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Radioactive Isotope Beam Factory (RIBF)
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Radiation Evaluation at RIBF over the past decade

Beam
intensity 50 MeV/u
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z RRC 50, 6a. fRC IRC
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* Radiation measurement : High energy 350MeV/u
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Calculation (pHITs ver 2.30-2.86)
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Neutron dose
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Measurement

ALOKA, TPS-451C (Polyethylene moderated
3He neutron detector, E=0.025eV-15MeV)

+ Be 15 mm,

8.100Tm

124Xe
10pnA

+ Be 4 mm,
7.645Tm

238U, 1pnA
+ Be 5 mm,
6.950Tm

Dose rate
(mSv/h)
PHITS/exp.
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= B. Heat load

. A

Radiation heat load on cryogenic region of the superconducting magnet can be measured !
(K. Kusaka et al., IEEE Trans. Appl. Supercond. Vol.21, 1696 (2011))

* Lig. He level is kept constant by varying the heater power with fixed supply and return
valves

e Radiation heat load fluctuation is compensated by the heater power.
* Thus, the radiation heat load can be deduced by comparison of heater power for beam
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B, Heat load

Error: 20%
mainly from beam current
uncertainty

*T. Ohnish et al., Prog. Nucl.
Sci. Tech. 2(2011) 416
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= C, Activation of sample materials

Radiation samples were set downward of the Cu beam dump,
in the forward direction of the beam.
Neutrons come from the beam dump, and samples were irradiated.
Generated radioactive nuclide in samples were identified using a
Ge detector and compared with PHITS calculation.
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Produced long lived nuclides
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= D, Residual radioactivity at low energy to plan maintenance

11 MeV/u 238U beam + He gas

238)(35+)

10.75MeV/u kP AI and Bi samples oy 6as)
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Al sample (chamber material) activation
First layer: fission product catcher
Second layer: Al activation by neutron from U beam

Third layer: Radioactive Bi isotopes corresponds to
energy dependence of neutron flux
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By PHITS calculation, both long and short lived nuclides were generated.
But only long lived nuclides were observed by measurement.

To compare the PHITS calc. result to exp. result, short lived were summed to long lived

in calculation.

134Cs and 124Sb could be compared without other nuclides, respectively, because they
don’t have parent nuclides.
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Ratio of the produced nuclides to PHITS/exp.
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) Future plan for radiation evaluation in RIBF
Precise measurement of neuron yield for more high intense beam

Concrete

shield N\~~~ @F shield design(~1999) )
(5m, \ TN\ Target (underside simple formula  (E >150MeV)
7000ton)y | shield)
)’ e \ Psin = Ey(B) X exp{—t/A}
. o LZ
Prim. beam E,E,(0): neutron dose rate
‘ N d P t: shield thickness A: shield capacity
Sec b eam’[ HJ B g . Qdistance from source point /
] - Beam dump
(underside
shield )

— Current intensity of uranium beam is 70 pnA.
— Permission for uranium beam: 300 pnA. Goal: 1000 pnA. Future==--?

— RIBF shield was designed at 1999 by empirical formula of mass dependence of “A*E*2” with

20Ne + Cu 400MeV/u measurement.
— More than ten times surplus shield were applied.

— RIBF is in underground. Neuron yield for side direction as 45, 90 degrees are also necessatry.



Preliminary result for 238U + thick Cu target
at 345 MeV/u.
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We will measure for thin Be, W target (RIBF target materials)




% Summary : Radiation Evaluation at RIBF over the past decade

Beam
intensity

11 MeV/u 50 MeV/u SRC

18GHz RRC fRC IRC
SC-ECRIS

to BigRIPS
Target, beam dump

He 700 ug/cm 2 Cfoil 17 mgf"q:m2
Neutron flux/dose 5. "¢, "% o1 o)
Heat Load 350 MeV/u
m
ACtlvatlon/reS|dua| “8Ca+Be, Cu dump Neutron dose
(survey meter)
dose 124Xe+ Be, Cu dump 1.4
238U + Be, Cu dump 1.2
Beam, target Evaluatlon
238 + Be Neutron flux ~1
238 + He gas Neutron (Bi sample 60,90
stripper flux degree) ’
(Bi sample)
o “8Ca+Be Heat load 1~1.5
Activation 0.5~2

(Superconducting

238Y+B t 1.2
_Beam, target | _Evaluation _ PHITS/exp - S

48 + A . . 2~
50 MeV/u 28U + Be, C Neutron flux Ca+Cu dump ctivation 3

(Bi sample) (H-Lee et al.) 238y, 124 e+Cu dump ~1
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