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Abstract

Measurements of high-energy neutrons through shield and maze were performed at the CERN High-energy Accelerator
Mixed-Field (CHARM) facility. The protons of 24 GeV/c were injected onto a 50-cm-thick copper target and the released
neutrons were transmitted through shields and a maze in the facility. The transmitted neutrons were measured using
activation detectors placed behind various materials and thicknesses of the shields and at several locations in the maze.
From the radionuclide production rates in the activation detectors, the attenuation profiles though the shield thickness and
along the maze were obtained for the reactions of 2”Bi(n,xn)*'**Bi(x = 4-9), ¥Al(n,a)**Na, '"In(n,n’)!">In,
and'?C(n,2n)!'C. Monte Carlo simulations were performed with three codes, PHITS, FLUKA, and GEANT4, which had
good agreement with the measurements within a factor of 2 for the production rates.
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Figure 1:  Plane view of the East Hall including the
CHARM facility at the beam line height.
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Figure 2: Vertical cross section of the original shield
structure in the CHARM facility perpendicular to the beam
axis at the target location. The beam travels from the front
to back of this figure.
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Figure 3: Vertical cross section of the modified shield
structure in the CHARM facility perpendicular to the beam
axis at the target location. The beam travels from the front
to back of this figure.
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Figure 4: Locations of the activation detectors and
configurations of the measurement in the modified shield
structure showing shielding experiments with (a) the
removable sample concrete block, and (b) concrete and (c)
steel shields in the material test location.
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Figure 5: Maze structure and detector locations.
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Table 1: Production Reactions, Half-lives, and Photon
Energies of the Radionuclides in the Activation Detectors

. . Photon Energy [keV]
Reaction Half Life (Emission Probability)
5In(n,n")!>™n 4.486 h 336.0 (0.458)
YAl Na | 1496 1368.6 (1.000)
2754.6 (0.999)
2C(n,2n)''C 20.39 min 511.0 (1.995)
803.1 (0.989)
2°9Bi(n,4n)2°6Bi 6.24d 881.0 (0.662)
1718.7 (0.318)
29Bi(n,5n)y%Bi | 15.31d 7034 (0310)
1764.4 (0.325)
Bi(n,6nBi | 11.22h 8992 0988)
984.0 (0.593)
820.2 (0.297)
209Bi(n,7n)**Bi 11.76 h 825.3 (0.146)
1847.4 (0.114)
422.2 (0.837)
209Bi(1’1,81’1)202]3i 1.72 h 657.5 (0.606)
960.7 (0.994)
209Bi(n,9n)**'Bi 1.80h 629.1 (0.240)
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Figure 6: Comparison of experimental and simulated
attenuation profiles of the radionuclide production rates in
the original shield structure in the CHARM facility.
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