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up to Λ~ tens of TeV





with DM annihilation 
in the NS center

40000 K → 2000 K = several orders of magnitude 
                                  difference in lumi L











Metric grr, gtt:
  - Outside neutron star: Schwarzshild 
  - Inside neutron star: 
    Solve TOV eqs + Eq. of State (BSk25)

Interaction rate Ω-:
  - DM-target scattering amplitude
  - Target nucleon/lepton distribution
  - Pauli blocking

Opacity η:
  - Attenutation of DM flux in the star

Post-doc: Jaime Hoefken Zink



For inelastic (electric) dipole portal:

Too large ΛE → large lifetime, 
                         rescattering in the NS 
                         instead of decaying outside

Limited by the χ2 lifetime rather than scat. cross section



(Neutron Star S4714-like)

(S4714-like)
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X-ray SgrA* vs DM-induced flares
1. Near Encounters Needed: To outshine Sgr A*’s quiescent background 
                                                   (at 2-10 keV energy), the NS requires a periapsis of rp 1 AU.∼

2. Harder X rays: More room for signal extraction

3. The "Hiding" Neutron Star: On a highly eccentric orbit (e.g., 12-year period), 
                                             the NS spends >99% of its life moving slowly in low DM density, 
                                             completely hidden beneath the SMBH background.

4. The Flare Window: The competitive signal only emerges for a brief window 
                                                (a few hours) during periapsis.



X-ray SgrA* vs DM-induced flares
1. Spectral Features:
˙Flat "Box" Spectrum: Unlike the thermal accretion flow or natural X-ray 
flares (power-law Γ 2.2), the iDM signal is kinematically flat.∼
˙Non-Trivial Time Evolution: Natural Sgr A* flares maintain a remarkably
 constant spectral slope. Our signal hardens (blue-shifts) on approach 
and softens (red-shifts) on recession.

˙Orbital Periodicity: Periods can be large (years).
                                                Can we predict them based on a DM-induced flare?
2. Smoking Gun: naked X-ray flare (no infrared counterpart)



BSM sensitivity
1. Cross section (DM-nucleon)

2. Lifetime of χ2  &  re-scattering in NS 
                            – limiting factor depending on the mass splitting

3. Sensitivity: 
                    can be as large as Λ ~ 100 TeV for a few hundred MeV DM mass

4. Anomalous flare: if observed, strong hint of (inelastic) DM
Λ >~ 100 TeV

Preliminary (NuSTAR, Hypo S3)

Λ ~ 1 TeV (LHC probes):

Λ ~ 100 TeV (NS X rays): 

DARK MATTER DISCOVERY TOOL   
                                                 RATHER THAN EXCLUSION TOOL



To Take Home
1. Inelastic Dark Matter
˙Can “naturally” appear due to symmetry breaking in the dark sector

˙Heavier dark state: unique pheno, discovery opportunities

2. Neutron stars as dark matter laboratories
˙Heating due to DM scattering & annihilation

˙Difficult to observe

˙Other: black hole formation, …

3. Novel X-ray signature
˙DM-induced X-ray flares from neutron stars orbiting SMBH in the Galactic Center

˙Distinct from “ordinary” X-ray flares of SgrA* (no NIR, flat spectrum, time evolution, periodicity)

4. Further steps
˙Beyond neutron stars (white dwarfs, ...)

˙Beyond χ2 → χ1γ(e.g., e+e- + magnetic field)

˙Beyond X rays and ~ 10 keV mass splittings (secondary radiation,…)

˙Future & proposed missions: ATHENA, AXIS, Lynx, HEX-P, eXTP, XRISM, ...


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

