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Abstract
Absolute double differential cross sections (DDCS) of electrons emitted from uracil and
5-bromouracil (BrU) in collisions with protons of energy 200 keV have been measured for various
forward and backward emission angles over wide range of electron energies. The measured DDCS
are compared with the continuum distorted wave-eikonal initial state (CDW-EIS) calculations.
The optimized structure of the BrU was estimated along with the population analysis of all the
occupied orbitals using a self-consistent field density. A comparison between the measured DDCS
data for the two molecules show that the cross section of low energy electrons emitted from BrU is
substantially larger than that for uracil. The BrU-to-uracil DDCS ratios obtained from the present
measurements indicate an enhancement of the electron emission by a factor which is as large as 2.0
to 2.5. These electrons being the major agent for damaging the DNA/RNA of the malignant tissues,
the present results are expected to provide an important input for the radiosensitization effect in
hadron therapy. It is noteworthy to mention that the CDW-EIS calculations for Coulomb
ionization cannot predict such enhancement. A large angular asymmetry is observed for uracil
with a broad structure, which is absent in case of BrU.

1. Introduction

Studies on the interaction of ionizing radiations with biological matter has gained importance during the
past few decades particularly due to its wide scale application for cancer treatment. The penetrating high
energy beams of x-rays or gamma-ray photons, electrons and heavy-ions cause structural and chemical
changes in the cells which eventually lead to cell death. When such radiation passes through the biological
media, it leads to the generation of abundant low energy electrons. In addition, several hydroxyl radicals are
also produced due to the interaction of the incoming beam with the surrounding water molecules, which
comprises of about 60% of the weight of a human body. These low energy electrons and radicals are mainly
responsible to damage the DNA/RNA of the cells by creating strand cleavages i.e., through single strand
breaks (SSBs) and/or double strand breaks (DSBs) [1]. Thus the damage of the biological media caused by
the incoming radiation is initiated by the elementary processes which take place at microscopic level in a
very short time scale. The damage process is mostly related to the dissociation of the molecular constituents
of the nucleobases. Further, it is well known that the ions possess preferential depth-dose profile while
penetrating through the biological media compared to the photons which exhibit an exponential loss in
intensity as it passes through the medium [2]. This unique feature of the high energy ions is well
represented by the Bragg curve of energy loss which shows that ions deposit almost all of its energy at the
end of the trajectory and with minimal energy transfer at the entrance of the track. Thus the deposition of
the dose occurring precisely on the tumor, can be achieved by overlapping the position of the Bragg peak
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with the tumor site. Protons are one of the most favourable candidates among the ions for damaging the
tumors which has led to the development of several proton therapy centers worldwide.

Although high energy protons and carbon-ions are favourable candidates in hadron therapy yet a
challenging task lies in the fact that many healthy cells which come along the particle track are also exposed
to the ionizing radiation. To circumvent this difficulty, a complementary approach is being adopted which
aims at increasing the sensitivity of the malignant cells to radiotherapy compared to the surrounding
healthy cells. This radiosensitization effect which when combined with the proton therapy can serve as an
effective mode of cancer treatment. The radiosensitizers when added to the tumors, results in the increase of
electron production, which in turn not only enhances the reactivity of the malignant cells but also helps in
reducing the dosage of the incoming beam, thus reducing the side effects to the healthy cells [3]. It has been
proposed that the nanoparticles of gold, platinum and gadolinium can be useful candidates for
radiosensitization [4]. Some of the experimental investigations have shown that the yield of SSBs and DSBs
increase significantly when pure nanoparticles or nanoparticles coated with chelating agents are embedded
to the DNA and are irradiated with photons, electrons or ions [5–7].

Similarly, the halouracils are also known to exhibit radiosensitizing properties [8–10]. These group of
molecules (C4H3XN2O2) are structurally similar to uracil (C4H4N2O2), a nucleobase of RNA, except that
the H-atom at the 5th position is replaced by a halogen (X = F, Cl, Br, I). Several experimental and
theoretical studies have been carried out showing the different fragmentation channels from the isolated
molecules of halouracils or hydrated clusters of halouracils irradiated by the photons, ions and electrons
[11–17]. The studies on the dissociative electron attachment in case of few eV electrons impacting on
5-bromouracil (BrU) have also been reported [18]. The first study of the enhancement in electron emission
from iodouracil and the influence of the atomic giant resonance has been reported recently [19] for higher
energy [66 MeV C6+ ions] collisions.

The present work is divided into two parts. In the first part we have reported the absolute double
differential cross sections (DDCS) of the electrons emitted from uracil and bromouracil induced by protons
having energy 200 keV. Different experimental and theoretical studies on electron emission and
fragmentation of uracil and other nucleobases, such as, adenine, cytosine, thymine in collisions with
electrons, protons and heavy ions have been reported in the literature [20–32]. In case of simulating the
proton trajectory [33] and for modelling its energy loss in biological medium, it is necessary to have an
accurate estimation of the contributions from ionization, fragmentation and capture processes that occur
during the collision. However, to the best of our knowledge no measurement exists on the DDCS of
electron emission from BrU or other halouracils [except iodouracil [19]] when ionized by electrons or ions.
In case of proton therapy, the incident beam energy vary around few hundreds of MeV. The present beam
energy was chosen considering the fact that for such high energy protons, the position of the Bragg peak is
around 100 keV [34]. The percentage of the DNA damage decreases with increase in beam energy and is
maximum in the energy range of 100 to 200 keV. In the second part of the study, we provide a quantitative
estimate of the enhancement in the electron emission from BrU. Such a quantitative study might serve as an
input for estimating the reduction in dosage of the incident beam without altering the yield of SSBs and
DSBs.

2. Experimental details

The experiments were performed in a crossed beam setup where the projectile beam collided with the
vapour of uracil or bromouracil. The protons of energy 200 keV were generated from the 14.5 GHz 200 W
electron cyclotron resonance (ECR) ion accelerator at TIFR, Mumbai [35–37]. The ECR ion accelerators are
well known for producing the low velocity, highly charged ions. The positively charged ions were produced
inside the Cu plasma chamber which is confined within a strong magnetic field of nearly 1 T. The ions were
extracted by applying an extraction voltage of 30 kV and then a 90◦ bending dipole magnet was used to
analyze the energy and charge state of the H+ ions. The plasma chamber, Einzel lens and the bending
magnet are all placed together on an isolated high voltage deck which can be biased up to 400 kV. The
analyzing magnet is followed by an accelerating column. A few electrostatic triplet quadrupole lenses and
X–Y deflectors are used to focus the energy and charge state analyzed projectile beam. The ECRIA has four
beamlines with a switching magnet that steers the beam in the desired beamline. A pair of four-jaw slits
were used to cut the beam and control its divergence. In addition, two apertures of diameter 2 mm and
4 mm were placed at the entrance of the scattering chamber for further beam collimation. A differential
pumping station was connected between the beamline and the scattering chamber. The beamline vacuum
was maintained at an absolute pressure of 5 × 10−9 mbar whereas that for the scattering chamber was at
10−8 mbar. The experiments were performed using the electron spectroscopy technique. A hemispherical
electrostatic analyzer was used to measure the energy and angular distribution of the electrons emitted from
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the target. Extreme cleanliness was maintained inside the chamber to reduce any stray field near the
interaction region which could deflect the low energy electrons. The Earth’s magnetic field was reduced to
about 10 milligauss near the interaction region by attaching two sets of μ metal sheets at the inner walls of
the scattering chamber. The entrance and exit slits of the spectrometer were biased with a small
pre-acceleration voltage of 6 V, which increased the collection efficiency of the low energy electrons. The
analyzed electrons were further detected by the channel electron multiplier (CEM), the front cone of which
was raised to a positive potential of 100 V since the efficiency of the CEM remains constant between 100
and 600 eV when operating in electron counting mode.

The measurements for the uracil and bromouracil were carried out under the same experimental
conditions. The commercially available powder of uracil or bromouracil (purity 99% and 98%, respectively)
was placed in a metallic oven. For both the cases, the powders were heated gradually to about 190 ◦C over a
period of 24 h which ensured it to be fully devoid of moisture. This temperature is far below the
decomposition temperature of uracil and its halogenated derivatives [38]. The oven temperature was
monitored by a thermocouple temperature sensor coupled to the heater body. The oven was housed inside a
water cooled jacket to reduce the generation of dark counts. Further, it is extremely important to obtain a
steady flow of the vapour while performing the measurements. A quartz crystal based thickness monitor
was used to check the rate of flow of the vapour effusing from the nozzle. The effusive beam of the
molecules were ejected through the jet nozzle of diameter 1.5 mm and length 12 mm. The tip of the nozzle
was kept 5 mm below the beamline. The data were collected for ten different forward and backward
emission angles between 20◦ and 150◦. For either molecules, the background counts were very low. A
LabVIEW based data acquisition system was used. The experimental uncertainties for the DDCS and TCS
data for both the molecules varied between 24 and 28%.

In the same experiment, the absolute e-DDCS measurements were carried out for a much smaller
molecule, like, CH4 under static gas pressure condition. The DDCS measurements for CH4 was used to
initially check the performance of the spectrometer. However, in case of experiments involving an effusive
jet source (uracil and bromouracil), it is difficult to ascertain accurately the number density of the target
molecules interacting with the projectile beam. A novel technique that is, using the K-LL Auger yield of
carbon atoms in CH4 and further in uracil and bromouracil was used for absolute normalization of the
electron DDCS for the vapour targets [24].

3. Theoretical description

Theoretical calculations based on the CDW-EIS approximation has been discussed previously [19]. In brief,
an independent particle approximation has been employed where the reaction is reduced to a
one-active-electron process [39]. Thus each one of the electrons of the different molecular orbitals is
promoted separately to a continuum state, whereas it is assumed that the rest of the target electrons remain
in their initial states. The prior version of the CDW-EIS approximation, within the impact parameter
approximation, is employed to describe the reaction [40].

In order to describe the initial orbital plane-wave function, each molecular orbital was expressed as a
linear combination of the atomic orbitals (LCAO) using ab initio calculations. Figure 1 shows a
ball-and-stick representation of the optimized ground-state structure of the 5-bromouracil molecule. The
atoms are labeled with numbers that allow to individually identify them in the different molecular orbital
representations. Ab initio calculations were carried out for an isolated 5-bromouracil molecule using the
restricted Hartree–Fock method implemented in the Gaussian 09 software [41]. The C, H, O, N, and Br
atoms were represented using Pople’s split-valence triple-zeta basis set 6-311G. The first ionization energy
calculated using Koopmans’ theorem at this level of theory is 9.93 eV. This predicted value for bromouracil
appears slightly larger than the corresponding uracil experimental values of 9.8 ± 0.1 eV measured by
Lifschitz et al (electron impact) [42] and 9.68 eV obtained from photoelectron spectroscopy (vertical value)
by Palmer and coworkers [43].

The optimized structure of the 5-bromouracil molecule adopts the Cs point-group symmetry, without
symmetry constraint applied in the relaxation calculation. A population analysis of all occupied orbitals was
carried out using the self-consistent field (SCF) density, with the minimum contribution percentage to
include in individual orbital population analysis set to 1%. For each j-molecular orbital, the effective
number of ξj,i electrons, relative to the atomic component i, was obtained from a standard Mulliken
population analysis. The ionization energies, the atomic components with their corresponding nl states, for
each one of the 46 molecular orbitals are calculated along with the population of the different components
(not shown).
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Figure 1. Ball-and-stick representation of the optimized ground-state structure of the 5-bromouracil molecule (Cs point-group
symmetry).

4. Results and discussions

4.1. DDCS: energy distribution
In figure 2 we have shown the absolute electron DDCS for uracil (blue open triangles) and bromouracil
(black open circles) at various forward and backward emission angles. The DDCS spectra are seen to fall by
orders of magnitude in the measured energy range from few eV to several hundreds of eV, which is a typical
behaviour in ion-atom collisions. A hump like structure is observed around 350 and 200 eV for the
emission angles 20◦ and 45◦, respectively (see figures 2(a) and (b)). The hump is due to the binary
encounter mechanism between the projectile and the target electron. Three peaks are observed at the
backward angles, overriding on the continuum Coulomb ionization background which are due to the K-LL
Auger electrons emitted from C, N and O atoms, respectively. The insets of figure 2(f) show the magnified
view of the three K-LL Auger peaks after subtracting the Coulomb ionization background. Panel (i) shows
the K-LL Auger peak of C atoms whereas panel (ii) shows the same for N and O atoms. These Auger peaks
are not observed for the forward angles since they are submerged under the strong continuum background
spectrum arising from the binary encounter process. The measured DDCS spectra for uracil and BrU are
seen to almost merge with each other for the forward angles in the log-log scale. However, the difference
between the cross sections increases for larger emission angles in the backward direction.

The experimentally obtained DDCS for both the molecular species have been compared with the
CDW-EIS calculations. At small forward angles, the theoretical DDCS for uracil and BrU almost merge
together over the entire emission energy range. With the increase in the emission angles, the difference
between the CDW-EIS calculations for these two molecules show up only beyond 40 eV. Now, while
comparing the measured data with the theoretical values it is seen that in case of 20◦, the calculations for
uracil underestimate the data below 280 eV, beyond which it matches with the data. Similarly, for
bromouracil, the calculations underestimate the data over the entire spectrum although the difference
decreases at higher emission energies. The hump observed in the experimental DDCS spectrum due to the
binary collision is well reproduced by the CDW-EIS calculations. For 45◦ and 90◦, the theoretical DDCS for
both uracil and bromouracil are lower than the experimental data in the measured energy range although
the difference is more in the case of BrU. For the backward angles, the measured DDCS for uracil is found
to be in close agreement with the CDW-EIS calculations up to about 30 eV beyond which the model
underestimate the experimental data. In the case of BrU, the CDW-EIS prediction underestimates the data
for the backward angles with large discrepancies occurring at higher emission energies. The large
discrepancy between the experimental data and calculations for the higher energy electrons at the backward
angles is explained by the backscattering phenomena. The higher energy electrons are influenced by the
backscattering produced by the target nuclei on the emitted electrons [44]. For bromouracil, although the
CDW-EIS calculations show a qualitative agreement, quantitatively it underestimates the measured DDCS
over the entire energy range for both the forward and backward angles.

4.2. DDCS: angular distribution
In this section we discuss the variation of the electron DDCS as a function of the ejection angles, as shown
in figure 3. For all the energies it is observed that the cross section is maximum at the extreme forward
angles and decreases gradually as the emission angle increases. The difference in the DDCS between low
forward and large backward angles varies by one or two orders of magnitude for lower energies whereas for
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Figure 2. Absolute electron DDCS for BrU (black open circles) and uracil (blue open triangles). CDW-EIS calculations for BrU
and uracil are shown by the black solid lines and red dashed lines, respectively. The absolute errors are shown for some of the
data points whereas for the rest, the statistical uncertainties are displayed. Insets in (f): K-LL Auger peaks for C (panel (i)),
N and O atoms (panel (ii)) in linear scale after background subtraction.

higher energies this difference increases even further. The large cross section in case of the forward angles
may be explained by the strong two center (target and projectile) effect (TCE) and post collision interaction
(PCI) between the moving projectile and the emitted electrons. In the present case, the projectile velocity is
2.82 a.u. which is closer to the orbital velocity of the valence electrons. Thus the projectile spends sufficient
time close to the target and hence has a strong effect on the ionized electrons. The ejected electron
experiences a strong pull along the direction of the moving positively charged projectile-ion which gives rise
to the large DDCS in the low forward angles. The measured cross section shows an excellent agreement with
the CDW-EIS calculations qualitatively. However, quantitatively it is seen that the model underestimates the
data for both the molecules. For the low energy electrons, the difference between the experimental and
theoretical DDCS remains the same over all the emission angles. The model underestimates the data by a
factor of two to three. However, for higher electron energies, for example, in case of 200 eV, the CDW-EIS
calculations for bromouracil are two times lower than the experimental data and this difference increases by
almost an order of magnitude for the farthest emission angles due to the backscattering phenomena, as
explained in the previous section. Similar behaviour is observed for the uracil molecule. Further, it is to be
noted that there is no significant difference between the calculated DDCS for uracil and bromouracil for the
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Figure 3. Experimental and theoretical e-DDCS of BrU and uracil as a function of emission angles. Legends are similar to those
used in figure 2. Absolute error in the data are shown for few cases.

low energy electrons at all the emission angles. For higher electron energies, only beyond 80◦, the DDCS for
uracil is seen to be appreciably lower than that for BrU. However, the experimentally measured DDCS for
BrU is seen to be uniformly higher than uracil for all the angles in case of low energy electrons. As the
electron energy increases, i.e., beyond 50 eV, the difference in cross section between the two molecules is
higher for the backward angles compared to the forward angles. This difference has been discussed in details
in the following section.

4.3. DDCS ratios
Figure 4 shows the ratio of the DDCS for bromouracil to uracil over the electron energy range between
8 and 100 eV. These ratios have been plotted for four different emission angles. The DDCS ratio plots
provide a quantitative estimate of the enhancement in electron emission from bromouracil compared to
that for uracil. It is observed that in case of the forward angles, the experimental DDCS ratio varies between
1.5 and 1.75 whereas it increases at the backward angles. In case of the farthest backward angles i.e., for
135◦, the experimentally obtained DDCS for BrU is about 2.25 times the cross section for uracil whereas for
150◦ the ratio goes as high as 2.5 times for electron energies between 15 and 30 eV. Beyond 30 eV the ratio
is found to be around 2.3. The increase in ionization cross section in this electron energy range bears special
importance due to its application in proton therapy. The DDCS ratio obtained from the CDW-EIS
prediction (red solid lines) are seen to remain uniformly flat around 1.1 in case of the forward angles. For
large backward angles, the CDW-EIS ratio is seen to remain about 1.1 till 40 eV, beyond which it increases
gradually to 2.3 at 100 eV. A closer look at all the panels in figure 4 reveals a small structure in the DDCS
ratios between 10 and 30 eV. These structures may arise due to the Coster–Kronig or super Coster–Kronig
transitions in Br atom present in the bromouracil molecule which are reported in very recent experiments
[45, 46]. Such mechanisms give rise to several low-intensity lines in the low energy electron spectrum which
are not included in the CDW-EIS model. This partially explains the discrepancy with the model in the low
energy region. Further, the low energy electrons are emitted predominantly due to the large impact
parameter collisions where the projectile interacts (‘sees’) with the whole molecule. Therefore the calculated
ratios are sensitive to the exact structure or wavefunctions used in the calculations for both the molecules.

Similarly, figure 5 displays the angular dependence of the DDCS ratios. In this block we have shown the
ratio only for low energy electrons, such as, 11 and 30 eV since the electrons in this energy region play most
crucial role for damaging the DNA/RNA strands. It is observed that the ratios remain the same i.e. around
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Figure 4. DDCS ratio of bromouracil to uracil as a function of electron energy. Error bars are shown for some of the data points.
The red solid line shows the theoretical ratio. The black dashed line is guide to eye.

Figure 5. The ratio of BrU to uracil as function of emission angle along with the CDW-EIS calculations.

1.5 for the forward angles and then start increasing steadily to about 2.3–2.5 at 150◦, the largest backward
angle for which the spectrum has been measured. The CDW-EIS ratios (red solid lines) show a horizontal
distribution about 1.1 over all the emission angles. The increase in the experimental DDCS ratio at the large
backward angles arises from the influence of the nuclei on backscattering emission. The electron, in order to
be emitted in the backward direction, must penetrate in the proximity of the nucleus. Thus, this process is
dominated by a close interaction with the nucleus. In the case of BrU, a H atom is replaced by a Br atom,
which has a much larger nuclear charge and thus the backward emission is enhanced in comparison to that
for uracil.

The overall enhancement in the electron emission cross section from bromouracil compared to uracil
(figures 4 and 5) may be explained by the Auger cascade effect as well as the atomic giant resonance
phenomena. The vacancy created in the 3d shell of a Br atom gives rise to an Auger cascade and several
electrons in the energy range between 40 and 50 eV [47] can be generated from the MNN Auger process. A
part of these electrons may also be produced due to collective excitation which occurs when the 3d electrons
are resonantly excited to higher excited states and finally decays by emission of several electrons. Such
atomic giant resonance is not only well known for the 4d-elements, such as, I and Xe but also has been
theoretically predicted for a 3d-atom, such as, Kr [48]. In Br compounds the information on collective
effects are scarce, however, the giant shape resonance of 3d10 to 3d9εf has been identified experimentally
[49].

4.4. Forward backward angular asymmetry
From figure 3 it is already observed that there is a large asymmetry in the DDCS for the extreme forward
and backward angles for both targets due to the strong PCIs apart from the non-Coulombic target
potential. We provide a quantitative estimate of the angular asymmetry between the two supplementary
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Figure 6. Forward backward angular asymmetry parameter (α(k)) for uracil (blue sold circles) and bromouracil (black open
circles) along with the lines corresponding to the CDW-EIS predictions. The red triangles correspond to α(k) for CH4.

angles. The forward–backward angular asymmetry parameter (α(k)) is defined as following: [50]:

α(k, θ) =
σ(k, θ) − σ(k,π − θ)

σ(k, θ) + σ(k,π − θ)
, (1)

where the electron energy εk =
k2

2 in a.u., θ is a low forward angle and k denotes the ejected electron
velocity. In the present study, the σ(k, θ) and σ(k,π − θ) correspond to the electron DDCS measured at
30◦ and 150◦, respectively. Using equation (1) we have calculated an approximate value of the asymmetry
parameter (α(k)). Figure 6 displays α(k) as a function of the ejected electron velocity for BrU and uracil. It
is obvious that the α(k) is sensitive to the velocity (vp), the charge state (qp) of the projectile, the
non-Coulombic potential of the target and its molecular wave function. The asymmetry parameter for BrU
is seen to increase steadily from 0.6 to 0.9 corresponding to the electron velocities between 0.5 and 3.0 a.u.
and beyond 3.0 a.u. α(k) shows a tendency to saturate. In case of uracil molecule, the overall angular
asymmetry is higher than that for bromouracil. The black solid and blue dashed lines in figure 6 represent
the α(k) obtained from the CDW-EIS calculations for BrU and uracil, respectively. Theoretically, the
asymmetry parameter for both the biomolecules increase steadily from 0.5 to 0.99 up to the electron
velocity of 2.75 a.u. beyond which both the curves tend to saturate. The unusually large asymmetry
parameter obtained experimentally for uracil compared to that for BrU cannot be explained by the
CDW-EIS model. Further, between 0.5 and 1.5 a.u., one can see a broad structure overriding on the steadily
increasing α(k) for the uracil molecule. It is noteworthy to mention that the broad structure is observed
only in the case of uracil but not for the BrU. Further investigations along with theoretical calculations are
required for the precise explanation of the structure in uracil which is beyond the scope of this work. In
order to explore this in more detail, we have obtained the asymmetry parameter for a smaller molecule,
CH4 (red open triangles). The asymmetry (α(k)) for CH4 is seen to increase monotonically and is lower
than that for BrU up to 2.25 a.u. beyond which it completely merges with that of BrU. The asymmetry
parameter trend seen for bromouracil is quite similar to that usually observed for ion collisions with atoms
or small molecules.

Integration of the DDCS over the emission energy and the angle yields the total ionization cross section
(TCS). The TCS for BrU is found to be 2500 Mb and that for uracil is 1600 Mb showing an enhancement of
1.6 times for bromouracil. A similar enhancement factor was also reported for the iodouracil molecule in
collisions with higher energy ion beams [19], as well as for double strand breaking in case of the Pt
nanoparticle embedded in plasmid DNA [5].

5. Conclusions

We have presented the experimental and theoretical DDCS of the ejected electrons from the bromouracil
and uracil molecules in collisions with protons of energy 200 keV. The measurements have been performed
on a wide range of emission angles i.e. between 20◦ and 150◦. The optimized structure of the bromouracil
molecule was calculated along with a SCF density approach to estimate the population distribution. The
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CDW-EIS model which includes the two center effect and PCI, underestimates the data for both the
molecules. It can be inferred that these effects, at this low projectile energy, are too strong to be fully
accounted by the model. This is the first time that the model has been extended for a most stringent
collision condition i.e. for such large molecules as targets and the projectiles of intermediate velocity. A
maximum enhancement in the electron emission from BrU by a factor of around 2 to 2.5 was observed in
case of the large backward angles which is much higher than the prediction of the CDW-EIS model. The
angular distribution of the DDCS ratios indicates a higher enhancement in the backward direction
compared to the forward angles. The TCS obtained from the integrated DDCS over the emission energy
and angle shows an enhancement by a factor of 1.6. We have also deduced the forward backward angular
asymmetry parameter which was found to reveal a broad structure for uracil but not for the bromouracil.
For bromouracil one obtains a lower asymmetry parameter having a smooth variation with electron energy
as one obtains in ion-atom collisions. A suitable model is desirable to explain this feature. The large
enhancement in case of bromouracil could be due to the Auger cascade phenomena or atomic giant
resonance in Br atom. Since generation of low energy electrons is directly related to the breaking of strands
of the DNA/RNA of cells, bromouracil can be tagged as a radiosensitizer.
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