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Computational Science and the Search for Dark Matter
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While research in the 20th century is based on experiment or theory, that in the 21st century
is based on computational science, a unification of experiment, theory, and simulation. Simulation
has played a major role in the development of computing science. Even though the discovery of
Higgs boson confirmed the validity of the standard model, the Universe still presents the mystery of
dark matter, which is about five times more dominant than the standard-model particles. The cross
section of dark matter is very small compared to that of standard-model particles, and the expected
mass range of dark matter is very wide, ranging from peV to PeV. Therefore, large amounts of
experimental, observational, and simulation data are needed, as is computational science based
on the unification of experiment, theory, and simulation. In this paper, we present methods and
examples.
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Fig. 1. The scheme of computational science on
experiment-theory-simulation.
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Table 1. The examples of computational science [5].

Research Area Computational science area The reason of computational science use
Nano science Carbon nano-tube, Structure of protein like surfing Reduction of time
Bio&Medical Science Human Genome research, The development of new medicine Ethical issues of the experiment
Environment Global climate, Contaminated material transfer The risks of experiment
Physics Spread of radioactive materials, A study of the The impossible or forbidden experiment

origins of universe

Nuclear Fusion Nuclear fusion reactor simulation An expensive cost

Table 2. The area of particle and nuclear physics based on computational science [5].

Area Challenge projects Results
Astro-nulcear An evolution of star or supernova Understanding of the conditions to the
physics origins of heavy elements of the universe
High Energy A probe of the Standard Model and search for Understanding of the Standard Model and
Physics new physics new physics
Accelerator Design of next generation accelerator The efficient uses of current and
Physics using simulations future accelerators

Nuclear Physics The description of quark-gluon plasma Understanding of new state of nuclear physics

Table 3. Computational Science on experiment-theory-simulation.

Experiment Theory System Simulation Examples
Possible Possible Simple - Conventional physics Conventional
- The area where theory complements experiment physics
Possible Possible Complex - Large experimental data Collider
- The area where large storage and computing are needed experiment
Impossible Possible Simple - Simulation based on theories Big bang,
- The theoretical interpretation-possible area which are Black hole,
not testable Medical physics
Possible Impossible Complex - Large calculation QCD,
- The experiment-possible area where theoretical calculation Electron
is difficult structure
Impossible  Impossible Complex - Algorithm/Big Data Evolution of universe,
- The area where it is unavailable neither in theory Financial physics,
nor in experiment Climate
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Table 4. The method to detect dark matter and domestic data storage.

Method Before interaction After interaction Data Storage Place
Direct detection DM+SM DM+SM Direct detected data 1BS
Indirect detection DM+DM SM+SM Astronomical data KASI
Collider detection SM+SM DM+DM Collider data KISTI
. . . Direct Detection
Table 5. Computing resources for collider experiments
at the C%SDC‘7 the KISTI. IBS ¥ Direct Data
Collider CPU Storage Size P
experiments ) @3 \\P_I\A/D
ALICE 3,488 1500 TB (Hard Disk),  Tier-1 Indirect Collider
Detection . Detection
CMS 992 400 TB Tier-3  Astronomical i
Belle / Belle I 312 100 TB Tier-2 boa ) Data

% =R =
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=de (Korea astronomy and space science institute,
KAST) & Ad] 2A 49| §-F-2e]l4 F25}1, T=tel]
=4 H ATY (Korea institute of science and technology
information, KISTI) < B A] AlAIQ] AAFE= oA HT
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Fig. 2. The method to detect dark matter (Indirect de-
tection, Direct detection and Collider detection).
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Fig. 4. The typical flowchart of experiment-theory-
simulation on computational science.
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Research
(Physics)

Simulation Tool Kit
(MadGraph, Geant4, etc.)

Evolving Computing Architecture
(Supercomputer, GPU, MIC, etc.)

Fig. 5. (Color online) The scheme of requirement of sim-
ulation tool kit required by physics and evolving com-
puting architecture.
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