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The Technical Meeting (TM) objectives were formulated through consultations with potential 
participants, communications with experts involved in the similar activities coordinated by IAEA and 
NEA and relying on information published in the literature. The information about this TM was made 
available on the dedicated web page http://www-nds.iaea.org/dpa/ well in advance.

Meeting Motivations

The displacement cross section is a reference measure used to characterize and compare the radiation 
damage induced by neutrons and charged particles in crystalline materials. To evaluate the number of 
displaced atoms Norget, Torrens and Robinson [1] proposed in 1975 a standard (the so-called NRT- 
dpa), which has been widely used from that time.

Nowadays this formulation is recognized as suffering from some limitations: it is not applicable for 
compound materials, does not account for the recombination of atoms during the cascade evolution, 
cannot be directly validated and has no uncertainties/covariancies as evaluated cross sections usually 
have now.

Upgrading of the dpa-standard means the inclusion of results of the Molecular Dynamics (MD), 
Binary Collision Approximation (BCA) or other simulations for primary radiation defects (PRD), i.e. 
Frankel pairs (FP) and Interstitial Clusters, which survive after relaxation of the Primary Knock-on 
Atom (PKA) cascade.

The essential advantages of the upgraded dpa-standard will be:
- non-dependence on the energy distribution of incident neutrons - this means more correct inter

comparison of radiation damage in the different facilities on the basis of the accumulated dpa- 
fluence;

- it also becomes more feasible for comparison of neutron and charged particles or ion induced 
damage;

- empirical validation against frozen defects at cryogenic temperature (NRT-dpa can never be 
observed);

- prediction of damage in polyatomic materials and alloys (NRT treats dpa in compounds by 
mathematical weighting of the separate elements).

Purpose of the Meeting

To find ways to overcome the drawbacks of the NRT standard and benefit from the recent 
developments in primary radiation damage simulations, the Technical Meeting has the objectives to 
discuss:

- revisiting the NRT standard with the purpose of improving it by the evaluation of uncertainties 
connected with recoil spectra and the energy partitioning model;

- proposal of a new upgraded standard that will capture the annealing of defects in the recoil 
cascade on the basis of MD, BCA and other models.

As an outcome of discussions the definition of objectives and participating organisations for a new 
Coordinated Research Project (CRP) on this topic are expected.
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Specific issues to be addressed during the Meeting

Cross sections, evaluated data libraries and the NRT standard:
- PKA spectra - availability in libraries, methods of calculation, agreement and uncertainties,
- processing of cross section files to derive KERMA, damage energy and dpa,
- gas (helium, hydrogen) production cross sections,
- uncertainties/covariances for these quantities,
- others.

MD, BCA and other simulations of survived primary point defects in mono- and poly-atomic materials 
and thermal-spike-enhanced recombination:

- scope of materials - pure metals, Fe-xC, semiconductors (Si, Ge), insulators and ceramics 
(Ai2o 3, SiC ...),

- PKA energy range covered by different simulation methods,
- calculation outputs - survived Frankel Pairs (FP), simple interstitial clusters,
- dependence on temperature and material composition,
- incoiporation of MD/BCA results in processing codes (NJOY) or storage in a separate cross 

section database,
- empirical validation,
- applications,
- others.

Illustrative examples

Fig. 1 shows the typical neutron spectra in the fast research reactor, first wall of power fusion plant 
and High Flux Test Module (HFTM) of 1FM1F as well as spectra weighted recoil distributions in iron. 
The PKA spectra were obtained from the LA-150 evaluation [2] as a result of processing by the NJOY 
code [3], The output of the GROUPR module was then processed by the additional subroutine to fold 
PKA matrices with the facility neutron spectra [4,5].
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Fig. 1. Left: neutron spectra in the fast reactor, first wall of power fusion and HFTM of 1FM1F. Right: 
recoil spectra in Fe weighted with these neutron spectra (percentage shows the fraction of 
neutrons or recoils in HFTM of 1FM1F resulted from neutrons above fusion peak 15 MeV).

Fig. 2 shows surviving ratios, i.e. the number of Frankel pairs and interstitial clusters to the NRT dpa- 
standard, obtained from MD simulations [6,7] and extrapolated to the higher PKA energies based on 
the BCA calculation which uses MD results below 100 keV [9]. These surviving functions were 
incoiporated in the HEATR module of NJOY (taking into account the difference of ion kinetic 
energies in nuclear data files and MD simulations) that eventually allowed computing of the damage 
energy and dpa-cross sections as demonstrated in Fig. 3 [4,5].

The Nuclear Data Section (NDS) currently stores and disseminates the damage cross section database 
DXS [9] (see http://www-nds.iaea.org/ndspub/download-endf/DXS/ and summary of A. Konobeyev). 
This includes dpa- (both NRT and survived Frankel pairs) and gas-production cross sections for 
several pure metals, Figs. 4 and 5.
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NDS also hosts a set of damage cross sections as a part of the dosimetry file 1RDF-2002 [11]. It is 
worthwhile to note that damage function for GaAs, Fig. 6, incorporates the empirical efficiency factor 
for better characterization of irradiated GaAs device performance (see [11] and R Griffin’ summary).

Fig. 2. Surviving ratios for Frankel pairs and interstitial clusters after cascade relaxation in a-Fe: 
symbols -  results of MD simulations [6,7], curves -  BCA+MD [9] or fit/extrapolation.
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Fig. 3. Damage energy Edamand dpa-cross
sections for Frenkel pairs and interstitial 
clusters calculated for 56Fe [4],
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ig. 4. Neutron and proton induced dpa-cross
sections from the DXS library [9] (curves) 
and experimental data [10].
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Fig. 5. Neutron induced He production cross 
section in Fe: evaluations (curves) and 
experimental data from EXFOR [12].

Fig. 6. Neutron damage energy for silicon and 
GaAs available in the 1RDF-2002 file 
[11]-

1 0 " "  1 0  s 1 0 ' °  1 0 '  1 0 °  1 0 °  1 0 "  1 0 ‘° 1 0 "  1 0 "  1 0 “ 1 0 '  1 0 "

N eutron  E nergy, M eV

11



References

1. M.J. Norgett, M.T. Robinson, I.M. Torrens, A proposed method of calculating displacement dose 
rates, Nucl. Eng. Des. 33 (1975) 50.

2. M.B. Chadwick, RG. Young, S. Chiba et al„ Nucl. Sci. Eng. 131 (1999) 293.
3. R.E. MacFarlane, NJOY99.0: Code System for Producing Pointwise and Multigroup Neutron and 

Photon Cross Sections from ENDF/B Data, RS1CC Code Package PSR-480.
4. S.P Simakov, A.Yu. Konobeyev, U. Ficher, V. Heinzel, Comparative study of survived 

displacement damage defects in iron irradiated in 1FM1F and fusion power reactors, JNM 386 
(2009) 52.

5. S.P. Simakov, A. Yu. Konobeyev, U. Ficher, Assessment of survived radiation defects by a 
modified version of NJOY, Report JEFF-DOC-1223, NEA Data Bank, Nov. 2007.

6. R.E. Stoller and L.R. Greenwood, Subcascade formation in displacement cascade simulations: 
Implications for fusion reactor materials, JNM 271 (1999) 57.

7. D.J. Bacon, Yu.N. Osetsky, R. Stoller, R.E. Voskoboinikov, MD description of damage production 
in displacement cascades in copper and a-iron, JNM 323 (2003) 152.

8. C.H. Breeders, A.Yu. Konobeyev, JNM 328 (2004) 197.
9. A. Yu. Konobeyev, U. Fischer, L. Zanini, Advanced evaluations of displacement and gas 

production cross sections for chromium, iron, and nickel up to 3 GeV incident particle energy, 
Proc. of Int. Conf. on Accelerator Applications ( AccApp-2011), April 2011, Knoxville, TN.

10. P. Jung, Atomic displacement functions of cubic metals, JNM 117 (1983) 70.
11. International Reactor Dosimetry File (1RFF-2002), Techn. Report Series No. 452, IAEA 2006, 

available on-line http://www-nds.iaea.org/irdf2002/.
12. N. Otuka, S. Dunaeva, E. Dupont, O. Schwerer, A. Blokhin, The Role of the Nuclear Reaction 

Data Centres in Experimental Nuclear Data Knowledge Sharing, Proc. Int. Conf. on Nuclear Data 
for Science and Technology (ND-2010), April 2010, Korea, p. 1292,
on-line access: http://www-nds.iaea.org/exfor/exfor.htm.

Introduction: Issues Related to Dose Units and Damage Correlation

Roger E. Stoller

Materials Science and Technology Division
Oak Ridge National Laboratory, Oak Ridge, TN 37831-6138
USA ' ‘ '

Objective

The objective of this presentation is provide a list of terms and their definitions that should be helpful 
in framing the discussion of dosimetry and damage correlation in irradiated materials. Some relevant 
work carried out over the last forty years is also summarized to provide an historical perspective on 
these issues.

Introduction

The two most common parameters used to characterize the cumulative exposure of a material to 
irradiation are the particle fluence and absorbed dose. The particle fluence, in units of (area)"1, 
depends only on the characteristics of irradiation source and can be quoted at a point or averaged over 
a surface or volume. Although it is often quoted as a free-field particle fluence, the actual fluence will 
be modified by particle absorption and scattering when a test object is in place -  i.e. material perturbs 
local flux. The absorbed dose, in units of energy, depends on a variety of variables, including: particle 
fluence, particle type, particle energy spectrum, and the specific material being exposed. Thus, 
absorbed dose includes much more information about the irradiation environment, and it is material 
dependent.

In practice, both the particle fluence and absorbed dose are used as the independent variable in
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