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High-energy high-power accelerator : â€“ Use of liquid metal target. â€¢ EURISOL, SNS : liquid Hg. â€¢ MEGAPIE : liquid Pb-Bi. â€¢ Problems related to this method :. 
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• Introduction • DN/PN estimations for MEGAPIE • DN experiments@Gatchina and results • Presentation of the « in-situ » DN experiment@MEGAPIE
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Introduction Ex : SNS liquid target system (ORNL, US)



F.X. Gallmeier



• High-energy high-power accelerator : – Use of liquid metal target • EURISOL, SNS : liquid Hg • MEGAPIE : liquid Pb-Bi



• Problems related to this method : – Long flowing metal loop : activated metal close to electronics, in hot cells, heat echanger, pumps,… – Short transit time : « moving », photon and delayed neutron (DN) radioactivity



Need to characterize DN emission from high energy fission-spallation reactions !!!!!!!
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DN estimations for MEGAPIE (D. Ridikas et al., Physor2006, Vancouver)



1st beam on the target: 14 August and still running! Ep Ip W



DN/PN = ?



570 MeV 1.2 mA (1.8) 700 (1M)



VPbBi



~ 82 liters



Main pump Bypass



~4.00 l/s ~ 0.35 l/s



Ttransit



~20 s



Using exact DN density distribution a(x) within the Heat Exchanger geometry in MCNPX and Cinder’90 calculations : 6 n/(s cm2) !!!!!!! (DN)~ 10 n 6 2 n (PN)~ 10 n/(s cm ) Very much model-dependence of the DN yields (INCL4+ABLA vs. CEM2k) CEA DSM Dapnia SphN - A. Prévost, Joint Meeting of SAFERIB and EURISOL DS, October 12/13, 2006, München



~5.3 m



The experimental setups of the Gatchina experiments… (PNPI Synchrocyclotron)



3He



counter



Pb or Bi target



1 GeV protons ~20-50 nA



Al foils



Photo films CEA DSM Dapnia SphN - A. Prévost, Joint Meeting of SAFERIB and EURISOL DS, October 12/13, 2006, München



…In more details • Protons beam monitoring : – –



Beam size/profile : photo-films at exit and entrance positions Beam intensity : by 27Al foils and gamma spectroscopy from 22Na, 24Na and 7Be -> Uncertainty ~10%



• Efficiency 3He counter : –



252Cf



neutron source calibration +Monte-Carlo MCNPX simulations



• Measurements : – – –



December 2005 (Pb) and April 2006 (Bi) Lead and bismuth targets of variable thicknesses (5mm, 5cm, 10cm, 20cm ,40cm, 55cm) Different irradiation times : short (350µs), intermediate (20s) and long (300s)



• Raw data



Goal : Extraction of {ai, T1/2,i} parameters from the DN decay curves : DN ( t ) =



∑ a (1 − exp( − ln 2 * T i



irr



/ T1 / 2,i )) exp( − ln 2 * t / T1 / 2 ,i ) + C



i



Fit using the ROOT TMinuit class (C fixed) CEA DSM Dapnia SphN - A. Prévost, Joint Meeting of SAFERIB and EURISOL DS, October 12/13, 2006, München



General overview and Background estimation



p + Fe



Iron, brick, without target : • •



Major delayed precursors = 9Li , 17N Created mainly from 18O ((γ,p), (n,d), (p,2p), etc…)



Pb, Bi : • •



Major contributions from the spallation products (9Li, 17N)+fission fragments Values of the background as a function of the target thicknesses increase
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9Li, 17N,



…



Lead irradiations (300s-300s) • Only four major contributions : 9Li, 17N, 88Br, 87Br
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Bismuth irradiations (300s-300s) • Same contributions
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Absolute yields (experimental data) Errors taken into accounts : – Beam intensity – Detector efficiency – Estimation of the contribution by the fit – Incertainty in the background position



• Saturation is observed with thicker targets than 20 cm



17N



87Br



• Similar shapes and absolute values
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88Br



Absolute yields (comparisons with PHITS simulations) • PHITS Ref. : H. Iwase, K. Niita and T. Nakamura, J. Nucl. Sci. Technol., 39, 1142 (2002) 17N



• Intranuclear Cascade : JAM (Jet AA Microscopic Transport Model) ; Y. Nara, N. Otuka, 87Br



88Br



A. Ohnishi, K. Niita and S. Chiba, Phys. Rev. C61, 024901 (2000)



• Evaporation : GEM (Generalized Evaporation Model) ; S. Furihata, Nucl. Instr. And Meth., B171, 251 (2000)



• Good predictions for Pb 17N



• Problems to reproduce 17N and 87Br for Bi



87Br



88Br
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Extraction of cross sections (preliminary) Br-35



GSI Data



1,0E+01



Dostrovsky et al. PR 139 (1965). 9Li sigma (mb)



1,0E+00



1,0E-01 MCNPX (INCL4+ABLA) PHITS(NMTC-JAM+GEM) GSI data This work



1,0E-02



16C



1,0E-03 72



σ (µb)



17N



A



74
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Our data
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A
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PHITS



MCNPX



J



L



17N



- Pb Bi



510 560



~600* ~600*



249 ± 17 298 ± 14



0 0



87Br



- Pb Bi



40 61



33± 33±20 -



52 ± 8 95 ± 10



65 74



88Br



- Pb Bi



33 37



~20* -



8±3 25 ±5



18 14
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Our data



Old data



17N



173



110*
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MEGAPIE DN Experiment…(very) preliminary results • Data acquired during the first week of operation… – Many beam shutdowns – Progressif increase of the beam power (from 40µA to 1.2mA) • …With a He-3 detector located in the TKE – ~2 meters from the top of the MEGAPIE target DN spectra @ MEGAPIE (Preliminary)
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~2-3m



3He



Conclusions and outlooks • importance of DN in liquid metal high-power targets for radioprotection issues • importance to make measurements to constraint and validate models • DN yields and time spectra measured for the 1st time for p(1GeV) on thick natPb and Bi targets • Estimates of errors on DN decay curves : below 20 % • Major contributors are: 87Br, 88Br, 17N and 9Li x-sections



extraction of



• PHITS code recommended: shows good agreement with data • “In-situ” MEGAPIE DN experiment under analysis CEA DSM Dapnia SphN - A. Prévost, Joint Meeting of SAFERIB and EURISOL DS, October 12/13, 2006, München
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