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SCHEDULE for the future experiment
Estimated total duration of the proposed future experiment: 1 week in 2007 

Possible starting date of the experiment: April-May 2007
Expected duration of the data analysis: ~6 months after the measurement campaign
ESTIMATED BUDGET

Total investment costs for the project in 2005: 


25 kEuros
Total investment costs for the project in 2006: 


35 kEuros

Total investment costs for the project in 2007: 


22 kEuros

Support requested from GEDEPEON in 2005: 


12.0 kEuros

Support requested from GEDEPEON in 2006: 


10.0 kEuros

Support requested from GEDEPEON in 2007: 


11.0 kEuros

Progress report for the year 2006
Within this project we have successfully performed delayed neutron measurements (both absolute yields and time spectra) using 1 GeV protons interacting with the natPb and 209Bi targets of different thicknesses (5, 10, 20, 40, 55 cm). The experiments took place at PNPI Gatchina, St Petersburg, Russia in December 2005 and April 2006. The data analysis is finished and we prepare 2 publications in the scientific journal. In the appendix we provide some details of these new results, which were already presented at NEMEA-3 conference on 25-28 October 2006, Borovets, Bulgaria.
Here we only summarize the most important conclusions of our work:
· We measured for the 1st time the DN yields and time spectra from 1 GeV protons interacting with thick natPb and Bi targets. In brief, the emission of DNs in both cases is dominated by light reaction products as 9Li and 17N during the decay time from 0 to ~20-30 s, while after the decay time >30 s the fission fragments as 88Br and 87Br are the major contributors. This is shown explicitly in Fig. 1, where DN decay curves (both total and individual contributions) in the case of the 55 cm thick Pb target are presented.

[image: image1.emf]
Figure 1: The accumulated DN decay curves from p(1GeV)+Pb(55cm).
· The DN yield production per incident proton is increasing with the target thickness: the majority of the DNs from 1 GeV protons are produced in the 1st half of the stopping target, i.e. the production of DN precursors saturates for the targets thicker than 25-30 cm. This observation is presented in Figure 2 (individual contributions only) in terms of production of major delayed neutron precursors, normalized per (atoms/proton). 
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Figure 2: The DN precursor yields Yi (atoms per proton) as a function of target thickness for (on the left) Pb and (on the right) Bi targets. The experimental data are in filled symbols with error bars, the lines are only to guide the eye. 

· In addition to the DN yields, the production cross sections of the DN precursors have been extracted for 17N, 87Br and 88Br. In this case thin targets (0.5 cm) were used. The cross sections of 17N (Figure 3, on the left) and 88Br (Figure 3, on the right) were measured for the 1st time, while the production of 87Br (Figure 3, on the right) is in good agreement with earlier measurements from GSI.
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Figure 3: (on the left) comparison of experimental cross sections for the production of 17N with 1 GeV protons as a function of target nucleus A; (on the right) comparison of experimental cross sections and predicted production cross sections of the Br isotopes from 1 GeV protons interacting with natPb. See the legends for details.

· The above experimental observations are confirmed with the PHITS (JAEA) transport code claculations. This code is able to predict the production of the DN precursors within a factor of 2 or better as shown in Figure 4.
[image: image9.emf]
Figure 4: The DN precursor yields Yi (atoms per proton) as a function of target thickness for the Pb target. The experimental data are in filled symbols with error bars, while PHITS predictions are in open symbols without error bars. The lines are only to guide the eye.
· We conclude that these new data are of great importance for the new generation high power spallation targets based on liquid metal technology as well as for further development of high energy fission-spallation-fragmentation models [1, 2, 3]. Thanks to the DN parameters, extracted from our experiment, the DN activity can now be estimated at any place/position of the liquid metal target loop.
· Finally, we note that in August 2006 the delayed neutron measurements were also performed on the very top of the MegaPie target at PSI (~4 m above the p + PbBi interaction zone). Data analysis of this experiment (responsibility of DSM/DAPNIA) is still in progress. 

Project proposal for 2007
Our project proposal for the year 2007 consists of 2 parts:
I) We propose an identical experiment as above on DNs measurements but for p(1 GeV) + natU target. The budget estimates are given below:
· the fabrication and transport of thin and thick natU targets in the form of UCx (11 kEuros), 
· the requested beam time (7 days = 5 kEuros), 
· the travelling to Russia to take part in the experiment (3 kEuros).
Here we request GEDEPEON to contribute up to 9 kEuros (total budget being 19kEuros).
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 In our last proposal we mentioned that the measurements of DN yields and time spectra relative to innovative critical reactors (e.g., Generation IV initiative) are urgently needed for some of the Pu isotopes, minor actinides and nuclei contributing to the Th fuel cycle. This request is clearly formulated in the last recommendations of the 6th subgroup of OECD/NEA NSC working party on International Evaluation Cooperation. As an example in the figure below we present the status of the delayed neutron data and evaluations for 233U (on the left) and 232Th (on the right). It seems that the situation is even worse for 237Np, where we could find the experimental data only for thermal and fast neutron induced fission (not shown here). 
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It is evident that some new data points would guide much better the evaluators in the case of 232Th. These measurements seem to be feasible at CEA/DIF of Bruyères-le-Châtel, using a) the proton accelerators to produce mono-energetic neutron beams of variable energies (from 200 keV to 16 MeV), and b) our new high efficiency DN detector (~ 20 % efficiency), constructed initially and presently used for the delayed neutron measurements from photo-fission [4] (see below).
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In 2005 we have performed some measurements of 
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 from n(fast) + 232Th. The energies at which the measurements were done are presented in blue arrows (see the figure above). The data analysis of this experiment is in progress. The preliminary results show reasonable agreement with earlier data, namely at 2 MeV  0.041 DN/fission (10%), at 2.4 MeV  0.039 (12%) and at 16 MeV  0.025 (9%).


In 2007 we plan to continue these measurements with 232Th at remaining accessible energies (presented in red arrows in the figure above) in order to cover the entire region of interest. In addition, the 237Np target of ~50 g should become available, so similar measurements with this target are equally planned. Here we request GEDEPEON to contribute up to 3 kEuros for the transport of 237Np target from JRC/IRMM-Geel to CEA/DIF-Bruyéres and back.
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