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Abstract

Low-Z materials have been used in the production of intense neutrino beams and are under consideration in future
multi-MW class experiments. Irradiation-induced damage and its energy correlation are discussed based on experi-
mental, experience and simulation data.
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Low-Z targets, such as graphite, have been used ex-
tensively in the production of intense neutrino beams
for neutrino experiments. The reason is three-fold : (1)
the yield of useful pions parents of the neutrinos of
interest from low-Z materials is well matched to the
requirements of most neutrino experiments; (2) peak
energy deposition in low-Z targets is lowest; and (3)
graphite exhibits superior thermal and mechanical prop-
erties that are confirmed by experience data from nu-
clear reactors. The need for multi-MW level beams as-
sociated with proposed long baseline neutrino experi-
ments, has prompted a rigorous effort to identify po-
tential limitations of low-Z materials and in particular
graphite grades and carbon composites.

This multi-faceted feasibility study is centered on
an experimental effort [1] through which proton irra-
diation damage of materials at fluence levels repre-
sentative of the conditions in neutrino super-beams is
assessed. Concerns that anticipated material damage
from high power proton beams cannot be reliably ex-
trapolated from neutron irradiations initiated a series
of irradiation damage studies using the 200 MeV pro-
ton beam from the Brookhaven Linear Isotope Pro-
ducer (BLIP) facility. Special attention has been paid
to various graphite grades, carbon composites, Beryl-
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lium and its Albemet alloy. Preliminary results con-
firmed the anticipated dissimilarities between thermal
neutrons in nuclear reactors and energetic protons. Re-
cent experience from neutrino experiments (NuMI) us-
ing graphite-based targets has provided confirmation of
the experimental observations. To quantify the differ-
ences in the induced damage a series of analytical stud-
ies along with DPA (Displacement-per-Atom) model
developments [2] have been initiated looking at the ma-
terial damage dependency on proton energy in the range
of 0.160-120 GeV and irradiation rate. The feasibil-
ity study confirmed that proton-induced damage is ac-
celerated in the lower energies. Evaluation of the per-
formance of the NuMI graphite target intercepting 120
GeV protons provided further evidence of the energy-
damage correlation. These studies were used for life-
time predictions and target material selection for the
Long Baseline Neutrino Experiment and prompted a se-
ries of dedicated irradiation damage studies at BNL.
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