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1. BACKGROUND 

 

The maintenance of existing and development of new nuclear technologies rely on the 

availability of molecular, atomic and nuclear data to provide accurate numerical representations 

of the underlying physical processes. Essential data includes energy dependent cross-sections, the 

energy and angular distributions of reaction products for many combinations of target and 

projectile, and the atomic and nuclear properties of excited states in addition to their radioactive 

decay data. 

Today modern nuclear facilities and applications have reached a high degree of sophistication in 

which the safe and economical operation of these complex technologies requires detailed and 

reliable design calculations. While simulation calculations are becoming more and more 

economical with rapid advances in computer technology and increased predictive power of 

physical models, confidence in these calculations is still largely determined by the accuracy of 

the atomic and nuclear input data. In addition to the field of fission reactor technology, many 

other nuclear applications such as nuclear fusion, production of radioisotopes, neutron therapy, 

spallation neutron sources, non-destructive testing and multi-elemental analysis are also of 

growing economic significance and require substantial data input regarding neutron induced 

reactions. In this context, use of neutron beams is the most frequently employed technique to 

provide high quality experimental data for neutron induced reactions in the broad neutron energy 

range. All of these measurements can be grouped into two main categories: 

 Experiments using neutron time-of-flight (TOF) technique in the wide energy 

spectrum, typically from thermal energies to approximately 200 MeV, e.g., n_TOF at 

the European Organization for Nuclear Research (CERN), LANSCE at Los Alamos 

National Laboratory (LANL) and GELINA at the Joint Research Centre 

(IRMM/JRC). This powerful method allows for the study of neutron induced capture, 

fission and secondary particle production reactions. In most cases, the neutron source 

is driven by a pulsed particle accelerator using protons or electrons, while pulsed 

research reactors also can be successfully employed for this purpose, e.g., IBR-2 at 

JINR; and 

 Guided neutron beams from a steady state research reactor can be employed to 

determine neutron induced capture cross-sections or gamma emission probabilities, 

e.g., the Budapest Research Reactor at the Budapest Neutron Centre (BNC). In 

certain cases neutron beam choppers, various neutron filter or crystal based 

spectrometers can be applied in order to provide well defined energy selection or 

produce at least quasi-mono-energetic neutrons, e.g., HFR at ILL or Kiev Research 

Reactor. 

 

All of these facilities have specific characteristics in terms of neutron beam intensities and energy 

resolutions, associated instrumentation and data acquisition systems, and developed dedicated 

experimental programmes. A number of new powerful neutron sources and facilities have 

recently become operational, e.g., Japan Proton Accelerator Research Center (J-PARC) and 

Spallation Neutron Source (SNS) in USA, or are in the licensing and planning stage, e.g., CARR 

and CSNS in China, PIK in the Russian Federation, NFS in France, the new EAR2 beam line at 

CERN and ESS in Sweden. Most of them propose very ambitious nuclear data measurement 

projects either exclusively or as part of their broader utilization programmes and strategies. 
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2. OBJECTIVES OF THE MEETING 

 

The Technical Meeting aimed to provide a forum to exchange good practices as well as lessons 

learned and practical experiences from use of neutron beam facilities and associated 

instrumentation, both accelerator and research reactor based, in provision of high precision 

nuclear data. Present status and future developments of neutron beam facilities worldwide, both 

accelerator and research reactor based, will be addressed. The meeting concentrated on the 

following major topics: 

 Description and characteristics of neutron beam facilities for nuclear data measurements; 

 Description and characteristics of associated instrumentation and data acquisition 

systems; 

 Ongoing and future experimental programmes; and 

 Good practices and strategies from international collaborations in the use of neutron beam 

facilities for nuclear data measurements. 

 

3. WORK DONE 

 

The Technical Meeting was attended by 25 participants representing 15 Member States and 4 

international organizations. Mr A. Horvath and Mr T. Belgya of the host Centre for Energy 

Research of the Hungarian Academy of Sciences opened the meeting along with IAEA Scientific 

Secretary Mr D. Ridikas. The participants then proceeded with selection of a meeting chairperson 

(Mr S. Oberstedt, JRC-IRMM, EC) and rapporteur (Mr T. Nolte, PTB, Germany) before 

commencing individual presentations, organized into eight sessions, detailing their home 

facilities and experimental programmes. The reader is also encouraged to consult the “Meeting 

Agenda”, “List of Meeting Participants” and “Book of Abstracts”, provided in Appendices 1, 3 

and 4 respectively. 

Mr D. Ridikas and Mr S. Simakov of the IAEA Department of Nuclear Sciences and 

Applications began the first session by describing, respectively, IAEA programmes on research 

reactor utilization and nuclear data. Mr Ridikas summarised the financial and technical 

challenges of today’s decreasing fleet of research reactors, but also some success stories and 

instances of IAEA assistance. Mr Simakov’s presentation focused on data development initiatives 

through Cooperative Research Programmes (CRPs), International Nuclear Data Centre (INDC), 

or experimental data library EXFOR. 

Mr F. Michel-Sendis of the OECD/NEA presented an overview of the organization the NEA 

Data Bank and introduced the nuclear data high priority request list (HPRL), which compiles the 

most important nuclear data requirements for the safe and economic operation of nuclear 

systems. One need highlighted was a lack of dedicated installations for target fabrication. The 

presentation concluded with an introduction to the Research and Test Facilities Database 

(www.oecd-nea.org/rtfdb) and Joint Evaluated Fission and Fusion File (JEFF) project. 

Mr T. Belgya (Hungary) presented nuclear data measurements at the PGAA-NIPS facilities of the 

Budapest Research Reactor, which are based on a cold neutron source. It was noted that the 

neutron spectrum is measured using TOF method at the NIPS facility. Recent experiments and 

measurements at the facilities include thermal capture cross-sections for 
237

Np and 
242

Pu, fission 

http://www.oecd-nea.org/rtfdb
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fragment studies using the VERDI setup of IRMM/JRC, photon strength functions for 
77

Se(n,) 

and 
78

Se(n,) compared to (,) results and capture cross-sections for 
54,56,57

Fe. 

Ms O. Gritzay (Ukraine) described the development of the neutron filtered beam technique for 

high precision nuclear data measurements at the Institute of Nuclear Research in Kiev. The 

filtered neutron beam technique utilizes an energy range of 1–100 keV with a flux density of  

10
6
–10

8
 cm

-2
s

-1
. Their observed uncertainties are ~1% for total cross sections and ~3–6% for 

scattering/capture cross-sections. Also, two new approaches have been attempted by modification 

of the spectral distributions of lines by additional filters with a new algorithm for data analysis 

and the variation of neutron energy by scattering from hydrogenous samples. 

Mr Than (Vietnam) focused on the measurements using filtered quasi-monoenergetic neutron 

spectra obtained at Dalat Research Reactor. The utilized filtered neutron beams are in the keV 

energy region. The use of different filter components with natural isotopic composition have been 

adapted to the required energy range, with spectra calculated using MCNP and measured using 

differentiation of pulse height spectra from recoil proton counters. Using these methods, the 

facility has measured capture cross sections for 
139

La, 
152

Sm, 
191

Ir, 
193

Ir, 
197

Au using the activation 

method, with similar uncertainties as reported by Ms Gritzay. Total cross-sections by 

transmission measurements for 
12

C and 
238

U were also measured, with uncertainties 1–2%. 

Monday concluded with a presentation by Mr Z. Revay (Hungary) on the development of a 

spectroscopic database for prompt gamma activation analysis in connection with the facilities and 

instruments installed at the Heinz Maier-Leibnitz Centre (FRM II) in Garching, Germany. This 

discussion included principles of nuclear data measurements in cold neutron beams, 

standardization, energy calibration, reference materials, and the FRM II PGAA facility. Future 

activities concern a planned revision of the cross-section library as well as an initiative for cross-

section measurements for light elements like D, He, Li, Be, B, C, N, O and F. 

Leading the following day’s presentations, Mr R. Nolte (Germany) presented his work in both the 

Physical-Technical Federal Institute (PTB) and iThemba lab facilities (South Africa), providing 

characteristics, descriptions of reference instruments and some examples of experiments. He also 

mentioned a planned upgrade of the accelerator facility with a tandem or pelletron. 

Mr S. Oberstedt of the JRC discussed nuclear research with quasi-monoenergetic neutrons at the 

JRC MONNET and the Orsay Institute of Nuclear Physics (IPNO) LICORNE facility. The 

MONNET facility is based on a 7 MV Van de Graaff accelerator that is used to perform 

measurements using quasi-monoenergetic neutrons from 
7
Li(p,n), T(p,n), T(d,n) and D(d,n). This 

facility has also been used for fission studies in fragment distributions, cross-sections and shape 

isomers; some (n,chp) measurements with B, O and Li; and measurements of the 
206

Pb(n,n’) spin 

isomer state. Neutron production using resonances in 
45

Sc(p,n) was also covered. The LICORNE 

facility at IPNO has studied neutron production in inverse kinematics using a 
7
Li beam on 

hydrogenous targets like TiH2. The first qualification tests have been very promising, and the 

facility looks forward to an experimental programme for fission reaction studies. 

Concerning a neutron facility at NCSR “Demokritos,” Ms R. Vlastou (Greece) described the 

work of a 5.5 MV tandem  accelerator. Flux densities have been measured  using the reactions 
56

Fe(n,p), 
37

Al(n,), 
197

Au(n,2n) and 
93

Nb(n,2n), but to date these have not included neutron TOF 

measurements. The neutron energy spectrum has been characterized by conducting measurements 
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using activation foil and scintillation detectors. The current experimental programme also 

includes measuring 
197

Au(n,2n), 
241

Am(n,2n) and 
237

Np(n,f) through activation method or use of 

a Micromegas detector,  with  Am targets from IRMM/JRC. 

Now open for external users, the fast neutron generators at Nuclear Physics Institute Rež were 

detailed by Mr M. Majerle (Czech Republic). Its cyclotron facility utilizes a spectrum 

fromp+D2O with a flux density of 5×10
10

 cm
-2

s
-1

and maximum neutron energy of 32 MeV.Also 

present is a quasi-monoenergetic spectrum from p+Li, which achieves a flux density of 6×10
8
 

cm
-2

s
-1

and a maximum neutron energy of 36 MeV with non-collimated fields. The experimental 

programme there contains the practice of the foil activation technique above 20 MeV, validation 

of integral cross sections for fusion applications and proton bombardment of Be with a pneumatic 

rabbit system for activation measurements. Co measurements of (n,p) and (n,3n) reactions above 

20 MeV, unfolding of cross-sections measured in quasi-monoenergetic beams and some initial 

TOF measurements of neutron spectra from proton bombardment of Li have also been conducted 

for comparison with simulations. 

Just before a technical tour of the Budapest Research Reactor and its neutron beam facilities, Mr 

T. Belgya presented recent changes at the Hungarian Academy of Sciences with an overview of 

the reactor and the Budapest Neutron Centre. The development of the PGAA, neutron 

radiography and tomography facilities was also detailed. Subsequently, the reactor and its various 

experiment systems were viewed by the meeting participants. 

Resuming presentations, Mr. G.N. Kim (Republic of Korea) described activities for nuclear data 

measurements using the Pohang neutron facility. This facility contains a 3 GeV electron linac, a 

100 MeV electron linac, a Ta target with water moderator and a TOF beam line and data 

acquisition system. Its staff has experience conducting total cross-section measurements, thermal 

cross-section measurements using the activation method and photonuclear reactions, while 

preparing for the measurement of capture cross-sections using BGO detectors. 

 

Mr S. Oberstedt presented nuclear measurements at GELINA, which possesses a facility with a 

100 MeV electron linac, a neutron production target and TOF beam lines. The neutron spectrum, 

time resolution and beam monitoring of this facility was characterized. The work programme at 

GELINA has featured standard cross sections for the reactions like 
10

B(n,0,1) and 
6
Li(n,t) using 

gridded ionization chambers, transmission measurements, capture measurements using C6D6 

detectors, charged particle emission cross-sections using gridded ionization chambers and solid-

state detectors, the fission cross-section of 
245

Cm and inelastic scattering via GAINS and 

GRAPHEME setups for the reactions
22

Na(n,n’) and 
76

Ge(n,n’). 

 

Mr A.V. Prokofiev (Sweden) characterized the high energy neutron beam facilities at the 

Svedberg Laboratory in Uppsala. This laboratory features a Gustav Werner cyclotron equipped 

with facilities for monoenergetic neutrons, a white neutron beam, proton beams and flux 

monitoring of thin film breakdown counters and fission chambers. The facilities have been 

appropriated for approximately 10% research and 90% industrial applications, but as cancer 

therapy research will cease in 2015, more beam time will become available for other users. 

Measurements conducted at the laboratory include those of reactions involving neutron induced 

light ion production, neutron induced fission, fission cross-sections using thin film breakdown 
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counters, elastic neutron scattering and activation cross-sections close to a neutron production 

target. The laboratory has also advised industrial users on QA/QC procedures.  

 

Use of the Institute for Physics and Power Engineering accelerator complex for neutron induced 

reaction investigations was detailed by Mr V. Khryachkov (Russian Federation). This included an 

overview of the complex, techniques and examples for digital data acquisition utilizing double 

gridded ionization chambers, total kinetic energy distributions, cold fragmentation in 
238

U and 

power spectral density measurement using CsI detectors and proportional counters. Among other 

activities were many (n,) cross-section measurements using gaseous targets in a time projection 

chamber, such as 
16

O(n,) with a total uncertainty of ~6%, 
14

N(n,),and 
10

B(n,) with BF3 as the 

counting gas. Solid samples in gridded ionization chambers have also been tested. 

 

To begin the final session, that of new and forthcoming facilities, Mr X. Ledoux (France) 

presented the Neutrons for Science Facility at SPIRAL-2, which will host an accelerator complex 

comprised of a LINAG linac, neutron TOF area, irradiation box and an irradiation cell for 

biological research. This facility will be utilized for fission fragment studies using secondary 

electron detectors, (n,xn) studies using 4 loaded liquid scintillator detectors, double differential 

cross-section (DDX) measurements using a MEDLEY chamber and activation cross-section 

measurements. Construction of the facility is progressing, with the first beam expected to come 

online in 2014. 

 

The design of a high intensity source for neutron induced fission yield studies was the focus of a 

presentation by Mr. M. Lantz (Sweden). The primary motivation of these accelerator based 

experiments derives from a need for spectrum integrated fission fragment yield data for 

application in thermal and fast reactors. The IGISOL technique has been employed by the 

University of Jyväskulä, Finland, using its cyclotron, which has delivered excellent mass 

identification in a Penning trap and is sufficient for metastable states with excitation larger than 

0.5 MeV. Several design studies have been proposed for spectrometry testing utilizing Bonner 

spheres and liquid scintillators at the Svedberg Laboratory of Uppsala University. A range of 

fissile targets may be used, and isotopic distributions of fission fragments with half-life >300 ms 

are intended for study. 

 

Mr T. Katabuchi (Japan) described recent nuclear data measurements using the accurate neutron 

nucleus reaction measurement instrument (ANNRI) at J-PARC, which utilizes a 3 GeV proton 

linac. It was reported that J-PARC was severely damaged by the last earth quake, but has been 

able to recover within two years. The materials and life science facility, containing a spallation 

source with a liquid Hg target, was described, as well as its planned power upgrade from 300 kW 

to 1 MW. Furthermore, Mr Katabuchi characterized the accelerator devices and testing 

equipment of both the ANNRI facility and the neutron facility at the Tokyo Institute of 

Technology, which has conducted capture measurements for isotopes of technological or 

astrophysical interest, experiments with kinematic collimation or open fields and neutron energy 

selection using TOF method. 

 

The final two presentations were provided by staff at the CERN, the first by Mr E. Chiaveri 

concerning the n_TOF facility. An overview of the facility, with its neutron beam and two 

experimental areas, EAR1 and EAR2, was offered, along with the operating group’s primary 

mission of obtaining precise and optimized nuclear data for the design and safety of Gen IV 



IAEA TM on Use of Neutron Beams for High Precision ND Measurements; Budapest, Hungary, 10–13 Dec. 2012 

Working Document 

6 

 

reactors and the Th/U cycle. A history of past scientific programmes and characteristic 

parameters of the n_TOF neutron beam and associated detector system was also detailed. Among 

planned developments at the facility are the introduction of borated water as a moderator, and, 

moreover, the completion of EAR2, which will vastly improve flux density and signal-to-

background ratio emanating from the beam, which will enable the measurement of small cross-

sections with small sample masses. 

 

Finally, Mr C. Guerrero (CERN) described the nuclear data experimental programme at CERN 

using its detector system. Examples for measurements include fission cross-sections up to 1 GeV, 

angular fragment distributions, (n,chp) cross sections above 300 MeV using plastic PbWO 

telescopes, capture cross-sections for high activity samples and simultaneous measurement of 

capture and fission cross-sections using the Micromegas detector with fissile targets inside the 

time-to-amplitude converter. The experiments and the methods used to conduct them have been 

outlined in a series of scientific and technical papers produced at CERN. 

 

After all individual presentations have been made and discussed, the meeting participants have  

 Reviewed the information data base of present and future neutron beam facilities 
world-wide involved in nuclear data measurements 

 prepared Table of Contents of the future IAEA publication on “Compendium of 
Neutron Beam Facilities for Nuclear Data Measurements” 

 been informed on the IAEA Collaborating Centers Scheme, and modalities how to 
become one in the field of nuclear data measurements  

 contributed in drafting the meeting report, including conclusions and 
recommendations. 

 

 

4. EXECUTIVE SUMMARY 

Noting the prominence and success of nuclear data provision within the experimental 

programmes of research reactor and accelerator facilities, the meeting participants during the 

final discussion session noted several conclusions and formulated the recommendations listed 

below: 

Conclusions 

 It was recognized that the IAEA has undertaken a number of activities, namely, 

management of various nuclear data libraries and databases, Coordinated Research 

Projects, Technical Meetings, workshops, fellowships and in some cases also 

Technical Cooperation (TC) projects to assist Member States in the domain of 

nuclear data measurements. Continuation and expansion, where appropriate, of such 

activities is desired and encouraged. 

 Complementarity: A need for complementary nuclear data measurement facilities 

was recognized to ensure independent verification of experimental results and 

diversity of ongoing experimental programmes. Facility competition and improved 

QA/QC practices and measures could also yield benefits to the field. 

 Experimental programmes: Collaboration and coordination of experimental 

programmes among different nuclear data measurement facilities was clearly 
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recognized in order to optimize joint efforts in provision of high quality nuclear data 

for interested parties. Where international cooperation and projects already exist, 

continuation was encouraged. 

 Samples: Issues related to the availability, provision and sharing of high 

quality/purity and, in some cases, radioactive samples were emphasized, including 

requests for assistance and support from the IAEA and national responsible 

authorities. Support or creation of centralized sample preparation laboratories has 

been discussed and needs to be considered to address sample provision issues. 

 Awareness: Among the Member States, national and international institutions, the 

need and importance of nuclear data measurements should be promoted in order to 

enhance awareness and facilitate requests for cooperation and support. Preparation of 

a dedicated promotional brochure on the importance of nuclear data in various fields, 

particularly both nuclear energy and non-nuclear energy applications, should be 

considered. Such a brochure should emphasize standards, dosimetry cross-sections, 

medical applications, nuclear structure, fusion, capture cross-sections, nuclear energy 

applications and evaluation databases. 

 Finance: Financial support, e.g., from EC and national science foundations, was 

acknowledged and therefore should be continued as an indispensable source to cover 

the operational and running costs of experimental nuclear data measurement 

facilities. 

 Competence and knowledge management: The need to preserve competence in the 

field of nuclear data measurements, modelling and evaluations was recognized for 

developed as well as for developing countries, both at the national and transnational 

level. 

Recommendations 

1. Prepare and publish a “Compendium of Neutron Beam Facilities for Nuclear Data 

Measurements” as an IAEA Technical Report Series or INDC report with the Table of 

Contents detailed in Appendix 2. 

2. Support and assist in a database or network of neutron source facilities containing their 

detailed characteristics for performance of nuclear data measurements. 

3. Encourage and support experimental and evaluation efforts regarding: 

 Measurements of reaction cross-sections and decay data relevant to production of 

medical and industrial radioisotopes, radiation therapy; 

 Radiation effects in materials, components and systems (e.g., accelerator and reactor 

technology, space applications, natural radiation); 

 High precision measurements with reference materials of high importance for neutron 

metrology; 

 Improved measurements of reaction cross-sections, decay data and fission products of 

high importance for the nuclear energy sector, e.g., for fission and fusion reactors as 

well as nuclear waste reduction and management; and 

 Improved measurements of reaction cross-sections of high importance for nuclear 

astrophysics. 
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4. Create a dedicated IAEA web portal (password protected) that in addition to web-based 

forum would include in particular data on: 

 Samples and targets available for nuclear data measurements; and 

 Laboratories and their capabilities in sample preparation and fabrication. 

5. Continue the organization and support of similar meetings bringing together nuclear data 

measurement facilities worldwide in order to examine their status, future developments and 

discuss experimental programmes. 

6. Organize education and training workshops through the International Centre for Theoretical 

Physics (ICTP) and IAEA on nuclear data measurement techniques, instrumentation, and 

data analysis. 

5. CLOSING 

The TM was highlighted as a successful and useful event by the meeting participants, 

representing both research reactor and accelerator based neutron source facilities involved in 

nuclear data measurements. The support for the meeting in terms of the number and diversity of 

participants as well as participating Member States is a significant indicator of the success of the 

broader endeavor — to provide timely practical assistance and support the sharing of research 

reactor and accelerator based neutron source experience related to the provision of nuclear data, 

foster the development of new experimental techniques, establish enlarged collaborations, 

facilitate contacts and exchange information. Mr D. Ridikas and Mr S. Simakov (IAEA) thanked 

the representatives of Hungary for hosting this event, organizing the technical tour to the 

Budapest Neutron Centre and their kind hospitality during the meeting. The support and 

organizational effort of the IAEA representatives was also gratefully acknowledged 



IAEA TM on Use of Neutron Beams for High Precision ND Measurements; Budapest, Hungary, 10–13 Dec. 2012 

Working Document 

9 

 

APPENDIX 1. MEETING AGENDA 

 
Monday, 10 December 2012 

08:30-09:00 Arrival of participants; registration; upload of presentation files 

Session I 

09:00-09:40 Welcome & Opening Address by the representatives of IAEA and host 

organization, followed by Election of Chairperson(s) and Rapporteur(s) 

09:40-10:20 1. IAEA Activities Related to Enhanced Utilization of Research Reactors  

Mr D. Ridikas, IAEA 

10:20-11:00 2. IAEA Activities Related to Nuclear Data 

Mr S. Simakov, IAEA 

11:00-11:30 Coffee break 

 

11:30-12:10 3. The Research and Test Facilities Database and related activities at 

OECD NEA  

Mr F. Michel-Sendis, OECD/NEA 

12:00-12:50 4. Nuclear data measurements at the PGAA-NIPS facilities of the 

Budapest RR 

Mr T. Belgya, Centre for Energy Research, Hungary 

13:00-14:00 Lunch break 

Session II 

14:00-14:40 5. Uses of monochromized thermal neutron beams for nuclear data 

measurements 

Mr S.M. Hossain, Atomic Energy Research Establishment, Bangladesh 

14:40-15:20 6. Development of the Neutron Filtered Beam Technique for High 

Precision Nuclear Data Measurements 

Ms O. Gritzay, Institute of Nuclear Research, Ukraine 

15:20-16:00 7. The Quasi-Monoenergetic Neutron Spectra for Nuclear Data 

Measurements on Filtered Neutron Beams at Dalat RR 

Mr Tran Tuan Anh, Nuclear Research Institute, Vietnam 

16:00-16:30 Coffee break 

 

16:30-17:10 8. Spectroscopy database for prompt gamma activation analysis 

Mr Z. Révay, TUM, Germany & Centre of Energy Research, Hungary 

  

19:00 Hospitality Event, TBD  
All 
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Tuesday, 11 December 2012 

08:30-09:00 Arrival of participants; upload of presentation files 

Session III 

09:00-09:40 9. Neutron beams and neutron metrology at the PTB ion accelerator 

facility 

Mr R. Nolte, PTB, Germany 

09:40-10:20 10. Nuclear Research with Quasi Mono-Energetic Neutrons at the JRC 

MONNET and the IPNO LICORNE Facility 

Mr S. Oberstedt, JRC-IRMM, EC 

10:20-11:00 11. The neutron facility at the Athens Tandem Accelerator NCSR 

“Demokritos” 

Mr R. Vlastou, National Technical University of Athens, Greece 

11:00-11:30 Coffee break 

 

11:30-12:10 12. Neutron Elastic and Inelastic Differential Cross Section Measurements 

at the University of Kentucky Accelerator Laboratory 

Mr J.R. Vanhoy, US Naval Academy, USA 

12:10-12:50 13. Fast neutron generators at Nuclear Physics Institute Řež 

Mr M. Majerle, Nuclear Physics Institute, Czech Republic 

13:00-14:00 Lunch break 

Session IV 

14:00-14:30 Talk by the host on Budapest RR and its facilities 

Mr T. Belgya, Centre for Energy Research, Hungary 

14:30-16:00 Technical Tour to RR and its facilities 

16:00-16:30 Coffee break 

16:30-17:10 14. Activities for Nuclear Data Measurements using Pohang Neutron 

Facility 

Mr G. N. Kim, Kyungpook National University, Korea 

  

 
Wednesday, 12 December 2012 

08:30-09:00 Arrival of participants; upload of presentation files 

Session V 

09:00-09:40 15. Nuclear data measurements at GELINA 

Mr S. Oberstedt, JRC-IRMM, EC 

09:40-10:20 16. High-energy neutron beam facilities at The Svedberg Laboratory 

Mr A.V. Prokofiev, Uppsala University, Sweden 

10:20-11:00 17. Using of IPPE accelerator complex for neutron induced reaction 

investigation 

Mr V. Khryachkov, IPPE, Russia 

11:00-11:30 Coffee break 

 

11:30-12:10 18. The Neutrons For Science facility at SPIRAL-2 

Mr X. Ledoux, GANIL, France 

12:10-12:50 19. Design of a high intensity neutron source for neutron-induced fission 

yield studies 

Mr M. Lantz, Uppsala University, Sweden 

13:00-14:00 Lunch break 

  



IAEA TM on Use of Neutron Beams for High Precision ND Measurements; Budapest, Hungary, 10–13 Dec. 2012 

Working Document 

11 

 

Session VI 

14:00-14:40 20. Nuclear Data Measurement Using the Accurate Neutron-Nucleus 

Reaction Measurement Instrument (ANNRI) in J-PARC 

Mr T. Katabuchi, Tokyo Institute of Technology, Japan 

14:40-15:20 21. The n_TOF facility at CERN: status and perspectives 

Mr E. Chiaveri, CERN & CEA Saclay, Switzerland 

15:20-16:00 22. Nuclear Data experimental program at CERN 

Mr C. Guerrero, CERN, Switzerland 

16:00-16:30 Coffee break 

16:30-17:10 Discussion: review of information data base of present and future neutron beam 

facilities world-wide for ND measurements 

All 

Thursday, 13 December 2012 

08:30-09:00 Arrival of participants; upload of presentation files 

Session VII 

09:00-10:00 Discussion: finalization of information data base of present and future neutron 

beam facilities world-wide for ND measurements 

All 

10:00-11:00 Discussion: drafting of the meeting report, including conclusions and 

recommendations  

All 

11:00-11:30 Coffee break 

Session VIII 

11:30-13:00 Discussion: finalizing of conclusions and recommendations 

All 

13:00-14:00 Lunch break, End of the meeting 
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APPENDIX 2. DRAFT TABLE OF CONTENTS OF THE IAEA PUBLICATION 

Deadline for the 1
st
 iteration for section contributions: 28 February 

Deadline for the 2
nd

 iteration-review for section contributions: 15 April 

1. Foreword 

2. Introduction 

3. Motivation (areas of applications; CERN, JRC) 

4. RR based neutron beam facilities: 

a. Cold/thermal neutron beams (Hungary, Germany, France, Korea (?)) 

b. Filtered neutron beams (Ukraine, Vietnam, Bangladesh) 

c. Pulsed RRs (JINR-Dubna) 

5. Accelerator based neutron beam facilities 

d. Mono energetic and Maxwell spectrum (incident particle energy <5MeV) d,D; d,T; p,T; 

p,Li (Germany, Russia, JRC, Greece, Japan, China, USA (Vanhoy), France, Israel) 

e. QMN p,Li (South Africa, Sweden, Russia, Czech Republic, Belgium (?), LBNL-USA, 

Japan, France, Germany (?)) 

f. White spectra (incident particle energy <200MeV) d,C, d,Be, p,D2O, p,Be, p,W (France, 

Finland, Czech Republic, Sweden, Germany, USA, Korea (?), Italy) 

g. White spectra electrons (JRC, Korea, USA (?), Germany, Japan) 

h. White spectra spallation p(>200MeV)+Pb, Bi, Hg, W, Ta (CERN, Japan, USA, Russia, 

China, ESS, UK) 

i. Inverse kinematics for neutron production Li,H, U,H (?) (France, JRC); surrogate 

reactions (equivalence to neutron induced) 

6. Samples and targets for nuclear data measurements; (JRC, CERN) 

7. Instrumentation and data acquisition in modern ND measurements (Japan) 

8. Results, evaluations, dissemination (IAEA-NDS) 

9. New trends in nuclear data measurements (IAEA-Physics) 

Annex: (~25-30 individual papers as examples of above-type facilities); 31 January 2013 

a. Hungary, Germany, France 

b. Ukraine, Vietnam, Bangladesh 

c. Russia 
d. Germany, JRC, Greece,  

e. South Africa, Sweden, Russia 

f. France, Finland, Czech Republic 

g. JRC, Korea, USA 

h. CERN, Japan, USA, Russia, China  

i. France 
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APPENDIX 3. LIST OF PARTICIPANTS 

Country Contact details 

IAEA Mr Danas RIDIKAS 

Division of Physical and Chemical Sciences, Office A2302 

International Atomic Energy Agency 

Vienna International Centre, P.O. Box 100, A1400 Vienna, Austria 

Email: D.Ridikas@iaea.org, Tel.: +43 1 2600-21751, Fax: +43 1 26007 

IAEA 

 

Mr Stanislav SIMAKOV 

Division of Physical and Chemical Sciences, Office A2335   

International Atomic Energy Agency 

Vienna International Centre, P.O. Box 100, A1400 Vienna, Austria 

Email: S.Simakov@iaea.org, Tel.: +43 1 2600-21717, Fax: +43 1 26007 

OECD/NEA 

 

Mr Franco MICHEL-SENDIS 

Data Bank  

OECD Nuclear Energy Agency (NEA) 

Tel.: +33 (0)1 45 24 10 99 

franco.michel-sendis@oecd.org  

CERN Mr Enrico CHIAVERI 

n_TOF, CERN-EN/STI 

CH-1211 Geneva 23, Switzerland 

tel. +41 22 7676189 

Enrico.Chiaveri@cern.ch  

CERN Mr Carlos GUERRERO 

CERN Physics Department 

CH-1211 Genève 23 (Switzerland) 

Phone: +41 76 487 1276 

carlos.guerrero@cern.ch 

EC-JRC Mr Stephan OBERSTEDT 

European Commission 

DG Joint Research Centre IRMM 

Retieseweg 111, B-2440 Geel, Belgium 

Tel. +32 14 571 361 

Stephan.OBERSTEDT@ec.europa.eu 

Bangladesh Mr Syed Mohammod HOSSAIN 

Institute of Nuclear Science and Technology (INST) 

Atomic Energy Research Establishment (AERE) 

Bangladesh Atomic Energy Commission (BAEC) 

Ganakbari, Savar 

P.O. Box 3787 

Dhaka 1000, Bangladesh 

Tel: 00880 2 778 8249 

E-mail: syed9495@yahoo.com  

China 

(not attended) 

 

Mr Xichao RUAN 

China Institute of Atomic Energy 

PO Box 275-46, 102413 Beijing, China 

Tel.: 86 10 69357466 

E-mail: ntof@ciae.ac.cn  

Czech Republic Mr Mitja MAJERLE 

Nuclear Physics Institute of ASCR PRI, 

250 68 Řež near Prague, Czech Republic 

E-mail: majerle@ujf.cas.cz  

  

mailto:D.Ridikas@iaea.org
mailto:S.Simakov@iaea.org
mailto:franco.michel-sendis@oecd.org
mailto:Enrico.Chiaveri@cern.ch
mailto:carlos.guerrero@cern.ch
mailto:Stephan.OBERSTEDT@ec.europa.eu
mailto:syed9495@yahoo.com
mailto:ntof@ciae.ac.cn
mailto:majerle@ujf.cas.cz
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France 

 

Mr Xavier LEDOUX 

GANIL, BP 55027 

14076 Caen Cedex 5, France 

phone: +33 231454574 

e-mail: ledoux@ganil.fr  

Germany Mr Ralf NOLTE 

Physikalisch-Technische Bundesanstalt 

Bundesallee 100 

38116 Braunschweig 

Germany 

Phone: ++49-531-592-6420 

Email: ralf.nolte@ptb.de  

Greece Ms Rosa VLASTOU 

National Technical University of Athens 

Department of Physics 

Zografou campus 

Athens 15780, Greece 

tel. 30210 7723008 

vlastou@central.ntua.gr  

Hungary Mr Zsolt RÉVAY  

Centre for Energy Research of the Hungarian  

Academy of Sciences  

H-1525 Budapest 114, P.O.B. 49, Hungary,  

Phone: +361-392-2222/31-43  

E-Mail: Zsolt.revay@energia.mta.hu  

Hungary Mr András Csaba FENYVESI  

Cyclotron Application Department  

Institute of Nuclear Research of the HAS - ATOMKI  

Postal address: H-4001 Debrecen, P.O. Box 51, Hungary  

Phone: +36-52-509-273  

E-Mail: Fenyvesi@atomki.hu  

Hungary 

 

Mr Tamás BELGYA  

Nuclear Analysis and Radiography Department  

Centre for Energy Research, Hungarian  

Academy of Sciences – EK  

Postal address: H-1525 Budapest 114,  

P.O.Box 49, Hungary  

Telephone: +361-392-2222 ext.: 3234,  

 E-mail: belgya.tamas@energia.mta.hu  

Hungary Ms Boglárka MARÓTI 

Centre for Energy Research of the Hungarian Academy of Sciences – EK  

Postal address:  H-1525 Budapest 114, P.O.Box 49, Hungary  

Telephone: +361-392-2539,  

E-mail: Boglarka.maroti@energia.mta.hu  

Japan Mr Tatsuya KATABUCHI 

Research Laboratory for Nuclear Reactors, Tokyo Institute of Technology, 

2-12-1 Ookayama, Meguro-ku, Tokyo 152-8550, JAPAN 

Phone No. +81-3-5734-3378 

E-Mail: buchi@nr.titech.ac.jp  

Korea, Republic of  Mr Guinyun KIM 

Department of Physics, Kyungpook National University, 

80 Daehakro, Bukgu, Daegu 702-701,  Korea 

Phone No. +82(53)950-5320 

E-Mail: gnkim@knu.ac.kr  

  

mailto:ledoux@ganil.fr
mailto:ralf.nolte@ptb.de
mailto:vlastou@central.ntua.gr
mailto:Zsolt.revay@energia.mta.hu
mailto:Fenyvesi@atomki.hu
mailto:belgya.tamas@energia.mta.hu
mailto:Boglarka.maroti@energia.mta.hu
mailto:buchi@nr.titech.ac.jp
mailto:gnkim@knu.ac.kr
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Russian Federation 

 

Mr Vitaly KHRYACHKOV 

Institute for Physics and Power Engineering 249033  

1, Bondarenko sq., Kaluga reg., Russia 

Phone No. +7 49439 94827 

E-mail: hva@ippe.ru  

South Africa Mr Rudolph NCHODU 

iThemba LABS 

BO Box 722 

Somerset West 7129, South Africa 

Tel.: 0218433525 

Email: nchodu@tlabs.ac.za  

Sweden Mr Alexander PROKOFIEV  

Uppsala University 

The Svedberg Laboratory  

Thunbergsvägen 5A 

Box 533, SE-75121, Uppsalla, Sweden  

Tel: +46 18 471 3850  

e-mail: alexander.prokofiev@tsl.uu.se                

Sweden Mr Johan Mattias LANTZ 

Department of Physics and Astronomy 

Division of Applied Physics 

Uppsala University 

Box 516, SE-75120 UPPSALA, Sweden 

Tel: +46 18 471 5999 (office) 

e-mail: Mattias.Lantz@physics.uu.se  

Ukraine Ms Olena GRITZAY 

Neutron Physics Department & Ukrainian Nuclear Data Center Head 

Institute for Nuclear Research, pr. Nauky, 47, Kyiv, Ukraine, 03680 

Tel: 380 44 525 3987 / 4957 

E-mail: ogritzay@kinr.kiev.ua  

USA 

(not attended) 
Mr J.R. VANHOY 

Department of Physics  

US Naval Academy  

Annapolis, Maryland 21666 USA 

E-mail: vanhoy@usna.edu  

Vietnam Mr TRAN Tuan Anh 

Nuclear Research Institute 

01 Nguyen Tu Luc Dalat-Vietnam 

Tel: (84 63) 3829436 

Email: ttanhfr@yahoo.com  

 

  

mailto:hva@ippe.ru
mailto:nchodu@tlabs.ac.za
mailto:alexander.prokofiev@tsl.uu.se
mailto:Mattias.Lantz@physics.uu.se
mailto:ogritzay@kinr.kiev.ua
mailto:vanhoy@usna.edu
mailto:ttanhfr@yahoo.com
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APPENDIX 4. BOOK OF ABSTRACTS1 

 

1. IAEA, Ridikas 

IAEA Activities Related to Enhanced Utilization of Research Reactors 
 

Danas Ridikas
 

Department of Nuclear Sciences and Applications 

Physics Section 

International Atomic Energy Agency,  

Vienna International Centre, PO Box 100, A-1400 Vienna, Austria 

D.Ridikas@iaea.org  

 
Research reactors (RRs) have played and continue to play an important role in the development of neutron 

science and related technologies, generation of radio-isotopes for medicine and industry, provision of 

multi-elemental analysis of various samples, improvement of quality of materials through irradiation by 

neutrons, and creation of other products and services for a broad range of applications. RRs can also be 

useful tools in support of present and future national nuclear power programmes through development and 

testing of new reactor concepts, new fuels or structural materials, as well as the development of human 

resources and skills. Today the decreasing fleet of these facilities faces a number of critical issues and 

important challenges such as underutilization, non-existent or inappropriate strategic business plans, 

ageing and needs for modernization–refurbishment, presence of fresh or spent HEU fuel, unavailability of 

qualified high-density LEU fuels, accumulation of spent nuclear fuel, lack of advanced decommissioning 

planning, and in some cases safety and security issues. In addition to this non-exhaustive list of challenges 

are the plans to build new RRs by Member States with little or no experience in this domain. 

Although the number of RRs is steadily decreasing, more than half remain heavily underutilized, without a 

clear purpose or strategy, and in many cases underfunded and understaffed. Keeping in mind that more 

than 50% of operational RRs are more than 40 years old, the number of RRs will continue to decrease. In 

this context, greater international cooperation and networking is required to ensure broader access to the 

remaining facilities, including improving access for Member States without RRs, and increase their 

efficient utilization. Indeed, if the benefits from RRs are to be realized, then the premises upon which they 

are built and operated must be reconsidered and updated to fit today’s technical, economic and social 

situation. In this respect, all aspects of RR utilization, strategy and life cycle management should be re-

examined. 

The paper will highlight a number of selected efforts-examples of the recent IAEA activities in order to 

address the most urgent issues and challenges in the area of RR utilization and applications. Particular 

emphasis will be given to the use of neutron beams, including their application in the area of nuclear data 

measurements. 

 

  

                                                 
1
 According to the order of oral presentations (see Meeting Agenda). 

mailto:D.Ridikas@iaea.org
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2. IAEA, Simakov 

IAEA Activities Related to Nuclear Data 

S.P. Simakov, N. Otsuka, V. Semkova, V. Zerkin, R. Capote, R. Forrest 

Department of Nuclear Sciences and Applications 

Nuclear Data Section 

International Atomic Energy Agency,  

Vienna International Centre, PO Box 100, A-1400 Vienna, Austria 

S.Simakov@iaea.org  
 

The paper will present recent and current activity of the Nuclear Data Section (NDS) of IAEA in the field 

of collection, development and dissemination of the experimental and evaluated nuclear reaction data. 

The specific attention will be given to the EXFOR database as a unique repository of experimental nuclear 

reaction cross sections and closely relevant information. The recent progress will be demonstrated by 

several examples such as collection of the numerical data characterising thin and thick target neutron 

sources, storage and processing of the experimental uncertainties and covariances. 

The Coordinated Research Projects (CRP) is another mechanism, which NDS uses to respond to the 

priority needs and improve nuclear data in the specific field. This will be illustrated by recently completed 

or newly started CRP, such as International Reactor Dosimetry File (IRDF), Fusion Evaluated Nuclear 

Data Library (FENDL), Minor Actinide Neutron Reaction Data (MANREAD), Prompt Fission Neutron 

Spectra of Actinides, Cross Section Standards and others.  
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3. OECD/NEA, Michel-Sendis 

 

The Research and Test Facilities Database and related activities at OECD 

NEA  

F. Michel-Sendis 

OECD Nuclear Energy Agency / Data Bank 

12 Boulevard des Îles 92130 Issy-les-Moulineaux, France 

E-mail: franco.michel-sendis@oecd.org 

 

The NEA Research and Test Facilities Data Base (RTFDB) is a web-based searchable catalog of over 700 

facilities devoted to nuclear data measurements established in 2009 by the Expert Group on Needs of 

R&D facilities in Nuclear Science under the guidance of the NEA Nuclear Science Committee (NSC). The 

facilities included in RTFDB are of different types, such as accelerators, subcritical assemblies, research 

reactors or radioactive material handling facilities, among others. The nuclear data measurements which 

these facilities make possible are diverse and of interest to nuclear energy applications, radiation 

shielding, fuel cycle studies, medical applications, astrophysics and nuclear physics in general.  

This is an informational paper which aims at presenting this database while also highlighting other 

Nuclear data related NEA databases such as the High Priority Request List (HPRL) established by the 

Working Party on Evaluation Co-operation (WPEC). The WPEC is an NSC working party which brings 

together all major international nuclear data evaluation projects such as ENDF (United States), JEFF (Data 

Bank member countries), JENDL (Japan) and others through the IAEA Nuclear Data Section, also a 

member of WPEC. The WPEC aims to assess nuclear data improvement needs and addresses these needs 

by initiating joint evaluation or measurement efforts.  
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4. Hungary, Belgya 

 

Nuclear data measurements at the PGAA-NIPS facilities of the Budapest 

Research Reactor 

T. Belgya 

Centre for Energy Research, Institute of Isotopes, HAS, Nuclear Analysis and Radiography 

Department, POB 49, H-1525 Budapest, Hungary 

E-mail: tamas.belgya@energia.mta.hu  

 

Increasing amount of highly radioactive nuclear waste is one of the major concerns in nuclear 

industry. To decrease their amounts, transmutation and closed fuel cycles are considered in ADS 

and GEN-IV systems. Design of these systems requires better accuracy of nuclear data, especially 

for minor actinides.  

At the cold beam facility of the Budapest Research Reactor (BRR) we can activate isotopes with 

a sub-thermal neutron beam that helps to avoid the complications arising from the lowest energy 

resonance (0.3 eV) for thermal or mixed neutron-field activations. The PGAA-NIPS facilities 

operated by the CER IKI at the cold neutron guide are a major source of high quality radiative 

thermal neutron capture and other nuclear data. In the talk the ingredients of our methodology 

will be presented. Examples of experiments will demonstrate the capability of the method. 
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5. Bangladesh, Hossain  

  

Uses of monochromized thermal neutron beams for nuclear data measurements 

S.M. Hossain, M.S. Uddin, K. Naher, Md. A. Islam, A.K.M. Zakaria and S.M. Yunus 

Institute of Nuclear Science & Technology, Atomic Energy Research Establishment, G.P.O. Box No.-3787, 

Savar, Dhaka-1000, Bangladesh 

syed9495@yahoo.com  

Uses of cadmium cut-off technique for the measurements of neutron capture cross sections at average 
thermal energy 0.025 eV in the reactor environment is a common practice. The technique is quite 
complex and possibility of inclusion large uncertainties. Uses guided/monochromized neutron beam 
might be the solution of this problem. We the NAA group of Bangladesh Atomic Energy Commission is 
being utilized monocromized neutron beam for high precision nuclear data measurements [1-4]. The 
neutrons coming through radial piercing beam port of the 3 MW TRIGA Mark-II research reactor are of 
various wavelengths. They have been monochromized before sending them on the sample for 
irradiation. This can very effectively be done by Bragg reflection from a Cu(200) monochromator using a 
suitable single crystal. The plane of Cu(200) single crystal was inclined in a position that neutron beam of 

single wavelength  = 1.236 A0 was obtained, which is corresponded to 0.0536 eV neutron energy. 
Recently, a high performance neutron powder diffractometer locally called SAND (Savar Neutron 
Diffractometer) has installed at the radial beam port of TRIGA reactor for material research. In SAND 

neutrons beam are monochromized by (511) plane of Si single crystals with wave length  = 1.5656 A0, 
which is correspond to 0.03339 eV neutron energy. The monochromized neutron beam getting from this 
new facility will be utilized for high precision nuclear data measurements. 

1. S.M. Hossain and M.S. Uddin, “Experimental determination of neutron capture cross sections at a 

rare thermal energy using the BAEC TRIGA reactor”, INDC (NDS)-0574, IAEA Nuclear Data Section 

(July 2010) 55-66. 

2. M. S. Uddin, M. H. Chowdhury, S. M. Hossain, Sk. A. Latif, M. A. Hafiz, M. A. Islam, A. K. M. Zakaria 

and S. M. Azharul Islam “Experimental cross-section measurement for the 139La(n,)140La reaction at 

0.0536 eV energy”, Radiochim Acta, 98 (2010) 1-6. 

3. M. S. Uddin, M. H. Chowdhury, S. M. Hossain, Sk. A. Latif, M. A. Hafiz, M. A. Islam, A. K. M. Zakaria 

and S. M. Azharul Islam “Neutron capture cross-section measurement for the 186W(n,)187W reaction 

at 0.0536 eV energy”, Applied Radiation and Isotopes, 66 (2008) 1235-1239. 

4. M. S. Uddin, M. H. Chowdhury, S.M. Hossain, Sk. A. Latif, M.A. Hafiz, M. A. Islam, A. K. M. Zakaria and 

S. M. Azharul Islam, “Measurement of neutron capture cross section of the 171Ga(n,)172Ga reaction 

at 0.0536 eV energy”, Nuclear Inst. and Methods in Physics Research B , 266 (2008) 3341-3345. 
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6. Ukraine, Gritzay 

Development of the Neutron Filtered Beam Technique for High Precision Nuclear 

Data Measurements 

O. Gritzay, V. Libman, A. Grymalo, S. Volkovetskyi   

Institute for Nuclear Research of NAS of Ukraine, 47 Prospect Nauky, Kyiv, Ukraine, 03680 

E-mail: ogritzay@kinr.kiev.ua 

The idea of filtering reactor neutrons possessing a continuous spectrum by means of materials 

whose total neutron cross sections possess deep interference was first suggested by O.D. Simpson and 

L.G. Miller in 1968. Basing on this idea, the neutron filtered beams were created in many laboratories 

and were used for measurements of the averaged neutron cross sections. At the Kyiv Research Reactor 

(KRR) the neutron filtered beam technique was developed, too. More than ten quasi- mono-energetic 

neutron beams were designed in the energy range from thermal energy to several hundred kilo-electron-

volts at the KRR during more than 30 years. The beam intensity may reach 10
6
 – 10

8
 n/cm

2
s, that allows 

determination of the average value of total neutron cross sections with accuracy 1% and better, neutron 

scattering and capture cross sections with 3-6% accuracy. There is definite advantage of the neutron 

filtered beam technique (NFBT), however only one filtered neutron line is created in the traditional 

NFBT. So, only one average cross section value may be determined in the proper energy region, and an 

energy-dependent cross section behaviour cannot be extracted. A set of the average values is necessary 

in the investigated energy interval to provide information for the cross section behaviour. Two new 

approaches were developed at the KRR for solving of this problem. One of them, named as method of the 

modified filtered beams (MMFB), is that the primary neutron line after traditional filter is divided into the 

narrower lines by addition of the different modifying component. A set of 10 values of the averaged total 

neutron cross-sections of natural carbon was measured in the energy region 90-160 keV using the 

modified filters. The second method, named as average energy shift method (AESM), is that the primary 

neutron line after traditional filter is shifted using the neutron energy dependence on scattering angle. A 

set of 3 values of the averaged total neutron cross sections of 52Cr were measured in the energy region 

48.4-58.6 keV using the scattering samples carbon and polyethylene.  

There are the first results. Both methods are in progress and further measurements are planned 

in the future. 
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7. Vietnam, Tran Tuan 

 

THE QUASI-MONOENERGETIC NEUTRON SPECTRA FOR NUCLEAR 

DATA MEASUREMENTS ON FILTERED NEUTRON BEAMS AT DALAT 

RESEARCH REACTOR 

 

TRAN TUAN ANH1, PHAM NGOC SON1,  

VUONG HUU TAN2, PHAM ĐINH KHANG2 

 

1) Nuclear Research Institute, 01 Nguyen Tu Luc, Dalat 

2)Vietnam Atomic Energy Institute, 59 Ly Thuong Kiet, Hanoi 

Email: ttanhfr@yahoo.com 

 

Neutron beams from nuclear research reactors are ideal facilities for experimental researches on nuclear 

reaction data. In recent years, at the Dalat Research Reactor, the filtered neutron beams and high 

resolution nuclear spectroscopes for nuclear reaction data measurements have been developed. At the 

horizontal channel No. 4 of Dalat research reactor, based on the application of filtered neutron beams of 

24keV, 54keV, 59keV, 133keV and 148keV with neutron flux about 10
5
 - 10

7
 n/cm

2
/s; energy purity > 

85%, and based on a high efficient (58%) HPGe spectrometers and/or proton recoil counter LND281, the 

precise measurements for neutron total and radiative capture cross sections can be performed. The 

experimental results would be obtained with uncertainty within 1-2% for total neutron cross section values 

and 5-7% for radiative capture cross sections. 
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8. Hungary, Revay 

Spectroscopy database for prompt gamma activation analysis 

 

Zsolt Révay 

Technische Universität München, FRM II, Garching, Germany 

on leave from Center for Energy Research, HAS, Budapest, Budapest 

Zsolt.Revay@frm2.tum.de  

The reliable analysis in prompt gamma activation analysis (PGAA) is based on an accurate spectroscopy 

database. No such database existed in the last century that met the requirements of chemical analysis, 

which restrained the development of the technique. The establishment of a spectroscopy database for 

the purpose of PGAA was started in Budapest in 1997 after the PGAA facility was put into operation. The 

first version of the analytic database was published in the Handbook of Prompt Gamma Activation 

Analysis [1] and later a compiled version appeared in a Technical Document of the International Atomic 

Energy Agency [2]. The catalog contains the spectroscopic data (energies, partial gamma-ray production 

cross-sections and their uncertainties) for the prompt gamma rays induced by cold neutron capture on 

every chemical element occurring in nature, except helium.  

Three separate spectra were measured mainly at Budapest for all naturally occurring elements: 

1) spectra of elements (sometimes as oxides, or simple compounds),  

2) energy calibration, i.e. irradiation together with chlorine (PVC) whose precisely-known prompt 

gamma lines were used to determine the energies from the element of interest,  

3) standardization: measurement of stoichiometric compounds (e.g. chlorides) or homogeneous 

mixtures (e.g. water solutions) to determine the partial cross-sections of the lines relative to a 

comparator (Cl or H).  

Revision of the prompt gamma library continues in Garching where many of the previous measurements 

will also be repeated utilizing the unique conditions of the high-flux PGAA instrument. 

 

References: 

[1] Zs. Révay, R.B. Firestone, T. Belgya, G.L. Molnár in G.L. Molnár (ed.) Handbook of Prompt Gamma 

Activation Analysis with Neutron Beams, Kluwer, Dordrecht, 2004, pp. 173-364. 

[2] H.D. Choi, R.B. Firestone, R.M. Lindstrom, G.L. Molnár, S.F. Mughabghab, R. Paviotti-Corcuera, Zs. 

Révay, A. Trkov, V. Zerkin, Z. Chunmei “Database of prompt gamma rays from slow neutron capture for 

elemental analysis”, International Atomic Energy Agency, Vienna, 2007. 
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 [3] R. Yasuda, T. Nojima, H. Iikura, T. Sakai, M. Matsubayashi, J. Nucl. Sci and Tech., Vol.48, No.7, 

pp.1094-1101, (2011) 

9. Germany, Nolte  

 

Neutron beams and neutron metrology at the PTB ion accelerator facility 

PIAF 

R. Nolte
1
, R. Boettger

1
, U. Giesen

1
, S. Roettger

1
, F. Wissmann

1
 

1) Physikalisch-Technische Bundesanstalt, Bundesallee 100, D-38116 Braunschweig, Germany 

E-mail: ralf.nolte@ptb.de  

The neutron beams available at the PTB ion beam accelerator facility (PIAF) are produced using proton 

and deuteron beams from the 3.75 MV Van-de-Graaff accelerator and the CV28 isochronous cyclotron 

(proton energies from 2 MeV to 19 MeV, deuteron energies from 3 MeV to 13.5 MeV). Monoenergetic 

neutron fields in the energy range from 10 keV to 20 MeV are produced in open geometry in a low-scatter 

environment using solid-state and gas targets.  In addition to the open neutron fields, a collimated neutron 

beam is available as well. The neutron fluence is measured relative to the differential np scattering cross 

section using a proton recoil telescope and a recoil proton proportional counter. The nanosecond pulsing 

systems installed at the two accelerators allow the time-of-flight (TOF) technique to be used for the 

measurement of neutron energy distributions. 

The neutron TOF spectrometer installed at the CV28 cyclotron is a unique feature which can be employed 

for the measurement of differential cross sections of neutron-producing reactions as well as for elastic and 

inelastic neutron scattering and neutron emission cross sections. With its well-characterised D(d,n) and 

15
N(p,n) neutron sources, the instrument covers the neutron energy range from about 2 MeV to 15 MeV, 

including the so-called ‘gap region’ where practical mononergetic neutron sources are unavailable. With 

flight paths ranging from 10 m to 30 m, the TOF spectrometer can also be used to produce pulsed ‘white’ 

neutron beams with adjustable pulse repetition frequency. 

In addition to the standard calibration services, the experimental program at the PIAF neutron beam 

facility comprises the characterisation of neutron detectors as well as the measurement of nuclear data. 

Most experiments are carried out in collaboration with external groups using access schemes supported by 

the European Union. 
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10. EC-JRC/IRMM, Oberstedt, MONNET 

 

Nuclear Research with Quasi Mono-Energetic Neutrons at the JRC MONNET 

and the IPNO LICORNE Facility 

 

S. Oberstedt 
1
, J. Wilson

2
, A. Al-Adili

1
, R. Billnert

1
, G. Georgiev

3
, G. Giorginis

1
,  

P. Halipre
2
, F.J. Hambsch

1
, M. Lebois

2
, B. Lenieu

2
, G. Ljungvall

3
, I. Matea

2
,  

A. Oberstedt
4
, D. Vernier

2 

 

1) European Commission, DG Joint Research Centre IRMM, Retieseweg 111, B-2440 Geel 

2) Institut de Physique Nucléaire Orsay, F- 91406 Orsay 

3) CSNSM Orsay, F-91405 Orsay 

4) Fundamental Fysik, Chalmers Tekniska Högskola, S-41296 Göteborg 

 

E-mail: stephan.oberstedt@ec.europa.eu  

 

I will report about the MONNET neutron source of the European Commission Joint Research Centre 

IRMM and discuss the activities carried out using quasi mono-energetic neutrons. Then, I will present 

LICORNE, a very recently installed neutron source at the Institut de Physique Nucléaire in Orsay, where 

we use a Li-beam on a hydrogen target to produce an intense forward-directed neutron beam. For both 

facilities the future measurement programme on nuclear data relevant for future nuclear applications and 

improved modelling of the fission process as well as on basic research topics will be discussed. 
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11. Greece, Vlastou 

The neutron facility at the Athens Tandem Accelerator NCSR “Demokritos” 

 

R. Vlastou 

 National Technical University of Athens, Department of Physics, Athens 15780, Greece  

E-mail: vlastou@central.ntua.gr  

 

 

The investigation of neutron induced reactions are of considerable interest, not only for their 

importance to fundamental research in Nuclear Physics and Astrophysics, but also for practical 

applications in nuclear technology, dosimetry, medicine and industry. These tasks require 

improved nuclear data and higher precision cross sections for neutron induced reactions, thus it is 

of importance that the performance of the neutron source is well understood and that the 

experimental conditions are well characterized.  

    In the 5.5 MV tandem T11/25 Accelerator Laboratory of NCSR "Demokritos", quasi-

monoenergetic neutron beams have been used for cross section measurements of threshold 

reactions in the energy range 7-11.4 MeV. The neutron beam is produced via the 
2
H(d,n) 

reaction, its flux variation is monitored by using a BF3 detector and its absolute flux is obtained with 

respect to reference reactions.  An investigation of the energy dependence of the neutron fluence will be 

presented, carried out via two experimental methods : with a liquid scintillator BC501A detector and 

deconvolution of its recoil energy spectra with the code DIFBUS, as well as via the multiple foil 

activation technique in combination with the SULSA unfolding code.  The neutron facility has also been 

characterized by means of MCNP5 Monte Carlo simulations. Experimental results for neutron 

energies up to 11.4 MeV will be presented, along with future plans for the facility and its 

implementation to further neutron induced cross section measurements. 
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12. USA, Vanhoy 

Neutron Elastic and Inelastic Differential Cross Section Measurements at the 

University of Kentucky Accelerator Laboratory 

 

J.R. Vanhoy
1
, S.F. Hicks

2
, M.T. McEllistrem

3
 , S.W. Yates

3
 

 

1) Department of Physics, US Naval Academy, Annapolis, Maryland 21666 USA 

2) Department of Physics, University of Dallas, Irving, Texas 75062 USA 

3) Departments of Chemistry and Physics & Astronomy, University of Kentucky, Lexington, Kentucky 

40506-0055 USA 

E-mail: vanhoy@usna.edu 

The University of Kentucky Accelerator Laboratory features a 7-MV single-ended CN Van de Graaff 

accelerator operated as an intense mono-energetic neutron source (www.pa.uky.edu/accelerator).  

Nanosecond-width pulsed beams of protons or deuterons impinge on gas (
3
H or 

2
H) or solid 

nat
Li targets to 

deliver ~3·10
8
 n/s into the sample of interest.  The time-of-flight technique is employed for background 

reduction in both neutron and -ray measurements and as a means to determine the energy of the scattered 

neutrons.  The USDOE-Nuclear Energy Universities Program supports cross section research at the 

laboratory for fuel cycle and structural materials research and development. Equipment, shielding 

arrangements, analysis procedures, standardizations, and results from recent 
23

Na(n,n) and 
23

Na(n,n') 

measurements with incident energies between 1.4 and 4.0 MeV will be discussed. 
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13. Czech Republic, Majerle 

Fast neutron generators at Nuclear Physics Institute Řež 

 

M. Majerle
1
, P. Bém

1
, J. Novák

1
, E. Šimečková

1
, M. Štefánik

1
 

 

1) Nuclear Physics Institute of ASCR PRI, 

250 68 Řež near Prague, Czech Republic 

E-mail: majerle@ujf.cas.cz  

Nuclear reaction department of the NPI Řež operates two different fast neutron sources: neutrons with 

continuous neutron spectrum (fusion/IFMIF like) up to 37 MeV from p+D2O (flowing target) reaction and 

quasi-monoenergetic neutrons with energies up to 37 MeV from p+Li (C backing) reaction. Isochronous 

cyclotron U120M provides protons of energies up to 38 MeV and currents up to 20 A.  

The integral-benchmark tests and the measurements of activation cross-sections are the core of the 

experimental program. Gamma-spectrometry is used for the investigation of daughter nuclei. Besides, 

the electronic hardness tests are routinely performed on white-spectrum fast neutrons. The spectral flux 

at the positions of irradiated samples is determined by the MCNPX simulation, backed by the 

experimental data from dosimetry foils, scintillation, and proton recoil telescope techniques. To extend 

the range of activation cross-section program to short-lived nuclei, the pneumatic post system is being 

constructed which enables to transport the samples from the neutron flux in front of the HPGe detectors 

within few seconds. 

Several neutron detection techniques are further developed: the NE213 scintillation detector together 

with 500 MHz 8-bit digitizer card have been successfully used to obtain neutron spectra from the 

scintillator response and recorded Time-Of-Flight spectrum.  

Some new experimental facilities next to our sources are being planned/designed. An irradiation 

chamber with telescopes at different angles (smaller copy of Medley) is in the late design phase. Its 

placement to the TOF base extended to some 20 m and with collimated neutron beam is being 

discussed. Another possibility opened with the proposed high intensity 24 MeV proton cyclotron with 

the beam timing system. A thick Be target is planned for use in online neutron experiments on the Time-

Of-Flight base. 
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14. Korea, Kim 

Activities for Nuclear Data Measurements using Pohang Neutron Facility 

G. N. Kim1, M.W. Lee1, K. S. Kim1, K. Kim1, S. Yang1, E.A. Kim2, S.G. Shin2, V. Shvetshov2,  

M. H. Cho2, Y.R. Kang3, and T.I. Ro3
 

 

1Department of Physics, Kyungpook National University, Daegu 702-701, Korea 

2Division of Advanced Nuclear Engineering, Pohang University of Science and Technology, Pohang 790-

784, Korea  

3Department of Physics, Dong-A University, Busan 604-714, Korea 

E-mail: gnkim@knu.ac.kr  

We report the activities for nuclear data measurements by using the pulsed neutron facility, which 

consists of an electron linear accelerator, a water-cooled Ta target with a water moderator, and a 12 m 

time-of-flight path. It can be possible to measure the neutron total cross-sections in the neutron energy 

range from 0.01 eV to few hundreds eV by using the neutron time-of-flight method and also measured 

the photo-neutron cross-sections by using the bremsstrahlung from the electron linac. We also report 

the mass-yield distribution of fission products from natPb, 209Bi, and 232Th with bremsstrahlung beams by 

using a recoil catcher and an off-line -ray spectrometric technique. 
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15. EC-JRC/IRMM, Obersedt, GELINA 

 

Nuclear data measurements at GELINA 

S. Oberstedt, S. Kopecky, W. Mondelaers, A. Plompen, P. Schillebeeckx
 

 

European Commission, DG Joint Research Centre IRMM, Retieseweg 111, B-2440 Geel 

 

E-mail: stephan.oberstedt@ec.europa.eu  

Measurements of nuclear data in the interests of standards for safety, security and safeguards are a prime 

focus for the IRMM Geel electron linear accelerator laboratory GELINA. At GELINA a pulsed white 

neutron source is realised using a 1 ns fwhm electron bunch impinging on a rotary uranium target at a 

repetition rate of 800 Hz. Flight paths from 8 to 400 m length allow simultaneous measurements of a 

variety of cross sections and reaction parameters with dedicated equipment and high energy resolution for 

the incident neutrons through the use of the time-of-flight technique. 

The program of work addresses established measurement needs aiming at improved reliability of safety 

assessments for current and foreseen power plants and fuel cycles. This translates to the need for 

significantly reduced uncertainties for nuclear data and, therefore, improved accuracy and standardisation 

of measurements, their analysis and evaluation. 

An overview of the facility as well as of recent and on-going activities will be presented. 
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16. Sweden, Prokofiev 

High-energy neutron beam facilities at The Svedberg Laboratory 

A.V. Prokofiev 

Uppsala University, The Svedberg Laboratory, Box 533, SE-75121 Uppsala, SWEDEN 

E-mail: alexander.prokofiev@tsl.uu.se 

The Svedberg Laboratory (TSL) belongs to Uppsala University and exploits the Gustaf Werner 

cyclotron that delivers beams of protons and heavy ions to different beam lines and irradiation facilities. 

The main activities at TSL comprise proton treatment of cancer patients, radiation testing services, 

detector development, and nuclear data measurements. 

Currently, two high-energy neutron beam facilities are in regular use at TSL: (1) The quasi-

monoenergetic neutron facility (QMN), and (2) The ANITA facility (Atmospheric-like Neutrons from 

thIck TArget). Both the facilities are driven by the proton beam from the cyclotron, with energy selectable 

in the range 20 – 180 MeV. The beam is pulsed, which allows one to use time-of-flight techniques. 

The QMN facility [1] makes use of the 
7
Li(p,n) reaction for the neutron production. Standard 

QMN beams have peak energies in the range 22 – 175 MeV and peak fluxes up to 3*10
5
 cm

-2
s

-1
. At the 

ANITA facility [2], neutrons with a wide atmospheric-like spectrum result from nuclear reactions induced 

by 180-MeV protons in a full-stop tungsten target. The energy-integrated neutron flux above 10 MeV 

amounts to 10
6
 cm

-2
s

-1
. Up to now, neutron nuclear data measurements have been performed at the QMN 

facility, whereas the ANITA facility has been frequently used for testing and studies of single-event 

effects in electronics. 

The present work will describe: 

 the status of the neutron facilities and associated instrumentation, including recently completed and 

on-going developments, 

 recently completed and on-going nuclear data measurement projects at TSL, including studies of 

neutron-induced fission, secondary particle production reactions, and production of radionuclides. 

References 

[1] A.V. Prokofiev et al., Rad. Prot. Dosim. v. 126, pp. 18-22 (2007). 

[2] A.V. Prokofiev et al., 2009 IEEE Radiation Effects Data Workshop, Quebec, Canada, July 20-24, 

2009, pp. 166-173. 
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17. Russia, Khryachkov 

 

Using of IPPE accelerator complex for neutron induced reaction investigation 

 

V. Khryachkov, I. Bondarenko, T. Khromyleva, A.Sergachev, N.Semenova 

 

Institute for Physics and Power Engineering 249033, 1, Bondarenko sq., Kaluga reg., Russia 

E-mail: hva@ippe.ru  

Four accelerators are in use in IPPE at the present time, which are able to accelerate hydrogen ions up to 

energy 10 MeV. Accelerated hydrogen ions (protons and deuterons) are used for fast neutron beam 

creation. Different nuclear reactions are used to produce neutrons in different energy ranges. Usually solid 

and gaseous deuterium and tritium targets and solid lithium targets are used. Different types of detectors 

are used for reaction products registration. Digital processing of signals coming from detectors is used to 

obtain high precision of nuclear data. This approach allows obtaining more information about registered 

particles, reaching higher precision for measured data and significant reducing of background. 

Measurements of mass-energy-angular distributions of fission fragments from binary fission, yield of 

ternary fission, cross section of (n,α) reaction for set of light nuclei and different chromium isotopes were 

carried out in IPPE by now. 
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18. France, Ledoux 

The Neutrons For Science facility at SPIRAL-2 

X. Ledoux1,10), M. Aïche4), M. Avrigeanu11), V. Avrigeanu11), L. Audouin16), E. Balanzat17), B. Ban-
d’Etat17), G. Ban5), G. Barreau4), E. Bauge1), G. Bélier1), P. Bem7), V. Blideanu3), J. Blomgren8),  

C. Borcea11), S. Bouffard17), T. Caillaud1), A. Chatillon1), S. Czajkowski4), P. Dessagne6), D. Doré2), 

M. Fallot13), U. Fischer9), L. Giot13), T. Granier1),S. Guillous17), F. Gunsing2), C. Gustavsson8), 
S. Herber9), B. Jacquot10), K. Jansson8), B. Jurado4), M. Kerveno6), A. Klix9), O. Landoas1), F. R. 
Lecolley5), J. F. Lecolley5), J. L. Lecouey5), M. Majerle7), N. Marie5), J. Mrazek7), F. Negoita11), 

J. Novak7), S. Oberstedt12), A. Oberstedt18), S. Panebianco2), L. Perrot16), M. Petrascu11), 
A. J. M. Plompen12), S. Pomp8), J. M. Ramillon17), F. Rejmund10), D. Ridikas2), B. Rossé1), 

G. Rudolf6), O. Serot15), S. P. Simakov9), E. Simeckova7), A. G. Smith14), J.C. Steckmeyer5), 
J. C. Sublet19), J. Taïeb1), L. Tassan-Got16), A. Takibayev2), I. Thfoin1), I. Tsekhanovich14), 

C. Varignon1) 
 

1-CEA/DAM/DIF, F-91297, Arpajon, France 
2-CEA/DSM/IRFU/SPhN, Saclay, France 
3-CEA/DSM/IRFU/Senac, Saclay, France 

4-CENBG, Gradignan, France 
5-LPC, Caen, France 

6-IPHC, Strasbourg, France 
7-NPI, Řež, Czech Republic 

8-Uppsala, Sweden 
9-FZK, Karlsruhe, Germany 

10-GANIL, Caen, France 

11-NIPNE, Bucharest, Romania 

12-JRC/IRMM, Geel, Belgium 
13-Subatech, Nantes, France 

14-Department of Physics and Astronomy, University of Manchester, Manchester, UK 
15-CEA/DEN, Cadarache, France 

16-IPNO, Orsay, France 
17-CIMAP, Caen, France 

18-Orebro university, Orebro, Sweden 
19- Culham Centre for Fusion Energy, United Kingdom 

 

The “Neutrons For Science” (NFS) facility will be a component of SPIRAL-2 laboratory under construction 

at Caen (France). The SPIRAL-2 facility will be dedicated to the production of high intensity of Radioactive 

Ions Beams (RIB). The high-power, superconducting driver LINAG (linear accelerator of GANIL) will 

accelerate deuteron beams to produce neutrons by breakup reactions on a C converter. These neutrons 

will induce 238U fission producing radioactive nuclei. 

Additionally to the RIB production the Linag Experimental Area (LEA) will allow to use stable beams 

(protons, deuterons as well as heavy ions) delivered by the accelerator: NFS is one of the two facilities of 

the LEA. 



IAEA TM on Use of Neutron Beams for High Precision ND Measurements; Budapest, Hungary, 10–13 Dec. 2012 

Working Document 

34 

 

 NFS will be composed of a pulsed neutron beam for in-flight measurements and irradiation stations for 

cross-section measurements and material studies. 

The beams delivered by the LINAG will allow producing intense pulsed neutrons sources in the 100 keV-

40 MeV energy range. Continuous and quasi-monokinetic energy spectra will be available at NFS 

respectively produced by the interaction of deuteron beam on thick Be converter and by 7Li(p,n) reaction 

on thin converter. The flux at NFS will be up to 2 orders of magnitude higher than those of other existing 

time-of-flight facilities in the 1 MeV - 40 MeV range.    

Irradiation stations for neutron, proton and deuteron induced reactions up to 40MeV will also allow to 

perform cross-sections measurements by activation technique. 

NFS will be a very powerful tool for physics, fundamental research as well as applications like the 

transmutation of nuclear waste, design of future fission and fusion reactors, nuclear medicine or test and 

development of new detectors. 

The facility and its characteristics will be described, and several examples of the first potential 
experiments will be presented. 
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19. Sweden, Lantz 

 

Design of a high intensity neutron source for neutron-induced fission yield 

studies 

 

M. Lantz
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, A. Mattera
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, H. Penttilä
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, S. Pomp

1
, V. Rakopoulos

1
, A. Solders

1 

1) Physics and Astronomy, Applied Nuclear Physics division, Uppsala University,  

Box 516, S-75120 Uppsala, Sweden 

2) Department of Physics, PO Box 35 yfl, FI-40014 University of Jyväskylä, Finland 

E-mail: Mattias.Lantz@physics.uu.se  

 

The upgraded IGISOL facility with JYFLTRAP, at the accelerator laboratory of the University of 

Jyväskylä, has been supplied with a new cyclotron which will provide proton or deuteron beams of the 

order of 100 μA with up to 30 MeV energy. This makes it an ideal place for measurements of neutron-

induced fission fragments from various actinides, in view of proposed future nuclear fuel cycles. The 

groups at Uppsala University and University of Jyväskylä are working on the design of a neutron 

converter that will be used as neutron source in fission yield studies. The design is based on simulations 

with Monte Carlo codes such as FLUKA and MCNPX, and a benchmark measurement that was recently 

performed at The Svedberg Laboratory in Uppsala. In order to obtain a competitive count rate the fission 

targets will be placed very close to the neutron converter. The goal is to have a flexible design that will 

enable the use of neutron fields with different energy distributions.  In the present paper, some 

considerations for the design of the neutron converter will be discussed, together with different scenarios 

for which fission targets and neutron energies to focus on. 
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20. Japan, Katabuchi 

Nuclear Data Measurement Using the Accurate Neutron-Nucleus Reaction 

Measurement Instrument (ANNRI) in J-PARC 

T. Katabuchi
1
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1) Research Laboratory for Nuclear Reactors, Tokyo Institute of Technology,  

2-12-1 Ookayama, Meguro-ku, Tokyo 152-8550, Japan 

2) Nuclear Science and Engineering Directorate, Japan Atomic Energy Agency,  

2-4 Shirakata Shirane, Naka, Ibaraki 319-1195, Japan 

3) Research Reactor Institute, Kyoto University, Kumatori, Sennan, Osaka 590-0494, Japan 

4) Graduate School of Engineering, Hokkaido University,  

Kita 13 Nishi 8, Kita-ku, Sapporo, Hokkaido 060-8628, Japan 

E-mail: buchi@nr.titech.ac.jp  

A nuclear data project with a spallation neutron source is ongoing at the Japan Proton Accelerator 

Research Complex (J-PARC). J-PARC started to provide pulsed neutron beams in May, 2008. The proton 

beam power deposited into the spallation target has been increased in stages since it was commissioned. In 

spite of a ten-month interruption after the 2011 Japan earthquake, the current beam power reaches about 

300 kW. The Accurate Neutron-Nucleus Reaction Measurement Instrument (ANNRI) was built as a 

neutron beam line for nuclear data measurement in J-PARC. A large Ge detector array and two NaI(Tl) 

detectors were installed in ANNRI. The flight lengths are 21.5 m and 27.9 m for the Ge and the NaI(Tl), 

respectively. The Ge array consists of 22 Ge crystals to cover a large solid angle. This is the first large-

scale use of Ge detectors for TOF experiments with a spallation neutron source. The high energy 

resolution of Ge detectors allows for fine gamma-ray spectroscopy, leading to a more detailed study of the 

neutron capture reaction. Conversely, NaI(Tl) detectors have been used for capture cross section 

measurements for decades. The pulse-height weighting technique with an NaI(Tl) detector is an 

established, reliable method. The combination of these two different detector systems aims to reduce 

systematic uncertainties by utilizing independent and complementary measurements of both new and 

traditional techniques.  The NaI(Tl) detectors are also intended for use for neutron energies above 1 keV, 

where a Ge detector cannot work well due to its slow response. The ongoing project in ANNRI is to 

measure neutron capture cross sections of minor actinides and long-lived fission products in nuclear 

waste, for a wide range of energies from thermal to keV, for the study of nuclear transmutation of nuclear 

waste. Other projects for nuclear astrophysics have also started. The current status and future plans will be 

presented. 
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21. CERN, Chiaveri 

 

The n_TOF facility at CERN: status and perspectives 

 

E. Chiaveri
1,2

 and The n_TOF Collaboration
3
 

 

1) CERN, European Organization for Nuclear Research, Geneva (Switzerland) 

2) CEA, Saclay (France) 

3) www.cern.ch/nTOF 

E-mail: enrico.chiaveri@cern.ch  

The outstanding features of the existing CERN n_TOF neutron beam  are the very high instantaneous 

neutron flux, excellent TOF resolution, low intrinsic backgrounds and coverage of a wide range of neutron 

energies, from thermal to a few GeV. These characteristics provide a unique possibility to perform 

neutron-induced cross-section and angular distribution measurements for applications such as nuclear 

astrophysics, nuclear reactor technology and basic nuclear physics. 

This paper presents in detail all the characteristics of the present neutron beam in the different available 

configurations, which correspond to two different collimation systems and two choices of neutron 

moderator. The features include shape and intensity of the neutron flux, beam spatial profile, in-beam 

background components and the energy resolution broadening. The description of these features is based 

upon both dedicated measurements as well as Monte Carlo simulations, and includes an estimation of the 

systematic uncertainties in the mentioned quantities. 

The overall efficiency of the experimental program and the range of possible measurements will be 

expanded in the near future with the construction of a second experimental area (EAR-2), vertically 

located 20 m on top of the present n_TOF spallation target. This new neutron beam line, which will featur 

a neutron flux 25 times higher than the existing one, will provide a substantial improvement in 

measurement sensitivities and will thus open the possibility to measure neutron cross-section of isotopes 

with very short half-lives or available in only very small quantities. The technical study for the 

construction of this new neutron beam will be presented, highlighting the main advantages compared to 

the presently existing Experimental Area (EAR-1). 
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22. CERN, Guerrero 

 

Nuclear Data experimental program at CERN 

C. Guerrero
 1
 on behalf of  The n_TOF Collaboration

2
 

1) CERN, European Organization for Nuclear Research, Geneva (Switzerland)  

2) www.cern.ch/nTOF 

E-mail: carlos.guerrero@cern.ch   

 

The neutron time-of-flight facility n_TOF, operating at CERN (Switzerland) since 2001, features a 

neutron beam that covers the energy range from thermal to 1 GeV. Its most outstanding characteristics are 

its flight path length (185 m) and the high instantaneous intensity (0.5-12·10
6
 neutrons/pulse depending on 

the collimator configuration). 

The ambitious program carried out in the last decade includes a large number of experiments in the fields 

of nuclear energy technologies, astrophysics, basic physics, detector development and medical 

applications. 

Within the field of nuclear energy technologies most measurements are focused on determining, for the 

first time and/or with unprecedent accuracies, the capture and fission cross sections of actinides, both at 

low (resolved resonance region) and high (keV-GeV) neutron energies.  

 In the case of capture, the highlight from the past few years include the some challenging 

reactions such a 
241

Am(n,) with a sample of 4 GBq, the 
238

U(n,) in the complete resolved 

resonance region within 2% accuracy, and the capture, fission and  ratios of 
235

U up to 2.5 keV.  

 Outstanding experiments on fission reactions include that of 245Cm, the use of PPAC detectors 

for obtaining 
232

Th, 
234

U and 
237

Np up to 1 GeV, and the measurement of 
240,242

Pu fission cross 

section below and above threshold.  

These and more measurements carried out at n_TOF will be discussed this paper together with the future 

plans, which aim at an even more varied and challenging set of experiments. 
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Back-streaming neutrons through the incoming proton channel at the spallation target station of 

China Spallation Neutron Source (CSNS) are harmful to the proton beam line and should be dealt 

with carefully. On the other hand, those back-streaming neutrons may be useful for other 

applications. This work presents preliminary studies on the characteristics of the neutrons, which 

have a very wide energy spectrum (white neutrons) and are suitable for nuclear data 

measurements. The corresponding yields and time structures of the neutrons in the energy range 

of 1 eV to 1 MeV from a tungsten target for a proton beam of 1.6 GeV in energy and 63 A in 

average current have been simulated. From the simulation results, one can obtain an uncollimated 

neutron flux of around 2.010
5
 n/cm

2
/pulse within the given energy range at 80 m away from the 

target, which accounts for about 53% of the total neutrons. The time resolution of 0.3–0.9%, 

which is important for the time-of-flight method, is obtained for both the parasite operation mode 

with two proton bunches and the dedicated operation mode with a single proton bunch. 
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