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Outlines

๏ Observational cosmology and astrophysics (PI: I-Non Chiu)
๏ High-energy astrophysics (PI: Kwan-Lok Li)
๏ Numerical astrophysics (PI: Hwei-Jang Yo)
๏ Particle physics lab (PI: Chuan-Hung Chen)
๏ Theoretical cosmology lab (PI: Shun-Pei Miao)
๏ Gravitation and quantum theory of fields (PI: Chopin Soo)
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๏The universe has been expanding 
since a “big bang”

๏The flat ΛCDM model:
≈5% baryonic matter
≈25% cold dark matter (CDM)
≈70% dark energy (Λ)

๏The recent cosmic expansion is 
accelerating

๏Supported by observational facts

The Standard 
Cosmological Model
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Credit: Planck+18

Cosmic Microwave Background (CMB)

The CMB at a single 
snapshot ( ) 
has a great success in 
describing the Universe.

z ≈ 1100
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Credit: ESA

A very simple model

Early Universe

https://ui.adsabs.harvard.edu/abs/2020A&A...641A...6P/abstract
https://www.esa.int/ESA_Multimedia/Images/2015/02/The_history_of_the_Universe
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Cosmological Structure Formation
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Slow growth

Fast growth
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The probes based on the growth of structures have put a stringent 
test on the CDM model.Λ

Credit: ESA

Late Universe

Grav
ity

DE

https://ui.adsabs.harvard.edu/abs/2015APh....63...23H/abstract
https://www.esa.int/ESA_Multimedia/Images/2015/02/The_history_of_the_Universe
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๏ The cosmic inhomogeniety is 
described by the variance of 
overdensity fluctuations at a scale 
of 8 h−1Mpc

σ8 ≡ ⟨( δρmatter

ρmatter )
2

⟩
8 h−1Mpc

1
2

S8 ≡ σ8 ( Ωm

0.3 )
1
2

๏ The extrapolation from the CMB 
at  disagrees with the 
late-time observations at  at 
a statistically significant level

z ≈ 1100
z ≲ 2

Adhikari+21

https://ui.adsabs.harvard.edu/abs/2022arXiv220911726A/abstract
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Galaxy clusters

https://ui.adsabs.harvard.edu/abs/2022arXiv220911726A/abstract
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๏ Galaxy clusters locate at the density 
peaks of large-scale structures

๏ The number density of clusters over 
time puts strong constraints on 
cosmology

๏ Cluster cosmology is rooted in the 
measurement of the halo mass function

8

Cluster Cosmology
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Time

Halo Mass Function

https://ui.adsabs.harvard.edu/abs/2009ApJ...692.1060V/abstract
https://www.nature.com/articles/35051000
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State of the Art
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๏ Cluster cosmology has 
received great success in 
multiple wavelengths

๏ Current sample sizes  
clusters (or only few 
percents of the whole sky).

≈ 103

Bocquet+24

https://ui.adsabs.harvard.edu/abs/2024arXiv240102075B/abstract
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Ghirardini+24

The tightest constraints 
from cluster cosmology

The Latest Cosmology From eROSITA All-Sky Survey (eRASS)

https://ui.adsabs.harvard.edu/abs/2024arXiv240208458G/abstract
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Ghirardini+24

The tightest constraints 
from cluster cosmology

eFEDS (Chiu+23)

eRASS1

The Latest Cosmology From eROSITA All-Sky Survey (eRASS)

https://ui.adsabs.harvard.edu/abs/2024arXiv240208458G/abstract
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eROSITA Cluster Cosmology
๏ eROSITA is an X-ray space mission (2019–2024) aiming to search for galaxy 

clusters from all sky.
๏ The eROSITA all-sky survey has stopped due to the Ukraine War. Data from 

Science Verification (eFEDS) and Year-One survey (eRASS1) have been released.
๏ The first eROSITA-based cluster cosmology (eFEDS) was out in 2023 (Chiu+23), 

followed by the eRASS1 results in 2024 (Gharardini+24).
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clusters from all sky.
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Citations: 55 since 2022

Citations: 48 since 2023
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The Hyper Suprime-Cam Subaru Strategic Program

๏ 8m telescope located at Maunakea, carrying out an optical and wide-field 
survey (2016–2022)

๏ The deepest optical survey at achieved area (  and ) 
with 

๏ Uniqueness-Depth + Area + Quality (seeing  ≲ 0.6 arcsec)-The only WL survey capable of executing shear-selected cluster cosmology

≈ 1100 deg2 i ≈ 26 mag
nsource ≈ 20 gals/arcmin2

R.A.

DEC

HSC-D

HSC-D/UD

HSC-W

Galactic Extinction E(B-V)
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Weak-Lensing Shear-Selected Galaxy Clusters
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Chen+submitted

HSC WL Mass Maps

https://arxiv.org/abs/2406.11966
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Chiu+24

Observed  
of 129 clusters

N (ν)

Best-fit model

Excellent description of the data!

https://arxiv.org/abs/2406.11970
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Chiu+24

̂S8 ≡ σ8 (Ωm/0.3)0.25 = 0.835+0.041
−0.044 (4.7 % constraint)

Excellent agreement with others except for  at  
➡ systematics?

3 × 2pt ≈ 2σ

https://arxiv.org/abs/2406.11970
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Particle Physics Lab (PI: Chuan-Hung Chen)
❑ Research interest: The standard model (SM) has been established as a very 

good effective theory at and below the electroweak scale. However, certain 
empirical observations still await resolutions, such as the origin of neutrino 
mass and the nature of dark matter (DM), which constitutes around 27% of 
the universe's total energy. Based on these unsolved issues and the anomalous 
processes indicated by experiments,  we focus on the following research 
topics: 

o Scotogenic model: Proposed by E. Ma in 2006, this model explains the origin 
of neutrino mass through a one-loop mechanism. The particles mediating the 
loop carry a dark charge, making them potential candidates for dark matter. 
Building on the concept of scotogenesis, we explore not only the generation 
of neutrino mass but also its implications for lepton-flavor-violating 
(LFV) processes and its potential to address the muon g-2 anomaly. 

o Leptoqaurk model:  Unexpectedly large branching ratios (BRs) of 
 have been reported by BaBar, Belle, and LHCb. Additionally, 

Belle II recently reported a 2.7  deviation from the SM prediction in the BR 
for . It is of interest to simultaneously explain both excesses in a 
unified model. It is even more challenging if the model can also be used to fit 
the neutrino data. Since leptoquarks, which mediate interactions between 
quarks and leptons, provide peculiar couplings to quarks and leptons, we 
explore the above issues in the framework of leptoquark models.  

 

𝐵 → 𝐷(∗) 𝜏 �̄�
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Theoretical Cosmology Lab (PI: Shun-Pei Miao)


