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Activation experiments in Cave A G. Fehrenbacher1, A. Fertman2, E. Kozlova1, T. Radon1 1GSI



Darmstadt Germany, 2ITEP Moscow Russia



Target for the Uranium beam irradiation Al 100 µm 238U



beam Vacuum



600 mm



Target



Material and configuration



Initial energy of 238U ions / range*



Target thickness



Irradiation time, h / Total dose on the target (ions)



1



Stainless steel 302 – set of disks mm: 0.1, 0.5, 0.51



120 MeV/u / 570.68 µm (SRIM)



1.1 mm



6.3 / 2.01*1011



2



Cu – set of 11 disks of 0.1 mm2



120 MeV/u / 526.2 µm (SRIM)



1.1 mm



12.25 / 3.32*1011



3



Stainless steel 302 – set of 35 disks1



500 MeV/u / 6.28 mm (SRIM)



11.9 mm



16.35 / 2.352*1011



4



Cu – set of 34 disks2



500 MeV/u / 5.79 mm (SRIM)



11 mm



20.0 / 4.66*1011



N



Air



SEETRAM (beam monitor)



1



stainless steel 302 (ρ = 7.9 g/cm3 , 18% Cr, 9% Ni, 2% Mn), d = 50 mm 2 copper (ρ = 8.93 g/cm3, natural copper), d = 50 mm



The 0.1 – millimeter foils were inserted after each thick disk, which allowed to obtained the spatial distribution of the activation rates in the target along the range



Spectra of Copper Activation Foil Irradiated by 500 MeV/u Uranium Beam



Gamma-spectrometry measurements are carried out with coaxial High Precision Germanium detector (Canberra, 35 % relative efficiency)



Residual Nuclides Measured in the Copper and Stainless Steel Targets Projectile – activation target 238U



238U



– Stainless steel – Cu (nat)



Residual nuclides in activation target 7Be, 22,24Na, 28Mg, 41Ar, 42,43K, 44,44M,46,47,48Sc, 48V, 48,51Cr, 52,54,56Mn, 52,59Fe, 55,56,57,58Co, 56,57Ni 7Be, 22,24Na, 28Mg, 42,43K, 44,44M,46,47,48Sc, 48V, 48,51Cr, 52,54Mn, 52,59Fe, 55,56,57,58,60Co, 57Ni, 62,65Zn, 67Ga



Some of the projectile fragments, which are observed in activation copper and stainless steel foils behind the range, and their decay times: 127Xe



(T1/2 = 36.41 d), 237U (T1/2 = 6.75 d), 140Ba (T1/2 = 12.75 d), 206Bi (T1/2 = 6.24 d), 131Ba (T 103Ru (T 88Y (T 99Mo (T 1/2 = 11.8 d), 1/2 = 39.25 d), 1/2 = 106.6 d), 1/2 = 2.75 d)



Spatial Distribution of Activity of Different Nuclides in the Copper target after 238U E0 = 500 MeV/u irradiation



Residual activity, (Bq/mm/p.p.)



Experiment 54 Mn 56 Co 58 Co



FLUKA 54 Mn 56 Co 58 Co



1E-9



1E-10



1E-11 0



2



4



6



8



Depth in the target, (mm)



10



12



Distribution of Activity of Different Nuclides in the Copper Target after 238U E0 = 500 MeV/u Irradiation



Residual activity, (Bq/p.p.)



1.00E-08



2.25*



9.00E-09



Experiment



8.00E-09



1.37*



FLUKA



7.00E-09 6.00E-09 5.00E-09 4.00E-09 3.00E-09 2.00E-09 1.00E-09



1.54*



1.59*



Co-56



Co-57



1.40*



3.19*



0.00E+00 Sc-46 *



Cr-51



Mn-54



Ratio between experiment and simulation (FLUKA)



Co-58



Experimental Setup with Graphite Target



Graphite target 99.99% C purity Dimension: 10x10x20 cm3 Density: ρ = 1.8 g/cm3



B



A 12C



Monitored by two counters: A: SEM1 silicon detector B: IC ionization chamber



12C



400 MeV/u



Scheme of Measurements Beam side 12C



Range = 17 cm



12C



5.3 cm Ge



Back side



m. ure as me
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se Do



A



400 MeV/u



12C



Coaxial High Precision Germanium Detector (Canberra, 35 % relative efficiency)



G-M Counter (FAG FH 40F2, 0.5 µSv/h to 9.9 mSv/h)



Result 1: Dose rate



Experiment (beam side) FLUKA (beam side) Experiment (back side) FLUKA (back side)



Dose rate, (µSv/h)



1000



short t1/2 element: 11C, betta-emitter (t1/2 = 20.38 min)



medium t1/2 element: 7Be, gamma-emitter (t1/2 = 53.29 d)



100



10



1



0.1 0.1



1



10



Cooling time, (h)



100



1000



Result 2: Activity of residual nuclide (7Be) Cooling time ~ 80 hours Comparison of counts rate for 7Be between experiment and FLUKA (line 477.595 keV)



Counts/s FLUKA



Counts/s Experiment



Ratio



Beam side



97.5±2.0



208.34±0.06



2.14±0.06



Back side



160.9±1.9



341.17±0.13



2.12±0.02



Cooling time ~ 584 hours Counts/s FLUKA



Counts/s Experiment



Ratio



Beam side



73.9±1.9



159.12±0.08



2.15±0.06



Back side



122.5±1.4



263.50±0.07



2.15±0.03



E.Kozlova



Preliminary Results of the Shielding Optimization for the Target Area of the Super-FRS with Monte-Carlo Transport Code FLUKA



The planned FAIR Facility



Layout of the Super-FRS



Super-FRS Target-Hall



Be am



Target wheel



Scenario for the Prompt Dose Rates Calculation



n



n n



Graphite target (The part of the target with thickness of 43.2 mm was hit) 1 GeV/u 238U beam The beam intensity is 1012 p/s



Prompt Dose Rates (top view, Y = 150 cm)



Prompt Dose Rates (side view, X = 0 cm)



Prompt Dose Rates (front view, Z = 450 cm)



Prompt Dose Rates (top view, Y = 150 cm)



Prompt Dose Rates (side view, X = 0 cm)



Prompt Dose Rates (front view, Z = 450 cm)



Scenario for Remanent Dose Rates Calculation



n n n n



1 GeV/u 238U beam The beam intensity is 1012 p/s 4 weeks of irradiation 1 day of cooling



Remanent Dose Rates (side view, X = 0 cm)



In the Future Activation experiment in the Cave A. 1 Gev/u 238U beam on copper and stainless steel targets (April 2006). Comparison with MC-code FLUKA. (Analysis in progress) n Experiment in the target area of the existing FRS with 550 MeV/u 58Ni beam and 9Be target (March 2006). Comparison with MC-code FLUKA (Prompt and remanent doses). (Analysis in progress) n Shielding optimization of the next part (dipole region) of the Super-FRS n
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