


NEUTRON SKYSHINE  MEASUREMENT AT A I(1200  SUF’ERCONDUCTING  HEAYY  ION CYCLOTRON
USING BUBBLE DOSIMETERS

1. Introduclion

Radiation fields, generated during the operation of a
high-energy particle accelerator, “lay penetrate a”
inadequately shielded roof of the containment building.
Penetrating radiation may be transported to a long
distance from its source, after undergoing multiple
scattering in the atmosphere. This phenomenon is know”
as skyshine’* ‘. The National Superconducting Cyclotron
Laborabxy  (NSCL) at Michigan State University
operates two superconducting cyclotrons (K500  and
K12OO)‘ca
sH’+  to J

able of accelerating ion species ranging from
U. The skyshine  produced by the neutrons

during Kl200  operations, which lesked through 26 cm
thick local iron “shielding” of the dipole magnet and the
1.37m  thick concrete root,  was evaluated using tbe
passive “superheated bubble doshneters”.  We have
estimated the neutron dose equivalents at SOtn,  75nt,
1OOnt  and 115m from the expected source (reference
point) of the skyshine, i.e., the spot at the roof  surface
directly above the neutron-producing target situated in the
NSCL’s Analysis Hall (Figure  1). The neutron dose
equivalent and spectral distribution at the reference point
were evaluated using a spherical neutron “rem-counter”
and a set of 7 Boxer spheres respectively. The skyshine
data was  collected for two p- beams, 140
MeV/nucleon  ‘He and 80 MeV/nuclem Ne. This series
of skysbine  measurement should serve as the benchntark
for operations with  the cyclotrons coupled, which
commences in 2001’.  ‘.

2. Neutronlca  CalculatIona
2.1 Neutron Production Crm  Sectiott
A copious nwnber  of neutrons are emitted when a thick
target is bombarded  with energetic light mass heavy ions.

The differential cross section [n.cm~*MeV’si’]  of
neutron production is represented by the phenomeno-
logical model6 consisting of the ‘?novi”g thermal source”
(evaporation) and Yra~ntation” components:

(ds~/dRdH)  = A&FYT~)xexp(-FYIJ
+ Arx@fTts)xexp(-FYTt) (1)
with,&,f=o&&2)xK/4tc (2)

where, G = Solid angle in Centre  of Mass system [sr]
B = Neutron energy in Centre  of Mass system [MeV]
T. = Nuclear temperature (evaporation) = 2.1 MeV
Tr= Nuclear temperature (fragmentation) = 7.5 MeV
csd .,,  t (0) = Non-elastic cross section [mb.sr”] for the
evaporation or frag”bentation  processes
K = Total number of neutrons produced per nonelastic
collision

The low-energy “evaporation” neutrons are character-ised
by the isotropic distribution. The high energy
“fragmentation” neutrons on the other hand, contribute
predominmtly  in the forward angles less than 45
degrees’.

2.2 Neutron  Skyshine  Di&ibulion
During the 1960s and 1970s a substantial number of high-
energy particle accelerators were installed in various
laboratories in the  world. Since then the atmospheric
tmqort and slayshine phenonwna  of high energy
neutrons have been reported by a ntunber of
investigators ‘.  z ‘. The flucnce (or dose equivalent) of
skyshine  neutrons at a radial distance > 50 m from the
source could be en@ically  represented as’:
$(r)  = (aQ/4ttrs)x(l-exp(-r/p))xexp(-r/I.) (3)
where, a = Empirical build up factor = 2.8








