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The idea of the ICTS of the Tata
Institute of Fundamental Research grew
naturally out of a strongly felt need in
the Indian scientific community to
enhance the research and education
eco-system of Indian science.

There is a need in India today, to create an institution
where researchers from India and from abroad can meet
and interact for critical periods of time, in a relaxed and
conducive atmosphere. These periods depend on the type
of activity at ICTS that can range from rapid response short
time workshops to programs lasting many months. Visits to
ICTS can even be sabbaticals in which faculty members
can bring along their students and post-docs.

The idea is to provide a facility that will enhance the cre-
ative process and lend a hand to the solution of some of the
profound scientific problems of our times. As past experience
has shown, major breakthroughs do occur when problems are

seen in a different light; and at times
when there is a heterosis (or hybrid vig-
or) when different core disciplines are
brought to bear on a given problem. This
is natural because as we all know, it is
the limitation of the human mind that
caused a division of scientific activity we

call physics, chemistry, and biology! Mathematics is a little
different though in my view it also stems from our cognition
of the material reality of the world around us. For these rea-
sons, ICTS would like to run parallel programs in different
disciplines. Currently there is an enormous amount of work
going on at the interface of physics, biology, mathematics
and computer science indifferent combinations.

Besides its focus on being a facility to enhance research
in the basic sciences, ICTS would like to contribute to the
creation of scientific human resources in this region of the
world. We plan to have programs for school and college
teachers, facilitate the development of educational material
and also employ modern technology in the dissemination of
this material. We are also exploring the idea of a Math
Clinic where students under some guidance grapple with
solutions of mathematical problems from diverse areas of
science, technology, finance, health and so on.

ICTS is also aware of the importance of the interface of
pure research and applied science and technology, and of

the importance of discussions of science and technology pol-
icy. All these diverse groups can meet and interact at ICTS.

ASIA PACIFIC FORUM
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International Centre for Theoretical Sciences (ICTS)
A New Initiative in Indian Science

Spenta R. Wadia
Tata Institute of Fundamental Research(TIFR), India

Spenta R. Wadia is a theoretical physicist at the Tata Institute of
Fundamental Research (TIFR). He is the Director of TIFR’s new
centre, International Centre for Theoretical Sciences, that is coming
up in Bangalore. 

His research interests are in Elementary Particle Physics, Quantum
Gravity and String Theory. He is a recipient of the 2004 TWAS
Prize in Physics and, the 1995 ICTP Prize. He is a J.C. Bose fellow
of the Government of India, a fellow of the Indian Academy of Sci-
ence, the Indian National Science Academy, TWAS and Distin-
guished Alumnus of St. Xavier's College, Mumbai. 

For further information please see http://www.theory.tifr.res.in/~wadia
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While it is true that ICTS is a science institute, it will also
make an effort to integrate science into the larger fabric of
human activity and knowledge. Hence we hope to invite
people from the arts and civic society to give talks and to
spend time at ICTS.

The genesis of ICTS owes itself to institutions like the
Abdus Salam International Centre for Theoretical
Physics(ASICTP) in Trieste, the KITP in Santa Barbara
and the Newton Institute in Cambridge. Each of these insti-
tutions has overlapping but somewhat different missions.
The ICTP was originally created by Salam 45 years ago to
help bring developing world scientists and students up to-
date in various areas of physics and mathematics. ICTP
also organizes high-level research workshops and has a
successful diploma program for bright students from devel-
oping countries. The KITP and the Newton Institute aim to
promote scientific excellence and productivity at the high-
est level. At KITP educational and outreach activities also
go side by side with the scientific programs.

Scientists from India have been regular visitors to these
institutions and they and their students have benefited enor-
mously from their visits. The Indian science community
has by now critical numbers in various areas to benefit
from and most importantly also sustain a centre inspired by
these institutions, but planned according to itsresources and
needs.

ICTS Programs:

Even before having its permanent campus, ICTS started
functioning from September 2007 and has had avery active
start. During this period it has organized 44 programs over
554 program days. About 2000 people participated in these
programs and close to half of this number were from out-
side India. 10 more programs are planned for the near
future. The programs range over many subjects: physics,
astrophysics, cosmology,mathematics, computer science
and their many branches. Until the permanent campus
comes up, programs are organized in various institutions
across India. A complete list can be found at the ICTS web-
site www.icts.res.in .

Public Lectures are by an important part of the outreach
of ICTS to the civic society. A galaxy of speakers have giv-
en public lectures to date. Juan Maldacena, “Black Holes
and the Structure of Spacetime”; Lyman Page, “Observing

the Birth of the Universe”; Joseph Silk, “Dark Matters”;
Marc KamionKowaski, “The Big Rip - A New Fate of the
Universe”;FrancoisBouchet, “Oldest Image of the Uni-
verse”;William Phillips, “Time, Einstein and the coolest
stuff in the universe .

During the ICTS Inaugural Event in December 2009,
each evening was celebrated with a Public Lecture:Albert
Libchaber, “The Origin of Life - from Geophysics to Biolo-
gy David Gross, “The Role of Theory in Science” Avi-
Wigderson, “The P versus NP problem - Efficient Compu-
tation and the limits of Human Knowledge”

ICTS Subramnayan Chandrasekhar Lecture Series:

ICTS has initiated the Subramanyan Chandrasekhar
Lectures to commemorate the memory of the great physi-
cist and astro-physicist. Eminent academicians, deliver
these lectures on important new developments in their areas
of their specialty. The first lecture in any series is aimed at
a general scientific audience, while the remaining are
aimed atspecialists.

ICTS has organized the following lecture series:
Ashoke Sen, Extremal Black Holes in Strings Theory ;

Andrew Strominger, Black Holes- the Harmonic Oscilla-
tors of the 21st Century ; Lyman Page, The Standard
Model of Cosmology .

The following three Subramanyan Chandrasekhar Lec-
tures are planned for the future:Ludwig Faddeev, What
Modern Mathematical Physics should be ; SubirSachdev,
The Quantum Phases ofMatter .

ICTS Campus:

The permanent ICTS campus will come up in North
Bangalore by mid 2013. About 14,000m2 of built up are
ahas been planned for the campus spread over 74,000m2 of
land. This campus will be self-contained and will have
world class facilities.

ICTS Family and Personnel:

Several academic members from various institutions in
India are adjunct faculty members of ICTS. There is alarge
program committee of very active members who oversee
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the program proposals. The adjunct faculty, the program
committee, and the future core faculty of ICTS will serve to
catalyze a productive academic atmosphere. All this infor-
mation can be found on the ICTS website.

How ICTS is engaging with the international community:

1) International Program Organizers and Participants:
Out of the 43 programs ICTS has organized, 16 pro-
grams have been co-organized by scientists affiliated to
universities and research institutes outside India. Over
1,000 people from outside India have participated in
these programs.

2) ICTS provides a platform to host various collaborative
programs and meetings:
The Asian Winter Schools in Particles, Strings and
Cosmology are jointly organized every year by scien-
tists from China, India, Japan and Korea. The idea is to
create a Les Houches type of school for the Asian
Region.The 4th school, in January 2010, was held in
India. The previous schools were held in Korea, Japan
and China. The School covered various areas in String
Theory, High Energy Physics and Cosmology. The audi-
ence consisted of senior graduate students as well as
practicing researchers whose primary interestis in String
Theory. The lectures covered a selection of basic areas
as well as advanced topics at the forefront of current
research.

Ideas for future engagement:

Once the ICTS campus is ready by mid 2013, it will be
possible to have a variety of thoughts on collaborations
with similar and other institutions around the world. One
idea is to have exchange visits by faculty and post-doctoral
researchers. The other idea is to have have joint programs
like the Asian Winter Schools in Particles, Strings and
Cosmology in various other areas.

ASIA PACIFIC FORUM
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President Peter Fulde Serves Another Term
President Peter Fulde, Founding Director of the Max Planck
Institute for the Physics of Complex (MPI-PKS) in Dresden
Germany, was elected as the 3rd President of APCTP in April
2007. During his term, international collaborations with out-
standing institutes were established and the number of
renowned scholars visiting the APCTP Headquarters
increased remarkably. One of his major achievements was
initiating Junior Research Groups (JRG), a successful pro-
gram of MPG, producing future leaders. The Center has advanced to a higher level under his presidency. 
Taking into account his efforts and achievements, he was re-appointed as the president of APCTP to serve until
April 2013 at the 14th Board of Trustees Meeting held on April 3, 2010.

APCTP Signs agreements with ITAP, ThEP and NBIA

APCTP signed new agreements with three institutions in 2010. In March, it finalized an agreement for coopera-
tion with the Institute of Theoretical and Applied Physics (ITAP), Turkey. The content of the agreements focuses
mainly on carrying out academic exchanges, collaborating on holding academic conferences and conducting
exchanges between researchers. In April, the Center concluded another agreement with the Thailand Center for
Excellence in Physics (ThEP) to promote international cooperation and train young scientists of Thailand. 
The Post-doctoral Fellowship program is to start in the up coming year. In December, an MOU with the Niels
Bohr International Academy (NBIA), Denmark was signed.

2010 Science Council Meeting and New Member 
The 2010 Science Council Meeting was held on November 29~30 at APCTP
Headquarters. Prof. Spenta Wadia, Director of International Centre for Theo-
retical Sciences (ICTS), the second to the far left, joined the Science Council
of APCTP as a new member. The Science Council of APCTP consults on
the preparation for and management of general academic programs of the
Center including academic programs and academic activities. Currently we
have seven distinguished members of Science Council.
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JRG 5 and JRG 6 Starts Off
Two leaders of Junior Research Groups (JRG) for JRG 5 and JRG 6 started this year in May and October,
respectively.

Prof. Gentaro Watanabe, leader of JRG 5, earned his Ph.D., at University of Tokyo in 2003. The main
research area of his group is theoretical cold atom physics. 

Prof. Hanno Sahlmann, leader of JRG 6, earned his Ph.D. at Max Planck Institute for Gravitational
Physics and Postsdam University in 2002. His group investigates the non-commutative nature of the
spatial geometry that arises in loop quantum gravity, both in mathematical and physical respects.

Visitors to APCTP Headquarters
Vice Minister of Education, Science and Technology for Korea Jung-Hyun Kim, cen-
ter right, and Pohang City Mayor Seung-Ho Park, center left, visited the Center in
March.

Dr. Hans-Ulrich Seidt, German Ambassador to
Korea, second to left, and Dr. Thomas Schröder,
First Counsellor of Scientific Affairs, left, visited
the APCTP Headquarters in December. Presi-

dent Peter Fulde and Executive Director Seunghwan Kim welcomed them and dis-
cussed development of activities at the Center.

7th APCTP Science Festival
Under the theme of ‘Sports and Science play’, APCTP kicked off the 7th Science Festival at Pohang on November
5th, 2010. The event itself spanned three days to promote Pohang as a high-tech science city and to contribute to
the popularization of science. A number of Pohang citizens and young teenage students participated in various
science programs and explored scientific activities.
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I. INTRODUCTION

Particle physics is a science to
explain the origin of our universe by
constructing the fundamental law of
elementary particles and their interac-
tions. The present paradigm of particle
physics is the Standard Model (SM)
which expects the interactions of parti-
cles are based on the SU(3)×SU(2)×U(1) gauge symme-
try and its spontaneous breaking. The SM has been well
verified by many experiments performed so far. However,
it does not provide any plausible explanation on several
important properties of our universe which has been well
observed so far, such as the existence of dark matter (DM)
and baryonantibaryon asymmetry. In addition, the SM has
some theoretical problems such as the gauge hierarchy
problem, the cosmological constant problem, and the prob-
lem of quantum gravity. Therefore, the SM is not consid-
ered as the fundamental theory of our universe but as a
low energy effective theory valid up to roughly 1 TeV. 

There have been many approaches to investigate the
new physics beyond the SM, such as supersymmetry
(SUSY) and extra dimensional theories. The current
experiment at the Large Hadron Collider (LHC) is aimed
to find such new physics as well as the Higgs sector to
probe the origin of the electroweak (EW) symmetry

breaking. The research on DM takes
the central position to probe the new
physics beyond the SM since its physi-
cal properties such as mass, interaction
couplings, and spin are highly depen-
dent on the detail spectrum of the new
physics. 

The existence of non-luminous mat-
ter is first expected by measuring the velocity dispersions
in the Coma cluster in 1933 [1]. It was found that the
mass of the luminous matter in the Coma cluster was 400
times smaller than its total mass implied by the motion of
cluster member galaxies near its edge using the Virial the-
orem. Since then, a wide variety of evidence of the non-
baryonic DM has been accumulated. The evidences of the
gravitational interaction of DM contain the galactic rota-
tion curve [2], the bullet cluster [3], the weak gravitational
lensings of distant galaxies by foreground structure [4]
and the weak modulation of strong lensing around indi-
vidual massive elliptical galaxies [5]. On the other hand,
there are different approaches to explain such gravitation-
al observations by modifying Newton’s law, which is
called the modified Newtonian dynamics (MOND) [6].
There have been e.orts to explain MOND compatible with
general relativity [7], five dimensional gravity inspired in
strings or D-branes [8], and geodetic brane gravity [9]. In
spite of these efforts, however, they all failed to explain
additional mass signals in larger scales like clusters [10]. 

Dark matter and the recent issue of 
light WIMP 

Seodong Shin
FPRD and Department of Physics and Astronomy, Seoul National University, Korea

Seodong Shin is a postdoctoral physicist at Seoul National Uni-

versity in Korea. He earned his Ph.D. at KAIST (Korea Advanced

Institute of Science and Technology). 
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II. VARIOUS CANDIDATES OF DARK
MATTER AND EXPERIMENTS 

The current relic abundance of cold dark matter (CDM)
in our universe has been observed by the WMAP for seven
years [11] such that 

0.1088 <ΩCDMh2 < 0.1158,            (1σC.L.)     (1) 

where the scaled Hubble constant h =0.702+0.0013 in the units
of 100 km/sec/Mpc, combined with distance measurements
from type Ia supernovae and baryon acoustic oscillations.
This result indicates that about 23.3 % of our universe, or
84.4 % of matter are non-baryonic CDM, which motivates
the theories beyond the SM. 

Various candidates of CDM explaining the above
observed relic abundance has been proposed. Among them,
the most promising one is Weakly Interacting Massive Par-
ticle (WIMP) such as the lightest supersymmetric particle
(LSP) in the supersymmetric models with R-parity [12, 13],
the lightest Kaluza-Klein (KK) particle in the extra dimen-
sional models with KK parity [14], the lightest T-odd parti-
cle in the T-parity conserved little Higgs model [15], and
the SM gauge singlet particles in Higgs portal models [16].
WIMPs are produced at the early stage of our universe and
their current relic abundance is naturally determined when
their interactions to the SM particles freeze out [17]. 

Although the existence of DM has been well expected by
observing its gravitational interactions, the detail physical
properties such as mass, interaction couplings, and spin
could not be determined in such observations. Therefore, the
experiments observing its non-gravitational interactions with
the SM matters are strongly required to be proceeded. There
have been various direct detection experiments which detect
the WIMP scattering off the target nuclei, such as CDMS,
DAMA, XENON, CoGeNT, CRESST, ZEPLIN, and KIMS
[18] projects. The detectors are located underground and
shielded to be protected from various background scatter-
ings. Many experiments have reported the null results, how-
ever, there are recent announcements by DAMA, Co-GeNT,
and CRESST that they found the scattering signals by
WIMP or that presumed as WIMP1). On the other hand, there
are indirect detections experiments which observe the SM
matters produced from the pair annihilation or decay of
WIMP in the universe or earth. Recently, the PAMELA and

Fermi satellite experiments have reported the high energy
cosmic ray signal above 10 GeV which exceeds the known
astrophysical background sources. This signal can be origi-
nated from the pair annihilation or decay of WIMP, while
there are approaches to analyze this from nearby pulsars. In
any rate, various future direct or indirect detection experi-
ments will probe larger parameter space so that clarify pre-
sent vague hints on DM. It must be also noted that the direct
search on DM at the LHC is very important to support these
experiments. 

III. LIGHT DARK MATTER 

In this section, we briefly summarize the recent issue on
the light WIMPs which are based on the observations of var-
ious direct detection experiments such as DAMA/LIBRA
[19], CoGeNT [20], and CRESST-II [21]. 

Recently, the DAMA collaboration has reported the
observation of an annual modulation signal [22] in nuclear
recoil rate of NaI(Tl) detectors [19]. The DAMA signal is
consistent with elastic, spin independent DM scattering
from target nuclei in the detectors. The conventional signal
region corresponds to the DM mass and the scattering cross
section (mDM , σSI

p ) ~ (30 - 200 GeV, 10-5 pb), which is
now excluded by other DM search experiments such as
XENON10 [23] and CDMS-II (Ge) [24]. 

There have been several approaches to reconcile the
DAMA result and other null results. One of them is the con-
sideration of inelastic scattering of WIMP by making its
transition to a slightly heavier state (Δm ~ 100 keV) [25].
Considering the bound on the neutrino flux from Super-
Kamiokande, however, it is hard to obtain the very large
capture rate of WIMPs in the Sun where the capture pro-
ceeds via inelastic scattering [26]. The other popular
approach is the consideration of the channeling effect inside
the NaI crystal [27]. In this case, very light WIMP in the
parameter range2) (mDM , σSI

p ) ~ (5 - 9 GeV, 10-4 pb) is
favored to reconcile the DAMA result with other null
results. There have been several researches considering the
channeling e.ect in DAMA, such as light SM gauge singlet
fermion [28] or scalar DM [29], WIMPless model [30], light
neutralinos in and effective minimal supersymmetric stan-
dard model (MSSM) without the assumption of gaugino
mass fication at the grand unification scale (GUT scale) [31],
right-handed sneutrino DM in an extended model of MSSM

TOPICS IN PHYSICS

-0.0014

1) The background analysis on the signals reported by CoGeNT
and CRESST are not fully finished yet. 2) This is within 5σ.
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[32], and mirror DM model [33], etc. On the other hand,
there is a negative research such that the channeling fraction
of recoiling lattice nuclei in NaI is quite suppressed to pro-
vide its meaningful effect [34]. 

Another interesting observation is provided by the Co-
GeNT experiment which reported that about a hundred
events [20] exceeding the expected background are observed
after their eight week operation, which possibly originated
from the nuclear recoil by DM scattering. Due to its
enhanced sensitivity to low energy events, the ionization sig-
nal which is observed in the CoGeNT detector is as low as
0.4 - 3.2 keVee. (The unit ‘ee’ is electron equivalent, which
indicates the kinetic energy of the electron inducing the ion-
ization.) The discovery region, hence, supports the existence
of light DM whose mass is 7 - 12 GeV and the spin inde-
pendent WIMP-nucleon elastic scattering cross section σSI is
as high as ~ 10-4 pb. 

There have been researches to reconcile the CoGeNT
report on WIMP signals with other null experiments con-
straining the detection bound and the previous DAMA result
[35-37]. At first sight, it seems that the CoGeNT signal
events are excluded by other experiments mainly due to the
CDMS-Si [38] and the recent XENON100 [39]. However, it
must be noted that the CoGeNT collaboration has not ana-
lyzed all the background events such as surface events
through the intra contact surface and those by electro-formed
cryostat components, etc. It is, hence, possible for the sizable
CoGeNT signals to avoid the exclusion limits by considering
proper background models, combined with changing the
WIMP distribution or detector parameters such as halo
pro.le and scintillation efficiency3) Leff used in those experi-
ments. After the recent XENON100 collaboration claimed to
exclude the CoGeNT and DAMA signal candidate region, a
lot of hot discussions have been made [40, 41]. They mainly
focus on the value of the Leff below 10 keV nuclear recoil
energy having ambiguities, which can also provide stronger
exclusion bound by XENON10 [42]. It must be noted that
there is another interesting approach avoiding the discus-
sions on the Leff by focussing on the S2 only signal in
XENON10 [43]. There are two PMTs in XENON experi-
ments, which are S1 and S2. The S1 measures the scintilla-
tion inside the detector, while the S2 measures the ionization
signal by which the discrimination of the background signals
is well performed. Since the Leff is only related to the scintil-

lation, the S2 only analysis is a very fancy idea to probe the
“exclusion” bound of the light WIMPs in contrast to the dis-
covery region4). 

All the proposals, however, do not rule out the WIMP
scattering signals whose mass is 5 - 6 GeV and the elas-
tic scattering cross section of 10-4 pb, which can be expected
by considering proper background contaminations in the
CoGeNT results. In this sense, such light neutralino LSP in
supersymmetric model is recently analyzed in [37]. In order
to have a large scattering cross section in a supersymmetric
SM, either large value of tan βor a very light CP-even Hig-
gs boson mediator is needed in the process of elastic scatter-
ing of the neutralino off the target nuclei. Such scenarios
cannot be easily realized in the context of the MSSM since
they are highly constrained by other experiments such as the
LEP, Tevatron, and rare decays. Especially, it is not easy to
obtain the σSI as high as ~ 10-40 cm2. Therefore, the
“Beyond the MSSM” (BMSSM) considerations are ana-
lyzed. Without considering additional light degrees of free-
dom, the light Higgs scenario is natural to be studied. (Sce-
narios with light degrees of freedom are explained in [28,
44].) Due to the limits by the LEP experiments and Υ
decay, the parameter space of light Higgs is constrained to
be in the window of 9 to 10 GeV with moderate tan β 5.
(For the stability of the BMSSM scalar potential, however,
larger tan β 10 is preferred.) It is, then, interesting that
the resonance channel in the WIMP annihilation process is
naturally considered on the viable parameter domain, which
provides the right relic abundance of the light neutralino.
Therefore, the light neutralino with mass of 5 to 6 GeV can
explain the correct relic abundance. 

It would be useful to finish this section by making a short
remark on the recent research on the light WIMP signal from
the analysis of the Fermi Gamma Ray Space Telescope data
[45]. They found that an additional component of gamma
ray emission is present which is highly concentrated around
the Galactic Center. It is claimed that the observed spectrum
is well fit by that predicted for a 7.3 - 9.2 GeV DM particle
annihilating primarily to tau leptons. This is an interesting
result which possibly joins the recent light WIMP issue with
the indirect detection results, although lots of ambiguities in
the parameters to describe the Galactic Center can threat the
conclusion. 

3) The fraction of the nuclear recoil energy to scintillation energy.
Recent result is in the Fig.1 of [40]

4) These discussions are made in IDM 2010, University of Mont-
pellier, France.  
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IV. CONCLUSIONS 

The research on DM has been focussed on since it takes a
key role in the investigation of the new physics beyond the
SM. After the existence of non-luminous matter in the Coma
cluster is first expected, a wide variety of evidence of the
non-baryonic DM has been accumulated, which is observed
due to the gravitational interaction of DM and the SM parti-
cles. Current research of DM is largely supported by the
recent WMAP observations for seven years, which informs
that about 23.3% of our universe are non-baryonic CDM.
Therefore, the WIMP has been spotlighted as a most natural
candidate of CDM, which contain the LSP in supersymmet-
ric models with R-parity, the lightest KK particle in extra
dimensional models, the lightest T-odd particle in the T-pari-
ty conserved little Higgs model, and the SM gauge singlet
particles in Higgs portal models, etc. 

The detail physical properties of DM must be probed in the
direct or indirect detection experiments and the LHC. Vari-
ous such experiments have been constructed. Although many
of them have provided the null results, some of interesting
experiments have reported the WIMP signal candidates,
which include the DAMA, CoGeNT, CRESST, PAMELA,
and Fermi. In this article, we focussed on the recent observa-
tions which support the existence of light WIMP whose mass
is 10 GeV and the elastic scattering cross section o. the
target nuclei is about 10-4 pb. Lots of hot discussions on the
compatibility of such results with other null experimental
results have been made. Concerning the light WIMP of mass

5 - 6 GeV which can marginally avoid the current
debates on the experiments, the researches have been made
including the analysis of neutralino LSP whose mass is
around 5 to 6 GeV in the BMSSM [37] and the SM gauge
singlet Dirac fermion DM [28]. 
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Why should econophysi-
cists analyze past events?  

Before coming to our topic we should
perhaps answer an obvious question
that is related to our title. Why should
econophysicists care about the past?
The answer is simple. The past is the
laboratory which allows us to test our
understanding of social phenomena. This answer may per-
haps seem surprising at first sight. It can best be explained
through a parallel with astrophysics. 

Let us consider an astrophysicist who has built a theory of
triple star systems that he wants to test. What will he do? His
first step will be to identify a sample of triple star systems in a
star catalogue, for instance the Hipparcos or the PPM star cat-
alogue. In a second step he will perform on these systems the
observations that are required for testing the theory. Likewise
an econophysicist who wants to test a theory of (for instance)
peasant uprisings will first identify a number of such events in
the past history of countries with which he is familiar. In a

second step he will need some reliable
quantitative data about these events. Most
often peasant uprisings have been militar-
ily defeated by the armies of the govern-
ment against which the rebellion was ini-
tially directed1). The numbers of people
killed during and after such conflicts pro-
vide rough estimates of the magnitude of
such phenomena. 

In other words, provided they contain some reliable data,
history books serve the same purpose for econophysics as
star catalogues for astrophysicists. This point now begins to
be well understood. It is probably for this kind of reason that
the last book written by A.-L. Barabási, a well-known expert
in network science, contains a meticulous description of a
peasant uprising that occurred in the 16th century in Transyl-
vania (now in Rumania) which is Barabási’s home region.
To be sure, the description of one uprising is far from consti-
tuting a catalogue of uprisings but one may expect that
Barabási’s very active group will produce such a catalogue
within the next years. 

In physics and in astronomy, every time a new and more
accurate observation device has been invented it has lead to
major progress. Galileo’s telescope constitutes one of the
early example. More recently, the invention of the multi-
wire proportional chamber by the physicist Georges
Charpak was a major step forward in experimental particle
physics as recognized by a Nobel award in 1992. 
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How can population pyramids be used to
explore the past? 

Bertrand M. Roehner 
University of Paris and Beijing Normal University 

B. Roehner received a PhD in theoretical physics from the Uni-
versity of Paris where he is currently a professor. In the mid-
1980s, he began to study social phenomena. In spite of being a
theoretician by education, during the past 15 years he has mainly
been teaching experimental physics. This gave him a more accu-
rate sense of what a fruitful interplay between observation and
theory should be and convinced him that the main factor in the
impressive success of physics over the past three centuries has
been its ability to conduct experimental investigations in the same
way as a detective would investigate a mysterious crime.
In the present article, Prof. Roehner will try to convince the read-
er that, provided one respects some basic rules, one can also
apply the same methodology in the social sciences.

1) The outcome of the civil war in China (1930-1949) was one of
a small handful of exceptions. 
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To improve the accuracy of observations about births and
deaths in major historical events is the central objective of
this paper. What is presently the accuracy of such data? A
specific example will convince us that this accuracy indeed
greatly needs to be improved. 

How many civilians died in Iraq through violent death dur-
ing the invasion of 2003 and in the 4 years afterward? A com-
parison of three estimates obtained through different surveys
and methodologies reveals huge discrepancies. The total num-
bers of deaths were found to be equal to 600,000, 200,000 and
50,000 respectively (Browstein et al 2008, p. 446). What is
even worse is the fact that a comparison of the methods which
were used by these study groups does not reveal why these
estimates are so different. The authors observe that there is an
ongoing discussion and that convincing arguments have been
put forward which suggest that the highest estimate may
either overestimate or underestimate the real death toll. 

How can an analysis based on population pyramids be of
some help in such a situation? Because it relies on data for
different age-groups such an analysis allows us to separate
different sorts of death such as infant mortality, death of
adult males, old age mortality. Once the mortality in a
“normal” population has been discounted one will be able
to identify and estimate the excess-mortality due to the
occupation (whether by violent deaths or not) 2). 

The paper is organized as follows. First we recall the defini-
tion of a population pyramid and introduce the important dis-
tinction between static and dynamic analysis. Before begin-
ning to use population pyramid data we discuss their reliabili-
ty and accuracy. From a physicist’s perspective this is a cru-
cial step. Then, we explain how population pyramids allow us
to measure birth rates. The response of birth rates to several
kinds of “special events” is illustrated through various exam-
ples. Finally, we propose an agenda for further research. An
appendix which provides useful information about population
pyramid and census databases closes the paper. 

How can population pyramids serve
to explore the past? 

A population pyramid gives the structure by age and sex of a
population. Various examples are given in Fig. 3a,b,c,d and Fig. 5. 

A spatial parallel of aging 

In physics one is more used to movement in space and
time than to aging processes. So it may be worthwhile to
describe a spatial parallel of the aging process which may
be more suggestive to physicists. Fig. 1 pictures a parallel
in which age has been replaced by a spatial variable. 

Let us imagine that from a bridge on which she is stand-
ing a young girl drops small paper boats into a river. At
10am she drops a batch of 25 boats of red color. At 10:10
she drops a second batch consisting of 28 blue boats, at
10:20 she drops a third batch of 21 boats and so on with
each batch of boats corresponding to a different color.
Once in the water, the paper boats are carried downstream
by the current. At intervals some of the boat sink, either
because affected by a whirlpool or perhaps because they
landed in the water on the side and quickly took in water.
This analogy will help us to explain a distinction which
plays an important role in demography. 

The aging process of a population can be analyzed in two
different ways, static or dynamic. In demography the dynam-
ic viewpoint is called “cohort analysis”. This important dis-
tinction has a clear interpretation in the paper boat analogy. 

●The static viewpoint corresponds to population pyra-
mids. At a given moment one takes a picture of the

2) Naturally, population pyramid data must be accompanied by
data about emigration because population pyramids make no
distinction between permanent emigration and death.

Fig. 1: Spatial analogy of the process of aging. The blue color
represents the water of a river. At one point shown by the
vertical arrows, small paper boats are dropped into the
water in several successive batches. Each batch (repre-
sented by a different color) has approximately the same
number of boats except for some random fluctuations
which represent the more or less random fluctuations of
birth rates. Once in the water, the boats begin to move
downstream but as a result of various accidents their
number decreases in the course of time until eventually
all of them have sunk. In demography, each row of boats
is called a cohort. The observation of one specific row in
its movement downstream is called cohort analysis. Such
an analysis should be distinguished from the static,
instantaneous picture provided by population pyramids. 
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flotilla of paperboats and one counts the number of
boats of each color. It should be noted that between two
successive rows there is no clear connection because the
numbers in successive batches are fairly random. 

● In the cohort analysis one concentrates on a specific
batch as it moves down the stream. Whereas the static
view is an instantaneous snapshot, the cohort view-
point requires an observation over a long time interval
from the moment when the boats fall together in the
water to the moment when the last boat of this batch
sinks; in demography such an observation must cover
over one century. Instead of the expression “cohort
analysis” which is fairly abstract we will rather use the
expressions “downstream” or”along the stream” analy-
sis which make reference to the river analogy. 

Stability of downstream changes versus instability of
birth rates  

As we will see later on, birth rates are highly fluctuating.
Wars, periods of high food prices, displacements of popula-
tion may bring about a reduction in birth rates. On the con-
trary, after the end of wars or during periods of economic
prosperity birth rates will tend to increase. In parallel with
births, babies and small children who are much more vul-
nerable than adults to external events will also be affected
to a greater degree. 

Apart from this and for reasons we do not yet understand,
there are dramatic changes in fertility rates (i.e. number of
children per woman) which have strong effects on birth
rates. For instance, between 1990 and 2002, Poland experi-
enced a dramatic reduction in its fertility rate from 2.0 to
1.35. Similar changes occurred during the same decade in
several other countries such as for instance Italy, South
Korea, Spain or Ukraine. 

It is for these different reasons that in our stream analogy
the number of boats in successive batches was taken as a
random variable. 

On the contrary, once a generation has reached the age of
5 its reduction rate in the course of time will be fairly sta-
ble, only determined by the overall standard of living and
availability of healthcare. In short, when we follow a given
age group downstream we would expect a very smooth and
predictable evolution. However, there are two kinds of cir-
cumstances which will disrupt this smooth evolution. 

●Unexpected events which produce mass mortality such
as wars, epidemics or earthquakes. It is precisely in such

events that we are interested. It is because they will
appear as sharp falls on a fairly smooth curve that they
can be identified and measured. 

●When we follow an age-group downstream mass emi-
gration or immigration will also produce rapid changes.
In fact, the data make no distinction between people
who died or people who moved away. In both cases,
they just disappear from the census statistics. 

What is the reliability and accuracy of
census data? 

It is a distinctive feature of physicists to care about the
quality of the data that they use. Social scientists and partic-
ularly economists do not. This can be illustrated by two
facts: (i) Even though the accuracy of data is much higher
in physics than in the social sciences, physicists publish
them with error bars whereas social scientists do not. (ii)
By browsing through papers published in economic jour-
nals one quickly comes to realize that usually only 2 or 3
lines are devoted to discussing the origin, reliability and
accuracy of the data that will be used. Yet, if the data are
flawed the analysis will be faulty, confusing and useless.
This makes the question of data accuracy a matter of cardi-
nal importance. That is why we will give close attention to
the various pitfalls that may occur. 

Population pyramids rely on census data. Among statisti-
cal data recorded by government agencies, census data are
considered as particularly reliable and accurate. There are
two main reasons for this. 

●Because censuses were among the first operations that
were carried out, statistical agencies were able to devel-
op adequate procedures and improve them in the course
of time. 

● In contrast to macroeconomic data (e.g. statistics of
Gross Domestic Product) which require heterogeneous
variables to be aggregated (a process often referred to as
the problem of “adding apple to oranges”) population sta-
tistics only involve the addition of data of a single kind. 

In spite of this, population data (as indeed any data based
on observation) should be considered carefully and viewed
with a critical eye. 

Basically, population pyramids by country and province
require information about residence and age. Are these
variables easy to define and to collect? 



TOPICS IN PHYSICS

16 APCTP BULLETIN

Residence

As is well known, the specification of the residence poses
some problems for certain categories of citizens who move
frequently such as for instance the personnel of the navy or
army. Such problems can be solved by setting up clear
rules and definitions. Let me give an illustration. At first
sight, the big dip in the male population shown in Fig. 2
may look surprising. It becomes clear once one knows that
in the 1990s the North Korean government has made the
choice of counting the military personnel separately from
the rest of the population3). 

Age 

One may think that for age there should be less problems
than for place of residence. Observation shows otherwise.
This is can be illustrated by the following examples. 

●The population pyramid of France based on the census
of 1851 (Fig. 3a) shows big steps for the ages of 30, 40,
50, 60 and 70 years. For instance the population for the
50-year age group is almost twice the populations of the
49-or 51-year age groups. Why is this so? A compari-
son with population pyramids of the same period in oth-
er countries such as Canada or the United States (espe-
cially at state level4)) shows the same feature. On the
contrary, twentieth century data do not exhibit such a
feature. The most likely explanation is that this feature
comes from the recording procedure. First, one must
realize that French people who were 50 in 1851 were
born in 1801 at a time when the registration of births by
state agencies was just beginning. As a result, many of
them did not know their age with precision. To the
question “How old are you” asked by the census officer,
they may have answered “Around 50” which was then
recorded as 50 on the census form. In short, by giving
the closest round number as a proxy of their age people
favored multiples of 10 but also (albeit to a smaller
extent) multiples of 5. 

● In the case of India (Fig. 3b), in addition to the multi-
ples of 10, the steps for ages which end with 2 or 8 are
also larger than expected. The number 8 is considered
as a “good” number in China. Is it the same in India?
We do not know.

●As mentioned above, the bias in favor of multiples of 10
and 5 also occurs for the 1850 census in the US state of

Georgia (Fig. 3c). In this case there are in addition sub-
stantial random fluctuations due to the fact that the pyra-
mid is based on a 1% sample of the total population.

●The case of Chile (Fig. 3d) is somewhat different in the
sense that in this case the steps which are enlarged are
those which end with 2. The age groups for 32, 42, 52,
62, 72 have a size which is systematically larger than
the adjacent age groups. The difference is not as big as
in the previous examples but it is nevertheless signifi-
cant. For instance, the 42-year age group is 30% larger
than the 41 or 43 age-groups. How can one explain this
feature? This can possibly be explained by assuming
that the census agent did not ask the age but the year of
birth. Thus, because the census was done in 1992, if a
person born around 1950 rounds the number to 1950
that would produce an excess of people who were 42
year old in 1992. 

Whatever the exact reasons of these discrepancies, they
are very damageable for any precise analysis. To some
extent they can be eliminated by constructing broader age-
groups for the following age-intervals: 

(0.5, 10.5) (10.5, 20.5) (20.5, 30.5) ... 

In this way, one has age-groups of equal amplitude and
the big steps at 10, 20, 30,... will be divided uniformly
between the two adjacent decades. Of course, such a treat-
ment will probably not be sufficient to make a very irregu-
lar pyramid (such as the one for India) acceptable. 

3) Most countries do not include in their censuses the personnel of
armed forces who are located overseas; counting apart the mili-
tary based in the country is more uncommon. 

4) For instance, at the census of 1850 in Georgia the age-group of
30 has a size four times larger than those for 29 or 31. 

Fig. 2: Sex ratio by age in North Korea. The big dip in one of
the curve is due to the fact that the military have not been
included in the census of 1993. The blue curve which
refers to 5-year age-groups has been corrected for this
effect on the basis of previous censuses. At this point it is
not clear why it gives a ratio which is lower than the oth-
er curve in ages from 0 to 18.  Sources: United Nations:
population by single years of age; United Nations: World
Population Prospects, 2008 revision. 
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How to estimate birth numbers from
population pyramids? 

Birth and death rates are the two main demographic vari-
ables. Both can be estimated by using the information con-
tained in population pyramids but birth rates are much easi-
er to estimate than death rates. In this section we discuss
how this can be done and how reliable such estimates are. 

The first step of a population pyramid for year 1995 (for
instance) gives of course the numbers of birth in this year.
Does the population pyramid also allow us to estimate birth
numbers for the years before 1995 and, if so, for how many
years? For instance, the people who are 20 year-old in 1995
were born in 1975; can their number be used as a proxy for
the number of people born in 1975? The answer to this

Fig. 3a: Population pyramid of France in 1851. The steps of
ages that are multiples of 10 are larger than they should
be.  Source: Annuaire statistique de la France, Annu-
aire rétrospectif (1966) 

Fig. 3c: Population pyramid of the US state of Georgia in
1850. The steps of ages that are multiples of 10 are larg-
er than expected. Source: IPUMS (USA).

Fig. 3b: Population pyramid of India in 1991. The steps ages
which are multiples of 10 or which end with 2 and 8 are
much larger than expected.  Source: United Nations:
Population by single years of age.

Fig. 3d: Population pyramid of Chile in 1992. The steps of
ages 32, 42, 52, 62, 72 are larger than expected. Source:
United Nations: Population by single years of age. 
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question depends on what happened between 1975 and
1995. If in those years there was a big disaster or a disease
which greatly affected the young people, then the age-
group born in 1975 will be so much reduced until it reaches
the age of 20 that it cannot well reflect its initial birth size.
In other words, there can be no general answer to our ques-
tion. It all depends on whether there have been special cir-
cumstances or not. 

It will be helpful to illustrate this argument by an exam-
ple. Fig. 4 provides a comparison between birth numbers
(broken line) in Japan and age-group sizes (solid lines)
derived from 3 population pyramids. 

First, we must say how the 3 solid line curves were
derived from the age-group numbers given by the pyra-
mids. They are in fact identical to the steps of the pyramids
but instead of the age it is the birth year which is used to
label the age-groups, For instance, the people of age 20 in
the pyramid of 1955 were born in 1935 and in 1955 they
numbered about 1.7 million. Similarly, the people of age 60

in the pyramid of 1995 were also born in 1935, but in 1995
their number has been reduced to 1.5 million. The second
curve is lower than the first because some people in this
age-group have died between 1955 and 1995. In a general
way, the solid line curves are all lower than the broken line
curve of birth numbers; the only exception would occur in
case of a major immigration inflow. The only year when
this may have occurred in this graph is 1946 when many
Japanese people established in China or Korea came back
to Japan following the end of the war. 

The fact that, despite a high mortality of young men dur-
ing the war, the broken and solid line curves are fairly close
shows that the sizes of age-groups provide good estimates
of birth numbers. This is an important rule. 

As one goes more toward the past the solid lines curves
become of course lower but it can be seen that their short-
term fluctuations still fairly well reflect the fluctuations of
birth numbers. For instance, the sudden fall in births which
occurred in 1906 is fairly well reproduced in the pyramids of
1955 and 1975. This event as well as the 3 others marked by
vertical lines will be discussed in the next section. 

Statistical signature of hardship through
abrupt birth falls

We have observed previously that birth rates are subject to
many fluctuations. However, abrupt falls over a period of one
or two years followed by a return to the level which preceded
the fall most often indicate that the population suffered some
form of hardship as a result of events such as war, food short-
age, or other disruptions. What makes this observation of
particular interest is the fact that, as we have seen, birth rates
can be easily measured on population pyramids. 

Wars

France When one looks at the population pyramid of
France in 1936 the first thing which attracts attention is a
huge indentation around the age of 20. Of course, one is
tempted to make a connection with World War I. However,
this indentation does not correspond to the soldiers who
died in the war. As a matter of fact, the indentation is the
same for males and females. Another indication is provided
by the fact that in 1936 the people corresponding to this
notch are 20-year-old which means they were born in 1916.
In short, the war brought about a massive reduction in birth
rates: they were divided by 2. 

Fig. 4: Comparison of birth numbers with the sizes of steps
of population pyramids. The fact that the 3 population
pyramid curves closely follow the ups and downs of the
number of births shows that, unless there are special cir-
cumstances, population pyramids provide good estimates
of birth numbers. Between 1947 and 1957 the infant
mortality rate was divided by 3, this explains the sudden
increase in the distance between the broken and solid
curves in the years before 1950. The fact that it became
momentarily smaller in 1946 can be explained in only
two ways (i) The birth data for 1946 may be incorrect
(there is considerable uncertainty for Japanese vital rates
in the years immediately after 1945) (ii) There was a
massive inflow of Japanese (from Korea and Japan) with
babies of less than one year.  Sources: Historical Statis-
tics of Japan: online database of the Ministry of Internal
Affairs and Communications. The birth data are from
Liesner (1989)
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A natural question is whether the pyramid also allows us
to identify the disappearance of the more than one million
soldiers who died on the battle fields. If we look at the step
corresponding to an age of 40 (that is to say 20 in 1916) we
see a reduction of 14% in the size of the male step. There is
no such reduction on the female side. However, this reduc-
tion is much less visible than the fall in birth numbers. Not
only is it much smaller but it can be identified with certain-
ty only because it did not affect the women. 

Incidentally, one can also see on this pyramid the effect of
the war of 1870-1871 between France and Prussia allied to
Austria. It appears as a reduction of 17% for the step corre-
sponding to age 64 (1936-64 = 1872). In this case the deaths
which occurred during the war are completely invisible
because they affected people who are 84 year old in 1936.

United States The Civil War brought about a substantial
reduction in birth rates especially on the Confederation
side. This makes sense because in contrast to Connecticut
and Massachusetts all the four Confederate states consid-
ered in Fig. 6 were directly confronted to military occupa-
tion by Union troops. 

In contrast, neither World War I nor World War II seems
to have lead to a reduction in US birth rates. How can one
understand this? For World War I, the explanation is proba-
bly that US troops played a role only in the last months of the
war. During World War II some 12 million Americans (10%
of the population) served in the armed forces. Thus, the lack
of any reduction in birth rate may seem more surprising. One
possible explanation is the following. During the Great
Depression there was a marked reduction in birth rates but in
1940 with the beginning of the war came a great wave of
prosperity. The two effects probably cancelled one another. 

Are birth rates sensitive to food shortages? 

Reductions in birth rates occur not only during wars but
also as a result of other kinds of hardships. For instance one
may wonder what is the impact of food shortages. Nowa-
days food shortages are rare in developed countries but
they were fairly common in former centuries. In other
words, in order to observe the effects of food shortages it is
a good idea to use data from former centuries. 

France between 1800 and 1850 This was done by the pre-
sent author in a study (Roehner 1990) about France in the
first half of the 19th century. It was shown that in this time
there was a significant correlation coefficient (r = -0.6)
between the price of wheat and the number of births. Natu-
rally a high price of food meant scarcity and shortage for
the poorest people. However, these reductions in birth rates
were too small (compared to the noise) to be visible on the
population pyramid of 1851. The same study also shows
that for these relatively mild food scarcities there was no
significant correlation between wheat prices and mortality. 

In other words, birth numbers are a much more sensitive
indicator of food shortages than death numbers. Thereafter
we will refer to this result as the “birth-hardship criterion”. 

However, one must recognize that in some cases the
effect on births is surprisingly small. This is what we dis-
cuss now. 

The case of Henan in 1938 and 1944 It is well known that
in the 1930s there were a number of serious food shortages
in several provinces of China. One of the most severe
occurred in Henan in June 1938 after the levees of the Yel-
low River were blown up by Kuomintang troops in a des-
perate attempt to stop the Japanese Army. We are told that
almost one million people died through the flood and ensu-
ing food shortage and that 12 million were made homeless

Fig. 5: Reductions in births in France during the First
World War. During the 5 years of World War I France
experienced a reduction in births of up to 50%. The two
years after the end of the war were marked by a weak
and short-lived babyboom; in 1920 the birth rate did no
longer exceed its pre-war level. In contrast, the end of
World War II was marked by a strong and lasting baby-
boom. So far, we do not really understand the reason of
this difference.  Sources: Annuaire Statistique de la
France 1966, Résumé Rétrospectif. 
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(see http://mygeologypage.ucdavis.edu). In 1943 there was
another flood in Henan during which (according to the
same website) “3 million of people starved to death”. If one
estimates the population of Henan in the 1940s to be of the
order of 30 millions5), 3 million deaths represent 10% of the
population. Yet, the birth rate as reflected in the population
pyramid of Henan, shows only a modest fall of 22%
between 1941 and 1944. Between 1937 and 1939 the
reduction was even smaller, only 18%. One must keep in
mind the possibility that the figures of one and three mil-
lions of deaths are perhaps over-estimates. 

Below we take the problem by the other end in the sense
that we consider episodes that are marked by large birth
reductions. The problem then is to understand what kinds
of hardship were responsible. 

The birth reduction of 1961 in Chinese provinces A clear
case of birth reduction is provided by the Chinese province
of Sichuan in south-west China. The population pyramid of
this province shows that between 1958 and 1961 the num-
ber of births fell by 63%. In other provinces birth numbers
fell also but less. For instance, in the cities of Beijing and
Shanghai the reduction was only 30%. The reduction was
even smaller in the Northern provinces of Heilongjiang,
Jilin and Inner Mongolia (20%). The province where the

reduction was the smallest was Tibet (5%)6). For all
provinces together the average reduction was about 40%.
This is of the same magnitude than the reduction in France
during World War I. 

What were the factors behind these reductions? René
Dumont, a French expert in agricultural economics who
traveled extensively throughout China in these years, cites
mainly three factors. (i) Food shortage due to bad weather
combined with the fact that many peasants were employed
far away from their village in the amelioration of irrigation
systems and could not take part in the harvests7). (ii) As the
men were often sent to other places for work on dams,
canals or dykes, family life was disrupted. Moreover these
rapid changes generated a reaction of social resistance and
the resulting conflicts added to the hardship of families
(Dumont 1964 p. 387). (iii) Finally, there was already an
attempt at some limited forms of birth control. Early mar-
riage was discouraged and late marriage encouraged; eco-
nomic advantages for children were restricted after the third
child (Dumont 1964, p. 396). 

A confirmation of the role played by the disruption of
family life comes from the fact that birth reductions were
twice as high in regions such as Henan and Sichuan (where
hydraulic systems are of key importance) as in the northern
provinces. 

To the three factors listed by Dumont one can add a fourth
that he does not mention but which appears fairly clearly by
examining the population pyramids. After the end of the civ-
il war in 1950 there was a babyboom in many Chinese
provinces. Such episodes usually last only a few years. It
seems that this boom came to an end toward 1957-1958
which means that, together with the other factors, this con-
tributed to the birth reduction. Incidentally, after 1963 there
was a second babyboom which lasted some 12-13 years. 

Fig. 6: Reduction in birth rates during the Civil War in the
United States. Solid lines correspond to Confederation
states whereas broken lines correspond to Union states.
The war was marked by falls in births of up to 30% in the
Confederation and of the order of 10% in the Union. This
suggests that, as expected, Confederate states suffered
much more than Union states. It can be noted that no
records of birth statistics are available in this period. These
states became so-called registration states only in the
1910s. In other words, the only way to explore this demo-
graphic aspect of the Civil War is to use population pyra-
mids.  Sources: IPUMS USA (University of Minnesota). 

5) This rough estimate results from the population of Henan in
2010 divided by the growth factor of the total Chinese popula-
tion which is about 3). 

6) The population pyramid of Tibet is one of the smoothest and
most regular of all provinces. It has no visible indentation and
moreover the male/female ratio does not show any systematic
deviation from 1, a feature which is in marked contrast with
many other provinces. 

7) Dumont writes the following: “Between 1955 and 1964 I observed
the most extraordinary transformation of the agricultural landscape.
When one flies over China from Hanoi to Beijing one sees that the
regions to the south of the Yangtze are now covered with canals,
levees and dikes where only water reservoirs had existed previous-
ly.” (Dumont 1964, p. 393, my translation) 
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Before we leave this topic a last remark is in order. There
has been an ongoing debate about the amount of excess deaths
during the years 1958-1961. Unfortunately, at this point we
have no way to make reliable estimates based on population
pyramids8). This is an ongoing work however and we hope
that in the future it will be possible to solve this question. 

Another cause of birth reduction 

Just to show that the factors mentioned previously are not
the only causes of sudden reductions in birth numbers we
describe here a very different cause. In Fig. 4 there are two
events labelled “Fire Horse” which are marked by sudden,
short-lived birth reductions. These events occurred in 1906
and 1966 respectively. The expression “Fire Horse” refers to
the Chinese calendar. This calendar comprises 12 different
animals such as “Horse” and 5 different symbols such a
“Fire”. This means that a specific animal together with a
specific symbol will occur every 12×5 = 60 years. In Japan
there is a strong belief9) that a daughter born in a Fire Horse
year will bring ill-being and suffering to her family. As a
result some 10% of the couples preferred to postpone a pos-
sible birth to a later year. The fact that this reduction
occurred twice and exactly in the expected years suggests
that this explanation is indeed the right one. 

Previously we mentioned factors which affect people in
their material living conditions. The Fire Horse events show
that social beliefs can have an equally strong impact on births. 

Simple versus difficult cases 

In the previous section we have seen that abrupt changes in
birth numbers sharply affect the shape of population pyra-
mids. Why is this so? The reason is very simple. For any age-
group the birth year represents a single year. So any short-
lived event which affects births will leave its mark on only
one or two steps of a pyramid. On the contrary, an event such
as an earthquake or a disease will affect all ages and reduce
many steps of a pyramid. As a result, it will be difficult to
distinguish this effect from a multi-year trend in birth rate. 

In addition the effect of special events on birth rates can
lead to reductions as large as 50%. On the contrary, even
major wars hardly ever kill more than 10% of an age group.
For instance, over one million French soldiers were killed
on the battle fields of World War I but these deaths were
distributed over several age groups with the result that in
each age-group the reduction did not exceed 15%. 

In short, any event that (i) is concentrated in time (ii)
affects only one or two age-groups and (iii) affects them
strongly (effect larger than 10%) will be easy to analyze
through population pyramids. On the contrary, episodes
which last several years and affect a whole population from
young to elderly will have only a “diluted” impact on age-
groups and therefore will be hard to detect and even more
difficult to analyze. 

Population pyramids of North and
South Korea 

In the previous sections we have shown two things: (i)
That population pyramids can be used to estimate birth
rates. (ii) That a dip in birth rate provides a signature of
hardship whether due to war or to other factors. In the pre-
sent section we wish to apply these clues to a specific case,
namely a comparison between the population pyramids of
North and South Korea (Fig. 7). 

Similarities 

First of all, by comparing the broad shapes of the two
pyramids we see that they look fairly similar. From top to
bottom (that is to say from 1915 to 2005) one can mention
the following features. 

●For women of old age (over 65) the slopes are almost
the same which points to similar conditions in caring for
the elderly. The case of men seems different but this
comes from a depletion of these age groups before
World War II (as will be seen below). 

● In contrast to the case of European countries or Japan
there was no babyboom in North and South Korea after
the end of World War II10) . 

● In both countries a babyboom started at the end of the
Korean War and lasted until 1970. 

●Both pyramids show a narrow base which indicates a
reduction in birth rates after 1975.

8) In the next section we explain why this is a more difficult problem. 
9) Although the same calendar is used there is no similar belief in China.
10) A babyboom can be defined by the fact that in the years after the

war the birth rate is higher than it had been before the war. France
provides a spectacular illustration. Between 1946 and 1969 the
birth rate was on average 50% higher than between 1930-1939. 
In Japan birth rates in 1947-1950 were 25% higher than before the
war but after 1950 they quickly came back to their pre-war level.
Fig. 7 suggests that there was a small increase in births in South
Korea between 1945 and 1950 but the real babyboom came after
1953.
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Differences 

One can note the following differences. 
●From the 1965 pyramid it can be seen that for North

Korean people born between 1900 and 1935 the ratio
male/female is much lower than for South Korean peo-
ple. It becomes as low as 0.6 whereas in South Korea it
is almost 1. At this point we have no explanation.

●Whereas the Korean War did not much affect the birth
rate in South Korea it strongly affected the birth rate in
North Korea. 

●The North Korean pyramid shows a substantial indenta-
tion around 1978. For South Korea there is also a reduc-
tion but it is more a trend than a sudden event. This
indentation can be explained by two factors. (i) It occurs
some 25 years after the Korean War which means that
the reduced age groups due to the war will have fewer
children than the normal corresponding age groups in
South Korea. However, because of the dispersion in the
age at marriage this effect should be less abrupt than in
1953 which means that there was probably a second fac-
tor. Indeed, in these years (and probably following the
example of China) the North Korean government started
a policy of birth control. More details can be found in the
article “Changes in population of North Korea”. 

Was there a severe famine in North Korea? 

Although this point does not originate from a comparison
of the two pyramids one can hardly avoid this question
because it has generated a vivid debate in recent years and
even up to now. On the one hand, there are some Western
experts who claim that around 1998 there was a severe
famine in North Korea which caused between 600,000 and
4 millions deaths. On the other hand one has the thesis that
there was indeed a food shortage but no real famine with
many deaths. What is the truth? 

We said that it is not the examination of the pyramid
which raises this question. Indeed, the pyramid show noth-
ing special in 1998. According to our previous hardship cri-
terion a famine should have produced a marked indenta-
tion, at least of same magnitude as the one in 1978. But
nothing of the sort can be observed. 

As a matter of fact, if one believes that the population data
transmitted to the United Nations by the North Korean gov-
ernment are basically correct, the famine thesis does not hold.
This follows not only from the population pyramid but also,
more simply, from the examination of the total population.
During the 1990s and 2000s in normal years the natural popu-
lation increase (due to the difference between birth and death
rates) was about 15-7=8 per thousand. With a population of
about 20 millions one gets an annual surplus of 160,000.
Now, even if one takes the lowest famine death toll estimate,
namely 600,000, and if one assumes that this toll was spread
over 3 years, one gets an annual population change of
160,000-600,000/3= -40, 000 which means that the popula-
tion should have been decreasing over 3 years. This is in con-
tradiction with the data about the North Korean population11).
The curve which shows the evolution of the population
between 1961 and 2003 does not reveal any annual fall. 

In short, the two claims are incompatible. One of them
must be wrong. Because it would lead us too far away from
the main topic of this article we will not here try to discuss
the validity of the two theses. More details can be found in
the longer version of the paper which is available on the
author’s homepage. In particular, it will be seen that the
internal documents of two organizations which should be
well informed on this matter, namely the US State Depart-
ment and the United Nations Food and Agriculture Organi-
zation, hardly ever mention a famine in North Korea. They
mention a chronic food shortage but they do not mention

Fig. 7: Comparison of the population pyramids of South and
North Korea. The comparison raises the question of
what caused the dip of 1978. Two factors seem to have
played a role: (i) The fact that the reduced age groups of
the Korean War reached marriage age (ii) The birth-con-
trol program launched by the North Korean government
possibly following the example of the one-child policy
which was introduced in China around this year.
Sources: United Nations: World Population Prospects,
2008 revision. 

11) See for instance on Wikipedia the file Korea-North-demography.png 
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people starving to death. Beyond this debate, what is per-
haps the most important point from a scientific perspective
is to realize that the thesis of a famine which caused 2 mil-
lion deaths is not as well established as the broad coverage
it has received in western media would lead us to think12) . 

Conclusion and perspectives 

In this article we tried to convince the reader that popula-
tion pyramids are an effective tool for exploring the demo-
graphic facet of social phenomena. As the purpose of the
paper is to provide an overall introduction it focused on
basic principles and some illustrations. Many questions still
need to be investigated more closely. For instance in the case
of a war what is the key-factor? Is it the death of soldiers, the
occupation of parts of the country by foreign troops, the
destruction of cities by air raids or some other factor?

As in physics one can study each factor separately 

In contrast to many other questions in the social sciences
for which we cannot set up many experiments, here we can.
We are in the same position as the astrophysicists mentioned
at the beginning of the paper. We have enough cases at our
disposal to isolate one factor after another. For instance, if
we wish to study the effect of air raids, we can investigate
the cases of Germany or Japan in 1945, of North Korea in
the Korean War, of North Vietnam in the Vietnam War, of
Iraq in the First and Second Gulf Wars. Similarly, for occu-
pation cases there are many specific episodes. 

In fact, we are even in a better position than astrophysi-
cists because we can first test our methodologies on known
cases. An example will explain what we mean. By using
the population pyramids of Japan for the years 1898, 1903
and 1908 it is possible to estimate the number of excess
deaths due to the Russo-Japanese War of 1905. This pro-
vides a useful test of the methodology because it is possible
to compare such excess-deaths to what historians tell us
about the toll of the war. 

Research agenda 

This example suggests a 4-step research agenda. 
(i) First one develops a new measurement method (ii) Then
one tests it on several “known” cases. (iii) If the death esti-
mates provided by the method agree with those given by
some reliable sources, the method will be validated. (iv) Once
validated, it can be used to explore cases for which there are
no reliable data or for which there are conflicting data. 

How to find new measurement methods? 

For discovering new measurement methods (the first step
in our previous agenda) the strategy that we suggest is
inspired from what physicists do. To make this point clear-
er it may be useful to recall a well-known example. 

●Light rays usually move along straight lines. This is
what can be called the basic rule.

●However, in some cases they do not move along straight
lines. This signals that some “special event” is taking
place. For instance, the basic rule will not hold in a sub-
stance whose index of refraction is not uniform or in the
strong gravitational field that exists in the vicinity of the
Sun. In such cases the trajectory of the light-ray is bent. 

●By measuring the angle of deviation of the light-rays, it
is possible to get information about the “special events”.
Thus, in the two previous cases one can determine the
gradient of the refraction index or the strength of the
gravitational field. 

Similarly, our strategy will comprise the following steps. 
●First, one must analyze the process of aging and discover

some “basic rule”. As an example of such a rule, one can
mention Gompertz’ law which says that after the age of
40 the probability of death doubles every 8 years.

●When population pyramids show a deviation away from
the basic rule this tells us that a special event has occurred. 

●By comparing actual data to what the rule would led us
to expect, one can determine the characteristics of the
“special event”. 

Appendix A. Sources for census data 

In order to build population pyramids by single year of
age for the different provinces of a country, one needs cen-
sus data about age and place of residence. Moreover, one
would like to find such statistics for as many countries and
as many dates as possible. Where can one find such infor-
mation? There are several possible sources. Thanks to the
Internet all of them are fairly easily available. 

12) An example chosen at random among many similar sentences reads
as follows. “The exodus of North Koreans to Jilin and Liaoning
Provinces [North of China] began in earnest in the waves of famine
that struck North Korea in the mid-1990’s, killing as many as two
million people” (New York Times 24 March 2005). It can be noted
that the 2 million death toll is presented here as a fact not an esti-
mate or a conjecture. Incidentally, there was also an exodus of Pol-
ish people to the UK, Ireland and Iceland in the 2000s without any
famine in Poland; they were just seeking better wages. 
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National statistical organizations 

For census data the primary sources are the statistical
agencies of each country. Although more and more countries
publish their statistical yearbook in bilingual form (national
language + English) the more detailed statistical data that we
need are usually not published in bilingual form. In other
words to get access to such Japanese data (for instance) one
needs some knowledge of the Japanese language. 

Fortunately, there are some websites which provide the
information that we need for many countries. In what fol-
lows we restrict ourselves to such sources which are freely
available on the Internet13) . 

The IPUMS websites 

IPUMS is an acronym which means “Integrated Public
Use Microdata Series”. The word “microdata” means that
this website provides individual census data for representa-
tive samples (usually 1% samples) of the whole population
of a country. There are two IPUMS websites: “IPUMS
USA” gives data for American censuses from 1850 to
2000. “IPUMS International” covers several countries14).
Through these data bases one can build population pyra-
mids at regional level (provinces for China, canton for
Switzerland, and so on). 

UN database of populations by single years of age. 

The United Nation provides population data by sex and
single year of age for almost all countries and at various
dates. These data can be used very easily to build popula-
tion pyramids at country level. 

UN database of populations by 5-year age groups (1950-2010)

The Population Division of the United Nations periodi-
cally publishes a dataset entitled: “World Population
Prospects”. The 2008 Revision was released on 1 Septem-
ber 2010. Among other things, this database gives the pop-
ulation of all countries by sex and 5-year age groups.

It should be noted that, strictly speaking these data are
not census data. This is clear from the fact that the tables
are given for the same years (1950, 1955, 1960, 1965, ...) in
each country whereas actual censuses take place in differ-
ent years depending on the country. In other words, the
data given in this database are estimates computed by the
Population Division. 

There are two sections about “Sources” and “Assump-
tions” in which official sources are listed. However, this list
mentions only the most recent censuses. For instance in the
case of Korea (North and South) no indication is given about
the sources which were used for the estimates of 1950 and
1955. Moreover, the “Assumptions” section does not say
precisely how the interpolations (or extrapolations) have
been performed. The assertion which is made that “popula-
tion data from all sources were evaluated for completeness,
accuracy and consistency, and adjusted as necessary” actual-
ly means that one must trust the experts who produced the
estimates. We do not intend to say that the estimates are not
good but rather that one cannot know how good they are. 

In addition to the previous multi-national websites one
can also mention a very convenient website which gives
historical data for Japan. 

Historical Statistics of Japan 

The statistical series on the website “Historical Statistics
of Japan” are published by the Japanese Ministry of Inter-
nal Affairs and Communication. The population data give
the distribution by single years of age for all censuses held
in Japan between 1884 and 2000. 
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In dynamical phenomena in strong
gravitational field such as formation of a
black hole in stellar core collapse and
merger of black holes and neutron stars,
general relativity plays a crucial role.
The basic equation in general relativity is
Einstein’s equation, which is highly non-
linear equation. To theoretically under-
stand general relativistic phenomena, we
have to solve Einstein’s equation.
Because of its nonlinearity, it is impossi-
ble to solve this equation analytically for
general dynamical problems (except for highly idealized
problems possessing high spatial symmetries). Numerical
simulation is the unique approach for solutions of such inter-
esting phenomena in nature. Numerical relativity is the field
which pursues numerical solution of Einstein’s equation
using supercomputers. In the last two decades, importance of
numerical relativity has been increased in theoretical physics,
and as the demand for it increased, the community of numeri-
cal relativity has achieved great progress. The purpose of this
article is to review the progress achieved in the last decade
and the resulting current status of numerical relativity. 

There are currently at least three
important roles in numerical relativity.
First, numerical relativity is an invalu-
able tool for predicting gravitational
waveforms from the gravitational-wave
sources for kilo-meter size laser-interfer-
ometric gravitational-wave detectors
such as LIGO [1], VIRGO [2], and
LCGT [3]. To detect gravitational waves
and to extract physical information from
the detected signal, it is necessary to pre-
pare a theoretical template for data

analysis [4]. To derive such a template for highly nonlinear
phenomena such as merger of compact binaries composed of
black holes and neutron stars, numerical relativity is obvi-
ously the unique approach. Second, numerical relativity is an
important tool for theoretically studying general relativistic
astrophysical phenomena such as supernova stellar core col-
lapse and formation of central engine of gamma-ray bursts.
For these phenomena, compact objects (black hole and/or
neutron star) are believed to be accompanied, and thus, a
highly dense state is realized. Then, it is quite difficult to
directly observe such a dense region, in which key informa-
tion is hidden. A well-known example is supernova stellar
core collapse. To clarify the mechanism of supernova explo-
sion, it is necessary to clarify the physical state of the central
region around the collapsing core which is composed of a
protoneutron star and infalling material. However, this task
is impossible by electromagnetic wave observations. Even if
observations by neutrinos and gravitational waves become
possible in the future, the information obtained is restricted.
For understanding such phenomena, numerical-relativity
simulation plays a crucial role. Third, numerical relativity
can play an important role for clarifying the nature of gener-
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al relativity. Because Einstein’s equation is highly nonlinear,
the number of exact solutions for dynamical problem
derived so far is still quite small. In particular, there are only
few solutions for dynamical spacetime of no symmetry. To
understand the possible outcome in dynamical and highly
nonlinear situation (e.g., in high-velocity collision of two
black holes), numerical relativity is an invaluable tool (an
excellent example is the discovery of the critical phenomena
by Choptuik [5]). Because of the progress in particular in the
past decade, numerical relativity has reached a state that it is
possible to play a substantial role for all three subjects
described above. In the following, I summarize what were
the issues, that have been solved. 

For numerical relativity simulation, there are several
ingredients necessary to be prepared. The following is the
list for them: 

1. Solving Einstein’s equation for dynamical spacetime. 

2. Finding appropriate gauge conditions (finding a method
for fixing coordinate degrees of freedom). 

3. Solving matter equations in general relativity. For most
cases, it is required to solve hydrodynamic or magneto-
hydrodynamic equations. 

4. Finding and analyzing black holes. 

5. Evolving black holes stably and accurately. 

6. Extracting gravitational waves in a wave zone (using
adaptive mesh re.nement technique). 

7. Incorporating realistic micro physics for high-density
matter for a realistic astrophysical simulation. Ultimately,
neutrino radiation transport equation has to be solved. 

The first three are main ingredients in numerical relativity:
If one has these implementations, it is possible to evolve
spacetime and matter field in any case. Now, it may be per-
mitted to declare that these are not problems any longer. We
know at least two robust formulations (Baumgarte-Shapiro-
Shibata-Nakamura (BSSN) [6] and generalized harmonic
formulations [7, 8]) for evolving Einstein’s equation stably
and accurately. In particular, BSSN formulation has been
shown to be a robust formulation for a wide variety of space-
times. We also know robust gauge conditions that are applic-
able to a wide variety of problems; e.g., for BSSN formula-
tion, the so-called puncture gauge condition [9] is found to
be quite robust for a wide variety of spacetimes. We also
have several schemes for evolving hydrodynamic and mag-
netohydrodynamic equations stably and accurately [10]. 

Numerical techniques have also been developed. For
evolving spacetime, currently, fourth-order finite differenc-

ing in time and space is standard, and for evolving hydrody-
namic equations, third-order (in space) shock-capturing
scheme is standard. Although there are still rooms for
improving these schemes for a more precise computation (in
particular for a special problem which requires a high resolu-
tion such as resolving magnetohydrodynamic/hydrodynamic
instabilities of a small characteristic wavelength), they are
quite robust for deriving scientific results. Because disconti-
nuities are absent for geometric variables, not only finite dif-
ferencing scheme but also spectral (or pseudo spectral)
methods can be also employed. Cornell-Caltech group has
been developing an implementation using the spectral
method [11]. This is robust for precisely evolving vacuum
spacetime such as binary black hole. 

The fourth and fifth ingredients are necessary for evolv-
ing spacetime in which black holes are present. Black holes
often appear in dynamical phenomena in general relativity,
and hence, these are also substantial ingredients in numeri-
cal relativity. For determining the presence of a black hole,
one has to find event horizon, strictly speaking. For this
purpose, however, we have to determine the causal struc-
ture of the whole regions of the relevant spacetime. For
achieving this in numerical relativity, it is necessary to save
the huge data for the spacetime. In the present computa-
tional resources, this task is possible but it is still time-con-
suming and it requires a large disk space. In numerical rela-
tivity, the presence of a black hole is usually ascertained by
finding the apparent horizon (a marginally trapped two-sur-
face for massless particles), because its presence implies
the presence of event horizon and it is determined without
information for the detailed causal structure. Properties of a
black hole may be also determined approximately by ana-
lyzing geometric quantities of the apparent horizon such as
its area and its shape. This is not strict method for analyz-
ing the properties of the black hole. However, a number of
numerical experiments performed so far show that analyz-
ing apparent horizon is a good approximate method for
many problems. It is no longer a difficult task to determine
the presence and location of apparent horizon, and several
numerical methods for finding apparent horizon are now
available. 

One of the most difficult problems in numerical relativity
had been to stably and accurately evolve a space-time includ-
ing black holes for a long term. This task is required, e.g., for
evolving binary black holes and for evolving a system
composed of a black hole and disk which is a possible out-
come after core collapse of massive star and a promising
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candidate for central engine of gamma-ray burst. The issue
in the presence of a black hole is explained as follows: The
presence of a black hole implies that a singularity eventually
appears in a finite proper time. To avoid the appearance of
the singularity in numerical simulation, we usually choose a
time coordinate in which time does not proceed near the sin-
gularity while time proceeds in other regions. However, in
such a time coordinate (time slice), the extrinsic curvature on
the slice near the black hole center usually becomes very
large, and a coordinate singularity associated with the unnat-
ural shape of the spacelike hypersurface often develops,
crashing numerical computation. The solution to this issue is
either to excise a computational domain near the true singu-
larity or to choose an excellent time coordinate in which
coordinate singularity does not appear (or effectively is
excised). This issue was resolved in 2005 by two different
methods. In one method, one employs the so-called excision
technique, in which a region inside apparent horizon is
excised from the computational domain. Using this method,
Pretorius performed a black-hole merger simulation for the
first time [8]. In the other method, one employs the so-called
puncture gauge condition together with BSSN-puncture for-
mulation. With this method, the true singularity is avoided
and furthermore coordinate singularities are effectively
excised without an artificial excision technique. This method
was experimentally discovered by Campanelli et al. and
Baker et al. independently [9]. The latter method is more
popular than the former one nowadays, and is employed by a
number of numerical-relativity groups in the world. 

For extracting gravitational waves accurately (the sixth
ingredient), we had two issues. One was to develop a for-
mulation for extracting gravitational waves from geometric
quantities such as three metric and extrinsic curvature. The
other was to develop a computational technique to accu-
rately extract gravitational-wave component in a wave zone
which is far from the central region. For the former, we
now have two robust methods: one is to calculate gauge-
invariant quantities (Moncrief variables [12]) and the other
is to calculate the outgoing component of Weyl scale (the
so-called ψ4) which is also gauge-invariant in the wave zone
(e.g., [13]). Now, we know that both work well if gravita-
tional waves are extracted in the wave zone, in which
spacetime metric is well approximated by flat metric plus a
small perturbation. The latter issue is purely computational
one: We have to prepare a wide computational domain.
This is because the wave zone for most problems in numer-
ical relativity is typically located for r 100GM/c2 where
M, G, and c are total mass of the system, gravitational con-

stant, and speed of light. This is much larger than the size
of black hole and neutron star which is of order GM/c2.
Namely, in numerical relativity, we are required to resolve
two different length scales. Assume that we use uniform
grid which can resolve the size of the compact objects, say
the grid spacing is of order 0.1GM/c2. Then, the total grid
number in one direction has to be more than 103. Because
the number of dimension for space is three, more than 109

grid number has to be prepared for extraction of gravita-
tional waves. Simulation with such a huge grid number is
expensive even using current supercomputers. 

Currently the best way for overcoming this issue is to
employ adaptive mesh refinement (AMR) algorithm. With
it, we need to prepare a fine grid only near the compact
objects and are allowed to use a coarser grid in the wave
zone for which the grid spacing may be much larger than
the finest one if wavelength of gravitational waves is well
resolved. This significantly saves computational costs (the
cost is reduced by a factor of 100-1000), and furthermore,
enables to improve the grid resolution near the compact
objects sufficiently. This technique has been developed by
several groups in the past decade [13, 14] and has been one
of the core implementations in numerical-relativity simula-
tion. For example, high-precision simulation for inspiral
and merger of binary black holes is now feasible thanks to
AMR (e.g., [8, 9, 13]). This is also the case for the study of
binary neutron stars and black hole-neutron star binaries.

The remaining issue in numerical relativity is to incorpo-
rate realistic micro physics. This is necessary for a detailed
study of phenomena in which high density and high temper-
ature are realized; e.g., supernova core collapse and merger
of binary neutron star. Specifically, it is necessary to take
into account a finite-temperature equation of state (EOS), to
follow fractions of electrons, neutrons, protons, and heavy
nuclei, and to incorporate effect of neutrinos. Incorporation
of finite-temperature EOS has been done by Dimmelmeier et
al. [15], Sekiguchi [16, 17], and Duez et al. [21] recently. In
addition, Sekiguchi has developed a neutrino leakage
scheme for incorporating neutrino cooling for the first time
[16]. He uses his new implementation to stellar core collapse
to a black hole surrounded by a hot and massive torus and to
following subsequent longterm evolution of this system [17].
However, neutrino heating process has not been incorporat-
ed in numerical-relativity simulation yet. Moreover, neutrino
radiation transport has not been solved yet. These are issues
for the future. In particular, including neutrino radiation
transport is the final frontier in numerical relativity. 
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Finally, I summarize the current status for several impor-
tant subjects in numerical relativity. Here, I only choose the
subjects for which I have special interest. 

Merger of binary black holes  

After the first success by Pretorius [8], a large number of
simulations have been performed for inspiral and merger of
binary black holes. In current typical runs, more than 7.8
inspiral orbits, merger, and ringdown are accurately com-
puted. The longest and accurate simulations were per-
formed by Cornell-Caltech group [11]. In the record
longest run, about 17 inspiral orbits are followed. Derived
gravitational waveforms are used for calibrating those by
analytic approximate methods such as post-Newtonian [11,
18] and effective one-body approximations [19]. 

A wide parameter space has been surveyed by many
groups. The mass ratio employed for accurate simulation
ranges from 1 to 10. Recently, simulation with mass ratio
of ~ 100 was attacked [20]. A wide range of black hole
spin, ranging from a = 0 to about 0.9, is also employed (see
[22] for a review). Recently, inspiral and merger of a high
spin binary were studied by Caltech-Cornell group [22]
(see also Liu et al. [23]). However, an ultra high spin case
such as with a ≥ 0.99 has not been explored yet. This is an
issue for the future. 

It is found that the merger process of binary black hole is
rather simple. It gradually evolves as a result of gravitation-
al radiation reaction, and eventually merges. Soon after the
onset of merger, a deformed black hole is formed, but the
deformation soon disappears as a result of gravitational-
wave emission. Then, a stationary spinning black hole is
formed as a remnant. This process holds irrespective of
black hole spin and mass ratio. Reflecting the universality
of the merger process, gravitational waveforms are univer-
sally composed of a chirp signal in the inspiral phase and a
ringdown waveform associated with a quasinormal mode
of the formed black hole in the final phase. 

An important finding was that as a result of anisotropic
emission of gravitational waves, the merged black hole
could get a large kick velocity (e.g., [24]). This happens
when the mass ratio is not equal to unity or when the mag-
nitude or direction of spin for each black hole is different.
The kick velocity could be quite large ( 1000 km/s) if
each black hole has a large spin. The magnitude is large
enough to escape even from galactic center. 

Simulation for the inspiral and merger of binary black
holes in a dilute matter environment (such as accretion
disks) will be an important subject to predict the electro-
magnetic counter parts accompanied with burst emission of
gravitational waves (e.g., [25]). In the next several years,
numerical simulation with a sophisticated accretion flow
model should be developed. 

Merger of binary neutron stars  

After the first success by Shibata and Ury-u [26] in 2000,
several simulations have been performed. In the early stage of
this field before 2006 [27], the focuses were primarily on
dynamical process in the merger phase, gravitational waves
emitted during the merger, and final remnant. An important
finding in this epoch was that the outcome soon after the onset
of merger is either a black hole or a hypermassive neutron star
(HMNS). The HMNS can be formed if EOS for the neutron
star matter is stiff enough, and criterion for the HMNS forma-
tion depends strongly on the EOS. Another important finding
was that quasi-periodic gravitational waves with frequency
2-4 kHz are emitted from the HMNS. The effective ampli-
tude could be high enough to be detected by advanced laser-
interferometric detectors such as advanced LIGO. 

In the last 3 years, longterm simulations for following
late inspiral phase for several orbits were performed by
Baiotti et al. and Japanese group [28.30]. In the late inspi-
ral phase just before the merger, each neutron star is
deformed by tidal force of the companion neutron star.
This modifies the orbital evolution from that derived by
point particle approximation, and the degree of the modi-
fication depends sensitively on the EOS. For detecting
gravitational waves and for extracting information of neu-
tron star (in particular EOS), it is necessary to develop a
modified template including the effect of tidal deforma-
tion. For phenomenologically incorporating the tidal
effect in the template waveforms, numerical-relativity
simulation for ~ 10 orbital periods has been actively done
recently (e.g., [31]). 

Merger of black hole-neutron star binaries 

As the methods for simulating black hole spacetime were
developed, simulation for black hole-neutron star binaries
became feasible. Soon after the first success of binary black
hole simulation, Shibata and Ury-u performed the first simu-
lation for black hole-neutron star binary in 2006 [32]. Then,
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a number of simulations have been also performed in this
field (see [33] for a review). 

For this system, the final fate is classified into the follow-
ing two cases. If tidal force of black hole is not strong
enough to tidally disrupt neutron star outside the innermost
stable orbit, the neutron star is simply swallowed by the
black hole. This occurs if mass of the black hole is suffi-
ciently large or if radius of the neutron star is sufficiently
small. On the other hand, neutron star is tidally disrupted
by black hole if mass of the black hole is sufficiently small
or if radius of the neutron star is sufficiently large. The cri-
terion depends also on the black hole spin, because the cou-
pling force between the black hole spin and orbital angular
momentum is large enough to modify the orbital motion in
close orbits. In general, the spin effect, if the black hole
spin and orbital angular momentum vector aligns, relaxes
the criterion for the onset of tidal disruption. 

Tidal disruption event is well reflected in gravitational
waveform in the following manner: Before the onset of tidal
disruption, the so-called chirp signal (inspiral waves) is emit-
ted. However, soon after the onset of tidal disruption, ampli-
tude of gravitational waves damps quickly. In the Fourier
domain, this quick damping is reflected in a sharp cut-off of
the spectrum at the so-called cut-off frequency. This frequen-
cy depends on masses of black hole and neutron star, black
hole spin, and EOS of neutron star. The first three parameters
will be determined by analyzing chirp signal. Thus, by deter-
mining the cutoff frequency, it will be possible to constrain
the EOS of neutron star. This fact implies that black hole-
neutron star binary is an invaluable experimental field for
investigating high-density neutron star matter. 

To explore the possibility whether merger of binary neu-
tron stars and black hole-neutron star binaries could form a
central engine of short gamma-ray burst (a system com-
posed of a rotating black hole surrounded by a massive hot
torus), it is necessary to perform a simulation incorporating
micro physical process such as finite-temperature EOS and
neutrino processes. In numerical relativity, such a sophisti-
cated simulation has not been done yet extensively, and
should be done in the next several years. 

Stellar core collapse 

Simulation for stellar core collapse in numerical relativity
plays an important role in at least two aspects. First, it is nec-
essary to precisely understand the mechanism for supernova

explosion and gravitational waves emitted during the explo-
sion process. Second, it is necessary to clarify the formation
process of a black hole which will be formed if the collapsing
core mass is large enough. This subject is also important for
clarifying the formation process of central engine of gamma-
ray bursts, which is believed to be composed of a stellar-
mass black hole surrounded by a massive and hot torus. 

For the simulation of stellar core collapse, it is necessary to
incorporate detailed micro physics, as already described. Par-
tial micro physics is taken into account by Dimmelmeier et
al., Sekiguchi, and Duez et al. However, without including
effects of neutrino radiation transport, the simulation can
never be realistic in this field, for which nothing has been
developed in multidimensional numerical relativity (in New-
tonian gravity, several radiation hydrodynamic simulations in
multi-dimensions have been done in the last several years,
e.g., [34] and references therein). Developing a neutrino radi-
ation hydrodynamic implementation is one of the most
important issues in numerical relativity in the next decade.

High-dimensional numerical relativity 

Clarifying formation and evolution processes of mini
black hole in higher-dimensional spacetimes has become an
important issue since a possibility of black hole formation in
huge particle accelerators was pointed out [35]. If our space
is a 3-brane in a higher-dimensional spacetime of dimen-
sionality d ≥ 6 [36] or in an anti-de Sitter (AdS) spacetime
of d ≥ 5 [37], the Planck energy could be of O(TeV) that
may be accessible with particle accelerators in operation
(e.g., LHC). In the presence of the extra dimensions, black
holes of small mass energy TeV may be produced during
the particle collision in the accelerators because the true
Planck energy may be as low as TeV scale.

To determine the condition for black hole production in
particle collision and to find what kind of black hole is
formed, numerical-relativity simulation seems to be unique
approach. By this motivation, numerical-relativity codes for
higher-dimensional spacetime have been recently developed
[38]. As the first application of this direction, stability of
spinning black hole with one spin parameter was studied
[39]. Such a black hole is the possible outcome in particle
accelerators in TeV gravity scenario. It is found that rapidly
spinning black hole is unstable irrespective of spacetime
dimensionality d ≥ 5 [39]. The unstable black hole sponta-
neously emits gravitational waves and deforms to be an ellip-
soid. After substantial emission of gravitational waves and



January-December, 2010 31

TOPICS IN PHYSICS

resulting loss of angular momentum, the black hole settles to
a stable black hole of spin smaller than critical value for the
onset of instability. This indicates that in particle accelera-
tors, rapidly spinning black hole cannot be produced. 

The primary interest in this field is in the collision of two
high-velocity black holes (or particles). Result for such
simulation has not been published yet. The urgent subject
in the near future is to perform such simulation and to
determine the criterion of black hole formation and proper-
ties of the black hole. 
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One of the greatest abilities the human being possesses
compared to other organisms may be its capacity for reflec-
tion or reflexivity. The ultimate goal of introspection is to
imagine the future action’s consequences. In order to chal-
lenge any new and different situation, it is first necessary to
reorient to those lessons we have learned from the past’s
similar experiences. This is the purpose for which our
memory capacity evolved, and the reason that the most
venerated sages of the past were those who remembered
the important things well.

Memory does not occur by itself, though. Very critical or
exciting experiences -- any kind of experiences that were of
great significance to our survival -- are partly stored up as
resources for future use. However, we spend so much time
just to memorize knowledge for a test that is mostly
insignificant in our current life. This is why that knowledge
vanishes as soon as the test has been handed in. In the off-
chance that we do have a clear recall of all that knowledge,
it is quite likely that this will actually get in the way of the
business of imagining the “new” future. There might be a
big difference between those who depend more on memory
(for example, lawyers and doctors) and those who focus
more on imagination (scientists and artists, say).

Unfortunately, most of our memories have to do with
outcomes, achievements and conclusions. The processes
leading up to those products tend to be overlooked, and the
contents of our memories mostly consist of the traces of
products that are left behind. It is a truly lamentable state of

affairs. As a result, there is often a limit to how useful the
things we remember could be for the new environs; even
we often experience a tendency for them to become an
impediment. But reflection or reflexivity has the function
of making us look back upon not only the outcomes, but
also the processes that produced those outcomes. And it is
only when this is possible that reflection will serve as a
guide to seeing the “future” anew in relation to the past. 

Are scientists doing a good job of being reflective or
reflexive? One could make the argument that by continuous-
ly investigating their research topics, focusing on some spe-
cific subject, scientists are constantly engaged in a very
scrupulous form of reflection. They invest imagination into
the results of previous experiments, and they seek to test
new hypotheses through continued experiments. They are
constantly attentive not only to their own experimental find-
ings but to those of others as well, and they compete to make
new discoveries. This process is well depicted in James Wat-
son’s book The Double Helix. Often, the act of surveying
related research findings at the beginning of one’s paper in a
literature review is a way of demonstrating one’s steady
accumulation of scientific knowledge, but to the researcher
himself or herself it is a capital opportunity for reflection. 

The truly staggering fact, however, is that these scientists
do not really reflect on their own research process per se.
This applies equally to scholars in humanities and social
sciences. For instance, we rarely see any major reflection as
to how, of all the possible topics, a particular research topic
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could be chosen; why a researcher came to pay a special
attention to it; and what kind of a thinking mode he or she
approached with. If biology differs from physics and chem-
istry, areas that deal with the inorganic, a biologist could
very well investigate the reflective act of an organism, for
example, the researcher himself or herself. However, not
only do biologists focus more on “other” persons and
species as research subjects than on themselves, but they
also tend to treat those others as basically inorganic.

The situation is arguably the same for the social sciences
referred to as “behavioral sciences,” including psychology.
There is even a tendency to view following the research
methodology and concepts of physics as a shortcut for the
behavioral sciences to become mature disciplines. The
source for concepts such as personality, attitude, mind, per-
ception, communication, interaction, and culture is the
reductionism tradition of physics, which has been evi-
denced to be so poor to explain the human being’s behav-
ior. In other words, social scientists are even more pitiful in
terms of lack of their reflective research efforts -- they sel-
dom dedicate investigation to their own research behavior
per se. As a result, the way their research on human beings
unfolds differs little from how the natural sciences always
end up treating their subjects as inorganic matters. All that
is done is to substitute concepts of “mind,” “personality,”
“attitude” and “belief” for the names of molecules, atoms
and particles. But to what extent can our ever-changing,
behavioral organism be explained through such “trans-situ-
ational” concepts?

Now it is the scientists’ turn to reflect on the behavior per
se of scientists themselves, for us to closely examine our
own behavioral processes. (Wake up, biologists and behav-
ioral scientists!) Based on my own reflection, I would say
that our first concern has to do with problems threatening
our survival, and so, our first requisite is to be exposed to
just those problems. There is nothing of such primary impor-
tance as detecting the various problems or threats that arise
internally like disease and externally like car accidents and
war. So, the 17th century is a great civilization period, for it
brought the simultaneous inventions of the microscope (use-
ful in searching for internal problems), the telescope (useful
in locating external problems), and the newspaper (the mass
medium which uncovers societal problems), making survival
of human society a far easier affair. Ultimately, life is about
making one’s way through various problems present and
potential, and nothing is so essential to survival as establish-
ing connections with those problems or threats.

Relevance that arouses our interest emerges when we are
faced with some kind of problem or threat. An organism’s
sensory organs have been evolved to detect it. But since a
collectivity such as a family, a group, an organization, or a
country has no inherited body unlike an individual, it is
highly vulnerable to attack and eventual extinction without
establishing its own sensory organs (e.g., the Monitoring
Section, the Situation Room, the National Intelligence Ser-
vice, the mass media). Thus, communication that we value
most highly is the kind that enables us to be exposed to
urgent problems in a timely manner. By going to the doc-
tor’s office to get our regular checkup or subscribing to
print or broadcast media, we are engaged in a communica-
tive effort aimed at forging timely linkages with urgent
problems or concerns.

Given the indeterminism condition of the universe, colli-
sions, problems, and threats are omnipresent. Those count-
less dangers threaten our survival at every moment; the dif-
ference is only the degree of imminence. However, our
ability to deal simultaneously with all of these dangers is
finite. Our attentional capacity is limited to focusing on
only one threat at any given time. It is this “one focus at a
time” (singularity) attention principle that magicians and
comedians exploit to entertain us. The human condition of
paying attention to only one threat at a time lets us think
about many implications.

Even after they had spent an hour reading newspaper or
watching news on television, most people don’t remember
what the top news of the day was (that is, the biggest social
problem or threat). The reason is that even though we have
been exposed to a multitude of social concerns, they have
failed to bring our interest -- we haven’t paid attention --
and as a result there is almost nothing left of them in our
memory. And when we conduct conversations together, we
discuss all kinds of concerns, including the day’s weather.
But if nothing stands out as particularly important and
pressing, our communication amounts to nothing more than
a passing lark. So the kind of communication that invites
our attention involves making one particular concern stand
out among a host of other concerns. Such attention-bring-
ing communication is not easy. That’s why our daily life
has fewer instances of focused attention.

In terms of a scientist’s research process, it could be said
that the scientist sticks to a particular research topic or
problem and produces an achievement, as he or she has met
up with its concern inviting his or her focused attention. Of
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course, the “concern” can, in many cases, be a “puzzle of
nature” for the scientist. The research activity of the so-
called “basic scientists” mainly falls into this category, and
it is the logic that underlies the research and development
(R&D) tradition: When a puzzle of nature is answered (R),
we are able to solve a problem of more mundane or practi-
cal concern (D). At the same time, however, there are also
many cases of “D&R” achievements, in which a (practical)
problem first attracts the focused attention of a scientist,
and his or her efforts to solve it eventually lead to success-
ful answering of the nature’s puzzles. If we engage in
reflection on our behavior per se, we can see that the lat-
ter’s logic (D&R, not R&D) is a mechanism that can func-
tion more effectively, more productively, in the human
condition. Louis Pasteur focused first and foremost on
practical problems of the country in France, among them,
those of wine production, silk production and rabies, and
then, he could answer many puzzles related to discovering
microorganisms. This example appears to contain many
implications for us. The fact that technological develop-
ment has, independently, far outstripped scientific develop-
ment is another case in point.

Our cognition is really activated only when we focus our
attention on some problem of concern. However, simply as
we are exposed to the problem, our cognizing is very limited
to minimum level; it amounts to little more than simply rec-
ognizing what that problem is. But there arises active cogni-
tion that defines the problem and seeks its solution, once the
focused attention has been achieved. To put it simply, this is
the stage where problem-solving efforts truly unfold.

So the problem-solving stage involves active cognition
that is only possible, after we have been exposed to a prob-
lem of concern and our focused attention on it has been
established. Reflection over our own behavioral processes
is enough to show that this is the case. But it is only at this
stage that we really start to make use of information in our
memory, relevant information provided by others, and even
new information we produce for ourselves. These types of
information functionally serve the entire processes from
clearly defining the problem to producing solutions on it.
For the most part, scientists’ research efforts fall into this
category. But we must not forget that, with any research
subject, be it a problem or a puzzle, prior stages of expo-
sure and focused attention must take place.

When we, non-scientists or scientists, are reflecting on
our own behavioral processes, we can see that our reflec-

tion on the basic human conditions arrives at the same con-
clusion: We first expose ourselves to a variety of problems
of concern, we focus our attention on one of those  that we
believe is the most critical and pressing, and only after that
attention has taken shape do we begin to take the active,
full cognitive process of solving the problem. The existence
of these three stages speaks to the fact that completing our
behavior processes is not simple at all. In most cases, it
could be argued, we take a move right after the exposure
stage. Habitual moves prevail, and our focusing attention
and cognition are often ignored.  However, when we are
facing a problem of tremendous significance (i.e., high rel-
evance), we take a move after we have completed both the
first exposure and the second “attention” stages. Such cases
are infrequent in our daily lives and that’s why we are not
constructive all the time. 

Now it seems to be clearer in which stage science com-
munication can be most effective. Is knowledge of science
useful in getting us to be exposed to problems of concern?
Is it useful in getting us to focus our attention on one partic-
ular problem? Is it useful in the cognitive stage, when we
are defining that problem and composing its solution(s)? In
particular, do non-scientists see scientific knowledge as
something helpful to their exposure of a problem, their
focal attention on it, or their definition and solution of it? I
suspect the general public would subscribe most to the
third’s understanding.

If we reflect on our own behavioral processes, we can see
that these three stages -- at a minimum -- are involved. So
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when a scientist communicates with a non-scientist as part
of a science popularization activity, or when a scientist in
one area communications with another scientist in a differ-
ent area for interdisciplinary research, the first step should
be to touch upon the other party’s problem of concern. For
only then is it possible to establish mutual relevance. The
first mistake typically made by experts and scientists (those
of humanities and social sciences included) is to start off by
proffering one’s own expertise or scientific knowledge.
This may be gratifying the message senders themselves,
but in all likelihood the other party, that is, the message
receivers, will sense a big barrier and feel much less favor-
able toward the senders and their areas or sciences.

“Empathy,” “mutual understanding,” and “working-
together” are terms used to refer to the process and outcome
of focusing attention on the other party’s problems. We
reach the highlight of empathy when we communicate to co-
focus attention on the other party’s most serious problem.
By doing this, we can go further to achieve mutual under-
standing and work together. We need to consider (and ques-
tion) how useful science communication can really be to the
“co-focusing attention” stage, where empathy is summoned.
If scientists keep on transmitting scientific knowledge unilat-
erally, empathy and mutual understanding can’t be accom-
plished with the other party, especially with non-scientists.

Only after the stage of co-focused attention to the other
party’s problem has been achieved does scientific informa-
tion necessary to solve its shared problem become accepted
in any useful way. The truly astonishing thing is that, in this
stage, science communication becomes very useful informa-
tion -- flesh and blood -- for the other person. The informa-
tion assumes a profound place in the other party’s memory
without any deliberate efforts to memorize. When we talk of
“career,” it refers to the knowledge obtained through just this
kind of problem-solving experiences. So it is in this cogni-
tive problem-solving stage that science communication
works most effectively. But unless we successfully get
through prior co-exposure and co-focused attention stages
with the other party -- unless we first achieve empathy and
mutual understanding of the other party’s key problem -- sci-
ence communication that will function effectively in defin-
ing and solving that problem is doomed to failure as well.

Now we see that if we scientists remain unaware of how
remiss we have been in reflecting on our own behavioral
process per se, we will fail to grasp the essence of science
communication and remain incapable of engaging in it

effectively. Indeed, we will fail to achieve greater effective-
ness in any communication at all, any human relationship,
any research activity. For effective science communication,
it is essential that we understand why the history of tech-
nology, which takes “problem” before “puzzle,” has far
outstripped the history of science; why Pasteur’s D&R
could be more productive than R&D; and why scientific
knowledge, as a rule, could be more helpful in the problem-
solving’s cognitive stage after co-exposure to and co-
focused attention on the problem of concern. Here, we can
see that scientific understanding of the human condition
still remains far away. Even it occurs to me that research on
science communication enables us to  reflect newly on the
very essence of science, for example, on a new processual
perspective of human behavior.
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The goal of scientific communication efforts to date has
mainly been to promote the public’s understanding of sci-
ence. But if we look at the many discussions that have taken
place to date, we can see not only that the very concept of
“public understanding of science” is unclear, but that there is
no clear evidence indicating that people are developing posi-
tive attitudes toward science as a result of the information
scientists provide. In a word, scientific communication itself
is becoming a fuzzy concept. In addition to the ambiguity of
its goals, the lack of any substantive discussion on the need
for scientific communication also plays a large part in this
situation. So when do we need scientific communication?
For the most part, scientific communication attracts public
attention when science itself is regarded as a risk. 

In the modern risk society, risk perception is very broad-
ranging and equal among individuals. Not only does risk
transcend space and time to affect all of us, but it also
refuses to stay put. For example, the damage caused by the
yellow sand that blows in from China every year is experi-
enced relatively equally by the people of South Korea. So
when science is perceived as a risk, many people are
prompted to think deeply about the effects science has on
them, and they come to adopt a more reflexive approach.
More and more people see science as their business.

Ultimately, the more reflexive individuals there are, the
richer societal discussions of science become, and the
greater the chance is that these individuals will organize
themselves to take part in the discourse. This is also the rea-
son that discussions centering on this very kind of participa-
tion, and the recovery of popular trust, have recently been

assuming a place at the heart of the scientific communication
debate. It is, of course, important to communicate scientific
information to people effectively. But if no efforts are made
to understand subjective perceptions of risk and to use this as
a basis in communicating, scientists are unlikely to over-
come the ambiguities of scientific communication. So we
now find ourselves at a juncture where science is perceived
as a risk, and when efforts are urgently needed toward a
deeper understanding of the communication involved.

Risk and Paradigms of Scientific Communication

Scientific communication has undergone three major par-
adigm shifts: toward the “popularization of science” para-
digm, the “public understanding of science” paradigm, and
the “social participation in science” paradigm. Populariza-
tion simply refers to efforts directed at expanding the reach
of science from a certain class of people to the entire pub-
lic. This approach is predicated on the view that the pub-
lic’s lack of scientific knowledge is a serious issue and a
problem that must be solved through education. What this
approach lacks, however, is sufficient reflection as to why
people need science.

People do not support science simply because they pos-
sess a lot of scientific knowledge. Indeed, there is a tenden-
cy for such knowledge to reinforce their existing attitudes
toward science. In point of fact, there is no clear evidence
at all to indicate that attitudes toward science have become
more positive because of increased knowledge of science.
The Chernobyl disaster that took place in the 1980s in the
former Soviet Union prompted many to worry about the
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Once in a while, though, science doesn't just fail - it goes spectacularly, even horribly, wrong. 
And that makes for a great story. (Simon Levay, “When science goes wrong”).
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catastrophes that science might cause. So this focus on pro-
moting public understanding of science has involved a
wide array of efforts at persuasive communication aimed to
eliciting support and understanding for science. As we
move away from this first stage, characterized by the “infu-
sion” of scientific knowledge, and arrive at the next stage
of “public understanding of science,” the focus shifts to
programs and campaigns aimed at promoting a broad sci-
entific understanding through a variety of media.

But there are also limits to simply promoting popular
understanding of science. Perceptions of science in modern
society are linked with perceptions of risk. The broad-rang-
ing nature of the risks that arise in modern society, tran-
scending time and space, raises the point that people’s
understanding of science is less of an issue than their distrust
of science. There is a significant relationship between peo-
ple’s lack of self control and their view of modern society as
more dangerous. The presence of risks that people cannot
control rather than ones they can decide for themselves -
risks that render personal means of defense useless - are
leading people to become ever more distrustful of science.
Cases in point are the mad cow disease furor of the early
1990s and the genetically modified food scare in the later
part of the same decade. The more risks there are that are
beyond people’s capability to control, the more they come to
distrust the science that presents those risks. People’s per-
ceptions of uncontrollable risk cannot be resolved simply
through one-sided transmission of information and persua-
sive efforts aimed at restoring confidence in science, scien-
tists, and scientific organizations. People now want to be
able to take part themselves in the process of determining
risks, and they are calling for a role of responsibility for
themselves. So the last stage, “social participation in sci-
ence,” refers to attempts at forming a sphere where such
people can participate in the public debate on risk and
encouraging two-way communication between experts and
ordinary citizens so that both can examine the issue at hand.

The development of these three paradigms can ultimately
be dimensionalized in terms of lack. The first stage, the
popularization of science campaign, took issue with a lack
of knowledge; the second and third stages, those of public
understanding of science and social participation in science,
were responses respectively to a lack of positive percep-
tions regarding science and a fundamental lack of trust in
scientists and science-related organizations. Scientific com-
munication is, in the end, an active response aimed at mak-
ing up for these deficiencies. As noted before, the social

participation paradigm, which has received the most atten-
tion of late, is closely linked with issues of risk. The focus
in scientific communication must now fall on looking
squarely at these issues and solving them with the partic-
ipation of the public. For it is only such efforts that can
resolve the distrust people feel toward science and the peo-
ple responsible for it. People’s perception of risk should be
seen as a subject for communication rather than for igno-
rance or misunderstanding. Sometimes, the common sense
knowledge of ordinary people can be more rational than the
views of experts, and their personal experiences can
become an important element in scientific knowledge.

Risk Perception, Bias and Communication

It is important to understand the element of risk in scien-
tific communication, as people only really develop an inter-
est in science when a danger arises that is in some way con-
nected with themselves. An illustration of this is the heated
debate over the risks of environmental hormones. Ultimate-
ly, scientific communication must take place in two forms:
the kind aimed at promoting scientific understanding, and
the kind intended to guide the discourse on issues of risk.
What is clear, however, is that we are unlikely to promote
interest in scientific communication among the general
public without discussions on risk communication. And
these discussions must be clearly predicated on an accep-
tance of the way risks are perceived by the general public.

Persuasively intended scientific communication focuses
principally on functional goals, based on a universal con-
sensus on the need for science. In risk communication,
however, the goal, as with the social participation para-
digm, is the sharing of meaning between science and the
general public. There are no fixed scientific norms, and any
prior determinations about science itself are excluded. Pop-
ular perceptions of risk are respected, and communication
takes this as its starting point. Also, the notion that science
can make objective determinations of risk is acknowledged
to be a fiction. No one can transcend time and space to
make a judgment on the present risk, and it becomes ever
more important to generate a consensus on the risk through
popular participation and communication, as well as to take
joint responsibility for managing the issue.

The presentation of risk simply in statistical terms of
degree of impact and probability of occurrence is quite
divorced from the general public’s understanding of risk.
For example, we have seen a difference from people’s actu-
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al perceptions of risk in the probabilistic discussion sur-
rounding the incidence of mad cow disease. Experimental
results produced in a laboratory with limited samples and
under restricted conditions seldom represent the ordinary
person’s perceptions. Scientists need to understand that
there are no objectively existing risks - that all risks are
reconstituted socially. For instance, chicken consumption
drops sharply whenever a story about bird flu appears on
the news. In statistical terms, the chances of contracting
bird flu from eating chicken are exceedingly remote. But
the perception of the risk among the general public does
not confine itself to scientific data.

Studies of risk perception show two major dimensions to
our understanding: knowledge and fear. For the most part,
the general public understands risks in terms of fear. The
expert’s understanding, in contrast, has no major correla-
tion with the two dimensions. The risk perceived by the
expert is estimated mainly in terms of predicted fatalities or
casualties. Ordinary people fear risks that are out of their
control, things that are unfamiliar and excite fear, whereas
experts place more value on statistical estimates. This dis-
tinction confounds communication between the two groups
and frustrates attempts to reach an agreement on issues of
risk. Many factors play a part in the ordinary person’s per-
ception of risk, but the most typical are things like the
degree of voluntariness and controllability, the possibility
of catastrophe, the extent of knowledge, the extent of bene-
fits, the extent of involvement, sociocultural values and
ideas of fairness. A person’s fear of uncontrollable risk is at
a maximum in the case of a nuclear waste treatment facili-
ty, whereas in cases like sick house syndrome we feel it is
something we can control, and so we actually perceive less
of a risk than an expert might. Any attempt to resolve
issues of risk merely through expert discourse, without tak-
ing into account the public’s perceptions, will inevitably
lead to popular resistance and a deeper distrust of science.
As such, risk communication must incorporate sufficient
consideration of these perceptions.

In addition to risk perception, bias is another factor that
we must watch out for in the communication process.
When it comes to making decisions about risk, we are all
prisoners of bias. We tend to be biased toward avoiding
risks when they are outside of our control, and toward
accepting them when they involve voluntary participation.
The famous “prospect theory” throws our biases regarding
risk into sharp relief. Even when the utility value is the
same in probabilistic terms, we are more likely to avoid a

risk when it is presented in terms of benefits?how much it
can help us - and more willing to accept it when it is posit-
ed in terms of loss - i.e., how many people might die.
Prospect theory shows that our decision may differ from
the utility value according to the perspective from which
we view the risk. Ultimately, a prerequisite for any risk
communication is the acknowledgement that an objective
“right answer” based on statistical procedures may not
agree with people’s understanding of the risk.

The existence of such biases further underscores the
importance of risk communication. Studies of the biases
people exhibit during decision-making show that they take
three main forms: availability bias, similarity bias and con-
firmation bias. People may make determinations about risk
based on the information they can easily call to mind, or
they may lump the risk together with ostensibly similar
kinds. For example, some people may perceive heart dis-
ease to be less of a risk than AIDS, which is more readily
called to mind. And on issues where we have strong con-
victions, we tend to maintain those beliefs even if it means
ignoring contradictory information. This is closely linked
with tendencies in media reporting on risk; when the news
does a story on the detection of heavy metals in cosmetics,
it will often pay attention only to the information that
makes the story more sensational - which has the effect of
confounding rational discussions about the actual risk.

Scientists also frequently fall victim to an excess of confi-
dence. In terms of statistical significance, a 95% confidence
level is not perfect, but scientists are biased toward trusting
in probabilities. Their disregard for the possibility of a
nuclear power plant disaster or the failure of a large-scale
national project is another example of this kind of excessive
confidence bias. These rosy predictions heighten the subjec-
tive nature of risk perception. The important thing here is
that both experts and the public at large suffer from bias - no
one can be completely free from it. If we acknowledge the
existence of such bias with regard to risk perception, it
brings the importance of risk communication into even
sharper relief. Only when both sides acknowledge their bias-
es and embark on efforts at communication does it become
possible to overcome bias and, ultimately, resolve the risk.

Of course, the most convenient form of communication
would be the kind where the scientist expert makes a
scrupulous determination about the risk and the public sim-
ply accepts this. In this case, there may be no need for com-
plicated procedures like communication and popular partic-
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ipation. But the risks of modern society are such that we no
longer trust in the objective determinations of scientists.
For example, the claims made by government-commis-
sioned experts during the building of a nuclear waste treat-
ment facility conflicted with those made by experts with
environmental groups. A similar situation is seen with the
battle among experts over the South Korean government’s
Four Major Rivers Restoration Project. Not even the
experts can agree about the risks of modern society, so
there is nothing like an objective reality free from any per-
sonal values. Under these circumstances, scientists who tell
the general public to simply go along with the statistical
estimates are showing an utter disregard for the publics
who will be directly affected by the risk. If even scientists
cannot reach a consensus on the risk, how can one exclude
the public that will bear the brunt of it? While it may be dif-
ficult to have a discussion process that takes into account
the differing risk perceptions among experts and ordinary
people, as well as people’s various biases about risk, it is
only when scientists acknowledge that they themselves are
every bit as biased as the general public, and accept mem-
bers of that public as legitimate partners in communication,
that the first steps can be made toward solving the problem.

Programs for Risk Communication 

In a manner similar to a scientific paradigm shift, risk
communication has progressed from a stage where commu-
nication centered on experts, the purveyors of information,
to one where it centers on the public, the recipients of infor-
mation. It has been a move toward valuing the role of the
general public as active participants. In risk communica-
tion, the goal is to reach the point where a true partnership
can be established with the general public. You may tell the
public that cosmetics containing minute quantities of heavy
metals are not harmful to the body. But they will perceive
the risk based on factors such as their trust in the organiza-
tion making the claims, their past experience, and their con-
cerns about long-term effects. So the most important thing
is to set up a forum for public debate, a setting for discourse
on social risks that takes into account the perceptions of the
ordinary public. The discussion must take place at a level
that the ordinary citizen can understand, the debate must be
open to everyone, and the forum should be continuously
shaped as everyone searches for a solution together.

If we look at previous discussions having to do with risk
communication, we can see that programs where the public
is not brought in to participate from the beginning - where

no forum for dialogue is established - are very likely to end
in failure, as are those where people lack trust in the indi-
vidual or organization, those where certain parties monopo-
lize experience and knowledge, and those that are arbitrari-
ly put together without concern for differences in people’s
involvement. Risk communication is unlikely to succeed if
it is not based in a philosophy of true popular participation.
The avenues for this communication could be broadly
understood to encompass two categories, namely those
using the existing mass media and those in which commu-
nication takes place directly between those with responsi-
bility for the risk and the general public. Not only have
many new communicative channels linking scientists and
the public come into being as a result of the development of
the Internet, but we are also seeing a number of “consensus
conferences” - attempts at developing problem-solving
plans and creating policy consensus through the joint par-
ticipation of scientists and members of the public on sci-
ence-related risks. Along with the development of such
channels, it is also essential to note those cases where the
risk is amplified throughout society.

Some discussions on risk are amplified endlessly within
society, while other risks disappear without a word.
According to the social amplification of risk model, risk
does not confine itself to those people in its direct sphere of
influence; instead, it is subjected to a process of individual
or social interpretation in which it becomes amplified or
diminished. The individual or organization that collects and
processes information from the risk’s initial impact is
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referred to as an “amplification station.” As risk passes
through such stations, it generates an amplified impact,
which spreads still further in a ripple effect. For example,
with the debates over atopy-causing agents in snack foods
or environmental hormones in airtight containers, the risks
were amplified throughout society via a process of individ-
ual or organizational interpretation. Most widely noted in
this amplification process is the role of the mass media.
The issues chosen as news are of major importance in
terms of the amplification of risk. The main risks that the
mass media regard as newsworthy are those subject to
secrecy or attempted cover-ups, or those related to con-
tentious issues. Indeed, it would be fair to say that most
cases of risk are newsworthy.

As such, many risks have the potential for amplification.
Under these circumstances, it is important to first grasp the
structure of conflicts among members of society, and then
organize a risk communication program to provide a forum
for public debate aimed at resolving this conflict, rather than
attempting to block the flow of information or simply feed-
ing people information. Since any risk that is newsworthy
will inevitably end up amplified through a variety of amplifi-
cation stations, it is fruitless to try to head this off artificially.
The social arena theory holds that when it comes to risk
issues, a society consists broadly of social actors, amplifying
organizations, political institutions, interested parties and the
general public. With most risks, the social actors decide on
an approach to the risk and interact with the amplifying
organizations to carry their claims in competition with the
interested parties and general public. An amplifying organi-
zation is a communicative channel such as the mass media.
So when a risk arises, the actors involved with the risk must
first grasp the structure of the social arena, and then figure
out how to achieve dialogue with other relevant actors,
including those with dissenting views, and generate a con-
sensus to resolve the issue.

Establishing a social arena with the participation of the
actors responsible for the risk, the mass media, the interest-
ed parties and the general public - all with differing views -
and generating open and truthful communication is perhaps
the most effective method of problem-solving. Any compe-
tition for influence within the risk should take place
through a risk communication program that incorporates
public participation. Ahead of any scientific data, this com-
munication should reflect the interests and concerns of the
public, disclose information promptly, and adopt a message
that the public will find easy to understand. Risk communi-

cation programs need to go beyond the level of merely
seeking the public’s understanding, developing instead into
interchange through communication and the formation of
true partnership.

Risk Communication and the Scientific Organization 

The discussion so far has focused on areas where science-
related risk communication is needed. But the actual applica-
tion of these principles requires a consideration of the agents
who will be carrying out the actions. Cases from real life
show us that risk communication is necessarily linked with
institutions that handle science. The Korea Food and Drug
Administration’s investigation into the harmful effects of
talc asbestos, the investigation of the link between a Sam-
sung semiconductor plant and the occurrence of leukemia,
and the investigation of a radioactivity leak in Daedeok Sci-
ence Town have all uncovered instances where risks
occurred at the level of organization. When a risk connects
with an organization to exert a combined influence, we call
this an “organizational crisis.” We can find many real cases
where organizations involved in scientific activity have had
to deal with crises. Because their management of the crisis
and their communication are most often what the general
public is exposed to, this communicative activity also has a
major effect on the overall image of science.

The biggest misunderstanding about crisis communica-
tion is that it is a passive, defensive form of communication
designed to shield the organization from outside criticism
when a crisis occurs. Crisis communication refers not to a
defensive form of communication in the narrow sense of a
response, but rather to a broad range of communicative
activities that serve to patch up ruptures in the organization-
al narrative that arise temporarily due to the occurrence of a
crisis. So it is important for the organization to express an
understanding of people when communicating about a cri-
sis, and to solve the problem together with the general pub-
lic based on a sense of shared understanding. Most critical
of all is the preservation of continuity based on honesty. If,
when devising crisis communication, one is unable to pre-
sent a rational basis for restoring a narrative rupture caused
by an organizational crisis, it will not be accepted as an
honest explanation by the general public.

Organizations involved in scientific activity should there-
fore take prior measures to determine how they are to com-
municate in the event of a crisis. Regular training should be
carried out to simulate hypothetical crisis situations, and it
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is also of critical importance to establish prior communica-
tion scenarios for a variety of potential crisis situations. In
the process, differentiated communication plans should be
created for each stage of the unfolding crisis. Crises gener-
ally follow a four-stage course of formation, eruption, miti-
gation and conclusion. From the organization’s standpoint,
it is essential to devise communication scenarios suited to
each of these stages. It is a good idea, for example, to focus
principally on providing information after the crisis has
erupted, and on calming people and controlling the impact
during the mitigation stage. Once the crisis has ended, it
then becomes necessary to engage in communication aimed
at restoring trust in science and improving its reputation in
the eyes of the public.

Should the organization find itself needing to apologize to
the public for the crisis, it is important to do so in a timely
manner and with the appropriate level of candor. When apol-
ogizing, it is of paramount importance to provide a clear
explanation of the circumstances, express sincere regret for
the error, and instill confidence that similar crises will not
occur in the future. If asked to offer two major principles for
crisis communication, I would give “control” and “compas-
sion.” In its communication, the organization must show that
it has absolute control over the risk and that the long-term
vision of science has become even more solid as a result of
the failure. Additionally, the organization should strive to
understand the perceptions of the public, both those directly
affected by the crisis and the public at large, and listen to
what they have to say, working with them to solve the prob-
lem. Without this kind of consideration for the general pub-
lic, crisis communication is unlikely to succeed.

An organization’s crisis communication could ultimately
be described as an interactive process aimed at jointly solv-
ing a problem by sharing with the public the narrative of
failure that the risk brought about. Other principles in real-
life crisis communication include: presenting appropriate
supplementary evidence related to the scientific facts, com-
municating coherently while avoiding any speculation that
could easily be refuted, and refraining from making any
rash moral judgments, maintaining instead an open attitude
toward the general public. At the same time, an organiza-
tion’s crisis communication is also connected to manage-
ment of conflicts at the societal level. For instance, a con-
flict may arise between the scientist groups bolstering the
logic behind the government’s Four Major Rivers Restora-
tion Project and those arguing against it, claiming that it
will actually destroy the rivers in question. Even in such

cases, the same principles of organizational crisis commu-
nication apply, with the goal of establishing a forum for
public discussion so that the organization can work with the
public to solve the problem.

Conclusion

Scientific communication is a setting where the objective
world of the scientist runs up against the subjective world
of the ordinary citizen. The “social participation in science”
paradigm is connected to the idea that we need communi-
cation that shows consideration for popular perceptions of
risk, based on a risk society discourse founded in a general
wariness of risk. The public’s lack of confidence in science
shows us that scientific communication can no longer rely
simply a one-sided courting of the public’s understanding.
It needs to share discussions on the risk with the public
through risk communication and to induce popular partic-
ipation so that both sides can take part in formulating poli-
cy decisions regarding the risk.

Based on the discussions that have taken place so far, risk
communication could be defined as a process of repetitive
communication in which information and opinions regarding
a particular risk are exchanged among individuals, groups
and organizations. It is also a communicative act aimed at
forming a rational and open sphere of public discussion to
ensure the safety of the individual, the organization and the
greater society from the risk. The one-sided, dogmatic deter-
minations of risk made by science are excluded from risk
communication. This principle links naturally with Jurgen
Habermas’ theory of communicative action.

According to Habermas, the establishment of free com-
munication in society requires that the arguments of all par-
ticipants be conferred with universal legitimacy. For an
argument to be legitimate, it must conform to the principles
of comprehensibility, truthfulness, factuality and normativi-
ty. Thus, an argument must be presented at a level where it
can be understood, it must be based in fact, it must be
approached sincerely by the person communicating it, and
it must not be in opposition to the society’s value system.
Free communication is unlikely to take shape when scien-
tists unilaterally proclaim the legitimacy of science alone,
while filling their arguments with arcane jargon or hypo-
critically generating false information. When all of the prin-
ciples of an argument’s legitimacy are observed, the partic-
ipants increase their chances of mutual understanding.
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But since it is seldom the case that all participants in the
communicative process accept the legitimacy of each oth-
er’s arguments, in such cases one proceeds to a discourse
based on evidence. Thus, a forum is created in which the
principles of legitimacy are freely discussed, a situation
referred to as “ideal speech situation.” Here, the partici-
pants in the dialogue freely express their views, and every-
one is guaranteed the same opportunity for rebuttal. The
establishment of an arena for public discussion in science-
related risk communication assumes this kind of ideal
speech situation. The objective reality of the scientist and
the subjective reality of the ordinary citizen are intricately
interwoven with social norms. But in the end, it is possible
to reach a consensus on the potential risks of science
through this kind of ideal speech communication scenario.

When people communicate without a legitimate basis for
their argument, the results are either very difficult or
absolutely dazzling. Few scientists have as strong a com-
mand of dazzling communication as Hwang Woo-suk did.
If his great fraud had not come to an end, we might have
expected to see collections of his quotations. But in scien-
tific communication, the important thing is to accept that
scientific issues are community issues and to form a setting
where everyone can express their views freely. No dazzling
rhetoric can substitute for two-way communication with
the public on risk issues.
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ITAP has been established in March 2006 in
Turunç/Marmaris Turkey with Tuğrul Hakioğlu as the
founding president who is also affiliated by the Bilkent
University/Ankara. The institute is a non governmental
organization and, in this respect, shares a lot in common
with APCTP. Being currently the only NGO in its area in
Turkey, the activities are mainly devoted to professional
physics research and dissemination, training of young
researchers but also reaching talented students in high
schools and the public. 

Within a gifted location of
Eurasia where eastern and west-
ern cultures meet, embraced by a
splendid natural beauty and the
riches of ancient eastern Mediter-
ranean civilizations, ITAP has
taken the mission of strengthen-
ing the scientific bridges between
the research centers in the east
and the west by becoming one of

the focal points in the region in research and education.
ITAP serves the global scientific community with a wide
range of activities as:  

An international research center for short term visitors:
The institute currently has no permanent research staff or
long term visitors and its members are affiliated by strong
universities in Turkey and abroad. The research efforts are
conveyed in the form of one to two-month-long research
semesters carried out by the teams formed by its members
and their international collaborators (mostly in the spring,
autumn and winter months) on a proposed current research
topic. Currently the main areas of research are condensed
matter physics (electron/hole systems, coherence and con-
densation in quantum Hall (bi)-layers, high temperature
superconductivity, Bose Einstein Condensation), statistical
mechanics/complexity (bioinformatics and biopolymers,
nonlinear dynamics, climate physics), mesoscopic physics
and quantum optics (optomechanical devices, spintronics,
quantum information theory, quantum computation, deco-
herence). The institute is also applying for additional nation-
al and international funding for enhancing the capacity of the
research semesters in 2011.  

An international center of research training for young
researchers: In 2009 ITAP launched, in collaboration with
the Feza Gürsey Institute/

.
Istanbul and the Bilkent Universi-

ty/Ankara, an extensive three-year-long international

A Young Institute of Physics in Eurasia
Institute of Theoretical and Applied Physics (ITAP) 

Tuğrul Hakioğlu 
Turunç, Marmaris, Turkey

http://itap-tthv.org 

ITAP Director Prof. T. Hakioğlu is
also affiliated by the  Department
of Physics, Bilkent University,
Ankara, Turkey. His current
research interests are unconven-
tional pairing in exciton conden-
sation in  bilayers with and with-
out the QHE, high Tc supercon-
ductivity and Bose-Einstein Con-
densation.
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research training program called
International Advanced Research
School in Physics (IARS). The
project is run mostly within the
semester and the summer breaks
of the universities and targets the
highly selected PhD research stu-
dents, postdoctoral fellows,
young faculty members and even
a limited number of talented
senior undergraduate students.
The program is supported by DPT (National State Planning
Organization). Within 2009 and 2010 the international par-
ticipants were supported by the two-year long participation
program of UNESCO by which the international participa-
tion has increased tremendously such as that, ITAP pages
receive visits from over 90 different countries. The project is
successfully entering its third year with a perspective of con-
tinuing for another few years with a new budget.  

A center for international meetings : During its found-
ing years, ITAP has quickly proven to be an attractor for
major international meetings among which are the Greek-
Turkish Conference on Dynamical Systems and Statistical
Mechanics (2008), Cambridge University-ITAP joint school
and international meeting on Optical/electronic coherence
in low dimensional semiconductor and atomic gases (2009),
NATO International Conference on Terahertz and Mid
Infrared Radiation (TERAMIR 2009), Turunç Workshop on
Complex Systems (TWCS 2010), and Second Greek-Turkish
Conference on Dynamical Systems and Statistical Mechan-
ics (2010). Among the 2011 activities an important one is an
ambitious international school followed by a conference
entitled 2011 Eurasia-Pasific Summer School and Confer-
ence on Strongly Correlated Electrons planned and funded
jointly with APCTP to bring together a large number of
young talented researchers and scholars around the globe.

ITAP continues receiving applications at an increasing rate
from organizers of international meetings and extended
research networks for their retreat group meetings.

A center for high schools physics teachers: ITAP has
started in 2008 the Physics Olympiad School with the aim of
strengthening the performance of the high school physics
teachers. The program is 400-hour advanced physics training
including theory and experiment and comprising four 10-day
periods taking place at the holiday breaks of the high schools
and requires high credentials at the application. Those
physics teachers graduating from the School establish
regional teams of talented high school students and prepare
them for the national and international physics olympiad
competitions. The School also helps its members by distance
education including webcasting of the lectures, online exam-
inations and problem solving sessions. The olympiad school
is supported by
TÜB

.
ITAK (The

Scientific and
Technological
Research Coun-
cil of Turkey)
and recognized
by the National
Ministry of Edu-
cation. 

A science center for primary-high schools and the pub-
lic: Astronomy has amazed  humankind for  thousands of
years. Today, it is also an important field to attract the young
talents into sciences. One can find  a world of physics in the
birth, life and the death of the stars, the  galaxies, the pulsars,
the black-holes etc. ITAP observatory has been founded in
2009 to attract the young talents into fundamental sciences
in day-long activities organized by voluntary physics PhD
students nationwide where the participants are exposed to in-
class lectures, demonstrations and real observations with a
14” research telescope. These activities also include table-
top physics experiments and short demonstrations. ITAP
plans in 2011 to extend these activities to include interna-
tional science festivals with the goal of attracting public’s
attention into basic sciences.   

Being a small but active organization brings the advantage
of minimal paperwork and bureaucracy. ITAP has the power
to rapidly adapt itself to the state-of-the-art scientific devel-
opments, with an efficient synergy of nearly 50 young facul-
ty members affiliated by different universities in the global
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network. One of the
strongest advan-
tages of ITAP is to
be able to accom-
modate the partici-
pants as well as
provide them with
the scientific facili-
ties within the same

complex (two neighboring buildings, hence no transporta-
tion problems). This atmosphere at ITAP has proven to
yield maximal level of scientific interaction between the
participants. In addition, the institute also collaborates with
nearby resorts for additional accommodation in large scale
events and these scholarly activities also receive high
respect and support from the local population. 

ITAP developed rapidly since its foundation four years
ago. For the year 2011 there are preparations for two propel-
lant EU projects and a number of new international partner-
ships. In this short period, ITAP has succeeded in demon-
strating its sustainability in order to obtain the support of the
national organizations like DPT (State Planning Organiza-
tion), TÜB

.
ITAK (The Scientific and Technological Research

Council of Turkey), and international ones like UNESCO,
NATO, ICAM/I2CAM and NSF. A bilateral three year
agreement has been signed with APCTP this year including
the collaboration in joint activities and mobility of
researchers, and ITAP eagerly continues to built new interna-
tional  partnerships to contribute as an active member of the
giant global network of established scientific institutions. 

ITAP welcomes applications from the meeting organiz-
ers in basic sciences such as international conferences,
summer schools, retreat research meetings etc. Further
inquiries can be made by simply sending an e-mail to the
coordination office at info1@itap-tthv.org. 
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The Thailand Center of Excellence in Physics (ThEP
Center), is an organization based in the Commission on
Higher Education of the Ministry of Education. It was
established in August 2008 following and official approval
from the Cabinet Ministers.

The Center’s primary aim is to support and enhance the
quality of teaching and research in physics among Thai uni-
versities, with the target of world-standard education and
training in physics to promote sustainable development in
key technologies of the 21st century.  An additional func-
tion of the center is to show that the academic physics com-
munity is willing to support local industries with trained
graduates and innovative ideas.

ThEP Center is a collaboration of more than 12 universi-
ties around the country. During the initial start-up period,
the center will concentrate on fields which have already
been established in terms of personnel and basic equip-
ment, and also are active in disciplines with potential appli-
cations. Consequently, research and graduate programs are
being conducted in five areas. There are five research cen-
ters specializing in Thin-Film Physics, Particle Beam and
Plasma Physics, Nanoscale Physics, Integrated Physics,
and Computational and Theoretical Physics. These centers
comprise 24 research laboratories situated in all regions of
the country as shown in the accompanying figure.

The ThEP Center: the Thailand Center of
Excellence in Physics

ASIA PACIFIC INSTITUTES

Professor Thiraphat Vilaithong is
an emeritus professor of physics at
Chiang Mai University. Before
taking up the present position, he
served for several years as Direc-
tor of the Chiang Mai University
Fast Neutron Research Facility
(FNRF). Under his direction and
guidance, FNRF became a lead-
ing experimental research facility
in plasma and particle beam
physics in Thailand. He was credited for co-discovering the ion
beam induced DNA transfer in bacteria at Chiang Mai Universi-
ty. Professor Vilaithong has received numerous awards and hon-
ors including the National Research Council Prize for Distin-
guished Research in Physical Science, the National Faculty Sen-
ate Council for Distinguished Professor in Science and Technolo-
gy, the Thailand Research Fund Award for Senior Research
Scholar in Physics etc.,. Professor Vilaithong undertook several
expert missions for the IAEA and served for two terms in the
International Nuclear Data Committee. At present, he is the
Executive Director of the Thailand Center of Excellence in
Physics (ThEP-Center) 

Thiraphat Vilaithong
Chiang Mai University, Thailand

http://www.thep-center.org
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The missions of the Research Center in Thin-Film Physics
are to conduct research and development in thin films, and to
create a body of knowledge essential to the development of
advanced technology in physics.  Such knowledge can then
be applied to the industrial sector for further commercial
development, In addition, the center serves as a source of
highly qualified personnel who are able to conduct research
and develop technology concerning thin-film physics.
Research and development emphasize thin films of semicon-
ductors; metal and metal oxides such as copper indium dise-
lenide, zinc oxide, copper oxide, titanium dioxide, and indi-
um tin oxide, etc. They are grown and restructured on size
scales ranging from nanometer to micrometer, by means of
various deposition methods, such as sputtering, evaporation,
and chemical-reaction techniques.

The Research Center in Particle Beam and Plasma Physics
generates particle beams and low-temperature plasmas in
laboratories, with the objectives of conducting research in
the fields of particle beam and applied plasma physics and
related technologies which will enhance a deeper scientific
knowledge and increase the number of young trained physi-
cists.  As a spin-off, the center is concerned with applying
the expertise necessary to strengthen educational, as well as,
industrial and agricultural sectors. Currently, the Center is
focusing on several areas of research covering: microfluidics
and microfabrication techniques for biomedical applications:
ion-beam bioengineering; generation and applications of
THz radiation from femtosecond electron pulses; functional
nanocoating layers on various materials; surface modifica-
tion by plasma processing for fuel cell and industrial materi-
al development; microwave and plasma sources for agricul-
tural applications; and modification of biomaterial mem-
branes by plasma and particle beams.

The Research Center in Nanoscale Physics missions are
to produce personnel specializing in nanotechnology, to
conduct research, and to develop and analyze materials in
the form of thin films at a nanometer level. The Center
focuses on generating new knowledge and promoting its
application in the industrial sector and for the benefit of
society as a whole.  In addition, the Center aims to promote
academic cooperation with other national universities and
research institutes, resulting in nationwide academic net-
work. The Center is presently carrying out a great deal of
research, the results of which have already materialized
into many practical industrial uses of thin-film technology
at the nanometer level. Such results include pressure sen-
sors, pH sensors, photodetectors, organic light-emitting
diodes (OLED), solar cells, and “labs-on-a-chip”.  

The Research Center in Integrated Physics is divided into
six research units to conduct interdisciplinary research
whose core discipline is physics.  There are the Physics
Studies Research Unit studies and conducts research on
innovative techniques for teaching and learning physics,
and physics curriculum development; the Applied Visual
Science Research Unit studies and conducts research on
development of laser beams and their application to indus-
try; the Applied Geophysics Research Unit studies and con-
ducts geologic faults in the country, and the earthquake
risks facing the country; the Biophysics Research Unit
studies aims to add a new dimension to cancer treatment in
Thailand; the Material Physics Research Unit seek ways to
apply physics and polymer science so that synthesized
materials can be used in various applications, instead of
merely being considered inexpensive materials; and The
Astrophysics and Space Physics Research Unit studies and
conducts research on solar storms and related issues



The Research Center in Computational and Theoretical
Physics serves as a national think tank, many of which have
been established in many countries.  At these centers, physi-
cists have ample opportunities to exchange ideas, share
knowledge and mutually solve research problems from dif-
ferent points of views.  It is expected that the Center will
play an important role in stimulating collaboration between
well-equipped physicists and up-and-coming ones by pro-
viding sufficient resources. This will allow a concerted effort
to conduct research to solve the immediate national prob-
lems pertaining to a sustainable economy.  At present, the
center comprises several laboratories: the Nuclear and Parti-
cle Physics Lab, the Condensed Matters Physics Lab, The
Critical Physics Lab, the Monte Carlo Simulation & Molec-
ular Dynamics Lab, and the Cosmology Lab.

In 2009, these five research centers produced 44 publica-
tions, 19 of which were published in journals with impact
factor higher than 2.  The study of “Solar Moss Patterns:
Healing of Coronal Loops by Turbulence and Magnetic
Connection to the Footpoints,” by Prof. David Ruffolo; and
the study on the “Hydrogen doping in indium oxide: An ab
initio study,” by Prof. Sukit Limpijumnong were samples
published by The Astrophysical Journal and the Physical
Review B, respectively.

ThEP Center has entered into MOUs with 6 foreign col-
laborations to promote research collaboration and staff/stu-
dent exchange, e.g. Asia Pacific Center for Theoretical
Physics (APCTP), Republic of Korea; Key Laboratory of
Ion Beam Bioengineering (KLIBB), Institute of Plasma
Physics, Chinese Academy of Science, Hefei, China; and
Center for Advanced Plasma Surface Technology (CAPST),
SungKyunKwan University, Republic of Korea etc..

Our expectation is that ThEP Center will have a long-last-
ing positive effects on the forth coming generations as they
continue to address more advanced skill and knowledge in
the areas of tomorrow’s ever-developing technologies.

Contact information: Prof. Thiraphat Vilaithong, Execu-
tive Director, Thailand Center of Excellence in Physics, Box
P.O.70 Chiang Mai University, Chiang Mai 50202 Thailand,
Telephone: +66 53 942650-3  Fax: +66 53 222 774 or email:
thirapat@thep-center.org. Visit our website: www.thep-cen-
ter.org
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ThEP Center Headquarters
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The decision of the
Group of Twenty (G20)
major advanced and
emerging countries to
meet in Seoul this
autumn can be seen as
an acknowledgement of
the rising economic
power of East Asia. In
the G20 we do not only
find Japan, but also the Republic of Korea, one of the former

Asian Tigers with an economy that is now advanced
rather than emerging, Indonesia, India and of course the Peo-
ple s Republic of China, which is expected to become the
world s largest economy in just a few decades. 

It is evident that the strong economic growth in the region
goes hand in hand with significant investments in science.
The clear aim is to reach and expand the current frontlines of
scientific research. Many of those who went to the West for

their education and sci-
entific careers in past
are now returning in
order to contribute to
this development. In a
parallel development
the previous Asian

invasion of the
Western educational
system and high-tech

job market is slowing down and may perhaps even be
reversed as gifted students in China and India - just to men-
tion the two most populous countries of the region - more
and more prefer to pursue careers in their own countries. 

The growing importance and prestige of science and sci-
entists in the Asia-Pacific region are certainly welcomed
and sometimes envied by colleagues in the West. Some of
us see it as an exciting renaissance, albeit in a different part
of the world, of the great enthusiasm for science that could
previously be found in wide parts of the society in Europe
and the USA. It is clear to us that this renaissance promises
a great future for a flourishing Asian science. 

More and more western scientists have chosen to take
part, one way or another, in the development of Asian sci-
ence. Today there are many exciting opportunities to do so,
including to accept offers from a growing number of uni-
versities in the region who want to increase their number of
foreign faculty members. Our own experience from recent
years range from attending conferences and workshops in
China, Korea and Vietnam, serving on Advisory Boards in
Japan and Korea and being part of Korea s World Class
University and Global Partnership Programmes. 

Scientific Crossroads at Pohang

Mats Jonson1, 2, 3 and Robert Shekhter 1

1University of Gothenburg
2Konkuk University, Seoul

3Heriot-Watt University, Edinburgh

Mats Jonson received his Ph.D. from Chalmers University of
Technology, Sweden, in 1978 for theoretical work on electron cor-
relations in low-dimensional systems. He is currently a professor
of physics at the University of Gothenburg and at Heriot-Watt
University, Edinburgh, where he does research in theoretical
nanophysics. Since 2009 he is guest professor at Konkuk Universi-
ty, Seoul, where he is associated with the WCU program on quan-
tum phases and devices. 

Robert Shekhter was educated in Kharkov, Ukraine, where he
received his Ph.D. in 1977 for work on the Coulomb blockade of
single-electron tunneling, a phenomenon he discovered in 1971,
and his Doctorate in 1987 for work on point contact spectroscopy.
He moved to Sweden in the early 1990’s and is now a professor of
theoretical physics at the University of Gothenburg, where his
research is focused on theoretical problems in nanoscale systems. 
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A natural step in the direction of increasing both the col-
laboration within the region and with the West is to create
Asian Science Centres. These can play several roles, not
least to facilitate mutual Asian-Western efforts to promote
Asian science and its contribution to a strong world wide
scientific tradition. 

An excellent example of such a Centre is the Asia Pacific
Centre for Theoretical Physics (APCTP), which was estab-
lished in 1996 and is located on the campus of the Pohang
University of Science and Technology (POSTECH) in
Korea. The current APCTP member countries are Aus-
tralia, China (People s Republic of), India, Japan, Korea
(Republic of), Lao PDR, Malaysia, Mongolia, Philippines,
Singapore, Taipei, Thailand and Vietnam. 

Under its present President Prof. Peter Fulde and Execu-
tive Director Prof. Seunghwan Kim, the APCTP seeks to
pursue the highest quality of research, train young scientists
in all areas of theoretical physics, and promote international
cooperation among scientists from its member countries in
the Asia-Pacific region and beyond. To achieve its purposes,
the Centre pursues international academic collaboration,
educates and trains physicists and engages in topical
research in all areas of theoretical and mathematical physics,
including newly developing interdisciplinary areas.

The three-day APCTP workshop Physics of Hearing
and Neurons meets Nanoelectromechanics , which we
attended in the summer of 2010, is a good illustration of
how the APCTP works in reality. The workshop was con-
ceived and organized by Prof. Kang-Hun Ahn of Chung-
nam National University, Korea. He had noted a growing
interest in the physics of hearing connected to the recent
discovery of a microscopic mechanism for mechano-elec-
trical transduction that is important for the hearing process.
The idea occurred to him that the mechanism of hearing
could perhaps be implemented as a functional principle in
nanoelectromechanical devices, such as those based on
shuttling - a main focus of our own research effort. 

In other words, the great sensitivity of sound detection in
the ear motivates the development of ultra-sensitive sensors
in nanoelectromechanical systems, which is a new hot topic
in condensed matter physics. So, Prof. Ahn thought it would
be very timely to have a meeting of experts from both sides
of the subject and let them discuss their recent work with the
view to enhance the interdisciplinary research collaboration
between condensed matter physics and biology. The APCTP

programme committee agreed and in August some 20 invit-
ed speakers and as many students and postdocs met to dis-
cuss subjects like the physics of hearing, the physiology of
hair cells and cochlea, the physics of neurons, biomimetics
of artificial sensory organs, biomimetics of nerve systems,
nanoelectromechanics and its application to sensor and also
about hearing aids and medical engineering. 

The interdisciplinary approach to the workshop was a
great success and appreciated by all. Working on a hot sub-
ject one tends to go from one meeting to the next seeing
mostly the same colleagues and listening to the same talks.
Here it was different, which turned out to be both refresh-
ing and productive. The young scientists and students who
joined the meeting played an important role. Informal
meetings with them and their local supervisors helped to
create a good atmosphere and led to valuable interactions
on both the scientific and human level. From our perspec-
tive it was very nice that we here made the first contact
with a Korean student, who now is a postdoctoral
researcher in our group in Sweden. 

The facilities of the APCTP - located on the POSTECH
campus - are both modern and excellent and the high level
of the support staff s professionalism was of great benefit
to both organizers and participants of our workshop. The
Centre is furthermore situated in a part of Korea, which is
rich in its cultural heritage. A stay at the APCTP therefore
also gives the visitor a possibility to enjoy getting to know
an ancient cultural tradition.

In conclusion the APCTP is an excellent place for young
Asian students to learn about and contribute to the develop-
ment of theoretical physics at the highest level, for young
western scientists to establish their research on an interna-
tional level and for senior scientists to meet and foster col-
laborations.
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ICTP Spring School

Eunkyung Koh 
Korea Institute for Advanced Study (KIAS) 

The “spring school on superstring
theory and related topics” is held in
March, every year, at ICTP (Interna-
tional Centre for Theoretical Physics) in
Trieste, Italy. The school is collaborat-
ed by APCTP (the Asia Pacific Center
for Theoretical Physics), INFN (the
Italian Institute for Nuclear PHysics),
and SISSA(the International School for
Advanced Studies). 

In this year,  this school covered top-
ics such as the holographic condensed matter physics,
2d/4d duality, scattering amplitudes in super Yang-Mills
and supergravity, string cosmology, physics of black holes,
and physics beyond the Standard Model. The lecturers
included N.J.Berkovits, C.Csaki, J.de Boer, J. McGreevy,
R.C.Myers, G.Shiu, and Y.Tachikawa. There was also a
special session by E. P. Verlinde,  with the title the entropic
origin of gravity .  Almost all lectures were well-organized
pedagogically and there was a slot for discussion in the
afternoons which provided enough time to ask questions on
the lectures of the day. 

One of the most interesting lectures was given by Y.
Tachikawa, on the recently found duality between 4 dimen-
sional N=2 supersymmetric theories and 2 dimensional con-

formal field theories. From the string
theory point of view, by compactifying
M5-brane appropriately, some duality
between 2 dimensional theory and 4
dimensional theory can be expected.
The lecture introduced a detailed map of
this duality.  He started the lecture by
reviewing the Seiberg-Witten solution of
4-dimensional pure N=2 super Yang-
Mills theory, and Nekrasov s instanton
counting which calculates the non-per-
turbative part of the prepotential of the

theory. Then he discussed the relation of this prepotential to
the conformal blocks in some specific Louville theory. Since
each mathematical expression seemed to be very different
from the other one, it was delightfully surprising to see that
they are exactly same by using a Mathematica file, during
the lecture. More up-to-date progresses were conducted dur-
ing the lectures. For instance, the validity of the relation was
told to be  checked by recursions for all instanton numbers.
As the lecturer emphasized, the both theories are well-stud-
ied and well-known, but the relation between them is found
rather recently. It shows how powerful a thought based on
the string theory  can be, and implies that there probably
exist more dualities to be found. The lecture was also a good
chance to learn some tools like the instanton counting. 

Another lecture was given by J.McGreevy, on how to use
the holographic duality in the condensed matter physics.
Holographic hydrodynamics and viscosity bounds was
dealt by R.C. Myers, which shared the same focus with
McGreevy s lecture on the application of the holographic
duality to solve the strongly coupled systems. It seems that

She is a research fellow at Korea Institute for Advanced Study.

Eunkyung Koh received B.S. (2001-2004) in physics from Seoul
National University, and  received Ph.D. (2004-2010) from the
same university under the supervision of Prof. Soo-Jong Rey. 
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now a view which regards string theory as a tool, rather
than the theory of everything, is widespread, and the view
is successfully working to find many applications in 'real'
physics, as some people call it.  The holographic duality
map makes it possible to evaluate some physical quantities
in the strongly coupled system analytically. Now it seems
to be known how to understand dissipation, entanglement,
charge transportation, or viscosity, in the dual gravity.  But
since the regimes of the validity of the calculation are dif-
ferent between the original/dual systems, there may remain
a fundamental question how much one can rely on the dual-
ity map. 

I also found that G.Shiu s lecture on the flux compactifi-
cation interesting. There are many ways to compactify the
string theory from 10-dimension to 4-dimension, referred
as the landscape of the string theory. For theoretical rea-
sons, one may want to leave at least N=1 supersymmetry in
4d, which can be achieved by compactifying extra 6-
dimension as a Calabi-Yau. The first explicit model has
been worked out by Klebanov and Witten, and G. Shiu s
lecture started by reviewing this work. Then he moved to
add other branes at the singularity of the Calabi-Yau, in this
case the conifold, which makes the theory non-conformal.
This makes the model more realistic, and the system under-
goes the duality cascade , which is a chain of Seiberg
duality of N=1 theories. 

Another interesting lecture was given by C.Csaki, on  the
theories beyond the Standanrd model. Some of us were
more familiar to think the supersymmetry as the almost
unique extension of the space-time symmetry, but the lec-
ture reminded us the relation of the supersymmetry to the
one of the most fundamental question in physics, the hier-
archy problem. The lecture provided a nice overview on the
gauge mediated SUSY breaking, and we also could learn
how the idea on the extra dimensions are applied in the
phenomenology as one possible solution of the problem. 

The special session of E.P.Verlinde was given on Friday
night, after a small reception. Due to some food and wine,
it started with somewhat relaxed ambiance, but it can be
felt that the audience s attention and interests were very
high. Since before this school I learned that the Einstein s
law had been derived from thermodynamics laws under
appropriate assumptions by Jacobson, I wondered what
was new in the Verlinde s work. Of course, Verlinde knew
what had been done, however, he emphasized that the
important point of his work is not in the derivation, but the
logic. There were many questions. One among them was,
how the higher curvature corrections of gravity originated
from the string theory shall be included in his argument.
His answer was, we should  always start with the simplest
possible case, and including all complications should be the
next step. 

Besides all the good lectures, the stay at ICTP was enjoy-
able. I shared a dormitory room with Fatima Hassani, from
Morocco, who is working on black hole physics. During
the school, I could meet and talk with other students from
China, Mexico, UK, Spain, and other nations. I could learn
their perspectives, beliefs, and ambitions. There was an
excursion in an weekend to Aquileia, a city built in the
Roman era. The trip itself was interesting, and it gave an
opportunity to meet people in other fields. I could meet a
person attending condensed matter physics conference,
who impressed me by asking what kind of string theory I
was doing among the five possible string theories.  

In sum, I believe that most participants would think of
the school to be a helpful and motivating experience. I am
grateful to all the lectures, organizers, staffs, participants,
and collaborators who provided the financial support. I
hope this school to be continued in the coming years to
help many students and researchers. 
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STATPHYS is a triennial international
conference sponsored by the C3 commis-
sion (on Statistical Physics) of the
International Union of Pure and Applied
Physics (IUPAP). The first STATPHYS
was held in Florence, Italy in 1948. Since
then, STATPHYS takes place every three
years in a different country in a different
continent, such as France (STAT-
PHYS20), Mexico (STATPHYS21),
India (STATPHYS22), to name only a
few. This year (2010), the 24th confer-
ence, or STATPHYS24, was held in Cairns, Australia from
July 19 to 23. Being the main scientific events in the field of
statistical physics, the attendance to STATPHYS24 was as
high as about 700 participants. Actually, this number is rela-
tively small, compared to STATPHYS23 (about 1200) which
was held in Genova, Italy. This drastic decrease of the partici-
pants was actually expected when Cairns was selected for
STATPHYS24, because the distance from almost all coun-
tries of the world is too far, not to mention the high price of
flight tickets. On this account, in Genova where Cairns was
chosen for STATPHYS24 during STATPHYS23, there was a
big discussion among C3 commission members regarding the
venue of STATPHYS24, at the heart of which was Korea. I
will get back to this story later.

The conference program, for any
STATPHYS as well, consists of plenary
talks (45 minutes duration each), invited
talks (30 minutes each), oral contributed
talks (15 minutes each), and poster con-
tributions in different topics. The num-
ber of topics varies slightly from confer-
ence to conference and at STAT-
PHYS24 there were 11 topics such as
"General aspects of statistical physics"
(Topic 1), "Mathematical aspects" (Top-
ic 2), "Nonequilibrium processes" (Top-

ic 3), and so on. Since the number of physicists who are
willing to give an oral contributed talk is generally larger
than the time-slots available, there are topic committees
who decide who will give an oral contributed talk, based on
the abstract submitted. At STATPHYS24, there were 11 ple-
nary speakers one of whom is the Nobel laureate C. N.
Yang, 48 invited speakers among whom two Koreans, Prof.
Deok-Sun Lee (Inha University) and Prof. Hawoong Jeong
(KAIST), were found, about 200 oral contributed talks, and
about 250 poster contributions. Both invited and oral con-
tributed talks took place in four parallel sessions. There is a
rule concerning plenary and invited talks. A scientist has at
most a single opportunity to give a plenary talk at STAT-
PHYS in his/her life time and it is not allowed to have invit-
ed talks at two STATPHYSs in a row. Thus, it is very presti-
gious to give either plenary or invited talk at STATPHYS.
Up to now, only four Koreans, Prof. Doochul Kim (then
Seoul National University, now the president of KIAS),
Prof. Hyunggyu Park (KIAS), and two in the above, were
asked to give an invited talk. I guess this number will
increase soon.

Attending STATPHYS24, 
Organizing STATPHYS25

Su-Chan Park
The Catholic University of Korea

Su-Chan Park is a lecturer at the Catholic University of Korea.
He was a post-doctoral scholar (2006~2010) at the University of
Cologne in Germany, researcher (2003~2006) at KAIST and
earned his Ph.D. (2003) in Seoul National University.
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The highlight of STATPHYS is the Boltzmann medal
ceremony. The ceremony took place on Wednesday, July
21. Professor John Cardy  received the medal for his contri-
butions to two-dimensional critical phenomena and Profes-
sor Bernard Derrida was awarded for his contributions to
the understanding of disordered and out-of-equilibrium sys-
tems. The medal winners gave plenary talks. Along with
the Boltzmann medal award, the young scientist prize in
statistical physics was awarded, too. This prize has first
been established in Genova three years ago and is aimed to
recognize an outstanding young scientist (no more than
eight years past PhD on an award date). At STATPHYS24,
Doctor Davide Marenduzzo won the prize for his contribu-
tions to the statistical mechanics of biomolecular and soft
matter systems. Unlike the Boltzmann medal, the young
scientist prize contains 1000 euros as well as a medal. After
the ceremony, an official excursion to Rainforestation
Nature Park was offered (but not for free).

For Korean physicists, however, the highlight of STAT-
PHYS24 might not be the Boltzmann medal ceremony.
After the official excursion, C3 commission members were
gathered and decided which country will hold the next
STATPHYS25. As the readers might guess, Korea will
hold STATPHYS25. The procedure was quite dramatic,
though the conclusion was rather easily reached.

As far as I know, Statistical Physics Division in Korean
Physical Society made a plan to organize STATPHYS25
three years ago. Hearing this news at STATPHYS23 in
Genova, C3 commission asked Prof. Hyunggyu Park who
was the chairman of the bidding committee and now the
vice chairman of the organizing committee for the STAT-
PHYS25 in 2013 to present the plan for the conference in
Seoul. At that time, only Australia submitted the bid book,
but C3 commission seemed to be skeptical probably
because of the reason I explained above. In the meeting,
Prof. Park said, "Statistical Physics Division in KPS plans
to organize STATPHYS25, but if C3 commission wishes,
we can do it a little bit earlier for STATPHYS24." (for
sure, exact phrasing is different. Prof. Park told us in Geno-
va how things were going at the meeting and I just recon-
structed the statement, based on my weak memory.) This
surely caused quite a stir at the meeting and the commis-
sion could not make a decision until the last day of the con-
ference. Finally, the commission accepted the bid book
from Australia and announced at the closing that Australia
would hold STATPHYS24.

Because the commission seriously considered Korea for
STATPHYS24 and no other strong competitor for STAT-
PHYS25 was visible before the conference in Australia, we
thought STATPHYS25 will take place in Seoul. Surpris-
ingly, however, it turned out that two more countries, Tai-
wan and Spain, wanted to hold STATPHYS25. One might
guess that Korea still had an advantage because the bidding
committee had started three years ago and had prepared for
the bid book quite well. But strong was the argument by
Spain (and it's Barcelona!) that Australia and Korea are
effectively in the same continent and two consecutive
STATPHYSs generally do not take place in the same conti-
nent; a continental arrangement. It is really hard to bypass
the argument because satellite meetings for STATPHYS24
indeed took place in Asia (Korea, Japan, China, and India)
as well as in Australia and if Korea hold STATPHYS25
satellite meetings will be organized in Asia, too. Every
evening after scientific activity, around 15 people including
the then chairman of the bidding committee, Prof. Doochul
Kim, and the then vice chairman, Prof. Hyunggyu Park,
discussed as to how we should prepare for the meeting on
Wednesday. Fortunately, the commission seemed to focus
on how well a country can organize the conference rather
than on a continental arrangement (or presumably the com-
mission thought Australia is in the different continent from
Korea). The decision was made on Wednesday evening
and there was no twist ending.

At STATPHYS, a lot of statistical physicists all over the
world congregate and present their own research topics.
Thus, the conference offers a great chance for students to
learn the trend of the field as well as to learn a new topic.
For sure, organizing STATPHYS25 conference, where a
thousand of scientists are expected to attend, is a challenge
for organizers (I am personally a member of the local orga-
nizing committee), but it is an excellent opportunity to
enhance the scientific activity in Korea. I am looking for-
ward to seeing the great scene that a thousand of scientists
discuss about statistical physics in Seoul. 
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It was a great success and pleasure.
The 3rd Asian Triangle Heavy Ion Con-
ference was held in Wuhan, China in
sequence of the 1st ATHIC in Seoul and
the 2nd one in Tsukuba. As everyone
can easily imagine, the ‘Asian Triangle’
and ‘Heavy Ion’ mean geopolitical loca-
tion of Korea, China and Japan, and the
‘Heavy Ion Physics’, respectively.  

Heavy Ion Physics is aimed to study
on quark matter under extreme condi-
tions, which can be achieved only through the very ener-
getic heavy ion collisions mostly in international huge
accelerator facilities with hundreds of collaborators from
the world. This kind of experimental and even also theoret-
ical research is possible only through close networking
with many other experts over the world. Even though
researchers in other fields sometimes underestimate it due
to a large number of authors, it enables us to challenge and
realize huge science beyond conception of human being.
We are thus about to open the origin and the first stage of
our universe, notwithstanding, we all know, the human
being is a fart in a whirlwind.   

European and American scientists
recognized it already even a half-centu-
ry ago, and they founded CERN and
many national laboratories. Further-
more CERN brought main motivation
for European Union, a new largest
political model the human being has
ever dreamed. Actually such social net-
works have been, however, a long tradi-
tion in Asian countries, although it has
had rather a strong hierarchy. With
founding huge scientific facilities in

Asian countries and participating such scale of science over
the world, we became to recognize the importance of close
networking, which delivers not only academic communica-
tions, but also technical/financial co-working with sharing
know-hows and its benefits. In this regards, APCTP is
playing a quite important role in forming the Asian scientif-
ic networking.

Also in this regards, the ATHIC is not just a conference,
but an outcome of real Asian scientific networks. Since
2004 the Heavy Ion Meeting (HIM) is organized and
encouraged by APCTP for Korean heavy ion physicists
mainly educated abroad and experienced such research
environments, this spirit has been extended to Asian heavy
ion society by HIM initiating the Asian Triangle Heavy Ion
Conference. Started with 74 participants from 6 countries at
the 1st ATHIC in Seoul, more than 140 scientists (includ-
ing 15 Koreans) from 8 countries took part in the 3rd ATH-
IC held in Wuhan and also officially supported by APCTP-
external activity program. 

Asian Triangle Heavy Ion Conference (ATHIC)
2010 at Wuhan, China

In-Kwon Yoo
Pusan National University, Korea

In-Kwon Yoo is a professor in the department of physics at
Pusan National University. He was a visiting researcher (2008)
at Brookhaven National Laboratory, Post-doc scholor
(2001~2002) in Gesellschaft für Schwerionenforschung (GSI),
Dr.rer.nat. (2001) at the Philipps Universität, Marburg, Diplom
Physiker (1996) at the Philipps Universität, Marburg. He also
earned his B.S. in Astronomy at Seoul National University. 
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Student lectures as a pre-conference program are newly arranged with worldwide lecturers including Prof. J.H.Yoon (Inha
Univ.), and 3 full day scientific programs of 64 talks was systematically organized also with parallel sessions and student
talks. Especially unexpected new results from LHC and still weird energy loss phenomena inside of strongly interacting
quark matter expected to be produced in relativistic heavy ion collisions are enough to excite auditorium and encourage us to
investigate further studies on many variables in the heavy ion collisions. Detailed programs with talk materials are available
in http://conf.ccnu.edu.cn/~athic2010. 

With warm hospitality of Chinese Local Organizing Committee, all International Advisory Committee members agreed to
see again in Busan for ATHIC2012, looking forward to another level of the 2nd circulation of the Asian Triangle countries.
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Scientific Activities (January ~ December 2010)

- Conferences & Workshops

1. String Theory and Cosmology
Daejin Univ., Gyeonggido , Feb. 5~6, 2010 

2. Heavy Ion Meeting 2010-02 
Youngpyung Resort, Pyungchang, Feb. 25~27, 2010

3. The 34th Workshop on Gravitation and Numerical Relativity
Haemil pension, Gangwhado, Mar. 26~27, 2010

4. String Theory and Cosmology 
APCTP Seoul Branch Office, Seoul, Apr. 16, 2010

5. Heavy Ion Meeting 2010-05
APCTP Headquarters, Pohang, May 28~29, 2010

6. The 2nd International Symposium on Computational
Neuroscience
KIST, Seoul, Jun. 18, 2010 

7. 2010 Atomic and Molecular Physics
Muju Resort, Jeonbuk, Jun. 24~25, 2010 

8. Molecular Dynamics Simulations in Nano/bio Systems
Daea Resort, Ulleungdo, Jun. 28~30, 2010 

9. 2010 APCTP Mini-Workshop on Frontiers in Electronic
Quantum Matter
Alpensia resort, PyeongChang, Jul. 5~6, 2010 

10. The 3rd Workshop for Emergent Materials Research
APCTP Headquarters, Pohang, Jul. 5~7, 2010 

11. New frontiers in complex networks: A Satellite Meeting
of Statphys 24th at Cairns, AU
Seoul Nat’l Univ., Seoul, Jul. 12~16, 2010 

12. The 21th Workshop on Nanoscale and Mesoscopic Systems   
APCTP Headquarters, Pohang, Jul. 30~31, 2010 

13. APCTP Workshop on “Physics of hearing and neuron
meets nanoelectromechanics”
APCTP Headquarters, Pohang, Aug. 2~4, 2010 

14. 2010 LHC Physics Workshop @ Korea 
Konkuk Univ, Seoul, Aug. 10~12, 2010 

15. Recent Progresses in Dark-Universe and Astrophysics
APCTP Seoul Branch Office, Seoul, Aug. 18~19, 2010 

16. APCTP Workshop on Chemi-Thermo-EM Phoresis in
Complex Fluids
APCTP Headquarters, Pohang, Aug. 25~28, 2010 
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17. String Theory and Cosmology 
HOTELSPAPIA, Daejeon, Sep. 30~Oct. 2, 2010 

18. 9th Asian International Seminar on Atomic and Molecular
Physics (AISAMP 9)
KIAS, Seoul, Oct. 4~8, 2010 

19. Heavy Ion Meeting 2010-10 
Kyungpook Nat'l Univ., Daegu, Oct. 9, 2010 

20. The 35th Workshop on Gravitation and Numerical Relativity  
APCTP Seoul Branch Office, Seoul, Oct. 21~23, 2010 

21. The 13th Asian Workshop on First-Principles Electronic
Structure Calculations
APCTP, Pohang, Nov. 1~3, 2010 

22. 2010 Emergent Materials Research 
Seoul Nat'l Univ., Seoul, Nov. 12, 2010 

23. String Theory and Cosmology 
APCTP Seoul Branch Office, Seoul, Nov. 19~20, 2010 

24. Heavy Ion Meeting 2010-12
Yonsei Univ., Seoul, Dec. 10~11, 2010 

25. Recent Progresses in Dark-Universe and Astrophysics
APCTP Seoul Branch Office, Seoul, Dec. 15~16, 2010 

26. The 35th Workshop on Gravitation and Numerical Relativity 
Haeundae Grand Hotel, Busan, Dec. 16~18, 2010 

- Schools 

1. 2010 APCTP-A3 Winter School and Workshop on Frontiers
in Electronic Quantum Matter 
Phoenix Park, Gangwon-do, Feb. 1~5, 2010 

2. 7th APCTP-KIAS Winter School on Statistical Physics 
Phoenix Park, Gangwon-do, Feb. 2~5, 2010 

3. 2010 APCTP / IEU Field Theory Winter School   
Ewha Womans Univ., Seoul, Feb. 17~20, 2010 

4. YongPyong Astro-Particle and Conformal Topical Physics 2010 
Yongpyeong Resort, Gangwon-do, Feb. 23~27, 2010 

5. Nuclear Physics School 2010 
APCTP Headquarters, Pohang, Jun. 28~Jul. 2, 2010 
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6. International Summer School on Numerical Relativity
and Gravitational Waves 
APCTP Headquarters, Pohang, Jul. 26~30, 2010 

7. Summer Institute for Theoretical Physics 
Yongpyeong Resort, Gangwon-do, Aug. 1~7 , 2010 

8. The 5th APCTP-KAIST School for Brain Dynamics    
KAIST, Daejeon, Sep. 9~11, 2010 

- Focus Programs

1. Cosmology and Fundamental Physics
APCTP Headquarters, Pohang, May 5~16, 2010 

2. APCTP-WCU Focus program “From dense matter to
compact stars QCD and in hQCD”
APCTP Headquarters, Pohang, May 24~Jun. 4, 2010 

3. Aspects of Holography and Gauge/string duality
APCTP Headquarters, Pohang, Aug. 9~20, 2010 

4. Liouville, Integrability and Branes (6)
APCTP Headquarters, Pohang, Sep. 26~Oct. 9, 2010 

- External Activities

1. APCosPA Winter School on Cosmology and Particle
Astrophysics
Nat’l Taiwan Univ., Taipei, Jan. 18~29, 2010 

2. 23rd Spring School on Particles and Fields (SS 2010)
Nat’l Cheng-Kung Univ., Taipei, Mar. 31~Apr. 3, 2010 

3. DDAP6- Dynamics Days Asia Pacific Conference 2010
The Univ. of New South Wales, Australia, Jul. 12~14, 2010 

4. StatPhys24 Satellite: 
Exactly Solvable Models in Statistical Physics
Univ. of Queensland, Australia, Jul. 14~17, 2010 

5. 2010 International Symposium on Cosmology and 
Particle Astrophysics (CosPA 2010)
Univ. of Tokyo, Japan, Sep. 27~Oct. 1, 2010 
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6. The 3rd Asian Triangle Heavy-Ion Conference (ATHIC)
Huazhong Normal Univ., Wuhan, Beijing, Oct. 11~13, 2010 

7. Econophysics Colloquium 2010 
Academia Sinica, Taipei, Nov. 4~6 , 2010 

8. The 5th International Workshop on ADVANCED MATERIALS
SCIENCE AND NANOTECHNOLOGY (IWAMSN 2010)
Hanoi Univ. of Technology, Vietnam, Nov. 9~12, 2010 

9. 16th Vietnam School of Physics (VSOP) 
Institute of Physics, Vietnam, Jul. 12~24, 2010 

10. Asian Pacific Workshop on Materials Physics(APWMP)
Hanoi Univ. of Science, Vietnam, Dec. 12~15, 2010 

- Joint Activities

1. 2nd APCTP WORKSHOP ON MULTIFERROICS 
NCTS, Taipei, Jan. 8~12, 2010 

2. The 4th Asian Winter School on Strings, Particles and
Cosmology
Mahabaleshwar, India, Jan. 11~22, 2010 

3. APCTP-ICTP: 
Spring School on Superstring Theory and Related Topics
ICTP, Italy, Mar. 22~30, 2010 

4. APCTP-MPI-PKS: Quantum chaos in open systems meets
optical microcavities: Towards new concepts and ideas
“3rd Asian-German Miniworkshop on Optical Microcavities”  
MPI-PKS, Germany, May 17~22, 2010 

5. 4th APCTP-BLTP JINR Joint Workshop 
APCTP Headquarters, Korea, Jun. 24~26, 2010 

6. 2nd APCTP-IACS Joint Conference: International 
Conference on Physics of Novel Oxide Materials 
APCTP Headquarters, Korea, Jul. 15~17, 2010 

7. APCTP-ICTP: School and Workshop on D-brane 
Instantons, Wall Crossing and Microstate Counting
ICTP, Italy, Nov. 15~21, 2010 

8. APCTP-BLTP-ITP-TPI-YITP Joint Focus Program: 
Frontiers of Black Hole Physics 
APCTP Headquarters, Korea, Dec. 6~17, 2010 

9. APCTP-ASEAN Workshop on Advanced Materials Science
and Nanotechnology
Penang, Malaysia, Dec. 21~23, 2010 
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- 6 JRGs & 1 Research professor

1. Leader & members: 22 persons
9 professors, 6 postdoctors, 7 PhD. students

2. List of JRGs
● JRG 1. Condensed Matter & Field Theory

Leader: Xin Wan (Jun. 1, 2008~Oct. 26, 2010)
● JRG 2. Multi-Scale Modeling

Leader: Xin Zhou (Since June 1, 2008)
● JRG 3. String Theory in Strongly Interacting Systems  

Leader: Youngman Kim (Since Mar. 1, 2009)
● JRG 4. Cooperative Phenomena in Correlated Electron Systems

Leader:  Tetsuya Takimoto (Since July 1, 2009)
● JRG 5. Ultracold Atom Gases

Leader: Gentaro Watanabe (Since May 1, 2010)
● JRG 6. Loop Quantum Gravity and the Small Scale Structure

of Space-time
Leader: Hanno Sahlmann (Since Oct. 22, 2010)

● Quantum Phase Transitions in Strongly Correlated Electron
Systems
Research Professor: Ki-Seok Kim (Since Oct. 1, 2008)

- JRG Workshops: 4 workshops (114 participants)

1. Mini Workshop on Quantum Condensation
Jeju, Korea, Feb. 5-7, 2010

2. APCTP-KIAS Joint Workshop on Quantum Entanglement
and Dynamics in Correlated Many-Body Systems
APCTP Headquarters, Pohang, Korea, May 17-21, 2010

3. APCTP- POSTECH Advanced Materials Science 
Workshop on Metal-Insulator Transitions in Disordered
and Magnetic Systems
APCTP Headquarters, Pohang, Korea, Aug. 30-Sep.10, 2010

4. SSIS_2010 ABC’s of holographic QCD
APCTP Headquarters, Pohang, Korea, Sep. 12-14, 2010

APCTP Workshop on Current Progress of Simulations in
Complex Systems
APCTP Headquarters, Pohang, Korea, Nov. 15-17, 2010

- Other scientific activities
: 57 Visitors, 31 seminars, 21 Discussion meeting and so on

Junior Research Group (JRG)
(January ~ October, 2010)
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Young Scientist Training Programs (YST)
(January ~ October, 2010)
: 9 persons-Malaysia, Japan, Korea, and USA

APCTP Publication
(January ~ October, 2010)

32 published papers
10 papers in the progress of publication



January-December, 2010 63

REPORT ON SCIENTIST
NETWORK ACTIVITIES

- Science Communication Forum/Lecture:  
Intensive forums/lectures to share multi-disciplinary ideas in
the field of science with the public.

1. “Strategies to Create No. 1 Value in the Globalized World”
APCTP Headquarters, Pohang, May. 14, 2010 

2. “Black Holes, Einstein, and Gravitational Waves”
POSCO Int’l Center, POSTECH, Pohang, Jul. 29, 2010 

3. “When Science meets the Arts”
APCTP Headquarters, Pohang, Sep. 15, 2010 

4. “A Dream Material Graphene”
POSCO Int’l Center, POSTECH, Pohang, Oct. 19, 2010 

- Science Communication School:  
The university students in science and engineering who had
been selected on the applicants were trained as Science
Communicators through science writing, debating & presen-
tation programs at the Center.

1. “The Status of Science, the Role of Scientists in 2010 Korea”
APCTP Headquarters, Pohang, Feb. 1 ~ 3, 2010 

2. “The Status of Science, the Role of Scientists in 2010 Korea”
APCTP Headquarters, Pohang, Aug. 11~13, 2010 

- Physics in Library:  
Popular scientists were invited to interact with the public in
libraries in Korea.

1. “Window to Science and the Society”
Yeongi, Apr. 10, 2010 

2. “Janus Science”
Jincheon, Apr. 14, 2010 

3. “Talking to Science in a Modern Society”
Uiseong, Apr. 16, 2010 

4. “A Nobel laureates we remember”
Jeju, May. 1, 2010 

5. “A date with Movies and Science”
Tongyeong, May. 29, 2010 

Asia Pacific Scientist Network Activities (January ~ December 2010) 
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6. “How different Human and Animal are?”
Gongju, Jun. 4, 2010 

7. “Social Physics”
Sokcho, Jun. 5, 2010 

8. “Human-made Creation”
Hanam, Jul. 31, 2010 

9. “Atom, Universe and I”
Dongducheon, Aug. 18, 2010 

10. “Search for God Particle”
Haenam, Sep. 4, 2010 

11. “Search for Extraterrestrial Intelligence”
Wanju, Sep. 7, 2010 

12. “The Science of Human Nature”
Naju, Sep. 9, 2010 

- APCTP-POSTECH Distinguished Lectures: 
Public lectures by Asia Pacific Scientists on the topics of
physics and beyond jointly organized with APCTP - POSTECH.

1. “The separation of biomolecules: a challenge for physi-
cists!?”  By Prof. Gary W. Slater(Department of Physics,
University of Ottawa, Canada)
APCTP Headquarters, Pohang, Mar. 30, 2010 

2. “Fusion Power for a Green Energy Future” 
By Prof. Stewart C. Prager (Princeton Plasma Physics
Laboratory, Princeton University, USA) 
APCTP Headquarters, Pohang, Jun. 15, 2010 

3. “Measuring the spin dynamics of single atoms with
nanosecond time resolution”  By Dr. Andreas J. Heinrich
(Research Staff Member, IBM Almaden Research Center)
APCTP Headquarters, Pohang, Aug. 18, 2010 

4. “Making Molecules into Motors: How to walk in a Hurricane
and Swim in Molasses”  
By Prof. Raymond Dean Astumian (University of Maine)
APCTP Headquarters, Pohang, Nov. 5, 2010 

5. “Arithmetic, geometry, and function theory: The work of
Bao Chau Ngo on the Langlands program”  
By Prof. Minhyong Kim (Department of Mathematics Uni-
versity College London)
APCTP Headquarters, Pohang, Dec. 13, 2010 
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- ‘Best Science Book 10’ Selected by APCTP: 
The best science books were selected and promoted by
APCTP for wide readership.

The Asia Pacific Network Evening 
(To announce ‘Best Science Book 50’ and to express 
gratitude for supporting to the APCTP)
APCTP Headquarters, Pohang, Dec. 10
1) The Varieties of Scientific Experience
2) Secret of Mt.Baekdu’s Eruption
3) The Elements of Murder: A History of Poison
4) Why Beauty Is Truth
5) American Prometheus: 

The Triumph and Tragedy of J. Robert Oppenheimer
6) Human: The Science Behind What Makes Your Brain Unique
7) The Canon: 

A Whirlingig Tour of the Beautiful Basics of Science
8) The Grand Design
9) The 10000 Year Explosion: 

How Civilization Accelerated Human Evolution
10) The Greatest Show on Earth: The Evidence for Evolution

- Science Book publication 

1. Published the 2nd Essay series of Crossroads :
Title: “What is science?”,  Mar. 2010 
Author: 23 people

2. Published the 4th SF series of Crossroads :
Title: “An eyewitness account, Where does 

UFO come from?”,  Dec. 2010
Author: 10 people

REPORT ON SCIENTIST
NETWORK ACTIVITIES
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- Science in City Hall: 
High Quality Science Contents combined with Science, 
Education, Art, and Experience

1. Musical performance < Let’s go! Space Exploration >
“Amazing Space Exploration with Singijeon” By Y. S. Chae
(Former President, Korea Aerospace Research Institute)
Pohang City Hall, Pohang, Jul. 3, 2010 

2. Nature Documentary Film <Oceans> 
“Into the Sea in Mystery” By W. S. Kim 
(Korea Ocean Research & Development Institute)
Pohang City Hall, Pohang, Oct. 22, 2010 

- Other Events: 
To promote awareness of science to the public

The 7th Pohang Family Science Festival
“Sports & Science Festival”
Pohang stadium, Nov. 5 ~7, 2010 





Participating in APCTP Programs
Topical Research Program : 
- A major program involving some of the Korean physics communities and groups connected to international counterparts. 
- It consists of a set of lectures and/or workshops and schools on specialized research topics. 
- It may be broad with the community-led activities and dispersed in time ranging from one month up to six months. 

Conferences/Workshops : 
- Support conferences and workshops held at APCTP. 
- The applications from the member countries of the Center are strongly encouraged. 
- It is advised to invite at least one Korean scientist or the center academic coordinator as a member of the organizing committee for

better local support and coordination. 

Focus Program : 
- A major program intended to draw a small group of active international researchers to the Center in a sharply focused field of utmost

interest in physics and related area. 
- In comparison with Topical Programs, more concentrated and residential during two weeks or one month. 
- It may include a set of lectures and/or mini-workshops on specialized research topics. 

External Activity : 
- Support academic activities in member countries. 
- This may be used to encourage active participation from other member countries. 
- If selected, the center academic coordinator will be assigned and help to organize the activity according to the APCTP guidelines.

Joint Activity : 
The Center holds Joint Activity with institutions under cooperation agreements. The Joint activities are currently carried out in coopera-
tion with ICTP and ECT* in Italy, PIMS and TPI in Canada, MPI-PKS in Germany, JINR in Russia, and RIKEN, KEK, YITP in Japan
and more. The Joint Activity can be held at the Center or at cooperating institutions depending on the circumstances.

Junior Research Group (JRG) : 
- Signed an agreement to establish JRGs at APCTP with APCTP, Max Planck Society and POSTECH.
- The Leader of JRG pursues his/her own research program without interference outside.
- Funds are available for 1-2 postdoctoral fellows, 1-2 guests and 1-2 PhD students which shall be recruited by the Leader, and for scientific

activities such as travel, seminars, workshop, and so on. Additional fund may be raised by applying to funding organizations.

Young Scientist Training Programs (YST) : 
- A new program intended to train young scientists in theoretical physics in the Asia-Pacific region. 
- At the postdoctoral level, an appointement for one year, renewable for one or two more years. 
- The applications from the member countries of the Center, in particular, the South Asian Countries are strongly encouraged. 

AP Scholars for Joint Research : 
In order to train science leaders for the next generation and perform joint research, we invite established scholars in Asia Pacific for an extend-
ed period as an APCTP faculty or an adjunct faculty. This program is expected to strengthen the resident research groups at the Center.

Visitor Programs : 
The Center strongly encourages from short to long-term visits by researchers or small research groups from the Asia-Pacific region. 
In particular, young scientists from the South-East Asia are strongly encouraged to apply in connection with the academic programs 
at the Center.

Scientist Network program for Science Communication : 
The Center carries out diverse activities for communicating science to the general public, exploiting the network of center scientists.
The web journal that is accessible to laymen readers is published and distributed on-line in multi-lingual forms. The Center scientists
and its extensive community offer public lectures and diverse science communication activities.

The science web journal Crossroads was founded on October
1, 2005 by APCTP to show the vision for Science, Future and
Humanity. The web journal consists of Science Feature Arti-
cles, Science Essays, Science Fiction, and various genres of
writings. The journal is published monthly and available
online both in English and in Korean.
http://crossroads.apctp.org

Printed in Samyang Publ.
Pohang, Korea
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