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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).
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e Improve DM kinetic energy: scattering between cosmic-ray particles and
DM (CRDM); [1810.10543]

® Reduce E;,: Migdal effects; [1907.11485, 1707.07258]



Why Blazars ?
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Why Blazars ?
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» The extremely powerful jet, which implies high proton and/or electron flux;

« Large DM density;



The blazar jet model

® The leptonic (synchrotron-self-Compton) model: the radio through X-
ray emission is produced by electron-synchrotron radiation, while the y-

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

® | epto-Hadronic model: high-energy emission is produced by secondary
leptons produced in p-y interactions are usually referred to as lepto-

hadronic models
Mrk421 Lepto-Hadronic
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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 y-rays are

produced by inverse Compton scattering;

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

produced by proton—synchrotron emission.

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

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

hadronic models
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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 y-rays are
produced by inverse Compton scattering;

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

hadronic models
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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 y-rays are

produced by inverse Compton scattering;

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

produced by proton—synchrotron emission.

e Lepto-Hadronic model: high-energy emission is produced by secondary
leptons produced in p-y 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.



Spectrum of the relativistic blazar jet
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Spectrum of the relativistic blazar jet
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® Single power-law distribution: ] — —; _J
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Spectrum of the relativistic blazar jet

dr; I'p=(1-8%)"1/? dFj
° T c SIS Te
dEj asY Lorentz boost dEﬁ df
Blob frame Black hole (BH) frame
. o dl™. 1 BN\
® Single power-law distribution: ] — —; _J
dE;- d€Y  Arx m;

Bu— Op
(1= BpBu)* — (1 — (1 - B3)

® Lorentz boost: | 7'(7, 1) = (1 = BB e, w(v.n) = 7

with = /1 —1/+? is the patrticle velocity



Spectrum of the relativistic blazar jet

e The spectrum of blazar jet in black hole frame can be expressed as:
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® Using the jet power to fix normalization factor ¢;
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Spectrum of the relativistic blazar jet

(Lepto-)Hadronic Model Parameters
Parameter (unit) TXS 0506+056 BL Lacertae
2 0.337 0.069
dr, (Mpc) 1835.4 322.7
Mgy (M) 3.09 x 108 8.65 x 107
D =214 b A7 @ b=1s
FB 20 15 QL()S ~ 1/D
QLOS (o) 0 3.82
y 2.0 2.4
Qe 2.0 3.5
Vinin. p 1.0 1.0
Vhax, p 5.5 x 107 1.9 x 107
Vhin, e 500 700
Vhax, e 1.3 x 10% 1.5 x 10*
L, (erg/s) 2.55 x 1048 9.8 x 1048
Le (erg/s) 1.32 x 10* 8.7 x 102
cp (s7lsr1GeVTY) 2.54 x 1047 1.24 x 10%
ce (s7tsr71GeV ) 2.42 x 10 2.59 x 10°*




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;

— Adiabatic growth
p(’l“) x r 7 ) p'(r) ocr™ T

Set y = 1, which corresponds to the NFW profile




Dark matter density profile

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

— Adiabatic growth
p(’l“) x r 7 ) p'(r) ocr™ T

Set y = 1, which corresponds to the NFW profile

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

Annihilation p' (1) peore

Peore = My /((0V) tpn)| =———) | ppm(r) = (1) + peore




Dark matter density profile

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

— Adiabatic growth
p(’l“) x r 7 ) p'(r) ocr™ T

Set y = 1, which corresponds to the NFW profile

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

Annihilation p' (1) peore

Peore = My /((0V) tpn)| =———) | ppm(r) = (1) + peore

105R5
® The normalization condition to fix the DM profile / dr?p/ (r)dr ~ Mpy
ARg

Where Rs is Schwarzschild radius



Dark matter density profile

_ _ BMP1) (ov), =0, so that pcore — +00 and ppy = p/;
e Consider two benchmark points ’
BMP2) (ov), =10"?® cm®s™! and tgy = 10° yr;
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® The line-of-sight integral of DM density Xpm(r) E/ pom (r') dr’




Dark matter flux from blazars

® The BBDM flux can be expressed as

i,

dr,
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Direct detection constraints

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

Texw oc dT, do
N g/ dT; o / X X (withj=e, N
J T;‘l(;:n J A T;‘lin( TJ) -I;-ma'x( TX) dTX ( )

e For XenonlT (SI): In(4.9 keV < Ty, <40.9 keV) < 2.41 x 1077 571

For Borexino (SD):  [T(7}, > 25 MeV) < 2 x 107 s
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Constraints from Super-K

e 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.

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

are also given.

| P (e > cos; T (T, = ™)) 2 0.95|

0.1 < T./GeV < 1.33 1.33 < T./GeV < 20 20 < T./GeV < 10°




Constraints from Super-K

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

Sensitivity of Super-Kamiokande

Binl Bin2 Bin3
T. (GeV) (0.1, 1.33) (1.33, 20) (20, 10°)
NData 4042 658 3
Npkg 3992.9 772.6 7.4
Esig 93.0% 91.3% 81.1%
) 24° 7° 5°
Nixq 169 2 0
N, 167 4 0
Nfye 172.6 2.88 0.014
Ntxs (95% C.L.) 19.39 3.42 2.98
Ner (95% C.L.) 17.27 6.27 2.98

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

Tmax

ex Foo dPz
DM P dTy X DM )l
Ne —= eaxetobs/ _ dT, / ) TemaX(TX) dTX Ne X Esig < NTXS (NBL

min min
Tmis Tr




Constraints from Super-K

e Combing three bins, we derive the 95% C.L. upper limits on g,
TXS 0506 +056 TXS 0506 +056
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* Left: fix g,, with XENON1 T constraints; Right: for various a,,,.



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 a,, and g, are derived by using the results of

XENONIT and Super-K;

® |t 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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