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Abstract

In the present paper, L shell X-ray production cross sections for three elements (Z = 66, 67 and 68) at
single proton energy i.e. 320 keV have been investigated. Calculations are performed with ECPSSR
model with two amendments 1) UA (United Atom) correction 2) Multiple lonization (MI) effect. The
resulting models are ECPSSR-UA and ECPSSR-MI. Theresulting values from these two are compared

with the available experimental values. Results with Ml effect show the improvement over UA.

Introduction

The passage of charged projectile in the target atom creates a vacancy in it. This vacancy can
be filled via two independent processes: either by emission of X-rays or by ejection of Auger
electrons. When the target is heavier then the probability of emission of X-rays becomes more
[1]. These rays carry a lot of information about the target atom. In otherwords they carry the
signature of the target atom. Study of X-rays has a significant role in various analytical
techniques and attracted huge interest for last few decades [2-5]. One of these is PIXE
(Particle Induced X-ray Emission) having applications in different fields such as medical,
environmental, elemental analysis and material science [6-8]. Data published shows that a large
portion of research is on K shell [9, 10]. Work is scanty for L shell especially with light projectiles like
protons having low energy [11, 12]. This could be due to the fact that L shell consisting of three
subshells, all having their different properties. Their way of ionization, decay of vacancy and their
rearrangement processes are comparatively typical. The present research has been performed on L
shells of three elements Dy, Ho and Er considering proton as the projectile having energy 320
keV. The aim of the present research is to motivate the researchers as well as enhance the
data points at low proton energy.
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Theoretical methodology

In the year 1958, Merzbacher and Lewis [13] provided the Plane Wave Born Approximation
(PWBA) for the calculation of ionization cross sections. This approximation was followed by
the two classical theories named SCA (Semi Classical Approximation) [14] and BEA (Binary
Encounter Approximation) [15-17]. But these theories fitted well only for the charged
particles having high energies. At low energies, PWBA and BEA over predicted the cross
sections. After that, Basbas et al. [18, 19] developed the PWBA by incorporating different
effects like polarization, binding, Coulomb deflection (C) and relativistic motion of target
electrons in the PSS (perturbed stationary state approximation). The inclusion of all these
effects results to the CPSSR model [20]. Further inclusion of energy loss effect in this model
gives the ECPSSR theory [21]. But the results of this theory were reliable only for K-shell.
They show deviations for L-shell in the low projectile energy region.A modification termed as
the united atom correction (UA) has been made in ECPSSR. The resulted model is
ECPSSRUA [22, 23]. This model has been considered as the most relevant model for the
calculation of K- and L-shell ionization cross sections for light ions. X-ray production cross
sections have been extracted using ionization cross sections resulted from ECPSSRUA along
with atomic parameters such as fluorescence yield and Coster-Kronig probability. It has been
observed that even this model has not been efficient to obtain results at low energies [24-27].
Then the requirement to look over the parameters involved in the calculations has been
realized. Keeping it in view, a phenomenon known as multiple ionization (MI) has been
studied. The inclusion of this effect improves the results [28, 29]. Lapicki et al. [30]
suggested a method to correct fluorescence yields and Coster-Kronig probabilities. It has been
considered that with the impact of incoming projectile, fluorescence yields are altered by the
creation of holes in the outer shells. This alteration has an equal probability for each shell
which is calculated through the binary encounter approximation [31]. So, the equations for

the corrected fluorescence yield and Coster-Kronig probability [32, 30] are given as

where,
at
-/n = [ [ - ] - T T 3
1- (2] (2 By A1-(B F4w))KL- &) Fr=F- Z1Q- B i) 28]
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&*  isthesingle hole fluorescence yield of the s™ (where, s = 1, 2, 3) subshell.
Z; is the atomic number of the projectile.

) is the single hole Coster-Kronig probability for subshellssto t.

S is a parameter fixed from electron binding energies, it takes the value 0.9 for
the L shell.
V1 is the projectile ion velocity.

These modified parameters (using M1 effect) are used for the extraction of X-ray production
cross sections using ECPSSR ionization theory. These cross sections are then compared with
their values extracted using ECPSSR-UA theory along with the parameters without M1 effect.
Numerous authors [33-35] have studied the M1 effect for heavy projectile ions. Work is scarce
with light ions. In this paper an attempt has been made to explore the work with protons

having low energies.

Results and discussion

In this paper, L. cross sections have been calculated at single proton energy i. e. 320 keV for
three elements Dy, Ho and Er (see Figure). The calculations are performed into two sets. One
set is accomplished with ECPSSR model including the MI effect.The other withthe same
model but using the UA correction. In both sets parameters recommended by Campbell [36, 37]
are used. The obtained values are then compared with the experimental points [38]. The predictions
with MI effect are represented by the solid line while those with UA are by dashed line. However,
experimental values are denoted by the solid square. The cross sections are calculated in barns. From
Figure, it is observed that the X-ray cross sections decrease with the increase of Z number. It may be
due to the effect of nuclear charge which increases with the Z number.The figure shows that the Ml
effect improves the results. It fetches the values closer to the experimental points. The improvement is
more for low Z numbers. As seen from the figure that the MI results are in good agreement with the
experimental points. This improvement is more for Dy than that of Ho and Er. For example, in case of
Dy, the difference between experimental and calculated values with UA correction was 8-9% and
reduces to 0.03% with M1 effect. In case of Ho, this difference reduces from 7.7% (UA correction) to
0.07% (MI effect). While for Er, from 14-15% (UA correction) to 5.5% (MI effect). All of
thesedemonstrates that the M1 effect is mainly prominent for low Z numbers impacted with low

energy proton.
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Figure: L cross sections of low Z elements at proton energy 320 keV.
Conclusion

The following are the main conclusions of the present research work:

1. For the comparison of calculated results, the values of a single experimentalist are
available only.

2. It has been seen that the calculated results with Ml effect are in better agreement with
the experimental points than that of investigations with UA correction.

3. Itis also perceived that the calculations with MI effect are in very good agreement for
lower Z target’s than that of the higher one.

4. The experimental work is limited for these elements in the low energy proton region.
So there is a need to do experimental work for the present elements at the present

proton energy.
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