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1. Algeria, CRNB, 15 MW  

1. General information 

 

Country ALGERIA 

Region, Place/Closest Town Djelfa 

Institution Nuclear Research Center of Birine (CRNB) 

Facility manager (full name, 

position, phone, e-mail, web) 

BOUKERDJA Layachi.  +21327872921 

boukerdjal@yahoo.fr 

Type of neutron source Research Reactor 

Source power [MW] 15  

Source intensity [n/s or cm-2 s-1] ~1014 cm-2 s-1 

Availability (hours/year) 384 

 

 

2. Beam qualification 

 

Beam line alignment (radial, tangential) radial 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
thermal 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
Not measured 

Maximal beam intensity at sample position 

[cm-2 s-1] 
2.25 x 107 

Polarization (yes/no) no 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material)  

 

3. Beam line layout 

 

 Setting 1 Setting 2 

Inlet aperture [mm] 20  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
  

Aperture  - detector 

distance [cm] 
300  

Resulting L/D 

(measured or 

estimated) 

~125(effective)  

Effective beam size 

[mm] 
210 to 240  

Flux uniformity (e.g. 

flat, gaussian, other) 
  

Corresponding 

intensity [cm-2 s-1]  

1.6 x 106 (at 

1 MW) 
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4. Detectors* for neutron imaging 

 

 Availability ï yes/no 

Film based detector (converter material) yes 

Digital camera based detector (scintilator 

material) 
Yes (short exposure time) 

Imaging plate detector no 

Amorphous Si flat panel detector no 

Other Solid state Neutron track detector (SSNTD) 

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 

 Availability ï yes/no 

Tomography no 

Time sequences / 

Grating interferometer / 

Energy selection / 

Polarizer / 

Others / 

 

6. Involved manpower 

 

 Number 

Scientists 03 

Students 02 students per year 

Engineers / 

Technicians 01 

 

7. Applications* 

 

Research topics 

1. Non-destructive testing on different kind of objects 

2. Flow visualization and characterization  

3. Development of neutron imaging system quality metric 

procedures 

Services for industry  / 

Methodical developments / 

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 

 Yes/No 

Presently NO 

Future plans YES 

 

9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2012-2015 Implementation of long exposure time dynamic neutron radiography 

 Implementation of Neutron Tomography 

 

10. Other relevant information 
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2. Algeria, CRND, 1MW 

1. General information 

Country ALGERIA 

Region, Place/Closet Town DRARIA  

Institution Nuclear Research Centre of Draria 

Facility manager (full name, position, phone, e-

mail, web) 

ALLEK Mouloud. +213 21 31 0357/61, 

allek_md@yahoo.fr  

Type of Source MTR Pool Reactor 

Source power [mw] 1  

Source Intensity [n/s or cm-2s-1]  

Availability (hours/years) 360 h/y 

2. Beam qualification 

Beam line alignment (radial, tangential) Tangential 

Neutron spectrum (qualitative: fast, thermal, cold) Thermal 

Curved beam guide (monochromator)  

Neutron spectrum at sample position (qualitative: 

fast, thermal, cold) 
 

Maximal beam intensity at sample position [cm-2s-1] 6. 106 

Polarization (yes/no) No 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material)  

3. Beam line layout 

 Setting 1 Setting 2 

Inlet aperture [mm] 30  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
  

Aperture-detector 

distance[cm] 
340  

Resulting L/D 

(measured or estimated) 
113  

Effective beam size 

[mm] 
ø340  

Flux uniformity (e.g. 

flat, gaussian, other) 
  

Corresponding intensity  

[cm-2s-1] 
  

4. Detectors* for imaging system 

 Availability-yes/no 

Film based detector (converter material) yes 

Digital camera based detector (scintilator 

material) 
no 

Imaging plate detector no 

Amorphous Si flat plate detector no 

Other no 
*Specification of individual performance on separate sheet 
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5. Advanced neutron imaging features

 Availability  

Tomography no 

Time sequences / 

Grating interferometer / 

Energy selection / 

Polarizer / 

Others / 

  

6. Involved manpower 

 Number  

Scientists  

Students  

Engineers / 

Technicians 01 

 

7. Applications* 

Research Topics 1. Non destructive testing on different kind of objects; 

 

Services for industry / 

Methodical developments / 
*Provide a list for a multiple answer 

8. Revenue generation/recovery 

 YES/NO 

Presently  NO 

Future plans  

 

9. Plans for future upgrades 

Expected Year Type of Upgrade 

  

  

 

10. Other* relevant information 

* E.g. facility-instrumentation photos can provided on a separate sheet 
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3. Argentina, RA-6, 1 MW  

1. General information 

 

Country Argentina 

Region, Place/Closest Town Bariloche, Río Negro, Argentina 

Institution Comisión Nacional de Energía Atómica 

Facility manager (full name, 

position, phone, e-mail, web) 

Fernando Ariel Sánchez, researcher 

Phone: 54-294-4445976 - sanchezf@cab.cnea.gov.ar 

Type of neutron source Research reactor 

Source power [MW] 1 

Source intensity [n/s or cm-2 s-1] 2 x 1013 cm-2 s-1 (thermal neutrons at the core) 

Availability (hours/year) 3740 

2. Beam qualification 

Beam line alignment (radial, tangential) Radial 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
Thermal 

Curved beam guide (monochromator) No 

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
Thermal 

Maximal beam intensity at sample position 

[cm-2 s-1] 
5 x 106 

Polarization (yes/no) No 

Neutron/gamma ratio (n cm-2 per mGy) - 

Cd ratio (foil material) - 

3. Beam line layout 

 Setting 1 Setting 2 

Inlet aperture [mm] 40  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
Sapphire  

Aperture  - detector 

distance [cm] 
400  

Resulting L/D 

(measured or 

estimated) 

100  

Effective beam size 

[mm] 
200 x 200  

Flux uniformity (e.g. 

flat, gaussian, other) 
Flat  

Corresponding 

intensity [cm-2 s-1]  
2.4 x 106  
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4. Detectors* for neutron imaging 

 Availability ï yes/no 

Film based detector (converter material) No 

Digital camera based detector (scintilator 

material) 
Yes (6LiF/ZnS(Ag)) 

Imaging plate detector No 

Amorphous Si flat panel detector No 

Other No 

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 

 Availability ï yes/no 

Tomography Yes 

Time sequences No 

Grating interferometer No 

Energy selection No 

Polarizer No 

Others No 

 

6. Involved manpower 

 

 Number 

Scientists 1 

Students 1 

Engineers 1 

Technicians 1 

 

7. Applications* 

 

Research topics Hydrogen technology, cultural heritage 

Services for industry  Aerospace industry 

Methodical developments - 

*Provide the list for a multiple answer 

8. Revenue generation/recovery 

 

 Yes/No 

Presently No 

Future plans Yes 
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9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2014 Incorporate a tomographic system 

  

 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 

 

Instrumentation:  6LiF/ZnS(Ag) scintillating screen 

double mirror configuration 

CCD camera, Pixera 600CLM 

Collimation:   double conic collimator 

Filtering:   15 cm of sapphire 

Useful space:  40 x 40 x 40 cm3  

with two removable portions at top and bottom, for analyzing long 

objects 
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Beam facility. Scheme and picture of radiation facility
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4. Australia, OPAL, 20 MW 

1. General information 

 

Country Australia 

Region, Place/Closest Town Sydney 

Institution ANSTO 

Facility manager (full name, 

position, phone, e-mail, web) 

Ulf Garbe,  

instrument scientist (DINGO) 

+61 2 9717 7217 

ulg@ansto.gov.au 

Type of neutron source OPAL pool reactor 

Source power [MW] 20  

Source intensity [n/s or cm-2 s-1]  

Availability (hours/year) 6000 

 

2. Beam qualification 

 

Beam line alignment (radial, tangential)  

Neutron spectrum (qualitative: fast, thermal, 

cold) 
 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
 

Maximal beam intensity at sample position 

[cm-2 s-1] 
 

Polarization (yes/no)  

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material)  

 

3. Beam line layout 

 

 Setting 1 

Inlet aperture [mm]  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
 

Aperture  - detector 

distance [cm] 
 

Resulting L/D (measured 

or estimated) 
 

Effective beam size 

[mm] 
 

Flux uniformity (e.g. 

flat, gaussian, other) 
 

Corresponding intensity 

[cm-2 s-1] 
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4. Detectors* for neutron imaging 

 

 Availability ï yes/no 

Film based detector (converter material)  

Digital camera based detector (scintilator material)  

Imaging plate detector  

Amorphous Si flat panel detector  

Other  

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 

 Availability ï yes/no 

Tomography  

Time sequences  

Grating interferometer  

Energy selection  

Polarizer  

Others  

 

 

6. Involved manpower 

 

 Number 

Scientists  

Students  

Engineers  

Technicians  

 

7. Applications* 

 

Research topics Y 

Services for industry Y 

Methodical developments Y 

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 

 Yes/No 

Presently No 

Future plans Y 
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9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2013 Commissioning 

  

 

 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 
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5. Austria, TRIGA II Vienna, 0.25 MW  

1. General information 

 

Country Austria 

Region, Place/Closest Town Vienna 

Institution Vienna University of Technology 

Facility manager (full name, 

position, phone, e-mail, web) 

Ass. Prof. Dr. M. Zawisky 

+43 1 58801 141470, zawisky@ati.ac.at 

Type of neutron source TRIGA reactor 

Source power [MW]  0.25  

Source intensity [n/s or cm-2s-1] 7x1012 cm-2 s-1 

Availability (hours/year) 1200 

 

2. Beam qualification 

 

Beam line alignment (radial, tangential) radial 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
thermal 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
Maxwellian (thermal) 

Maximal beam intensity at sample position 

[cm-2 s-1] 
1.3x105 

Polarization (yes/no) no 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material)  

 

3. Beam line layout 

 

 Setting 1 Setting 2 

Inlet aperture [mm] 20  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
  

Aperture  - detector 

distance [cm] 
270  

Resulting L/D (measured 

or estimated) 
135  

Effective beam size 

[mm] 
90  

Flux uniformity (e.g. 

flat, gaussian, other) 
  

Corresponding intensity 

[cm-2 s-1] 
1.3x105  
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4. Detectors* for neutron imaging 

 

 Availability ï yes/no 

Film based detector (converter material) yes 

Digital camera based detector (scintilator material) yes 

Imaging plate detector yes 

Amorphous Si flat panel detector no 

Other Gas detectors 

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 

 Availability ï yes/no 

Tomography yes 

Time sequences yes 

Grating interferometer no 

Energy selection no 

Polarizer no 

Others Perfect crystal optics (interferometry, USANS) 

 

6. Involved manpower 

 

 Number 

Scientists 1 

Students 2 

Engineers - 

Technicians 1 

 

7. Applications* 

 

Research topics Absorber inhomogeneities, hydrogen detection 

Services for industry 
Investigation of steels, borated materials, fuel cells, 

building materials 

Methodical developments 

Systematic study of secondary effects in neutron 

transmission, beam hardening correction, NR and NT with 

weak beams 

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 

 Yes/No 

Presently yes 

Future plans yes 
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9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2016 Very-thin plate scintillators or NIST detector (?) 

 Neutron imaging with mobile Cf-source (?) 

 

 

 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 
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6. Bangladesh, TRIGA MARK II, 3MW  

1. General information 

 

Country Bangladesh 

Region, Place/Closest Town Dhaka 

Institution Bangladesh Atomic Energy Commission 

Facility manager (full name, 

position, phone, e-mail, web) 

Sudipta Saha, SSO, Contact: +8801913467587 

E-mail: sudipta.sust@baec.gov.bd 

Type of neutron source BAEC TRIGA Research Reactor (BTRR) 

Source power [MW] 3 

Source intensity [n/s or cm-2 s-1] 5.6 × 1013 cm-2 s-1 

Availability (hours/year) 750 (average) 

 

2. Beam qualification 

 

Beam line alignment (radial, tangential) tangential 

Neutron spectrum (qualitative: fast, thermal, cold) thermal 

Curved beam guide (monochromator)  

Neutron spectrum at sample position (qualitative: 

fast, thermal, cold) 
- 

Maximal beam intensity at sample position [cm-2 s-1] 1.06×107  

Polarization (yes/no) no 

Neutron/gamma ratio (n cm-2 per mGy) 2.23 × 106 n cm-2 mR-1 

Cd ratio (foil material) 10.51 

 

3. Beam line layout 

 

 Setting 1 Setting 2 

Inlet aperture [mm] 50  

Filter options (e.g. Bi, Be, 

Si, sapphire, ) 
Bi  

Aperture  - detector 

distance [cm] 
301  

Resulting L/D (measured 

or estimated) 
60  

Effective beam size [mm] f300  

Flux uniformity (e.g. flat, 

gaussian, other) 

Divergent 

Beam 
 

Corresponding intensity 

[cm-2 s-1] 
1.32×107 
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4. Detectors* for neutron imaging 

 

 Availability ï yes/no 

Film based detector (converter material) yes 

Digital camera based detector (scintilator material) Yes (on test) 

Imaging plate detector no 

Amorphous Si flat panel detector no 

Other no 

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 

 Availability ï yes/no 

Tomography No 

Time sequences No 

Grating interferometer No 

Energy selection No 

Polarizer No 

Others No 

 

6. Involved manpower 

 

 Number 

Scientists 2 

Students 2 

Engineers - 

Technicians 1 

 

 

7. Applications* 

 

Research topics 
Non-destructive testing to study the internal defects and 

water absorption behaviour of different kind of objects 

Services for industry R & D collaboration with other industry/organization 

Methodical developments no 

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 

 Yes/No 

Presently no 

Future plans yes 

 

9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2015 Neutron beam shutter automation system 

  

 

 

10. Other* relevant information 

*E.g. facility-instrumentation photos can be provided on a separate sheet 
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7. Belgium, BR1, 4 MW 

1. General information 

Country Belgium 

Region, Place/Closest Town Mol 

Institution SCKÅCEN 

Facility manager (full name, 

position, phone, e-mail, web) 

Guido Vittiglio, 0032/14.33.21.95, gvittigl@sckcen.be 

Bart Van Houdt, 0032/14.33.22.58, bvhoudt@sckcen.be 

SCKÅCEN, BR1 facility, Boeretang 200, 2400 Mol, 

Belgium 

www.sckcen.be 

Type of neutron source Research Reactor BR1 

Source power [MW] 0.7  

Source intensity [n/s or cm-2 s-1] 2 x 10 12  cm-2 s-1  

Availability (hours/year) 800 hours (the reactor, not the NIF) 

 

 

2. Beam qualification 

Beam line alignment (radial, tangential) tangential 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
thermal 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
0.04 eV 

Maximal beam intensity at sample position 

[cm-2 s-1] 
4.2 x 105 

Polarization (yes/no) No 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material)  

 

 

3. Beam line layout 

 Setting 1 Setting 2 

Inlet aperture [mm] 30  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
  

Aperture  - detector 

distance [cm] 
225  

Resulting L/D (measured 

or estimated) 
75  

Effective beam size 

[mm] 
200  

Flux uniformity (e.g. 

flat, gaussian, other) 
  

Corresponding intensity 

[cm-2 s-1] 
4.2 x 105  
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4. Detectors* for neutron imaging 

 Availability ï yes/no 

Film based detector (converter material) 
Yes, Structurix D4 or Curix Ultra 

UV6 (Agfa) 

Digital camera based detector (scintilator material) No 

Imaging plate detector No 

Amorphous Si flat panel detector No 

Other No 

*Specification of the individual performance parameters on a separate sheet 

5. Advanced neutron imaging features 

 Availability ï yes/no 

Tomography No 

Time sequences No 

Grating interferometer No 

Energy selection No 

Polarizer No 

Others No 

6. Involved manpower 

 Number 

Scientists  

Students  

Engineers 1 

Technicians 1 

 

7. Applications* 

Research topics Occasional internal use 

Services for industry No 

Methodical developments No 

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 Yes/No 

Presently No 

Future plans No 

 

9. Plans for future upgrades 

Expected Year Type of Upgrade 

 No 

  

 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 
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NIF at channel X25 of the BR1 reactor 

 

 

Al cassette with film and Gd cover 
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8. Brazil, Argonauta, 0 MW 

1. General information 

Country Brazil, Federative Republic of 

Region, Place/Closest Town Rio de Janeiro 

Institution Instituto de Engenharia Nuclear 

Facility manager (full name, 

position, phone, e-mail, web) 

Carlos Alberto Curi Renke 

Phone: 55 21 2173 3885 

e-mail: renke@ien.gov.br 

web address: www.ien.gov.br 

Type of neutron source 
Facility: ARGONAUTA, BR-0003 

Type: Argonaut reactor 

Source power [MW] 0.0002 

Source intensity [n/s or cm-2s-1] 4.4E09 cm-2s-1 (maximum thermal flux) 

Availability (hours/year) 310:00 hs (2010) 

 

 

2. Beam qualification 

Beam line alignment (radial, tangential) radial 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
thermal 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
0.025 eV 

Maximal beam intensity at sample position 

[cm-2 s-1] 
4.46E05 

Polarization (yes/no) no 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material)  

 

 

3. Beam line layout 

 Setting 1 Setting 2 

Inlet aperture [mm] 4 cm  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
  

Aperture  - detector 

distance [cm] 
253 cm  

Resulting L/D (measured 

or estimated) 
63.25  

Effective beam size 

[mm] 

10 mm x 

10 mm 
 

Flux uniformity (e.g. 

flat, gaussian, other) 
  

Corresponding intensity 

[cm-2 s-1] 
4.46 E05  
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4. Detectors* for neutron imaging 

 Availability ï yes/no 

Film based detector (converter material) yes 

Digital camera based detector (scintilator material) yes 

Imaging plate detector yes 

Amorphous Si flat panel detector no 

Other no 

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 Availability ï yes/no 

Tomography yes 

Time sequences  

Grating interferometer  

Energy selection  

Polarizer  

Others  

 

6. Involved manpower 

 Number 

Scientists 5 

Students 1 

Engineers 2 

Technicians 3 

 

7. Applications* 

Research topics see list 

Services for industry  

Methodical developments  

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 Yes/No 

Presently no 

Future plans yes 

 

 

9. Plans for future upgrades 

Expected Year Type of Upgrade 

systems with X ray deploy a system using x ray tubes 

  

 

 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 
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Argonauta Reactor 

 

 

 

 

Applications 
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Research Topics: 

 

Develop and apply nuclear techniques to the Argonauta reactor: 

 

¶ Deploy and optimize image acquisition systems with thermal neutron in real time for analysis 

and non-destructive testing of dynamic systems  

 

¶ Develop image acquisition systems with X ray using scintillators screens and imaging plate 

 

¶ Develop and apply algorithms and software for the acquisition and processing of images ï 

radiographic and tomographic. 

 

¶ Develop image acquisition systems ï radiographic and tomographic -with gamma rays, 

employing reactor produced radioisotopes 
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9. Brazil, IAE -R1, 5 MW  

1. General information  

Country Brazil 

Region, Place/Closest Town Sao Paulo 

Institution Instituto de Pesquisas Energeticas e Nucleares 

Facility manager (full name, 

position, phone, e-mail, web) 

Reynaldo Pugliesi, Researcher, phone +55 11 31339993, 

pugliesi@ipen.br 

Type of neutron source Research Nuclear Reactor ï IEA-R1 research reactor 

Source power [MW] 5  

Source intensity [n/s or cm-2s-1] 1013 cm-2s-1in the core 

Availability (hours/year) 24 h/day, 3 days a week 

2. Beam qualification 

Beam line alignment (radial, tangential) Radial 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
Thermal/cold 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
7 meV 

Maximal beam intensity at sample position 

[cm-2 s-1] 
5.106 

Polarization (yes/no) No 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (Au method) ~5 

3. Beam line layout 

 Setting 1 Setting 2 

Inlet aperture [mm] 100  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
Bi  

Aperture  - detector 

distance [cm] 
300  

Resulting L/D (measured 

or estimated) 
~90  

Effective beam size 

[mm] 

Diam. 

Max. 130 
 

Flux uniformity (e.g. 

flat, gaussian, other) 
  

Corresponding intensity 

[cm-2 s-1] 
  

4. Detectors* for neutron imaging 

 Availability ï yes/no 

Film based detector (converter material) Yes 

Digital camera based detector (scintilator material) Yes 

Imaging plate detector No 

Amorphous Si flat panel detector No 

Other Track etch foils 

*Specification of the individual performance parameters on a separate sheet 
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5. Advanced neutron imaging features 

 Availability ï yes/no 

Tomography Yes 

Time sequences Yes 

Grating interferometer No 

Energy selection No 

Polarizer No 

Others Beam limiters and filters 

 

6. Involved manpower 

 Number 

Scientists 2 

Students 2 

Engineers 1 

Technicians  

 

7. Applications* 

Research topics 
Archeology, anthropology, engineering, aerospace, 

medicine 

Services for industry  

Methodical developments Research and development of tomography 

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 Yes/No 

Presently Probably 

Future plans 
Search for new applications 

and parallel beam 

 

9. Plans for future upgrades 

Expected Year Type of Upgrade 

2013 Improve the new facility 

 

 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 

 

mailto:N.Pessoa-Barradas@iaea.org
mailto:Eberhard.Lehmann@psi.ch


International Survey on Neutron Imaging Facilities World-Wide    Limited Distribution ς Working Material  
 
 

29 
For additional information please contact N.Pessoa-Barradas@iaea.org and Eberhard.Lehmann@psi.ch. 
 

 

Top view of the new tomography facility 
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10. Canada, MNR McMaster Univ., 5MW  

 

11. General information 
 

Country Canada 

Region, Place/Closest Town Ontario, Hamilton 

Institution Nray Services Inc. (McMaster Nuclear Reactor) 

Facility manager (full name, 

position, phone, e-mail, web) 

Rankin MacGillivray, President, 905-627-1302, 

rankinm@nray.ca, www.nray.ca  

Type of neutron source 5MW Material Test Reactor (MTR) 

Source power [MW] 5MW (typically operated at 3MW) 

Source intensity [n/s or cm-2 s-1] ~1 ×1014 

Availability (hours/year) 3500h/year 

 

12. Beam qualification 
 

Beam line alignment (radial, tangential) Radial 

Neutron spectrum (qualitative: fast, thermal, 

cold) 

Thermal 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 

 

Maximal beam intensity at sample position 

[cm-2 s-1] 

3.9x106 (at 3MW) 

Polarization (yes/no) No 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material) BP1 = 2.95 (Au) BP2 = 3.55(Au) 
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13. Beam line layout 
 

 Beam Port 1 Beam Port 2 

Inlet aperture [mm] 26.5  

Filter options (e.g. 

Bi, Be, Si, sapphire, ) 

Polycrystalline 

Bismuth (gamma 

filter), sapphire 

Polycrystalline 

Bismuth (gamma 

filter) 

Aperture  - detector 

distance [cm] 

194  

Resulting L/D 

(measured or 

estimated) 

208 (measured) 147 (measured) 

Effective beam size 

[mm] 

360mmx440mm 360mmx440mm 

Flux uniformity (e.g. 

flat, gaussian, 

other) 

  

Corresponding 

intensity [cm-2 s-1]  

3.4x106 3.9x106 

 
14. Detectors* for neutron imaging 

 

 Availability ς yes/no 

Film based detector (converter material) Yes (Gd conversion screen) 

Digital camera based detector (scintilator 

material) 

No 

Imaging plate detector No 

Amorphous Si flat panel detector No 

Other No 

*Specification of the individual performance parameters on a separate sheet 
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15. Advanced neutron imaging features 
 

 Availability ς yes/no 

Tomography No 

Time sequences No 

Grating interferometer No 

Energy selection No 

Polarizer No 

Others No 

 

16. Involved manpower 
 

 Number 

Scientists 0 

Students 0 

Engineers 1 

Technicians 12 

 

17. Applications* 
 

Research topics  

Services for industry  Turbine Blades and jet engine component inspection 

Methodical developments Standardization (ASTM) 

*Provide the list for a multiple answer 
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18. Revenue generation/recovery 
 

 Yes/No 

Presently YES 

Future plans YES 

 

19. Plans for future upgrades 
 

Expected Year Type of Upgrade 

  

  

 

20. Other* relevant information 
*E.g. facility-instrumentation photos can be provided on a separate sheet 
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11. China, CARR, 60MW  

 

1. General information 
 

Country China 

Region, Place/Closest Town Xinzhen Town, Fangshan Distr., Beijing 

Institution China Institute of Atomic Energy 

Facility manager (full name, 

position, phone, e-mail, web) 

Dongfeng CHEN, Leader of the Department of Nuclear 

Physics of CIAE, 86-10-69358015, dongfeng@ciae.ac.cn, 

www.ciae.ac.cn 

Type of neutron source Reactor 

Source power [MW] 60 

Source intensity [n/s or cm-2 s-1] 8 ×1014 

Availability (hours/year)  

2. Beam qualification 

Beam line alignment (radial, tangential) Tangential 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
thermal, cold 

Curved beam guide (monochromator) Yes 

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
 thermal, cold 

Maximal beam intensity at sample position 

[cm-2 s-1] 
thermal 2.93×108; cold 7.67×107(design) 

Polarization (yes/no) No 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material) 5.26 

3. Beam line layout (Thermal) 

 Setting 1 Setting 2 Setting 3 Setting 4  Setting 5 

Inlet aperture [mm] 6 4 2 1 0.5 

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
MgO+Bi     

Aperture  - detector 

distance [cm] 
1050 1000 1000 1000 1000 

Resulting L/D 

(measured or 

estimated) 

175 250 500 1000 2000 

Effective beam size 

[mm] 
6.7×22 8×24.8 14.8×31.6 18.2×35.1 20×36.7 

Flux uniformity (e.g. 

flat, gaussian, other) 
flat flat flat flat flat 

Corresponding 6.6×108 2.9×108 7.4×107 1.8×107 4.6×106 
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intensity [cm-2 s-1]  

4. Detectors* for neutron imaging 

 

 Availability ï yes/no 

Film based detector (converter material) Yes 

Digital camera based detector (scintilator 

material) 
Yes 

Imaging plate detector Yes 

Amorphous Si flat panel detector No 

Other No 

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 
 

 Availability ï yes/no 

Tomography Yes 

Time sequences Yes 

Grating interferometer No 

Energy selection Yes 

Polarizer No 

Others No 

6. Involved manpower 

 Number 

Scientists 5 

Students 1 

Engineers 1 

Technicians 2 

7. Applications* 

Research topics  

Services for industry  Nuclear Industry, Aerospace, Fuel Cell̆Two phase flow 

Methodical developments Scintillator, real-time tomography 

*Provide the list for a multiple answer 

8. Revenue generation/recovery 
 

 Yes/No 

Presently No 

Future plans Yes 
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9. Plans for future upgrades 
 

Expected Year Type of Upgrade 

2014-2017 Under construction 

 

10. Other* relevant information 
*E.g. facility-instrumentation photos can be provided on a separate sheet 

 

 

 

 

 

 

Thermal Neutron Imaging Facility at CARR (Under Construction) 

 

 

 

 

 

Cold Neutron Imaging Facility at CARR (Under Construction) 

mailto:N.Pessoa-Barradas@iaea.org
mailto:Eberhard.Lehmann@psi.ch


International Survey on Neutron Imaging Facilities World-Wide    Limited Distribution ς Working Material  
 
 

37 
For additional information please contact N.Pessoa-Barradas@iaea.org and Eberhard.Lehmann@psi.ch. 
 

12. China, Sichuan RR, 20MW 

 
1. General information 

 

Country China 

Region, Place/Closest Town Sichuan 

Institution INSTITUTE OF NUCLEAR PHYSICS AND 

CHEMISTRY, CHINA ACADEMY OF ENGINEERING 

PHYSICS 

Facility manager (full name, 

position, phone, e-mail, web) 

Bin Tang, Director, 0086 0816-2492596, 

Tangbin_e@163.com 

Type of neutron source Reactor 

Source power [MW] 20 

Source intensity [n/s] 2.4¦1014(Thermal neutron) 

Availability (hours/year) 2000 

 

2. Beam qualification 
Beam line alignment (radial, tangential) Tangential 

Neutron spectrum (qualitative: fast, 

thermal, cold) 

Thermal/Cold 

Neutron spectrum (mean energy) 0.025eV(thermal)/2.6Å(cold) 

Maximal beam intensity at sample position 

[cm-2 s-1] 

8¦107(thermal)/ 8¦106(cold) 

Polarization (yes/no) no 

 

 

3. Beam line layout 

 Setting 1 Setting 2 Setting 3 Setting 4  Setting 5 

Inlet aperture [mm] 4~150 1~40    

Aperture  - detector 

distance [cm] 

800 1500    

Resulting L/D 200~2000 >400    
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Effective beam size 

[mm] 

230*230 200*200    

Corresponding 

intensity [cm-2 s-1] 

8¦107 8¦106    

 

4. Detectors* for neutron imaging 
 Availability ï yes/no 

Film based detector yes 

CCD-camera based detector yes 

Imaging plate detector yes 

Amorphous Si flat panel detector no 

Others no 

*Specification of the individual performance parameters on a separate sheet 

 parameters 

Film based detector Gd screen/6LiZnS(Ag)screen + Kodak film 

CCD-camera based detector 6LiZnS(Ag)screen + CCD camera (2048¦2048pixels) 

Imaging plate detector FUJI imaging plate (20¦25cm/20¦40cm) 

 

5. Advanced neutron imaging features 
 Availability ï yes/no 

Tomography yes 

Time sequences no 

Grating interferometer no 

Energy selection no 

Polarizer no 

Others no 
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6. Involved manpower 
 Number 

Scientists 8 

Students  

Engineers 1 

Technicians 1 

 

7. Applications* 
Research topics Aerial/industrial products NDT; neutron imaging 

method 

Industrial projects Turbine blade residua detection 

Methodical 

developments 

Polarized neutron imaging, neutron holographic 

imaging, neutron resonance imaging, MCP, coded 

neutron imaging 

*Provide the list for a multiple answer 

 

8. Commercial activities 
 Yes/No 

Presently no 

Future plans yes 

 

9. Plans for future upgrades 

Expected Year Type of Upgrade 

2020 Polarized neutron imaging instrument 

2022 Energy selection neutron imaging 

 

10. Other* relevant information 
*E.g. facility-instrumentation photos can be provided on a separate sheet 

Cold neutron imaging facility 
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13. China, Peking University AMS Laboratory, 4.5 MeV deuterons on Be and D 

1. General information  
 

Country China 

Region, Place/Closest Town Beijing 

Institution Peking University 

Facility manager (full name, 

position, phone, e-mail, web) 

Zhiyu Guo, Professor, Tel: +86-10-6275 5495, Fax: +86-10-

6275 1875, Email: zhyguo@pku.edu.cn 

Type of neutron source Based on a 4.5 MV Van de Graaff, d-Be and d-D 

Source power [MW]   

Source intensity [n/s] 
~1³1010 for d+Be (fast white-spectrum);  

~5³108 for d+D (mono energetic)  

Availability (hours/year) 300 

 

2. Beam qualification 
 

Beam line alignment (radial, tangential) Radial 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
Thermal and fast 

Neutron spectrum (mean energy) 
Thermal: 0.025 eV; fast: 2-3 MeV varied with 

projectile energy for d+Be 

Maximal beam intensity at sample position 

[cm-2 s-1] 

Thermal: 5³103;  

Fast: 1³105 

Polarization (yes/no) No 

 

3. Beam line layout 
 

 Thermal fast Setting 3 Setting 4  

Inlet aperture [mm] 30 3 (Target spot)   

Aperture  - detector 

distance [cm] 
60 100   

Resulting L/D 20 330   

Effective beam size 

[mm] 
120 ³ 170* 200 ³ 200   

Corresponding intensity 

[cm-2 s-1] 
5³103 1³105   

* limited by scintillator screen 

 

4. Detectors* for neutron imaging 
 

 Availability ï yes/no 

Film based detector No 

CCD-camera based detector Yes 

Imaging plate detector No 

Amorphous Si flat panel detector No 

Others  

*Specification of the individual performance parameters on a separate sheet 
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5. Advanced neutron imaging features 

 
 Availability ï yes/no 

Tomography No 

Time sequences No 

Grating interferometer No 

Energy selection Yes (fast n with d-D) 

Polarizer No 

Others  

 

6. Involved manpower 
 

 Number 

Scientists 2 

Students 4 

Engineers 1 

Technicians 0 

 

7. Applications* 
 

Research topics Study for the design of future RFQ based NR facility 

Industrial projects  

Methodical developments NDT for materials 

*Provide the list for a multiple answer 

 

8. Commercial activities 

 
 Yes/No 

Presently No 

Future plans Yes (with future RFQ based NR facility) 

 

9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2012 RFQ based NR facility 

  

 

10. Other* relevant information  
*E.g. facility-instrumentation photos can be provided on a separate sheet 
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14. China, Sichuan Reactor, 20MW 

 
 

1. General information 
 

Country China 

Region, Place/Closest Town Sichuan 

Institution INSTITUTE OF NUCLEAR PHYSICS AND 

CHEMISTRY, CHINA ACADEMY OF ENGINEERING 

PHYSICS 

Facility manager (full name, 

position, phone, e-mail, web) 

Bin Tang, Director, 0086 0816-2492596, 

Tangbin_e@163.com 

Type of neutron source Reactor 

Source power [MW] 20 

Source intensity [n/s/cm2] 2.4×1014 (Thermal neutron) 

Availability (hours/year) 2000 

 

 

2. Beam qualification 

 

Beam line alignment (radial, tangential) Tangential 

Neutron spectrum (qualitative: fast, thermal, 

cold) 

Thermal/Cold 

Neutron spectrum (mean energy) 0.025eV(thermal)/2.6Å(cold) 

Maximal beam intensity at sample position 

[cm-2 s-1] 

8×107(thermal)/ 8×106(cold) 

Polarization (yes/no) no 

 

 

3. Beam line layout 

 

 Setting 1 Setting 2 Setting 3 Setting 4  Setting 5 

Inlet aperture [mm] 4~150 1~40    

Aperture  - detector 

distance [cm] 

800 1500    

Resulting L/D 200~2000 >400    

Effective beam size 

[mm] 

230*230 200*200    

Corresponding intensity 

[cm-2 s-1] 

8×107 8×106    

 

 

 

4. Detectors* for neutron imaging 

 

 Availability ï yes/no 

Film based detector yes 

CCD-camera based detector yes 

Imaging plate detector yes 

Amorphous Si flat panel detector no 

Others no 
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*Specification of the individual performance parameters on a separate sheet 

 parameters 

Film based detector Gd screen/6LiZnS(Ag)screen + Kodak film 

CCD-camera based detector 6LiZnS(Ag)screen + CCD camera (2048×2048pixels) 

Imaging plate detector FUJI imaging plate (20×25cm/20×40cm) 

 

 

5. Advanced neutron imaging features 

 

 Availability ï yes/no 

Tomography yes 

Time sequences no 

Grating interferometer no 

Energy selection no 

Polarizer no 

Others no 

 

 

6. Involved manpower 

 

 Number 

Scientists 8 

Students  

Engineers 1 

Technicians 1 

 

 

7. Applications* 

 

Research topics Aerial/industrial products NDT; neutron imaging method 

Industrial projects Turbine blade residua detection 

Methodical developments Polarized neutron imaging, neutron holographic imaging, 

neutron resonance imaging, MCP, coded neutron imaging 

*Provide the list for a multiple answer 

 

 

8. Commercial activities 

 

 Yes/No 

Presently no 

Future plans yes 

 

 

9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2020 Polarized neutron imaging instrument 

2022 Energy selection neutron imaging 
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10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 

Cold neutron imaging facility 
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15. Czech Republic, LVR -15, 10MW, HK1 

1. General information 

 

Country The Czech Republic 

Region, Place/Closest Town Rez near Prague 

Institution Research Centre řeģ 

Facility manager (full name, 

position, phone, e-mail, web) 

WŀǊƻǎƭŀǾ ~ƻƭǘŞǎ,  
http://cvrez.cz/en/commercial-services/irradiation-

services/neutronova-radiografie/ 

Type of neutron source Research reactor LVR-15 

Source power [MW] 10 MW 

Source intensity [n/s or cm-2 s-1] 1014 cm-2s-1 

Availability (hours/year) About 700 hours/year 

 

 

2. Beam qualification 

 

Beam line alignment (radial, tangential) radial 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
thermal 

Curved beam guide (monochromator) no 

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
thermal 

Maximal beam intensity at sample position 

[cm-2 s-1] 
5x107 

Polarization (yes/no) no 

Neutron/gamma ratio (n cm-2 per mGy) 109 cm-2/mGy 

Cd ratio (foil material) 300 (Au)  

 

3. Beam line layout 

 

 Setting 1 Setting 2 

Inlet aperture [mm] 50  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
Si  

Aperture  - detector 

distance [cm] 
350  

Resulting L/D 

(measured or 

estimated) 

70  

Effective beam size 

[mm] 
100  

Flux uniformity (e.g. 

flat, gaussian, other) 
flat  

Corresponding 

intensity [cm-2 s-1]  
5x107  
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4. Detectors* for neutron imaging 

 

 Availability ï yes/no 

Film based detector (converter material) Yes (Li) 

Digital camera based detector (scintilator 

material) 
no 

Imaging plate detector yes 

Amorphous Si flat panel detector no 

Other Medipix pixel detector with 6Li converter 

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 

 Availability ï yes/no 

Tomography yes 

Time sequences yes 

Grating interferometer no 

Energy selection no 

Polarizer no 

Others  

 

6. Involved manpower 

 

 Number 

Scientists 2 

Students 0 

Engineers 0 

Technicians 2 

 

7. Applications* 

 

Research topics yes 

Services for industry  yes 

Methodical developments  

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 

 Yes/No 

Presently yes 

Future plans yes 

 

9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2019 L/D increasing 

2020 New detector  

 

10. Other relevant information 
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16. Czech Republic, LVR -15, 10MW, HK3 

 
1. General information 

 

Country The Czech Republic 

Region, Place/Closest Town Rez near Prague 

Institution NPI AS ĻR 

Facility manager (full name, 

position, phone, e-mail, web) 
Tomandl Ivo, tomandl@ujf.cas.cz 

Type of neutron source Research reactor LWR15 

Source power [MW] 10 MW 

Source intensity [n/s or cm-2 s-1] 1014 n cm-2s-1 

Availability (hours/year) About 700 hours/year 

 

 

2. Beam qualification 

 

Beam line alignment (radial, tangential) radial 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
thermal 

Curved beam guide (monochromator) mirror neutronguide  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
thermal 

Maximal beam intensity at sample position 

[cm-2 s-1] 
1x 107 

Polarization (yes/no) no 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material) 105 

 

3. Beam line layout 

 

 Setting 1 Setting 2 

Inlet aperture [mm]   

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
  

Aperture  - detector 

distance [cm] 
40  

Resulting L/D 

(measured or 

estimated) 

  

Effective beam size 

[mm] 
6 x 15  

Flux uniformity (e.g. 

flat, gaussian, other) 
flat  

Corresponding 

intensity [cm-2 s-1]  
107  
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4. Detectors* for neutron imaging 

 

 Availability ï yes/no 

Film based detector (converter material)  

Digital camera based detector (scintilator 

material) 
 

Imaging plate detector  

Amorphous Si flat panel detector  

Other Medipix pixel detector with 6Li converter 

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 

 Availability ï yes/no 

Tomography yes 

Time sequences  

Grating interferometer  

Energy selection  

Polarizer  

Others  

 

6. Involved manpower 

 

 Number 

Scientists 2 

Students  

Engineers  

Technicians 1 

 

7. Applications* 

 

Research topics 4.  

Services for industry   

Methodical developments  

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 

 Yes/No 

Presently NO 

Future plans YES 

 

9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2018 new supermirror neutronguide  

  

 

10. Other relevant information 
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17. Egypt, ETRR-2, 22 MW  

1. General information 

 

Country Egypt  

Region, Place/Closest Town Abou-Zabal 

Institution 
Egypt Second Research Reactor (ETRR-2),Egyptian 

Atomic Energy Authority   

Facility manager (full name, 

position, phone, e-mail, web) 

T. Mongy, Facility manager, tmongy@gmail.com 

Tel: 002 01112247942 

Type of neutron source Research reactor 

Source power [MW] 22  

Source intensity [n/s or cm-2s-1] 1.2*1014 cm-2s-1 

Availability (hours/year) On request 

 

2. Beam qualification 

 

Beam line alignment (radial, tangential) Radial 

Neutron spectrum (qualitative: fast, thermal, 

cold) 

Fast neutrons ~ 108 n/cm2.sec. 
Epi-thermal neutrons ~ 108 n/cm2.sec. 

Thermal neutrons ~ 107 n/cm2.sec. 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 

Fast neutrons ~ 108 n/cm2.sec. 
Epi-thermal neutrons ~ 108 n/cm2.sec. 

Thermal neutrons ~ 107 n/cm2.sec. 
Maximal beam intensity at sample position 

[cm-2 s-1] 
Thermal neutrons ~ 1.5*107 n/cm2.sec. 

Polarization (yes/no) No 

Neutron/gamma ratio (n cm-2 per mGy)  
Cd ratio (foil material) 10 
 

3. Beam line layout 

 

 Setting 1 Setting 2 

Inlet aperture [mm] 3  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
  

Aperture  - detector 

distance [cm] 
30  

Resulting L/D (measured 

or estimated) 
117  

Effective beam size 

[mm] 
20  

Flux uniformity (e.g. 

flat, gaussian, other) 
cosine  

Corresponding intensity 

[cm-2 s-1] 

~ 107 

thermal 

neutrons  
 

mailto:N.Pessoa-Barradas@iaea.org
mailto:Eberhard.Lehmann@psi.ch
mailto:tmongy@gmail.com


International Survey on Neutron Imaging Facilities World-Wide    Limited Distribution ς Working Material  
 
 

51 
For additional information please contact N.Pessoa-Barradas@iaea.org and Eberhard.Lehmann@psi.ch. 
 

 

4. Detectors* for neutron imaging 

 

 Availability ï yes/no 

Film based detector (converter material) Yes 

Digital camera based detector (scintilator material) Yes 

Imaging plate detector No 

Amorphous Si flat panel detector No 

Other  

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 

 Availability ï yes/no 

Tomography Yes 

Time sequences Yes 

Grating interferometer No 

Energy selection No 

Polarizer No 

Others No 

 

6. Involved manpower 

 

 Number 

Scientists 0 

Students 3 

Engineers 4 

Technicians 1 

 

7. Applications* 

 

Research topics Main object 

Services for industry  Available 

Methodical developments Yes 

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 

 Yes/No 

Presently Yes 

Future plans Yes 

 

9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2014 Facility resolution enhancement 

2015 Commerce the facility 

 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 
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18. France, ORPHEE, 14MW 

1. General information 
 

Country FRANCE 

Region, Place/Closest Town PARIS 

Institution CEA/CNRS 

Facility manager (full name, 
position, phone, e-mail, web) 

Frédéric OTT, 33 1 69 08 61 21 
Frederic.Ott@cea.fr 

Type of neutron source ORPHEE nuclear reactor 

Source power [MW] 14 

Source intensity [cm-2 s-1] Thermal flux 3E14 

Availability (hours/year) 3000 

 
2. Beam qualification 

 

Beam line alignment (radial, tangential) Cold neutron beam guide 

Neutron spectrum (qualitative: fast, thermal, 
cold) 

Cold spectrum (3A° - 20A°) 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 
(qualitative: fast, thermal, cold) 

Peak flux at 4A° 

Maximal beam intensity at sample position 
[cm-2 s-1] 

2E7 

Polarization (yes/no) Yes 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material)  

 
3. Beam line layout 

 

 Setting 1 Setting 2 Setting 3 Setting 4  Setting 5 

Inlet aperture [mm] 6-25mm     

Filter options (e.g. Bi, 
Be, Si, sapphire, ) 

no     

Aperture  - detector 
distance [cm] 

Typ. 4m (up to 
7m) 

    

Resulting L/D 
(measured or 
estimated) 

250-500     

Effective beam size 
[mm] 

80x80mm² (at 
4m) 

    

Flux uniformity (e.g. 
flat, gaussian, other) 

15% 
inhomogeneity 
over 80mm 

    

Corresponding 
intensity [cm-2 s-1]  

2E7 n/cm²/s     
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4. Detectors* for neutron imaging 
 

 Availability ς yes/no 

Film based detector (converter material)  

Digital camera based detector (scintilator 
material) 

LiF or Gadox scintillator 
ANDOR NEO camera 

Imaging plate detector FUJI image plate (500x200mm²) 

Amorphous Si flat panel detector  

Other  

*Specification of the individual performance parameters on a separate sheet 
 

5. Advanced neutron imaging features 
 

 Availability ς yes/no 

Tomography Yes 

Time sequences Yes 

Grating interferometer No 

Energy selection Yes (velocity selector) 

Polarizer Yes 

Others  

 
6. Involved manpower 

 

 Number 

Scientists 1 

Students 1 

Engineers 1/2 

Technicians 1 

 
7. Applications* 

 

Research topics Food science, geoscience, metallurgy, magnetism 

Services for industry  Occasional 

Methodical developments  

*Provide the list for a multiple answer 
 

8. Revenue generation/recovery 
 

 Yes/No 

Presently Yes 

Future plans Yes 

 
9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2016 Microchannel plate detector 

2016 Crystal monochromator 

 
10. Other* relevant information 
*E.g. facility-instrumentation photos can be provided on a separate sheet 
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19. Germany, BER II, 10 MW (CONRAD Instrument)  

1. General information 

Country Germany 

Region, Place/Closest Town Berlin 

Institution  

Facility manager (full name, 

position, phone, e-mail, web) 

Nikolay Kardjilov, instrument responsible,  

phone: ++4930806242298,  

email: Kardjilov@helmholtz-berlin.de, 

https://www.helmholtz-

berlin.de/user/neutrons/instrumentation/neutron-

instruments/v7/index_en.html  

Type of neutron source Pool type research reactor 

Source power [MW] 10  

Source intensity [n/s or cm-2 s-1]  

Availability (hours/year) Approximately 5760 h / year (240 days) 

 

2. Beam qualification 

Beam line alignment (radial, tangential) Neutron guide 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
Cold spectrum 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
3.1 Å (8.5 meV) 

Maximal beam intensity at sample position 

[cm-2 s-1] 
2.0 x 108 

Polarization (yes/no) yes 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material)  

 

3. Beam line layout 

 Setting 1 Setting 2 Setting 3 Setting 4  Setting 5 

Inlet aperture [mm] 10 20 30 -  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
     

Aperture  - detector 

distance [cm] 
500 500 500 

0 

Guide end 
 

Resulting L/D (measured 

or estimated) 
500 250 167 70  

Effective beam size 

[mm] 
100x100 110x110 120x120 30x120  

Flux uniformity (e.g. 

flat, gaussian, other) 
     

Corresponding intensity 

[cm-2 s-1] 
5.8 x 106 1.6 x 107 2.4 x 107 2.0 x 108  
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4. Detectors* for neutron imaging 

 Availability ï yes/no 

Film based detector (converter material) no 

Digital camera based detector (scintilator material) yes 

Imaging plate detector yes 

Amorphous Si flat panel detector no 

Other no 

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 Availability ï yes/no 

Tomography yes 

Time sequences yes 

Grating interferometer yes 

Energy selection yes 

Polarizer yes 

Others - 

 

6. Involved manpower 

 Number 

Scientists 2 

Students 1 

Engineers - 

Technicians - 

 

7. Applications* 

Research topics 

Neutron tomography, Energy-selective imaging, Imaging 

with polarized neutrons, High-resolution radiography, 

Grating-interferometry 

Services for industry Fuel cells, Automotive industry, Aircraft industry 

Methodical developments High-resolution, polarized neutrons, Bragg-edge mapping 

*Provide the list for a multiple answer 

8. Revenue generation/recovery 

 Yes/No 

Presently Yes 

Future plans Yes 

 

9. Plans for future upgrades 

Expected Year Type of Upgrade 

2011 Supermirror neutron guide, Larger facility 

  

 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 

 

mailto:N.Pessoa-Barradas@iaea.org
mailto:Eberhard.Lehmann@psi.ch


International Survey on Neutron Imaging Facilities World-Wide    Limited Distribution ς Working Material  
 
 

56 
For additional information please contact N.Pessoa-Barradas@iaea.org and Eberhard.Lehmann@psi.ch. 
 

Additional X-ray micro focus CT scanner attached to the neutron imaging facility for 

complimentary studies.  

Parameters:  

Cone beam 

Max. Voltage: 150 kV 

Resolution: 10 ï 50 µm 

Sample size: 1 ï 10 cm 
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20. Germany, BER II, 10 MW (PONTO Instrument)  

1. General information 

Country Germany 

Region, Place/Closest Town Berlin 

Institution Helmholtz Zentrum für Materialien und Energie 

Facility manager (full name, 

position, phone, e-mail, web) 

Prof. Dr. Anke Pyzalla, Scientific Head,  

+49 30 8062-42764, 

anke.pyzalla@helmholtz-berlin.de 

Type of neutron source Reactor 

Source power [MW] 10  

Source intensity [n/s or cm-2s-1]  

Availability (hours/year)  

 

2. Beam qualification 

Beam line alignment (radial, tangential) tangential 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
cold 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
3.5A ~ 0.0067eV 

Maximal beam intensity at sample position 

[cm-2 s-1] 
3 x 106 

Polarization (yes/no) yes 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material)  

 

3. Beam line layout 

 150cm 200cm 250cm 300cm  Setting 5 

Inlet aperture [mm] 55x60 55x60 55x60 55x60  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
     

Aperture  - detector 

distance [cm] 
150 200 250 300  

Resulting L/D (measured 

or estimated) 
500 500 500 500  

Effective beam size 

[mm] 
73x78 79x84 85x90 91x96  

Flux uniformity (e.g. 

flat, gaussian, other) 
     

Corresponding intensity 

[cm-2 s-1] 
2.25x106 1.5x106 1x106 7.3x105  
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4. Detectors* for neutron imaging 

 Availability ï yes/no 

Film based detector (converter material) yes 

Digital camera based detector (scintilator material) yes 

Imaging plate detector no 

Amorphous Si flat panel detector no 

Other He-3 

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 Availability ï yes/no 

Tomography Yes 

Time sequences Yes 

Grating interferometer No 

Energy selection Yes 

Polarizer Yes 

Others USANS 

 

6. Involved manpower 

 Number 

Scientists 2-3 

Students 2-4 

Engineers 1 

Technicians 0.5 

 

7. Applications* 

Research topics 
Superconductrivity, magnetic field investigations 

phase contrast, fundamental physics 

Services for industry No 

Methodical developments scattering, refraction ï and  USANS - imaging 

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 Yes/No 

Presently no 

Future plans yes 

 

9. Plans for future upgrades 

Expected Year Type of Upgrade 

2011 Instrument, optics 

  

 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 

mailto:N.Pessoa-Barradas@iaea.org
mailto:Eberhard.Lehmann@psi.ch


International Survey on Neutron Imaging Facilities World-Wide    Limited Distribution ς Working Material  
 
 

59 
For additional information please contact N.Pessoa-Barradas@iaea.org and Eberhard.Lehmann@psi.ch. 
 

21. Germany, FRM-II  (ANTARES), 20 MW 

1. General information 

Country Germany 

Region, Place/Closest Town Garching / Munich 

Institution 

Technische Universitaet Muenchen, FRM II 

Maier Leibnitz-Zentrum (MLZ) 

Beam line ANTARES 

Facility manager (full name, 

position, phone, e-mail, web) 

Dr Burkhard Schillinger, instrument responsible,  

+49 89 289 12185,  

Burkhard.Schillinger@frm2.tum.de, www.frm2.tum.de 

Michael Schulz, instrument responsible,  

+49 89 289 14718 

Michael.Schulz@frm2.tum.de 

Type of neutron source Research reactor 

Source power [MW] 20  

Source intensity [n/s or cm-2 s-1] 8x 1014 cm-2 s-1  

Availability (hours/year) 240 days reactor operation 

2. Beam qualification 

Beam line alignment (radial, tangential) tangential 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
cold 

Curved beam guide (monochromator) 

No guide, but selectable double crystal 

monochromator, velocity selector and neutron 

optical periscope 

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
cold 

Maximal beam intensity at sample position 

[cm-2 s-1] 
At 1.8 Angstrom  

Polarization (yes/no) Yes 

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material)  
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3.  Beam line layout 

 Setting 1 Setting 2 Setting 3 Setting 4  Setting 5 Setting 6 

Inlet aperture [mm] 2 4.5 8.9 17.8 35.6 71.32 

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 

Bi, Be, 

sapphire 

Bi, Be, 

sapphire 

Bi, Be, 

sapphire 

Bi, Be, 

sapphire 

Bi, Be, 

sapphire 

Bi, Be, 

sapphire 

Aperture  - detector 

distance [cm] 

1420 

 710 

1420 

 710 

1420 

 710 

1420 

 710 

1420 

 710 

1420 

 710 

Resulting L/D 

(measured or 

estimated) 

7100 3550 
3200 

1600 

1600 

 800 

800 

400 

400 

200 

200 

100 

Effective beam size, 

fully illuminated 

[mm] 

290 281 275 235 173 50 

Flux uniformity (e.g. 

flat, gaussian, other) 
flat flat flat flat Flat flat 

Corresponding 

intensity [cm-2 s-1]  

4 x 105 - 

1.6 x 106 

2 x 106 ï 

8 x 106 

8 x 106 - 

2.5 x 107 

2.5 x 107 - 

1 x 108  

1 x 108 -  

4 x 108  

4 x 108 -

1.6 x 109 

 

4. Detectors* for neutron imaging 

 Availability ï yes/no 

Film based detector (converter material) No 

Digital camera based detector (scintilator 

material) 
Yes 

Imaging plate detector Yes 

Amorphous Si flat panel detector No 

Other CMOS-camera 

*Specification of the individual performance parameters on a separate sheet 

5. Advanced neutron imaging features 

 Availability ï yes/no 

Tomography yes 

Time sequences yes 

Grating interferometer yes 

Energy selection yes 

Polarizer yes 

Others In preparation 

6. Involved manpower 

 Number 

Scientists 2 

Students 3-5 

Engineers 1 

Technicians 0 
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7. Applications* 

 

Research topics Archaeology, magnetism, superconductivity, batteries, fuel cells 

Services for industry  Radiography, CT and advanced techniques 

Methodical developments Magnetic imaging, dark field imaging 

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 

 Yes/No 

Presently yes 

Future plans yes 

 

9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2013/2014 Double crystal monochromator 

2013/2014 Velocity selector 

2013/2014 Grating interferometer 

2014 One Neutron periscope, one polarizing periscope  

2019 Installation of x-ray µ-CT setup perpendicular to neutron beam 

 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 

mailto:N.Pessoa-Barradas@iaea.org
mailto:Eberhard.Lehmann@psi.ch


International Survey on Neutron Imaging Facilities World-Wide    Limited Distribution ς Working Material  
 
 

62 
For additional information please contact N.Pessoa-Barradas@iaea.org and Eberhard.Lehmann@psi.ch. 
 

 

17. Germany, FRM-II  (NECTAR) , 20MW, with converter 

1. General information 

Country Germany 

Region, Place/Closest Town Bavaria, Garching 

Institution TU München 

Facility manager (full name, 

position, phone, e-mail, web) 

Dr. Thomas Bücherl, +49 (0)89-28914328, 

thomas.buecherl@tum.de, www.frm2.tum.de 

Type of neutron source Reasearch Reactor 

Source power [MW]  20MW, with a converter target at 32kW 

Source intensity [n/s or cm-2 s-1] 8x 1E14 cm-2 s-1 

Availability (hours/year) 6000 

2. Beam qualification 

Beam line alignment (radial, tangential) radial 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
fission 

Curved beam guide (monochromator)  

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
1.9 MeV 

Maximal beam intensity at sample position 

[cm-2 s-1] 
max. 1.2 x 107 

Polarization (yes/no)  

Neutron/gamma ratio (n cm-2 per mGy)  

Cd ratio (foil material) no 

3. Beam line layout 

 Setting 1 Setting 2 Setting 3 

Inlet aperture [mm] 50 24  

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
   

Aperture  - detector 

distance [cm] 
940  350  

Resulting L/D 

(measured or 

estimated) 

132 233  

Effective beam size 

[mm] 
Å 250 Å 170  

Flux uniformity (e.g. 

flat, gaussian, other) 
   

Corresponding 

intensity [cm-2 s-1]  
1.2 x 107 5.4 x 105  
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4. Detectors* for neutron imaging 

 Availability ï yes/no 

Film based detector (converter material) No 

Digital camera based detector (scintilator 

material) 
Yes 

Imaging plate detector Read out unit available 

Amorphous Si flat panel detector No 

Other No  

*Specification of the individual performance parameters on a separate sheet 

5. Advanced neutron imaging features 

 Availability ï yes/no 

Tomography Yes 

Time sequences Yes 

Grating interferometer No 

Energy selection No 

Polarizer No 

Others No 

6. Involved manpower 

 Number 

Scientists 0.1 (+1) 

Students 0 

Engineers 0 

Technicians 0 

7. Applications* 

Research topics Various 

Services for industry   

Methodical developments Detector systems 

*Provide the list for a multiple answer 

8. Revenue generation/recovery 

 Yes/No 

Presently Yes 

Future plans Yes 

9. Plans for future upgrades 

Expected Year Type of Upgrade 

2013 Detector system 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 
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18. Germany, PIAF, 12 MeV Deuterium, 20 mA CW, 2 mA pulsed 

1. General information 

Country Germany 

Region, Place/Closest Town Braunschweig (ca 200 km west of Berlin) 

Institution Physikalisch-Technische Bundesanstalt 

Facility manager (full name, 

position, phone, e-mail, web) 

Volker Dangendorf, , +49 531 5926510, 

volker.dangendorf@ptb.de 

Type of neutron source Cyclotron, d-Be (thick target), 20 uA CW, 2 uA pulsed   

Source power [MW]  n.a. 

Source intensity [n/s or cm-2 s-1] d-Be: 5x106 s-1cm-2 in 3 m distance (point source)  

Availability (hours/year) 200 - 300 h (shared, available by application)  

2. Beam qualification 

Beam line alignment (radial, tangential) n.a. 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
Fast( broad spectrum 1-17 MeV, av. 5 MeV) 

Curved beam guide (monochromator) 
n.a., (Energy selection: TOF possible @ 

reducted flux) 

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
Fast 

Maximal beam intensity at sample position 

[cm-2 s-1] 

CW: 5x106 s-1cm-2, short exposures up to 

15x106 s-1cm-2 (< 1 Min @ <5% duty cycle)- 

Pulsed:5x105 s-1cm-2 

Polarization (yes/no) no 

Neutron/gamma ratio (n cm-2 per mGy) n/g ca 5:1 (in flux) 

Cd ratio (foil material) n.a. 

3. Beam line layout 

 Setting 1 Setting 2 

Inlet aperture [mm] 
5 mm (source 

diameter) 

Further settings can be obtained by 

choosing distances between 2 m and 12 

m, L/D and flux scale  linear or inverse - 

square to distance /source ratio 

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
n.a. 

Aperture  - detector 

distance [cm] 

200 cm 

 

Resulting L/D 

(measured or 

estimated) 

400 

Effective beam size 

[mm] 

Up to d=30 cm 

400 cm2 square 

Flux uniformity (e.g. 

flat, gaussian, other) 
flat 

Corresponding 

intensity [cm-2 s-1] 
CW: 5x106 s-1cm-2  
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4. Detectors* for neutron imaging 

 

 Availability ï yes/no 

Film based detector (converter material) No 

Digital camera based detector (scintilator 

material) 

Yes  

(Fast Framing ICCD (ns-exposure, 8 frames), 

Fast Framing HiSpeed CCD (ms-exposure 500 

frames) Event Counting camera system  

Imaging plate detector No 

Amorphous Si flat panel detector No 

Other  

*Specification of the individual performance parameters on a separate sheet 

5. Advanced neutron imaging features 

 

 Availability ï yes/no 

Tomography Y (available ca 10.2014) 

Time sequences Y 

Grating interferometer N 

Energy selection Y(TOF, reaction based) 

Polarizer N 

Others  

 

6. Involved manpower 

 

 Number 

Scientists 1 

Students 0.5 

Engineers 0.3 

Technicians 1 

 

7. Applications* 

 

Research topics  

Services for industry   

Methodical developments  

*Provide the list for a multiple answer 

 

 

 

mailto:N.Pessoa-Barradas@iaea.org
mailto:Eberhard.Lehmann@psi.ch


International Survey on Neutron Imaging Facilities World-Wide    Limited Distribution ς Working Material  
 
 

66 
For additional information please contact N.Pessoa-Barradas@iaea.org and Eberhard.Lehmann@psi.ch. 
 

 

8. Revenue generation/recovery 

 

 Yes/No 

Presently no 

Future plans If possible 

 

9. Plans for future upgrades 

 

Expected Year Type of Upgrade 

2014 Tomography  

  

 

10. Other* relevant information 
*E.g. facility-instrumentation photos can be provided on a separate sheet 
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19. Hungary, DNR , 10 MW 

1. General information ï Dynamic Neutron Radiography Station (DNR) 

Country Hungary 

Region, Place/Closest Town Budapest 

Institution 
Centre for Energy Research, Hungarian Academy of 

Sciences 

Facility manager (full name, 

position, phone, e-mail, web) 

László Zoltán Horváth, instrument responsible 

+36 1 392 2222 ext. 1434, 

horvath.laszlo.z@energia.mta.hu 

Type of neutron source Research Reactor 

Source power [MW] 10  

Source intensity [n/s or cm-2s-1] 2.2×1014 cm-2s-1 (thermal neutron flux in the core) 

Availability (hours/year) ~ 3400 h 

2. Beam qualification 

Beam line alignment (radial, tangential) 
Radial beam No. 2 (without filter ï gamma 

intensity: 8.3 Gy/h). 

Neutron spectrum (qualitative: fast, thermal, 

cold) 
thermal neutron spectrum 

Curved beam guide (monochromator) No 

Neutron spectrum at sample position 

(qualitative: fast, thermal, cold) 
thermal neutron spectrum 

Maximal beam intensity at sample position 

[cm-2 s-1] 

1.8×108 n/cm2/s (thermal equivalent neutron 

flux) 

Polarization (yes/no) No 

Neutron/gamma ratio (n cm-2 per mGy) 7.82×107 

Cd ratio (foil material) 3.76 

3. Beam line layout 

 Setting 1 Setting 2 Setting 3 Setting 4  Setting 5 

Inlet aperture [mm]      25      25        0.5        1        2 

Filter options (e.g. Bi, 

Be, Si, sapphire, ) 
no no no no no 

Aperture  - detector 

distance [cm] 
    425    500      300      300      300 

Resulting L/D (measured 

or estimated) 
    170    200      600      300      150 

Effective beam size 

[mm] 

Diameter: 

  ~ 155 

Diameter: 

  ~ 220 

Diameter: 

   ~ 10 

Diameter: 

  ~ 20 

Diameter: 

    ~ 40 

Flux uniformity (e.g. 

flat, gaussian, other) 
flat flat flat flat flat 

Corresponding intensity 

[cm-2 s-1] 
  6×107 5×107  1.7×103   7×103    2.7×104 
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4. Detectors* for neutron imaging 

 Availability ï yes/no 

Film based detector (converter material) No 

Digital camera based detector (scintilator material) CCD camera (756×580 px, 10 bit) 

Imaging plate detector BAS 2500 image plate reader 

Amorphous Si flat panel detector  No 

Other 
LLL TV camera with vidicon (10-4 

lux) 

*Specification of the individual performance parameters on a separate sheet 

 

5. Advanced neutron imaging features 

 Availability ï yes/no 

Tomography No 

Time sequences Yes 

Grating interferometer No 

Energy selection Yes - by Bi, Cd and In filter 

Polarizer No 

Others 
Simultaneous Dynamic Neutron- and 

Gamma Radiography 

 

 

 

6. Involved manpower 

 Number 

Scientists       1 

Students      - 

Engineers       1 

Technicians       1 

 

7. Applications* 

Research topics 
Study of the supercritical water. 

Investigation of Fuel Cells in operation. 

Services for industry 
Inspection of refrigerators. 

Test of helicopter rotor blades. 

Methodical developments In-situ imaging of dynamic processes 

*Provide the list for a multiple answer 

 

8. Revenue generation/recovery 

 Yes/No 

Presently    Yes 

Future plans    Yes 
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9. Plans for future upgrades 

Expected Year Type of Upgrade 

2014 Extending the dimension of the facility 

2015 To implement digital neutron, gamma and X-ray tomography 

 

10. Other* relevant information  

*E.g. facility-instrumentation photos can be provided on a separate sheet 

 

The Radiography Station of the Budapest Research Reactor has the following unique features: 

1. Simultaneous Dynamic Neutron and Gamma Radiography ï max. dimensions of the 

investigated object: 800 × 1100 mm2 and 300 kg. 

2. X-ray Radiography (40 ï 300 kV; 5 mA). 

3. It is possible to inspect oversized objects, as a helicopter rotor blade or a refrigerator ï max. 

dimensions of the investigated object: 9800 × 700 mm and 200 kg. 

 

 

mailto:N.Pessoa-Barradas@iaea.org
mailto:Eberhard.Lehmann@psi.ch


International Survey on Neutron Imaging Facilities World-Wide    Limited Distribution ς Working Material  
 
 

70 
For additional information please contact N.Pessoa-Barradas@iaea.org and Eberhard.Lehmann@psi.ch. 
 

 

 

mailto:N.Pessoa-Barradas@iaea.org
mailto:Eberhard.Lehmann@psi.ch























































































































































































