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Caveat 
Stolen most of my slides from Jessie Shelton, Teresa 
Marrodán Undagoitia, Zach Marshall and others.
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6개의 쿼크
6개의 경입자
4개의 게이지보존
1개의 힉스보존

2012년 힉스입자의
발견으로 표준모형 완성

힉스입자
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SUCCESS OF THE STANDARD MODEL (SM)
q Predictive power and efficiency. 

◦ More experimental observables than free parameters
q Unification of electromagnetic and weak forces

◦ Tested to high accuracy with EWPTs (electroweak precision 
tests)

q CKM mechanism confirmed as dominant source of flavour
decays 
◦ from BaBar, Belle I+II, LHCb experiments 

q Higgs boson observed with ”reasonable” mass value
◦ from LHC experiments
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PROBLEMS OF THE STANDARD MODEL
qOrigin of flavor

◦ Why three generations?
◦ Origin of hierarchical Yukawa couplings? 

qCP violation
qSM does not include gravity
qThe hierarchy problem
qDoes not provide a viable Dark Matter candidate
qDark Energy
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ORIGIN OF MATTER 
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THE HIERARCHY PROBLEM 
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THE HIERARCHY PROBLEM 
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THE HIERARCHY PROBLEM 
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ORIGIN OF FLAVOR
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ORIGIN OF FLAVOR
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ORIGIN OF FLAVOR
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UNIFICATION 
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UNIFICATION
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Evidence For Dark Matter

Galactic rotation curves
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Evidence For Dark Matter
Cosmic microwave background anisotropies
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Evidence For Dark Matter

Galaxy has a visible component a
nd a dark component which inter
acts only gravitationally.

Colliding galaxies show the differ
ent interactions of the neutral Da
rk Matter and the visible matter,
which has Electromagnetic intera
ctions.



24

KC
M

S 
 L

ec
tu

re
CH

AN
G

-S
EO

N
G

 M
O

O
N

 (K
N

U
)

Evidence For Dark Matter

Galaxy cluster Abell 370 
composed of several hundreds 
of galaxies. The blue arcs are 
distorted images of remote 
galaxies behind the cluster.

Gravitational lensing
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Dark Matter
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Dark Matter

Dark Matter
Thermal freeze-out
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Dark Matter
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Dark Matter
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Dark Matter
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Dark Matter
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WHERE IS NEW PHYSICS?
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Dark matter experiments 
3 complementary
search strategies
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Dark matter in the Milky Way 
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Detector requirements and signatures 
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Backgrounds and reduction strategies 
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Result of a direct detection experiment 
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Overview of WIMP searches 
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Direct detection experiments 



39

KC
M

S 
 L

ec
tu

re
CH

AN
G

-S
EO

N
G

 M
O

O
N

 (K
N

U
)

DAMA annual modulation 
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Recent results from ANAIS & COSINE-100 
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Cryogenic bolometers 
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Bolometer experiments 
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Results from cryogenic bolometers 

Figure from CRESST, 
Phys.Rev.D 100 (2019) 102002
& arXiv:1904.00498 
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Advantages of liquid noble gases 
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Single phase detectors 
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Two phase noble gas TPC 
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The DarkSide experiment 



48

KC
M

S 
 L

ec
tu

re
CH

AN
G

-S
EO

N
G

 M
O

O
N

 (K
N

U
)

Beyond DarkSide-20K 
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XENON 1T results 
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Interesting signal  from XENON 1T
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Next generation: LZ, PandaX-4T and XENONnT



52

KC
M

S 
 L

ec
tu

re
CH

AN
G

-S
EO

N
G

 M
O

O
N

 (K
N

U
)

Released data from current LXe detectors 
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DARWIN: the ultimate WIMP detector 
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Superheated fluid detectors 
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Prospect for the future 


