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Besides photons and fast electrons the fast ions of different charge states can be used as incident 
projectiles to investigate the collision aspects and structural properties atoms, molecules and clusters. 
The variation of charge states of highly charged ions allows one to study the collision yields under 
different perturbation strength. Mechanism of electron emission in collisions with clusters including 
fullerene or large biomolecules are governed by more complicated processes than that in ion-atom 
collisions. Besides fundamental interest in the study of ion-molecule collision aspects, 
investigations of biologically relevant molecules have recently found  application for modeling the 
radiation damage process in hadron therapy. High energy particles (generally GeV energy protons 
and C) are used in hadron therapy for cancer treatment in high energy accelerator facilities. The 
Bragg peak for energy loss in such cases happens to be in the MeV (or lower) energy region. The 
basic collision processes and its microscopic details in this energy range are therefore of immense 
important to help in modeling of hadron-therapy [1-4].  The charged particle radiation can cause 
single and double strand breaking in DNA/RNA which in turn causes mutation. Uracil is one of the 
four nucleo-bases found in RNA. 
 
Fullerenes are known to exhibit giant dipole plasmon resonance (GDPR) (Ref. several works by 
Solovyev and J.P. Connerade) and has been observed in photo-ionization (Hertel 1992, Scully et al 
2005) through the detection of PHOTO-IONS. Effect of Plasmon resonance on single and double 
ionization  under heavy ion impact has been reported by our group earlier [1-5] by using recoil-ion 
mass spectroscopy. However, a direct evidence or the influence of this process in fast ion-collisions 
via the detection of electrons was awaited. The plasmon excitation de-excite through emission of 
electrons of particular energy, which is characteristic of the plasmon frequency. This presents a 
unique possibility of observing the GDPR peak in the low energy electron spectrum of C60. Such a 
Plasmon electron peak has been now observed at different emission angles, for the first time. 
interestingly the photo-ionization studies have also revealed the importance of the collective 
excitation. 
 
Very recently these experiments based on time-of-flight recoil-ion and electron spectroscopy are 
extended for one of the RNA base molecules, such as, Uracil (C4H4N2O2). We have used  ion beams 
of C4+ on an wide energy range (90 keV-60 MeV) by using a newly built ECR-based ion-
accelerator as well as 14 MV Pelletron accelerator at TIFR, Mumbai. The recoil-ion TOF spectrum 
clearly indicates the single ionization and fragmentation peaks. No double ionization was observed, 
as against that for C60 breakup spectrum which showed peaks corresponding to single, double, triple 
and quadruple ionization. The total single-ionization and fragmentation (e.g. at mass 69 and 43) 
cross sections were obtained which were put on an absolute scale by choosing a suitable 
normalization procedure. The absolute cross sections for ionization Uracil on such a wide energy 
range (keV-MeV) are measured for the first time. This will find applications in case of modeling the 
Hadron therapy (for cancer treatment) in the Bragg-peak region. Interestingly a connection can be 
made between the results obtained for many body systems like fullerene and Uracil. 
 



In order to obtain even more microscopic details on the electron emission process in such collision 
process we have now measured the low energy electron double differential cross sections for fast 
bare carbon ions of energy 3.5 MeV/amu (v~12 a.u.). The continuum spectrum between 1eV and 
600 eV were detected. 
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