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Shielding Design of RIKEN RI Beam Factory 
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Construction ofthe RJKEN RI Beam Factory is started， and the phase 1 will be finished by the end ofMarch 2003. Two ring 
cyclotrons including one superconducting machine and two Big RIPSs will be constructed in the phase 1. Heavy ions ofproton 
to uranium wil¥ be accelerated up to 400 MeV/u (Aく40)and 150 MeV/u for uranium at an intensity of 1013 pps. 
Neutron production by the 400-MeV/u 2DNe beam was measured at HlMAC ofNIRS and it was used for the source term of 
the shielding calculations. The deep penetration ofhigh-energy neu甘onswas calculated by using the ANISN code with the DLC・
119/HIL086R group constants and also by using the HETC code. The ANISN results were modified by using the HETC results 
and the shielding experim巴ntat ISIS， and th巴ywere fi抗edby a simple formula for practical use. 
High-energy neutron penetrations of slantwise injection and the reflection probabilities of iron slab were calculated with the 
HETC code， and these results were used for the estimation ofthe thickness for the iron local shielding ofBig RIPSs. Induced 
radioactivity in the air， accelerator components and the building， and the skyshine effect were also estimated. 
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1. The RI Beam Factory 

Construction ofthe RIKEN RI (Radioactive Isotope) Beam 

Factory (RIBF) which is a facility-expanding project has been 

started. The existing facility consists of a heavy ion linear 

acceleratorラRILAC，an AVF cyclotron， and a 4刷sectorring 
cyc¥otron， RRC. RILAC and AVF are mainly used as the 
i吋ectorsofRRC. The maximum energy ofthe existing facility 
is 210 MeV forprotons， 135 MeV/u for light-heavy ions (A < 
40)， and 15 MeV for uranium ion. We， however， have not a 
license for the uranium acceleration. 

The expanding facility consists oftwo ring cyclotrons， IRC 
and SRC which is superconducting， projectile-fragment 
separators which are the RI beam production devices， Big RIPSs 
(RIKEN Projectile幽h伊lentSeparator)， an accumulation cooler 
ring， ACR， double storage ring， DSR， and a booster s戸lChrO仕on
ring， BSR. The maximum beam energy ofSRC is 400 MeV/u 
for ions lighter thanAr and 150 MeV/u for uranium ions ofthe 

high charge state， and this energy makes the projectile 

fragmentation possible up to uranium. The beam intensity will 

be 1013 particles/s for any element. The maximum beam power 
will be 24 kW for the uranium beam. 

The construction schedule ofthe RIBF is divided into 3 

phases. IRC， SRC and Big RIPSs will be constructed in phase 
1， which is already approved， ACR and DSR in phase 2， and 
BSR in phase 3. Phase 1 will be finished by March 2003， phase 
2 by 2007， and phase 3 by 2010. 

11. Dose Limit Criteria 

The Japanese legislation for radiation safety will be soon 

mvised to meet the ICRP・60recommendation. The dose limit 
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criteria for RIBF were fixed as table 1 with considering this 

revision. The value for the site boundary is an engagement with 

the local govemment. 

IlI. Beam Loss 

The beam loss is the most ambiguous parameter in the 

accelerator shielding design. Here， however， it was assumed as 
table 2. The low beam loss rate， tota12 % at SRC， for example， 
must be kept by the monitoring ofbeam loss. 

IV. High-Energy Neutron Production by Heavy 

Ions 

Thehigh・energyneu仕onproduction is the most fundamental 

data for the safety design of RIBF. High-energy heavy ion 

beams are available at HIMAC ofthe National Institute of 

Radiological Sciences， and the neutron production at thick 
graphite， aluminumラcopperand lead targets bombarded by the 

400・MeV/u20N巴beamwere measured(l). The data ofthe copper 

target are shown in Fig. 1. The neu仕onspectra spread to higher 
energies， and the angular dis仕ibutionof high聞energyneu仕ons

Table 1 Criteria of effective dose for the RIBF design. 

item (boundary) 

non-restricted area in 
mdiation controlled紅白

radiation controlled ar伺

office in sit巴

sJte 

dose limit 

25μSv/h (1 mSv/w) 

2‘6μSv/h (1.3 mSv/3m) 
05μSv/h (250μSv/3m) 

旦ぽヰ

Table 2 Assumed b巴amloss rate at RIBF 

ー posltIon
beam loss 
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Fig. 5 Effective dose distribution on the SRC roof. R is the distance 
合omthe roof center， and the abscissa is the angle from the 
Big RlPS side direction. 
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Fig.3 Ho parameters as functions ofprimary iron shield 
thickness. 
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Fig.6 Effective dose attenuation ofthe slantwise-injecting source 
neutrons. 
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The beam loss at Big RlPS is 100 % and the shielding design 

is most di田cult.In the Big RIPS， 20 % beam is lost at the 
仕agmentationtarget， and the residual beam is lost in the 1st 
dipole magnet. Moreover， about 1.6 % beam will be stopped at 
the 1 st focusing point. The local iron shielding for Big RIPS 
likes a square旬nnel.

VI. Shielding of Big RIPS 
300 100 200 

Fe-depth(cm) 

1. Direct Ray Shielding 

百四 fast neutrons irradiate the inner surface of the tunnel 

with large angles in the area far from the beam loss point. The 
neu仕ons印刷ermany times in iron， and the direction is diffused. 

In this condition， the shielding thickness cannot be estimated 
with the factor of l/cos8. 

The effective dose attenuation to the slantwise-injecting 

Fig.4λparameters as functions of primary iron shield thickness. 

Figure 2 shows the ANISN result， the corrected results with 
Eq. (1)， and the fitting ofEq. (2) for the case of トm-iron+12・
m-concrete shield. The Ho and λparameters as functions of 

primary iron shield thickness are shown in Figs. 3 and 4 for the 

various emission angles ofthe secondary neutrons. The Eq. (2) 

was used in the practical shielding design， and， for example， 
the result ofthe effective dose distribution on the SRC roofis 
shown in Fig. 5. 
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