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Various types of electron spectrometers have been developed to have sufficient resolution and 

count rate to allow detailed study of electron impact ionization process. Electron spectroscopy has 
established itself as one of the major tools for studying ionization of target. Using a simulation 
program, the characteristics of a real electron beam can be held by finding a proper combination of 
lens voltages and geometries before the construction, and the angular distributions of the electron 
beam for different combinations can be simulated. 

The design, simulation and construction of an electron impact spectrometer will be described in 
this paper. The spectrometer is a relatively conventional electrostatic-based design which consists of 
an electron gun, two 1800 hemispherical analyzers, a Faraday cup, and an optional photon detector 
for possible triple coincidence experiments in e-COL laboratory, Afyon, Turkey.  

Електронен спектрометър за изследвания на влиянието на електроните за 
йонизацията в лаборатория е-COL (М. Доган, З. Йозер). Разработени са различни видове 
електронни спектрометри, които имат достатъчна резолюция, за да позволят детайлно 
проучване на процеса на йонизация в следствие на електронен удар. Електронната 
спектроскопия се е утвърдила като едно от основните средства за изучаване на йонизацията 
на мишени. С помощта на симулационна програма, характеристиките на истинския 
електронен лъч могат да се търсят чрез намиране на подходяща комбинация от напрежения 
на лещите и геометрията на системата преди изработването й, и ъгловите разпределения на 
електронния лъч за различни комбинации могат да бъдат симулирани. 

Проектирането, симулацията и изграждането на спектрометър за въздействието на 
електрони ще бъде описано в тази статия. Спектрометърът е сравнително конвенционален 
електростатично-базиран дизайн, който се състои от електронна пушка, два 1800 
полусферични анализатори, Фарадеев цилиндър, и по избор фотонен детектор за 
експерименти за възможни тройни съвпадения в е-COL лаборатория, Афион, Турция. 

 

Introdiction 
For many years the fundamental process of 

electron scattering in collisions of atoms and 
molecules by photons and charged particles has 
received considerable attention. Ionization event plays 
significant roles in various fields of applied physics 
from plasma physics to astrophysics and radiation 
physics. Thus understanding the basic ionization 
mechanisms is very fundamental process in atomic 
and molecular collision physics. Compliment with 
break up events after a collision events are generated 
the challenge of the many body problems. The many 
body problems in the Coulombic systems are one of 
today’s grand challenges in physics. The motion of an 
electron initially bound to a target atom or molecule 
interacted with a projectile and also with both final 
collision particles is a very complex process to 

describe. It is represented as a great challenge for 
theorists since this three body problem underlying the 
ionization process can be only solved by 
approximations.  

On the other hand, ionized atoms and molecules 
have been experimentally studied using a large 
number of techniques during so many years. The 
request for differential cross sections in several 
reaction systems like electron-atom/molecule/cluster 
collisions has driven out to the development of 
sophisticated imaging and coincidence techniques. 

The ionization process can be initiated in different 
ways, involving photons or charged particles but 
electron impact ionization has many advantages. It is 
cause of their strong interaction with projectiles and 
also the fact of experimentally it is rather easy to 
handle and to detect electron beam.  

The purpose of a coincidence experiment is to 
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selectively study two or more particles originating 
from a single primary event. There are many different 
set ups for measuring electron-electron or electron-ion 
coincidences and they are described by slightly 
different statistical models [REF]. We aimed to 
present a review on the studies that are done using 
electron spectrometers and electron-electron 
coincidence so called (e,2e) experiments in electron-
collision (e-COL) laboratory in Turkey 
(http://e2e.aku.edu.tr/). There are three active electron 
spectrometers in the e-COL lab for electron-
atom/molecule collisions. Electron impact ionization 
studies on various atoms (He, Ar, Ne) and molecules 
(H2, N2, CH4, CO2, C2H2, NH3) are being done 
recently at different kinematical conditions [1-9]. 

Electron impact ionization studies 
Electron collision experiments are carried out by 

the collision of a well-focused electron beam and a 
perpendicular gas beam (cross beam type) and 
detecting and analyzing of the outgoing particles 
either angle or energy dependence in coincidence.  

In this set up, two electrons after a single 
ionization event are detected using a channel electron 
multiplier (CEM) and coincidence circuit is used to 
obtain triple differential cross section (TDCS) data. 
Also elastic and inelastic differential cross sections 
(DCSs), double differential cross sections (DDCSs) 
can be measured using current experimental set ups in 
the e-COL Laboratory. 

Typical (e,2e) experimental set up consists of an 
electron gun, target gas atom or molecule, two 
hemispherical electrostatic electron energy analyzers, 
a Faraday electron collector, electronic and 
mechanical control units. A schematic representation 
of the main components of the apparatus is presented 
in Fig.1.  

An electron beam produced from a gun including 
electrostatic lenses for beam transport. The working 
energy region for the current electron gun is 40 eV to 
350 eV. However using the current design of the 
electron gun and obtaining high voltages power 
supplies this region can be increased up to several 
keVs. Using a simulation program, the characteristics 
of a real electron beam can be held by finding a proper 
combination of lens voltages and geometries before 
the construction, and the angular distributions of the 
electron beam for different combinations can be 
simulated [1].  

The electron beam produced using a hair pin type 
filament and has a 2 mm diameter intersects with the 
target gas beam positioned 50 mm away from the exit 
of the electron gun perpendicularly. The electron 

beam is controlled using a Faraday electron collector 
that is exactly positioned to the opposite of the 
electron gun. The typical current to obtain this type 
experiments are 1-5 µA.  

Since the scattered or ejected electrons carry the 
information the important piece of the electron 
spectrometer is the energy analyzers and the detectors. 
These analyzers are used to separate electrons 
according to their energies. The analyzers consist of a 
five element lens system, hemispherical deflectors and 
CEMs. Energy resolution of the analyzer depends on 
the energy selection ability of it. The resolution of the 
conventional hemispherical analyzer is determined by 
the size of the analyzer and the fringing fields 
appeared due to using apertures on the exit plane of 
the spheres [1,2].  

The pieces of the electron spectrometer are kept in 
vacuum to run experiments and electrically and 
magnetically isolated stainless steel vacuum chamber 
is used for that. The experiments in e-COL laboratory 
are carried out at ≈6.10-8 mbar. To reduce the 
magnetic field effects a µ-metal cover and Helmholtz 
coils are used. 

To reach the detailed information on the electron 
impact ionization process, the focusing quality of the 
electron gun and the energy resolution of the 
analyzers should be very good. 

 

 
Fig.1. Schematic view of the apparatus used in the studies 

in e-COL Laboratory. 

Modern (e,2e) experimental setups developed in a 
wide energy range with high focusing quality electron 
guns and high energy resolution of the energy 
analyzers. Electronically control units are used to 
apply and control the voltages from outside of the 
vacuum chamber. These control units include the 
pieces of power supplies for the production of electron 
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beam, transmission of the electrons to the detectors, 
data acquisition and data analysis processes.  

Electron collision experiments can probe the 
kinematics of the particles emerged from an ionizing 
collision event. Complete knowledge of the ionization 
process occurs by the energy and momentum of all 
collision products is determined. Cross section results 
from electron collisions are used in the modeling of 
fusion plasmas, radiation effects both for materials 
and medical research and astronomy. The most 
information about the electron impact ionization 
process is gained by (e,2e) experiments so measuring 
TDCSs. The TDCS is the probability of an ionizing 
collision event with defined energies and momentum 
of two outgoing electrons scattered in particular 
directions. While important information can be also 
gained by measuring the DDCS, some of the 
parameters in the collision process are undetermined. 
DDCS is a measure of the energy and angular 
distribution of only one of the outgoing electrons after 
an electron impact ionization event. 

In e-COL laboratory, we are capable to make 
ionization experiments on gas phase atoms and 
molecules in intermediate energy regime and measure 
cross sections (DCS, DDCS, TDCS). The 
experimental set ups are also used to measure Electron 
Energy Loss, Auger Electron and Autoionization 
spectra. 

Conclusions 
These studies will hopefully be helpful for 

understanding the ionization dynamics of atomic and 
molecular systems and also the development of the 
theoretical models by production of experimental data 
to solve many body problems. Some of our papers are 
given here as reference to this [3-9].  We would like to 
give a detailed summary of the works that are being 
done in e-COL Laboratory in the conference. 

Acknowledgements 
This work was supported by the Scientific and 

Technological Research Council of Turkey 
(TUBITAK) through Grant No. 109T738 and by 
BAPK through Grant No. 15.HIZ.DES.130 and 
15.FEN.BİL.15.  

REFERENCES 
[1] Dogan M., Ulu M., Ozer Z. N., Yavuz M., and 

Bozkurt G. Double Differential Cross-Sections for Electron 
Impact Ionization of Atoms and Molecules J. Spectroscopy, 
2013, 192917 

[2] Dogan M, M Ulu, GG Gennarakis, TJM Zouros 
Experimental energy resolution of a paracentric 
hemispherical deflector analyzer for different entry 
positions and bias, Review of Scientific Instruments 84 (4), 
2013, 043105 

[3] Ozer Z. N., Chaluvadi H., Ulu M., Dogan M., 
Aktas B., and Madison D. Young's double-slit interference 
for quantum particles Phys. Rev. A,  87(4), 2013, 042704 

[4] Yavuz M, ZN Ozer, M Ulu, C Champion, M 
Dogan Experimental and theoretical double differential 
cross sections for electron impact ionization of methane, 
The Journal of Chemical Physics 144 (16), 2016, 164305 

[5] Işık N, M Doğan, S Bahçeli Triple differential 
cross section measurements for the outer valence molecular 
orbitals (1t2) of a methane molecule at 250 eV electron 
impact, Journal of Physics B: Atomic, Molecular and 
Optical Physics 49 (6), 2016, 065203 

[6] Ozer ZN, M Ulu, M Dogan Secondary Electron 
Distribution of Atmospheric Nitrogen Molecule by 350 eV 
Electron Impact, Acta Physica Polonica A 129 (1), 2016, 
20-22 

[7] Ulu M, O Sise, M Dogan Optimizing the 
performance of an electron gun design followed by lenses 
and apertures, Radiation physics and chemistry 76 (3), 
2007, 636-641 

[8] Sahlaoui M, M Bouamoud, B Lasri, M Dogan 
Ionization of a water molecule by electron impact in 
coplanar symmetric and asymmetric geometries, Journal of 
Physics B: Atomic, Molecular and Optical Physics 46 (11), 
2013, 115206 

[9] Chaluvadi H, ZN Ozer, M Dogan, C Ning, J 
Colgan, D Madison, Observation of two-center interference 
effects for electron impact ionization of N2, Journal of 
Physics B: Atomic, Molecular and Optical Physics 48 (15), 
155203   2015 

 

Prof. Dr. Mevlut Dogan – Afyon Kocatepe Universiy, 
Science and Literature Faculty, Physics Department, e-
COL Laboratory. 

Tel.:+90 2724440303 е-mail: mdogan@aku.edu.tr  

Dr. Zehra Nur Ozer – Afyon Kocatepe Universiy, 
Science and Literature Faculty, Physics Department, e-
COL Laboratory. 

Tel. +90 2724440303 е-mail: zehraerengil@aku.edu.tr 

 

 
 


