
QULEIF  -
Queen’s university low energy ion facility
Queen’s University of Belfast has been well known for its accelerator and ion source facilities from the founding of the Atomic and Molecular Physics (AMP) Research Group by Brian Gilbody in 1967 up to the present day.  The University is currently erecting a new building on the main university site to house an International Research Centre for Experimental Physics (IRCEP), expected to be completed by mid to late 2004.  A large hall on the second floor of the building will house the current and new generation of accelerators, which it is proposed will form an international infrastructure facility from the start of 2006.  The research carried out at this infrastructure in collaboration with international groups will form a significant component of the research activities of the IRCEP.  The close proximity of other facilities, such as high power short-pulsed lasers (Laser Group) and a microscopy suite (Condensed Matter Group), within the IRCEP building is ideal for cross-disciplinary research.   

The current AMP accelerator suite consists of two low energy accelerators equipped with permanent magnet, 10 GHz ECR sources for use of beams of multiply charged ions as a probe (ECR1, ECR2 - with floating beam line), a low energy accelerator with capability for using an ion beam as a target (LET), a matrix assisted laser desorption and ionisation source of biomolecular ions (MALDI) and a recently developed negative ion accelerator (NIS).  An electron beam ion trap (TRISST) using permanent magnets is currently under development.  It is expected to be fully commissioned by late 2004, and would form a part of the proposed infrastructure.  
Existing accelerators have been successfully used by national and international collaborators in the past.  In the last five years these include experimental groups from University College London, Open University, University of Reading, NUI Maynooth (Ireland), Dublin City University (Ireland), University of Giessen (Germany), HMI Berlin (Germany), University of Windsor (Canada) and Pontifica University (Brazil).  Expressions of interest in using the proposed infrastructure during the period 2006-8 have already come from groups at NUI Maynooth (Ireland), Dublin City University (Ireland), University College Dublin (Ireland), University of Giessen (Germany), HMI Berlin (Germany), KVI Groningen (Netherlands), University of Crete (Greece) and Lund University (Sweden).
Below we cite some examples of recent work:
Nanotechnology - Channeling of highly charged ions through capillaries (ECR1)

(Collaboration with HMI Berlin, Germany) 

The phenomenon of ion guiding in PET capillaries is currently being investigated in a collaborative programme with HMI using a dedicated ion surface UHV experimental system in which energy and angular distributions of multiply charged ions can be investigated as a function of beam energy and incidence angle with respect to the capillary axis. This will be extended in JRA2 to investigate mesoscopic and microscopic focusing effects in macroscopic and mesoscopic dimensions.  [N Stolterfoht et al Phys Rev Lett 88 (2002) 133201]
Astrobiology – Synthesis of organic molecules on ices (ECR2)
(Collaboration with Open University, UK) 

One proposed mechanism for the origin of complex molecules is that they are formed on water and carbon dioxide ices due to bombardment with ionic stellar winds.  At QUB we have recently started an investigation into the formation of small organic molecules when such ices are bombarded with ions from ECR2.  The flexibility of the floating beam line means that the investigation can cover a range of ion beams from low charge at high energy to high charge at low energy, thus moving between regimes of kinetic and potential energy transfer.  The synthesis of carbonic acid has been detected using an infra red fourier transform spectrometer.  [Formation of carbonic acid on ices from low energy multiply charged ions, Dawes A, Holtom P, Mason NJ, McCullough RW and Williams ID, in preparation 2003]
Astrophysics – X-ray emissions from interaction of comets with solar wind (ECR2)
(Collaboration with KVI, Netherlands and Autonoma University, Madrid, Spain)

There are many astrophysical situations where positively ionised species interact with atomic and molecular gases. One possible reaction is charge exchange i.e. capture of one or more electrons by the ion from the atom or molecule where the product ions are often left in excited states. At energies less than 25keV u-1 cross sections are much larger than other atomic processes such as excitation and ionisation. These collisions occur in many astrophysical plasmas, often being the dominant process determining the charge state balance, thermal balance and photon emission. We have developed a unique double translational energy spectrometer (DTES) system to identify and determine the relative importance of the various electron capture channels involved. In particular we have the capability of producing state prepared ion beams in metastable or ground states. [Kearns DM, McCullough RW and Gilbody H B J Phys B : At Mol Opt Phys 35 (2002) 4335]
Strong Fields – Ions in intense femtosecond laser pulses (LET)

(Collaboration with University College London, UK) 
The interaction of intense laser fields with matter is an area of great current interest and potential application.  Internationally much work is carried out with atomic, molecular, cluster and solid targets.  We are one of only two laboratories worldwide to use ion beams as targets for such studies.  Having carried out the first study of dissociation of the simplest molecular ion H2+, we have recently studied non-sequential ionisation processes in the atomic ion Ar+.  [Supression of multiple ionisation of atomic ions in intense ultrafast laser pulses, Greenwood JB, Johnston IMG, McKenna P, Williams ID, Goodworth TRJ, Sanderson J, Bryan WA, El-Zein AAA, Newell WR, Langley AJ and Divall EJ, Phys Rev Lett 88 (2002) 233001]
Fundamental Scattering – Low energy electron-ion scattering (LET)

We are one of only very few laboratories worldwide capable of studying low energy electron scattering from ion beam targets.  These are the most sensitive tests of the theoretical calculations used to provide the large amount of collisional data necessary for the understanding of plasmas as found in low temperature technological plasmas for the creation and processing of new material, and high temperature plasmas, eg X-ray lasers, stellar plasmas etc.  Having carried out the first ever backscattering measurements with ion targets we have recently been studying scattering near inelastic thresholds.  [Angular distribution for the elastic scattering of electrons from Ar+(3s23p5 2P) above the first inelastic threshold, Brotton S, McKenna P, Gribakin G and Williams ID, Phys Rev A 66 (2002) 062706]
Biophysics – Fragmentation of Biomolecular ions (MALDI)

A novel voltage labelling target technique has been developed in conjunction with a commercial MALDI instrument to study the fragmentation of both positive and negative biomolecular ions.  Proteins and enzymes consisting of single, double and triple polypeptide chains in the mass range of 1000 to 10000 mass units have been studied.    [Fragmentation of macromolecular ions, Williams ID, Merron B, Davies RJH, Hughes IG and Morozov VA, AIP Conf Proc 475 (1999) 561]
Electron Correlation – Negative ions in picosecond laser pulses (NIS)

(Collaboration with Dublin City University, Ireland) 

In recent years there have been many studies of multiple ionization of closed shell rare gas atoms by intense laser fields. Until now no similar work has been done in the study of more diverse targets such as negative ions where low binding energies and strong electron correlations could yield distinctive behaviour. Using a picosecond laser brought from DCU to Belfast, the first experiment to observe removal of more than one electron from a negative ion by an intense field has been performed at the negative ion beam facility. 
[“Double Ionisation of Atomic Negative Ions in an Intense Laser Field”, J.B. Greenwood, G.F. Collins, J. Pedregosa-Guterriez, J. McKenna, A. Murphy and J.T. Costello, J. Phys. B, submitted 2003]

