a body depend upoenergy-content®nnalen Der Physik, 18:6396411905.

[2] A. Gordon Emslie and Einar Tandberg-Hanssen, edifbhe physics of Solar Flares. Cam-bridge Unitgrsi

Press2009.

[3] A. Ore and J. L. Powell. Three-photon annihilatidran electron-positron pair. Prccedings of The &®&ociety

of London, 75:16961949.

[4] Levi Daniel Barnes, editor. Energy-resolved Posikdolecule Annihilation: Vibrational Feshbach Reanoes

and Bound States. Chairm&005.

[5] http://www.ipython.org.
[6] Hans Petter Langtangen, editor. Ython Scriptingfmmputational Science. Simula Research Laboratody a

224
Pelagia Research Library



Ashraf Abdelrahman Assadig Elameen Adv. Appl. Sci. Res., 2014, 5(5):213-225

University of Oslo2004.

[7]1 M. Charlton and J. W. Humberston, editors. PosifPbgsics. Cambridge University Pre2801.

[8] Dieter K. Schroder, editor. Semiconductor Matefiatl Device Characterization. John Wely and S@066.

[9] P. A. M Dirac. Theory of electrons and proton. Rdiogs of The Royal Society of London, 126:3603&R0.
[10]Carl D. AndersonPhysical Review, 43:4914941933.

[11]P. M. S BlakettNature, 132:917{919,1933.

[12]Mohorovicic. S. Possibility of new element and thienportance for astrophsics. Stronomisch Nacheicht
253:94,1934.

[13]M. DeutschPhysical Review, 83:4554561933.

[14]Reinhard Krause-Rehberg, editor. Positron Annitdfain Semiconductors. Hartmut S. Leipn&999.
[15]LEO Sartori, editor. A simpli ed Approoach to Eeist Theories. University of Califoria Pre4996.
[16]Wolfenstein and D.G.ravenhal&ronomisch Nachrichten, 88:2792821954.

[17]Y. C. Jean et al, editoworld Scientic, 2003.

[18]Glenn F. Knoll, editor. Radiation Detection and d@@ments. John Wely and Soh892.

[19] http://www.ortec-online.com.

[20] http://www.xia.com.

[21]http://root.cern/ch.

[22]M. E. A. Elbasher et al. Obsevation of triple-photdecay in positron-electron pair annihi-lationtriple
coincidence setup for undergraduate laboratoryiva011.

225
Pelagia Research Library



