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(e,2e) Ionization Studies of N2 at Low to Intermediate Energies from a Coplanar 
Geometry to the Perpendicular Plane. 

Ahmad Sakaamini*, Matthew Harvey*, Sadek Amami†, Andrew James Murray*1, Don Madison† and 
Chuangang Ning£  

* 
Photon Science Institute, School of Physics & Astronomy, University of Manchester, Manchester M13 9PL, UK. 

    † Department of Physics, Missouri Science & Technology, Missouri, Rolla, MO 65409, USA.                                      
£ Dept. of Physics, State key lab of low dimensional quantum physics, Tsinghua University, Beijing 100084, China. 

Synopsis. The progress of experimental and theoretical measurements for (e,2e) ionization cross sections from 
Nitrogen molecules is presented. Results are given for energies from ~10 eV above the ionization potential (IP) 

through to ~100 eV above the IP for the 3σg, 1πu and 2σg states.  

     Ionization triple differential cross sections 
(TDCS) have been determined experimentally 
and theoretically for neutral N2 over a range of 
geometries and energies, from a coplanar geom-
etry through to the perpendicular plane. Data 
were obtained at incident electron energies from 
~10 eV to ~100 eV above the ionization poten-

tial (IP) of the 3σg, 1πu and 2σg states, using 
equal and non-equal outgoing electron energies, 
and using symmetric and asymmetric geome-
tries. Data were taken with the incident electron 

beam in the scattering plane (ψ = 0°), as well as 
at angles ψ = 45° and ψ = 90° (see figure 1). 
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Figure 1. The (e,2e) geometry for these experiments. 
The incident electron can move from a coplanar ge-

ometry (ψ = 0°) to the perpendicular plane (ψ = 90°) 
while the analyzers rotate in the detection plane. 
 

     The measured differential cross sections at a 
given energy were inter-normalized to each oth-
er by linking the data through a set angle. Bind-
ing energy spectra were obtained at each ener-
gy, so relative cross sections could be obtained 
for the different ion states. An example of bind-
ing energy spectra is shown in figure 2 at three 
different incident electron angles, for outgoing 
electrons having 4.6 eV energy. 
    The experimental data are compared to new 
calculations using various distorted wave meth-
ods, and differences between theory and exper-
iment are discussed. New results for non-equal 
angles in a coplanar geometry are also present-
ed, where one of the analyzers is fixed in posi-

tion (θ1 = constant) while the second (θ2) 
sweeps around the detection plane. Results from 
these studies are linked to the symmetric results 

through their common angle when (θ1 = θ2), so 
that all data are then normalized to each other at 
a given energy. 

0

0.2

0.4

0.6

0.8

1

1.2

(24.7 eV, 1.0)

(26.1 eV, 0.62)

(27.9 eV, 0.19)

0

0.05

0.1

0.15

0.2

0.25

(24.7 eV, 0.16)

(26.1 eV, 0.20)

(27.9 eV, 0.13)

0

0.1

0.2

0.3

0.4

23 24 25 26 27 28 29
Incident Electron Energy (eV)

(24.6 eV, 0.25)

(26.0 eV, 0.35)

(27.9 eV, 0.11)

ψ = 0°

ψ = 45°

ψ = 90°

3σ
g 1π

u

3σ
g

3σ
g

1π
u

1π
u

2σ
u

2σ
u

2σ
u

E
1
 = E

2
 = 4.6 eV

θ
1
 = θ

2
 = 45°

T
D

C
S 

(N
or

m
. t

o 
3σ

g a
t ψ

 =
 0

°,
 θ

1 =
 θ

2 =
 4

5°
)

(a)

(b)

(c)

 
Figure 2. Binding energy spectra for outgoing elec-
trons with 4.6 eV energy in a symmetric geometry, 
for the electron gun at different angles [1]. 
 

The progress of these combined experi-
mental and theoretical studies will be presented. 
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