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I. Introduction 

The problem of shielding accelerators as sources of high-energy neutrons is important for 

both health and compliance reasons [ 1.2.31. Complicating this problem, for high-energy, 

high-intensity heavy-ion accelerators, is the lack of data on neutron production from thick 

targets in the appropriate energy ranges. 

Here, we present results from neutron flux measurements and shielding studies using the 

K1200 cyclotron at the National Superconducting Cyclotron Laboratory (NSCL). This 

cyclotron is based on a 280-ton superconducting magnet operating in the range of three to 

five Tesla. Typical maximum design energies are 200 MeV per nucleon for fully stripped 

N=Z ions through neon, and 25 MeV per nucleon, for 23sU ions [4]. The NSCL is 

planning an upgrade, by coupling its smaller, K500 superconducting cyclotron to the 

K1200 cyclotron [5]. This will significantly increase intensities of all ion beams, and 

significantly increase energies of the heavier ions. For example, ion beam currents of 1 

particle-microampere are expected for ions to mass 40, and approximately 10’ ionslsec 

are expected for 90 MeV/nucleon 238 U. 

To provide needed information for shielding design, we measured neutron yields 

produced by 155 MeWnucleon “He, W, and 160 ions stopping in a thick target of an 

alloy [6] of tungsten, nickel, and copper (below, we will call this alloy by its traditional 

name, “Hevimet”). Our study consists of measuring secondary neutron production, 

determining the dose equivalent behind thick concrete shielding, and studying the effect 

of local iron shielding above the target. 

II. Experimental Arrangement 

Measurements were carried out both inside and outside the concrete shielding of the 

Analysis Hall at the NSCL. A plan view of the beam tine layout for the neutron shield 

studies is shown in Figure 1. The target was a solid cylinder of Hevimet. This target 

material was sekzcted because Hevimet is used for many of the beam stops and Faraday 
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