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[bookmark: _Toc118284501]Objectives
In the section 1.1 of the DoA of the SANDA project there are 4 objectives:
The proposal will address aspects of nuclear data research to produce accurate and reliable tools including data, codes and methodologies that can be used to simulate, analyse, optimize, exploit and evaluate the safety of nuclear energy and non-energy applications. As described in detail in the section 1.2 Explanation of the work carried per WP, despite the COVID pandemic a large effort and progress has been done in all the work-packages, concentrating in the periods of confinements and limited mobility on the activities that could be done in house of each institution, without the need of international travel or limited to the near region.
Significant work and progress has been performed for the preparation of new detectors in WP1 for all the channels foreseen. Also the experiments that could be done in house laboratories have progressed significantly in all the lines. When the experiments needed access to foreign or international laboratories, the measurements had been delayed, in several occasions by more than one year, but the time has been used to advance the preparatory work, and this has allowed to initiate the experimental campaigns efficiently  as soon as the mobility conditions have allowed to grant access to the facilities. Indeed most experimental campaign are at present in good progress as it is illustrated by the pictures and schemes of many experiments  included in the work-package 2 of section 1.2. Also, the validation of data and simulation tools is progressing effectively, being less dependent on experimental facilities, it has been impacted by COVID related delays but has not suffered irreversibly and most due deliverables have been delivered, as it is described in the work-package 5 of the section 1.2.
In addition, many evaluations have been started within work-package 4, starting by improvements on the codes TALYS, EMPIRE and others, evaluation of cross sections, fission yields, nuclear structure and decay data, in most cases in collaboration with NEA/OECD, JEFF and IAEA. In addition, significant effort and progress is taking place for the tools to process data and to estimate sensitivity of calculations to nuclear data, taking into account covariances, and the identification of validation tools and benchmarks to evaluate the quality of data and simulation tools.
Indeed during the second reporting period most milestones of the project had already been achieved (25/34), although some times with delays.
Also the proposal aims to prepare experimental infrastructures, detectors, measurement capabilities and methodologies to enable the European nuclear data community to be able to provide the data to meet other high priority needs within the shortest possible delay. Significant progress has been achieved on detectors for all the channels proposed (fission, capture, fission yields, charged particles, non-energy applications,…) as it is illustrated by the pictures and schemes of many detector developments included in the work-package 1 of section 1.2. 
On the other hand, the large facilities like n_TOF, EC-JRC_Geel, NFS, ILL, IGISOL, TAPIRO were contacted early and proposals for experiments had been sent and approved by their corresponding PACs (Program Advisory Committee), although sometimes with delays of several months and upto 1 year. In addition, we can report that  the experimental campaigns have been restarted in all these facilities. It is also important to notice that the plans for large upgrade and refurbishment of the n_TOF facility including a new spallation target, new collimation system and many significant and complex upgrades, were successfully completed during this reporting period with only 6 months delay despite the COVID pandemic, compatible with the needs of SANDA (with few months delay in some cases). Furthermore, for some experiments (like the FALSTAFF measurements at FIPPS) that proved not to be feasible as originally planned, we have already identified alternative facilities (NFS) and configurations that allow to achieve the proposed objectives.
The preparation of samples, was initially delayed because the COVID pandemic delayed the preparatory meetings, but telematic communications were used instead and many samples have already been delivered to the experiments. Also the studies for the design of a isotope separator have made very large progress and The activities for the site preparing for the mass separator at PSI are ongoing.
The proposal is built taking into account the High Priority Nuclear Data needs list from OECD/NEA and IAEA to provide the final users with immediately usable data and tools for the cases where this is feasible during the project duration. This objective is related to the final phases and deliverables of the SANDA projects, but as already indicated both the new experimental measurements and the evaluations are progressing covering several request of the High Priority Nuclear Data needs respectively at work-packages 2 and 4. First results are already being distributed to the EXFOR database and the JEFF project.
To maintain a close collaboration with OECD/NEA and the IAEA Nuclear Data Section in order to favor synergies, optimize the use of resources, and maximize the dissemination of the results, tools and know-how developed within the project.  To guarantee these close collaborations, one person from IAEA and one of the coordinators of the NEA working groups on nuclear data are always invited to the general meetings and to the executive committee meetings, receiving as well all the documentation exchanged within this committee. In addition, the coordinator of SANDA participates in the IAEA INDC (International Nuclear Data Committee). Special attention was given to nuclear data dissemination tools made available by IAEA. 
Furthermore, the participants of SANDA are well integrated in the IAEA and NEA/OECD working groups to coordinate the efforts of SANDA with the priorities of these international organizations and to provide early information of the SANDA progress. Indeed there has been and intense participation of members of SANDA in the activities of the NEA WPEC subgroups (SG46 and SG47) and in NEA/JEFF the Nuclear Data weeks, and several references will be quoted in the work-packages 4 and 5 of the section 1.2.
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[bookmark: _Toc118284503]Work Package 1
The workpackage 1 (WP1) of the SANDA project is related to a key activity in nuclear data which is the detector development. Without this field of research, it would be impossible to tackle the challenges in nuclear data measurements. The development of computing capacity requires now to improve the quality of the nuclear databases and thus to produce more accurate experimental data. This will only be fulfilled if we develop new types of detectors allowing high precision measurements for main actinides but also for new isotopes present in closed cycles.
In this work package, activities are split between detector developments leading to immediate measurements (sometimes directly related to actions supported in WP2) and to the development of innovative detectors. 
After the reduction of activities due to COVID pandemic in 2020 and 2021, during this second reporting period, work was able to resume in most tasks of WP1. Despite this improvement of the general situation, it was necessary to accept delays for some milestones for each partner who have asked for, to take into account the difficulties encountered during the first reporting period. Finally, except for one subtask, milestone and deliverable due are now completed. This is detailed in the next section and summarize in section 5.1.  It has also to be noticed that, as planned, four actions have continued their activities in WP2. The associated deliverables have been completed.
[bookmark: _Toc118284504]Task 1.1 - innovative devices from fission cross section to Fission products decay
Development of a Micromegas Time Projection Chamber (CEA/DRF in collaboration with TUW, JRC-Geel, ..)
The work on the development of a “transparent” XY-neutron beam detector based on Micromegas technology, part of deliverable D1.1, has made considerable progress on the hardware part of the detector which will be summarized below. Work on simulations will be postponed to a time slot near the end of the project as a consequence of the late recruitment of a suitable postdoctoral student. The corresponding milestone MS6 has been partially achieved. Work of the present subtask was part of a larger review article where the SANDA project was acknowledged[footnoteRef:2].  [2:  D. Attié et al., “Current Status and Future Developments of Micromegas Detectors for Physics and
Applications”, Appl. Sci. 11 (2021) 5362, doi:10.3390/app11125362
] 

Detector chamber and Micromegas XY-strip detector
Presently, a first prototype of segmented mesh and anode microbulk detector has been produced at CERN. The actual detector consists of 128 X-strips and 128 orthogonal Y-strips separated by a 50 µm thick Kapton foil which was partly etched away in such a way to form pillars to separate the 5 µm thick copper strips. The strips have holes to form the amplification gap. The detector is fit in a pcb frame and fixed into a square reaction chamber. The beam facing sides are made of thin mylar foils resulting in a very low-mass in-beam detector. The production process has been significantly improved with the use of laser direct imaging (LDI) instead of photolithography allowing for a reduced interstrip region and a more uniform gain among the strips. The detector was scanned using a Mitutoyo microscope in order to analyze and quantify the geometrical parameters of the detector.
VMM3-based data acquisition
A development board with a VMM3 chip was made available. The board had to be adapted to the detector interface with a custom-built card assuring both the high voltage distribution to the detector and protection of the 128 read-out channels. The full configuration of detector in combination with the boards was tested in a lab environment. Moreover, a summing board was developed which adds the signals of all strips for testing and debugging purposes. The detector was flushed with gas (Ar + 5% iC4H10) during more than 24 hours before testing its response to a 55Fe X-ray source emitting 5.9 keV X-rays. In the detector response the 5.9 keV peak is clearly visible. The resolution can still be improved using proper gas filters. Currently work is going on for adding a second VMM3 board, in order to be able to acquire data in an XY configuration and set up a full data analysis. When more than on VMM3 board is used, the acquisition needs an external clock for which a common clock trigger fanout (CTF) is being developed. All additional boards and the future VMM3 boards will be developed by the SANDA participants. Nevertheless, for some components, in particular FPGA chips, long ordering times are still encountered.
Simulations
The goal of the simulations is to find the optimum distance for the drift gap, and to generate realistic but clean events to streamline the data-analysis flow, including cluster-finding and track  reconstruction. Simulations will be implemented in GEANT4 with electric field and gas diffusion elements from the code Garfield. The simulation part is postponed to a time slot near the end of the project.

Development of a new Gaseous Proton Recoil Telescope (CNRS/CENBG in collaboration with CEA/DES, CNRS/LPSC)
The aim of the project is to improve the 242Pu(n,f) cross section around the fission threshold. Nuclear data and evaluated libraries show discrepancies up to 15% in this energy range. Usual fission cross sections measurement technics involve the use of a reference reaction such as 235U(n,f). This reference has uncertainties up to 10% in this energy range and this technic introduces strong correlations between the various cross sections and with structures in the 235U(n,f). To avoid this issue, we aim to measure 242Pu(n,f) with the proton recoil technic: the use of the 1H(n,n) cross section as a reference, for it is very well known, different from 235U(n,f) and structureless. The result will be a precise fission cross section, mostly independent of other nuclear data. The project is divided in two distinct parts: the development of a specific detector for neutron energies between 200 keV and 1 MeV, and a measurement with a standard proton recoil technic for neutron energies between 1 and 2 MeV.
At low neutron energy, the Si detector used in the standard proton recoil technic is strongly irradiated with electrons and gamma rays emitted by the neutron production target. To overcome this challenge, the ACEN group started the development of a Gaseous Proton Recoil Telescope (GPRT) prototype during the CHANDA project. Extensive studies have been carried out on the GPRT behavior and performances, especially around the efficiency measurement and the gas used. The intrinsic efficiency required to be 100%. Tests with our low-activity  source were not precise enough to fulfil this requirement, but indicate an efficiency close or equal to 100%. A dedicated irradiation chamber was designed and built to send an AIFIRA proton microbeam directly in the GPRT.. Mechanical issues as well as an accelerator breakdown postponed several times the experiments. It was eventually done in 2021 (this provided a first achievement of milestone MS5) and showed an abnormal behavior at high counting rates, due to the acquisition system. This system, derived from the GET acquisition by our electronic department (SEA), has been analyzed thoroughly by the SEA team in 2022. Problem has been identified recently, and a correction procedure should be available soon. A new experiment is planned in December 2022 to confirm the required efficiency of the GPRT.
The measurement of 242Pu(n,f) above 1 MeV with the standard proton recoil technic has been proposed to EUFRAT. Test experiment has been done at the AIFIRA facility in 2019 to test several detectors under irradiation, to select the most suitable for the main experiment. Administrative complications also postponed this experiment, which is eventually being carried out in 2022. Analysis will be performed in 2023.
The expected deliverables of the task are (i) the measurement of 242Pu(n,f) above 1 MeV neutron energy with the standard technic, (ii) an operational GPRT, (iii) a measurement of 242Pu(n,f) below 1 MeV with the GPRT.
i. The experiment will be done, and the analysis on the way in mid-2023. Such analysis may be long because of the precision to be achieved, since a lot of small effects have to be taken into account and corrected. Data will not be published before the end of 2023.
ii. There is a high probability the GPRT efficiency will be proved to meet the requirement during the December 2022 test experiment. With this last parameter, every concept of this detector will have been checked, and the GPRT prototype will be validated. Nevertheless, improvements are still mandatory on its robustness and a different operational GPRT has to be designed in 2023.
iii. Considering the point (ii), an experiment using the new GPRT is not at reach in a near future.
Considering these points, a prolongation of the project is needed in order to finish the data analysis, and to obtain a fully operational GPRT design.

Fission yields and decay data studies
Design of a large stopping gas cell for IGISOL (JYU in collaboration with UU)
This activity has been performed by JYU in collaboration with UU.
In this activity, a large gas cell with electric field guidance is designed specifically for IGISOL. The cell is in particular aimed for fission studies, where the energy of the thermalized ions will initially be of the order of 1 MeV/nucleon. In addition, the cell size has to meet the current space limitations of the IGISOL front end.  The performance will be simulated, and the gas cell dimensions, electrode structure and voltages optimized.  In addition to the work in JYU, the expertise of Uppsala University will be utilized to support the simulations.  The optimized simulations will finally be converted to detailed workshop-ready technical drawings.
The ongoing simulations are based on cylindrically symmetric gas cell, which will be about 25 cm in diameter and 40 cm in length. These dimensions match to the available space and the initial energy 1 MeV/nucleon of the fission products. The ions will be transported using DC electrodes and a RF carpet at the exit nozzle. Currently, the cooling requirements are under investigation.  Cryogenic operation, that is, cooling the stopping gas to 100 K or so benefits the performance in two ways.  The low temperature increases the gas density, thus improving the stopping efficiency.  More importantly, the low temperature freezes helium gas impurities, thus increasing the ion survival in the gas.  The latter effect is reached in large extend already at much higher temperatures around 240 K, as the example of the CARIBU facility at ANL shows.  The cryogenic operation is however technically more complicated and thus more vulnerable to faults. The choice between room temperature and cryogenic operation in the design will be made before the final design.
The milestone MS1.2 of the project was to have the simulations ready by month 18 of the project and the deliverable D1.2 a report of the simulations by month 24. These deadlines were not reached.  The project suffered from the COVID-19 restrictions and from difficulties to hire a dedicated person for working on the simulations. 
A post-doctoral researcher has finally been assigned to the project starting from July 2022 (month 32 of the project).  MS1.2 is expected to be reached by the end of March 2023 (month 43 of the project) and the deliverable report D1.2 by the end of June 2023 (month 46 of the project).  The technical drawings will be finalized before the end of the project.

Coupling of FALSTAFF with FIPPS @ ILL (CEA/DRF in collaboration with GANIL, ILL)
Many improvements have been brought to the FALSTAFF setup. Results of the test for validation show a rather good agreement with simulations. Thanks to the experiment combining FALSTAFF and VAMOS, the nuclear charge identification in FALSTAFF can be foreseen. Then, the first arm of FALSTAFF is ready for the experiment at NFS planned for November 2022. This experiment will provide fission fragment distributions over a large range of incident neutron energy.
The details can be found in the report for deliverable D1.3 that has been produced in month 30 and the work continues now in WP2. The technical report can be found in the section dedicated to WP2 task 2.5.1. The associated milestone MS1 has been achieved with 2 months delay due to COVID.

BELEN Experimental neutron energy sensitivity (UPC  in collaboration with IFIC)
A new device, BELEN-62, for precise study of fission products and their decay for future measurements has been designed. BELEN-62 has a mean neutron detection efficiency larger than 50% for neutron energies up to 5 MeV. For neutron energies up to 2.5 MeV, the efficiency has a flatter behavior than BELEN-48. BELEN-62 has good spectrometric capabilities. The mean energies are well reproduced. The unfolded spectra are a good smoothed representation of the expected ones. This makes BELEN-62 a unique device to measure simultaneously probabilities of multi-neutron emissions, and spectral information.
The details can be found in the report for deliverable D1.3 that has been produced in month 30 and the work continues now in WP2. The technical report can be found in the section dedicated to WP2 task 2.4.2. The associated milestone MS7 has been achieved ahead of schedule.

New measurement facility dedicated to the measurement of half-lives (CEA/DRT/LNE-LNHB in collaboration with CNRS/SUBATECH, IFIC)
The new IG11 ionization chamber of the facility and associated electronics is now functioning and an initial measurement of the half-life of 99mTc has been performed. Final analysis is still ongoing in order to ensure the full uncertainty budget is correctly treated.
Simulations have been performed in order to calculate the shielding requirements for the source stocker, which can store a maximum 16 ampoules of radioactive solutions on a carousel. The automatic source displacement device is currently under construction and will be put into service in 2022. The relevant control and analysis software, developed using the Python language, are under final testing. Finalization of these two aspects will then allow the systematic measurement of half-lives from a range of radionuclides to be undertaken on a routine basis and with minimal human supervision.
The details can be found in the report for deliverable D1.3 that has been produced in month 30 and the work continues now in WP2. The technical report can be found in the section dedicated to WP2 task 2.4.3. The associated milestone MS1 has been achieved with 12 months delay due to COVID.

[bookmark: _Toc118284505]Task 1.2 - innovative devices for neutron emission studies
Build of compact fast neutron spectrometer based on a single organic crystal (CEA/DES)
This task, led by CEA/DES, is the development of a compact broadband fast neutron detector for neutron spectrum measurements in mixed neutron-gamma environments such as low-power experimental nuclear reactor or neutron beam facilities. The prototype detector used is made of a Ø25.4 × 25.4 mm3 solution-grown stilbene crystal. 
The gamma response function of the detector in the range 0.059 MeV to 4.5 MeV was first determined using two methods: (i) a series of direct irradiations, and (ii) coincidence measurements at the IRSN/AMANDE facility. The two techniques gave consistent calibration results. Then, in order to determine the neutron response function, measurements were performed at the AMANDE and at the PTB Tandetron mono-energetic neutron production facilities, covering the energy range 0.5 MeV to 17 MeV. The data confirmed that the stilbene detector has excellent neutron-gamma discrimination capabilities over a broad energy range. These data were used to parametrize a Geant4-based stochastic model of the detector neutron response. Additional poly-energetic neutron data up to 16.5 MeV obtained at the PTB cyclotron made it possible to construct the detector experimental response matrix. 
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[bookmark: _Ref116916869][bookmark: _Toc118282753]Figure 1: Experimental neutron response matrix of the stilbene detector.
Validation tests of the Geant4 and experimental response matrices were done by first measuring and then unfolding mono- and poly-energetic spectra of well-known neutron sources with the stilbene detector. The unfolded results were found to be consistent with the expected spectra, despite discrepancies in some energy domains, which require further investigation.
These activities correspond to the achievement of the milestone MS4 with 12-month delay. The additional details can be found on the associated deliverable D1.4 recently completed with 2-months delay.

Development of Germanium detectors for (n,xn) measurements at n-TOF (CERN in collaboration with Univ, Manch, NTUA, Univ. Ion., IFIN-HH)
For the goal of performing (n,n’) and (n,xn) cross-section measurements at the n_TOF facility at CERN, the task is focused on the development of a system with such capability. For this purpose, the detection system has to be able to deal with the so-called gamma-flash and beam induced background whilst preserving the high spectroscopic energy resolution crucial to such experiments. A HPGe detector with customized electronics has been developed.
The following steps have been carried out to achieve the goal so far:
· Characterization of the detector carried out in Fall2019/Winter2020.
· GEANT4 simulations to model the efficiency and energy resolution.
· The detector has been characterized with radioactive sources in our laboratory.
· Modification of the prototype:
· Switch to electrical cooling to avoid presence of the large volume LN2 dewar in the tunnel of EAR1 for safety reasons as well as to avoid daily refilling process.
· Adding a low gain pre-amplifier to extend the capabilities to measure higher energies.
· Recharacterization with radioactive sources in the laboratory showed no significant difference with respect to efficiency or energy resolution.
Since the last report: A Letter of intent (CERN-INTC-2021-025; INTC-I-230 cds.cern.ch/record/2765698) has been submitted to and was approved by the n_TOF Collaboration Board and the related CERN scientific committee. 
Extensive simulations with GEANT4 have been carried out to estimate the response to the mixed-field environment at EAR1 in order to satisfy requirements regarding a benchmark (n,n’) physics case, i.e. 7Li and 56Fe, an optimized set-up as well as statistics. A first version of a dedicated pulse shape analysis routine has been developed to process the digitized signals and shows a reasonable reconstruction with respect to energy resolution.
The measurement foresees a 7 day campaign measuring the (n,n’) cross-section of 7Li and Fe as a proof of principle measurement. This experiment will be carried out from 9. Nov – 16. Nov 2022. 
Testing the detector in realistic conditions in the n_TOF Experimental Area 1 (EAR1)
The delays of the restart of the CERN accelerator complex allowed the first test with beam only at the end of 2021. 
During this test the gamma-flash gating did not behave as expected, rendering the goal of measuring (n,n’) cross-sections impossible. Several tests were carried out in the period of April-August 2022 in the laboratory but this effect was not reproducible. After extensive tests in the laboratory and on-beam, the problem was identified. With the help of the manufacturer, it could then be swiftly fixed by disconnecting the low gain pre amplifier.
The detector is fully functional and in working conditions. Figure 2 shows an example of the detector response. In this way the milestone MS8 was achieved with 1 year delay, due to COVID pandemic.
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[bookmark: _Ref116979022][bookmark: _Toc118282754]Figure 2: Example of the detector response to a dedicated bunch (800e10 protons) and a calibration trigger. The gate is applied from 1-15 us and the gamma-flash is at approximately 10 us (not visible because gated). Signals in the detector are visible after a few microseconds. Corresponding neutron energies are indicated in the plot.
The next step of the subtask is to successfully perform the measurement of the 7Li(n,n’) and 56Fe(n,n’)  as a proof of feasibility at the end of the 2022 n_TOF campaign. After this stage the data analysis will be performed with the latest version of PSA algorithm. The conclusions of this work-package will be summarized in a dedicated technical report.
 
Development of the SCONE detector (CEA/DAM)
A first experiment was performed at NFS with the SCONE detector and a compact multi-plate fission chamber. The SCONE (Figure 3 left part) detector is able to perform neutron counting with a very high efficiency (almost 90 % for prompt fission neutrons), and -ray calorimetry measurements. It is a usual Gd loaded counter, except that it is made of plastic scintillator instead of a liquid organic scintillator.
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[bookmark: _Ref117088138][bookmark: _Toc118282755]Figure 3 Left: SCONE 3D drawing. Right: compact multi-plate fission chamber.
The multi-plate fission chamber (Figure 3 right part) provide a fission trigger which is essential to discriminate between fission events and (n,xn) reactions. A first test experiment was performed on uranium 238 (experiment E807_20) at NFS in November 2021. We report here, preliminary results obtained on the neutron-induced fission, that correspond to the achievement of  milestone MS9 with 1 year delay due to COVID.
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[bookmark: _Ref117572240][bookmark: _Toc118282756]Figure 4. Neutron induced fission of 238U - preliminary results from the E807_20 experiment. Left: Prompt neutron multiplicity distribution against neutron energy. Right: fluctuation of the prompt neutron multiplicity.
Figure 4 shows results on the prompt neutron multiplicity distributions. The left histogram is a 3D view of the neutron multiplicity against the incoming neutron energy. The SCONE detector is able to measure the complete multiplicity distribution. The deconvolution of the raw data was performed thanks to an original method (Tikhonov-inspired regularization), which is essential to provide these multiplicity distributions when high multiplicities are involved. This deconvolution is made without any assumptions on the distribution’s shapes. Thus, they can be investigated. The average multiplicity is well known and is easy to extract from the raw data. Our results are in good agreement with evaluations of this quantity. We focus here on the preliminary results (partial statistic only), on the shape of this distribution, and on the right part of Figure 4 we plot the standard deviation of the neutron multiplicity against the neutron energy. It exhibits clear dips, which are due to multi-chance feature of the fission process. This demonstrates the capability of the setup to study the fission process in its whole complexity.

[bookmark: _Toc118284506]Task 1.3 - innovative devices for capture cross-section measurement on actinides 
Construction of a segmented total energy detector (CIEMAT)
We have completed the construction of the segmented Total Energy Detector (sTED), specially designed to perform neutron capture measurements in the n_TOF second experimental area (EAR2). Moreover, the sTED detector has already been used for the 79Se(n,γ), 94Nb(n,γ), 160Gd(n,γ) and 94,95,96Mo(n,γ)  cross section measurements, performed in 2022. This detector is specially designed to carry out measurements in which there is a very high counting rate, so it can also be used in other facilities with high reaction rates.
The design of the detector started with Monte Carlo calculations, used to optimize its geometry. Then three different photomultipliers were tested to find the optimal one capable to operate in the n_TOF EAR2. After performing tests at the CIEMAT laboratories we found that the best performance was obtained by the R11265U model from Hamamatsu. In the next step we performed a characterization of the individual modules of sTED with calibration sources, including high intensity ones to be sure that the detector is able to measure with very high reaction rates.
Then, dedicated tests were also performed with an individual module at the n_TOF EAR2. For the tests we measure the background at different positions and several 197Au samples of different thicknesses and diameters. The conclusion of the tests was that the sTED is capable to measure neutron capture cross sections at the n_TOF EAR2 from thermal energies up to hundreds of keV.
Finally, due to its very satisfactory performance, the sTED was used in most of the neutron capture measurements performed at n_TOF EAR2 during the 2022 campaign. The experimental setup used in these measurements is presented in Figure 5.
In summary, the design, construction and commissioning of the sTED detector has been concluded, achieving milestone MS10 ahead of schedule. As far as this task is concerned, it only remains to write the deliverable (D.1.7).
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[bookmark: _Ref115344150][bookmark: _Toc118282757]Figure 5: Picture of the sTED detector, made of 9 individual modules, in the configuration used in the 79Se(n,γ), 94Nb(n,γ), 160Gd(n,γ) and 94,95,96Mo(n,γ)  cross section measurements, performed in 2022.

Construction of an imaging total energy detector for n_TOF EAR2 (UPC, USE, IFIC)
Regarding the imaging total energy detector, i-TED, characterization measurements have been carried out at n_TOF EAR2 to optimize the system for measurements of actinides at EAR2 using one i-TED module. These measurements included: i) the determination of the maximum count-rate capability, which was rated at 500 kHz/detector employing a 197Au-sample, ii) study of beam-intensities and detector-sample distances to mitigate the count-rate limitations, which were rated at 2E12 protons/pulse and 36 cm distance, respectively and iii) development of techniques to reduce its intrinsic neutron sensitivity. The latter type of background could be suppressed by up to a factor of four, depending on the neutron energy range. These results were also interpreted on the basis of Monte-Carlo simulations carried out with the Geant4 code. At this moment, the validation of i-TED for actinide measurements at EAR2 is mainly hindered by the maximum event-rate capability (500 kHz) of the ASIC-based readout electronics implemented in i-TED. 

[bookmark: _Toc118284507]Task 1.4 - detectors for non-energy applications 
Construction of detectors for the measurement of neutron induced charged particle production cross sections (PTB, HZDR)
This task focuses on the development of the experimental setup for the measurement of double-differential cross sections (DDX) for the neutron-induced emission of light charged particles from carbon at neutron energies between 20 MeV and 200 MeV, with emphasis on the energy range above 100 MeV. The measurement will be carried out at the n_TOF facility at CERN, which is the only neutron source in this energy range in Europe. The goal is to demonstrate the feasibility of such measurement at n_TOF, and to produce useful final data at selected angles to support benchmarking of nuclear model codes. 
The experimental set up currently under development consists of three detector telescopes positioned around the neutron beam target, a graphite sample, at the emission angles of 20, 60 and 120 degrees. Each telescope consists of two silicon diodes that act as transmission detectors, and a plastic or inorganic scintillator as stop detector. The graphite sample and the silicon diodes are mounted in a vacuum chamber to reduce the energy loss between ion production and detection. The scintillators are installed outside the chamber, behind thin windows, to allow easy readout using photomultiplier tubes.
For the development phase, an existing scattering chamber, originally designed for use with ion beams and small detectors, has been adapted to the technical constraints at n_TOF EAR1 and it can now accommodate two full telescope arms placed at 45, 90 or 135 degrees. Based on the results of Monte Carlo studies, a set of silicon diodes with thicknesses ranging from 50 µm to 1 mm was purchased. A cylindrical CeBr₃ crystal of 2’’×3’’ was acquired to stop protons up to 200 MeV. EJ-204 plastic scintillators of 8 cm diameter and length ranging from 5 cm to 150 cm are available from earlier experiments with protons up to 150 MeV.
The beamtime granted by the INTC (Isolde and n_TOF Experiments Committee) for the purpose of detector testing has been split in two runs. The first run was carried out in May 2022 while the second is planned for November 2022. The main goal of the beamtime in May was testing the silicon diodes coupled with different models of charge-integrating preamplifiers, mainly to verify if the energy resolution was sufficient to separate hydrogen isotopes and alpha particles in the ΔE-E matrices. The intense γ-flash at EAR1 was also expected to be a challenge, as in earlier measurements it was found to partially exhaust the dynamic range of the preamplifiers, consequently leading to loss of valid events due to early saturation. For this, the use of gating circuits inserted between the diode and the preamplifier input was investigated. 
It was found that the intensity of the γ-flash did not pose a problem per se, as it did not cause the saturation of the preamplifiers nor of the photomultiplier tubes. It did however significantly disturb the data acquisition, as it was found to be associated to electromagnetic noise that produced oscillations in the preamplifier readout signal with amplitudes comparable to the pulse height of particle-induced events. The origin of these electromagnetic interferences in the radiofrequency range (RF), and their relationship to the γ-flash, has not been fully understood but it is also currently under investigation at CERN. Further details are available in the deliverable D1.8 completed with 9 months delay.
In the last months the focus of the work has been on identifying solutions to cope with RF noise. These range from simple expedients such as the use of double-shielded cables, to a more thoughtful design of the set up keeping RF tightness as goal in mind, and to an improvement of the waveform analysis techniques used to separate RF interference and particle induced events. The beamtime in November will therefore dedicated to test these solutions, and the results will be used for the design of the final set up. If required by the results of the November test, the deliverable D1.8 could be reviewed.



[bookmark: _Toc118284508]Work package 2
[bookmark: _Toc118284509]Task 2.1 Neutron induced fission and charged particle production cross sections
Measurement of the 239Pu(n,f) cross section (University of Manchester)
Data analysis on experiments designed to measure the prompt fission γ-ray energies and multiplicities from neutron-induced fission on 235U performed at the high-flux research reactor ILL and the neutron time-of-flight facility n_TOF with the STEFF spectrometer have progressed and a publication is in preparation. The mean multiplicities and energies of prompt-fission γ-rays have implications on the heating in non-fuelled zones of the reactor-core and an NEA high-priority request is in place to reduce the uncertainties on these quantities for 235U to 7.5%. The data from the STEFF results shall compliment results from other recent measurements and it is believed this high-priority request will be met within the scope of the SANDA project.  The Spectrometer for Exotic Fission Fragments STEFF detects fission fragments (FF) along a primary axis, perpendicular to the beam, within which a start MCP detector and stop MWPC detector give the FF time-of-flight (TOF) and a gas ionization chamber gives the FF energy. A gate in FF energy and TOF serves to accurately tag fission events and the TOF is used to measure the time-of-fission to a precision of ~1 ns. The central chamber containing the 235U is surrounded by an array of scintillators (NaI and LaBr3) giving an approximately 30% geometrical efficiency. Prompt fission γ-rays are detected in these scintillators and give rise to a sharp peak, gaussian in shape, shortly after the identified time-of-fission. Work has been done to improve the analysis steps which must be taken in order to transform this identified peak into the final results of mean γ-ray energy and multiplicity. Firstly, a routine has been implemented to correct for multiple hits, that is where two or more γ-rays deposit energy in a single crystal within a time period that they cannot be separated. This uses the fact that the probability of a multiple hit of two γ-rays in a single detector is the same as the probability of a single γ-ray in two detectors at the same time if those detectors have the same total efficiency. This method has been used to estimate the multiple hit contribution for two or more γ-rays as a function of γ-ray energy and has been applied on an individual detector by detector basis. The correction ranges from +10% at low γ-ray energies to -50% at high energies and is in reasonable agreement with Monte Carlo simulations. Secondly, the contribution of prompt fission neutrons which falls within the γ peak must be removed. The prompt-fission neutrons have a distribution in energy well characterized by the Watt distribution which can be used to estimate the time the neutrons arrive at the scintillators based on the distance between the 235U target and mid-point of the scintillator. As shown in Figure 6, this distribution in time is fit to our data for different γ-ray energy cuts in combination with a Gaussian centred on the peak from prompt fission γ-rays and a constant, non-correlated to fission background. A comparison of the final fit parameters gives the contribution from prompt fission neutrons within the chosen prompt fission γ-ray peak and thus all counts not from prompt fission γ-rays can be subtracted. Finally, the γ-ray spectra for each individual detector have been deconvolved using a calculated response function to obtain the final results shown in Figure 7.
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[bookmark: _Ref117006219][bookmark: _Toc118282758]Figure 6: An example fit for a single NaI detector's time response to fission from the n_TOF dataset in the γ-ray energy range 0.1-2 MeV. The contributions from prompt fission γ-rays, prompt fission neutrons and background not correlated to fission are characterized by a Gaussian, a Watt and a constant respectively.
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[bookmark: _Ref117006563][bookmark: _Toc118282759]Figure 7: Gamma yield as a function of energy measured using STEFF at n_TOF and ILL compared with previous measurements

A similar experiment has been run with a thin 239Pu target. These data are currently being analysed with the n_TOF PSA routines and will be subject to the same analysis methodology as the 235U data above.
Work has been performed at two neutron facilities (at ILL, Grenoble and n_TOF, CERN) to complete the commissioning of a double Frisch-grid ionisation chamber for fission studies. This work is further to experiments that were performed at the mono-energetic neutron source at the National Physical Laboratory (NPL) in the UK in early 2021. The detector is to be used for physics measurements of neutron induced fission observables, including absolute and relative cross sections, fission fragment angular distributions, and mass yields. The detector has the same basic geometry of standard double Frisch-grid ionisation chamber, where the difference is that one of the anodes is radially segmented allowing for a measurement of the polar angle of the fission axis. This angle can be deduced based on the development of the signals on each of the anode segments, thus allowing a measurement of the fission fragment angular distribution. This method is both independent of the amplitudes of the Frisch-grid and anode signals, used in the traditional way of measuring the emission angle, and independent of mass and charge division. This method is thus thought to be a superior method of polar angle measurement.
A measurement of the 235U(n,f) reaction at the TENIS (thermal and epithermal neutron irradiation station) beam line at ILL was performed in June 2021, primarily to establish whether the environment was clean enough to allow for accurate physics measurements. Prior to the measurement, there was close collaboration with ILL on MCNP simulations and optimising the configuration of the experimental station, not usually used for physics measurements, to minimise potential sources of background including reactions of in-beam gamma-rays and fast neutrons with the materials of the detector. Adopting the findings of these simulations, the chosen configuration used a graphite block to scatter neutrons from the main thermal and epithermal beam from the reactor. This arrangement minimised the interactions of gamma-rays and fast neutrons with the detector and has the advantage that the instantaneous neutron flux can be optimised depending on the sample material and activity. In practice, there were no adverse effects observed from any such anticipated background sources, and a clean set of approximately one million fission events were recorded. These results are currently under analysis. 
In addition to the dedicated fast and thermal neutron facilities of the NPL and ILL respectively, a test was made at n_TOF in October 2022, a pulsed neutron time-of-flight facility, where the main advantage is the high instantaneous neutron flux with each pulse that favours the measurement of low mass or high activity samples. Once again the 235U(n,f) reaction was measured. The test was performed at Experimental Area 2 (EAR2), which has a 20 m neutron flight path and has the highest instantaneous flux of the two experimental areas at n_TOF. However, with each neutron source comes a burst of gamma-rays, and highly relativistic pions and neutrons known as the ‘gamma-flash’. These highly energetic particles lead to a large pile-up of charge inside the gas-filled detector, as a result of reactions with the detector electrodes, walls and from elastic scattering of neutrons on the gas inside the chamber. This test, as for the test at ILL, was to establish the level of such a background in the signals from the detector in order to assess the feasibility of physics measurements, and to deduce the range of neutron energies over which a physics measurement would be possible. It was found that this background was both smoothly varying, and constant with each neutron pulse as shown in Figure 8. In practice this means that signals from fission events imposed on top of this background can be analysed by performing an appropriate background subtraction. Detailed analysis is once again ongoing, but it is envisaged that pulse shape analysis of fission signals should be possible up to neutron energies of around 100 keV. The result also suggests that measurements should be possible at EAR1 where the instantaneous flux is around 40 times lower than that of EAR2 and the effects of the gamma-flash are also diminished with respect to EAR2, where the measurement of events corresponding to higher neutron energies shall be achievable.
Milestone MS17 has been largely achieved on time.
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[bookmark: _Ref117006582][bookmark: _Toc118282760]Figure 8. Left: typical set of signals from a fission event. Right: signals from a typical neutron pulse at EAR2, where the gamma-flash is seen as a large pile-up. On top of this pile up, a fission event may still be observed.
Measurement of the 241Am(n,f) cross section (University of Ioannina)
The experiment was successfully realized at EAR2 of the n_TOF/CERN facility. During the last 18 months the data analysis was finalized and all the needed correction factors were determined and included in the analysis. A consistent and accurate cross section data-set for the 241Am(n,f) reaction resulted.  Some final quality checks are pending but this stage will be done within the coming weeks. Meanwhile we started to work on TALYS theoretical calculations aiming to the improvement of the fission modelling parametrization. This part of work is in progress and is expected to be accomplished within the coming 6 months, introducing no significant delays on the deliverable D2.1. Milestone MS16 has been achieved on time.
Measurement of the 230Th(n,f) cross section (National Technical University of Athens)
The experiment was successfully carried out in EAR1 and EAR2 of the n_TOF/CERN facility. During the last 18 months the EAR1 data analysis was finalized and accurate cross sections for the 230Th(n,f) reaction were deduced in the energy range from the fission threshold  up to 400 MeV with 235U(n,f) used as reference reaction. The analysis process has been verified through the analysis of the data from the 238U and 235U reference targets. The cross-section of 238U(n,f) has been deduced with 235U(n,f) as reference and the results were in very good agreement with the ENDF/B-VIII.0 evaluations, thus verifying the analysis process.  In addition, theoretical calculations have been performed for the 230Th(n,f) cross sections via the statistical model  code EMPIRE 3.2, following a proper tuning of the respective parameters. 
The 230Th(n,f)  reaction data were the subject of the PhD thesis of Ms Veatriki Michalopoulou that has already been successfully defended. The manuscript for the publication (to be submitted to Physical Review C), is ready and has been sent to the editorial board of the n_TOF collaboration at the beginning of September. Milestone MS15 has been achieved on time.
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[bookmark: _Ref115707784][bookmark: _Toc118282761]Figure 9: The experimental setup. The target is placed inside the FGIC and two ND are placed along the axis of the FGIC.
Measurements of nubar(A) (University of Uppsala) at MONNET (JRC-Geel)
This task aims at performing high accuracy measurements of the energy dependence of the nubar(A) on the mass of the fission fragment (A) for the 235U(n,f) reaction. Measurements are performed at the Joint Research Centre of the European Commission in Geel, Belgium, using the MONNET facility and a technique developed within the CHANDA project.
The setup used for the measurements is shown in Figure 9. The neutron beam induces fission events in the Frish Grid Ionization Chamber and the prompt fission neutrons are detected in coincidence with the fission fragment, using two liquid scintillators of NE213 equivalent type.
A first reference measurement at thermal neutron energies were performed and the results have recently been published and the data are reported in EXFOR. The results on nubar(A) are in good agreement with earlier data for 252Cf(sf). The data for 235U(nth,f), on nubar(A) confirm the SCINTIA data, disclosing the found discrepancies to Wahl evaluation (see Figure 10). 
A key conclusion is that the data proves a lack of accurate correlation between fission fragment and neutron data, even in the best-studied fission reactions and highlight the need of a new evaluation of the prompt-fission multiplicity for 235U(nth,f).
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[bookmark: _Ref115707743][bookmark: _Toc118282762]Figure 10: Nubar(A) (left) and nubar(TKE) (right) for 235U(nth,f) in comparison with other works.
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[bookmark: _Ref115707802][bookmark: _Toc118282763]Figure 11 Preliminary fission mass versus TKE yields for 235U (n,f) at 5.5 MeV incident neutron energy. The profile data indicates the average TKE for 5.5 MeV in comparison to thermal neutron energy.
In 2021 a new measurement at 5.5 MeV incident neutron energy was performed. A key challenge with the new measurement was the discrimination of beam neutrons from prompt fission neutrons. Data analysis and extensive simulations are ongoing to discriminate against these unwanted neutron events. Figure 11 shows the preliminary fission mass versus TKE yields for 5.5 MeV incident neutron energy. The profile data indicates the average TKE for 5.5 MeV in comparison to thermal neutron energy. The fast neuron data shows, as expected, a larger fraction of symmetric fission and a reduced average TKE compared to the thermal point.
Two experiments have been performed so far, one at thermal energy and the second at 5.5 MeV. A first journal publication has been produced, in addition to a few conference proceedings. The analysis of the second dataset (fast region) is ongoing to allow for the comparison of thermal and fast neutron data. 
Milestone MS12 is largely achieved with a significant delay.
Measurement of the 16O(n,alpha)13C cross section (CNRS/LPCC)
CNRS/LPCC has developed the SCALP project (Scintillating ionization Chamber for ALPha particle detection in neutron induced reaction) in order to study (n, ) reaction for targets of interest in particular oxygen-16 which is responsible for 25% of the production of helium-4 in current reactors while the available data show discrepancies up to 30%. The need of new cross section data from the threshold up to 20 MeV with an accuracy better than 5% for this reaction is listed in the OECD-NEA high priority request list since 2005.
The SCALP detector (Figure 12) is an active gaseous target designed to estimate the cross-section of the 16O(n, )13C reaction. It consists of an Ionization Chamber (IC) coupled to four Photo-Multiplier Tubes (PMTs) which read the scintillating light produced by the neutron interaction in the CF4 scintillating gas. Taking advantage of the fast response of the scintillation, the neutron kinetic energy can then be inferred by time-of-flight measurements. Full description of the SCALP detector and results of tests performed with alpha sources and the neutron beam facility GENESIS (LPSC, Grenoble, France) can be found in G. Lehaut et al, EPJ Web of Conferences, NIMA 2019, 225, 01001 (2020).
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[bookmark: _Ref70334243][bookmark: _Toc70342122][bookmark: _Toc118282764]Figure 12: (left) Mechanical sketch of SCALP showing the principal component of the detector: a gas vessel, the PMTs and the ionization chamber. (right) Picture of SCALP
Three experiments are foreseen using the SCALP detector and several neutron facilities available among Europe. In the original program, the first experiment was to take place in Dresden (Germany) at the nELBE facility in March 2020; the second in Geel (Belgium) at the GELINA facility in May or June 2020 and the third one in Caen (France) at the NFS (SPIRAL2@GANIL) facility at the end of 2021. Due to the COVID19 pandemic, the two first experiments were postponed but it was possible to perform the NFS experiment in October 2021. Moreover, the experiment at the nELBE facility will be performed from September 2022 until February 2023 during three separate periods.
The NFS facility (SPIRAL2@GANIL) is a new neutron beam available in Caen (Normandy, France). It delivers either white beam or (quasi) mono energetic beam with energy range depending on the incident particle (proton or deuteron) interacting on either a beryllium or a lithium target. For our experiment, deuterons of 40 MeV and a rotating target made of beryllium were used in order to produce a continuous neutron beam from few hundred keV up to 40 MeV.
A first period of measurement with SCALP filled with pure CF4 was done and thus will give us access to the (n, ) reaction on 19-F. This reaction is one of the main background contributions when using SCALP filled with a mixture of CF4 and CO2 in order to study (n, ) reaction on 16-O. Furthermore, a better knowledge of (n, ) reaction on 19-F is of interest on a theoretical point of view especially if resonances can be identified. A preliminary reaction identification card is showed on Figure 13 and one can see that (n, ) reaction on 19-F can be easily separated from other reaction and background contribution.
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[bookmark: _Ref117572958][bookmark: _Toc118282765]Figure 13: Deposited energy (MeV) versus Incident neutron energy (MeV) measured with the SCALP detector filled with pure CF4 at the NFS facility. One can see that channel reactions can be identify especially the one of interest: (n, ) on 19-F which is located on the top thanks to its Q-value.
A second period of measurement was dedicated to the study of the (n, ) reaction on 16-O using SCALP filled with CF4 (97%) and CO2 (3%). The limited amount of oxygen in the gas mixture was imposed by the fact that firstly CO2 is a gas quencher (3% will lower down the scintillating process in CF4 by a factor two) that has an impact on the time measurement with PMTs, secondly the high electronegativity of oxygen will have impact on the energy resolution of the ionisation chamber (see Table 1 below).
[bookmark: _Ref117572800]Table 1. Energy and timing resolution for the SCALP detector filled with either pure CF4 or a mixture of CF4 and CO2.
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Analysis of this first SCALP campaign at NFS is still in progress and will constitute the major contribution of the PHD of Aurélien CHEVALIER who’s started a PhD in October 2021 with the following title “First excitation function measurements at NFS (GANIL) and modeling of (n, ) reactions on the oxygen-16 and fluorine-19 as a support to generation IV nuclear energy ».
Experiments to improve the cross section for the 16O(n, ) reaction was carried out at a 30 m station of GELINA. The data reduction and analysis were finalised. A paper describing the results and recommendations for a new evaluation is submitted to Phys. Rev. C. Milestone MS18 has been largely achieved.
Measurement of (n,chp) cross sections (NPI/CAS)
A newly developed detection system for (n, chp) cross-section measurements is operated at the Nuclear Physics Institute of the CAS for measurements relevant to nuclear technologies. The new vacuum chamber is used for the detection of light ion particles (p, d, t, 3He, α) produced in nuclear reactions induced by fast neutrons. Measurements of double-differential cross-sections (DDCS) for reactions (n, chp) with the Time-Of-Flight (TOF) method will be conducted on basic construction materials. 
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[bookmark: _Ref116917164][bookmark: _Toc118282766]Figure 14. Left: the CLID chamber at irradiation position at cyclotron facility at NPI of the CAS. Right: Four Si-based telescope around the sample inside of the chamber.
The chamber has been operated in test mode since October 2019 and 3 irradiations were performed until the end of 2020. During these experiments, several material foils were irradiated in the collimated beams of fast neutrons produced in the reaction of 35 MeV protons with two millimetres of thin beryllium foil.  The acquisition chain was finalized and the TOF technique was successfully implemented. It has been shown that the time resolution of the TOF technique is sufficient to separate the events and reactions induced by neutrons from the Quasi-monoenergetic peak which is present in the neutron energy spectra used during experiments.
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[bookmark: _Ref116916999][bookmark: _Toc118282767]Figure 15. Energy spectrum measured at irradiation position with CLID setup.
In October of 2021, one more weekend-long experiment with the CLID chamber was performed. In the right part of Figure 14, the detailed photography shows the internal setup of four Si-based telescopes. The Proton-Recoil-Telescope (PRT) technique was implemented to obtain the neutron energy spectrum from the irradiation of the CH2 target. The yttrium foil was irradiated and first, double differential cross-sections for Y(n,xp) and Y(n,xd) reactions were measured at mean neutron incident energy of 29 MeV. During 2022 the experimental data were partially analysed, and results are about to be published. 
To characterize the neutron field behind the collimator at the irradiation position the PRT technique was implemented, and the neutron energy spectrum is plotted in Figure 15. Also shown is the comparison with TOF base measurements with NE-213 scintillator and the simulation with MCNPX.
PRELIMINARY
PRELIMINARY

[bookmark: _Ref116917176][bookmark: _Toc118282768]Figure 16. Production DDCS for emitted protons and deuterons from neutron induced reactions on yttrium.
Finally, Figure 16 shows the production Double Differential Cross-Sections (DDCS) for 89Y(n,xp/xd) reaction derived from the on-beam measurements of proton/deuteron energy spectra. The presented DDCS correspond to the two specific laboratory angles - 25.7 deg and 154.3 deg of ion emission and to the average kinetic energy of primary neutrons 29 MeV. The results of the TALYS-1.96 calculations are plotted together with CLID measurements for comparison and they show good agreement with the measurements.
The vacuum chamber is equipped with a detection system for light-charged particles detection and final on-beam tests were conducted. Interesting DDCS data were already measured during the 2021 experiment. During 2022 the cyclotron U-120M was under maintenance and further irradiations were not possible. General methods for data analysis were implemented to calculate the neutron flux, background, DDCS, and other relevant quantities. If possible new experiment should be run in 2023. The overall status of the NPI’s milestones (MS20) completeness is so far assumed to be around 70% since part of the data still needs to be analysed/published and possibly new experimental DDCS data can occur during 2023.
Neutron-induced light charged particle at NFS (University of Uppsala)
The experimental setup used, called Medley, had previously been used at The Svedberg Laboratory in Uppsala. Medley consists of eight telescopes, placed at 20º intervals to cover for different emission angles; each telescope is formed by two Silicon detectors and one CsI so that light charged particles (proton, deuteron, triton, helion, alpha...) produced in the reaction and reaching one of the telescopes can be identified by using the ΔE-ΔE-E technique.
Medley has been recently upgraded with some thinner Silicon detectors and with new preamplifiers to improve the energy resolution of the detectors and, therefore, their capabilities for particle identification. Moreover, to be able to use the setup at a white neutron beam, a good time resolution is also required to measure the energy of the incoming neutron by time-of-flight. 
The Medley setup has been transported from Uppsala University to GANIL, and installed at NFS, in 2020. During 2021, the Uppsala team travelled several times to NFS to prepare the setup for the experimental campaign planned for October 2021. Those works included tests of the mechanical reliability of the target exchanger, of the signal processing with the new electronics, and of the acquisition system from GANIL, among others.
In October 2021, a first measurement of natC(n,lchp) has been done using the white neutron beam from NFS, thus covering a wide energy range of neutron energies in one single measurement (from 1 MeV up to 40 MeV, approximately). The proposal had been approved by GANIL in 2020. 
However, soon after starting the experiment, there was a problem with the rotating neutron converter at NFS, that forced the facility to decrease drastically the beam current and, therefore, prevented us from completing the experiment with the expected statistics. As a consequence, additional beam time was allocated by the facility in the coming October 2022. Preparatory works are currently ongoing to have the setup ready for this second campaign.
In any case, the data acquired in the 2021 campaign, even though it comprises reduced statistics, was enough to test the performance of the setup under conditions of real beam. Moreover, some data were acquired for all the intended samples: natC as the main objective, also CH2 that is needed to know the neutron flux making use of the detection of the back-scattered protons in the neutron-proton elastic scattering, thus making use of the primary neutron standard cross section H(n,el)H. Some empty-target runs have been also taken to evaluate the background conditions.
Figure 17 shows an example of an energy loss diagram obtained with the natC target in this experiment. As indicated in the figure, it was possible to detect and to identify the light-charged particles p, d, t, 3He, and α. Moreover, based on that diagram, it is possible to select one of these types of particles, and correlate its energy with the energy of the incident neutron, that is measured by the time-of-flight. That will allow us to provide with the cross-sections for emission of light-charged particles, as a function of the neutron energy. Figure 18 (upper panel) shows an example where the energy distribution of α particles produced in the natC target, and detected by one of the telescopes, is correlated with the neutron energy. Its projection on a one-dimensional plot (see lower panel) gives us the total distribution of α particles emitted as a function of the neutron energy, covering the full range of the NFS white beam.
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[bookmark: _Ref115708707][bookmark: _Toc118282769]Figure 17: A particle identification diagram (E-E plot) obtained with the natC target and the white neutron beam at NFS. The contours correspond to the identification of light-charged particles: protons (p), deuterons (d), tritons (t), 3He, and -particles.
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[bookmark: _Ref116921683][bookmark: _Ref115708752][bookmark: _Toc118282770]Figure 18: Distributions of -particles produced by the NFS white neutron beam in the natC target and emitted at 20º. Upper panel: a 2D-distribution over the neutron energy and the α-particle energy. Lower panel: the projection of the 2D-distribution gives the integrated distribution of -particles over the neutron energy. The results are still preliminary (analysis ongoing).
Note that these results are still preliminary, as the analysis is still ongoing and pending of acquiring more statistics.
The measurements on the natC(n,lchp) reaction have been partially done in 2021, because of a problem with the NFS neutron converter. In view of the quality of the partial data acquired in 2021, we plan to be able to complete the data taking in the upcoming NFS campaign next October 2022, after the reparation of the rotating neutron converter by the facility. However, we think that it is still possible to keep the original time plan to complete Milestone 2.9 (MS19) and Deliverable 2.2.
Activation measurements (CVREZ)
The activation measurements were performed in 3 experimental reactors – zero power LR-0 and VR-1 reactors and in 15 MW LVR-15 reactor. A large irradiation experiment was performed in the LR-0 (see Figure 19). Together with metallic foils (54Fe, Fe, Y, Mo, Au, V, Ti, Cu, Nb) 14N in form of alanine was activated to validate 14N(n,p)14C reaction. 
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[bookmark: _Ref116986940][bookmark: _Toc70342125][bookmark: _Toc118282771]Figure 19: LR-0 reactor with dry irradiation channel where the neutron reference field was defined.
Another extensive irradiation experiment was carried out in the VR-1 reactor at the Czech Technical University. VR-1 is a zero-power pool-type reactor with more compact core than the LR-0. Due to such conditions, fluxes there are higher than in the LR-0. This fact allows to use even thin targets. Due to proximity of VR-1 location to Rez, the foils were transported to Rez via ADR transport after irradiation, where the measurement in extremely well-defined detector was performed. The results were published and are presented in paper “Validation of IRDFF-II library in VR-1 reactor field using thin targets” compiled with collaboration with IAEA NDS, IJS, KIT which was accepted to Annals of Nuclear Energy.
This set was verified in next experiment realized in VR-1 reactor. In 6 irradiation positions in various core positions (see Figure 20). The neutron spectra in various positions differ based on the position in core. Even in boundary positions the spectra is harder than 235U PFNS (see Figure 21), the agreement with calculation is presented in Figure 22. The most significant uncertainty is in 197Au(n,2n) SACS. This can be attributed to deficiencies in gamma production from nat.Fe(n,g) and also deficiencies in 197Au(g,n) close to threshold. 
Other discrepancies were reported in spectral indexes 58Ni(n,2n) / 27Al(n,) and 19F(n,2n) / 27Al(n,). The reported discrepancies, are most probably caused by problematic description of oxygen cross section in current data libraries. These results and detailed explanations of the experiments and analysis have been published in the journal paper “Kostal et al., Ann. of Nucl. En. 179 (2022) 109418”. 
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[bookmark: _Ref115440362][bookmark: _Toc118282772]Figure 20: View on VR-1 reactor core (C16) used in the first experiment, together with scheme of target arrangements, see the Table 1 for foil numbers and core positions.
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[bookmark: _Ref115440366][bookmark: _Toc118282773]Figure 21: Calculated neutron spectra in the different irradiation channels of the VR-1 reactor and its ratio over 235U(nth,f) PFNS. The location of the irradiation channels in VR-1 and their labelling are shown above. 
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[bookmark: _Ref115440372][bookmark: _Toc118282774]Figure 22: The C/E ratio for the SACS of neutron dosimetry reactions calculated with IRDFF-II library. The insert shows the location of six foils in the VR-1 channels and their labelling. The measurement uncertainties are shown by grey corridor, the contribution from IRDFF-II cross sections – blue bars, from calculated VR-1 neutron spectrum – red bars.
Table 2 58Ni(n,2n)/27Al(n,α) reaction rates ratio using various oxygen evaluation.
	
	1
	2
	3
	4
	5
	6

	Experiment
	6.62E-3
	5.70E-3
	6.46E-3
	5.79E-3
	7.09E-3
	8.70E-3

	ENDF/B-VIII
	6.75E-3
	6.24E-3
	6.58E-3
	6.21E-3
	7.53E-3
	7.53E-3

	ENDF/B-VII.1
	6.65E-3
	6.24E-3
	6.66E-3
	6.25E-3
	
	7.97E-3

	JEFF-3.3
	6.62E-3
	6.22E-3
	6.52E-3
	6.35E-3
	7.38E-3
	7.91E-3

	JENDL-4
	6.37E-3
	6.36E-3
	6.63E-3
	6.21E-3
	6.90E-3
	7.91E-3

	Rel. unc.
	4.6%
	5.6%
	6.0%
	3.2%
	4.7%
	15.8%



The last irradiation experiment was performed in the LVR-15 10 MW research reactor. The high power ensures large fluxes. This allows also the determination of the SACS of the high-threshold reactions as 197Au(n,3n), 209Bi(n,3n), 209Bi(n,4n). The results were published in “Constraining high energy tail of 235U(nth,f) prompt fission neutron spectrum, Appl. Rad. and Isot., 166, (2020), 109313”. 
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[bookmark: _Ref116987050][bookmark: _Toc70342128][bookmark: _Toc118282775]Figure 23: C/E-1 comparison of JEFF-3.3 and ENDF/B-VIII.0 235U (nth,f) PFNS versus E50%.
Summarizing the experimental work, as it is shown in Figure 23, VR-1 measurements showed satisfactory agreement for IRDFF-II and ENDF/B-VIII PFNS. The LVR-15 results are covering even reactions with very high E50%. The 209Bi reactions (n,3n) and (n,4n) are showing satisfactory agreement with ENDF/B-VIII PFNS and poor agreement for JEFF-3.3 PFNS.  
Taking all these experiments together means that milestone MS11 has been achieved. 
[bookmark: _Ref117008982]Table 3 Characteristics of the 239Pu targets prepared by JRC-Geel.
	Fabrication number

	Activity [Bq]
	Mass [g]
	Areal density [g/cm2]

	Fission 2020-006-15
	2.24E+06
	975
	310

	Fission 2020-006-02
	2.22E+06
	965
	307

	Fission 2020-006-04
	2.20E+06
	959
	305

	Fission 2020-006-06
	2.09E+06
	911
	290

	Fission 2020-006-14
	2.81E+05
	122
	39

	Fission 2020-006-07
	1.94E+06
	844
	268

	Fission 2020-006-08
	2.19E+06
	953
	303

	Fission 2020-006-10
	2.11E+06
	920
	293

	Fission 2020-006-12
	2.09E+06
	912
	290

	Fission 2020-006-13
	2.25E+06
	982
	312

	Encapsulated PuO2
	~200E+06
	101690
	-



[bookmark: _Toc118284510]Task 2.2 Neutron capture cross sections
239Pu(n,) cross section measurements at n_TOF EAR1 (CIEMAT/University of Lodz/JRC-Geel)
The measurement has been carried out from September 2022 to November 2022 at n_TOF EAR1 at CERN and consists of two types of measurements:
· One setup with ten thin 239Pu samples with a total mass of ~10 mg (1 mg/sample). The samples have been placed inside the fission detector, in the centre of the Total Absorption Calorimeter (TAC). The limitations come from the signal-to-background ratio. The g-rays from the capture and fission will be disentangled by requiring anti-coincidences and coincidences with the fission detector, applying the fission tagging technique developed during the CHANDA project for the measurement of the 235U(n,) cross section.
· One setup without the fission detector and 100 mg 239Pu sample encapsulated in aluminium. The higher Pu mass will allow extending the measurement to higher neutron energies.
All the samples have been manufactured at the JRC-Geel target laboratory with isotopically enriched and high purity (>99.9%) 239PuO2 provided by SCK-CEN. One should notice that JRC-Geel has unique installations in Europe for the preparation and manipulation of highly radioactive targets necessary for nuclear data experiments and that the maintenance of such capabilities in Europe is of strategic importance. Table 3 lists the main characteristics of the targets produced. One should notice the very high specific -activity of 2 MBq/mg of the 239Pu samples, which poses one of the main difficulties for the fission detector.
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[bookmark: _Ref117009108][bookmark: _Toc118282776]Figure 24. Left: photo of the fission chamber (right part), connecting beam pipe and electronic modules (left part). Right: assembly of the 10 electrodes for the fission targets.
The fission targets were mounted at the radioactive JRC-Geel target laboratory inside a fission chamber built by the University of Lodz for the experiment. Figure 24 shows photos of the chamber and the inner part in which the thin radioactive targets were mounted. After its installation, the chamber was tested and commissioned at JRC-Geel with strong Am/Be and Pu/C neutron sources and it showed an excellent separation of the fission fragment signals from the orders of magnitude stronger  -background.
Raw signal
Fit

[bookmark: _Ref117009650][bookmark: _Toc118282777]Figure 25. Red curve: digital buffer with alpha-particles and one fission fragment. Blue curve: event reconstruction based on the fit of the detected signals to the average shape.

Signals produced by fission fragments were identified in the high -background (1 count/s) thanks to the fast digital data acquisition system at CIEMAT and n_TOF (based on 14 bit and 1 Gsample/s ADQ14 digitisers) and a new pulse shape analysis routine developed by CIEMAT for the experiment. The pulse shape analysis routine identifies all the signals and proceeds to fit the digital data to an average pulse shape of the detector. In this way very close pileups can be reconstructed and high amplitude signals due to fission fragments are analysed with high accuracy.  Figure 25 shows an example of the reconstruction (in blue) of a digital buffer (in red) containing many -signals and one fission fragment (the signal with largest amplitude).
The fission detector with the 10 239Pu samples and the thick samples were shipped to CERN in September 2022. The fission chamber was mounted inside the TAC after the clearance from CERN radioprotection authorities and aligned with respect to the beam with sub-millimetric accuracy. Figure 26 shows two photos of the mounting of the fission chamber inside the TAC and the 6Li-doped polyethylene neutron absorber manufactured for the measurement.
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[bookmark: _Ref117009932][bookmark: _Toc118282778]Figure 26. Left: photo of the fission chamber inside the Total Absorption Calorimeter and surrounded by a 6Li-doped polyethylene. Right: close view of the fission chamber.
After two days of beam time for testing the electronics and adjusting all the detector and data acquisition parameters (voltages, thresholds, sampling rates and dynamic ranges of the digitisers), the experiment started and operated with very stable conditions. Data were taken with the fission chamber for about 15 days at sustained rate of ~250 Mbytes/s. Such a fantastic feature was only possible thanks to the high-performance central data recording infrastructure available at CERN.
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[bookmark: _Ref117011093][bookmark: _Toc118282779]Figure 27. Left: experimental fission yield (red) compared to different nuclear data evaluations in the range from thermal up to 500 keV. Right: experimental fission yield (red) compared to different nuclear data evaluations in the range from 2 eV up to 60 eV.

The on-line analysis has already revealed the excellent performance of the fission detector and the high quality of the fission data shown in Figure 27. The best overall agreement was found with the ENDF/B-VII.1 evaluation. An interesting feature of n_TOF data is that the counting rate in the valleys between resonances is well below the evaluated cross sections. Such a feature has been attributed to the excellent discrimination of the fission signals from the -background.
The high quality of the capture data obtained after subtracting the fission -ray background can be observed in Figure 28. The ~91% tagging efficiency of the fission chamber leads to a very favourable capture signal to fission background in the TAC spectra recorded in anti-coincidence with the fission detector.
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[bookmark: _Ref117011202][bookmark: _Toc118282780]Figure 28. Left: experimental capture yield (red) compared to the fission background and various nuclear data evaluations in the range from 6.5 eV to 9 eV. Right: experimental capture yield (red) compared to the fission background and various nuclear data evaluations in the range from 170 eV to 190 eV.

From the preliminary data analysis, it can be already concluded that the experiment has been a success and the milestone MS21 has been achieved. The analysis of the complete data set will start in December 2022 and it is expected to be finalised by the end of the SANDA project. 

92,94,95Mo(n,) cross section measurements at n_TOF EAR1 (ENEA)
After the proposal for the 94,95,96Mo measurements has been submitted to the CERN INTC committee and approved by the CERN Research Board, the sample material for the measurement (Table 4) has been acquired for the measurements at n_TOF and at GELINA. The capture cross section measurements for 92,94,95Mo at n_TOF will be complemented by capture and transmission measurements at GELINA using the enriched samples and a sample of natMo. The transmission measurement at GELINA is part of an EUFRAT open access proposal (already approved) and has been completed.
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[bookmark: _Ref115942248][bookmark: _Ref115942227][bookmark: _Toc118282781]Figure 29: Sample of 94Mo used in the measurement in EAR2 in November 2021 (left) and in EAR1 and EAR2 in 2022 (right).
The first measurement of the 92,94,95Mo(n,) cross section took place at CERN n_TOF, in November 2021. The capture setup for the measurement consisted of a set of four C6D6 detectors. The samples, in the form of metallic powder, were encapsulated in 2 cm diameter aluminum canning (see Figure 29, left panel). The metallic powder of each sample was then compressed into a self-sustained pellet. This sample configuration was used for all the measurements that took place in 2022 (see Figure 29, right panel).
[bookmark: _Ref115976405]Table 4 Mass and areal density of the three enriched molybdenum samples.
	
	Mo-94
	Mo-95
	Mo-96

	Enrichment [%]
	98.97
	95.4
	95.9

	Mass [g]
	1.9526
	1.9745
	1.9176

	Areal density [at/b]
	3.96 x 10-3
	3.96 x 10-3
	3.81 x 10-3



[bookmark: _Ref70339436]
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[bookmark: _Ref116918058][bookmark: _Toc118282782]Figure 30. Left: Setup of C6D6 detectors for the measurement of the 94,95,96Mo neutron capture cross section performed at n_TOF EAR1 in 2022. Right: Setup of the neutron capture cross section on 94,95,96Mo performed at n_TOF EAR2 in 2022.
The measurement in n_TOF EAR1 was carried out with the C6D6 detector setup shown in the left part of Figure 30. It took place at n_TOF during May-June 2022 (weeks 21-27) and in August 2022 (weeks 34-36). The measurements in EAR2, with the renewed sample configurations and the setup (shown in the right part of Figure 30) consisting of 8 segmented total energy detector sTED built within WP1, 1 d-Stillbene detector and two L-C6D6 detectors, took place in September-October 2022 (weeks 37-41). The data analysis is proceeding for all the measurements performed. The Measurement were started on time and are being performed at present, achieving the milestone MS22 within 3 months delay.
[bookmark: _Toc118284511]Task 2.3 Neutron elastic and inelastic scattering and neutron multiplication cross sections
Neutron elastic, inelastic, transmission and neutron multiplication cross section measurements at JRC-Geel (IFIN-HH / IPHC / JRC-Geel)
· Measurement of the 14N(n,n’) cross section using GAINS at GELINA
The measurement of the inelastic channel on 14N is part of an EUFRAT open access proposal. The experiment is currently (Oct. 2022) running at the GELINA neutron source using the GAINS spectrometer located in the 100-m measurement cabin on flight path 3. The data taking started, with a delay, in the second half of 2022 mostly due to COVID pandemic and to maintenance work on the GELINA accelerator. For this measurement, GELINA is running at 400 Hz using all 12 HPGe detectors of GAINS. The irradiated sample is Silicon Nitride (Si3N4) with a thickness of 4 mm and a dimension of 100 mm x 100 mm. The preliminary data analysis suggests that it will be possible to provide the -production cross sections (at least) for the first two transitions in 14N with very good statistics (see Figure 31). The presence of silicon in the sample will also allow for a cross-check of the obtained results as this isotope was measured before. 
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[bookmark: _Ref117943952][bookmark: _Toc118282783]Figure 31 The amplitude spectrum of one HPGe detector at 150º after two weeks of measurements.
· Measurement of the 35-37Cl(n,n’) cross section using GAINS at GELINA
The experiment proposal will be submitted to the next Proposal Advisory Committee of GELINA (EUFRAT) probably in the first half of 2023.
· Study of the 238U(n,xn) reaction using the GRAPhEME spectrometer at the JRC-Geel.
The data taking, the analysis and the comparison with theoretical predictions have been done. An article on this work has been published (M. Kerveno, M. Dupuis et al., Phys. Rev. C 104, 044605 2021). 18 238U(n,n’) cross sections have been transmitted to EXFOR (entry number 22795). This work allowed a significant progress in the description of the reaction mechanism in particular for the pre-equilibrium process.
· Study of the 239Pu(n,xn’) reaction using the GRAPhEME spectrometer
These measurements are part of a EUFRAT open access proposal which was accepted. A short test has been done in December 2019 with a sample (0.5g) prepared by the JRC-Geel. The limit acceptable for the contribution of 241Am has been defined. For the experiment, due to the COVID pandemic a significant delay occurred for the preparation of the target. In 2021, after a nice job done by the SCK-CEN (Mol, Belgium) laboratory, for the purification of the material, and by the JRC-Geel target laboratory, for the preparation of a 2 g sample, first data taking has been performed in April 2022 with the GRAPhEME sepctrometer. The analysis of the registered data, with the new FASTER acquisition system, is in progress. The experiment should start in the coming weeks (fall 2022).
· Study of the 233U(n,xn’) reaction using the GRAPhEME spectrometer
Concerning this very radioactive isotope, the data taking has been performed. A PhD student finalized the analysis of the registered data. For the first time, 12 (n, n’) cross sections have been measured. An article is in preparation in collaboration with theoretical physicists. 
                                                 [image: ]
[bookmark: _Toc118282784]Figure 32. Comparison of the experimental reaction cross sections for 4   transitions compared to the TALYS-1.95 predictions
For an illustration, on the figure is reported a selection of the experimental reaction cross sections for 4   transitions compared to the TALYS-1.95 predictions (in red). These results have been presented at Nuclear Data for Science and technology conference in July 2022.
· 209Bi
Total and capture cross section measurements were performed at J-PARC and GELINA. These measurements together with the data reduction and analysis are part of a collaborative effort of JRC Geel (BE) and SCK CEN Mol (BE) to improve evaluated data for neutron interactions with 209Bi.
· 209m,gBi(n,) 
Gamma-ray spectroscopic measurements to determine the partial capture cross sections to the isomeric and ground state have been carried out at J-PARC as part of a collaborative effort of JRC Geel and SCK CEN. A visit from S. Endo (JAEA) to JRC and SCK CEN was planned in March 2020 to assist in the analysis of the data taken at J-PARC, which was ultimately cancelled due to the COVID-19 crisis. A HDD containing the experimental data was shipped to SCK CEN and received in December 2021. However, assistance from JAEA is still needed for the data analysis. SCK CEN will try to arrange online meetings with JAEA to proceed with the data analysis during Q4 2022 – Q2 2023.
· 209Bi(n,)
The 209Bi(n,) measurements at GELINA to determine the total capture cross section were carried out at a 60 m flight path of GELINA applying the total energy detection principle using C6D6 scintillators in combination with the pulse height weighting technique (see previous reporting). A total beam team of 4 weeks was used during October-November 2020. Due to problems with the accelerator no additional experiments were carried out. However, to increase the statistics additional measurements will be carried out in 2023. 
The data reduction and analysis of the first measurement campaign has been delayed. It is expected to have the first capture yields available in December 2023. 
· [bookmark: _Hlk118195583]209Bi(n,tot)
The transmission measurements using 209Bi metallic samples are finalised. Measurements were carried out at a 50 m flight path of GELINA using four metallic samples of different thicknesses (1.26 mm, 4.0 mm, 7.0 mm and 14.0 mm) (see previous reporting). Data sorting and production have been finalised. A report to submit the data to the EXFOR library is in preparation. This report will include a comparison with evaluated data libraries. The data together with this report will be submitted in December 2022. 
· 206,208,natPb
Efforts are being made to improve the evaluated data files for neutron interactions with Pb in the resonance region. Therefore, transmission measurements started at a 50 m station of GELINA. For these measurements natPb samples and samples enriched in 206Pb and 208Pb were prepared. The first campaign using the 206Pb enriched samples started in May 2022. In addition, a literature study concerning experimental for neutron interactions with 206Pb in the resonance region was performed. This study resulted in a resonance parameter file compiled from published resonance parameters. This file will be compared with the recommended resonance parameters. The results of the transmission measurements at GELINA will be used to validate the file and perform final adjustments. 
The milestones and deliverables for Task 2.3 are due at later dates. However, some delay is already observed caused by the COVID pandemic.
· Milestone MS24: Completion of the branching ratio for 209Bi, 208Pb(n,tot) and 238U(n,inel) cross section measurements at GELINA (expected from JRC by Dec. 2022), completion of all related experiments seems feasible.
· Deliverable D2.5: Report on the measurements of the branching ratio for 209Bi, 208Pb(n,tot) and 238U(n,inel) cross sections at GELINA 
(from JRC by Aug. 2023). The delay for 208Pb and 238U will be in the order of 9 months. However, the delay on the branching ratio for 209Bi is difficult to predict. 
· Milestone MS23: Completion of the 239Pu, 233U, 14N and 35,37Cl inelastic and (n,2n) cross section measurements at GELINA (expected from IFIN-HH by Dec. 2022). Some of the measurements (35,37Cl) were delayed by at least 1 year due to the COVID pandemic situation and accelerator related issues.
· Deliverable D2.4: Report on the 239Pu, 233U, 14N and 35,37Cl inelastic cross section measurements at GELINA (expected from IFIN-HH by Aug. 2023). Some of the measurements (35,37Cl) were delayed by at least 1 year due to the COVID pandemic situation and accelerator related issues.
[bookmark: _Toc118284512]Task 2.4: Decay data measurements
Beta decay measurements with the total absorption technique (CSIC & SUBATECH/CNRS)
During the period of this report, the results of the TAGS measurement of the 96,96mY isomers at the IGISOL facility of the University of Jyväskylä have been published (Guadilla et al., PRC 106, 014306 (2022)). In this measurement, the two isomers (8+ and 0-) could be separated thanks to the purification capabilities of the JYFLTRAP double Penning trap. The beta intensity distribution of both nuclei has been obtained independently. The de-excitation of the 1581.6 keV level in 96Zr in which conversion electron emission competes with pair production has been taken into account and has a significant impact on the beta detector efficiency, influencing the results. Regarding 96Y, the large ground state to ground state branch is confirmed, with a slightly larger value than previously reported amounting to 96.6%+0.3%- 2/1%. This decay represents the second most important contribution to the reactor antineutrino spectrum between 5 and 7 MeV. The new results compare well with the previous high resolution spectroscopy data in this case, and contribute to decrease the uncertainty associated to its beta intensity in summation calculations for reactor antineutrinos and decay heat. The measured beta intensity of the 8+ isomer shows that earlier data were affected by the Pandemonium effect. Previously undetected beta intensity in transitions to states above 6 MeV has been observed showing the importance of Total Absorption Gamma-ray Spectroscopy measurements of -decays with highly fragmented de-excitation patterns.  The average beta and gamma energies associated to 96mY decay are modified significantly, leading to average β and γ values differing by more than 100 keV and 200 keV respectively with respect to evaluated decay databases, a difference that is larger than the previously quoted uncertainties. 96mY is a major contributor to the reactor decay heat with uranium/plutonium and thorium/uranium fuels around 10s after the fission pulses. In the same article, we also report on an innovative total absorption γ-ray spectroscopy analysis of the module-multiplicity gated spectra, which could be employed to distinguish the beta-decay pattern of two isomers with very different spin-parity values.
In September 2022, our collaboration has led a new TAGS campaign at Jyväskylä with the Rocinante spectrometer associated with the FASTER DAQ. An important work for the experiment between April and September 2022 has been carried out at Subatech for the preparation of this new DAQ and the design and manufacturing of mechanical improvements, especially for the tuning of the beam to the center of the spectrometer. New TAGS data have been obtained for several decays that have been identified as important contributors to the reactor antineutrino spectrum and decay heat.
A new PhD student co-funded by the Subatech and IFIC laboratories thanks to the SANDA project has started on Sept. 1st, whose task will be to analyse the newly measured data.
Beta delayed neutron measurements (UPC / CSIC)
The BELEN (BEta deLayEd Neutron) conceptual design is based on a set of rings of 3He proportional counters embedded in a polyethylene matrix. BELEN for RIKEN -BRIKEN- has been used in a long-lasting (2016 to 2021) experimental campaign devoted to β-delayed neutron emissions measurements for extremely neutron-rich isotopes.  
The 70-hour beam-time NP1612-RIBF148 experiment was performed at the RIKEN Nishina Center in Japan in 2021. In this experiment, β-delayed neutrons were measured for isotopes ranging from Sb to La.
Exotic neutron-rich isotopes were produced using a 60 pnA primary beam of 238U with 345 MeV/nucleon impinging in a 5 mm thick 7Be target. The fragments are then selected by BigRIPS in-flight separator and guided to the F11 experimental area through the Zero-Degree Spectrometer (ZDS). 
Ions were implanted in the Advance Implantation Detector Array (AIDA)[footnoteRef:3] . AIDA consists of a stack of six double-sided silicon strip detectors (DSSD) separated by 10 mm gaps. Each DSSD has a thickness of 1 mm, dimensions of 71.68 mm x 71.68 mm, and 128 strips. The strips on the two sides are perpendicular to each other, forming a 16384-pixel silicon detector. [3:  C. J. Griffin, et al., Jap. Phys. Soc. Conf. Proc. 14, 020622 (2017). https://doi.org/10.7566/JPSCP.14.020622] 
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[bookmark: _Ref116989391][bookmark: _Toc118282785]Figure 33. Identification plot of the NP1612-RIBF148 experiment. 
The red circumference corresponds to some identified isotopes.
The BRIKEN neutron counter was placed around AIDA in order to detect the β-delayed neutrons. It is made of an array of 140 3He-filled proportional tubes embedded in a 90 cm x 90 cm x 75 cm high-density polyethylene (HDPE) moderator, thus providing an almost 4π neutron detector. The HDPE block has a central hole of 11.6 cm x 11.6 cm where AIDA is inserted.  The neutron efficiency of the BRIKEN detector has been calculated by Monte Carlo (MC) simulations. It is independent of the neutron energy up to 1 MeV, has a nominal value of 68.6%, and shows a smooth decrease at higher energies[footnoteRef:4]. [4:  M. Pallas, et al., ArXiv:2204.13379 (2022). https://doi.org/10.48550/arXiv.2204.13379] 

The particle identification (PID) matrix of the NP1612-RIBF148 experiment is presented in Figure 33. For the less exotic region (A/Q<2.7), the achieved A/Q resolution is good enough — typically less than 0.05% — to ensure a good separation of fully-stripped and H-like ions.
The main aim of the experiment is to determine lifetimes and β-delayed neutron emission probabilities for several isotopes. The good spatial and time resolution, together with a high neutron efficiency of the setup, allow to build spatial and temporal correlations. For each identified implanted isotope and β decay, time differences and distance cuts are imposed. For all events passing the cuts, a time-correlation among implants, β decays, and neutron events is built. We store time differences between an implant and all the β and neutron events that took place within a defined time window. The truly correlated events will form a decay-time curve clearly distinguishable from the background produced by uncorrelated events. The integral of this curve is the number of neutrons produced by β-delayed neutron emission.  
The BRIKEN neutron counter is similar to a Bonner spheres spectrometer. Each of the 7 “rings” (see Figure 34), can be assimilated to a Bonner sphere. Using the PID to fix the isotope of interest, through unfolding techniques one can reconstruct the neutron energy spectrum for the nuclide.
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[bookmark: Ref_Figure1_label_and_number][bookmark: _Toc118282786]Figure 34: BRIKEN detector geometry

We aim to obtain neutron energy spectra for isotopes in the less exotic regions that have already been measured, such as 144Cs and 140I. By comparing known and obtained results, we will benchmark our technique. Moreover, calibration measures were performed using a 252Cf, which energy spectrum is fairly well known, so it will serve as a complementary benchmark.
To summarize, the NP1612-RIBF148 experiment was carried out in 2021. The isotopic selection was centred on 155La. Several β-delayed neutron emitters were measured using BRIKEN and AIDA. Due to the design of the BRIKEN neutron detector, it is possible to extract spectral information from the distribution of neutrons detected. Our goal is to use this data to obtain the energy spectrum of the less exotic regions and compare it with previous measurements in order to validate our method. The detailed analysis is ongoing.
Measurement of half-live and gamma-ray emission probabilities of beta emitters (CEA/LNHB)
A new measurement facility is being developed within SANDA, composed of a dedicated ionisation chamber and an automated sample changer in order to make half-life measurements for a number of radionuclides important to the nuclear medicine community, as well as the nuclear industry, with uncertainties of 0.1%. The progress on this part of the work has been reported as part of Task 1.1.2.
For the gamma-ray emission probability measurements, improvements are being brought to the existing measurement facility, based around precisely calibrated hyper-pure germanium detectors, by refining the efficiency curve calibration through the measurement of additional radionuclides and through the use of a cryogenic electrical-substitution radiometer BOLUX (BOLometer for Use in the range of X-rays) as shown in Figure 35. BOLUX has been used for the primary measurement of the intensity (total energy per unit time) of monochromatic beams on the Métrologie beamline at the SOLEIL synchrotron in the energy range from 3 keV to 30 keV. These well-determined photon beams have been employed for the efficiency calibration of two photodiodes in terms of current induced per unit optical power at different photon energies. This provides a transfer standard that can be used at a further stage for the calibration of spectrometers. Since both the radiometer’s response and the photodiode’s efficiency depend on the energy of the photons, monochromatic beams of several energies must be used in order to determine the calibration curve.
The measuring bolometer is integrated in a cryostat (see Figure 35), which consists in a 39-cm-high and 20-cm-diameter cylinder that comprises a two-litre tank for liquid helium isolated from the outside by three concentric walls, between which void is created, and a smaller chamber in the bottom part (see Figure 36 a)) that hosts the measuring bolometer, its electronic components and optical collimators. The bolometer (see Figure 36 b)) comprises a cylindrical germanium absorber (4.65 mm diameter and 300 µm thickness), covered in the front part by a thin gold layer to shield it against infrared radiation, and linked in the rear side to a germanium thermistor. The heating resistance is directly coupled to the rear side of the absorber. The whole system is surrounded by a copper collimator with a 4.11-mm-diameter aperture through which the incident radiation enters the bolometer. The thermistor is linked by a sapphire fibre to a platinum support, which is in contact with the copper optical plate, thermalized by the helium bath contained in the tank just above it.
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[bookmark: _Ref117100594][bookmark: _Toc118282787]Figure 35: a) Photograph and b) schematic of the radiometer BOLUX
The determination of the photodiode’s efficiency at a certain energy involves two steps. In the first step, the flux power of a monochromatic photon beam was measured with BOLUX: the thermistor’s voltage change is measured when the absorber is exposed to the radiation, and afterwards an electrical current is introduced and modified until the same voltage change is reached. In a second step, the photodiode is exposed to the same photon beam and the current induced is measured. The background current is also measured: the current generated in the photodiode in the absence of radiation, which is subtracted from the total current. The photodiode’s efficiency is then the ratio between the current induced by the radiation (after subtracting the background) and the power of the beam. Once the whole cycle was completed, the photodiode was withdrawn again, the energy of the monochromator was changed and the new cycle started again in order to determine the photodiode’s efficiency at the new energy. The operation is repeated for different energies between 3.5 and 30 keV.
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[bookmark: _Ref117100978][bookmark: _Toc118282788]Figure 36: a) Photograph of the inner part of the chamber that hosts the measuring bolometer and 
b) schematic of the measuring bolometer

The radiometer BOLUX was used for the primary calibration of two photodiodes in terms of efficiency: OptoDiode AXUV and Hamamatsu S8193. They are classic commercial silicon-based photodiodes, although they are slightly different because S8193 has a thicker silicon foil and is covered with a ceramic scintillator to increase its efficiency at high photon energies.
In order to determine the efficiency of a photodiode at a specific energy, it must be guaranteed that the radiation that reaches the photodiode is actually monochromatic, that is to say that higher harmonics must be suppressed or at least their contribution must be negligible.

[image: ]
[bookmark: _Ref117101725][bookmark: _Toc118282789]Figure 37: The monochromator on Métrologie beamline
The beamline is equipped with two crystals (Figure 37) for a finer selection of the wavelength. The second crystal can be detuned with respect to the first one by a certain angle in a process customarily called “pitch”. As the detuning angle increases, the photon flux of all the harmonics decreases, but this decrease is more pronounced the higher the harmonic’s order. Therefore, the flux of photons of the targeted energy decreases, but the fraction of higher harmonics decreases in a greater proportion, so for a sufficiently high angle, the contribution of higher harmonics can be negligible.
Figure 38 shows the efficiency of the OptoDiode AXUV photodiode (current generated per unit power) as a function of the energy, and the associated relative uncertainties in red. A polynomial fit in the log-log scale has been superimposed to account for the oscillations mainly in the range where the efficiency is lower and the current induced is lower, thus leading to a greater uncertainty in the efficiency.
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[bookmark: _Ref117101907][bookmark: _Toc118282790]Figure 38: Efficiency of photodiode AXUV determined by measuring the current induced 
by a photon beam whose power has been measured by BOLUX
A silicon drift detector (SDD) was calibrated in terms of efficiency using the OptoDiode AXUV photodiode calibrated with BOLUX as a reference standard. It must be noted that an energy-dispersive spectrometer is not capable of reliably measuring photon fluxes as high as the ones required by a radiometer like BOLUX. The solution is to use a “transfer device”, that is to say a reference standard that shows a good linearity in a wide range of fluxes, so it can be calibrated in terms of efficiency using a strong flux measured with BOLUX. This can then be used to determine the power of a much weaker beam, which will be measured by the energy-dispersive spectrometer. Photodiodes have proven to have a linear response in a wide range of beam powers, so they are a very suitable choice as transfer devices when it comes to calibrate an energy-dispersive spectrometer with a radiometer.
For each value of the energy, the current induced by the beam in the reference photodiode was measured. Since the photodiode’s efficiency was known at this point, the beam power (total amount of energy per unit time) could be determined. Given that the beam is monochromatic, by dividing the beam power by the energy of each photon, the number of photons emitted in the beam per unit time is determined. Subsequently, the same photon beam was measured by the SDD. The ratio between the detector’s count rate and the total number of emitted photons is the intrinsic efficiency of the detector. The efficiency curve of the SDD determined by this procedure is shown in Figure 39. The experimental results obtained by this procedure were compared with the result of Monte Carlo simulations with PENELOPE code. The simulations require the geometric parameters obtained by optimization of other measurements that had been carried out in the laboratory using an tunable monochromatic source based on an X-ray tube and a proportional counter as a reference detector: 488-µm-thick silicon disc, with a 70-nm dead layer and a 15-µm-thick beryllium window.
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[bookmark: _Ref117102320][bookmark: _Toc118282791]Figure 39: Efficiency curve of an SDD spectrometer calibrated against photodiode AXUV, in turn calibrated against BOLUX,
along with the efficiency calculated by Monte Carlo simulations with PENELOPE code
This promising result will allow the absolute calibration of energy-dispersive spectrometers, e.g. our HPGe spectrometer, using well-known monochromatic photon beams measured via a primary method by a non-dispersive radiometer and a transfer instrument. The chosen transfer instrument, an SDD, has a sufficiently good linearity to be calibrated with intense photon fluxes as the ones required by the radiometer, but is also sufficiently sensitive to measure much weaker fluxes as the ones tolerated by the energy-dispersive spectrometer.
Spectrometers calibrated by this procedure will allow, in combination with primary measurements of activity, the determination of photon emission probabilities that will be independent of any previous measurement of these parameters.

Measurement of half-live and gamma-ray emission probabilities of beta emitters (JRC-Geel / SCK)
The contributions of JRC Geel and SCK CEN as part of Task 2.4 are linked with the Work Package 8 of the EURAD project “Spent fuel characterisation and evolution until final disposal”. As part of this Work Package, JRC Geel, SCK CEN and JSI have identified a list of key nuclides to predict the main observables of interest for the transport, storage and disposal of spent nuclear fuel assemblies.
Based on this list of nuclides, the decay data required to predict the neutron and gamma-ray emission and decay heat rate of spent fuel assemblies were studied as a contribution to Task 2.4. This study involved a comparison of the decay data recommended in the main evaluated data libraries (ENDF/B, JEFF and JENDL) together with the decay data recommended by the DDEP project. A report summarising the results of this study together with recommendations is in preparation and will be available in February 2023 as an output of SANDA. In addition, a more detailed study of some specific key nuclides was performed as part of a collaborative effort of JRC Geel, SCK CEN and JSI. This study involved an outline of their production path and sensitivities of their production to nuclear data and irradiation history data. This will lead to recommendations for the various nuclear data projects. A report describing such a study for 90Sr, 134,137Cs and 148Nd is in progress and will be available as an output of the SANDA project in March 2023. This report will be used as a template for the study of other key nuclides, which will also be part of the SANDA project.
Unfortunately, an experimental contribution to Task 2.4 (e.g. measurement of some specific decay data) will not be possible due to the reduction in staff and specific credit resources at JRC Geel. It should be noted that available resources for JRC Geel within SANDA are limited and the work of SCK CEN and JSI is based on an in-kind contribution. 

[bookmark: _Toc118284513]Task 2.5: Fission yields measurements 
Fission yield measurements at NFS (CEA)
The goal of the proposal is to provide constraining data that will contribute significantly to an improved description of the fission process. In its one-arm configuration, FALSTAFF will enable the study the evolution of the post-neutron evaporation fragment mass distribution for 235U as a function for incident neutron energies from 500 keV up to 20 MeV thanks to the large energy extent of the NFS beam (SPIRAL2, GANIL, Caen). 
In 2021, the acquisition system has been upgraded and a new stop detector has been installed. FALSTAFF was moved to GANIL in September 2021 and benefitted from a substantial involvement of GANIL physicists and technical. Many improvements have been done and results obtained with a new 252Cf source are now in better agreement with simulations.
The ability of the axial ionization chamber to provide information on the nuclear charge was investigated in a dedicated experiment in March 2022. FALSTAFF was installed next to the VAMOS spectrometer at GANIL to detect one of the fission fragments in the reactions 238U on 27Al and 9Be targets. Fragments were slowed down before being detected in the FALSTAFF ionization chamber while the other fragments were fully identified in VAMOS. Results will be helpful for the neural network learning that has been developed on purpose for the charge identification with FALSTAFF by the collaboration. For the analysis of this experiment as well as for further developments on FALSTAFF, a doctorate thesis is funded by CEA, with a start of contract in fall 2022.
Furthermore, the energy resolution of the FALSTAFF chamber was found better than 1.4 % which is very close to the expected value. 
The experiment at NFS is planned for November and December 2022. The budget attributed to FALSTAFF by SANDA will be used to finance the postdoctoral stay of the physicist who will analyze data. 
The NFS planning and the recent enlargement of the collaboration will allow us to reach the milestone MS13 “Completion of the measurements with FALSTAFF at NFS” for M40 instead of M36 and analyze data to provide results on time for the D.2.13 deliverable which has been renamed “Report on fission fragment studies with FALSTAFF at NFS” (M48).

Fission yields measurements at LOHENGRIN
In the framework of a collaboration between the CEA, the LPSC and the ILL, a program of actinide fission yield measurements has been initiated for several years at the LOHENGRIN spectrometer. With the support of the SANDA project, a new absolute measurement of the 235U(nth,f) mass yields was achieved, in combination with a new independent evaluation (cf task 4.2.1 Evaluation of fission yields). A special focus on the symmetry region could also be initiated through the development of a dedicated Time of Flight (ToF) line added to the existing experimental setup at LOHENGRIN. All of this work is achieved in the frame of the PhD work of Maxime Houdouin-Quenault.
235U(nth,f) independent mass yields
The first goal of the collaboration measurement campaigns consists in the precise measurements of mass and isotopic yields, with a control of the systematic effects and the determination of the covariance matrices associated to the analyses. A new measurement method and consequent analysis path have been developed. Among the special features of this method are the self-normalization of the data. Provided that all the heavy mass rates are measured, it is possible to self-normalize the data by defining to 100% the sum of the whole heavy peak yields. Therefore, these new measurements are independent from any other experiment or assessment and may be compared directly with the existing data and evaluations. For these observables, their dependency with fission fragment kinetic energy increases significantly the retrieved information on the fission process.
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[bookmark: _Ref117188296][bookmark: _Toc118282792]Figure 40: Preliminary results for the 235U(nth,f) mass yield measurements and their relative uncertainties..
Figure 40 shows the preliminary results obtained for the 235U(nth,f) mass yields measured during a two weeks campaign in May 2021. The focus was on the higher yields both on the light and heavy peaks. The yields are normalized from a new CEA evaluation presented in subtask 4.2.1 report and compared to the JEFF-3.3 evaluation. The self-normalization will be completed with addition of low uncertainties symmetry yields foreseen to be measured in 2023 with the ToF line detailed in the next part. These preliminary results show the goal achieved for the reduced uncertainties around 1% for the majority of the measured masses. They are in general good agreement with the JEFF-3.3 evaluation, though a slight underestimation of the yields can be seen around masses 140 to 144, where further analysis has to be achieved.
Development of a Time-of-Flight line 
The measurement of very low fission yields in the symmetry region and the heavy wing of the distributions is difficult to achieve due to the strong contamination by other masses with much higher yields and requires the development of a new experimental setup. The addition of a ToF line before the entrance of our ionization chamber would permit a much better cleaning of contaminating masses in the symmetric and far asymmetric regions where mass yields are lower than 1%. Indeed instead of the existing measurement technique (ΔE x E), a triple coincidence (ΔE x E) x ToF with an additional time filter would permit an unambiguous identification of the mass to be measured. Figure 41 shows a scheme of the ToF line with a zoom on the SiN foils and the electron detectors, which constitute the Start and Stop of the ToF determination.
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[bookmark: _Ref117188279][bookmark: _Toc118282793]Figure 41: Scheme of the ToF line with a zoom on the SiN foils and the electron detectors..

A prototype for the ToF line was built at the LPSC and tested at LOHENGRIN during a campaign in July 2021. The channeltron technology was first tested. This choice is dictated by the degraded vacuum within the last magnet of the LOHENGRIN spectrometer (10-6 mbar but possibly 10-5 mbar locally). Unfortunately, the results showed an insufficient time resolution around 500 ps. 
As a conclusion of this test campaign, it was decided to switch to the MCP (Microchannel Plate) technology for the electron detection of our ToF line. Indeed, we proved that the target time resolution around 150 ps could be achieved with this technology. This induces to remove the refocusing magnet at LOHENGRIN, in order to get a fully dedicated beam line below 10-6 mbar. The complex magnet removal was a big constraint, but was successfully achieved during the July 2021 test campaign. The MCP detectors are to be mounted and tested inside the prototype in Fall 2022.

Fission yield studies with the PI-ICR technique at IGISOL (University of Jyväskylä / University of Uppsala)
This task is about developing the fission yield measurement techniques at IGISOL-4/JYFLTRAP facility. The yield measurement is based on counting the ions of fission products, which are unambiguously identified by determining their mass precisely with a Penning trap.  The constantly improving resolution of multi-reflection time-of-flight devices (MR-TOF's), which is approaching R ≈ 200000, allows to use MR-TOF for the ion identification as well.  Originally, the fission products were identified by JYFLTRAP Penning trap and the sideband cooling technique. The resolution of the sideband cooling and MR-TOF techniques is sufficient to identify most of the fission products. The shortcomings appear in the regions close to beta stability, where the mass differences are small, and for isotopes with isomeric states that cannot be distinguished from each other. The development of the PI-ICR (Phase-Imaging Ion-Cyclotron-Resonance) technique has made it possible separating ions whose mass difference of the order of tens of keV/c2. The technique has already been applied to isomeric yield ratio (IYR) measurements at IGISOL-4/JYFLTRAP. 
In this work the different separation techniques (sideband cooling and PI-ICR) are systematically compared.  The purpose is to establish an optimal procedure for the fission yield measurements that would benefit the strengths of both techniques.
The experimental study case will be the 25 MeV proton induced fission of 232Th.  The selection is because this case is almost thoroughly studied at the IGISOL-4/JYFLTRAP. There exists plenty of yield data which has however not been published.  This is since the data seems to have some crucial discrepancies in the 132Sn region. The experimental studies will, in addition to systematic comparison the results of different techniques, complete the independent fission yield data set for 25 MeV proton induced fission of 232Th. 
The proposal for a 6-day experiment has been approved in the JYFL-ACCLAB program advisory committee meeting in May 2021, and is currently aimed to be scheduled in early 2023. The execution of this experiment, as well as the entire experimental program at the IGISOL-4 has been severely delayed due to extended maintenance break of the JYFL-ACCLAB cyclotrons and the technical problems with the helium gas purification system. 
As a result, the deliverable D2.8 will be delayed from month 36 to month 48.
(p,2p) reaction studies at FAIR (USC)
The goal of the measurement is to demonstrate the validity of quasi-free proton knockout (p,2p) as a subrogate reaction to investigate fission barriers and isotopic fission yields in inverse kinematics. It was then proposed to perform and experiment at the GSI/FAIR facility where the fission of 237Pa should be investigated, impinging beams of 238U at 500A MeV on a liquid-hydrogen target. One of the main outcomes of the experiment will be the investigation of the evolution of the fission yields with the excitation energy. This measurement was performed at GSI/FAIR in March 2021, achieving the milestone MS14 within a month delay.
The measurement required a complex experimental setup to fully identify in atomic and mass number the two fission fragments but also to accurately determine the momenta of the two outgoing protons to reconstruct the missing mass of the reaction (excitation energy of the fissioning nucleus). Because of the Lorentz boost, the two fission fragments fly forward and can be identified in atomic number from the measurement of the energy lost in a double Multi-Sampling Ionization Chamber (Twin_MUSIC), and in mass number from the determination of their magnetic rigidity using the large acceptance superconducting GLAD dipole, a high resolution (~200 m) tracking the trajectories of both fragments with multi-wire proportional chambers (MWPC) and with accurate time-of-flight measurements (~40 ps) using a start plastic scintillator and a large-area ToF-wall.  
The two outgoing protons are tracked with a two-layer silicon tracker with 2D segmentation and a pitch of 65 m, and their total energy measured with a resolution of around 1% with the Califa calorimeter composed for this experiment by more than 1500 CsI crystals. Moreover, the double gained of the Califa electronics make it possible to measure also gamma rays emitted in coincidence. The NeuLand neutron detector will provide also de detection of neutrons emitted during the fission process and investigate the neutron multiplicity as function of the excitation energy. 
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[bookmark: _Ref116919122][bookmark: _Toc118282794]Figure 42: 2D correlation plot of the atomic numbers of the two fragments produced in all fission reactions and charge distribution.
The experiment that was initially scheduled for May 2020 and then postponed until March 2021 because of the Covid-19 pandemic. The main activities during this period were the following:
· Setting up the complete experiment, including data-acquisition system and on-line analysis March 2021.
· First calibration run at GSI/FAIR using a 208Pb beam, March 2021.
· Data taking with the 238U beam, March-April 2021.
· Data sorting, May 2021 – August 2022.

The main results obtained so far are the identification in atomic number of the two fission fragments produced in the reaction 238U(p,2p) fission and the identification of the two outgoing protons with the Califa calorimeter. Figure 42 shows a scatter plot of the atomic numbers of the two fragments produced in all fission reactions produced in collisions of 238U projectiles at 500A MeV with protons. In the inset we show the same distribution only for (p,2p) reactions. As observed the atomic numbers are determined with a resolution of Z~0.4.
The two protons produced in the (p,2p) reactions were identified using the Califa calorimeter. In the upper panels in Figure 43 we report the polar angle correlation between these two protons. The free (p,2p) scattering would correspond to a value of the relative angle on 90º.  Because of the kinematic conditions in our experiment the observed maximum value of relative polar angle around 80º corresponds to the (p,2p) quasi-free scattering. Those are reactions where the knocked-out proton from 238U scapes without interacting with the other nucleons, and producing a hole in the Fermi energy distribution of the nucleons in 238U. The difference in energy between the orbital occupied by the knocked-out proton and the Fermi level corresponds to the excitation energy gained by the residual nucleus, 237Pa, undergoing fission.
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[bookmark: _Ref116919258][bookmark: _Toc118282795]Figure 43: Upper panels: Relative polar angle between the two outgoing protons in 238U(p,2p) reactions. Lower panels. Distribution in atomic number of the fission fragments as function of relative polar angle between the protons (larger to smaller relative angles from left to right).
All other cases with relative polar angle between the two protons is smaller than 80º correspond to collisions where the knocked out proton rescatters with any of the nucleons in 238U. This rescattering increases the excitation energy gained by the residual nucleus, 237Pa. This effect is illustrated in Figure 43 where we represent the measured distribution in atomic number of the fission fragments produced in 238U(p,2p) reactions for different values of the relative polar angle between the two protons. As can be seen, in quasi-free (p,2p) reactions (~80º, left panels) the distribution in atomic number of the fragments is asymmetric, as expected for low-energy fission. However, when rescattering occurs (<80º, central and right panels) the distribution becomes symmetric as expected for higher energy fission. Indeed, it is observed how the larger the rescattering (the lower the relative value of the polar angle), the more symmetric is the distribution in atomic number of the fission fragments and the higher the excitation energy of the fissioning nucleus. This result clearly demonstrates how (p,2p) reactions can be used to select the excitation energy of the fissioning system. Additional details can be found on the deliverable D2.14 submitted with 4 months delay.

[bookmark: _Toc118284514]Task 2.6: New measurements for non-energy applications 
Spectrum averaged cross sections for dosimetry (NPL)
NPL has purchased and begun the full characterisation of a 50% HPGe gamma detector and digitiser for use in this cross-section measurement. Initial measurements and optimisations have been performed and full characterisation using standard mixed radionuclide sources will commence soon. Root algorithms have been developed to analyse the data and Monte Carlo models are being built in MCNP and GEANT4. A new experimental arrangement has been designed to completely encapsulate the 252Cf source in tin foil and is in the process of fabrication. This will eliminate the dominant uncertainty due to distance and increase the activation of the foil in a shorter time period. 
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[bookmark: _Toc118282796]Figure 44: Photo of the new measuring station available at NPL.
NPL has completed the initial experimental work and analysis for the measurement of the 117Sn(n,n’)117mSn. Natural foils of Tin, 15 mm diameter and 1 mm thick, were irradiated in the NPL low scatter facility (see Figure 45) for ~18 days with a fluence rate of ~42k n×cm-2×s-1. There was a 10-day gap before measurements were commenced using a NaI scintillator (102x102 mm) for a period of ~ 42 days. Data analysis to obtain the activity of the foils is complete for this measurement which included energy calibration, gain matching, re-binning, background subtraction and efficiency calibration, fitting/summing peaks. The efficiency calibration was performed using radionuclide gamma sources and GEANT4 simulations and is the largest source of uncertainty for this measurement of at least 10% (full uncertainty analysis still required). Determination of the spectrum averaged cross section requires the folding of the incident neutron spectrum with the evaluated cross sections (in this case RUSFOND-2010 and EAF-2010). MCNP calculations are underway to determine the neutron spectrum incident on the foils which includes the source encapsulation, mounting assembly and the large low-scatter area.
Initial results are promising and indicate an increase in the evaluated cross section is required (simple scaling factor) which appears to match the published data (see Figure 46). This measurement is limited by the uncertainty of the efficiency of the detector and will be improved for the next measurement. Another complication is the 117mSn state is populated by two additional reactions: 116Sn(n,) and 118Sn(n,2n).
The work so far has been presented at Neutron Users Club 2021 meeting at NPL and accepted for a poster presentation at the IOP Joint APP, HEPP and NP conference in April 2021.
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[bookmark: _Ref116987815][bookmark: _Toc118282797]Figure 45: Low scatter facility at the National Physical Laboratory.
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[bookmark: _Ref116987752][bookmark: _Toc118282798]Figure 46: 117Sn(n,n')117mSn published data (EXFOR) and evaluated cross sections. Dotted lines show the scaled cross.
Measurement of cross sections relevant for hadron therapy (PTB / HZDR / IST)
The scientific background of subtask 2.6.2 is described in the progress report for task 1.4, which is focused on the construction and testing of the experimental set up for the measurement of double-differential cross sections (DDX) for the neutron-induced emission of light charged particles from carbon at neutron energies between 20 MeV and 200 MeV. Subtask 2.6.2 is dedicated to the actual measurement, which will be carried out at n_TOF, the neutron time-of-flight facility of CERN. 
The activities of subtask 2.6.2 will begin directly after the successful completion of task 1.4. In November 2022, the beamtime granted by the INTC (Isolde and n_TOF Experiments Committee) for the purpose of detector testing will be fully exhausted. Based on its results, a new scattering chamber will be designed, and the experimental proposal for the DDX measurement will be finalized. The plan is to submit the DDX proposal to the INTC meeting of February 2023. If no further delays occur, the measurement should be executed in the second half of 2023.
Measurement of  + emitters (University of Sevilla)
The measurements for the production of long-lived emitters up to 18 MeV were carried out at the CNA (Seville, Spain) 18 MeV cyclotron. Thin targets of polyethylene, PMMA and Nylon were irradiated and the corresponding activity from 11C and 13N, both + emitters, measured with a clinical PET scanner. The production yields were validated against the IAEA standard 63Cu(p,n)53Zn cross section. The data analysis was finalized. The results (see Figure 47) consist of the cross sections of 5 reactions at 14 energy values, between 4 and 18 MeV, each. The highlights of this work can be summarized as:
· Development of a new method to measure the production yield of β+ emitters induced by a beam of charged particles.
· Combination of multi-foil activation with detection of the annihilation radiation with a clinical PET scanner.
· Reactions studied up to 18 MeV: 14N(p,α)11C, 12C(p,γ)13N, 16O(p,α)13N and 16O(p,3p3n)11C.
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[bookmark: _Ref117066471][bookmark: _Toc118282799]Figure 47. Top: selected data for the IAEA evaluation and recommended parametrisation (fit. Padé) for 14N(p,)11C (left) and 18O(p,)13N (right) reactions. Middle: experimental and evaluated data integrated in the energy intervals of the measurement for 14N(p,)11C (left) and 18O(p,)13N (right). Bottom: ratios of  the obtained data sets with respect to the evaluation for 14N(p,)11C (left) and 18O(p,)13N (right).

The results have been published as T. Rodríguez-González, C. Guerrero et al., “Production yields at the distal fall-off of the + emitters 11C and 13N for in-vivo range verification in proton therapy”, Radiation Physics and Chemistry 190 (2022) 109759 [footnoteRef:5]. [5:  DOI: 10.1016/j.radphyschem.2021.109759] 

The measurement for the production of long-lived emitters up to 200 MeV require the use of a clinical beam, which is not available for research in Spain. Hence the researchers from Universidad de Sevilla established a collaboration with the WPE proton therapy center in Essen Germany. A first experiment was carried out in July 2020, using again targets of polyethylene, PMMA and Nylon that were irradiated with a pencil beam and then analyzed with a clinical PET scanner; a second one with improved targets took place in 2021. Overall, the results represent, to date, the most complete and accurate set of excitation functions for the production of light-positron emitters 11C, 13N and 15O in proton induced reactions on human tissue up to 200 MeV. Seven excitation functions have been measured: 12C(p,x)11C, 14N(p,x)11C, 14N(p,x)13N, 14N(p,γ)15O, 16O(p,x)11C, 16O(p,x)13N and 16O(p,x)15O up to 200 MeV of proton incident energy (see Figure 48).
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[bookmark: _Ref117066499][bookmark: _Toc118282800]Figure 48.Left panel. Top: proton induced reaction cross section to produce 11C, 13N and 15O in C, N and O. Bottom: proton induced reaction cross section to produce 11C, 13N and 15O weighted by the C, N and O composition in the human body. Right panel. cross sections for the production of 11C, 13N and 15O on C, N and O. Note that, although the original evaluated data correspond to the ENDF/B-VII.0 library, in order to cover the full energy range, the ICRU63 extrapolation has been included, which originates the change of style above 150 MeV.

The results have been accepted for publication in Nuclear Data Sheets T. Rodríguez-González, C. Guerrero et al., “Production of 11C, 13N and 15O in proton-induced nuclear reactions up to 200 MeV”, accepted for publication in Nuclear Data Sheet (Sept. 2022).
The measurement for the Production of short-lived (12N, 29P and 38mK) up to 230 MeV of short-lived (T1/2<4s) isotopes requires measuring with a clinical beam but having the detection system in-situ. An added difficulty compared to the measurement on longer-lived ones, is that the material used as converter for the emitted positrons is also activated by the beam and hence produced a non-desirable background. The measurements to produce 12N, 29P and 38mK from C, P and Ca targets took place in Fall 2021 at the Heidelberg proton therapy center (HIT) in Germany, with funding for Transnational Access via the H2020 HITRIplus project. The detection set-up consisted in two LaBr3 scintillators that looked at individual thin targets placed in the proton beam, which was pulsed in beam-on/beam-off intervals adjusted to the half-life of the corresponding isotope of interest (from milliseconds to a few seconds), as illustrated in Figure 49.
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[bookmark: _Ref117066406][bookmark: _Toc118282801]Figure 49.Left panel: photo of the setup. Right panel: time structure of the decays of the isotopes produced by the pulsed proton beam.
The experimental campaign was successful and the data analysis is currently ongoing. The expected results include the cross section corresponding to 12C(p,n)12N, 31P(p,pnn)29P and 40Ca(p,ppn)38mK from the reaction threshold up to 200 MeV.



[bookmark: _Toc118284515]Work package 3
[bookmark: _Toc118284516]1.2.3.1	Task 3.1: Intensification of the “producer – user – interaction”
Target makers need as much as possible information on the specific envisaged experiment in order to produce the target in a way meeting all requirements. Several questions have to be answered by the experimenter:
Total amount of activity? Which chemical form? With carrier or non-carrier-added? Disturbing isotopes? Magnitude of decontamination factors? Matrix of the final sample? Single or multiple separation? Self-supporting or with backing? Which backing? Thickness of the backing to be known? Isotope composition required? Distribution to be known? Thickness measurement required? Single or multi-use? and many more. The more the target maker learn about the experiment, the better they can meet the requirements. And vice versa: The better the experimenters know about the possibilities of target production, the better they can evaluate the feasibility of their experiment.
PSI and JRC are in charge for the task. Two workshops had been scheduled (29./30.3.2020 – postponed to July 2020 and then cancelled; and 18.8.2021, performed online). Abstracts for both workshops had been collected and summarized in the book of abstracts (Figure 50) that can be found in the library of the SANDA web (http://www.sanda-nd.eu/node/624).  The details of the online meeting and the actual contributions to the meeting can be found at the CERN indico web page (https://indico.cern.ch/event/1064846/ also reachable from the calendar of the SANDA web)  
[image: ]
[bookmark: _Ref117968218][bookmark: _Toc118282802]Figure 50. Summarized contributions to the workshops SANDA I and SANDA II 
Once it was decided which targets can be manufactured, bilateral discussions via Zoom were performed in order to manufacture best fitting targets.
A SANDA III workshop – face to face -  is envisaged, in case that the health situation in Europe remains stable. This workshop should be aimed on reporting on successful experiments and lessons learned in target production to improve the performance in the future. The milestones MS27 “Scheduling regular user – producer meetings” and MS29 “Decision on targets to be manufactured” are thus fulfilled.
[bookmark: _Toc118284517]Task 3.2: Fostering the network of target makers
Target making is very cost-, time- and manpower-intensive, in particular, when the target material is radioactive. Therefore, sharing of knowledge and resources in between the target maker community is necessary to remain efficient and to produce as much as possible targets with the required quality. Due to the pandemic, the possibilities for knowledge exchange were restricted to online communication, and exchange of resources was nearly impossible. 
However, target manufacturers can consult the Internet platform https://www.intds.org/ of the International Nuclear Targets Development Society (INTDS). This society is a non-profit educational organization that promotes the exchange of techniques that have been or are being developed to provide research-quality targets and reference samples, primarily for basic research in physics, chemistry, and related sciences. It helps individuals new to target and sample preparation and publishes target preparation techniques and related topics.
For the first time after the two years gap due to the pandemic, target makers could come together in September 2022 during the 30rd conference of the International Nuclear Targets Development Society, hosted by PSI in Switzerland. Several laboratories from Europe were present during the INTDS conference of which only a few laboratories are able and allowed to handle radioactive material. The next conference is already scheduled for September 2024.
MS28 “Scheduling regular target - maker meetings” has been delivered.
[bookmark: _Toc118284518]Task 3.3: Target production
A list of target requests had been established on the basis of the abstracts submitted to the first and second SANDA workshop on user-producer interaction and D3.3 “Report on produced targets” was delivered. In total, 20 target requests have been received so far:
12 target requests are finished and the targets are delivered. PSI contributed with 4 and JRC with 8 requests. The list of targets delivered includes: Ta-179, Se-79, Nb-94, Be-10, Pu-239 (3 requests with different specifications), U-238 (4 requests with different specifications) and U-235.
5 target requests are pending (PSI has 4 requests under discussion and JRC has 1 request pending because the equipment to produce the requested targets is not commissioned yet) 
2 target requests were cancelled (Isotope production is currently not feasible; Project withdrawn from SANDA) and 1 is on hold (Preparation for further use, no experiment envisaged).
These activities have been performed by JRC and PSI.
[bookmark: _Toc118284519]Task 3.4: Development of an isotope separator
This activity has been performed by PSI and University of Mainz (UMAINZ). The development of the design of a dedicated mass separator in order to obtain isotopically pure samples of long-lived radioactive isotopes for energy-related and non-energy-related (mainly nuclear astrophysical) experiments has been finished. The report D3.4 “Documentation of the design of a mass separation tool for target preparation” is due at the end of the project and will be delivered in time.
The activities for the site preparing for the mass separator at PSI are ongoing. The task is cost- and time-intensive because of the big efforts necessary to declare and/or decontaminate every item, which needs to be removed from the former Pu-zone. Supply chain issues generated by the COVID pandemic additionally complicate the situation and has lead to further delays. D3.5 “Documentation of the site specification for installation of a mass separator in the Hotlab of PSI” is being correspondingly delayed (few months).



[bookmark: _Toc118284520]Work package 4
[bookmark: _Toc118284521]Task 4.1: Nuclear reaction code developments and evaluations
Coordinator: PSI. Partners: CEA/DAM/DIF, CEA/DES, PSI, CNRS/IPHC, TUW, UB, UU
The goal of this task is to support the development of nuclear reaction codes such as TALYS and EMPIRE between various groups (e.g. PSI, CEA, IAEA) and to improve nuclear data evaluations, to be later included in international libraries, namely the JEFF and the TENDL projects. A short summary of the activities performed is provided below.
Sub-task 4.1.1: “TALYS development”. 
A number of improvements were realized in the nuclear reaction codes TALYS, EMPIRE and a summary is provided below.
· In the case of TALYS, a new version was released in December 2021 and is now available at the PSI website (https://tendl.web.psi.ch/tendl_2021/talys.html) and also at the IAEA website (https://www-nds.iaea.org/talys/). This version includes a new deuteron models and improved model parameters, leading to better agreement with experimental data. Presentations of this work were performed at the JEFF meeting and at the ND2022 nuclear data conference [footnoteRef:6][footnoteRef:7]. This corresponds with the achievement of milestone MS30 on time. [6:  The TENDL library: Progress, success, and lessons learned, A. Koning, D. Rochman and J.Ch. Sublet,  15th international conference on Nuclear Data for science and technology (ND2022), online, July, 24-29th, 2022.https://tendl.web.psi.ch/tendl_2021/tar_files/2022_TENDL1_ND2022.pdf it is also available from https://indico.frib.msu.edu/event/52/contributions]  [7:  Status of TENDL, A. Koning and D. Rochman, WPEC-34, NEA, Paris, May 13, 2022, https://tendl.web.psi.ch/tendl_2021/tar_files/2022_TENDL_WPEC.pdf] 

In addition, a number of databases were released with TALYS, called EXFORTABLES, ENDFTABLES, Libraries-2020 and RESONANCETABLES, which are extremely useful for the evaluation work (available on the IAEA TALYS webpage).
In the case of EMPIRE, there are two aspects related to the availability of new EMPIRE modules/models: (A) the public access to the newest versions, which concerns mainly the users of this code, and (B) modules developed and tested in EMPIRE portable to other reaction codes, which are of interest for a larger part of the nuclear data community:
A. EMPIRE-3.2.3 is the latest tested version which since November 2021 can be downloaded as portable version for MS-Windows 64-bit (including sources and installation scripts for 32-bit) or as sources and installation scripts for Linux and MacOS from https://www-nds.iaea.org/empire/index.html or https://www-nds.iaea.org/cdroms/. In February 2023 it is planned a meeting of the EMPIRE developers team having as objective a major release of a new version of the code. A presentation on the EMPIRE development was done at the CW2022[footnoteRef:8] workshop. This corresponds with the achievement of milestone MS31 on time. [8:  M. Herman, Empire of covariance – art, strategies and correlations,  5th International Workshop on Nuclear Data Covariances (CW2022), September 26-30, 2022.] 

B. Similar evaluations from different libraries show in many cases significant discrepancies. These can be explained by the use of different codes, different models, approximations, implementations or different sets of experimental data considered in the evaluation process. To identify better, the sources of discrepancies, an intercomparison of the main codes employed in evaluations (EMPIRE, TALYS, CCONE and CoH3) using exactly the same controlled set of input parameters was conducted. The results, presented at ND2016, proved to be very instructive. Therefore, within the IAEA CRP RIPL-4 it was suggested to continue the intercomparisons but making a step further: beside the same set of input parameters to use the same modules to calculate certain quantities such as level densities and fission transmission coefficients as being the largest sources of discrepancies. EMPIRE was considered the most appropriate to implement and test these modules.
Finally, on the evaluation code and method for light elements, TU Wien has been focused on the construction of the code GENEUS  which should provide a Bayesian evaluation suited for light nuclei. At the beginning of the period we completed the determination of an independent set of observables required for evaluation and implemented it. A further focus was the implementation of R-matrix based evaluations as discussed in the presentation at the CW2022[footnoteRef:9]. [9:  H. Leeb, Nuclear Data Evaluation of Light Nuclear System, 5th International Workshop on Nuclear Data Covariances (CW2022), September 26-30, 2022.] 


Sub-task 4.1.2: “Nuclear reaction evaluation”. 
Such evaluation efforts go in pair with the previous subtask 4.1.1. 
Updated evaluations are being prepared between CEA, PSI, IAEA, CNRS and UU, to be submitted to the OECD/NEA Databank. Recent examples concern Os 186, 187 and 188 isotopes, La139 (including the newest published data from the n_TOF collaboration), and structural materials: Al27, Ti48, Ti50, Ni58, Ni60, Ni61, Ni64, Cr50, Cr52, Cr53 and Cr54. This corresponds with the achievement of milestone MS33 with a small delay.
The future release of the JEFF library (in 2024) motivated the revision of the resonance range of the neutron cross sections of actinides (Pu239, U235, U238, U234, U236, Np237, Am241, Am243, Pu240, Pu242). Figure 51 is presenting the progress on the fit of specific actinides in the resonance range. Actinide evaluations (U235, U238 and Pu239) are currently being re-analyzed, and a new set of evaluated files is expected to be submitted to the NEA Databank before November 2022. This corresponds with the achievement of milestone MS32 with a small delay.
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[bookmark: _Ref118106957][bookmark: _Toc118282803]Figure 51. Examples of resonance analysis performed with the CONRAD code. 
As mentioned previously, evaluation work and code development on this task can be performed without the feedback from new measurements for the time being. No delays are foreseen for now. A re-assessment of the impact of delayed experiment results because the pandemic situation should be done before the end of 2022. The resonance analysis was performed with the nuclear data codes CONRAD and REFIT, which are developed at CEA/DES of Cadarache (France) and JRC-Geel (Belgium), respectively. The data sets introduced in the evaluation procedure come from the EXFOR database. The latest experimental results measured at the GELINA (JRC-Geel) and n_TOF (CERN) facilities were included in the resonance analysis.  Results obtained for Pu239 and U235 were compared with the evaluations produced by Luiz Leal (IRSN) and Marco Pigni (ORNL) with the SAMMY code. This collaborative effort was managed by IAEA via the International Nuclear Data Evaluation Network (INDEN). Several communications were presented to the ND2022 in July 2022[footnoteRef:10]. [10:  E. Dupont, N. Otuka, D. Rochman, G. Noguère, for The n_TOF Collaboration, Overview of the dissemination of n_TOF experimental data and resonance parameters, in Proc. Int. Conf. ND2022, 2022; G. Žerovnik, G. Noguère, L. Benedik, D. Kocijanci, V. Radulovic, Am-241 thermal neutron capture cross section and neutron capture resonance integral from reactor activation and oscillation measurements, in Proc. Int. Conf. ND2022, 2022; G. Noguere, P. Tamagno, O. Bouland, C. De Saint Jean, Evaluation of the neutron-induced cross sections of actinides using the CONRAD computer program, in Proc. Int. Conf. ND2022, 2022. 
The presentations are available from the web od ND2022 https://indico.frib.msu.edu/event/52/contributions.] 

[bookmark: _Toc118284522]Task 4.2: Fission yields and nuclear structure and decay data evaluations
Coordinator: IFIN-HH. Partners: CEA/LNHB, CNRS/LPSC, Sofia University, Atomki, CNRS/Subatech. The following activities are proposed within Task 4.2 of SANDA:
Fission Yields evaluation (and measurements)
Nuclear structure evaluation for ENSDF and DDEP
Decay data evaluation with TAGS data

Fission Yields evaluation
The activity concentrates on the development of the FIFERLIN code and it is directly linked to the LOHENGRIN measurements (ILL) described in Task 2.5.2. FIFRELIN can be a useful code for the future Fission Yield Evaluation. FIFERLIN is a Monte Carlo code for:
Calculating fission observables: spectra and multiplicities of the prompt neutron and gamma particles; energies released; fission yields, etc
Investigating correlations between fission observables
[bookmark: _Hlk118021390]In terms of education and training, the work on this subtask has resulted in the PhD defense of Jehaan NICHOLSON, "Determination of fission fragment angular momentum from isomeric ratio measurement", in September 2021, University Grenoble Alpes, France.
Deliverable D4.3 (Report on the evaluation for fission yields) expected from CEA for month 36 is now expected by month 48 as a consequence of the delays in the experimental activities at task 2.5.2 and the limited mobility due to the COVID pandemic and experimental difficulties requiring the change of detector technology.
Nuclear Structure and Decay Data Evaluation
The nuclear structure evaluations performed in the NSDD Data Centres from Debrecen, Bucharest and Sofia follow the procedures described in Procedures Manual for the Evaluated Nuclear Structure Data File, Edited by M.R.Bhat (BNL-NCS-40503) and Evaluated Nuclear Structure Data File, A Manual for Preparation of Data Sets, by J. Tuli (2001), aiming at providing the most comprehensive data library of recommended nuclear structure and decay data values.
At IFIN-HH the evaluation of isotopes of importance for monitoring applications has taken place in collaboration with IAEA. An ongoing activity is addressing the needs of the CTBTO (Comprehensive Nuclear-Test-Ban Treaty Organization). The evaluation of the decay of 133I and 140La was completed during the current reporting period. 133I is currently in the post-review stage while 140La is under review. Further, a new evaluation of several isotopes of the A=86 mass chain is foreseen for the second part of the project. During the current reporting period the work concentrated on a new evaluation of the 86Sr isotope that is currently ongoing. We also note that the positron emitter 86Y decaying into 86Sr is of importance for medical imaging.
At Atomki a new evaluation the A=103 mass chain is ongoing. Up to now the evaluation of most of the A=103 isotopes was performed, with Rb, Sr, Y, Zr, Nb and Rh remaining for the next reporting period. The evaluation of 47Sc and 187Re (isotopes used in medical applications) is also foreseen for 2023.
The evaluation of the A=101 mass chain was completed as part of a joint effort of Atomki and IFIN-HH. This evaluation was submitted for review and additional work is foreseen during the next year covering the post-review process.
At Sofia University a new evaluation the A=107 mass chain is ongoing (50% complete). The evaluation of 117Sn (of importance for medical applications) was completed and was sent for review.
Deliverable D4.4 (Report on nuclear structure and decay evaluation), from IFIN-HH, that was originally foreseen for month 36, is delayed and currently the estimation us that it will be completed in month 48. The delay is mostly caused by the COVID pandemic that limited the exchange of personnel and information between data centers and the coordinating entities (e.g. IAEA, NNDC).
Decay Data evaluation with TAGS data
This activity addresses the well-known issue of the Pandemonium effect by performing and evaluating TAGS (Total Absorption Gamma Spectrometer) data at Jyväskylä. The SUBATECH contribution consists of:
Computation of covariance matrices associated to the TAGS analyses
Include the TAGS data and their uncertainties in the evaluated databases (collaboration with LNHB). To this purpose: A new PhD student supervised by Subatech – IFIC will be involved in experiments at Jyväskylä. Experiments are delayed by about one year. The next TAGS measurements in Jyväskylä are foreseen for the end of 2022.
Discuss with evaluators to help evaluation process for the measured nuclei: collaboration on-going with the LNHB lab. (France) – A Decay Data Evaluation Training Workshop took place in Saclay, March 7-9. 2022, organized by X. Mougeot et al. (LNHB) with the participation of Subatech and IFIC.
The experimental activity (the TAS measurements proposed at Jyväskylä) related to the present task suffers from a delay caused by the COVID pandemic of about 1 year.

[bookmark: _Toc118284523]Task 4.3: Processing and sensitivity
Coordinator: UPM. Partners: CIEMAT, UPM, CNRS/Subatech. UPM carried out the coordination of Task 4.3 and summarizing the status of current Task 4.3 activities which was reported in the SANDA-ARIEL joint Meeting 2022. UPM also carried the coordination for the co-ordination activities of the OECD/NEA - WPEC/SG46 on “Efficient and Effective Use of Integral Experiments for Nuclear Data validation”.
Processing nuclear data libraries using AMPX code
Within the EU/H2020-SANDA project AMPX code is used in order to process the continuous-energy (CE) JEFF-3.1.1 and JEFF-3.3 neutron libraries. AMPX is also applied to generate the COVERX JEFF-3.3 covariance library. The processed library is verified and tested using a comprehensive set of criticality benchmarks from ICSBEP.
The following two new libraries had been made available at the NEA Data Bank:
ZZ-AMPX-JEFF3.1.1UPM, AMPX-formatted Neutron Cross Section Library and Covariances based on JEFF-3.1.1 (https://www.oecd-nea.org/tools/abstract/detail/nea-1927/), which contains a continuous energy neutron cross-section data library based on the JEFF-3.1.1 evaluated nuclear data file for the Monte Carlo codes distributed within SCALE Code System (AMPX format);
ZZ-AMPX-JEFF3.3-UPM, AMPX-formatted Neutron Cross Section Library and Covariances based on JEFF-3.3 (https://www.oecd-nea.org/tools/abstract/detail/nea-1928/), which contains the continuous energy neutron cross-section data library based on the JEFF-3.3 evaluated nuclear data file for the Monte Carlo codes distributed within SCALE Code System (AMPX format) and the covariance matrices based on JEFF-3.3 collapsed into two group structures (33- and 7-group) using a weighting spectrum optimised for fast spectrum systems (COVERX format).
JEFF4-T1 test library was also processed in AMPX format to provide feedback on issues arising from the processing with AMPX as well as to present preliminary results for criticality benchmarks. Several presentations [footnoteRef:11] and one article[footnoteRef:12] and had been prepared to describe this activities. [11:  	A. Jiménez-Carrascosa, O. Cabellos, C.J. Díez, N. García-Herranz, Processing of JEFF nuclear data libraries for the SCALE Code System, JEFF Nuclear Data Week, November 22-26, 2021, JEFDOC-2107.
A. Jiménez-Carrascosa, O. Cabellos, N. García-Herranz, C.J. Díez. Processing and benchmarking of JEFF-4T1 library in the frame of the SCALE Code System, JEFF Nuclear Data Week, April 25-29, 2022, JEFDOC-2144.
A. Jiménez-Carrascosa, O. Cabellos, C.J. Díez, N. García-Herranz, Processing of JEFF nuclear data libraries for the SCALE Code System and testing with criticality benchmark experiments, 15th International Conference on Nuclear Data for Science and Technology (ND2022), 25-30 July.]  [12:  	A. Jiménez-Carrascosa, N. García-Herranz, O. Cabellos, Capacidades del Sistema de Códigos SCALE para el Análisis de Reactores Rápidos Avanzados, Revista Nuclear España, December 2021 (this paper explicitly mentioned the work performed in SANDA for processing librarires in AMPX format) https://www.revistanuclear.es/wp-content/uploads/2021/12/Art.-UPM.pdf.] 

Processing and verification of evaluated nuclear data files and covariances
Several activities were performed in this Task that are described in two presentations made in different JEFF Nuclear Data Weeks of 2021. The presentations can be consulted as JEFDOC documents JEFDOC-2041 and JEFDOC-2091:
Processing and benchmarking of JEFF-4T0 and JEFF-4T1 in ICSBEP[footnoteRef:13] [13:  O. Cabellos, Overview of Processing, Verification and Benchmarking activities at UPM, JEFF Nuclear Data Week, April 28, 2021, JEFDOC-2041
] 

Benchmarking at room and elevated temperatures using KRITZ-IRPhEP Benchmarks for JEFF-3.3 and ENDF/B-VIII.0[footnoteRef:14] [14:  O. Cabellos, A. Jiménez-Carrascosa, N. García-Herranz, G. de Alcázar, Overview of Processing, Testing of the JEFF-3.3 with IRPhEP/LWR KRITZ Benchmarks, JEFF Nuclear Data Week, November 24, 2021, JEFDOC-2091] 


Verification of covariance nuclear data in criticality, and Sensitivity calculations and uncertainty propagation based on the processed file
Several activities were performed in the framework of the WPEC/SG46 – TAR Exercise:
Coordination of activities of WPEC/SG46 – TAR Exercise
Processing covariances in 7-energy groups for different nuclear data evaluations
Preliminary results of TAR Exercise in different applications: JSFR, ESFR, ALFRED, NUSCALE, MSR.
Recently, a new NEA/HPRL entry for 35Cl(n,p) has been approved with the work performed for the TAR Exercise in the MSR/MOLTEX system.
The details of these activities can be found in several presentations[footnoteRef:15] to the WPEC/SG46 working subgroup of NEA/OECD. [15:  O. Cabellos, WPEC/SG46 TAR exercise: Preliminary Results, virtual meeting CSEWG - Covariance Session, November 15, 2021 
O. Cabellos, WPEC/SG46 TAR exercise: Preliminary Results, JEFF Nuclear Data Week, November 22, 2021, JEFDOC-2062 
O. Cabellos, Processing covariances for WPEC/SG46 TAR Exercise, JEFF Nuclear Data Week, November 22, 2021, JEFDOC-2109 
O. Cabellos, Processing covariances for WPEC/SG46 TAR Exercise, WPEC/SG46 Meeting, December 7, 2021 
O. Cabellos, WPEC/SG46 TAR exercise: Preliminary Results, WPEC/SG46 Meeting, December 7, 2021 
Oscar Cabellos, Mathieu Hursin, and Pino Palmiotti on behalf SG46 members, WPEC/SG46 Exercise on Target Accuracy Requirement, 15th International Conference on Nuclear Data for Science and Technology (ND2022), 25-30 July 2022
The WPEC/SG46 presentations can be found at the web page https://www.oecd-nea.org/download/wpec/sg46/.
] 


Sensitivity calculations and uncertainty propagation based on the processed file
A review of sensitivity analysis and LLNL pulsed sphere work was presented[footnoteRef:16] to the WPEC/SG47 working subgroup of NEA/OECD. This sensitivity analysis undertaken provided further guidance on which nuclear data observables are contributing primarily to simulating pulsed-sphere spectra. [16:  O. Cabellos, Remarks on LLNL pulsed sphere work (part II), WPEC/SG47 May 11, 2021. https://www.oecd-nea.org/download/wpec/sg47/meetings/2021-05/documents/Oscar-Denise_WPEC-SG47-11May2021-v3.pdf.] 


Dissemination of nuclear data activities of SANDA project
Several activities were performed for the dissemination of processing, benchmarking, sensitivity analysis and uncertainty quantifications in criticality systems, including a dissemination article[footnoteRef:17] at Revista Nuclear España and a communication[footnoteRef:18] to the Annual SCALE Users' Group Workshop. [17:  O. Cabellos, D. Neudecker, Machine Learning in Nuclear Science and Engineering Applications, Revista Nuclear España, Sept 2021. https://www.revistanuclear.es/wp-content/uploads/2021/09/Art.-Oscar-Cabellos.pdf.]  [18:  O. Cabellos, N. García-Herranz, A. Jiménez-Carrascosa, UPM activities in the framework of SANDA project using SCALE system, 6th Annual SCALE Users' Group Workshop, April 28, 2022. https://www.ornl.gov/file/01oscarcabellosupm/display.] 

Despite the large effort and the significant amount of material available the deliverable D4.5 is not available at month 36, largely due to the COVID pandemic, and the present estimation is a 6 months delay.
[bookmark: _Toc118284524]Task 4.4: Applications
Coordinator: CIEMAT. Partners: CIEMAT, UPM, JSI. CIEMAT contribution to task 4.4 was to be a review of the ICSBEP database for experimental data regarding kinetic parameters, with “selection/classification of benchmarks for different levels of nuclear data sensitivities for benchmarking and validation of nuclear data”. Most of this work has been performed during this reporting period, and as far as now a total of 27 benchmark systems have been identified with experimental information for the effective delayed neutron fraction (βeff), 6 for the effective delayed neutron generation time (Λeff) and 24 for the prompt neutron decay constant α (=-βeff/ Λeff). 
Furthermore, to select/classify the benchmarks with different levels of nuclear data sensitivities, CIEMAT has performed sensitivity and uncertainty analysis (S/U) of these benchmarks with the SUMMON methodology developed at CIEMAT. Part of the results were presented in J. Llanes-Gamonoso’s Master Thesis[footnoteRef:19] and complete results will be described in report “Review of available benchmark experiments for kinetic parameter validation” (in preparation).    [19:  J. Llanes-Gamonoso. Propagation of errors in nuclear data to reactor parameters. Master Thesis, University of Sevilla, July 2022.] 

UPM has contributed to a review of different suites of inputs in ICSBEP, SINBAD and other databases. The selection/classification of benchmarks with different levels of nuclear data sensitivities will help in the benchmarking and validation of nuclear data.
In particular, several technical activities were performed in this Task:
Selection of LCTs for Criticality Safety Analysis of PWR spent fuel pool and storage cask. Benchmarking & Validation for Criticality Safety Analysis of PWR spent fuel pool and storage cask using 220-LCTs criticality benchmarks for JEFF-3.3 and ENDF/B-VIII.0.
Study of different nuclear data libraries to predict reactivity change with burnup: “the burnup issue”. An extensive burnup analysis is performed at two different levels:
in a typical PWR pin-cell
in a PWR- 1000MWe – Westinghouse reactor
Depletion calculations are performed with JEFF-3.3, ENDF/B-VII.1 and ENDF/B-VIII.0. In addition, sensitivity profiles for direct and indirect terms in keff and isotopic prediction were calculated.
Finally, within the framework the JSI/UKAEA collaboration, the following activities, related to Task 4.4 of the SANDA project, were performed:
Work on SINBAD shielding benchmarks:
Coordination of OECD/NEA WPEC SG47
Evaluation of new shielding experiments: FNG Cu, KFK Fe gamma, CIAE iron sphere
Updates of existing evaluations: JANUS-1 & -8, NESDIP-2, ASPIS, etc.
Acceleration of MCNP calculations using ADVANTG: ASPIS Fe88, TIARA
Validation, code comparison

Work on SINBAD depletion benchmarks and other spent fuel experiments:
C/E comparisons: NPP Gösgen (GU3), NPP Tihange
Overview of depletion experiments of SFCOMPO
Participation at OECD/NEA WPNCS SG10
Participation at the »Blind Test« exercise of SNF decay heat, organised by SKB
Work on determination of burnup, normalisation of depletion calculations
Further details have been reported in a number of communications to conferences and workshops[footnoteRef:20].  [20:  O. Cabellos and A. Espaliú, Comparison of Burnup Calculations for ND Validation Activities. JEFF Nuclear Data Week, November 25, 2021, JEFDOC-2111.
I. Kodeli. Outcomes of WPEC SG47 on “Use of Shielding Integral Benchmark Archive and Database for Nuclear Data Validation”. Int. conf. ND 2022. 
I. Kodeli. XSUN-2022/SUSD3D n/g Sensitivity-Uncertainty Code Package with Recent JEFF3.3 and ENDF/B-VIII.0 Covariance Data. CW2022, 5th Int. Workshop on Nuclear Data Covariance, Sept. 26-30, 2022. 
I. Kodeli and S. v. d. Marck. Consistency among the results of the ASPIS Iron88, PCA Replica and PCA benchmark results. Int. conf. ICRS14 RPSD22, Sept. 25 - 29, 2022
G. Žerovnik. Characterisation of spent nuclear fuel for a typical PWR. Int. conf. SFW'22
V. Bécares et al., Progress in neutronic sensitivity and uncertainty analyses at CIEMAT. 47th Annual Meeting of the Spanish Nuclear Society, Cartagena (Spain) 26 - 30 September 2022.] 

Despite the huge effort and the large amount of material available the deliverable D4.6 is not available at month 36, largely due to the COVID pandemic, and the present estimation is a 6 to 12 months delay.
[bookmark: _Toc118284525]Task 4.5: High-energy model uncertainties
Coordinator: CEA/Saclay. Partners:  USC. Task 4.5 “Report on the possibility to generalize the high-energy model uncertainties methodology” is devoted more precisely to the study of the optimization of one set of parameters of the INCL (Liège Intra Nuclear cascade) code with the estimate of the related uncertainties, and to better know what is possible to get in the future.
Based on preliminary works done within the previous CHANDA project, a method has been built using the Bayesian statistics where the optimization of parameters and the determination of their uncertainty is done via the constraint of experimental data. Here is briefly summarized the method. Using p: a priori value of the parameters; p': a posteriori value of the parameters; ID: covariance matrix (link between parameters and experimental data); DD: covariance matrix (its inverse is the precision of the experimental data); t: experimental value of the physics quantity; and T(p): Taylor expansion of the calculation results:
p' = p + ID (DD)-1 [t-T(p)]
This equation is calculated in an iterative way, where p is replaced by p', to get the optimized value. The same method is used to get in addition the related uncertainty, but instead of using the p' values for the next iteration, a value drawn from a gaussian distribution is used. The mean and standard deviation values of the gaussian distribution are respectively the p' values and the experimental uncertainties. The reason to use those two steps, is that the first one is faster than the second one to get the optimized value. The first method used is the Expectation Maximization and the second one the Gibbs sampling. The methodology will be described with more details in the report.
The algorithms used in this studies are time consuming. The main goal being to know what is possible to do, research was started with the optimization of four parameters of INCL using the neutron double differential cross section as constraint. This method has been tested with a toy model. Two parameters that are multiplied. The a priori value of the first one is 12 and 8 for the second one. The observed value of the product is 15. Figure 52. Convergence in red of the optimization procedure and in blue of the uncertainties estimate for a toy model shows the convergence in red of the optimization procedure and in blue of the uncertainties estimate.
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[bookmark: _Ref118028433][bookmark: _Toc118282804]Figure 52. Convergence in red of the optimization procedure and in blue of the uncertainties estimate for a toy model
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[bookmark: _Ref118028543][bookmark: _Toc118282805]Figure 53. Preliminary result for two parameters among the four that have been chosen

[bookmark: _Hlk118028505]A preliminary result for two parameters among the four that have been chosen, is displayed in Figure 53. Preliminary result for two parameters among the four that have been chosen. The proposed approach was executed without further study of the experimental data. It was executed with the CC-IN2P3 cluster (France) using 16 cores in roughly 30 hours.
The complexity of the model shows clearly that the results need a deep analysis. More calculation time are possibly needed, a careful study of the experimental data must be carried out to avoid spurious data, which could be responsible of strange behaviors, etc. This will be done in the next months.





[bookmark: _Toc118284526]Work package 5
The WP5 activities consist of nuclear data impact studies (T5.1), sensitivity-uncertainty studies, and experiment analyses (T5.2). They also include performing validation experiments (T5.3). The objective is twofold: (i) Relate nuclear data variations to important design, safety, and operational quantities (i.e., end-user needs), and (ii) Assess nuclear data errors and uncertainties for important nuclides and reactions, this information being then transferred to nuclear data evaluators (see WP4). To the greatest possible extent, the WP5 activities are aligned with the JEFF-4.0 work plan and target release date of 2024.
[bookmark: _Toc118284527]Task 5.1: Impact studies, sensitivity analyses, and assessment of needs for various applications
Subtask 5.1.1: Impact studies and sensitivity analyses
Subtask 5.1.1 addresses the impact of nuclear data uncertainties on (i) nuclear reactor design and safety parameters (criticality constant, kinetic parameters, reactivity coefficients, etc.) and, to a lesser extent, on (ii) decommissioning and nuclear waste storage (decay heat, shielding, dose rates, etc.). The different partners use their preferred calculation tools.
Subtask 5.1.1 is focused on innovative reactor concepts. The main systems under study are MYRRHA (a MOX-fuelled LBE cooled fast spectrum facility being developed at SCK-CEN), ALFRED (a conceptual lead fast reactor), ESFR (a conceptual sodium fast reactor), and JHR (a light-water moderated material testing reactor currently being built at CEA Cadarache). Other candidate innovative systems will be also included if adequate design models are made available and if resources can be found. Concerning the nuclear data libraries analysed, JEFF-3.3 is being used as a reference, but other libraries are being investigated, in particular test versions of the next JEFF release: JEFF-4.0.
There are four deliverables associated with this task:
D5.1: Report on sensitivity analysis methods (CIEMAT). This deliverable was released on 14/10/2021 and contains a comparison of the methods of sensitivity studies of CIEMAT (MCNP + SUMMON), IRSN (MORET) and UPM (SCALE’s TSUNAMI-3D + TSAR). The S/U analysis methodologies available in the TSUNAMI-3D, MCNP and MORET codes have been compared for the JEFF-3.3 library and two computed integral characteristics of a simplified RZ model of the ESFR reactor, namely keff and a partial sodium void reactivity worth.
In the case of keff, the differences in the Integrated Sensitivity Coefficients (ISCs) between TSUNAMI-3D and MCNP (KSEN) are of the order of 1% for most cross sections considered. The difference with MORET is somewhat larger, but still less than 10%. Exceptions are scattering reactions (both elastic and inelastic), where the discrepancies can be very large. However, since the ISCs for these reactions are affected by large statistical errors, the results of the three codes are still within agreement. The discrepancy between codes in the uncertainty in keff has been found to be of the same order of magnitude as for the ISCs. In the case of MCNP and MORET, the uncertainties have been calculated with the SUMMON code. 
As to the sodium void reactivity worth, only TSUNAMI-3D and MCNP have been intercompared, as MORET does not have the capability to perform S/U calculations of reactivity responses. The difference between TSUNAMI3D and MCNP in the ISCs and the uncertainty contributions for individual reactions have found to be larger than in the case of keff, of the order of 10% for reactions other than scattering and (as in the case of keff) much larger for scattering reactions. This can be explained by the fact that S/U calculations of sensitivity responses require the calculation of small differences between two relatively similar values. Furthermore, a significant dependence of the uncertainty contributions on the statistics of the MCNP calculation has been observed for the scattering reactions, which cannot be explained by statistical effects and requires further research. 
D5.2: Report on ESFR, MYRRHA and ALFRED sensitivity and impact studies (SCK CEN). In relation with the contents of this deliverable, on 16/07/2021 SCK CEN released a non-contractual report (SCK CEN/44767116) with a homogenized neutronics model of MYRRHA design revision 1.8, which was intended to be used for sensitivity studies within this SANDA task. This document was complemented by another non-contractual report (SCK CEN/45347165) where the requested neutronic parameters for sensitivity/uncertainty (S/U) analysis of MYRRHA were specified. From the information in these reports, CIEMAT has performed S/U analysis of this MYRRHA core using the same methodology (MCNP + SUMMON) that was used for D5.1 and were released in January 2022 in a draft report entitled “Report on S/U analyses in MYRRHA homogenized model v1.8 performed with the MCNP6.2 and SUMMON codes and the JEFF-3.3 library”. These calculations were modified considering the input received from other participants in the project (I. Kodeli) during 2022 SANDA -ARIEL joint Meeting and a second draft report of these calculations was completed on September 2022. SCK CEN has also performed S/U analyses of the requested neutronic parameters. Results are included in D5.2. UPM has focused on S/U analyses of the following innovative reactors: conceptual sodium-cooled fast reactors (ESFR and ASTRID-like) and a conceptual lead-cooled fast reactor (ALFRED). The integral parameters analysed are the multiplication factor and reactivity responses. Results are included in the very extensive deliverable D5.2 that has been finally submitted with 1-year delay.
The main conclusions of D5.1 are that S/U analysis have been performed for the ESFR, ASTRID and ALFRED advanced reactor systems and the irradiation facility MYRRHA, with SCALE, Serpent 2 and SUMMON codes and JEFF-3.3 nuclear data library for relevant reactor safety parameters, namely keff, βeff, Doppler reactivity coefficients, void worth, reactivity worth of control rods and power peaking factor (MYRRHA). 
[bookmark: _Ref118128387]Table 5. UPM uncertainty quantification results (values larger than target accuracies shown in red).
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A ranking of the most important isotopes and reactions for each parameter has been derived for all the systems. Uncertainties have been quantified and have been found to be higher than target accuracies proposed (Table 5). Therefore, recommendations of nuclear data in need of improvement have been given. It should be noted that all reactors analyzed employ MOX fuel and that some of the reactivity effects, such as the Doppler coefficient, have a strong sensitivity to reactions in the fuel. Thus, results can vary for SFRs and LFRs employing other type of fuel, such as Heavy Enriched Uranium. 
An identified gap in this work is the lack of consideration of covariances in angular scattering distributions. Due to the importance of scattering reactions in most examined reactivity effects, that aspect should receive more attention, together with the large statistical deviations accompanying scattering reaction sensitivities.
D5.3: Report on JHR sensitivity and impact study (CEA). CEA has performed sensitivities/uncertainty calculations for the keff of JHR. Two core configurations were analyzed using the first-order sensitivity feature of the Monte Carlo code TRIPOLI-4: a fresh start-up core and a core just-refueled 38 GWj/t. Sensitivities to all isotopes have been obtained for a 26-group energy structure, consistent with the structure of the COMAC-V2.1 covariance library in order to propagate nuclear cross-section uncertainties. The values obtained are of approx. 730pcm@BOC and 760pcm@EOC, excluding fission yields. The details of the results are presented in the deliverable D5.3 that has been finally submitted with 1-year delay. 
D5.4. Report on High Level Wastes (HLW) sensitivity and impact study (KIT). KIT released a draft of the report in December 2021. After some revisions and suggestions from other partners (CEA and CIEMAT), a final version of the deliverable was released by KIT on 14/03/2022. Finally, the deliverable D5.4 has been submitted with 1-year delay.
The main conclusions of the study are that the decay heat issue, which involves improved data on absorption and fission of actinides on one hand and the fission yields of the fissionable materials on the other, needs further investigation as was also emphasized in 2021 by the opening of the OECD sub group investigation community called “Decay heat” within the WPNCS –Work Package Nuclear Criticality Safety. The mobility of certain radioactive nuclides and their particular biological hazard lead to the need for further investigations of nuclides that usually are not of big importance in reactor physics. To this category belong, among others C-14, Se79, Cs-135/137, I-129, Cl-36 and Tc99. 
The final disposal site requirements in terms of nuclear data needs was elaborated. Besides iron, the material compositions of the hosting rocks were shown to be crucial for the dose levels within the galleries. It was shown that besides the absorption rates, neutron scattering effects on gallery walls and in particular the angular distribution for neutrons within the keV range, are of importance. Furthermore, the impact of the temperature on those processes must be looked at. Note that a new project starting in 2022 at IRMM, Geel will evaluate the current treatment of temperature dependent cross sections. It is evident that the nuclide list described in this study contains only the most known important elements based on the current options considered for nuclear waste disposal. This list could be to some extent extended or changed according to the specific regulation in each country.
Considering the progress described in the previous paragraphs, we can conclude that virtually all work envisaged under subtask 5.1.1 has been completed, and all related deliverables have been issued. 
Subtask 5.1.2: Assessment of (JEFF) nuclear data needs
This task is intended to be carried out after the completion of subtask 5.1.1, and consists in compiling all the findings of subtask 5.1.1 in a single document (deliverable D5.5) that will be published and communicated to the JEFF community. Given the delay in completing subtask 5.1.1, this subtask has just started and will have at least nine months delay. 
[bookmark: _Toc118284528]Task 5.2 Validation studies (using existing experiments)
The aim of Task 5.2 is to contribute to the validation of (JEFF and WP4) nuclear data files. It is divided into two subtasks, which are both underway. 
Subtask 5.2.1, “Assessing correlations in integral experiments”,
This subtask is about identifying and estimating missing correlations in integral experiments used in validation, adjustment and assimilation activities. Such correlations may come from the use of the same facility, materials or measurement system, among other things. 
Subtask 5.2.2, “C/E validation and trends”, 
Different sets of “representative” validation experiments, corresponding to different applications, neutron spectra, and integral quantities of interest, are analysed separately. The correlation data found in Subtask 5.2.1 is being accounted for whenever they are available. 
Here is a brief description of the activities carried out by the Task 5.2 participants during the second periodic report.
UPM identified reactor physics benchmarks from IRPhEP database relevant for fast reactor systems, with particular attention to sodium-cooled fast reactors (SFR). A total of 17 experiments useful for multiplication factors have been selected (from BFS-1, SNEAK, ZEBRA, ZPR-6 and ZPPR facilities). For reactivity responses, 10 experiments have been taken, 5 useful for sodium void worth and 5 useful for control rod worth. 
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[bookmark: _Ref118054638][bookmark: _Toc118282806]Figure 54: Results for light-water reactor lattices at KRITZ reactor in Studsvik[footnoteRef:21]. [21:  This work was presented at the JEFF meeting on November 22-26 (2021): A. Jiménez-Carrascosa et al., “Impact of Doppler calculation in SEFOR benchmark due to the differences between JEFF-3.3 and JEFF-3.1.1.” (JEFDOC-2097) and O. Cabellos et al., “Testing of the JEFF with IRPhEP/LWR KRITZ Benchmarks” (JEFDOC-2091)] 

A lack of experiments suitable for Doppler validation of SFR in IRPhEP was identified, so SEFOR experiments, widely employed in the framework of the OECD/NEA SFR-UAM benchmark have been chosen. Finally, KRITZ benchmarks have been retained for nuclear data validation of temperature effects for thermal spectrum systems. Results for SEFOR reactor using JEFF-3.3 library showed a significant degradation of C/E with respect to JEFF3.1.1; a sensitivity and perturbation analyses revealed a significant isolated impact of 238U(n,) around 1 keV, which allowed to identify a typo for the 808 eV p-wave  parameter in JEFF-3.3. Results for KRITZ benchmarks showed a trend of C/E biases for JEFF-3.3 with temperature (Figure 54), which may be due to differences in 235U(n,f).

JSI in cooperation with UKAEA made progress in investigating correlations between different shielding benchmarks. They focused on benchmarks for validation of iron cross sections, and PCA Replica benchmark was included into the verification and validation (V&V) scheme to check the consistency of C/E results with respect to the large discrepancies observed for ASPIS Iron 88 benchmark when using JEFF-3.3 (consistency between both experiments was verified as shown in Figure 55). As an example of correlations between shielding benchmarks, the correlation matrix for ASPIS Iron 88 for the measured reaction rates at different positions of the activation foils in the iron block was given, assuming total correlation in power normalization uncertainty. Computing the correlation matrix for the measured reaction rate ratios shows that taking ratios reduces or even eliminates some correlations, which would allow getting rid of correlations. However, this approach is not recommended as all available experimental information is not used. Finally, an overview of correlations in SFCOMPO was analyzed. 

[bookmark: _Ref118054780][bookmark: _Toc118282807]Figure 55: Results for ASPIS IRON-88 and PCA REPLICA shielding benchmarks.
KIT revisited the SFCOMPO Takahama nuclide inventory benchmark with the SANDY code and JEFF-3.3 covariance matrices. Uncertainties in nuclide inventories for spent fuel at various stages after shutdown were computed using 600 random files generated for five main isotopes, 235U, 238U, 239Pu, 241Pu and 244Cm (see Figure 56). Previous results with 240 random files showed insufficient convergence; however, the use of 600 files allowed convergence for more isotopes (e.g. 239Pu), but still the relative error of 246Cm did not converge. Due to the relevance and obtained uncertainties of 244Cm, the work was extended by adding the uncertainties of 242Pu and 243Am. The extension of the two additional isotopes, which in particular affect 244Cm, was performed in the current reported period. As before 600 random files were re-created. Figure 57 shows the uncertainty margins for 239Pu and 244Cm. The effect of the uncertainty data of 242Pu and 243Am is clearly seen for 244Cm, where the uncertainty grew to about 15%. For 239Pu, as expected there is practically no difference. This result is in particular important in view of interim storage where 244Cm contribute to the decay heat but also to neuron emission through spontaneous fission.
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[bookmark: _Ref118054876][bookmark: _Toc118282808]Figure 56: Covariance-based relative error in the nuclide inventory for Takahama-3 experiment. Covariance data were taken for 5 isotopes: 235U, 238U, 239Pu, 241Pu and 244Cm.
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[bookmark: _Ref118054829][bookmark: _Toc118282809]Figure 57: Covariance-based relative error in the nuclide inventory for Takahama-3 experiment. Covariance data were taken for 7 isotopes: 235U, 238U, 239Pu, 241Pu, 244Cm, 242Pu and 243Am.

CEA/DES contributed to Subtask 5.2.1 by assessing missing correlations in integral experiments. The EOLE/CAMELEON (Gadolinium) experiment was used as a test case for deriving experimental correlation coefficients from (i) uncertainties in common “technological” parameters (fabrication tolerances,…); (ii) sensitivities of the measurements to these technological parameters; and (iii) measurement uncertainties when the same experimental technique or the same experimental configuration is used for different physics quantities. 
IRSN had already selected a set of about 200 critical experiments from the continuous energy 
MORET 5 Monte Carlo code validation database to test the JEFF-4.0T0 and JEFF-3.3 evaluations of nuclear data. These benchmarks are assumed to be representative of most applications encountered in criticality-safety and cover a wide range of energy spectra and fissile media. They are extracted mainly from the ICSBEP Handbook of criticality-safety. Few cases in each series of experiments are selected in order to reduce the impact of correlations between experiments and cases from various labs are retained to get rid of potential experimental biases. 
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[bookmark: _Ref118055092][bookmark: _Toc118282810]Figure 58: keff results for highly enriched metal systems.
The main task in 2021-2022 consisted in testing further versions of JEFF-4, i.e. JEFF-4.0T1 and new evaluations of structural materials from TENDL-2021 that could be part of JEFF-4.0T2 with the MORET 5 continuous energy Monte Carlo code (see Figure 58). For some results for which significant discrepancy was obtained, sensitivity calculations were performed to understand the origin of the discrepancy on keff. These calculations were done using the MORET 5 code and the Iteration Fission Probability methodology (IFP). Additional calculations using other benchmarks from the MORET 5 validation suite could be done for testing new evaluations of nuclear data that would be provided by other subtasks of the SANDA project.
NRG made use of JEFF-4.0T1, processed with NJOY-2016, to calculate a large number of criticality safety benchmarks. Within the collection of benchmarks, several benchmark series have been identified (and implemented) that show trends in the predicted value of keff. The most interesting cases exhibit trends with spectrum variation and trends with concentration of large absorbers. As an example of simple benchmark with spectrum variation, the ICSBEP LEU-MET-THERM-004 and -007, containing only uranium metal and water, were identified. For those cases, the pitch is changed and so is the spectrum. Biases C/E show small differences between JEFF libraries, including differences in a trend with spectrum. 
As an example of benchmark with variation of the absorber concentration, benchmark series LEU-MISC-THERM-003, 5 and 6 were selected. As shown in Figure 59, biases show a trend with the absorber concentration so that differences can be (nearly) attributed to a single element. 
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[bookmark: _Ref118055652][bookmark: _Toc118282811]Figure 59: C/E results for LEU-MISC-THERM-003, 5, 6 (absorbers U, sm, Cs, Rh, Eu, Gd separately)
There is no milestone for this task and there is only one deliverable expected for the second reporting period. Deliverable D5.6 (Report on correlations between integral experiments) is intended to present outcomes of Subtask 5.2.1 and it was due at M30. There are many simulations, a significant number of results and even some publications[footnoteRef:22] but this deliverable is very complex and will be delayed by about 1 year (M42). [22:  O. Cabellos, A. Jiménez-Carrascosa, N. García-Herranz, G. de Alcázar. Testing of the JEFF with IRPhEP/LWR KRITZ Benchmarks. JEFF Meeting, November 22-26 (2021), JEFDOC-2091, and A. Jiménez-Carrascosa, O. Cabellos, N. García-Herranz, F. Chafer. Impact of Doppler calculation in SEFOR benchmark due to the differences between JEFF-3.3 and JEFF-3.1.1. JEFF Meeting, November 22-26 (2021), JEFDOC-2097.] 


[bookmark: _Toc118284529]Task 5.3: New integral experiments
The purpose of Task 5.3 is to design, perform and analyze integral (or semi-integral) experiments to obtain missing validation data. The justification for the lack of such data comes from separate studies (JEFF-3.3 validation, Task 5.2, etc.).
The activity is subdivided into three subtasks, corresponding to the three experimental facilities involved: GELINA at EC/JRC Geel, LR-0 at CV Rez, and TAPIRO at ENEA Rome.
Over the first 24 months of the SANDA project, this Task 5.3 was directly impacted by the COVID pandemic: All planned experiments were postponed. Later, however, the facilities could resume operation, so the experiments could be re-scheduled and start.
In Subtask 5.3.1, JRC and CEA/DES prepared Neutron Resonance Transmission Analysis (NRTA) measurements at the JRC Geel GELINA facility. These experiments make use of the same samples as those used in the past CERES programme done in the CEA MINERVE facility, thus allowing a comparison with these earlier experiments. Each sample is made of a UO2 matrix with a small admixture of a fission product. A concern with the past CERES data is a possible bias caused by small amounts of neutron-sensitive contaminants in the samples. The main motivation for the NRTA technique is its high sensitivity to very small quantities of such contaminants. Early NRTA experiments on MINERVE samples containing 107Ag and 109Ag revealed a substantial tungsten contamination arising from the manufacturing process of the sample pellets (Figure 60). These contaminations impacted the C/E ratios up to a few percent. A second experimental campaign on MINERVE samples containing 99Tc provided useful insight on the quality of the 99Tc resonance parameters.
The Subtask 5.3.1 experiments were initially due to start in September 2020, but they had to be postponed till GELINA operation could resume. The ongoing 2022 program will deliver data for isotopes of Sm, Nd, Cs, Mo, Ru, Eu, Gd, Rh but with significant delays.
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[bookmark: _Ref118108722][bookmark: _Toc118282812][bookmark: _Toc70520925]Figure 60: NRTA measurements at GELINA using MINERVE samples 
In Subtask 5.3.2, CVREZ and CEA/DES work on benchmark-quality experiments in the LR-0 zero-power critical facility[footnoteRef:23]. Among the various possible experiments, priority was given to a pile noise experiment (HLUK), from which the delayed neutron fraction eff and prompt neutron lifetime  could be inferred. Several detectors (10B, 3He, fission chambers), detector positions (core, reflector), data acquisition systems (XMODE, NOMADE, SPECTRON), LR-0 operating conditions and detector calibrations were discussed. [23:  M. Kostal, New integral experiments in CVR, OECD/NEA JEFF Nuclear Data Week, April 2022] 
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[bookmark: _Ref118108890][bookmark: _Toc118282813][bookmark: _Toc70520926]Figure 61: A model of a CVREZ LR-0 core made of hexagonal subassemblies
A one-week experiment initially scheduled in May 2020 had to be postponed several times because of the COVID pandemic. The experiment was finally performed in July 2021.The reactor power was calibrated using metal foil activation measurements combined with integral fission rate Monte Carlo calculations using TRIPOLI-4®.10.2 and JEFF-3.1.1 data. An IRPHE model of LR0 was used for that purpose (Figure 61). The validity of point kinetics was checked experimentally. The final estimation of the delayed neutron fraction of the core is 746 pcm. The neutron generation time is 37 μs.
In Subtask 5.3.3, ENEA and CEA/DES prepared high-quality measurements of Np, Am, Cm (and major) actinide spectrum-averaged cross sections at the TAPIRO fast neuron source reactor at ENEA Casaccia, as part of the AOSTA (Activation of OSMOSE Samples in TAPIRO) program. This experimental program is made of two phases: (1) A detailed spectral characterization of the TAPIRO irradiation channels; (2) Measurements of minor actinides (MA) in those channels, possibly complemented with reactivity worth measurements. A detailed TRIPOLI4 Monte Carlo model of TAPIRO was developed (from an existing MCNP model developed earlier by ENEA) to determine the best measurement positions and conditions.
The Phase 1 spectral characterization uses a combination of fission cross section and activation detector measurements. New, calibrated, miniature fission chambers were prepared by CEA for that purpose and shipped to ENEA in 2020 and 2021. The measurements themselves, initially scheduled in 2020, had to be postponed because of the COVID pandemic. A first set of them was done in October 2021 in two TAPIRO channels, a second set is scheduled in 2022.
Work on Phase 2 started in early 2022 with the specification of an americium fission chamber, to be fabricated by CEA. Transfer of this chamber to ENEA is planned in 2023. Phase 2 measurements are scheduled in 2023.
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[bookmark: _Toc118282814][bookmark: _Toc70520927]Figure 62: Measured count rate as a function of fission chamber position in the TAPIRO tangential channel
There are four deliverables and no milestone for this Task 5.3. According to the initial schedule, Deliverables D5.10, D5.11 and 5.12 relative to experiments at JRC Geel, LR-0 and TAPIRO, respectively, are due at M42, while Deliverable 5.13 on New integral experiments and needs (CEA) is due at M48.
In the 18-month report, it was noted that the COVID pandemic had prevented the start of the planned experiments at JRC Geel, LR-0 and TAPIRO, causing a major uncertainty as to their completion dates. The situation has since improved, all facilities were allowed to resume operation, experimental schedules were updated accordingly. Delays of 9 months to a year are impacting the four Task 5.3 deliverables. The most serious impact is on Subtask 5.3.3: It is likely that the analysis of the Phase 2 (americium) measurements in TAPIRO will require more time, extending beyond 2023, i.e., after the end of the SANDA project.



[bookmark: _Toc118284530]Work package 6
[bookmark: _Toc118284531]Task 6.1: Management: CIEMAT, JRC
Management of documents and payments of the consortium (CIEMAT)
The second payment was completed for most partners between November and December 2021. Payments calculations, based on the Payment Calculation Sheet received from the EC, were presented to the partners and no objection was received. The algorithm had two limits; 1) The payment cannot be larger than the accepted eligible costs from previous reporting periods, and 2) The accumulated payments cannot go beyond 90% of the Maximum EC contribution indicated in the Grant Agreement. Taking into account the criteria 1) implied that several partners that have not claimed costs in the first periodic report could not get payments in the second distribution. This applied to HZDR, Sofia and UManch. On the other hand, the application of criteria 2) implied that it was not possible to distribute the total financing received form the EC. From the 1.026.741,87€ received form the EC only 927.737,46 € were distributed. The difference of 99.004,41€ were put on-hold in a CIEMAT account to be distributed at the time of the third payment.
During the preparation of the second periodic report financial statement it was noticed that the declared costs and the EC requested contribution exceeded for some partners the Maximum EC contribution indicated in the Grant Agreement. For each partner in this situation a request was issued for a confirmation of their engagement with the project until the objectives and deliverables agreed in the Grant Agreement will be achieved.
On the other hand, as coordinator CIEMAT has communicated to the EC officer the situation of the project because of COVID-19 pandemic indicating the intention to propose an amendment for extending the project duration for one year.
CIEMAT has participated in the organization of the joint meeting of ARIEL and SANDA:
The meeting duration was from 7 to 11 of March 2022, and it was run by videoconference 
In the meeting there were some presentations of the status of the projects but most of the presentations were technical and the organization and main objectives were those of a scientific conference 
The agenda and all presentations in the meeting are available for the SANDA partners at SANDA web and at the CIEMAT  Indico ( http://agenda.ciemat.es/event/3827).
Also for the coordination of the activities frequent communications by telephone and mail had taken place between the coordinator and the members of the Executive Committee (including all the leaders of the work-packages and the contacts with NEA/OECD, JEFF and IAEA).
SANDA Web site (CIEMAT)
 The Web site is operated by CIEMAT for the SANDA project. The SANDA WEB is composed by two groups of web pages: a set of web pages hosted at CIEMAT computers and developed using the DRUPAL system and a set of INDICO web pages hosted by CERN. The main entry point is the DRUPAL CIEMAT hosted web pages: http://www.sanda-nd.eu/ and the Indico web address is: https://indico.cern.ch/category/11566. Additional web Indico web pages are also used for the management of large workshops organized by SABDA wor-packages.
The DRUPAL part of the SANDA Web includes:
General information
Contractual documents
News related to the project
A calendar of events related to the project 
A library (searchable data-base) of journal papers, presentations, deliverables, milestone reports and other documents related to the project 
Links to other web-pages related to the project
Access to open data repositories
Most of this WEB is public and can be read without any limitation and without any login. Only some pages and documents in a preliminary state are restricted and require to login using a password provided to the SANDA participants.
The CERN INDICO system is dedicated to the organization, management, provide videoconference support and storage of the presentations for complex conferences, workshops and meetings. Taking advantage that CERN is one participant on the SANDA project, SANDA has been allocated the status of “project” with the corresponding web structure. Direct links to some events or documents in this INDICO web structure are directly available from the main SANDA WEB. The INDICO SANDA WEB is public and can be read without any limitation but might require a CERN account (a light CERN account can be requested from the WEB). The INDICO SANDA pages include the agenda of the meeting, including access to the presentation material that can be downloaded, and a list of registered participants. These pages are available before and after the event has been completed.
During the second reporting period the web has been updated mainly with technical documents (deliverables reports, milestone reports, journal papers or links, communications to conferences or to workshops), information on events and news.
[bookmark: _Toc118284532]Task 6.2: Sustainable framework for the coordination of the European nuclear data research: CEA, CIEMAT, CNRS and JRC
Because of the COVID pandemic it was not possible to organize workshop to approach the representatives of EU Members States to evaluate the support to a ND joint initiative, so the activity performed in this task, has been to collect information on the framework for the next calls (HORIZON EUROPE) of EURATOM.
The Nuclear Data community has benefited from several EURATOM projects since FP7, EUROTRANS/NUDATRA, ANDES, CHANDA, and now SANDA, which have contributed to bringing together the different European groups working in the field within research organizations and universities.  These projects cover all the aspects of the production of ND: detector developments, target production, differential and integral measurements, analysis, evaluation, nuclear theory, simulation codes, which is mandatory to produce high-quality ND for energy and non-energy applications. The community is now well organized and looking for a European framework ensuring the sustainability of the efforts done in the field and guarantying the European sovereignty in nuclear energy, as ND are crucial for the development of new reactors and the improvement/optimization of existing ones. 
At the beginning of SANDA, it was envisaged to propose a co-funded European Partnership, such as for instance PIANOFORTE for radiation protection research, which would have been established between the Member States partners of SANDA, possibly extended to others, and the European Commission. To establish this Partnership in a future EURATOM Work Program, it would have been necessary to prepare it within a CSA of the next WP 2023-2025. 
Informal discussions were held with representatives of several SANDA partner Member States and with the EURATOM Programme Committee.  It was concluded that the Nuclear Data community was not large enough for such a framework and ideas to extend the Partnership to neighboring communities, for instance basic data for nuclear materials, have not been successful.  Therefore, the community, through its MS representatives, has mobilized to ask the EURATOM Programme Committee to recommend a call in the 2023-2025 WP, to which the ND community could respond, ensuring, at least in the short-term, the sustainability of the efforts made in the domain, and in particular of the JEFF project. 
The informal discussions with the Member States has allowed to confirm the agreement on the strategic role of nuclear data for the safety, performance, optimization, interpretation and operation of nuclear and radioactive facilities and for many other applications of the radioactive materials on health, industry, climate change effects, agriculture, food chain, water supply and other UN sustainability axes. This strategic role requires in times of conflicts that the availability of the required nuclear data can be warrantied with the resources of EU by it-self and the same applies to the capability of assessment and improvement of the nuclear data as needed. This requires to maintain the present capabilities of the EU nuclear data community, nicely distributed over many small and medium size laboratories all over EU. A solution for the sustainability at long term of this network of laboratories and their capability to provide the nuclear data will require to develop an instrument or a solution for the coordination and focusing financing within the EURATOM research programs. The question of the best instruments to implement this solution should be further explored.
[bookmark: _Toc118284533]Task 6.3: Coordination of Education and training activities: JRC, CIEMAT
This task will promote that the research activities within the project result in PhD and master theses and favor the training of young scientist with working visits to the facilities associated to the project. A special event of the task will be the organization of one training course specialized in Nuclear Data for increased Safety of the nuclear and radiological EU installations. 
The foreseen school was originally planned in the period where mobility was limited by Covid lockdowns. Preparatory work was carried out in determining a provisional program covering the broad domain of nuclear data for nuclear fission. Lecturers were identified to provide students a good overview and introduction in the state of the art in the field. A number of hands-on lectures were foreseen with practical classes using software and equipment and these were judged as key to the school.
In view of the need for travel of the students to the location of the school (JRC Geel), the school was postponed until travel would be possible again. To avoid a collision with an ARIEL school, organized in Sevilla, fall 2022, it was decided to organize the school in Q2 or Q3 of 2023, so with a two year delay.
This task is also responsible to promote and follow the participation of PhD and Master students on the research activities of SANDA implementing the principle of learning-by-doing. The following tables (Table 6, Table 7 and Table 8) show the lists at the time of the 36th month of the project. For personal protection reasons the name of the person should not be mentioned in the tables.

[bookmark: _Ref118105494]Table 6: Master students that were trained and/or contributed to SANDA
	start-date
	end-date
	WP
	months
	months
	topic
	lab

	 
	 
	 
	worked
	foreseen
	 
	 

	01/09/2019
	01/07/2020
	5
	5
	 
	The shaping of neutron spectra by graphite 
	CV Rez

	01/09/2020
	21/06/2021
	5
	6
	
	The characterization of secondary particles produced from medical cyclotron 
	CV Rez

	01/03/2021
	31/08/2022
	2
	6.4
	6.4
	Neutron inelastic cross section measurements at GELINA (Task 2.3)
	IFIN-HH

	03/03/2020
	07/08/2020
	4.3
	5
	 
	TMC method development applied to fission pulses
	CNRS/ Subatech

	01/12/2020
	5/5/21
	5
	2
	3
	Use of sensitivities for neutron transport/burn-up equations’ coupling
	CNRS/ LPSC

	01/06/2021
	01/09/2021
	5
	 
	2,5
	Comparison of Monte Carlo codes (Tripoli, Serpent, OpenMC) performances for sensitivity and burn up calculations
	CNRS/ LPSC

	01/06/2021
	01/09/2021
	5
	 
	2,5
	Comparison of Monte Carlo codes (Tripoli, Serpent, OpenMC) performances for sensitivity and burn up calculations
	CNRS/ LPSC

	01/06/2021
	01/09/2021
	5
	 
	2,5
	Comparison of Monte Carlo codes (Tripoli, Serpent, OpenMC) performances for sensitivity and burn up calculations
	CNRS/ LPSC

	02/05/2022
	22/07/2022
	1

	3

	 
	Design and test of a Gaseous Proton Recoil Telescope
	CNRS/CENBG

	01/09/2020
	01/03/2021
	2
	4
	3
	STOP Detector in STEFF for 239Pu data analysis
	U. Man

	01/03/2020
	01/08/2020
	4
	6
	6
	Fission yields
	CEA/Cad

	15/03/2022
	15/07/2022
	4
	4
	4
	Propagation of errors in nuclear data to nuclear reactor parameters (effective delayed neutron fraction) 
	CIEMAT

	01/08/2021
	31/07/2022
	2
	12
	18
	Neutron capture and total cross section measurements at CERN/n_TOF and JRC-Geel
	ENEA

	01/09/2021
	01/07/2022
	4
	5
	
	Nuclear Structure and Decay Data Evaluation
	ATOMKI

	01/09/2021
	01/06/2022
	5
	9
	
	Target Accuracy Requirements for MYRRHA
	SCK CEN

	04/10/2022
	
	5
	
	7
	Nuclear data sensitivity and uncertainty quantification for MYRRHA
	SCK CEN



[bookmark: _Ref118105500]Table 7: PhD students that were trained and/or contributed to SANDA
	start-date
	end-date
	WP
	months
	months
	topic
	lab

	 
	 
	
	worked
	foreseen
	 
	 

	01/10/2015
	10/12/2019
	5
	2
	 
	The influence of power distribution in core on radiation situation in reactor internals and pressure vessel of VVER-1000 reactor
	CV Rez

	01/10/2017
	01/12/2020
	2
	6
	 
	The effect of fuel enrichment on the Si filtered neutron beam 
	CV Rez

	01/10/2018
	30/03/2022
	5
	30
	 12
	The study of prompt capture gammas and it benchmarking
	CV Rez

	01/09/2021
	30/09/2022
	5
	10
	10
	The characterization of secondary particles produced from cyclotron during production of 18F in 18O(p,n) reaction
	CV Rez

	01/09/2022
	30/10/2022
	2
	1
	10
	Development of new detectors with focus on 117Sn(n,n’) reaction
	CV Rez

	7/22/2020
	30/11/2020
	2
	4
	9
	Monte Carlo Simulations of Umegas detectors
	UoI

	05/01/2020
	31/10/2020
	2
	6
	9
	Monte Carlo Simulations, Characterization of actinide targets, Optimization of Micromegas detectors
	NTUA

	17/01/2022
	16/03/2022
	2
	3
	
	Theoretical calculations with the EMPIRE code for the 230Th(n,f) reaction
	NTUA

	01/07/2018
	30/11/2022
	2
	18
	53
	Measurement of b+ emitters for proton therapy 
	U Sevilla

	01/01/2020
	31/12/2020
	2
	2
	2
	Construction of the detection system for (n,charged particle) reactions GEANT4 simulations
	NPI Rez

	01/01/2021
	31/12/2021
	2
	1.1
	0
	Construction of the detection system for (n,charged particle) reactions GEANT4 simulations
	NPI Rez

	01/01/2022
	31/12/2022
	2
	1.6
	0.8
	Construction of the detection system for (n,charged particle) reactions; GEANT4 simulations
	NPI Rez

	01/11/2019
	31/10/2021
	1
	16
	0
	Design and test of a Gaseous Proton Recoil Telescope
	CEA/CENBG

	15/10/2019
	14/10/2022
	2 & 4
	36
	42
	(n,xn g) measurements and 238U evaluation
	IPHC

	01/10/2019
	30/09/2023
	2 & 4
	9
	9
	Total Absorption Gamma-ray Spectroscopy data for reactor decay heat and antineutrinos, and nuclear astrophysics and structure
	CNRS/ Subatech

	01/05/2018
	01/10/2021
	5
	5
	1
	Uncertainties propagation in the industrial reactor physics code
	CNRS/ LPSC

	01/10/2019
	30/09/2022
	5
	3
	6
	Uncertainties of safety parameters of the future HALEU cores of High Flux Reactor at ILL
	CNRS/ LPSC

	01/10/2020
	30/09/2023
	2
	24
	36
	235U(nth,f) fission yield measurements at Lohengrin
	CNRS/LPSC and CEA/Cad

	01/12/2022
	30/11/2025
	5
	0

	6
	Sensitivity of neutron modes calculated with Monte Carlo Methods

	CNRS/ LPSC

	01/10/2021
	30/09/2024
	2
	
	
	16O(n,a) measurements
	CNRS/LPCC

	01/10/2022
	30/09/2025
	2
	
	
	Beta decay measurements
	CNRS/Subatech & IFIC Valencia

	01/09/2019
	01/03/2021
	2.1.1
	9
	6
	239Pu Fission
	U. Manch

	01/09/2019
	01/03/2021
	2.1.1
	6
	6
	235U Fission/ Double Gridded Bragg detector
	U. Manch

	01/01/2021
	28/02/2021
	5
	2 (20h)
	2 ( 40h)
	On the importance of target accuracy assessments and data assimilation for the co-development of nuclear data and fast reactors: MYRRHA and ESFR
	UPM

	01/10/2018
	01/03/2022
	1
	18
	24
	T1.2.1 – Innovative devices for neutron emission studies
	CEA/Cad

	01/10/2018
	01/10/2021
	2 & 4
	12
	18
	T4.2.1 – Evaluation of fission yields 
	CEA/Cad

	01/10/2020
	31/12/2020
	4
	1
	1
	Inclusion of charged particle reactions into evaluation process
	TUW



[bookmark: _Ref118133415]Table 8 Summary statistics of student involvement in SANDA projects, Periods 1 and 2.    Note 3 PhD Students contribute to both WP 4 and WP 2
	WP
	WP1
	WP2
	WP4
	WP5

	Master
	1
	3
	4
	8

	PhD
	2
	17
	4
	7



As shown in the previous tables, 16 master students and 27 PhD students were engaged in the SANDA project. They are distributed over work packages 1, 2, 4 and 5, with WP2 “New nuclear data measurements for energy and non-energy applications” and WP5 “Nuclear data validation and integral experiments” dominating the training activities. The overall involvement is excellent, especially taking account of the limited mobility that was possible during the lockdowns of the Covid period and the continued reservations of the participating organizations in allowing travel to the extent that was customary pre-Covid. Mobility is key to the engagement of students in the experimental program of SANDA project.

[bookmark: _Toc118284534]Task 6.4: Coordination of Dissemination and Communication activities: CIEMAT
The three deliverables of this task D6.4, D6.5 and D6.6 were prepared during the first reporting period. 
[bookmark: _Hlk118197638]During the second reporting period there has been two major events: the Joint ARIEL-SANDA workshop and the ND2022 conference both were performed online.
The Joint ARIEL-SANDA workshop extended from 7 to 11 of March 2022, and it was run by videoconference. The detailed agenda and all presentations in the meeting are available at SANDA web and at the CIEMAT  Indico ( http://agenda.ciemat.es/event/3827). There were more than 85 registered participants and the agenda included 21 presentations from ARIEL and more than 40 presentations from SANDA.
The 15th International Conference on Nuclear Data for Science and Technology (ND2022) got together more than 500 participants in an online event with 495 presentations in total. The detailed agenda and the presentations can be found in the indico web page https://indico.frib.msu.edu/event/52. SANDA presented a general introduction[footnoteRef:24] to the project plus more than 20 presentations identified within the general introduction. [24:  https://indico.frib.msu.edu/event/52/contributions/687/attachments/415/1865/SANDA_ND2022_20220725.pdf] 

In addition, there has been many communications to the Nuclear Data Weeks of NEA/OECD and JEFF working groups already quoted in the previous working-packages. 
[bookmark: _Toc118284535]Contribution to different work-packages
The following table shows the contribution, in person months (PM), from each partner to de different work-packages as reported in the financial statement of the second reporting period.
	
	 
	WP1
	WP2
	WP3
	WP4
	WP5
	WP6
	Total

	1
	CIEMAT
	12.79
	15.45
	-
	13.20
	12.23
	18.89
	72.56

	2
	ATOMKI
	
	
	
	4.50
	-
	-
	4.5

	3
	CEA
	4.29
	4.28
	-
	22.69
	8.43
	0.16
	39.85

	4
	CERN
	0
	
	
	
	
	
	0

	5
	CNRS
	2.30
	6.70
	
	3.41
	
	0.95
	13.36

	5.1
	G-INP
	
	2.04
	
	0.71
	1.88
	
	4.63

	5.2
	IMT At
	
	1.59
	
	2.67
	
	
	4.26

	5.3
	U Nantes
	
	1.80
	
	1.33
	
	
	3.13

	5.4
	UNICAEN
	
	
	
	
	
	
	0

	5.5
	UBx
	
	
	
	
	
	
	0

	6
	CSIC
	
	
	
	
	
	
	0

	7
	CVREZ
	
	10.84
	
	
	14.71
	
	25.55

	8
	ENEA
	
	6.40
	
	
	
	
	6.4

	9
	HZDR
	
	
	
	
	
	
	0

	10
	IFIN-HH
	
	9.60
	
	1.30
	
	
	10.9

	11
	IRSN
	
	0.61
	
	
	0.27
	
	0.88

	12
	IST-ID
	
	0.94
	
	
	
	
	0.94

	13
	JRC
	 
	5.11
	4.29
	 
	 
	0.41
	9.81

	14
	JSI
	 
	 
	 
	2.69
	4.38
	 
	7.07

	15
	JYU
	0.15
	2.00
	 
	 
	 
	 
	2.15

	16
	KIT
	 
	 
	 
	 
	5.00
	 
	5.00

	17
	NPI
	 
	4.50
	 
	 
	 
	 
	4.50

	18
	NPL
	 
	0.05
	 
	 
	 
	 
	0.05

	19
	NRG
	 
	 
	 
	 
	1.33
	 
	1.33

	20
	NTUA
	 
	1.24
	 
	 
	 
	 
	1.24

	21
	PSI
	 
	 
	23.02
	1.18
	 
	 
	24.20

	22
	PTB
	13.04
	0.68
	
	
	
	
	13.72

	23
	SCK-CEN
	
	2.16
	
	
	2.98
	
	5.14

	24
	Sofia
	
	
	
	2.50
	
	
	2.5

	25
	TUW
	
	
	
	1.90
	
	
	1.9

	26
	UB
	
	
	
	4.23
	
	
	4.23

	27
	ULODZ
	
	4.67
	
	
	
	
	4.67

	28
	UMAINZ
	
	
	16.50
	
	
	
	16.5

	29
	UMANCH
	
	4.43
	
	
	
	
	4.43

	30
	UOI
	
	0.34
	
	
	
	
	0.34

	31
	UPC
	2.25
	0.47
	
	
	
	
	2.72

	32
	UPM
	
	
	
	4.59
	1.49
	
	6.08

	33
	USC
	
	3.24
	
	1.73
	
	
	4.97

	34
	USE
	
	3.83
	
	
	
	
	3.83

	35
	UU
	
	5.60
	
	4.70
	
	
	10.3



[bookmark: _Toc118284536]Impact
The impact information provided in section 2.1 of the DoA is still applicable and relevant.
The project is already contributing, directly and indirectly, to the enhancement of the safety and competitiveness of the European nuclear industry by significantly improving the accuracy of nuclear data for the present reactors and fuel cycle facilities. New experimental measurements (WP2) and evaluations (WP4) have been and are being performed for major isotopes like fission, capture and inelastic reaction cross section, fission yields and characteristics for actinides like Uranium, Plutonium or Americium, as well as cross sections and decay data for fission fragments, structural materials and isotopes involved in the fuel. This enhancement of safety and competitiveness applies not only to reactor operation and construction but also to the waste management, storage, reprocessing or disposal, and also in some sense to the decommissioning of nuclear facilities. Some of the new data from SANDA is also particularly relevant for health and other applications of isotopes and radiation sources.
SANDA is also providing data experimental and evaluated for advanced reactor concepts (like sodium or lead cooled fast reactors or the MYRRHA subcritical facility), new fuels and for more long term sustainable nuclear fuel cycles (WP2, WP4 and WP5). The new data produced by SANDA is covering gaps were the data was/is not sufficiently precise and reliable for the advanced designs and the corresponding simulations of their safety and performance.
In addition, knowing that SANDA cannot cover all the present data needs and that some of the required measurements are still a technical challenge, SANDA has already developed and continues developing (WP1) new detectors, new methodologies and helping to validate new neutron sources (WP2) and ways to fabricate samples and targets (WP3) for those challenging measurements.
Also, SANDA is doing validations (WP5) of presently available nuclear data libraries and new tentative libraries from JEFF or evaluators, using available benchmark data and new integral measurements. These validations have direct impact for designing ongoing advanced designs (like MYRRHA) where the validation helps to define the reference data base for their safety case. It also has impact for the general community as it allows to identify defects and limitations of present and new library drafts from evaluators. Additionally, these validations help identifying the source of discrepancies with integral experiments and to update the list of high priority nuclear data needs and to affect the programing of future experiments or evaluations.
Finally, the project will contribute to the training of a significant number of professionals who can be expected to join the nuclear energy industry and research community. Already over 40 PhD and Master students have performed part of their research within SANDA and several PhD have already been presented using research from SANDA.
[bookmark: _Toc118284537]Update of the plan for exploitation and dissemination of result (if applicable)
The The plan for exploitation and dissemination of results as described in the DoA is still essentially valid. 
The methods foreseen to disseminate the results are still applicable, however the COVID pandemic situation made impossible to participate to in-person workshops and conferences for the dissemination of the results until the end of 2021and even some events in 2022 had been converted to online events. Still some of the largest events have preferred to delay the conference for 1 to 2 years and this has affected the corresponding dissemination actions. Nevertheless, during the second reporting period there has been two major events: the Joint ARIEL-SANDA workshop and the ND2022 conference both were performed online described in the section of task 6.4. In the Joint ARIEL-SANDA workshop there were 21 presentations from ARIEL and more than 40 presentations from SANDA. Also at the 15th International Conference on Nuclear Data for Science and Technology (ND2022) SANDA presented a general introduction to the project plus more than 20 presentations. In addition, there has been many communications to the Nuclear Data Weeks of NEA/OECD and JEFF working groups already quoted in the descriptions of the working-packages WP4 and WP5.
Similar considerations apply to the training and education events, where face-to-face courses are still preferable if the delays induced with COVID makes them compatible with the global schedule of the project. For this reason, the dedicated school foreseen in WP6 of SANDA is for the time being delayed to 2023 (also to avoid conflict with other courses in Nuclear Data) but maintaining its face-to-face format.
For all the other dissemination tools, including publications, web pages, learning by doing, no significant issue is expected beyond the initial delay of 6 months for the progress of most activities in the project.

[bookmark: _Toc118284538]Update of the data management plan (if applicable)
The data management plan as described in the DoA is still valid. The methods foreseen in the proposal to store over the long term, disseminate and facilitate the access to the data are still valid.
Although most of the data to be stored is to be produced by the end of the project, there are several examples of data that are already being submitted to the international repositories identified in the DMP. Examples of experimental data are:
The nubar(A) data obtained in task 2.1 had been reported in EXFOR. 
18 238U(n,n’) cross sections from task 2.3 have been transmitted to EXFOR (entry number 22795).
117Sn(n,n')117mSn data from task 2.6 has also been published to EXFOR.
A report to submit 209Bi(n,tot) data from task 2.3 to the EXFOR library is also in preparation 
The 241Am(n,f) experimental data from task 2.1 will be submitted to the EXFOR data-base within the next 6 months, as soon as it is published.
The 230Th(n,f)  experimental data from task 2.1 will be published to the EXFOR data-base as soon as it is published in a few months. 
For evaluated data, the section 1.2 description of task 4.1 and 4.2 indicate significant lists of actinides and fission fragments whose reevaluation should be submitted to the ENDF and ENSDF libraries in the NEA Databank before the end of 2022 (including the major actinides as 235U, 238U and 239Pu).

[bookmark: _Toc118284539]Follow-up of recommendations and comments from previous review(s) (if applicable)
Not applicable.

[bookmark: _Toc118284540]Deviations from Annex 1 and Annex 2 (if applicable)
The main deviations from the DoA in this second reporting period had still been delays due to the COVID pandemic situation, but also we had some different deviations. In particular, we had to change the experimental facility for the experiments with FALSTAFF because the proposed experiment at FIPPS/ILL was impossible after a detailed design. The experiment was proposed to the NFS facility and will take place on November-December 2022.
However, the main reason for delays and deviations in the project was the COVID-19 pandemic. The coordinator of the project communicated in the summer of 2020 to Mr. R. Garbil, former EC officer of SANDA, of our concerns on the delays and risks to the project induced by the sanitary emergency. However, at that time we were not aware of the full magnitude of the crisis, of the arrival of additional waves of infections and the actual limitations to travels along Europe since March 2020 until the end of 2021.
SANDA project is particularly sensible to the effects of the pandemic because it includes truly international collaboration for experimental activities, requiring:
Access to experimental laboratories at the different institutes to develop and test detectors and special equipment required to perform the proposed developments, measurements and setup of the experimental facilities. During the first waves of the pandemic, many laboratories were closed for safety reasons and many scientists and technicians of these laboratories were required to stay at home making it impossible to perform experimental activities. By the summer 2020, many institutions and laboratories had developed new protocols that allowed to work in safe conditions in the laboratories, so work could resume, however the new safety rules imposed limitations on the simultaneous number of persons in the laboratories and often more cumbersome actuations. Special dedication of personnel helped to recover the same productions levels as before the pandemic. So work has resumed, with some delay, but it is only in 2022 that we are recovering the previous protocols and this allows to avoid accumulating further delays. This situation affects particularly work packages: WP1, WP2, WP3 and WP5.
Visiting teams from different countries coming into laboratories and facilities (neutron sources) to perform measurements. This has been strongly difficult because the severe restrictions to international travels and strong regulations limiting the access to laboratories imposed in most research institutions, particularly for foreign visitors. This has been very limiting until mid-2021 and even when at particular times some movements between countries with similar sanitary situations were possible, the fast changing conditions made difficult the planning for experiments that often require several weeks or months. The situation has been recovered in 2022 and despite some delays, no cancelation or other catastrophic effect has been detected. This situation affects particularly work packages: WP2 and WP5.
Access to mechanical workshops to produce equipment needed to upgrade facilities and experimental setups. Similarly, to the first point, the mechanical workshops had to stop for some time and have developed new protocols to allow resuming their work but typical delays of about 6 months had been induced in the availability of the equipment to be prepared. At present it has been possible to adapt to the situation with small or moderate delays in the deliverables. A paradigmatic case is the fabrication of the new spallation target for the n_TOF facility at CERN that had accumulated some delay but has been successfully commissioned in July 2021. This situation affects particularly work packages: WP1, WP2 and WP5.
Purchasing equipment from suppliers. This has been affected in two ways, on one hand, the general slowdown of activities at the beginning of the pandemic has also affected the administrative units of the participants in the project for a few months. In addition, the firms having to provide the goods or services had their own limitations on internal workshops and laboratories availabilities as well as delays from second level suppliers resulting in some cases on significant delays. This situation affects particularly work packages: WP1, WP2, WP3 and WP5.
Difficulties for the selection of personnel and hiring people for the project. In most of the participating institutions, the process for hiring new personnel involves meetings of a selection committee and interviews or presentations by the candidates that had to be face-to-face and public and so had been delayed for several months. Progressively the institutions are adapting their rules to allow for remote meetings and presentations or exceptions that allow reduced audience meetings, and recruiting has recovered its normal pace but the initial delay has been transmitted to the tasks requiring the people to be hired. This situation affects all work packages.
Organizing technical meetings to select targets to be produced and the details of those targets. The delay on these meetings happened in the first reporting period. This situation affects particularly work packages: WP2 and WP3.
Organizing coordination meetings to prepare future sustainable frameworks of research for nuclear data in Europe. This type of meeting where implication of the audience and clarification of details is paramount are not well adapted to the model of remote teleconference but cannot be organized as long as there are legal or practical restrictions for international travels. There is some hope to recover if those limitations disappear by the end of 2022. This situation affects particularly work package WP6.
Training and education courses. Efficient training and education courses including experimental training are better suited for face to face schools and so the course foreseen for the first months of SANDA had to be delayed until the limitations to travels and to the audience in the classrooms have been eliminated. The intended course has been rescheduled to 2023. This situation affects particularly work package WP6.
In summary, significant delays of 6 to 12 months have been accumulated in most of the deliverables foreseen for the first 36 months. However, with the pandemic situation apparently better controlled after summer 2021, we hope to progressively recover the timing and produce the following deliverables with smaller delays. Indeed, by October 2022, 25 of the 30 milestones due at that time has been achieved. Still some of the deliverables proposed for month 48 will probably require an extension of the project duration (particularly those of WP2 and WP5 related to experimental activities).
After a detailed discussion in the General meeting of 2021, it was unanimously agreed that there will be a request for an amendment of at least 6 months, but that we will wait before proposing the amendment to be able to better evaluate the actual impact of COVID on the project. After discussions with the Executive Committee in March 2022, the present estimation is that we need an extension of 1 year for the project duration and this situation was communicated verbally to the EC officer early September 2022.
On the other hand, we think that there is a small risk of failing to achieve the proposed deliverables, however we must indicate that we cannot completely exclude the risk that if new unexpected long delays would be added to the experimental programs in the neutron sources facilities used for WP2 or integral experiments facilities of WP5, the program committees of those facilities might reorganize the schedule for the proposed measurements or even cancel some of the presently agreed campaigns. We are working closely with the responsible people for the facilities involved in the project and at present we hope to be able to perform all the proposed activities with only delays of less than one year, but the risks indicated before cannot be fully excluded. Should that risk materialize, in most scenarios we would be in a position to propose performing equivalent measurements in a different facility, except if there are global restrictions applicable to all the European facilities and that are maintained for long periods.

[bookmark: _Toc118284541]WP 1
Due to the COVID pandemic, some delays arise in the completion of a few subtasks. The impact of delays observed in the first reporting period has been absorbed for some tasks and today the work is running normally. A few subprojects still have some remaining impact of the COVID crisis, especially when the work depended on post doc recruitment. 
Below, a summary of observed or foreseen delay, task by task, and at this time, is given. 
Task 1.1: Only 1 milestone report is missing (MS 2), a delay from M18 to M42 is expected. This delay is due to the COVID pandemic and difficulties to recruit a dedicated person. The associated deliverable D1.2 is expected to be delayed from M24 to M46.
The objective of milestone report of MS.6 has been updated because the work foreseen has started with delay due to problem of recruitment as a consequence of COVID pandemic. Nevertheless, the work has progressed in the simulation and the electronics of the MicroMegas detector and the achievement of the milestone has been reported with the milestone report (available from the searchable library of the SANDA web). However, the responsible of task 1.1.1_2 estimates that a postponement of 6 months will be needed for the completion of the deliverable D1.1 (originally due at the end of the project M48).
Three other subprojects of Task 1.1were completed in WP1 and the report for D1.3 was received with 7 months delay. The activity continues now within WP2.
Although the other milestones of the Task 1.1 had been achieved some of them had significant delays of up to 1 year because the limitations induced by the COVID pandemic.
Task 1.2: One subproject is finished, the corresponding milestone, MS4, was achieved with 1-year delay due to the closing of laboratories because of COVID and the following reprioritization. However, the report due for the associated deliverable, D1.4, has been received with less than 2 months delay. 
The other subtasks are progressing well, still MS8 and MS9 were achieved with 1-year delay.
Task 1.3. At this date, despite impact of COVID, milestone MS10 was achieved ahead of schedule and no delay is expected for the deliverable (D1.7).
Task 1.4. The report for D1.8 has been received with 9 months delay and the activity continues now in WP2. 

[bookmark: _Toc118284542]WP 2
Task 2.1: Mitja Majerle (majerle@ujf.cas.cz) as Scientific responsible for SANDA at NPI/CAS is now leaving the job at NPI and Martin Ansorge (ansorge@ujf.cas.cz) overtakes his scientific part of NPI’s responsibility in the SANDA project. 
On the other hand in the subtask Task 2.1.47, the measurements on the natC(n,lchp) reaction have been partially done in 2021, because of a problem with the NFS neutron converter. In view of the quality of the partial data acquired in 2021, it is planed to be able to complete the data taking in the upcoming NFS campaign next October 2022, after the reparation of the rotating neutron converter by the facility. However, it is expected to keep the original time plan to complete Milestone MS19.
Task 2.3: The milestones and deliverables for Task 2.3 are due at later dates. However, some delay is already observed caused by the COVID pandemic.
· Deliverable D2.5: Report on the measurements of the branching ratio for 209Bi, 208Pb(n,tot) and 238U(n,inel) cross sections at GELINA 
(from JRC due by Aug. 2023). The delay for 208Pb and 238U will be in the order of 9 months. However, the delay on the branching ratio for 209Bi is difficult to predict. 
· Deliverable D2.4: Report on the 239Pu, 233U, 14N and 35,37Cl inelastic cross section measurements at GELINA (expected from IFIN-HH by Aug. 2023). Some of the measurements (35,37Cl) were delayed by at least 1 year due to the COVID pandemic situation and accelerator related issues. Delays also applies to the related milestone MS23 (expected from IFIN-HH by Dec. 2022).
Altogether, this means that an extension of about one year is needed on the duration of the project to complete D2.4 and D2.5.
Task 2.4. Unfortunately, an experimental contribution of JRC-Geel to Task 2.4 (e.g. measurement of some specific decay data) will not be possible due to the reduction in staff and specific credit resources at JRC Geel. It should be noted that available resources for JRC Geel within SANDA are limited and the work of SCK CEN and JSI is based on an in-kind contribution. The associated deliverable, D2.15, will still be available with important information about decay data recommendations and needs for improved data associated to the spent fuel characterisation and evolution until final disposal from JRC-Geel and SCK-CEN and data from CEA/LNHB.
Task 2.5. JYU reports delay of the on-line experiment in subtask 2.5.3, Fission yield studies with the PI-ICR technique at IGISOL. The experimental program at the IGISOL-4 has been delayed due to the serious technical problems with the helium gas purification system. The deliverable D2.8 proposed for month M36 will be delayed by estimated 12 months. 
Initially the Task 2.5 included the measurement of fission yields with FALSTAFF at ILL but in the first reporting period it was demonstrated the impossibility to perform the experiment and as a solution it was proposed to make the same measurement with the same device (FALSTAFF) but in a different facility that have just started to become operational, NFS. Some preparatory experiments and significant progress has been achieved. Indeed, the NFS planning and the recent enlargement of the collaboration will allow SANDA to reach the milestone MS13 “Completion of the measurements with FALSTAFF at NFS (ILL)” for M40 instead of M36 and analyse data to provide results for the D.2.13 deliverable which has been renamed “Report on fission fragment studies with FALSTAFF at NFS” on time for M48.
The fission yields measurements at LOHENGRIN could only started in May 2021 because of the COVID pandemic, performing a two weeks campaign. The campaign was excellent but it has been found that the measurement of very low fission yields in the symmetry region and the heavy wing of the distributions is difficult to achieve: This situation could be improved with the addition of a ToF line before the entrance of our ionization chamber. This was tested during a campaign in July 2021 and it was decided to switch to the MCP (Microchannel Plate) technology for the electron detection of our ToF line. In this conditions a new experimental campaign will be performed in 2023. As a consequence, the deliverable D2.12 will be delayed from month M36 to M48.
Task 2.6. Subtask “Measurement of cross sections relevant for hadron therapy”. The beam time at n_TOF@CERN for detector testing is in November 2022. The plan is to submit the DDX proposal to the INTC meeting of February 2023. If no further delays occur, the measurement should be executed in the second half of 2023. The activities on the measurement of cross sections relevant for medical applications are currently about six months late compared to the original programme due to the COVID pandemic. This means after the end of the project. In addition, CERN has recently announced that, because of the energy crisis, in 2023 the operation time of the accelerator complex will be reduced by 20%. As of today, it is not known how this will affect the beamtime scheduling at the n_TOF facility, however this could potentially cause additional delays, and the associated deliverable D2.10 could be delayed between 6 to 12 months after its original data at month M48. So in order to complete this deliverable the project needs an extension of its duration.
[bookmark: _Toc118284543]WP 3
In person participation was considered very important for the meetings associated to “producer - user - interaction” and network of target makers. The COVID pandemic however prevented the possibility of this type of workshops, so two different dates were proposed but finally the workshop was performed online on 18 of August 2021. Abstracts for both workshops had been collected and summarized in the book of abstracts that can be found in the library of the SANDA web (http://www.sanda-nd.eu/node/624).  The details of the online meeting and the actual contributions to the meeting can be found at the CERN indico web page (https://indico.cern.ch/event/1064846). The combination of this two elements can be considered as the equivalent to the deliverable D3.1, delivered on time. In addition, the meeting was complemented by bilateral discussions. The associated milestones MS27 and MS29 had been achieved, with one-year delay.
A similar situation applies to the network of target makers. After the failure to call for meetings in 2020 and 2021 due to COVID pandemic, target makers could come together in September 2022 during the 30rd conference of the International Nuclear Targets Development Society, hosted by PSI in Switzerland (responsible for this Task 3.2). This allowed to achieve milestone MS28 and deliverable D3.2 should be prepared on time.
The activities for the site preparing for the mass separator at PSI are ongoing. The task is cost- and time-intensive because of the big efforts necessary to declare and/or decontaminate every item, which needs to be removed from the former Pu-zone. Supply chain issues generated by the COVID pandemic additionally complicate the situation and has led to further delays. D3.5 is being correspondingly delayed (expected delay of 6 months).
In summary, due to the CORONA situation, adaption of the planning had to be made in WP3: 
	Second call for target manufacturing
	July 2021

	Target manufacturing 
	End of 2022

	Isotope separator design
	August 2023

	Site preparation isotope separator
	Mid 2024

	User-producer meetings (bilateral) 
	continuous

	User-producer workshops 
	SANDA III at the end of the project

	Target maker meetings 
	Already performed in September 2022 at PSI

	31th INTDS conference 
	Mid 2024



[bookmark: _Toc118284544]WP 4
For work-package 4, all the milestones had been or will be achieved on time, however the deliverables 4.3 to 4.6 will only be available after significant delay.
Indeed, despite the large progress and significant results already available, there will be a delay of 7 months for the milestone MS32 is fully achieved. The future release of the JEFF library (in 2024) has motivated the revision of the resonance range of the neutron cross sections of actinides (Pu239, U235, U238, U234, U236, Np237, Am241, Am243, Pu240, Pu242). There is already significant progress on the fit of specific actinides (Pu240, U234, Pu242 and Am243) in the resonance range. Actinide evaluations (U235, U238 and Pu239) are currently being re-analyzed, and a new set of evaluated files is expected to be submitted to the NEA Databank before November 2022, time where the MS32 will be achieved.
Deliverable D4.3 (Report on the evaluation for fission yields) expected from CEA for month 36 is now expected by month 48 as a consequence of the delays in the experimental activities at task 2.5.2 and the limited mobility due to the COVID pandemic and experimental difficulties requiring the change of detector technology.
Deliverable D4.4 (Report on nuclear structure and decay evaluation), from IFIN-HH, that was originally foreseen for month 36, is delayed and currently the estimation us that it will be completed in month 48. The activities in subtask 4.2.2 are progressing well and the delay is mostly caused by the COVID pandemic that limited the exchange of personnel and information between data centers and the coordinating entities (e.g. IAEA, NNDC), however for subtask 4.2.3 “Decay Data evaluation with TAGS data” there is a significant delay coming from the associated experimental activity at Jyväskylä that could generate the indicated delay.
Despite the large effort and the significant amount of material produced by Task 4.3, the deliverable D4.5 is not available at month M36, largely due to the COVID pandemic, and the present estimation is a 6 months delay.
Despite the huge effort and the large amount of material produced by Task 4.4 the deliverable D4.6 is not available at month M36, largely due to the COVID pandemic, and the present estimation is a 6 to 12 months delay.

[bookmark: _Toc118284545]WP 5
The partners of Task 5.1 recognize that there will be a delay of 6 to 9 months in completing Deliverable D5.5 and Milestone MS34 both due by month 36. The main delays impacting Task 5.1 are indirectly due to the COVID-19 pandemic that has delayed the deliverables D5.2, D5.3 and D5.4 (now completed) by more than 1 year. Some partners have reported additional causes. CIEMAT, in particular, has identified errors in its S/U calculation methodology for D5.1 and D5.2, that have required considerable programming work and recalculation of the results.
There is no milestone for Task 5.2 and there is only one deliverable expected for the second reporting period. Deliverable D5.6 (Report on correlations between integral experiments) is intended to present outcomes of Subtask 5.2.1 and it was due at M30. There are many simulations, a significant number of results and even some publications but deliverable D5.6 is very complex and will be delayed by about 1 year (from M30 to M42).

Over the first 24 months of the SANDA project, Task 5.3 was directly impacted by the COVID pandemic: All planned experiments were postponed. Later, however, the facilities could resume operation, so the experiments could be re-scheduled and start. According to the initial schedule, Deliverables D5.10, D5.11 and D5.12 related to experiments at JRC Geel, LR-0 and TAPIRO, respectively, are due at M42, while Deliverable 5.13 is due at M48. However, the delays in the start of operations due to the limitations generated by the COVIC pandemic has produced delays of 6 months to a year are impacting the four Task 5.3 deliverables. The most serious impact is on Subtask 5.3.3 and deliverable D5.12. Indeed, it is likely that the analysis of the Phase 2 (americium) measurements in TAPIRO will require more time, extending beyond 2023. So in order to complete deliverables D5.10, D5.11 and D5.12, SANDA will need an extension of several months to 1 year.

[bookmark: _Toc118284546]WP 6
For training and education events face-to-face courses are still preferable if the delays induced with COVID makes them compatible with the global schedule of the project. For this reason, the dedicated school foreseen in WP6 of SANDA is for the time being delayed to 2023 but maintaining its presential format. Consequently, the deliverable D6.3 will be delayed from month M24 to the end of the project.
Because of the COVID pandemic it was not possible to organize workshop to approach the representatives of EU Members States to evaluate the support to a ND joint initiative, so the activity performed in this task, has been to collect information on the framework for the next calls (HORIZON EUROPE) of EURATOM. There is still the intention to approach the representatives of EU Members States, either in a formal way if at all possible, or informally by separated contacts with representatives of each of the Eu Member State. Consequently, the deliverable D6.2 will be delayed from month M36 to the end of the project.
[bookmark: _Toc118284547]Use of resources (not applicable for MSCA)
The second payment was completed for most partners between November and December 2021. The algorithm to calculate payments per partner had two limits; 1) The payment cannot be larger than the accepted eligible costs from previous reporting periods, and 2) The accumulated payments cannot go beyond 90% of the Maximum EC contribution indicated in the Grant Agreement. The application of criteria 2) implied that it was not possible to distribute the total financing received form the EC. The difference of 99.004,41€ were put on-hold in a CIEMAT account to be distributed at the time of the third payment.
On the other hand, during the preparation of the second periodic report financial statement it was noticed that the declared costs and the EC requested contribution exceeded for some partners the Maximum EC contribution indicated in the Grant Agreement. This situation is probably the consequence of a large dedication of personnel during the second reporting period to recover the efficiency pre-COVID and to recover some of the delays induced by the COVID pandemic. For each partner in this situation a request was issued for a confirmation of their engagement with the project until the objectives and deliverables agreed in the Grant Agreement will be achieved
[bookmark: _Toc118284548] Unforeseen subcontracting (if applicable) (not applicable for MSCA)
Not applicable
[bookmark: _Toc118284549]Unforeseen use of in-kind contribution from third party against payment or free of charges (if applicable) (not applicable for MSCA)
Not applicable
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