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Summary of discussions and its (expected) results: 
 
[Overview] 
  We have organized a meeting related to topics for nuclear astrophysics. Main subject of this meeting 
was focused on the physics relevant to “X-ray objects and element synthesis”. The workshop has a 
characteristic of having interdisciplinary fields, where coherent efforts from nuclear physics, astronomy, 
astrophysics, and cosmo-chemistry are essential to entangle the unsolved mysteries for the X-ray 
objects, γ-ray bursts, neutron star (NS), NS-NS merger , supernovae, BigBang, and nucleosynthesis in 
such extreme environments. The goal of the workshop is to discuss the recent results, future plan, and to 
form new collaborations by getting together scientists in frontier of each research field. We have 
prepared 7 sessions with dedicated conveners as followings.  
 

(a-1) Physics of neutron stars with X-ray observatories (Tamagawa, RIKEN),  
(a-2) Neutron star mergers, gravitational wave observatories, and nucleo-synthesis (Nagataki, RIKEN),  
(a-3) Meteorites and other extraterrestrial materials (Terada, Osaka Univ.),  
(a-4) Nuclear data in terms of nuclear astrophysics (Iwamoto, JAEA),  
(b-1) Status of underground laboratories for astrophysics (Shima, RCNP),  
(b-2) Nuclear physics experiments concerning to the dark matter and nucleosynthesis (Yamaguchi, CNS),  
(b-3) Dark matter and nuclear-neutrino reactions (Kajino, NAOJ). 
 

  We had 20 invited speakers and 15 oral speakers. Thanks to great support from the ULIC, we could 
organize the meeting with many stimulating talks from different research fields. We could share the great 
progresses in observations, experiments and theories with the fruitful results from RI-beam facilities, 
innovations in observatories for X-rays and gravitational waves. In each session, we had short review by 

http://www.cns.s.u-tokyo.ac.jp/ukakuren/ws/ws-22Feb2016.html


the corresponding convener to make smooth connections among different research fields.  
  In the end, more than 70 participants including many young researchers from various fields have 
joined together. This workshop could successfully give nice trigger to form new collaborations between 
nuclear physics and astrophysics communities and will broaden the scientific activities of nuclear 
physics using the radioactive isotope beam in future.  
 
 

[Highlights] 
  One of key subjects in this meeting is a physics of neutron stars (NS) and neutron star mergers (NS 
mergers). We have heard present status for determining static properties (such as mass and radius) 
and dynamic properties (such as rotation with magnetic field) of NS and NS mergers probed by X-rays, 
gravitational waves, and future’s supernova neutrinos. A point to be noted here is a preliminary result of 
X-ray astronomical observation for heavy elements with Monitor of All-sky X-ray Image (MAXI) in the 
satellite. They observe the energy spectra of photons from X-ray busters. In the energy spectra, there 
is a candidate for the absorption of heavy elements such as Ni, Zn, and Ge, which were suggested to 
be a signature for the production of the rapid proton capture process (rp-process). In the rp-process, 
the successive proton induced reactions in neutron deficient site in high temperature environment 
occurs. However, the site and the mechanism for the rp-process have not been well known like ones 
for the r-process.  
  One of candidates for the astrophysical site of the rp-process is the surface of NS. By the 
accumulation of light elements such as hydrogen from the binary star, the rp-process in X-ray burst 
may occur, but there is no clear evidence for the rp-process in NS. If MAXI observes clear evidence, it 
would be an epoch making. However, this study requires the help of nuclear physics because the 
theoretical model for the rp-process requires quantitative nuclear properties such as masses, lifetimes, 
and reaction rates based on the experimental data. This is because the waiting point and termination 
point of the rp-process have not been established. It also is suggested that nuclear information 
concerning to the rp-process are important for understanding the light-curve and relevant physics of 
NS. Possibilities of direct observation of characteristic X-rays from heavy elements will make a hint for 
further studies of nuclear physics.  
 
  Another topics related to the BigBang nucleosynthesis are intensively discussed based on the 
nuclear reaction studies and recent progress of the astronomical observations for the first generation 
stars. Inconsistency of the lithium abundance between the standard model prediction and the 
observation of the cosmic microwave background radiation has still stimulated us. Actually there were 
two experimental results were reported on the 7Be(α, n) cross sections by means of the inverse 
reaction method and Trojan-Horse method in the cm-energy range below 1 MeV. Those are agree to 
the model prediction, but largely different from the extrapolation of the neutron capture experiment. It 
may indicate this reaction pass can not help to the lithium depletion problem. 
  From astronomical point of view, a new program was introduced for exploring the early chemical 
evolution of the Milky Way with LAMOST and Subaru, where the spite plateau of 7Li in very old stars is 
one of major issues. There also introduced new research proposal with using radioactive targets and 
polarized neutrons for studying the cosmos between the BigBang and the first generation stars.  
 
  On the other hand, we have heard that precise analyses of meteorites and on-going project for 
picking up extraterrestrial materials (HAYABUSA 2 project) give us important information for the cosmic 
history before the solar system formation and the early evolution state of the solar system in the frame 
of the galaxy evolution, where specific information of isotopic abundance relevant to the various 
synthesis scenarios play an important role. The isotopic abundance anomaly in rare-earth region has 
been investigated in viewpoint from the astrophysical site for the r-process: two candidates of 
supernova explosions and NS mergers.  
  The isotopic abundance anomaly is a shift from the standard isotopic abundance in the solar system. 
The previous studies for the primitive meteorite analysis show anomalies in some elements such as Os, 



W, Hf, Ba, Nd, Pd, Ru, Mo, Zr, and Sr. They can be classified into two groups of relatively light 
elements which may originate from the weak r-process in supernova explosions and heavy elements 
which may be originate from NS mergers. The present status for the systematical analysis of the 
primitive meteorites suggests that the observed isotopic abundance anomalies should be explained by 
the coupling of the contribution from two different r-process sources and the mechanism of the early 
solar system formation. This shows the study of the r-process using RI-beam is also important for the 
cosmic history and the mechanism of the early solar system formation as well as the understanding the 
astrophysical site of the r-process. 

Beside the study concerning the r-process, there are many important topics in Cosmo-chemistry 
related with the nucleosynthesis. One of key topics is the existence of various unstable isotopes at the 
time of the solar system formation. They are so-called “nuclear cosmochronometer”. If the initial 
abundance of the cosmochronometer at the solar system formation has been measured, with the 
theoretical perdition of its abundance produced by a single nucleosynthesis event, the passing time 
from the nucleosynthesis event to the solar system formation can be evaluated.  

About 15-20 unstable isotopes are known as the chronometers. In this meeting, the recent results for 
three unstable isotopes 10Be, 26Al, and 92Nb have been reported. One of possible astrophysical sites for 
26Al production is considered to the hot Hydrogen burning in Wolf-Rayet stars and massive stars. 26Al is 
an important isotope. In fact, the nuclear experiment using RI-beam at CNS to produce 26Al was 
proposed in this meeting.  
 
  In addition to above highlights, there were some talks on improvement of reaction theories, nuclear 
data, and nucleo-synthesis scenarios. We have heard that systematic study on fission mechanism has 
been started in US (named as FIRE collaboration) and will be so improved both in experimental and 
theoretical works in the rapid-neutron capture process. In the review talk of the astronomical studies 
with gravitational waves, challenging observation for NS and black hall mergers are introduced in 
connection to the element synthesis and nuclear equation of state. We have also heard that 
comprehensive mass measurements for thousands of nuclides can be available soon at this RIBF and 
present status for supernova relic neutrino search for solving the history of massive stars.  
 
  During this meeting, much of scientific information has been exchanged among different research 
fields. Actually we have succeeded to give some opportunities for starting new collaborations. New 
research plans for chemical evolution of heavy elements in galaxies and for the first generation stars 
have been discussed in this meeting.  
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