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In this work we study the surface plasmon generation by electron–hole interaction in an aluminum
spherical nano-particle due to the Auger electron–hole interaction by means of the Hamiltonian
formalism.

� 2015 Elsevier B.V. All rights reserved.
1. Introduction

The study of surface plasmon production and decay is a very
important topic for various research fields related to nano-
structures, especially for the analysis using X-ray excited Auger
Electron Spectroscopy (XAES) [1–4]. On the other hand, many of
the synthesized nano-particles adopt spherical shape, or can be
treated as if they were really spherical [5,6].

In previous works we studied extensively the surface plasmon
production process due to electron–hole interaction applying both
semi-classical and quantum mechanical models, and have found a
three-term expression for the plasmon contribution [7–10].

In this work we study the surface plasmon production for
spherical aluminum nano-structures generated during the Auger
electron emission process.
2. Theoretical model

We follow the Hamiltonian formalism which considers the
collective electron oscillations (plasmons) as generated by the
interaction between the electron and the plasmon field [7,11].

The Hamiltonian describing the system is given by H(t)
= H0 + HI(t), where H0 is the unperturbed harmonic oscillator
Hamiltonian, and HI is the interaction term, which refers to the
interaction of the electron gas of the medium with the electron
and the hole. For the case of an Auger interaction the hole charge
is 2e:

HðtÞ ¼ �eueHðt � t0Þ þ 2euhHðt � t0Þ
where ue is the electrostatic potential due to the electron, uh is the
electrostatic potential due to the hole, H the Heaviside function, t0
the time when the electron–hole pair is created.

The permitted oscillation modes xl are given by xl
2 =xp

2l/
(2l + 1), with l = 1,2,3,. . ., and xp is the plasmon bulk frequency [12].

The results found for the XPS (X-ray Photoelectron Spec-
troscopy) photo-electron are still applicable for this case if we take
into account that the hole charge is 2e, instead of e [10].

The total contribution for plasmon production QA is:

QA ¼ Qe
A þ Qh

A þ Qeh
A

being, QA
e , QA

h and QA
eh the electron, hole and interference terms

respectively for AES, and are related with the XPS terms Qe, Qh

and Qeh, by Qa
e = Qe, QA

h = 4Qh and Qa
eh = 2Qeh. Each of these contribu-

tions are at the same time contributed by the different terms l
corresponding to the permitted oscillating modes:
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Fig. 1. Contributions to the average number of plasmons produced Ql
e, Ql

h and Ql
eh respectively, excited by the Auger electron, the hole, the interference (electron–hole) and

total, for the values l = 1, 2, 3, 4 and 5; as a function of rh, the radial distance at which the electron–hole pair is created; for an Al sphere of radius a = 20 au (�1 nm) and an
Auger electron escaping with v = 4 au (�108 eV).
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3. Discussion and results

In the Fig. 1 we see the electron, hole and the interference con-
tributions for the first five modes l = 1,. . .,5 for an aluminum sphere
of radius a = 20 au (�1 nm.) and an electron traveling with v = 4 au
(�108 eV). All the qualitative results for the XPS interaction are
still valid here: all contributions increase as the electron–hole pair
creation distance from the surface approaches to zero. The contri-
butions of Ql decreases dramatically as l increases. Also, we cannot
separate the contributions into intrinsic and extrinsic, even less
than in the XPS case.

4. Concluding remarks

We used the very suitable Hamiltonian formalism for studying
the plasmon production due to Auger electron emission from a
spherical nano-particle of aluminum.

As shown above, the plasmon production in a spherical particle
increases as the site of the electron–hole pair generation
approaches the surface.

We see that the hole term in the expression describing the
average number of plasmons produced is very comparable to the
electron one and due to the interference term, the obtained
average number of the surface plasmons produced shows us that
in the case of aluminium nanospheres it is not possible to distin-
guish between the plasmon generation processes of intrinsic (hole)
and extrinsic (electron) type. This behavior was advised before for
the case of single-hole interaction (XPS), where the interference
and hole terms were even smaller.
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