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Dark matter in the Universe

• The astrophysical and cosmological observations have provided compelling 

evidences of the existence of dark matter (DM).

Ω𝑐ℎ
2 = 0.11933 ± 0.00091

Cold DM (~26%) 

Baryons (~5%) 

Dark energy (~69%) 

Ω𝑏ℎ
2 = 0.02242 ± 0.00014

ΩΛ = 0.6889 ± 0.0056

Bullet cluster Coma cluster Rotation curve

CMB Planck 2018

[1807.06209]
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DM direct detection
(XENON Collaboration)

Phys. Rev. Lett. 121, 111302
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DM direct detection

DM number 

density

𝝈𝑺𝑰~𝒎𝝌

(XENON Collaboration)
Phys. Rev. Lett. 121, 111302
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DM direct detection

Kinetic energy

DM number 

density

𝝈𝑺𝑰~𝒎𝝌

(XENON Collaboration)
Phys. Rev. Lett. 121, 111302

𝑬𝑹 ∈ 𝟒. 𝟗, 𝟒𝟎. 𝟗 keV
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DM direct detection

Kinetic energy

DM number 

density

𝝈𝑺𝑰~𝒎𝝌

(XENON Collaboration)
Phys. Rev. Lett. 121, 111302

𝑬𝑹 ∈ 𝟒. 𝟗, 𝟒𝟎. 𝟗 keV

Improve DM kinetic energy: scattering between cosmic-ray particles and 

DM (CRDM); [1810.10543]

Reduce 𝑬𝒕𝒉: Migdal effects; [1907.11485, 1707.07258]
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Why Blazars ?
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Why Blazars ?

The extremely powerful jet, which implies high proton and/or electron flux; 

Large DM density;
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The blazar jet model

The leptonic (synchrotron-self-Compton) model: the radio through X-

ray emission is produced by electron-synchrotron radiation, while the 𝛾-

rays are produced by inverse Compton scattering;
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The blazar jet model

Pure hadronic (proton–synchrotron) model: high-energy emission is 

produced by proton–synchrotron emission.
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The blazar jet model

Lepto-Hadronic model: high-energy emission is produced by secondary 

leptons produced in p-𝛾 interactions are usually referred to as lepto-

hadronic models  
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Photo-Meson Production

Neutrinos as 

smoking gun of 

hadronic processes
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The blazar jet model

The leptonic (synchrotron-self-Compton) model: the radio through X-

ray emission is produced by synchrotron radiation, while the 𝛾-rays are 

produced by inverse Compton scattering;

Pure hadronic (proton–synchrotron) model: high-energy emission is 

produced by proton–synchrotron emission.
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hadronic models  

Photo-Meson Production

Neutrinos as 

smoking gun of 

hadronic processes

In July 2018, the IceCube Neutrino Observatory announced that they 

have traced an extremely-high-energy neutrino back to its point of origin 

in the blazar TXS 0506 +056
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The blazar jet model

The leptonic (synchrotron-self-Compton) model: the radio through X-

ray emission is produced by synchrotron radiation, while the 𝛾-rays are 

produced by inverse Compton scattering;

Pure hadronic (proton–synchrotron) model: high-energy emission is 

produced by proton–synchrotron emission.

Lepto-Hadronic model: high-energy emission is produced by secondary 

leptons produced in p-𝛾 interactions are usually referred to as lepto-

hadronic models  

TXS 0506+056 lepto-hadronic model &  BL Lacerta pure hadronic model

Consider the proton/electron-DM interaction.
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Spectrum of the relativistic blazar jet

Blob frame Black hole (BH) frame

Lorentz boost
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Spectrum of the relativistic blazar jet

Blob frame Black hole (BH) frame

Lorentz boost

Single power-law distribution: 
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Spectrum of the relativistic blazar jet

Blob frame Black hole (BH) frame

Lorentz boost

Single power-law distribution: 

with is the particle velocity 

Lorentz boost: 
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Spectrum of the relativistic blazar jet

The spectrum of blazar jet in black hole frame can be expressed as: 

Using the jet power to fix normalization factor 𝑐𝑗
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Spectrum of the relativistic blazar jet
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Spectrum of the relativistic blazar jet

Spectrum in BH frame: 
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Dark matter density profile

The DM distribution depends on the properties of central supermassive black hole; 

Set 𝛾 = 1, which corresponds to  the NFW profile

Adiabatic growth 
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Dark matter density profile

The DM distribution depends on the properties of central supermassive black hole; 

Set 𝛾 = 1, which corresponds to  the NFW profile

Adiabatic growth 

The  possible DM annihilations could flatten the DM profile in the inner region

Annihilation 
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Dark matter density profile

The DM distribution depends on the properties of central supermassive black hole; 

Set 𝛾 = 1, which corresponds to  the NFW profile

Adiabatic growth 

The  possible DM annihilations could flatten the DM profile in the inner region

Annihilation 

The normalization condition to fix the DM profile

Where 𝑅𝑆 is Schwarzschild radius 
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Dark matter density profile

The line-of-sight integral of DM density

Consider two benchmark points 

DM profile
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Dark matter flux from blazars

The BBDM flux can be expressed as
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Direct detection constraints

The BBDM-induced target nucleus (electron) recoil rate can be expressed as

For Xenon1T (SI):

For Borexino (SD):
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Constraints from Super-K

Due to the large volume (22.5 kt in fiducial volume) and long exposure time 

(2628.1 days), Super-K is an ideal detector to search for DM-electron 

scattering signals.

Three energy bins are considered, and the spatial distribution of the events 

are also given.
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Constraints from Super-K

After doing a Poisson analysis, we derive the 95% C.L. upper limits

The number of BBDM-induced electron recoil events at Super-K
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Constraints from Super-K

Combing three bins, we derive the 95% C.L. upper limits on 𝜎𝜒𝑒

Left: fix 𝜎𝜒𝑝 with XENON1Ｔconstraints;   Right: for various 𝜎𝜒𝑝.
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Summary

A novel astrophysical mechanism for DM acceleration;

Due to the powerful jets and large DM densities, the blazars are ideal DM 

boosters and can induce a stronger DM flux than that from CRs;

The strong constraints on 𝝈𝝌𝒑 and 𝝈𝝌𝒆 are derived by using the results of 

XENON1T and Super-K;

It not only unveils a novel fascinating possibility to explore the nature of 

DM but also provides astrophysicists with a new way to better 

understand the characteristics of blazar jets.
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