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Direct detection of dark matter particles
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m ~ 100 GeV — mass of a xenon atom, M — mass of a dark matter particle with
a value from several GeV to several TeV .

E ~ keV

E — Kkinetic energy of a xenon atom.



XENON experiment and XENONI1T detector
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Working principles, signals S1 and S2

S1 signal — primary scintillations in the liquid phase of the detector. S2 signal —
secondary scintillations induced by primary ionization electrons in the gas phase
of the detector.
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Anomaly in XENON1T data

In the data accumulated by the XENONI1T detector, there is a signal
uncharacteristic for WIMPs, detected in the range of electron recoil energy from
1to 7 keV.

B — decays 214Pb, 85Kr
Background model: By = ¢ 88 — decay 136Xe
detector’s material radiation, solar neutrinos (Zo, W¥)

235 4+ 15 background events vs. 285 detected events.

120 T T T T T

100

g i
o A

20 — B g
I SRi1data
0 t t t t t

2r " . Lo S b
=2F . * . .. * o o
1 1 1 . 1 1

0 5 10 20 25 30

Events/(t-y-keV)

15
Energy [keV]

o



Scattering of neutrinos by electrons

Neutrino vertex of interaction
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here p!, — magnetic moment of neutrino in Bohr’s magnetons up.
Hy g 1

IFa=- O’aﬁqﬁ> (1)
e

Magnetic moment of the Standard model
pl, =32 x10719(m,, /eV)



Scattering of neutrinos by electrons

Calculation result of diagram

do et MLQ(l 1 ) 7ro¢2u;2(1 1 ) 2(1 1 ) @
= — - ) = ([——— )=« - — —,
dT ~ 16r m2 \T K, m2 \T E, BT T E,

here T' — kinetic energy of an electron, F, — neutrino energy, a — constant of
the fine structure, p, — magnetic moment of neutrino.

Taking into account the binding energy of an electron
(%)
daxe 2 < 1 ) doo
= — (T — B;) 3
Z T+ B; Eu ’ Z ( ( )

here B; — binding energy of an electron in a xenon atom with index ¢ € {1...54}.

Number of events from v scattering on an e
dN _ JppnXe doxe

= : (4)
ton X year x dT° P dT

Magnetic moment model: p, = {

Jpp = 5,94(1 £ 0,1) x 1019 cm ™2 x sec™!,

p — density of liquid xenon, nxe — concentration of xenon atoms.



Three cases flux of neutrinos

1. When the magnetic moment of the neutrino for each neutrino (ve, vy, vr) is
the same. jpp = 5,94(1 4 0,1) x 1010 cm~2 x sec™!

2. When the magnetic moment for v, v, is zero. Pee = 0,55, if into account
E, = 0,26 MeV jpp, e = Pee X jpp = 3,27(1 £0,1) x 1019 cm™2 x sec ™!

3. When the magnetic moment for ve is zero.
Jpp, pyr = (1 — Pee) X jpp = 2,67(1 £0,1) x 1010 cm™2 x sec™?!
P.S.: individually, the probabilities of survival for v, v; were not found, so
case 3 is as it is.



XENONI1T data processing results

Optimal magnetic moment, when it is the same for (ve, vy, vr).
=il 87+0’48 10— 11
Bv = 1,60 _g69 X KB

90% confidence level: p, € (0,22,2,61) x 1071 up

Optimal magnetic moment, when p,, , =0.
pwe = 2525585 x 107 up

90% confidence level: u,, € (0,37,3,51) x 10711 up

Optimal magnetic moment, when p,, = 0.
0,72 _
fiv, . = 2,780 x 107 pp

90% confidence level: ., . € (0,42,3,91) x 10~ pp

Magnetic moment in the Standard model
py =3,2%x 10719 (my /eV)up



XENONI1T data processing results
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XENONI1T data processing results
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Conclusion

Magnetic moments of our calculation
0,48 = _ . =
o = 1875068 x 107 g,y = 2,521085 x 107 up,

fy = 2785008 x 107 g, SM: py =32 x 10710 (m, /)

According to our calculations, the model By + u, is preferable to the background
model Bg with statistical significance 1.640 for all the above cases. This value
turned out to be slightly lower than stated by the XENON collaboration, in which
the statistical significance was 3,2 o.
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Thanks for attention!
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