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Universe Content

Particle Data Group



Universe Content



Dark Matter: What is dark matter? How was it generated?



Dark Matter Candidates



What’s Wrong with Neutrino?

i. Solar neutrino problem 
ii. Neutrino Oscillations -> Non zero mass 
iii. Reactor Anomaly? 
iv. Gallium Anomaly? 
 

It all started with the fact that the expected neutrino flux 
from the Sun turned out to be about ~3 times less than 
what was predicted by the standard model of the Sun. 

The solution to the problem has been found: NEUTRINOS 
HAVE MASS AND OSCILLATE. We have received 
evidence that the standard model of particle physics is 
incomplete. 

However, in a series of measurements of neutrino fluxes 
from artificial sources in a series of 4 experiments (SAGE 
and GALLEX), a neutrino deficit was recorded at a level of 
about 3 sigma (Gallium Anomaly). -- What is this? THERE 
IS POSSIBLE PRESENCE OF A NEW TYPE OF 
NEUTRINO (Sterile Neutrino).



Result of the BEST

Measured/Expected Rate for the Inner Zone and Outer Zone

Vladislav Barinov and Dmitry Gorbunov.,  
Phys. Rev. D 105, L051703 (2022)

Barinov et al., Phys.Rev.C 105 (2022)          Barinov et al., Phys.Rev.Lett. 128 (2022) 

BEST Impact on Sterile Neutrino Hypothesis 



KeV Sterile Neutrinos

R. Adhikari et al JCAP01(2017)025

Constraints on the Parameters of Sterile Neutrinos  
from Astrophysical Observations



Undefined Line in X-Ray Spectra



Iγ ≡
d2Fγ

dEγdΩ [ cts
cm2skeVSr ]

Fγ =
1

4π

Γνs

mνs
∫ ∫

dN
dEγ

d𝒟DM

dΩ
dEγdΩ

𝒟DM = ∫f.o.v. ∫l.o.s.

ρDM(r)
z2

z2dzdΩ

⟨Iγ⟩ =
1

4π

Γνs

mνs

dN
dEγ [ 1

Ttot ∑
i

Ti
d𝒟DM,i

dΩ ] =
1

4π

Γνs

mνs

dN
dEγ ⟨ d𝒟DM

dΩ ⟩

Intensity from Sterile Neutrino Decays

Dark Matter Flux and Column Density in given FOV

Stacked Intensity

Search Strategy / Expected Signal & Observation Scheme



Dark Matter Profiles



Dark Matter Profiles / Uncertainty 



X-Ray Instruments

eROSITA

ART-XC

NuSTAR



Searching for Particle Dark Matter with 

eROSITA Early Data [arXiv:2401.16747v2]

Current Constraints: Our Expectation /eROSITA Early Data 



ART-XC Constraints after 2 years of operations 

E. I. Zakharov et al., Phys. Rev. D 109, L021301 (2024)



NuSTAR Sterile Neutrino Constraints

• 11 years of Observations


• Exposure ~ 234Ms


• Combined A + B Modules


• Stacked Spectra ~ 3917 Observations



Spectral Model and Data Analysis / DM Line

XSPEC Base Model: powerlaw + cflux(highecut*powerlaw)

Isol = Nsol (
Eγ

1keV )
−Γsol

ICXB = NCXB (
Eγ

1keV )
−ΓCXB

exp (
Ecut − Eγ

Efold )

Solar component:

CXB (Gruber Model):

Our Best Fit ModelFirst, we fit original spectrum without DM Line

Next, we add DM Line: powerlaw + cflux(highecut*powerlaw)+ gauss 

We perform scan for the each energy in (3, 20) keV range 

Δχ2(sin2(2θ)) = 2.71,for 95% upper limit with one degree of freedom

Finally, we generate 1000 fakeit spectra based on original spectrum



Spectral Model and Data Analysis / Spectrum



NuSTAR 234 Ms Constraints



New NuSTAR 234 Ms Constraints
R. Krivonos, V. Barinov, D. Gorbunov, A. Mukhin et al. — article is coming soon



Long-Exposure NuSTAR Constraints on Decaying Dark Matter in the Galactic Halo

[arXiv:2207.04572v4]

NuSTAR Previous Constraints



A few words about cosmology…

The SRG/eROSITA All-Sky Survey

Cosmology Constraints from Cluster Abundances in the Western Galactic Hemisphere

arXiv:2402.08458v1 [astro-ph.CO] 13 Feb 2024,  



The Future…

For Example: SRG: eROSITA/ART-XC, Athena, Lynx


Galaxy Clusters! —> Large Scale Structure, Cosmology, Neutrino, …


Gallium Anomaly —> The question remains open 


(It may be Look elsewhere effect, Statistical Fluctuation or New type of neutrino)


These light sterile neutrinos are bad for cosmology! 

KeV Sterile Neutrino —> New data may help rule out or find something interesting! 


(Stacked Spectra, Milky Way Observations, Galaxy Clusters…)


Recent News:


Further research in Galaxy Clusters is the powerful tool 


to testing dark matter models and cosmological studies!



Thank you for your attention!
The work is supported by the RSF Grant 22-12-00271



Basic Concept

Expected Constraints on the Parameters of Sterile Neutrinos from 
the Correlation Analysis of Structures within the the SRG Mission 



Correlation Angular Power Spectrum



Expected Constraints

V.V. Barinov., JCAP02(2023)055 (2023)


