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Abstract
The paper presents numerically calculated model of the new electrostatic energy analyzer based on a bounded conical field, 
separating and focusing a flow of charged particles, having velocity parallel or nearly parallel to the axis of symmetry of the 
analyzer. The calculations show second order focusing with very large acceptance aperture, what is important for obtaining 
accurate data of intensity, energy characteristics, main direction of space particle flows, which are characterized by very low 
density. These data are important for monitoring and forecasting abnormal electromagnetic events over the Earth and near-
Earth space which can effect on normal operation and even on the safety of the crew of space station. A combination of high 
energy resolution with large aperture, simple compact design and control and remote fine tuning makes the instrument very 
promising for space technologies.  

Citation: Ilyin, A. M., Guseinov, N. R., Tulegenova, M. A. (2024). High-Resolving Conical Electrostatic Energy Analyzer for 
Plasma Flows Investigations. Space Sci J, 1(1), 1-7.

1. Introduction
Electron spectroscopy techniques, that originated many years 
ago, are currently being developed and applied for solving many 
scientific and technological problems. Judging by the number of 
recent publications these methods have shown very effective use 
in different areas: materials science [1-15]. Nuclear engineering 
[16-19]. Nanotechnologies and biology [20-39]. In the space 
plasma explorations [40-50]. Next we consider some applications 
of the electron spectroscopy devices for exploration of directed 
near- Earth space charged particle streams. In quarter - spherical 
electron energy analyzers were designed for study in-space 
electron distribution in energy range from 1 up to 3 keV and in 
a 120 x 360 degrees solid angle sector [41]. The energy interval 
used covers the thermal solar wind plasma electrons. Instrumental 
calibrations shown the main characteristics in a good agreement 
with theoretical calculations. In the papers [40,42]. A plasma 
package was aimed for study the solar wind- Mars and Venus 
interaction. A well-known top-hat electrostatic energy analyzer in 
a compact design was used in the paper [45]. For measurements 
within the space near Mars in energy range 0.01 - 20 keV. In the 
interesting work [48]. The top-hat design in general was used as a 
model for expected response of the instrument in simulated plasma 
conditions. Have also been real parameters of fast solar wind 
streams and coronal mass ejections used for investigations the 
characteristics of the example instrument and the accuracy of the 
analysis. In paper some important moments relate to interactions 

between space plasma - spacecraft materials are presented [51]. 
Energetic particles from space plasma flow can destroy the 
structure of the material and change chemical system of surface of 
the spacecraft.  For example, monitoring of space charged particle 
flows (like solar wind) is very important for forecasting possible 
abnormal electromagnetic effects over the Earth and near-Earth 
space. Such effects may cause failures in connection systems, 
air- and spacecraft operations, in electronic systems, undesirable 
effects due the interaction of space particle stream with spacecraft 
material, for example, its surface charging. Moreover, they are 
dangerous for the orbital spacecraft crew due to the action of 
fast charged particle flow and electromagnetic radiation [51-54]. 
During these events crew on the orbital station (ISS) need to seek 
screen or shelter and to stop spacewalks. Therefore, scientists need 
fine instruments for monitoring and predicting of such events.  
There are many well-known different types of electrostatic energy 
analyzers, which have been developed for solving various scientific 
and technological problems. Judging to number of publications, 
the most energy analyzers for space explorations are based on the 
different modifications of “top-hat” systems [41-49]. Hemispherical 
[55-64] and retarding field analyzers [64-72]. Cusp-type analyzer 
[73,74]. Practically all of the mentioned analyzers are of large size, 
use complex configuration electrodes with large spaces of fringing 
fields and sets of electrodes for mitigation of their affect [57-63]. 
which make the design and electrical power spacecraft’s system 
more complex. Therefore, there was a necessity in creation of 
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electrostatic energy analyzers, with high characteristics, combined 
with simple enough electrode configuration and a compact 
design. For example, in [75-77]. Designs, making measurements 
of space plasma faster are presented. Instruments, based on the 
bounded cylindrical face-field involving lots of modifications 
[3,16-21,78-84]. have been developed. Return to the old idea of 
using low-conical mirror in CMA case [85]. instead of cylindrical 
ones essentially increases possibilities for using conical energy 
analyzers and more complex analyzing systems, involving lots of 
modifications [22,86-88]. Such analyzers can effectively function 
in very different applications, for study remote objects, point - and 
large-size objects. For example, presented instrument can measure 

the energetic and intensity fine-characteristics of as an Earth-lab 
plasma charged particle beam, as well a space charged particle 
flow with detecting the exact direction of moving. Moreover, it 
can be used for detecting the flow of secondary electrons, which 
give information about composition and state of the spacecraft’s 
surface, interacting with space plasma streams.  

2. Calculations
In this paper we consider some focusing properties of a conical 
face-field analyzer, schematically presented in the Fig.1, aimed for 
plasma flows research. 

Figure 1: The schematic cross-section view (the upper part) of the analyzer presented with equipotential lines of the electrostatic 
focusing field. 1- charged particle beam; 2 - the annular entrance window, made in the front boundary electrode 3; 4 - the inner cylindrical 
electrode (usually grounded) with the exit slit 5; 6- the main focusing conical electrode at which the deflection potential Ud is applied; 
7 –the rear boundary electrode to which a small tuning potential Utun is applied; 8 – the detector with a small diaphragm, and focus F 
at the axis of symmetry. 

  As one can see from Fig.1 the focusing field is restricted by the coaxial inner cylinder and truncated-cone outer electrode with two 
boundaries, which are perpendicular to the axis of symmetry. Mathematically, the generated field is a solution of the Laplace Eq.:  
           with the  boundary conditions

where
          (1)
 
In (1) γ is the conicity factor,  which can have different  signs depending on the direction of the cone. The use of the (1) is justified by 
known small angle approximation: tg (γ) ~ γ which is true up to values of about 0.21 radian (~ 10-14 deg). Hereinafter r1 is taken as a 
unit of  length. 
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I0 , K0 and I1 are well known modified Bessel functions . 

 An investigation of focusing properties was performed by numerical calculations of trajectories and determining the crossing points at 
the axis of symmetry. The system of non- relativistic classical equations for charged particle motion in the field (2) is given by (3), where 
q = e / m is the specific charge of the particle.

zzrUqz ∂∂⋅−= ),(

rzrUqr ∂∂⋅−= ),( (3)

Calculations were performed by using the Runge - Kutta 4th order method with absolute accuracy of the final coordinate about 0.0003. 
The technical details of the numerical computer calculations were mostly as in our published papers [22,3,78]. Principal data on the 
analyzer are given in the Table. The second order focusing regime has been found by a corresponding choice of dimensionless energy 
coefficient G = E0 / eUd = 8.5 (with E0 - the initial kinetic energy of a particle by entering to analyzer, and Ud - the deflection potential, 
applied to the outer conical electrode). A higher value of G is very suitable for measurements of in-space charged particles flows with 
larger energies E0 because it can be controlled by a lower focusing potential Ud. It should be noted, that in the case unforeseen external 
influences (like solar wind or magnetic disturbances) affect focusing during the space mission, using the tuning potential will restore the 
required mode of focusing and operation. 

Some examples of the calculated tuning effect are illustrated in the Table by ΔF - the shift of F along axis due to small variation of Utun.    

Principal parameters of the analyzer
 l γ r2(z =0) AW F Utun / ΔF G DE RE

5.7 0.12 / 6.5o 2.4 ~ 0.9r1 7.18 0.05Ud / - 0.021r1
-0.05 Ud / 0.018r1 

8.5 6.1 0.2%

Table 

a b

Figure 2 a) Typical behavior of the aberration figures calculated for the analyzer. Aberration graphs were calculated for a following set 
of principal geometric parameters: l = 5.7 r2 (z=0) = 2.4, coordinate of the central trajectory r0 = 1.75; γ = : 1 - 0.13; 2 – 0.12;  3 – 0.11; 
b) The energy transmission function J was calculated for γ = 0.12.
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From aberration graphs presented in Fig.2, a one can see the 
essential effect of the field conicity on the focusing characteristics. 
Figures presented have the shape like to cubic parabola with a 
central inflection point, indicating the sharp second-order focusing. 
The small asymmetry of the transmission function is caused by 
the complex configuration of the focusing field, especially near 
the entrance window. The angular resolution averaged over the 
entering window is about 0.3 -0.4o. The dispersion of this analyzer 
was calculated by using the expression 

          
     (4)   

where Δz were the finite segments obtained by trajectory for the 
small energy shift ΔE. According to (4) DE was estimated to be on 
average as large as 6.1 for γ = 0.12. For numerical calculations the 
energy resolution is commonly defined as                 , where 
Δz is a projection of the part of the aberration figure around a 
central part on the F axis. The energy resolution RE calculated 
with the large input annular window AW (See Table), will allow 
obtaining data on the fine energy structure of a low-density flow. 

3. Conclusion
The focusing properties of a new type of electrostatic energy 
analyzer, on the base of a conical face-field, were numerically 
calculated.  Results show second-order focusing with very large 
aperture, when entering space charged particle beam moving 
nearly along to the symmetry axis.  The instrument may detect and 
measure performances of the plasma flow surrounding spacecraft, 
exact direction of moving and interaction with the outer surface. 
Moreover, the analyzer can be remotely deployed to the surface for 
giving the fine energy performances of emitted secondary particles, 
for example, Auger electrons, giving data about spacecraft's 
surface elemental composition. Very simple, compact design and 
remote control are very important factors for such instrument to be 
used in-space explorations.
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