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nuclear masses are important if you …
• develop nuclear models - especially far 
      from stability, superheavies…

motivation

… or study MANY other problems in nuclear science

• estimate reaction cross sections 
    & calculate energies of reaction products

Liang et al.

Stoitsov et al.

• calculate the elements synthesized 
      in the r-process in supernovae
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• measurements

nuclear masses: research activities

 traps
 storage rings

 transfer reactions
 time of flight

 mass separators

• mass evaluations

 not a mere compilation of experimental values

 complex least-squares optimization of experimental 
   & estimated data using many relations

D. Lunney 

• disseminations
 how to get experimental, evaluated, & theoretical masses out to the community
 

• theoretical models

 algebraic [IMME, Garvey-Kelson relations]

 microscopic - macroscopic  [FRDM, Liquid drop]

 microscopic  [HFB, RMF, ETFSI]

sophistication & 

agreement with 

experim
ental masses

continually im
proving 

 exotic beam facilities
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• dramatic increase in number of measurements & their quoted precision

mass measurements

However …  insufficient manpower to compile & evaluate all the new masses
 also challenging to rectify systematic uncertainties between different techniques

D. Lunney 
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mass evaluation situation

 George Audi - Atomic Mass Evaluation leader - 
      quit evaluation work [April 2007] …

and his colleague A.H. Wapstra 
      passed away in 2006

 Ame-fut.txt    j April 12, 2007

    Just after the publication of the last AME+NUBASE in December
    2003, I organized special meetings during conferences to
    explain the questions raised by the future of the AME.
    At the same time I have had several discussions with various
    colleagues. (see newsletter amdc.045 and amdc.04a)

    The future of the AME from the user's side would have looked
    as regularly spaced joint publications of the two
    evaluations, first in 2008 with myself being responsible, and
    as co-authors, A.H.Wapstra and N.N. who would learn and help.
    This person N.N. would then take over the responsibility for
    the 2013 publication to which I could still contribute.
    N.N. would then continue and publish, if agreeing with this
    regularity, a new combined evaluation in 2018 and so on.
    The importance of having N.N. to work on the evaluation was
    still increased by the sudden disappearance of A.H.Wapstra in
    December 2006. Effectively, A.H.Wapstra stopped contributing
    one year earlier because of health problems.
    (It is important to note that a program like the AME should not
     be conducted by one person alone, because the quality of the
     work would suffer from no cross-checking of analysis and data
     handling. In all previous publications of the AME there was
     no refereeing by the editors, since it was considered that
     we did our own refereeing through cross-checking of our work.)

    This project has always been strongly encouraged by all the
    persons with whom I discussed.
    However, no serious commitment has ever been taken.
    Even trying as hard as possible, I have not been able to
    convince the various responsible in our community.
    Although the responsibility of one evaluation in the AME and
    its publication should be taken completely by one person, the
    future of the AME program is the responsibility of each one
    in our community, not of just one individual.

    Only 20 months remain before the planned next publication in
    December 2008. In the present situation, it is impossible to
    conduct a work of the same quality as in 2003.
    Therefore I am sorry to have to announce that there will not
    be an Ame2008 as was promised in December 2003, after the
    publication of Ame2003, and no new evaluations of masses or
    Nubase are foreseen at present.

    As far as I am concerned, in agreement with the authorities
    in my laboratory, I have stopped the evaluation program and
    joined an experimental program in our lab, that is not in the
    field of nuclear masses.
    Only in the case where a serious project will be set up,
    will I return to nuclear masses in order to transmit
    what I know and help preparing a new evaluation.
    The first stage of such project should include an institute
    INST sending N.N. to Orsay for four years (two years in case
    of an experienced senior), for him to learn and work on the
    AME (and NUBASE) and publish the evaluations at the end of
    this period. Then N.N. would go back to INST to pursue there
    further evaluations.

    The future of the Ame+Nubase evaluations now depends entirely
    on the determination of the community involved in atomic
    masses and its ability to set up a serious project.

    During the last years, I have received many positive
    appreciations and encouragements for the evaluation work.
    My sincere thanks to all those who expressed them.
    But time is now running so fast that encouragements are
    no more useful, nor efficient. They must give way to real
    commitments only.
    Therefore, please, direct preferably your comments or your
    concern to those that you know who have the possibility to
    set up such a project.

http://amdc.in2p3.fr/bulletins/Ame-fut.txt

“Although the responsibility of one evaluation in

the AME and its publication should be taken

completely by one person, the future of the AME

program is the responsibility of each one in our

community, not of just one individual”

“The future of the AME+Nubase evaluations now

depends entirely on the determination of the

community involved in atomic masses and its

ability to set up a serious project”

G. AUDI  4/2007
CRISIS
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mass evaluation crisis

no 2008 update of the AME2003 evaluation as planned …

2 - 4 years training required for new AME leader [Audi will assist …]

serious new evaluation program needed !

crucial: involve many institutions WORLDWIDE to contribute to mass evaluations
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• proposal to European Nuclear Science & its Applications Research [ENSAR ]

mass evaluation: new european proposal

Yuri Litvinov [GSI] - Principal Investigator

unique aspects: for the first time, couple centers with active mass measurement 
work to form an evaluation network

network of 9 experimental groups [in Germany, France, Finland, Switzerland, Sweden, & Great Britain]

other features: website with interactive tools, database with evaluated & theoretical
masses, bulletins, virtual journal, annual working group meetings

deliverable: new mass evaluation by 2012

involvement of a number of theorists as well

NJRA-10



NJRA-10
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• proposal to European Nuclear Science & its Applications Research [ENSAR ]

mass evaluation: new european proposal

• rejected as stand-alone Joint Research Activity [JRA] by steering committee

• revised to be combined with Nuclear Theory JRA November 2007

• budget cuts led to mass evaluations being cut out December 2007

• future of this European effort is uncertain  [funding by another agency?]

…still a crisis situation !
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dissemination of masses

• primary means of mass dissemination: text tables [flat files]

• primitive: no plotting, no searching, no comparing theory & evaluated masses

• these & other manipulation of data files is left to advanced users who 
      download the flat file and use their own programs [PC-Nucleus, IDL … ]

• result: majority of users of nuclear masses have never 
browsed, compared, or done detailed investigations of the data files
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• tremendous effort goes into new mass measurements, 
      theoretical mass models, and mass evaluations

dissemination of masses

• significant return on this investment can be realized by 
sophisticated dissemination of this information

• advances in computers and networking make this a very reasonable goal

• would be ideal to create an online system focused on nuclear masses that
enables researchers to

upload a new mass model and visualize mass excess, Sn , Sp , Sα …

upload new experimental masses and compare to latest evaluation

visualize theoretical & evaluated masses - separately and differences

manipulate, browse, & search data sets

bibliographic links for evaluations, experiments & facilities, mass models …

comment on data sets  [form an online community]

compare theoretical mass models to latest evaluation & each other
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• we have a prototype of such an online system - within the 
      Computational Infrastructure for Nuclear Astrophysics, 
      online at nucastrodata.org

dissemination of masses at nucastrodata.org

upload new experimental masses and compare to latest evaluation

visualize theoretical & evaluated masses - separately and differences

manipulate, browse, & search data sets

bibliographic links for evaluations, experiments & facilities, mass models …

comment on data sets [form an online community]

compare theoretical mass models to latest evaluation & each other

upload a new mass model and visualize mass excess, Sn, Sp , Sα …

• system is free for anyone to use - just need a computer with JAVA 
   [client application] and an internet connection [to communicate with our server]
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dissemination of masses at nucastrodata.org

• download a java application for your laptop/desktop/workstation , 
      from http://nucastrodata.org/infrastructure
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dissemination of masses at nucastrodata.org

• launch the application, log in, and select “Mass Model Evaluator”
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dissemination of masses at nucastrodata.org

• choose a theoretical mass model

FRDM95

KTUY05

HFB8

HFB14

ETSFI 2

WB03

Duflo-
   Zuker

models:
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dissemination of masses at nucastrodata.org

• … or upload your own mass model
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dissemination of masses at nucastrodata.org

• choose a second theoretical model or the AME2003 evaluated data set
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dissemination of masses at nucastrodata.org

• choose 1-D or 2-D plots
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dissemination of masses at nucastrodata.org

• visualize mass excess of the KTUY05 mass model
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dissemination of masses at nucastrodata.org

• visualize mass excess of the AME2003 evaluated masses 
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dissemination of masses at nucastrodata.org

• customize the color mapping … 
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dissemination of masses at nucastrodata.org

• visualize a new nuclide chart with AME2003 mass excesses



michael smith    ornlnuclear masses: models, evaluations, disseminations

dissemination of masses at nucastrodata.org

• show mass differences between KTUY05 and AME2003 masses 
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dissemination of masses at nucastrodata.org

• quickly compare mass differences between models & AME2003 masses 

KTUY05

FRDM95 HFB8

1.5 MeV

-1.5 MeV

0.0 MeV

ETSFI 2
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dissemination of masses at nucastrodata.org

• visualize neutron separation energies of the FRDM95 theoretical mass model
      with an r-process path overlaid  [can also show S2n, Sp, S2p, Sα, Q values…] 
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dissemination of masses at nucastrodata.org

• show full complement of 1-D plots comparing theory & evaluated masses



michael smith    ornlnuclear masses: models, evaluations, disseminations

dissemination of masses at nucastrodata.org

• show full complement of 1-D plots comparing theory & evaluated masses
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future plans for mass dissemination

• develop tools for mass model manipulations [with H. Koura, JAEA] 

select nuclei

display properties of 
selected nuclei
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future plans for mass dissemination

• develop tools for mass model manipulations [with H. Koura, JAEA] 
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future plans for mass dissemination

• upload additional theoretical mass models 

• develop tool for uploading experimental masses 

• enable commenting on different mass models 

• utilize these visualization / processing / data management tools 
for software support of some NEW future mass evaluation effort 

• improved management of mass data files 

• move these tools into a dedicated, separate site for mass information 
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opportunity for new effort in nuclear masses
• more, and more precise measurements with techniques

using very different systematics

• more sophisticated mass models with better and better
agreement with evaluated masses

• a crisis in mass evaluations

“ … the future of the AME

program is the responsibility of each one in our

community ”

G. Audi, April 2007

• a continued limited, primitive dissemination of evaluated, experimental, 
 and theoretical masses

• this suggests an OPPORTUNITY for new evaluation & dissemination efforts
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opportunity for new effort in nuclear masses

• action is needed soon as a new mass evaluation takes years to complete
and AME2003 is already 5 years out of date

• are JUSTIPEN members interested in a new effort ?  [why sit this out ?]

• is JUSTIPEN as an organization interested in joining / promoting /
    sponsoring / taking initiative & leadership for  a new effort in nuclear masses ?

 RIKEN - mass measurements with exotic beams

 JAEA - nuclear mass models, nuclear data compilation, evaluation, & dissemination

 Argonne National Lab - mass measurements, nuclear data evaluations

 Michigan State Univ. - mass measurements with exotic beams

 Oak Ridge National Lab - data processing / dissemination software

• an excellent overlap with activities / interests of JUSTIPEN members &
other nuclear scientists in the U.S. and Japan

 and many many more …
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• nuclear masses absolutely crucial for studies in nuclear structure, 
      nuclear reactions, nuclear astrophysics …

summary

• dramatic increase in number of mass measurements & their quoted precision
at exotic & stable beam facilities in Europe, U.S., Japan …

• a continued limited, primitive dissemination of evaluated, experimental, 
 and theoretical masses

• a CRISIS in evaluations of masses - will there be an update of the 
AME2003 Atomic Mass Evaluation ? 

 However … 

• this represents an opportunity for new efforts -- 
with an excellent overlap with activities / interests of JUSTIPEN members

• mass models are getting more sophisticated and 
have ever-increasing agreement with evaluated masses


