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I. INTRODUCTION 

 

In metallic systems, valence electrons can undergo 

quantized collective oscillations termed plasmons. The 

degree to which these excitations govern the generation of X-

ray satellite structures has been the focus of considerable 

theoretical and experimental scrutiny [1–22]. 

 

Satellites emerging on the lower-energy flank of X-ray 

emission spectra are well recognized [10, 14] to originate 

from the excitation of bulk or surface plasmons. During the 

radiative decay of a core-hole state, the available transition 

energy can be partitioned between an emitted photon 

manifesting as a low-energy satellite and a newly created bulk 

or surface plasmon mode within the medium. Conversely, it 

is also feasible [15–22] for the de-excitation process to be 

augmented by preexisting plasmon energy, shifting the 

emission to energies exceeding that of the principal diagram 

line. Under these conditions, incident high-energy electrons 

simultaneously induce inner-shell ionizations and excite 

surface (ħωS) or bulk (ħωP) plasmon modes. 

The theoretical framework applied here [23, 24] 

elucidates the emergence of non-diagram X-ray features 

across excitation pathways involving both core and 

valence/surface electronic states. By expanding the Bohm–

Pines Hamiltonian within a many-body theoretical 

framework [29], we quantify the decoupled contributions of 

intrinsic and extrinsic plasmon coupling mechanisms. These 

effects are evaluated via satellite-to-parent diagram intensity 

ratios for both the low- and high-energy satellite structures in 

the copper Kβ emission spectrum. 

 

Our findings demonstrate that the anomalous satellite 

features reported by Deutsch et al. [25] in the Cu Kβ spectrum 

stem directly from collective plasmon oscillations. 

Furthermore, our computed relative yields demonstrate 

superior agreement with the experimental measurements of 

Deutsch et al. [25] compared to their original theoretical 

predictions. 

 

 

 

 

 

 

 

 

https://doi.org/10.38124/ijisrt/26sep1441
http://www.ijisrt.com/
https://doi.org/10.38124/ijisrt/26sep1441


Volume 11, Issue 9, September– 2026                   International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                 https://doi.org/10.38124/ijisrt/26sep1441 

 

 

IJISRT26SEP1441                                                                www.ijisrt.com                   3180 

II. NON-DIAGRAM-TO-PARENT-DIAGRAM X-RAY LINE YIELD RATIO 

(RELATIVE INTENSITY) IN X-RAY EMISSION SPECTRUM 

 

 The Transition Probability Per Unit Time [28, 29] for the Interaction Hamiltonian 

 

H 2ħ𝜔𝑃
 : Hadd = H𝟐ħ𝝎𝑷 = 

1
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 The Relative Transition Probability or Relative Intensity can be Expressed as: 
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The relative intensity 
I

I0
 of bulk plasmon satellite 

structures can be obtained by reducing this formulation. 

Specifically, the transition matrix element describing the 

simultaneous emission of an X-ray photon and the absorption 

of a surface plasmon possessing momentum occurring as a 

valence electron with momentum p decays into an inner-shell 

core state ħk can be cast as follows: 
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Assuming 𝑉(𝑝) to be momentum-independent, the relative transition probability and consequently the relative intensity can 

be formulated as: 

 

Isat(EP)

I0(EP)
= (

1

4ħωP
) 

1

(2π)3
 ∫ ∫ 2πk2dk d(cos 𝜃)

+1

−1

kc
0

 {
ħk̅.p̅

m
 −  

ħk2

2m
ωp

√2  
−  

ħk̅.p̅

√2M
 +  

ħk2

2√2M

  }  Mk
2                                                                                          (4) 

 

Simplifying this relation yields the relative intensity of 

the surface plasmon satellite features. 

 

To summarize, with the primary diagram line 

normalized to unit intensity (𝐼0), the relative yield 𝐼/𝐼0 of the 

𝑛-th plasmon loss peak corresponds directly to the coefficient 

of 𝑥𝑛 in the series expansion [26] of: 

 

eβx [(1- αx)-1],                                                                        (5) 

 

Here, the exponential factor accounts for the intrinsic 

process, whereas the term within brackets corresponds to the 

extrinsic contribution. 

 

Consequently, the net contribution of both intrinsic and 

extrinsic plasmon-coupling mechanisms expressed as the 

relative intensity of the high-energy plasmon satellites in the 

copper X-ray emission spectrum is determined [27–32] 

according to: 

 
𝐼

𝐼0
=αn∑

(β α)⁄ 𝑚

𝑚!

𝑛
𝑚=0                                                                   (6) 

 

The value of β is taken as    β = 0.12 rs,                                   (7) 

 

And the value of α (= KC/KF) is taken as: 

 

α = 0.47 rs
1/2.                                                                            (8) 

 

Again, rs (dimensionless parameter) is the inter-

electronic spacing in units of the Bohr radius and may be 

expressed as: 

 

rs = (47.11/ ħωp)2/3   for bulk plasmon, 

 

&    rs = (47.11/ ħωs)2/3 for surface plasmon. 

 

The bulk plasmon energy of a metal may be expressed as 

 

ħωp = 28.8 (Z'σ/W)1/2 

 

In this relation, 𝑍′ represents the effective number of 

electrons contributing to the collective plasma oscillations 

(corresponding to the valence or conduction electron density), 

𝜎 denotes the specific gravity, and 𝑊 is the molecular weight. 

 

In accordance with standard formalisms for planar 

specimen geometries, the surface plasmon energy simplifies 

to:  ħ𝜔𝑃 =
ħ𝜔𝑃

√2
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III. RESULTS 

 

Table 1 Energy - Separation (ΔE) for Low & High Energy Plasmon Satellites of Copper (Cu) 

Sr. 

No. 

Satellites of Cu (Kβ 

spectrum) 

Z' σ W Author's calculated values of 

ΔE (eV) 

Observed energy separation by P.-

A. Raboud et al. (ΔE), eV 

1. Kβ' 1 8.95 63.546 7.64 (ħωS) 8.4 

2. Kβ2'' 1 8.95 63.546 7.64 (ħωS) 8.0 

 

Table 2 Relative Intensity 'I/Io' of Low-Energy Kβ' & High-Energy Kβ2'' Satellites in Kβ X-ray spectrum of Copper (Cu) 

Sr. 

No 

Satellites of Cu (Kβ 

spectrum) 

rs= 

(47.11/ΔE 

eV)2/3 

β= 0.12 

rs 

α= 0.47 

(rs)½ 

Intensity 

Assignment 

'I/Io' in 

present work 

I/Io by 

M.Deutsch et 

al. 

 

Calc. Obs. Calc. 

1. Kβ': 8897.1 eV 

Kβ1 Main Line: 

8905.5eV 

3.364 0.4036 0.862 β2/2 0.082 0.088 0.074 

2. Kβ2'': 8911.2 eV 

Kβ3 Main Line: 

8903.2eV 

3.364 0.4036 0.862 0.06β2/2e-α 0.0116 

(~0.012) 

0.0125 

(~0.013) 

0.040 

 

IV. CONCLUSION 

 

Accordingly, on the basis of both spectral energy 

separations and relative intensity profiles, it can be 

reasonably deduced that the low-energy Kβ' and high-energy 

Kβ2'' satellite lines identified by Deutsch et al. [25] in the 

copper Kβ X-ray emission spectrum originates from surface 

plasmon excitations. 
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