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APRENDE Project
● Background

– NuPECC LRP’2024 observation: The absence of a coordinated nuclear data effort in Europe, in conjunction with limited funding, has resulted in a shortage of 
expert data evaluators with serious repercussions for the international databases. Over the past two decades, Europe’s contribution to ENSDF has dwindled 
to less than 20% of the overall. This figure is notably low considering the substantial volume of experimental data generated by the European nuclear 
physics facilities. Combined with a global decline in the ENSDF effort worldwide, the cumulative ENSDF evaluation effort is no longer adequate to keep the 
database up to date within a 10-year cycle. To maintain a regular 10-year update cycle, a minimum of 12 full-time evaluators is required, whereas the 
current global effort amounts to just 5. What this situation implies is that the new, accurate, and precise experimental data generated by state-of-the-art 
European nuclear physics facilities will not be promptly incorporated into the databases , thus delaying their utilisation in various applications. 

– NuPECC recommendation: Dedicated efforts to train the next generation of nuclear data experts in data evaluation and the use of AI/ML methods and modern 
data-driven technologies are supported.

– Pre-APRENDE status: 0.2 FTE dedicated to data evaluation in Sofia University is an NSDD member since 2017; Similar numbers in ATOMKI and IFIN-HH – the 
three EU NSDD centres

● APRENDE Scope (Task 4.1. Decay data evaluations and education)
– To train a new a evaluator (Sofia Uni) – one scientist recruited to 0.5 FTE; Training on A=117  and XUNDL already started 
– To deliver two mass-chain evaluations (A=106, 111)

● APRENDE Effort
– Sofia University: 24.4 PM
– IFIN-HH: 3.8 PM
– ATOMKI: 4.5 PM

● APRENDE Context (ATOMKI, IFIN-HH, SofiaUni are the EU members of the Nuclear Structure and Decay Data Network that maintains the ENSDF)
– Effort to attract more people in Bulgaria (National Program Enhancing the qualification in the fields of Nuclear Technology and Nuclear Engineering ) 

and Romania (post-doc)



  

Nuclear Structure and Decay Data 
Evaluation activities

We evaluate:
● g-ray energies (Eg), and intensities (Ig)
● g-ray multipolarities (lL) and mixing ratios (d)
●  Levels Jp, T1/2

We calculate:
● Level energies (Elevel)

● Intensity balances to each level
● Branching ratios
● Electromagnetic transition rates

We use:
● AME2021 (2021Wa16)
● Static moments tables (N. Stone)



  

Process:

● Nucleus by nucleus approach – a critical compilation of 
published data (primary, secondary data)

● Data organized in data sets, each of which containing data 
from similar reactions, b±, EC etc.

● Adopted levels and gammas data sets contain 
recommended numbers for all measured quantities

● The process is repeated for all nuclei in a given mass chain 
 

● Submission to NNDC for review
● Reviewed data disseminated through the 

www.nndc.bnl.gov/ensdf site and published in Nucl.Data 
Sheets

● Each mass-chain should be re-evaluated once/decade
● Meanwhile 

– unevaluated data is critically compiled and uploaded to XUNDL data base

– Correction still can be made and uploaded to ENSDF

http://www.nndc.bnl.gov/ensdf


  

Data Bases and Utilities

● NSR (Nuclear Science References)

● XUNDL (Unevaluated Nuclear Structure and Decay Data Library)

● ENSDF (Evaluated Nuclear Structure and Decay Data File)

Codes
● Fmtchk, pandora, consistencyCheck
● Gtol
● Bricc
● Logft
● Avetool
● JavaNDS



  

EXAMPLES



  

Example 1: the 1871 keV state in 112Cd



  

Example 1: the 1871 keV state in 112Cd



  

Example 1: the 
1871 keV state in 
112Cd



  

Example 2: 107Sn beta-decay data



  

Example 2: 107Sn beta-decay data



  
2000Fo10

Example 3: 199Tl SF

Complementary: 87-92Rb



  
2002Zh02

Positive parity band

Negative parity band

Example 3: 252Cf SF



  

Example 3: 252Cf SF

722 2000Fo10

2002Zh02



  

Example 3: 252Cf SF

252Cf SF Decay data set
Detectors: 

Gammasphere, 
comprising 55 HPGe 

+ 
FATIMA, comprising .. 

LaBr
3
:Ce 

Measured: g-g-g, g-g-g-g, g-g-
g(t), EG,RI
Deduced: level schemes, T

1/2



  

Example 4: j-1 anomaly in Ag

● Irregular ordering of the lowest-lying 7/2+ 
and 9/2+ states, prominent feature of the 
Ag isotopic chain.

● Expected significant πg9/2 contribution for 
the Ag positive-parity excited states.

● The πg9/2−3 scheme generates a multiplet 
of states with spins up to 21/2+.

● Single particle transition across the shell 
gap is unlikely to be the reason for 7/2+. 

● Extensive studies via  large scale shell 
model calculations with effective Q·Q 
and surface delta (SDI) interactions,  
three-valence holes-vibrator coupling 
model calculations, IBFM, etc. 



  

Example 4: j-1 anomaly in Ag

● Systematic studies on the Ag isotopic chain show that the j, j-1 
energy gap is strongly correlated with the energies of the 2+ states 
in the neighbouring even-A nuclei. Hence, the core excitations play 
an important role in the development of the low-energy part of the 
Ag spectrum. 

 The 11/2+, 13/2+ 
evolution with 
neutron number 
suggests that their 
wave functions are 
also dominated by 
the core excitation.

S.Lalkovski, S.Kisyov, Phys.Rev.C106, 064319 (2022)
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CTBTO project – a different approach



  

Summary

Core ENSDF nuclear data evaluation activities 
● Mass chains data compilation, evaluations and dissemination; 

For a given mass chain typically (A=107) there are 
– 15 nuclei
– 370 sources from 1939 to 2024
– 88 data sets

● XUNDL evaluations by article/nucleus

Data evaluations for monitoring applications
● CTBTO – Recommended nuclear data and future data needs for 120 FP
● 40 nuclei are under presently under evaluation  (a team of NSDD evaluators)

Evaluations on data for medical applications
● 117Sn nucleus data evaluation, comprising 22 data sets (Done within SANDA. 

Now the whole A=117 under evaluation as part of the training process)



  

Summary

Data analysis – some recent results
● 146La beta-decay with Gammasphere (experiment, performed at Argonne National 

laboratory, USA)
● 99Rh fast-timing data from RoSphere (experiment, performed at IFIN-HH)
● 115Ag from 252Cf spontaneous fission (experiment, performed at Argonne National 

laboratory, USA.)

Experiments targeted on specific phenomena
● Sub-nanosecond lifetimes of core-excited states in 105Cd (experiment performed in 

July/August 2023 in IFIN-HH (Romania))
● Sub-nanosecond lifetimes lifetimes in 103,105Ag (experiment performed in July/August 

2023 in IFIN-HH (Romania))
● Sub-nanosecond lifetimes lifetimes in 107Ag (experiment performed in Dec 2024 in IFIN-

HH (Romania). Ongoing analysis.)



  

Collaboration

● Data Evaluation

– IFIN-HH: A.Negret, H.K.Singh (APRENDE Project)
– ATOMKI: Z.Elekes, J.Timar (APRENDE Project)
– Sofia University: O.Yordanov (APRENDE Project), N.Petrov
– NSDD: F.Kondev (ANL), A.Nichols (Oxford Uni), J.Chen (MSU), T.Kibedi (ANU), S.Pascu (IFIN-

HH)  (CTBTO Project)

● EXPERIMENTAL

– Lawrence Berkeley National Lab: S.Kisyov
– National Military Medical Academy: D.Ivanova
– Sofia Medical University: L.Atanasova
– IFIN-HH: R.Lica, C.Mihai



  

Thank you!
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