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Abstract

A shielding experiment was performed with secondary particles produced from the beam dump interactions with
electron beams of several GeV at Thomas Jefferson National Accelerator Facility (JLAB). Electron beam energies were
2.2,4.3,6.4 and 8.45 GeV. The beam dump consisted of aluminum with water coolant. Thick concrete shield which is
surrounding the beam dump is located in the underground. Three penetration steel pipes of 5.08-cm diameter are equipped
at the ground level, reaching to the beam line axis which is 10-m below the ground level. The locations of the pipes are
91-, 273- and 570-cm from the concrete shield surface at the downstream of the beam dump. Activation detector samples
of aluminum and graphite were inserted down to the beam line through the pipes. After the irradiation, samples were
removed from the pipes and energy spectra of gamma-rays from the samples were measured by HPGe detector. From the
analyses of the photo peaks, radionuclide production rates of 2*Na and ''C from aluminum and graphite, respectively,
were estimated and attenuation curves through concrete thickness were obtained. Monte Carlo simulations were
performed and they agreed with experimental data within a factor of 2. This experiment was supported by JLAB and the
Department Of Energy (DOE) of USA.
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Figure 1: Experimental layout with shields around the
beam dump and three irradiation hole pipes.

Figure 2: Photos of (a) aluminum disc samples connected
with a wire, (b) sample set entering the irradiation pipe, and
(¢) three irradiation pipes on the ground level.
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Table 1: Production Reactions, Half-lives, and Photon
Energies of the Radionuclides in the Activation Dtectors

. . Photon Energy [keV]

Reaction Half Life | g icsion Probability)
YAIna)Na | 14.96h 1368.6 (1.000)
2C(n2n)'IC | 2039 min 511.0 (1.995)
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Figure 3: Measurement and FLUKA simulations for
attenuation profiles of 2*Na production rates from
aluminum samples for electron energies 0f 2.2, 4.3, 6.4 and
8.45 GeV.
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Figure 4: Measurement and FLUKA simulations for
attenuation profiles of ''C production rates from graphite
samples for electron energy of 8.5 GeV.
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Figure 5: PHITS simulation for attenuation profiles of *Na
production rates from aluminum samples separated by
nuclear reactions for electron energy of 8.45 GeV.
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