Electromagnetic Dissociation of Relativistic 28Si by Nucleon Emission

by Upul Jayasiri Sonnadara B.Sc. University of Colombo, 1985 M.Sc. University of Pittsburgh, 1990

Submitted to the Graduate Faculty of Arts and Sciences in partial fulfillment of the requirements for the degree of Doctor of Philosophy

University of Pittsburgh December 1992

cfl Copyright by Upul Jayasiri Sonnadara

December 1992

ii

Abstract

Electromagnetic Dissociation of Relativistic

28Si by Nucleon Emission

Upul J. Sonnadara University of Pittsburgh November 1992

A detailed study of the electromagnetic dissociation of^{28}Si by nucleon emission at E_{lab}/A = 14.6 GeV/nucleon was carried out with^{28}Si beams interacting on^{208}Pb, 120Sn,^{64}Cu,^{27}Al and^{12}C targets. The measurements were made in the fixed target relativistic heavy ion experiment E814 operating at the Brookhaven National Laboratory. The E814 apparatus consists of detectors in the target area which measure the energy and charged multiplicity, and a forward spectrometer which measures the position, momentum and energy of the reaction fragments.

The exclusive electromagnetic dissociation cross sections for decay channels having multiple nucleons in the final state have been measured with the aid of the E814 apparatus which enables the selection of events produced in pure electromagnetic interactions. The measured cross sections agree well with previous measurements obtained for the removal of a few nucleons with the E814 apparatus as well as with measurements on total charge removal cross sections from other experiments. The dependence of the integrated cross sections on the target charge Z_T and the target mass A_T confirms that for higher Z targets the excitation is largely electromagnetic.

Direct measurements of the excitation energy for the electromagnetic dissociation of^{28}Si ! p+^{27}Al and^{28}Si ! n+^{27}Si have been obtained through a calculation of the invariant mass in kinematically reconstructed events. The excitation energy spectrum for all targets peak near the isovector giant dipole resonance in^{28}Si. These distributions are well reproduced by combining the photon spectrum calculated using the Weizsäcker-Williams approximation with the experimental data on the photonuclear reactions^{28}Si(fl,p)^{27}Al and^{28}Si(fl,n)^{27}Si.

The possibilities of observing double giant dipole resonance excitations in^{28}Si have been investigated with cross section measurements as well as with excitation energy reconstruction. Effects due to the surviving peripheral nuclear interactions and the contribution from double interactions on experimental observations are discussed.

To my parents Gilbert and Karunawathie Sonnadara

Acknowledgments

I would like to express my gratitude to my thesis supervisor Bill Cleland for his guidance and support throughout my graduate student career.

My special thanks to David Kraus who inspired me in many ways as a second supervisor, Helio Takai and Marcia Takagui for their friendship and collaboration on the development of the peripheral analysis techniques, and, Tom Joyce and Brian Lopresti for their work on various software developments.

I would like to thank Bo Yu, Tom Hemmick and Ed O’Brien for their work on the tracking chambers, and, Tom Throwe and Sean McCorkle for their help concerning the data acquisition and data analysis software problems.

I appreciate all the support given by my friends Kithsiri Jayananda, Zhing Zhi Zhang, Murugesu Yoganathan, Arjuna Parakrama, and Sergei Voloshin. I owe much to my wife Romaine Sonnadara for her love and encouragement.

Finally, I wish to express my gratitude to Peter Braun-Munzinger and David Lissauer for their leadership in the experiment E814, and to all the members of the E814 collaboration who made this experiment a success.

Upul J. Sonnadara