
 

 

2.11. ERYA (bulk)-finally available and ERYA profile-final adjustments 

A. Pedro de Jesus 

It was announced and shown that the ERYA-bulk code for analysis of in-depth homogeneous 

samples is now available and may be downloaded from a web site, where a manual is available 

to explain how to use it. A tutorial on the code’s interface and capabilities was shown, namely 

the capability of calculating simultaneously the mass concentration of an arbitrary number of 

elements in a homogeneous sample (any thickness), with the additional capability of fitting the 

sample matrix composition. This may be done by using as an initial estimate either the results 

from another analytical technique such as PIXE (usually used as a complementary technique) or 

with prior knowledge of the main chemical composition. 

Regarding the development of a routine to perform depth profile measurements, the main aspects 

of what was already done were presented: 

1. the routine was developed to be used interactively, as RUMP, or SigmaNRA, by 
comparing the calculated and experimental results for each concentration distribution 

given by the user; 
2. the routine uses a division of the target into layers (as in the case of ERYA bulk) but 

within each layer the projectiles have an energy distribution and not a single energy value 
(as in the case of ERYA bulk); this implies that depth together with average energy must 

be calculated for every layer; 
3. the energy distribution takes into account Beam Energy Resolution, Beam Energy 

Straggling and Doppler Broadening; 

4. in order to implement energy straggling calculations, Landau, Vavilov and Gaussian 

distributions are used; 

5. the resonant cross section function may be replaced by an ideal Breit-Wigner function; 

further efforts to implement the code to use resonance strengths are being developed; 

6. the concentration may be given for any number of discrete layers or as a depth- 

dependent continuous function. 

This profile routine is already working with a user-friendly interface, which was also presented. 

Further tests and improvements are being done, including the use of FORTRAN or C to perform 
the heavy calculations of straggling distributions. 

2.12. Measurement of excitation yields of low energy prompt γ-ray from proton 

bombardment of Cr-foils with energies ranging between 1.0 and 3.0 MeV 

A. Goncharov 

The goal of this work is measurement of differential cross sections for the production of 378 keV 

γ-rays from the reactions 52Cr(p,γ1)
53Mn and 53Cr(p,nγ1)

53Mn for proton energies ranging 

between 1.0 and 3.0 MeV at the laboratory angle of 90
°
 using foils with thickness 

∼1.9×1018 at/cm2 (∼ 0.23 µm) of natCr.  

The natural Cr targets on Ta backings were prepared by vacuum deposition technique. The 
thicknesses of the targets have been measured by back-scattering spectrometry of He and H ions. 
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Measurements of γ rays were performed by means of a Ge(Li) detector DGDK-80. Calibration of 
the detector efficiency was carried out with the standard 133Ba and 152Eu sources at the geometry 

used for the cross-section measurements. 

All measurements were carried out at the electrostatic accelerator of NSC KIPT ESU-5. The 

accelerator was calibrated by means of resonances in the 
27

Al(p,γ)
28

Si reaction. 

The average differential cross-section dσ/dΩ of γ-ray production from the 
52

Cr(p,γ1)
53

Mn and 
53Cr(p,nγ1)

53Mn reactions was determined from the general expression: 

dσ/dΩ = Nγ cosϕ /4π ε k Np f t 

where 

Nγ is the number of counts in the full-energy peak; 

k is the ratio between the live time and the exposure time; 
Np is the number of protons incident upon the target; 

ε = ε(Eγ) is the efficiency of the detection system; 

f is the relative content of Cr in target substance (in this case f = 1); 
t is the Cr target thickness (at/cm2); 

φ is the beam incidence angle taking from normal to the target. 

The accuracy of the definition of the cross sections varies from 8 to 12%. 

3. Methodology 

CRP participants have carried out measurements as discussed in the second RCM and presented 

in Table 8.1. The cross section data files are being uploaded in IBANDL continuously. Pending 

measurements (Table 8.2) will be completed and submitted to NDS by the end of 2014. From the 

outset of the CRP, a very ambitious programme for new measurements was put forward (see 

Table 4.1 in Ref.[1.2]). Since the 1
st
 RCM, a total of 74 reactions producing a known γ ray have 

been measured at various angles, for thin and thick targets within a period of two years. By the 
end of the CRP in 2014, another 64 reactions will be measured and analysed. From the initial 

plan, only 34 measurements including thin and thick target yields, will not be completed within 
the duration of the CRP, mainly due to time limitations. This is already a formidable 

achievement considering the difficulties involved in planning and performing measurements, 
many of which can be unpredictable. In addition, the review of the existing literature is almost 

finished and is in the process of being included in IBANDL. In particular, the nuclear 
astrophysics compilation NACRE [3.1] was reviewed and cross sections relevant to PIGE were 

retrieved from it. It was agreed to review also the recently published updated compilation 
NACRE II [3.2]. 

Some specific aspects regarding the methodology that were revisited in this meeting are 
presented in the following sections. The coordinated measurements performed between the 2nd 

and 3rd RCM meetings were discussed. The importance of thick target benchmark experiments 
was again emphasized. A working version of the ERYA code was distributed to participants for 

testing and feedback. A beta version of a program with the capability to analyse depth profiles, 
ERYA-profiling, was presented.  

3.1. Codes for PIGE 

As was already pointed out in the first RCM [1.2], the aim of standard-less PIGE could be 
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