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CONSTRAINS ON WIMP PARAMETERS FROM
DARK MATTER DIRECT DETECTION EXPERIMENTS

ABSTRACT

Beginning from the invention of “Dark Matter”, the dissertation
introduces that the non-baryonic matter dominates the dark matter content
in the universe. Among the various dark matter candidates, the neutralino
predicted by super-symmetric theory is now the most popular one. When
interpreting the data from a direct detection result, one must take into
consideration the uncertainty from experiments, such as energy detection
efficiency, threshold cut-off and energy resolution, and the uncertainty
from the cosmological parameters as well. After some analysis of the
impacts on the calculation results from theses uncertainties, the detailed
calculation process of WIMP parameters is given under the assumption
that the background events are well understood for the experiments.
However, limitations are shown for these simplified calculation methods.
To have a general view of all the existing dark matter direct detection
results, a model independent method is introduced in the last Chapter of
this dissertation. Using the model independent method, the WIMP-nucleon
coupling constants and their limits for both spin independent and spin
dependent interaction are obtained. Thus a conclusion is given that no
conclusive evidence has been found by the direct detection experiments of
dark matter. The model independent calculation is a more general method
to be used in the comparison of different experiments results.

KEY WORDS: dark matter, direct detection, coupling constant, model
independent
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Fig.1-1 Rotation curve for the spiral galaxy NGC 6503. The points are the measured circular
rotation velocities as a function of distance from the centre of the galaxy. The dashed curve is due to
the observed disk and the dotted curve is due to the contribution of the observed gas. The
contribution of the dark halo is represented in the dot-dash curve.
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Globular Star Clusters in Galaxy Cluster Abell 1689
Hubble Space Telescope » ACS/WFC
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Fig.1-2 Image of the lensing cluster Abell 1689
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Fig.1-3 Mass distributions from gravitational lensing and x-ray emissivity maps
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HIE T WX FR T, A dars 5] JiilF (gravitino) 251 )+ HEDTFRT-; winos
H zino 43 5l & W4 1R Z0 B 01 I BN BR 2K 1, wino 7 A7 FELAAT, 1T zino
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B 3-1 Bt/ B4R o £
Fig.3-1 Classification of WIMP direct detection experiments
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Fig.3-2 CDMS Il detector
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Fig.3-3 Layout of the shield of CoGeNT detector
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5] A ik 19 ik ORI B, AT AR 2 F B AR (B AT R R AR e, X
IS AT AT UK B G AZ SO A B, A A 4E A T EH v AN N BAR Rt SR 1)
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‘\ |
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B 3-4 PICASSO #l & = & B[]
Fig.3-4 The setup of one module of PICASSO
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Fig.3-5 The principle of a two-phase Xe detector
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X v, HBERATDH AR AR 12 Bl
iy BV BRI Py A
Ve HBERGEIH 22 B 1A
y P T AR T A A
) HBER 2 B2 1R 1 A%
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Fig.3-6 Schematic view of the Earth’s motion around the Sun
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DAMA/LIBRA {{i 1] 250 T3¢ (R ML, %) 2013 4F 8 J], DAMA/LIBRA i&47 5l &
3 1.04 ton X yr, Jl_L5EHT DAMA/Nal (1 0.29 ton X yr, M i11217 84 1.33 ton X yr,
N T BAEKIE 9.3 0 WAL TIME S, KIERMHERE N 2-6keV K HEE X 1]
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Fig.3-7 Annual modulation from DAMA experiment
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Table 4-1 Spin values for relevant nuclides

BT | AR J (s,) (s,) Sk b
S p 1/2 0.441 -0.109 [50]

» Na p 372 0.248 0.020 [39]
BGe n 9/2 0.030 0.378 [51]
12 Xe n 1/2 0.010 0.329 [40]
Bl xe n 32 -0.009 -0.272 [40]
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