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Abstract 

The Michigan Ion Beam Laboratory (MIBL) at the University of Michigan in Ann Arbor, Michigan, USA, plays a 
significant role in supporting the mission of the U.S. DOE Office of Nuclear Energy. MIBL is a charter laboratory of 
the NSUF (National Scientific User Facility – US DoE) and hosts users worldwide. The laboratory has evolved from 
a single accelerator laboratory to a highly versatile facility with three accelerators (3 MV Tandem, a 400 kV Ion 
Implanter and a 1.7 MV Tandem), seven beam lines and five target chambers that together, provide unique capabilities 
to capture the extreme environment experienced by materials in reactor systems. This capability now includes 
simultaneous multiple (dual, triple) ion irradiations, an irradiation accelerated corrosion cell, and soon, in-situ dual 
beam irradiation in a transmission electron microscope (TEM) for the study of radiation damage coupled with injection 
of transmutation elements.  The two beam lines that will connect to the 300 kV FEI Tecnai G2 F30 microscope are 
expected to be operational by the end of 2017.  Multiple simultaneous ion beam experiments involving light and heavy 
ions are already in progress. This paper will outline the current equipment and will focus on the new capability of 
running dual and triple ion beam experiments. 
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1. Introduction 
 
Ion irradiation is being considered as a surrogate for simulating nuclear reactor irradiations in the development 

of new materials for application in nuclear reactor cores.  Light and heavy ions can play complementary roles in 
such studies when employed either sequentially or simultaneously. There are a number of laboratories in the world 
that are currently using a multiple ion beam setup to study these effects, such as TIARA – Japan and JANNUS- 
France, to name only a couple and they generate a wide range of research in the field [1-5].   Michigan Ion Beam 
Laboratory (MIBL – Fig 1a) was established in 1986 and went through a major upgrade in 2014, when a third 
accelerator was added. After the accelerator installation, four new additional beamlines and three new ion sources 
were added, significantly boosting the experimental range capabilities.  With the installation of the 3 MV Pelletron, 
and the setting up of a chamber connected to all three particle accelerators, the scientists are now equipped with 
tools that allow them to conduct simultaneous dual and triple ion beam irradiation experiments.  The main mission 
of MIBL is to help better understand ion irradiation versus neutron irradiation in materials [6]. In this way, scientists 
hope to reduce the cost of producing irradiated materials for the scope of identifying novel materials capable to 
withstand large radiation doses and at the same time to understand failure under extreme radiation conditions.  The 
same tools can be employed to better understand the mechanism by which irradiation accelerates corrosion and 
explore microstructure evolution at very high doses and dose rates. 

 

 

Figure 1: MIBL: (a) accelerator room overhead view and (b) 3-D drawing including the target rooms. 

2. Major Equipment 
 

2.1 Particle accelerators 
 

The lab is equipped with three particle accelerators.  The largest is a 3 MV Pelletron (Wolverine – Fig 2a), 
built by National Electrostatics Corporation (NEC), and is capable of delivering either a focused ion beam with 2.5 
mm full-width-half-max (FWHM) near the target (or rastered for up to 2 cm / 2 cm), or a defocused ion beam with 
great uniformity over the irradiated area.  The Pelletron is also capable of accelerating a variety of ion species with 
multiple charge states, from 1 MeV to 6 MeV for protons and 9 MeV or higher for heavier ions.  The 1.7 MV 
accelerator (Maize – Fig 2b) is a solid state, gas insulated device manufactured by High Voltage Engineering Europa 
(HVEE) capable of operation between 0.4 and 1.7 MV.  Maize can deliver protons up to 3.2 MeV and heavier ions 
at 5 MeV and higher, depending on the charge state.  The 400 kV ion implanter (Blue – Fig 2c) operates with a 
positive ion source and can, in principle, deliver any ion with a Z from 1 to 92.  It was made by NEC and is equipped 
with a Danfysik ion source and a HVEE implant chamber.  The operational energy range is 10 – 400 kV with 
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