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Disserta�on �tle: A theore�cal study of elementary processes in interstellar plasma  
 
Interstellar plasma — interstellar clouds in par�cular — play an important role in determining the 
structure and evolu�on of galaxies. Understanding the �me evolu�on of such plasmas requires 
knowledge of the chemical processes that drive their dynamics. Two processes are studied in this 
disserta�on: radia�ve electron atachment (REA) via dipole-bound states (DBSs) and dissocia�ve 
recombina�on (DR). Of the several hundred molecules detected in the interstellar medium, only eight 
anions have been detected: CN-, C3N-, C5N-, C7N-, C4H-, C6H-, C8H-, and C10H-. 
Their produc�on mechanism is not well known; REA was suggested as a possible forma�on pathway, but 
previous theore�cal studies have found that REA rate coefficients were too low to explain the forma�on 
of CN-, C3N-, and C5N-. It was later suggested that including DBSs — an electron weakly bound at a large 
distance to the large dipole moment of a neutral molecule — could appreciably enhance the REA rate 
coefficients. 
The first por�on of this study is dedicated to inves�ga�ng the role of the large dipole moment of 
rota�ng C3N using an accurate ab ini�o approach with electronic and rota�onal resolu�on. DBS 
wavefunc�ons of C3N- are calculated and used to obtain REA cross sec�ons that produce even smaller 
rate coefficients, sugges�ng that C3N- is efficiently formed by a different process. The second part of this 
study inves�gates DR in the difficult case of molecules with low-lying electronic resonances, although 
these are not necessary for the approach. An approach to treat both direct and indirect mechanisms of 
DR in a diatomic ion with electronic, vibra�onal, and rota�onal resolu�on using R-matrix scatering 
calcula�ons, frame transforma�on theory, and mul�channel quantum defect theory is presented and 
applied to the CH+ and CF+ molecular ions at low collision energies. The calculated CH+ cross sec�ons 
agree well with recent rota�onally state-resolved experimental results and overall beter than previous 
theore�cal results. The calculated CF+ cross sec�ons agree well with experimental results, although 
these do not have rota�onal resolu�on, and overall beter than previous theore�cal results at low 
energies. Addi�onally, the method can study rovibronic (de–)excita�on — a process in compe��on with 
DR. These are calculated and compared to previous theore�cal calcula�ons for CH+, with which our 
results agree well. 
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