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Abstract 
 
A two-week Workshop on Nuclear Structure and Decay Data under the auspices of the 
IAEA Nuclear Data Section was organised and administrated at the Abdus Salam 
International Centre for Theoretical Physics (ICTP) in Trieste, Italy from 4 to 15 April 
2005. This workshop constituted a further development of previous Nuclear Structure 
and Decay Data Workshops held in 2002 and 2003. The aims and contents of this 
workshop are summarized, along with the agenda, list of participants, comments and 
recommendations.  Most of the workshop material can be found in the INDC report of 
the equivalent workshop of 17 to 28 November 2003 (INDC(NDS)-452). However, 
some new material was prepared for 4 to 15 April 2005, and these new and modified 
lectures are brought together in this addendum report. All of this material is freely 
available on CD-ROM (all relevant PowerPoint presentations and manuals along with 
appropriate computer codes): 

     e-mail: services@iaeand.iaea.org 
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Abstract 
 
Basic aspects of a two-week Workshop on Nuclear Structure and Decay Data: Theory 
and Evaluation are outlined in this short summary note for the record.  The aims and 
contents of this workshop are summarized, along with the agenda, list of participants, 
comments and recommendations. Much was achieved and one aim will be to hold this 
specific workshop at various time intervals for training purposes (with agreed changes 
and regular modifications) on the advice of the International Nuclear Data Committee 
(INDC) and the International Network of Nuclear Structure and Decay Data Evaluators. 
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1.1 OBJECTIVES 
 
The International Atomic Energy Agency sponsored a two-week Workshop on 
“Nuclear Structure and Decay Data: Theory and Evaluation” at the Abdus Salam 
International Centre for Theoretical Physics (ICTP) in Trieste from 4 to 15 April 
2005.  This workshop was organised and directed by A.L. Nichols (IAEA Nuclear 
Data Section), J. Tuli (NNDC, Brookhaven National Laboratory, USA) and A. 
Ventura (ENEA, Bologna, Italy). 
 
As with earlier workshops  [1,2], the primary objective was to familiarize nuclear 
physicists and engineers from both developed and developing countries with 
 
 (i) modern nuclear models; 
 (ii) relevant experimental techniques; 
 (iii) statistical analyses procedures to derive recommended data sets; 
 (iv) evaluation methodologies for nuclear structure and decay data; 
            (v)         international efforts to produce the Evaluated Nuclear Structure Data File 
                         (ENSDF). 
 
Reliable nuclear structure and decay data are important in a wide range of nuclear 
applications and basic research.  Participants were introduced to both the theory and 
measurement of nuclear structure data, and the use of computer codes to evaluate decay 
data. 
 
Detailed presentations were given by invited lecturers, along with computer exercises 
and workshop tasks.  Participants were also invited to contribute their own thoughts and 
papers of direct relevance to the workshop. 
 
1.2 PROGRAMME 
 
The workshop programme is listed in Section 1.2.1 of this brief summary.  
 
1.2.1 Agenda 
 
Monday, 4 April 2005  
 
08:30 - 10:30                      Registration and coffee 
 
10:30 - 12:30      Opening Session 
   Welcome (Alan Nichols (IAEA) and Jag Tuli (BNL)) 
   Aims (Jag Tuli) 
   NSDD – general features (Jag Tuli) 
   IAEA-NDS – NSDD network and recent relevant CRPs (Alan Nichols) 
 
12:30 - 14:00                      Lunch break 
 
14:00 – 15:30  Introduction 
   ICTP computer facilities (Johannes Grassberger/Kevin McLaughlin) 
15:30 – 16:00  Coffee break 
 
 
16:00 – 17:30  Introduction (cont.) 
   Web capabilities (Tom Burrows and Alan Nichols) 
   Bibliographic databases (Tom Burrows) 
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Tuesday, 5 April 2005  
 
09:00 – 10:30  Nuclear theory (Piet Van Isacker) 
10:30 – 11:00  Coffee break 
11:00 – 12:30  ENSDF format + model exercises (Jag Tuli) 
 
12:30 - 14:00                      Lunch break 
 
14:00 – 15:30  ENSDF programs (Tom Burrows) 
15:30 – 16:00  Coffee break 
16:00 – 17:30  Workshop activities (JagdishTuli; Thomas Burrows; Coral Baglin; 
                                                                             Eddie Browne; Kevin McLaughlin)  
 
Wednesday, 6 April 2005  
 
09:00 – 10:30  Nuclear theory (Piet Van Isacker) 
10:30 – 11:00  Coffee break 
11:00 – 12:30  Experimental techniques (Peter von Brentano) 
 
12:30 - 14:00                      Lunch break 
 
14:00 – 15:30  ENSDF programs+model exercise (Tom Burrows) 
15:30 – 16:00  Coffee break 
16:00 – 17:30  Students’ presentations 
 
Thursday, 7 April 2005  
 
09:00 – 10:30  Experimental techniques (Peter von Brentano) 
10:30 – 11:00  Coffee break 
11:00 – 12:30  ENSDF – decay (Eddie Browne) 
  
12:30 - 14:00                      Lunch break 
 
14:00 – 15:30  Model exercise – decay (lead by Eddie Browne) 
15:30 – 16:00  Coffee break 
16:00 – 17:30  Workshop activities (JagdishTuli; Thomas Burrows; Coral Baglin; 
                                                                             Eddie Browne; Kevin McLaughlin)  
 
Friday, 8 April 2005  
 
09:00 – 10:30  ENSDF - evaluation (Jag Tuli) 
10:30 – 11:00  Coffee break 
11:00 – 12:30  ENSDF- reaction (Coral Baglin) 
 
12:30 - 14:00                      Lunch break 
 
14:00 – 15:30  Model exercise- reaction (lead by Coral Baglin) 
15:30 – 16:00  Coffee break 
16:00 – 17:30  Students’ presentations 
 
Monday, 11 April 2005  
 
09:00 – 10:30  ENSDF – Theory  (Slobodan Brant) 
10:30 – 11:00  Coffee break 
11:00 – 12:30  ENSDF- adopted (Coral Baglin) 
12:30 - 14:00                      Lunch break 
 
14:00 – 15:30  Workshop activities (JagdishTuli; Thomas Burrows; Coral Baglin; 
                                                                             Eddie Browne; Kevin McLaughlin)  
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15:30 – 16:00             Coffee break 
16:00 – 17:30  Students’ presentations 
 
Tuesday, 12 April 2005  
 
09:00 – 10:30  ENSDF – Theory  (Slobodan Brant) 
10:30 – 11:00  Coffee break 
11:00 – 12:30  Model exercises- adopted (Coral Baglin) 
 
12:30 - 14:00                      Lunch break 
 
14:00 – 15:30  Workshop activities (JagdishTuli; Thomas Burrows; Coral Baglin; 
                                                                             Eddie Browne; Kevin McLaughlin)  
15:30 – 16:00  Coffee break 
16:00 – 17:30  Workshop activities (JagdishTuli; Thomas Burrows; Coral Baglin; 
                                                                             Eddie Browne; Kevin McLaughlin)  
 
Wednesday, 13April 2005  
 
09:00 – 10:30  ENSDF – Experimental techniques  (Filip Kondev) 
10:30 – 11:00  Coffee break 
11:00 – 12:30  Data analyses (Desmond MacMahon) 
 
12:30 - 14:00                      Lunch break 
 
14:00 – 15:30  Workshop activities (JagdishTuli; Thomas Burrows; Coral Baglin; 
                                                                             Eddie Browne; Kevin McLaughlin)  
15:30 – 16:00  Coffee break 
16:00 – 17:30  Workshop activities (JagdishTuli; Thomas Burrows; Coral Baglin; 
                                                                             Eddie Browne; Kevin McLaughlin)  
 
Thursday, 14April 2005  
 
09:00 – 10:30  ENSDF – Experimental techniques  (Filip Kondev) 
10:30 – 11:00  Coffee break 
11:00 – 12:30  Data analyses (Desmond MacMahon) 
 
12:30 - 14:00                      Lunch break 
 
14:00 – 15:30  Workshop activities (JagdishTuli; Thomas Burrows; Coral Baglin; 
                                                                             Eddie Browne; Kevin McLaughlin)  
15:30 – 16:00  Coffee break 
16:00 – 17:30  Workshop activities (JagdishTuli; Thomas Burrows; Coral Baglin; 
                                                                             Eddie Browne; Kevin McLaughlin)  
Friday, 15 April 2005  
 
09:00 – 10:30  Workshop activities (JagdishTuli; Thomas Burrows; Coral Baglin; 
                                                                             Eddie Browne; Kevin McLaughlin)  
10:30 – 11:00  Coffee break 
11:00 – 12:30  Review of workshop  (JagdishTuli; Thomas Burrows; Eddie Browne;  
                                                                                Alan Nichols)  
12:30                                  Close of workshop 
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1.2.2 Participants 
 
Twenty-seven participants (predominantly from developing countries) with full or partial 
support from the IAEA were selected to attend the workshop in April 2005. Selection 
was undertaken by Nuclear Data Section staff in association with the workshop directors 
and ICTP staff. 
 

 
 

First row, standing from left to right: 
Coral M. BAGLIN (USA), Elie SIMO (Cameroon), Elizabeth Brancaccio (Seated, ITALY), Ghania ISHAKI BOUSHAKI 
(Algeria), Caroline NESARAJA (USA), Mane MANE (Cameroon), Edgardo BROWNE-MORENO (USA), Mohamed 
KOUTHER (Sudan),  Jagdish K. TULI (USA), Daniel ABRIOLA (Argentina),  
 
Second row, standing from left to right: 
Mirshod ERMAMATOV (Ubekistan), Stefan LALKOVSKI (Bulgaria), Adam GARNSWORTHY (UK), Nicholas 
THOMPSON (UK), Omidreza KAKUEE (Iran), Aurelian LUCA (Romania), Sami HADDAD (Syria), Marialena 
AVRIGEANU (Romania), Marie Martine BE (France), Thomas W. BURROWS (USA) 
 
Third row, standing from left to right: 
Kyoung LEE (Korea), Xiongiun CHEN (China), Nure ABDULLAH (Bangladesh), Alan NICHOLS (IAEA), 
Kevin MCLAUGHLIN (IAEA), Alexey CHEMEZOV (Russia), Alexander RODIONOV (Russia), Anwesa GHOSH 
(India)  
 
Fourth row, standing from left to right: 
Ruy CASTRO (Brazil), Ninel NICA (Romania), Peter VON BRETANO (Germany), Piet VAN ISACKER (France), 
Ameeya BHAGWAT (India), Sukhjeet DHINDSA (India)  
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LIST OF PARTICIPANTS 
 

ABDULLAH Md. Nure Alam                 
Rajshahi University of Engineering & Technology 
(RUET) 
Department of Physics  
Rajshahi 6204  
BANGLADESH  
E-mail mnaa03l@yahoo.com 
 
ABRIOLA Daniel Hugo  
Comision Nacional de Energia Atomica (CNEA)  
Centro Atomico Constituyentes Av. del Libertador 8250  
1429 Buenos Aires  
ARGENTINA  
 
AVRIGEANU (BOATA) Marilena 
National R & D Institute For Physics and Nuclear 
Engineering 
 'Horia Hulubei'  
Str.. Atomistilor No.1  
Magurele. Sector 5  
79617 Bucharest  
ROMANIA  
E-mail MVRIGI@ IFIN.NIPNE.RO  
 
BE Marie Martine  
Lab. National Henri Bequerel 
 911911 Gif sur Yvette Cedex  
FRANCE  
E-mail mmbe@cea.fr  
 
BHAGWAT Ameeya Ashok  
Indian Institute of Technology  
Dept. of Physics Powai  
Maharashtra  
400 076 Mumbai  
INDIA  
E-mail ameeya@phy.iitb.ac.in  
 
CASTRO Ruy Morgado  
Centro Tecnico Aerospacial (Cta)  
Istituto de Estudos Avancados (leav) 
D. Physica Teorica  
Caixa Postal 6044  
12231-970 Sao Jose Dos Campos  
BRAZIL  
E-mail rmcastro@ieav .cta.br  
 

CHEMEZOV Alexey Victor   
Petersburg Nuclear Physics Institute, PNPI  
Gatchina  
Orlova Rosha 1  
188300 St Petersburg  
RUSSIAN FEDERATION  
E-mail chemezov2004@mail.ru
 
CHEN Xiongjun    
China Institute of Atomic Energy (C.I.A.E.)  
Chinese Nuclear Data Centre  
P.O. Box 275- 41  
102413 Beijing  
PEOPLE'S REPUBLIC OF CHINA  
E-mail chenxj@iris.ciae.ac.cn 
 
DHINDSA Sukhjeet Singh  
Guru Nanak Dev University                                              
Department of Physics                                                      
143005 Amritsar                                                                
INDIA                                                                                
E-mail dcse-gndu@yahoo.com                   
 
ElSA Mohamed Eltayeb                                                    
Sudan University of Science & Technology                      
College of Science                                                             
Department of Physics                                                       
P .O. Box 9024                                                                  
11111 Khartoum                                                                
SUDAN                                                                             
E-mail MEMEISA@YAHOO.COM         
 
ERMAMATOV Mirshod      
Uzbek Academy of Sciences  
Institute of Nuclear Physics  
Department Theoretical Physics  
Ulugbek  
702132 Tashkent  
UZBEKISTAN  
E-mail ermamat@inp.uz  
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GARNSWORTHY Adam Benjamin 
University of Surrey  
Department of Physics  
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Guildford  
UNITED KINGDOM  
E-mail a.garnsworthy@surrey.ac.uk 
 
GHOSH Anwesha   
Indian Institute of Technology Roorkee  
{Former University of Roorkee}  
Department of Physics  
247 667 Roorkee  
INDIA  
E-mail anwesha-tua@yahoo.co.in  
 
HADDAD Sami  
Atomic Energy Commission  
Department of Physics  
P .0. Box 6091  
Gazaoui Street,  
13 Damascus  
SYRIAN ARAB REPUBLIC  
E-mail shaddad@aec.org.sy
 
ISHAKI BOUSHAKI {MEDKOUR} Ghania  
University of Sciences and Technology  
Houari Boumedienne  
Institute of Physics  
B.P. 32 El Alia Bab  
Ezzouar  
Algiers  
ALGERIA  
E-mail gmedkour@yahoo.com  
 
KAKUEE Omidreza    
Nuclear Research Center  
Karegar Ave  
P.O. Box 14155-1339  
Tehran  
ISLAMIC REPUBIC OF IRAN  
E-mail okakuee@aeoi.org.ir
 
KOUTHER Mohamed Elhaj   
Sudan University of Science & Technology 
College of Science  
Department of Physics  
P.O. Box 9024  
11111 Khartoum  
SUDAN  
 

LALKOVSKI Stefan Peshev   
University of Sofia 'St. Kliment Ohridski'  
Faculty of Physics  
Dept. of Atomic Physics  
5 James Bourchier Blvd.  
1164 Sofia  
BULGARIA  
E-mail stl@phys.uni-sofia.bg  
 
LEE Kyoung   
Korea Research Institute of Standards and Science  
Ionizing Radiation Group  
P.O. Box 102  
Yuseong  
Daejeon 305-600  
REPUBLIC OF KOREA  
E-mail lee@kriss.re.kr  
 
LUCA Aurelian  
National R & D Institute For Physics and Nuclear 
Engineering 
 'Horia Hulubei'  
Str.. Atomistilor No.1  
Magurele. Sector 5 7 
9617 Bucharest  
ROMANIA  
E-mail aluca@ifin.nipne.ro  
 
MANE MANE  
Ecole Nationale Superieure Polytechnique  
University of Yaounde'l  
Dept. of Maths and Physical Sc  
Bp 8390  
Yaounde  
REPUBLIC OF CAMEROON  
 
NESARAJA Caroline Delini  
University of Tennessee  
Departments of Materials Science! Physics and 
Astronomy 
 218 South College  
Knoxville  
37996-1508 TN  
UNITED STATES OF AMERICA  
E-mail nesaraja@mail.phy.ornl.gov  
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National R & D Institute For Physics and Nuclear 
Engineering      
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Str.. Atomistilor No.1                                                             
Magurele. Sector 5                                                                 
79617 Bucharest                                                                    
ROMANIA  
E-mail nica@comp.tamu.edu  
Until when: 1 August 2006 
 
RODIONOV Alexander   
St. Petersburg Nuclear Physics Institute  
Neutron Research Department  
Pnpi Gatchina Leningrad Distrct.  
188350 St Petersburg  
RUSSIAN FEDERATION 
E-mail Oz@rambler.ru  
 
SIMO Elie     
Universite' de Yaounde' I  
Faculte' des Sciences  
Departement de Physique  
P.O. Box 6052  
Yaounde  
REPUBLIC OF CAMEROON  
E-mail esimoch@yahoo.fr  
  
 
 

 
THIODJIO SENDJA Bridinette  
Universite' de Yaounde' I  
Faculte' des Sciences  
Departement de Physique  
P.O. Box 6052  
Yaounde  
REPUBLIC OF CAMEROON  
E-mail tsbridinette@yahoo.fr  
 
THOMPSON Nicholas James  
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Department of Physics  
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UNITED KINGDOM  
E-mail M.Thompson@surrey.ac.uk  
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1.3 PRESENTATIONS AVAILABLE IN ELECTRONIC FORM ON CD-ROM 
 
Presentations by Lecturers 
 
Aims of the Workshop - General features of NSDD, J. Tuli 
 
Nuclear Theory: 
Nuclear Shell Model, P. Van Isacker (November 2003) 
Interacting Boson Model, P. Van Isacker 
Structure of the odd-even nuclei in the interacting boson model, S. Brant (April 2005)  
High spin states in the interacting boson and boson-fermion model, S. Brant (April 2005) 
Structure of odd-odd nuclei in the interacting boson-fermion-fermion model, S. Brant (April 2005) 
β decay in the interacting boson-fermion model, S. Brant (April 2005) 
Geometrical Symmetries in Nuclei – An Introduction, A. Jain ((November 2003) 
Geometrical Symmetries in Nuclei, A. Jain (November 2003) 
Lectures on Geometrical Symmetries in Nuclei, A. Jain (November 2003) 
Hartree-Foch-Bogoliubov Method, D. Vretenar (November 2003) 
Self-consistent Mean-field Models – Structure of Heavy Nuclei, D. Vretenar  (November 2003) 
 
Experimental Nuclear Spectroscopy: 
Introduction, P. Von Brentano 
Lecture I   – Nuclear Shapes, P. Von Brentano 
Lecture II  – Measurement of Lifetimes, P. Von Brentano 
Lecture I   –  Experimental Nuclear Structure Physics, F. Kondev (April 2005) 
Lecture II  –  Experimental Nuclear Structure Physics at the extreme, F. Kondev (April 2005) 
 
 
Statistical Analyses: 
Evaluation of Discrepant Data I, D. MacMahon 
Evaluation of Discrepant Data II, D. MacMahon 
Convergence of Techniques for the Evaluation of Discrepant Data: D. MacMahon, A. Pearce, 
P. Harris 
Techniques for Evaluating Discrepant Data, M.U. Rajput, D. MacMahon 
Possible Advantages of a Robust Evaluation of Comparisons, J.W. Muller (presented by 
D. MacMahon) 
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ENSDF: 
Evaluated Nuclear Structure Data Base, J.K. Tuli 
Evaluations – A Very Informal History, J.K. Tuli 
Evaluated Nuclear Structure Data File – A Manual for Preparation of Data Sets, J.K. Tuli 
Guidelines for Evaluators, M.J. Martin, J.K. Tuli 
Bibliographic Databases, T.W. Burrows 
 
ENSDF Analysis and Utility Codes, T.W. Burrows: 
- Their Descriptions and Uses, T.W. Burrows 
- FMTCHK (Format and Syntax Checking), T.W. Burrows 
- PowerPoint presentations, T.W. Burrows 
- LOGFT (Calculates log ft for beta decay), T.W. Burrows 
- GTOL (Gamma to Level), T.W. Burrows 
- HSICC (Hager-Seltzer Internal Conversion Coefficients), T.W. Burrows 
ENSDF – Decay Data, E. Browne 
Model Exercises – Decay, E. Browne 
ENSDF – Reaction Data, C. Baglin 
ENSDF – Adopted Levels and Gammas, C. Baglin 
ENSDF – Examples 1, 2, 3, 4 and 5, C. Baglin 
 
Additional Material: 
IAEA: NSDD Network, Recent Relevant CRPs and Other Activities (PowerPoint 
presentation), A.L. Nichols 
IAEA: NSDD Network, Recent Relevant CRPs and Other Activities (draft paper), 
A.L. Nichols 
Nuclear Structure and Decay Data: Introduction to Relevant Web Pages (draft paper), 
T.W. Burrows, P.K. McLaughlin, A.L. Nichols 
 
Presentations by Participants 
 
Compton Add-Back Protocols for use with the EXOGAM Array, A. Garnswothy 
Experimental determination of photon emission probabilities, A. Luca 
Nuclear data activities for Astrophysics at Oak Ridge National Laboratory, C. Nesaraja 
Tandar Laboratory, CNEA. Argentina, D. Abriola 
Experimental approach  to the dynamics of fission, G. Ishak Boushaki 
Laboratoire National Henri Becquerel, M.M. Be 
Nuclear structure by gamma-ray spectroscopy, a completeness perspective, N. Nica 

Radioactive beam spectroscopy of 212Po and 213At with the EXOGAM array, N. Thompson 

Developing 152Eu into a standard for detector efficiency calibration, R.M. Castro 
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1.4 OTHER WORKSHOP MATERIALS ON CD-ROM 
 
Atomic Masses 
Access to ENSDF Codes and Tools 
Isotope Explorer 
PCNuDat 
Access to NSDD Resources 
 
NNDC Online Data Service Manual and Data Citation Guidelines 
 
Introduction to International Nuclear Structure and Decay Data Network 
Contact names and addresses 
 
Access to ENSDF Format Summary and Examples 
 
Nuclear Structure Manuals 
 
1.5  ADDENDUM MANUAL 
 
Significant quantities of written material were prepared for the workshop. Their 
accumulation in various forms acted as an aid to the participants in their 
understanding of nuclear theory, measurement techniques, data analysis and ENSDF 
mass-chain evaluations, representing an important combination of technical 
information for future reference and other NSDD workshops.  Therefore, a relatively 
large fraction of these presentations, background papers and manuals have been 
assembled for further use in the form of an earlier document [2] and this Addendum 
report. 
 
Our intention is to use and develop this material in the years to come, particularly for 
other workshops of this type.  Another aim is to ensure that such presentations are not 
lost, and can be readily at hand for new mass-chain and decay-data evaluators to assist 
them in their preparation of recommended data for the ENSDF files. 
 
 
1.6 RECOMMENDATIONS AND CONCLUSIONS 
 
A number of important points can be made concerning the workshop: 
 
1. Twenty-seven participants were selected and attended a two-week workshop that 
covered nuclear theory and modeling, relevant experimental techniques, statistical 
analyses, and the philosophy and methodology for comprehensive mass chain 
evaluations.  Support materials and information were also provided on the 
International Network of Nuclear Structure and Decay Data Evaluators and the most 
relevant CRPs organized by the IAEA Nuclear Data Section. 
 
2. Workshop participants were introduced to mass chain evaluations through group 
and individual PC/computing activities (50% of the agenda of the second week) 
CD-ROM and hardcopy materials were provided by IAEA staff for all 
students/lecturers. 
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3. Administrative functions leading up to and during the course of the workshop 
worked smoothly, including visa arrangements, travel and subsistence payments to 
students and lecturers, additional banking transactions, and hotel/guest-house 
accommodation.  
 
4. Specific participants were identified for future involvement in NSDD and mass 
chain evaluations. 
 
5. Further lessons were learnt by the IAEA staff and lecturers involved in this ICTP 
workshop, and much experience was gained in ensuring future success in the 
organization of such events.  This particular workshop ran extremely smoothly, and 
all participants were able to attend (i.e., 100% success with visas).  Students were 
given the opportunity to review the workshop through a written questionnaire and 
direct discussions (on 15 April).  Their major recommendations are as follows: 
  
     (a) 1½ hour lectures should be broken down further to 2 x 40 min plus 10 min 

break; 

 (b) provision of sample questions and answers prior to the workshops (answers 
also to be worked out during the course of individual lectures – ICTP to note); 

 (c) forewarn participants that they will be asked to give a short presentation on 
their own nuclear physics studies (ICTP to note); 

 (d) every participant/student to operate their own individual PC, rather than share 
(ICTP to note); 

 (e) outside activities during the middle weekend (ICTP to note); 

 (f) further development of nuclear theory lectures beyond just IBM; 

 (g) introduce ENSDF format to participants prior to the workshop (through 
IAEA-NDS web pages?); 

 (h) additional presentations of the details of XUNDL and NSR databases; 

 (i) allow an afternoon off from the intensive training (first Friday afternoon?). 
  
As before, this combination of Wednesday/Thursday written questionnaire and Friday 
face-to-face review session produced constructive feedback.  The overall opinion of 
all of the students was that they had thoroughly enjoyed the 2-week workshop, made 
useful new contacts with lecturers, IAEA-NDS staff and other students, and learnt 
much about nuclear structure and decay data; all of the primary objectives of the 
workshop were successfully achieved. 
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 ● For states containing more than one D fermion pair, we have to map the 
      components of the state which is orthogonal to all the states containing 
      fewer D fermion pairs.
 
 

 

 ● By equating matrix elements in (S, D) and (s, d) spaces, the operators in 
     the (s, d) space are obtained. 
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 ●  In the IBFM, an odd-nucleon operator a i
j  is introduced in addition to the s  

    and d boson operators 
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For Τ ≤ 3, similar expressions can be obtained. Finally, the IBFM image of the 
shell model single-nucleon creation operator is 

 
 

 

 
 

The boson-fermion interaction can be generated by the interaction between like 
particles or by the proton-neutron quadrupole interaction.  The structure of the 
interactions is identical. The product of Q and Q )2(

F
)2(

B  contributes to the boson-
fermion interaction. By mapping  the basis from IBM-2 onto IBM-1 and taking  terms 
up to second order in d-boson operators, the standard form of the boson-fermion 
interaction is obtained.        
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  The levels are arranged  
 into bands denoted by the  
lowest value of the angular 
momentum K contained in  
              the band. 
 
 This quantum number is  
      only approximately  
  equivalent to the quantum  
    number K in the Nilsson  
                  model. 
 
          In the inset, the  
   corresponding situation in  
   the Nilsson model is shown. 
 



 

 The IBFM generates bands that are analogous 
 to the bands which can be constructed in the 
 Nilsson model. In addition it generates bands 
 that could be called β and γ bands. While they  
 arise automatically here, in the Nilsson model  
 they must be either placed ad hoc or calculated 
 by use of other methods.  
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    IBFA-calculated excitation energies for positive-parity states in the odd-mass Re isotopes 
compared with experimental data. States are labeled with 2J 

 
 

 

    IBFA-calculated excitation energies for positive-parity states in the odd-mass Os isotopes 
compared with experimental data. States are labeled with 2J 
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IBFA-calculated excitation energies for negative-parity states in the odd-mass 
Os isotopes compared with experimental data. States are labeled with 2J 
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Fig.2 Partial level scheme of 113Ag and 115Ag. Energies and relative intensities of γ rays are 
given with their uncertainties in parentheses. The energies of the intruder band members are 
compared to the values calculated with the rotational formula K = ½. 

 

Fig. 3. Intruder positive-parity states of 109,111,113,115Ag in comparison to 
IBFM calculations. Indicated spin values are twice the actual value. 
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For boson-fermion systems, many group chains have been investigated. Example: 
A j = 3/2 particle coupled to an O(6) core (j = 3/2 has four different m-states, and 
therefore forms a representation of the U(4) group). 
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In the formulation of these models, one has to go beyond the boson approximation
and include selected non-collective fermion degrees of freedom. By including part
of the original shell-model fermion space through successive breaking of correlated
S and D pairs, IBM can describe the structure of high-spin states. 
 
The models are based on the IBM-1; the boson space consists of s and d bosons,
with no distinction between protons and neutrons. To generate high-spin states, the
models allow one or two bosons to be destroyed and to form non-collective
fermion pairs, represented by two- and four-quasiparticle states which recouple to
the boson core. High-spin states are described in terms of broken pairs. 
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   Fig. 5. Schematic picture of our 
  theoretical model and Hamiltonian.
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*If wave function predominantly π3(g9/2)
 hIf wave function predominantly π(g9/2) 
61



 
 
 

Fig. 1. Calculated states in 97Y of (a) positive parity and (b) negative parity in comparison to the available data.
Above 2 MeV of excitation energy only the calculated yrast states are shown and, in the energy interval
between 2 and 3 MeV the calculated ½- and ½+ states (dashed lines). 

 - 
 
 
 
 

 62



 
 
 

 
 
 
 
 

 63



 

 
 

 
 
 
 

 64



 
 

 
 
 
 

 65



 
 

 
 
 

 66



 

 
 
 
 
 

 
 

 67



 

 
 
 
 
 

 
 

 68



 

 
 
 
 
 

 
 

 69



 

 

A detailed comparison of states calculated for
84Zr (a) in the positive-parity sequence (b) in the
negative-parity sequence Some of the positive-parity states calculated for

84Zr. The first ten states of each spin are shown
for configurations involving core vibrations
coupled to quasiproton states. 

 
 
 

 

A comparison of experimental B(E2) for 86Zr 
along the ground-state sequence compared with 
geometrical models (-.-.-.), our calculations in 
the full 28-50 shell model space (----), and our 
calculations in a space truncated by the Z = 38 
subshell closure ( . . . .). 

 
B(E2) strengths measured for the yrast sequence
in 86Zr  compared with geometrical models and
the present calculation. 
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FIG. 4. Positive-parity levels calculated with the IBFBPM model for the following

configuration: ●: πg9/2, �: πg9/2ν(h 2
1 1/2 )small I,  ■: πg9/2 ν( h 1/2 )I=10,  2

1

*:  πg9/2ν(d5/2  and/or g7/2), +:  (πp1/2 and/or πp3/2 and/or π 5/2) νh11/2ν(d5/2 or 

g7/2), Δ: πg ,  ∇: πg9/2 (πp1/2 and/or πp3/2 and/or π 5/2). 

∫
3

2/9 ∫

Fig.6. Comparison of positive parity levels in bands 1
and 2 observed in the present experiment (Exp.) and
calculated using the IBFBPM model (Th.) up to spin
I = 45/2. 

Fig. 5. Comparison of positive parity levels in
the 0 – 1.6 MeV range observed in experiments
and calculated using the IBFBPM model. All the
calculated levels are shown for a given spin. 
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Fig 
0 –
calc
all t

 
 

 

 

8. Comparison of negative–parity levels in the
 1.5 Mev range observed in experiments and
ulated using IBFBPM model. For a given spin,
he calculated levels are shown. 
Fig 9. Comparison of negative–parity levels in Bands 3,
4, 5 observed in the present experiment (EXP.)  and
calculated using IBFBPM model (Th) up to spin I =
41/2. 
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Fig. 8 Classification of the IBFFM levels into multiplets on the basis of largest components in 
the wave functions. The experimental levels of 140La are compared with the theoretical spectra 
on the basis of level energies, electromagnetic de-excitation, and transfer properties. IBFFM and 
experimental levels are presented by solid circles and triangles respectively. 
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Second order diagrams for the exchange of the quadrupole 
(Fig. a) and spin-vibrational phonons (Fig. b).
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Fig. 5. IBFFM  positive- and negative-parity energy 
spectrum of 96Y in comparison to the available 
experimental data.  The excitation energy of the 8* 
level is not known, but it should amount to ≥ 1 
MeV, see text. 

Fig. 4. Negative and positive parity levels of 96Y 
calculated in IBFFM. Negative parity levels are 
denoted by full circles and positive parity by 
crosses. The states classified into the same multiplet 
on the basis of largest components in the wave 
function, are connected by full line.  
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Fig. 6. IBFFM energy spectrum of 116Sb in comparison with experimental data. The solid lines connect 
the members of the given multiplets. The leading proton-neutron  configurations for several multiplets 
were identified on the basis of the (3He, d) proton transfer results [4].  
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TABLE III. Comparison of measured and  
calculated in IBFFM spectroscopic factors 
for the 121Sb(p, d)120Sb one neutron transfer 
reaction. The first two columns contain the 
energy, spin and parity of the final states 
involved in the reaction taken from ref.[8]. 

a Reference [9] 
b S(2jtarget +1) 

 
 
 

 

 

TABLE IV.  Comparison of measured and  calculated in IBFFM 
spectroscopic factors for the one neutron transfer reaction 122Sb. 
The first two columns contain the energy, spin and parity of the 
final states involved in the reaction taken from ref [13]. 
 

a Reference [9] 
b Reference [7]   
c Reference [13] 
d S(2jtarget +1) 
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IBFFA-calculated excitation energies for states in odd-odd 182Re compared with experimental data. Because the experimental separation  
between the 7+ triplet and the 2-- singlet couplings is not known, the figure is divided into two parts, using each coupling as the reference point. 

OOtherwise the triplet coupling is shown on the left of a pair of bands, the singlet coupling on the right. For example; 9- triplet, 0- singlet.  

 
 IBFFA-calculated excitation energies for states in odd-odd 184Re compared with experimental data. The bands are plotted in pairs,   
 with the triplet coupling on the left, the singlet coupling on the right of each pair.  
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Twelve ground state bands calculated in the IBFFM for the odd-odd system with  j1 = 1  proton hole and  j2 2 

=  neutron hole coupled to the SU(3) prolate boson core. The  J (J + 1) scale is employed for the angular 
momentum axis. 

5
2

 
 
 

 

The IBFFM ground state bands for the odd-odd system with  j1 = 1  proton particle and  j2 2 =  neutron hole 
cou

5
2

pled to the SU(3) prolate boson core.
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Lowest bands in the odd-odd system with j1 = 11  proton hole and j2 2 =  neutron hole coupled to the SU(3) 11

2
prolate boson core.

 
 
 
 
 

 

 

Calculated IBFFM yrast states (01, 11, …, 201) 
for j π = , h 1

2/11

− j ν= i 13/2 coupled to an O(6) 

core, as a function of ν 2

1 3/2. 
 

E/J  plots for the lowest-lying high-spin bands for ν 2
1 3/2 =  0 a,  

and ν 2
1 3/2  = 1 b. 
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E/J  plots for the levels 1,  2, …., 12,  for  ν 2
1 3/2=0 a,  ν 2  

1 3/2=0.5 b and  
ν 2

1 3/2=1 c. The scale on the abscissa is given by J (J + 1). The points for 
levels are connected by curves to guide the eye. 

Calculate

 

 

Characteristic lowest high-spin band 
patterns associated with O(6) limit for 
several values of ν 2

1 3/2 in the illustrative 
IBFFM calculation. Examples with all 
possible high-spin band heads are 
presented. For comparison  the 
experimental bands 190, 192Au are presented 
to the right. We note that the Au-region is 
approximately  associated  with an O(6)  
symmetry, but the present calculation is not 
fitted to Au isotopes  

 

d IBFFM yrast states (01,  11, …., 201) for                                      coupled to an SU(3) core, as a function of ν 2
1
 3/2

 

 

 2/3l
1

2/1l , γ
−

π ijhj ==

97
E/J  plots fo
ν 2

1 3/2 = 0 a, 
 The head of the lowest high-spin band is 
 
J = jπ +jν - 3 = 9   for ν 2

1 3/2 . 0.2, 

J = jπ + jν - 2 =10  for . 0.2ν 2
1 3/2 . 0.2, 

J = jπ + jν - 1 =11  for . 0.5ν 2
1 3/2 . 0.8 

and 
J = jπ + jν  = 12   for . 0.8ν 2

1 3/2. 

A pronounced feature is rather broad region with 
J = Jπ + Jν - 1 = 11 level as the lowest high-
spin state. This resembles the J = j – 1 
anomaly for rather broad region around ν2 

= 0.5 in odd-even nuclei.  
 
E/J  plots for the levels 11,  21, …., 121,   ν 2
1 3/2=0 a, 

ν 2 3/2 = 0.5 b and ν 2 3/2 = 1 c.
 

 

r the lowest-lying high-spin bands for 
 and ν

1
 2 3/2 = 0.5 b  



 

 
 
 
 

 

Experimental and theoretical IBFFM energy spectra of the low lying states in 68As. Up 
to 0.6 MeV, the positive parity levels 3+, 4+, 5+ are shown. In addition the high spin 
isomer 9  is shown. For negative parity the calculated states with J*

1
π = 4 −

1 , 5 −
1 , 5 −

2 , 

6 , 6 , 6 , 7 , 7 , 7 , 8 , 8 , 9  are shown. −
1

−
2

−
3

−
1

−
2

−
3

−
1

−
2

−
1
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 Calculated in IBFFM branching ratio for 68As compared with    
                                   the experimental data 
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Fig. 4. Low-lying yields in 102Rh calculated with the IBFFM model and compared 
to experimental ones. For the clarity of the figures, only the three lowest calculated 
levels for a given spin are shown. The left- hand and right-hand sides of the figure 
are for the negative- and positive-parity states, respectively. Levels with 
unidentified parity are shown in the central column. Experimental states of 
uncertain parity are denoted by *, states interpreted as intruders are denoted by **.  

 

 100



 

 
 
 
 

 

IBFFM energy spectrum of the πg9/2νh11/2  configuration in 102Rh
compared to experimental band 1. Because of the concentration of the
lowest states, the bottom of the band is shown with a different scale.
 
 
 

 101



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

The two rem
on four-qua
broken pair,
The model i
nuclei and t
IBFFM calc
 

aining experimental bands, bands 2 and 3, are expected to be based 
siparticle states involving broken neutron pairs, in particular the 2

1hν 1/2

 so that four-quasiparticle states should be coupled to the boson core. 
ncluding boson pairs of fermions has not been applied yet to odd-odd  
herefore the corresponding theoretical states are missing in the present 
ulations. 
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On the basis of the IBFFM analysis, we propose that the negative-parity 
bands presented have a π(d5/2g7/2)νh11/2 configuration in their low-spin part 
and, starting from I ≈12, are almost pure πh11/2νg7/2, with band 2 being the 
yrast structure and bands 3 and 5 the yrare structures. Thus the collective 
band structures start at spin I ≈12.   
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Level scheme of 132Pr deduced from the present work. 
The transition intensities are proportional to the width of 
the arrows. The inset shows the IBFFM identification of 
levels populated in the decays of bands 1 and 2.
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In order to account for this problem, we introduce a new term in the quadrupole 
operator of the dynamical boson-fermion interaction. 
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Calculated energy difference between the 
neighbouring yrast states for η = 0 (dashed 
line) and η = -0.4 (full line).

IBFFM calculation for yrast states in odd-odd system 
with inclusion of h11/2  proton (ν2 = 0.1) and h11/2  
neutron (ν2 = 0.8)  quasiparticles coupled to the O(6) 
boson core. The non vanishing parameters are: core 
parameters from R. F. Casten and P. von Bretano, Phys. 

Lett. B152 (1985) 22,  N=7, Γ   = Γ   =  0.4 MeV. 
These values are used in other illustrative figures as well 
as: g  = 1, g  = 0, g  = 0.7 g , g  = 0.7  g, g

π
0

ν
0

R =  0.43. The 

energies of 8  states are taken as zero. In this figure χ = 
0 (full and dashed lines corresponds to η = -0.4 and 0, 
respectively). 

+
1 Calculated B(M1) values from transitions 

between the yrast states for η = 0 (dashed line) 
and η = -0.4 (full line).
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Signature inversion has been investigated in various models. 
Taking a very strong (!!??) boson-fermion exchange interaction, a 
change of signature pattern from inverted to the normal with 
increasing spin can be achieved within the unique-parity two-
quasiparticle band. However, the strength of the exchange 
interaction is not a free parameter. A sizable increase of the 
strength of exchange interaction would destroy the agreement of 
the calculation with the low-spin data. 
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Fig. 12. The negative parity (a) and positive parity (b) yrast states in the Z-nucleus 125Pr are 
compared with the experimental states of 127Pr. 
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Fig. 13. The yrast sequence of high angular 
momentum positive parity states based on the 
πh11/2⊗νh11/2 configuration  is compared with  
experimental counterpart in 126Pr. The assignment 
for the band head  (i.e., the lowest observed state) 
is 8+. 

Fig. 14. IBFFM (dashed line)  and experimental 
(solid line) [E(I) – (E(I – 1)]/2I vs I plots for the 
πh11/2⊗νh11/2  yrast band in 126Pr. The state 8+ is 
assigned to the band head. 

 
 
 

 

The IBFFM analysis predicts the existence of 
another isomer in 126Pr 5+ at ≈ 150 keV 
excitation energy - isomeric character 
depends strongly on the choice of the proton-
neutron interaction. In the present calculation  
5 +

1
   is below 4 +

1
   and therefore it is an isomer 

with a possible γ decay to 2 +
1
. This transition 

is slow enough to allow for a β decay that 
has been reported  

The IBM prediction for low angular momentum 
states in 126Pr. These states are based on positive 
parity proton and neutron configurations. 
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     IBM/IBFM calculations are performed in the laboratory frame, and the 
results can be directly compared with experimental data. All states within the 
model space and their electromagnetic properties are compared with 
experiment, rather than just band-head energies. In the particular case of 134Pr, 
it will be assumed that the nucleus is triaxial but, unlike in a geometric 
description based on the tilted axis cranking model, the occurrence of nearly 
degenerate doublet ∆I = I bands is not related to a definite alignment of the 
angular momenta of the odd proton and odd neutron along the body-fixed axes 
of the core nucleus. 
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Comparison between experimental Gamow – Teller 
matrix elements (triangles) and those obtained using 
IBFM renormalized by a factor 3.5 (continuous line). 
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Log10 ft values of the β-decay from the As to the Ge isotopes. The 
symbol • shows the experimental values with their errors, while the 
symbol x shows the results of calculations with the conventional 
operators. The symbol ○ shows the results of calculations with the 
additional d boson number conserving terms. 
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NUCLEAR PHYSICS IS IMPORTANT 

  THIS IS A GREAT TIME IN NUCLEAR PHYSICS 
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Heavy Ions at the Coulomb Barrier              
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Channel Selection for γ‐ray Spectroscopy    
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log ft Values 

 148



γ−ray Decay  

 

 

Partial Lifetime & Transition Probability
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Hindrance Factor in γ−ray Decay 
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K‐forbidden Decay 
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Experimental Techniques
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Very Long‐lived Cases − Example 
 

Very Long‐lived Cases − Example 2

154



s

 

Electronic Technique
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Prompt Response Function Ge Detectors

Recoil‐shadow Technique
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Some of the equipment used
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 Recoil‐decay Tagging
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α−α (parent‐daughter) Correlation
Heart of RDT: DSSD
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Neutron Deficient Nuclei

         Odd‐Z Au (Z=79) Isotopes
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Odd‐Z Au (Z=79) Isotopes − sample spectra 

 

α−γ  Correlations
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Pulsed Beam Technique

Pulsed Beam γ−time
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Pulsed Beam γ−time (short−lived
Limitations: Pulsed Beam γ−time 
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Pulsed Beam γ−γ  time Technique

 γ−γ−time: Decay of the 9/2− Isomer in 173Ta 
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γ−γ−time: Decay of the 21/2− Isomer in 173Ta 

Centroid‐shift Technique: γ−time
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Centroid‐shift Technique: γ−γ−time
Coulomb Excitations
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Intermediate Energy Coulomb Excitations
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Internal Conversion Electrons
Internal Conversion Electrons
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Direct ICC Measurements

Basic Electron Transporters
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Conversion Electron Measurements
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SACRED Electron Spectrometer
 

Recoil‐gated CE Spectrum from 208Pb(48Ca,2n)254No 
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ICC from Total Intensity Balances − example 1
I

Works well for γ rays with energies below about 250 keV
 

CC from Total Intensity Balances − example 2 
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The gamma rays emitted from nuclear reactions exhibit angular distributions: 
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K‐Isomers − the Building Blocks
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Why Study Isomers ?
 

Why Study Isomers? − cont.
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Why Study Isomers? − cont.
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Structures Above the 45/2+ Isomer



 

 

K‐hinderances in the Decay of the 57/2‐ Isomer
 

188



 

 189



 

Structures Above the Kπ=23/2 ‐ Isomer
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Evidence for a β− decaying Isomer?
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Projectile‐like Nuclei

Target‐like Nuclei
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Kπ=39/2‐ Isomer in 177Lu
 
Is this the claimed β−‐decaying isomer?
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92Mo Fragmentation on natNi Target
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 Future of γ−ray Spectroscopy
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Why Gamma‐ray Arrays?

∆Eγ=2.5 keV @ 1.3 Mev 
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Historical Perspective − Era of Large Arrays 
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Interaction of Gamma Rays with Matter 

Compton Suppression − Improving the Peak to  
Background Ratio 
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Gammasphere Spectrometer

Gammasphere Operation
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Gamma‐ray Arrays in USA & Canada 
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Gamma‐ray Arrays in Europe
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1970s 1980s 1990s 2000s
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Highly‐segmented Ge Detectors
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In‐beam Test
In‐beam Test Results
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TIGRESS, TRIUMF, CANADA
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ANL HPGe Strips Detector
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Compton Camera
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Döppler Correction
 

Polarization in α−γ Coincidences

Döppler–shift corrected for v/c = 8.7%  
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Digital Pulse Processing
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