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https://chandra.harvard.edu/resources/illustrations/darkmatter.html



Why do we need the dark matter ?



Dark Matter Effects inside Compact Stars

Production

DM particles light enough to be produced 
in collisional processes inside stars, with 
typically temperatures in the keV, 
or supernovae, with energy scales in the 
MeV, 
lead to an additional energy-loss 
mechanism, if capable of escaping the 
system.

𝑆𝑀 + 𝑆𝑀
→ 𝐷𝑀 + 𝐷𝑀

(Energy-Loss Mechanism)



Dark Matter Effects inside Compact Stars

Annihilation

𝐷𝑀 + 𝐷𝑀
→ 𝑆𝑀 + 𝑆𝑀

DM annihilation can even have fueled 
early stages of stellar evolution, 
perhaps with measurable consequences

(Energy-Production Mechanism)



Higgs particle in the Standard Model (SM)

• Higgs field (ℎ) : responsible for 
① the spontaneous EW symmetry breaking
② the generation of masses of all the SM particle

• The potential is characterized by only two parameters :
① vacuum expectation value 𝑣
② the Higgs mass 𝑚!
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Higgs trilinear and quartic self-coupling
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New Physics can affect the Higgs potential form

Sizeable departures from the SM form

λ% = λ%"# + 𝛿λ%"# , λ& = λ&"# + 𝛿λ&"#



Measuring the Higgs self coupling

Examine the Higgs potential

𝝀𝟑 = λ%"# + 𝛿λ%"#

𝝀𝟑



Model setup

• Relativistic Mean Field Model (called Quantum Hydrodynamic
s, QHDI)



Higgs coupling and fermionic dark matter

A nucleon-Higgs Yukawa coupling y ~ f mN / v, with v = 246 GeV is the Higgs vacuum expectation value and 
f parameterizes the Higgs-nucleon coupling. 

Following the lattice computations [33]~[35], we shall consider the central value f ~ 0.3 in agreement with Ref. [32]. 

Fermionic dark matter



Equation of State(EOS) of hadronic matter without dark matter

After taking the mean fields of two mesons

Effective mass via the interaction of scalar meson



FIG. 1 Neutron effective mass versus wave number (in GeV) without dark matter in the σ − ω model. 



FIG. 2 vector and scalar mean fields versus wave number (in GeV) without dark matter in the σ − ω model. 



EOS without dark matter

Depending on the values of the parameters the DM-Higgs coupling takes values in the range 0.001–0.1, 
and in the following we shall adopt the value y ~ 0.07. 

We also assume that inside the neutron star the DM average number density is ∼1000 times smaller than the average 
neutron number density, which implies a DM mass fraction MDM=M ≃ 1=6 ≃ 0.17 [18], with M being the mass of the 
star. 

Applying the mean-field approximation to this model, the system looks like an ideal Fermi gas consisting of two 
noninteracting fermions with effective masses 



EOS without DM 

EOS with DM (kχF = 0.04 GeV)

EOS with DM (kχF = 0.06 GeV)



TOV equation and R versus M diagram

With these two initial conditions :

TOV equation :

with DM at the N
eutron star core
(kχF = 0.06 GeV)

Pure Hadronic Case



Conclusion

• We choose the simplest model (QHD-I) and introduce the Higgs 
and dark matter captured inside the neutron star.
• We calculate the EOSs w/wo the dark matter.
• We find that the dark matters at the neutron star core can make 
the EOS soft !
• We consider TOV equation including the relativistic corrections, 
and show the R vs. M relations w/wo the dark matter
• We are trying to check more the interesting and important effect 
of dark matter depending on the (relaxed) parameter spaces ! 



Thank you for 
your attention !!

ありがとうございます。



We will try to consider the self coupling of the Higgs boson, and extract some constraints(?) from 
the neutron star physics.

Others….



암흑물질 후보군
https://ko.wikipedia.org/wiki/암흑물질

Strangelet



암흑물질 탐색

Production

Annihilation

Sc
at
te
ri
ng

PDG 2021
Figure27.2: Upper limits and projected sensitivity from CTA(Cherenkov 
Telescope Array) on the pair-annihilation rate versus the DM mass from
gamma-ray and CMB observations (figure courtesy of Logan Morrison).

https://en.wikipedia.org/wiki
/Cherenkov_Telescope_Array
#/media/File:CTA_Telescope
s_in_Southern_Hemisphere.j
pg
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