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The dark matter profile in AGNs around blackhole
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Previous DM-neutrino scattering results
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K.D., Mohlabeng, Razzaque, PRD 2026.

Bounds from “NGC 1068, TXS 0506+056, PKS 1424+240" (3.30 CL), NGC 4151 (2.90 CL) (IceCube, 22' 24’)
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Gamma ray photon counts at Fermi-LAT

4FGL-DR4 catalog: 14 years all-sky survey, Aug 2008 — Aug 2022; 50 MeV -1TeV catalog energy

range
NGC 1068 Seyfert 2 galaxy Power law, M= 2.35 1416 19.70
NGC 4151* Seyfert 1.5 galaxy Power law, = 2.11 227 6.00
TXS 0506+056 Blazar (BL Lac) Log-parabola, a = 2.03, 8 = 0.053 9906 118.60
PKS 1424+240 Blazar (BL Lac) Log-parabola, a =1.70, 8 = 0.057 11083 171.10

NGC 4151 has no catalog association: we use 4FGL J1210.3+3928 (~5' away), attributed to NGC 4151
(Peretti et al., JCAP 2025)

(Abdollahi et al., ApJS 2022 [4FGL-DR3]; Ballet et al., arXiv:2307.12546 [4FGL-DR4])
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Dark Matter Density Profile

DM Density
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Adiabatic growth of black hole makes the DM 10% (‘
density profile steeper in the inner halo 102}
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Gravitational scattering between DM and stars can
dynamically relax the slope of DM spike profile 10°
(Gnedin & Primack, PRL 2004) Lool
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Dark Matter Density Profile | oM persiy
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radius of the influence of the BH, 7ma: = 10°Rs - | ;
and 7Tmin = 4Rs $ 10% :
. . . . . £ 10% i
e Outside of the spike radius, NFW density profile i
(Navarro, Frenk & White, APJ 1996) 10%r :
_ -3, i
pou(r) = po(r/re) 7(1+ %)7 if r > Ry, 10°r i
10—3 I I : i I I
e The attenuation of the photon fluxes produced at 10°¢  10* 107 10° 10? 10

the distance R,,,, from the BH can be described by
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Methodology

e We define a Poisson likelihood x?

X2 =23 [N — NEP + N In (S5 N )] 23 N
where N{ =nsM and N" =n!"(0,,), for i, N/¥ #0 and for j, N; " =0

e For stacking analysis: Xtotal = Zs XS; s = NGC 1068, TXS 0506 + 056, PKS 1424 + 240, NGC 4151

Parameter | NGC 1068 NGC 4151 TXS PKS
0506+056 | 1424+240

Mgy (Mg) 1.0 x 107 20x 107  3.09x10%  1.0x10°
Rs (pc) 95%x 1077 19%x107® 29x10> 95x107°

tgy (Yr) 10° 10° 10° 10°
T 6.5x 10° Rg 6.5 x 10° Ry 10° R 10° R
Rem 30R, 30Rg 2x 10%Rg 6.5 x 10%Rg
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Constraint on DM-photon Cross-Section

Constant 0., : For benchmark models where (av) =0—X,(m,) = constant ; NGC 1068 dominates the

stacking analysis.
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1076 1075 1074 1073 1072 1071 100 - . 4 = 2 — 0 1 2 ! )
1079 10 10 10 1() 1() l() 10
my [GeV] MDM [Gl!\"’}
<[220 5, Px for SMBH with lighter mass, peaks at
70 S my/ smaller distance with higher amplitude, (Bavdaz, KD, Perez,
Razzaque, Zaharijas in prep).

hence larger ¥, (Gondolo & Silk 1999)
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Constraint on DM-photon Cross-Section

Constant O, :

For benchmark profiles with <O"U>¢ 0, X, (m, ) varying with m,, PKS 1424+240 dominates the stacking analysis.
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The denser the dark matter spike, the stronger the depletion due to self-annihilations, the weaker the

constraints. L
(Bavdaz, KD, Perez, Razzaque, Zaharijas in prep.)
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Constraint on DM-photon Cross-Section
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Similar qualitative features to the constant-cross-section case, but with stronger constraints.
(Bavdaz, KD, Perez, Razzaque, Zaharijas in prep.)
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Possible model interpretation

= Millicharged DM L D ee x7"xA4, Yy+x—=>7+Xx
for the low-energy photon-DM scattering reducing to the Thomson limit (Kouvaris, PRD 2013;

Bélanger, EPJC 2021)
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In relativistic regime

E,}, > m,  (Barducciet al,, JHEP 2025)

For low energy o<« E_y!/(A*m_g?)

Khushboo Dixit University of Johannesburg

1



Summary

e The observation of gamma-rays from AGNs and Blazars can be used to constrain the dark
matter scattering cross section with photons, since these need to traverse the dark matter
spike around the black hole and the halo of the host galaxy.

e We obtained the bounds one order of magnitude stronger than the previous analysis done
without a proper statistical analysis. EBL inclusion in future for energy dependent DM-photon
scattering.

e The constraints are subject to uncertainties from the flux modelling, the emitting region of
neutrinos and gamma-rays, and from the dark matter profile.

e Future Fermi-LAT or MAGIC observations can improve results in this line.
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Constraint on DM-neutrino Cross-Section

Energy-dependent o, :

E,
Ey

Linear energy dependence, ie., (o,

X:UO

da,,x

% — _O'qub + fgj dE, dE, (B, = B)$(E,)

dy

where, A = Zx 9 , E;, =10% and, Ey=10TeV

mx Eg

, E' do(E'— E) o(E") oy
o(E") = 09—, ~ = —
Ey dE E’ Eq

Assuming approximately isotropic centre-of-mass scattering and E, > m,

, 4%, A (—Ei‘i’i + AzIn10 Zit EJ‘I’;,.) ,

K.D., Mohlabeng, Razzaque, PRD 2026.
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BACKUP: Dark Matter Column Density Profile

NGC1068
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K.D., Mohlabeng, Razzaque, PRD 2026.
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BACKUP: Astrophysical Uncertainty
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L There is large uncertainty on the neutrino emission point R,,,.
L For AGNs like NGC 1068 and NGC 4151, the constraint may be weakened by a factor of 4 (2) for non-
annihilating DM models BM1 (BMT’). K.D., Mohlabeng, Razzaque, PRD 2026.
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BACKUP: Astrophysical Uncertainty
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L For blazars TXS 0506+056 and PKS 1424+240, the emission region is likely to be farther from the central BH.

0 The constraint may get weakened by a factor of 2 for BM1, BM1, BM2 and BM2'.
K.D., Mohlabeng, Razzaque, PRD 2026.
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BACKUP: Previous analyses

Dobs . CX[)( 1 )
= Y
(Dem
Hi| DM X DM
mpwm
2.3
] , 1=V
ODM—i < DM
mpm 4.6 i=ry

b
XpMm

(Ferrer et al., 2023)

U TXS 0506+056
u_NGC 1068
u NGC 4151
U PKS 1424+240

TXS 0506+056
NGC 1068
NGC 4151

Source Survival [%] Attenuation [%]
96.60 3.40
90.78 9.22
TB8.53 21.47
96.41 3.59

PKS 1424+240

K.D., Mohlabeng, Razzaque, PRD 2026.
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BACKUP: Predicted counts by Fermi-LAT

NGC 1068 — Fermi-LAT predicted counts

NGC 4151 — Fermi-LAT predicted counts
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NGC 1068: total counts = 549,91 NGC 4151: total counts = 207.25
. TXS 0506+056 — Fermi-LAT predicted counts 100 PKS 1424+240 — Fermi-LAT predicted counts
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THS 0506+056: total counts = 7588.20

107 10°
Energy [GeV]

PKS 1424+248: total counts = 7642.67
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