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Atomic ions can be levitated (trapped) in an evacuated chamber using a combination 
of applied static electric and magnetic fields. Such an arrangement is called a Penning 
trap. Ions in Penning traps find themselves in an almost perturbation-free environment 
which makes them ideal for precision spectroscopy and sensitive tests of quantum 
field  theory.  Ions  in  Penning  traps  may  also  be  useful  for  quantum  information 
processing (QIP).

First Year Project: Ions are normally loaded into traps by electron bombardment of 
neutral atoms. This process is however rather inefficient. A much more efficient way 
of loading ions into a Penning trap is through photoionisation of the precursor neutral 
atom. We would like to set up a system to do this in the Penning trap that we routinely 
use with Ca+ ions. A novel route towards doing this is by a 2-step process in which a 
resonant laser at 657nm takes the neutral atom from the 1S ground state to a 3P excited 
state  via  a  weak  intercombination  line.  From  here  the  atom  may  be  ionised  by 
application of relatively broadband light from a high-power deep UV LED at 293nm 
or even from a UV lamp. A laser system based upon a 660nm tunable diode laser will 
be constructed and tested. The light from this laser, along with that from a 290nm 
LED, will be shone onto an atomic beam of Ca in an evacuated chamber. Any ions 
formed will be accelerated into an ion detector. If ions are successfully produced the 
system will finally be implemented on a working ion trap. 

PhD Project:  One promising route to scaling ion trap QIP up to larger numbers of 
qubits is to use large-scale arrays of micro-traps holding individual ions which then 
act as the qubits. One ‘privileged’ trapping zone is intended to hold two ions and in 
this  trap  two-qubit  quantum  gates  would  be  performed.  Computation  is  then 
accomplished  by  physically  moving  ions  around  the  array.  A  number  of  groups 
worldwide  have  begun  developing  micro-traps  but  have  found  that  as  the  traps 
become smaller ion heating rates become anomalously high. The underlying reason 
for these anomalous heating rates is poorly understood but interestingly the problem 
seems  to  be  alleviated  by  operating  traps  at  cryogenic  temperatures.  We  plan  to 
instigate  a  programme of  work on ion trapping  in  a  cryogenic  environment.  This 
poses  a  number  of  challenges  but  opens  the  way  to  a  wide  variety  of  future 
experiments beyond the initial goal of understanding and controlling the anomalous 
heating effect. The first experiment we will perform in the cryostat will be to operate 
a cryogenic ion trap whose size can be varied systematically.
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