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Estimate of the cross section

_ 1 mDM. (1)

here n, p, mpy denote the number density, mass density, and mass of dark-matter
particle, respectively, while X is the mean free path of the accelerated nucleus in the
dark-matter medium.
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Scales

Table 1. Interaction scales

Scale A, kpe  p, GeV/cm3

Core 0.1 840

Galaxy 10 0.3
Galaxy cluster 103 1073
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Estimate of the cross section
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Puc.: Estimates of the required cross section o versus mass mpw calculated from Eq. (1). Three different
spatial scales A\ are considered.
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Estimate of the cross section

We consider two cases:
e Case A: mpy = 50 MeV, 0 = 1072 cm?, \ = 100 pc
e Case B: mpy =20 MeV, 0 =1072* cm?, A =1 Mpc

For case A, a more detailed estimate of the collision probability will be made.
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Calculating the probability of the first collision

dP(r) = —— p(r)dr. (2)

r is the distance from the center of the galaxy, dP(r) - the interaction probability in a
spherical shell (r; r 4+ dr), p(r) is the density of dark matter

S\ r+dr
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Burkert profile:

Pb
o(r) = pr(r) = - 3)
(1+r/n) (14 (r/n)?)
We take r, = 8 kpc, pp is determined from the normalization:
R
47?/ p(r)r*dr = M ~ 102 M,,. (4)
0
Total probability:
R o
P = r)dr 5
JG )

For mpy = 50 MeV and o = 1072% ¢cm? we obtain P ~ 0.1
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Calculating the probability of a repeat collision

h
p(R,Z) = 2Zg exp(_R/Rgas) seCh2(z/Zgas)a (6)
gas

where ¥, =71.1 Mg/ pc?, Rgas = 4.8 kpc, zzas = 130 pc

dP(z) = i,o(z) dz. (7)

mp

Re = 8.15 kpc, h ~ 100 pc - half-thickness of the disc:

P—/hg (R=R z)dz—i ry exp(—Ro /R )/hsechz(z/z Ydz ~5-107°
B 0 mpp B _meZgas P ©f Tees 0 o (8)

where we still take o = 1072° cm?, and my, is the proton mass.
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Another scenario

o Xg

Ro o Ro
p— / 7 p(R,z = 0)dR = / exp(—R/Rgss) AR ~0.01  (9)
0 0

mp My, 2Zgas
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Interaction in filament

gas concentration in the filament n ~ 10~ cm™3 and the sizes of structures A ~ 30 — 100
Mpc

1
o= 1072% cm? (10)
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Model

Lagrangian:
L =g XV"XA, + > 87" qA, (11)
q
gy = 0.1, gg = Qqee, the kinetic mixing parameter ¢ = 107°. For definiteness, we take
benchmark value m, = 50Mev and mar = 3m,

We consider the process
x(k) + q(xp) — x(K') + a(p') (12)
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Differential cross section

doyp |/:/|

dTy 16mrm, Q2,/E2 — m2
X P (13)

oS Omax
X Z /_1 fy(x, Q%) IM(x)[2d cos ¥

q=u,d
where x = Q?/(—2p - q), the squared momentum transfer Q> = —¢® = 2m, T, and
—2p-q=2ET, — 2|5]|K| cos b, T, - kinetic energy of the final dark-matter particle,
qg=p—p' (arXiv2308.02204)
_ &8
(@ mR)
— 4Q2m>2< — 4Q2x2m12) + 2(Q2)2}

| M(x)]2 [16(xm, Ep)? — 8xm, E,Q?

(14)
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Growth of the cross section
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Puc.: (a) mpm = 50 MeV. The upper limit from NA64 (2023) are shown by the blue dashed line.
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(b) E, = 10'° eV. The dashed lines show the estimates presented in Fig. 1
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Growth of the cross section

For E, 2 10* GeV, the following asymptotic behavior holds:

15
o~ 1040 em? x (L (15)
1 GeV
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Conclusions

e Case A: 0 ~ 1072 cm? and mpy ~ 50 MeV
Significant probability, but there is anisotropy (poor for HiRes)

e Case B: 0 ~ 1072 cm? and mpy ~ 20 MeV
Estimated need to be clarified. Isotropically.
e Another models?

This work is supported in the framework of the State project "Science"by the Ministry of
Science and Higher Education of the Russian Federation under the contract
075-15-2024-541.

16/16



	ESTIMATE OF THE CROSS SECTION AND INTERACTION PROBABILITY
	INTERACTION OF ACCELERATED DARK MATTER WITH BARYONIC MATTER
	 HIGH-ENERGY ASYMPTOTICS OF THE DARK MATTER–NUCLEON INTERACTION CROSS SECTION

