Networking for Scientific Excellence

MPS/CAS Partner
Group on Cosmology

The Partner Group does research in
cosmology, focussing on the quantitative
modeling of the structure and evolution of
galaxies and galaxy clusters, the pattern of
galaxies and of larger structures.

The usual approach in this field is the
dark matter paradigm, i.e. the assumption
that the basic structures are laid out in a
matter component of particles which
interact only gravitationally. Numerical
simulations of large scale and high
resolution are used to follow the evolution
of condensations of dark matter particles
during cosmological evolution. Analytic
models and detailed statistical
investigations of astronomical data sets
supplement the numerical work.

Reported by Group Leader Jing Yipeng

Present Status

The Partner Group of the Max Planck
Institute for Astrophysics (MPA) at Shanghai
Astronomical Observatory (SHAO) isactively
working inthefield of cosmology. Itsresearch
receivesinternational recognition and contrib-
utes significantly to the scientific output of the
MPA. Invited talks at major astrophysics con-
ferences (such asthe |AU meeting in Sydney
in 2003) and the offer of international collabo-

rations by institutes in Canada, US and Eu-
rope (the group has been invited to join the
European Galaxy Lensing Project (ANGLES)
as the only non-European collaborator) dem-
onstrate that the group has reached atop posi-
tion internationally.

The basis for this success of the Partner
Group is the numerical simulations of struc-
ture formation in a cosmological context by
Jing Yipeng. The large scale and high resolu-
tion of the computations yield a unique data
set which leads to new insights on the build-
up of density condensations in the universe
which eventually develop into galaxies. Thus,
the nonspherical shape of such halos, asthey
are cdled, has been quantified, and abasic law
connecting the mass accretion history with the
density profile of dark matter halos has been
uncovered. These results have consequences
for the basicissuesin galaxy formation. A large
fraction of the international theoretical and
experimental research activity in astronomy
and astrophysicsis centered on such questions.

At present the Partner Group is still in
the build-up and development process. It
should be emphasized that the approach to
scientific problems by numerical simulations
was completely new to China. In addition, the
plan wasto start the group with young students.
One student has obtained a Ph. D.; otherswill
soon follow.

The exchange program we have initiated
has proven to be of prime importance for the
group and the development of young students
and scientists. Students can visit the Max
Planck Institute for Astrophysics for periods
of three monthsto oneyear. In turn, scientists
from the MPA are invited to visit Shanghai.
The program has been very successful: usu-
ally onejoint paper appearsin an international
journal as aresult of avisit. It is especially
attractive to the young scientists that the ad-
ministrative formalities are minimized and that
repeated visits are the rule. This vigorous ex-
change program, freed from bureaucratic
obstacles, should be continued.

Several workshops on cosmology and
astrophysics have been jointly organized: 2000
and 2001 in Shanghai, 2002 in Beijing. In the
fall of 2004 another workshop is planned, and
in 2005, the final year of this partnership
project, an international cosmology conference
is planned.
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Future Plans

In the field of the natural sciences, the
next ten years will be the decade of
astrophysics, astronomy and cosmology. This
bold statement is supported by several very
strong facts: the precise measurements of the
anisotropies of the cosmic microwave back-
ground show that unknown components called
“dark matter” and “dark energy” are respon-
sible for about 95% of the matter and energy
density of the universe. These facts must be
intimately connected with basic concepts of par-
ticle physics, but astronomy isleading the way
in the research establishing their properties.

A precise understanding of the
properties, the formation and evolution of ce-
lestial objects, is an absolute prerequisite to
making progress regarding these basic
questions. There must be a tight combination
of theoretical modeling and preci se astronomi-
cal observations of the early formation of
galaxies, their large scal e distribution and their
inner structure to find out more about the dis-
tribution of dark matter and dark energy and
the way these componentsinfluence processes
in the universe. The research of the Partner
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Group aready covers many of these aspects.
Itisquite clear that the planned new sur-

Dark matter distribution within dark
haloes predicted on the base of
computer simulations. Dark haloes are
dynamically equilibrium objects in the
Universe where visible objects, such as
galaxies, reside. The properties of
galaxies are shaped by the matter
distribution and evolution of dark haloes,
thus cosmologists are able to observe
dark matter through observing galaxies.

veys and observation campaigns for high red-
shift galaxies, gravitational lensing fields and
large scale detailed galaxy distributions will
bring new resultsfor at least the next ten years.
It will become necessary to rely on sophisti-
cated theoretical modeling, smply to under-
stand and to interpret these precise observations.
In addition, the observationa strategies, even
down to the planning of the instrumental set-
up, will depend on detailed numerical simula-
tions of the expected real situation.

The Partner Group will contribute sig-
nificantly to future observational projectsin
China (e.g. studies for the LAMOST target
strategy) and internationally. This growing
participation in joint projects and the widen-
ing of the group’s scientific goals point to a
promising future, if the manpower of the group
is also built up considerably.

The installation of anew supercomputer
at CASensuresthat the Partner Group remains
competitive at the international level in the
field of numerical astrophysics.

The MPA will develop in asimilar way,
so that a continuation of the successful col-
laboration in adightly changed format would
seem highly desirable. We can imagine that
the Partner Group at SHAO will evolveinto a
research center for theoretical astrophysicsand
cosmology.
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