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3. Results.

Abstract.
Indirect dark matter (DM) searches is one of the key scientific goals of GAMMA-400 mission. Such a search strategy typically assumes the neutralino to play the role of DM and relies on the opportunity of
pair annihilation of DM particles with production of prompt gamma photons with MeV-TeV energies. Extensive efforts have been already invested worldwide in attempts to detect such a DM signature in various
astrophysical objects (especially, in dwarf MW satellites). However, no clear detection has been claimed so far. This motivates the community to continue the search – especially over the high WIMP mass range
≥100GeV, which is still completely open. GAMMA-400 is expected to deliver a valuable data on various DM targets with unprecedented angular resolution. One of the promising search targets are dark subhalos,
which inevitably exist in the host MW halo as numerous substructures. In this work we preliminary analyzed the detectability of such objects by GAMMA-400 using respective theoretical studies of the subhalo
population. Specifically, we focused on the most relevant range of subhalo masses (106-109)M⨀. We estimated the expected gamma ray fluxes from subhalos and their surface brightness profiles. Preliminary, we
can conclude that GAMMA-400 may resolve the closest subhalos as extended objects. However, even optimistic flux estimates yield ~(1-10) photons/year for our instrument, which makes their detection
problematic. Further investigations of this challenge are ongoing.

Fig. 3. The expected photon flux for GAMMA-400
(from 100 MeV) as a function of subhalo mass for the
representative annihilation channels (left and right
panels), three WIMP masses and two subhalo
concentration models. Annihilation cross section was
taken as maximal allowed by Fermi constraints from
dwarfs [3] for each mass. c(M) model 1 was takem
from [4], model 2 — from [2]. We may note a
relatively mild dependence of the flux on the subhalo
mass and concentration model. However, the flux
raises rather significantly with WIMP mass decrease
(nevertheless respectively decreasing annihilation
cross section). Only in case of the lightest WIMPs the
closest and most massive subhalos can be marginally
detectable.

1. Introduction and motivation.
MW halo simulations predict an existence of at least ~10 5 subhalos inside the main halo, which would be isotropically distributed on the sky for the observer.

DM subhalos have clear advantages for searches of prompt gamma emission from DM annihilation:
1) they may not have any emitting material («baryons») up to masses of ~109M⨀ (hence, no signal contamination);
2) they have absolutely no emission variability (discrimination from AGNs);
3) they all would have the same predictable spectra;
4) nearby subhalos might be spatially resolved by GAMMA-400, which is impossible for pulsars and AGNs (again, provides discrimination of this population of sources).

Fermi catalog of point sources (3FGL) contains up to ~1000 of unidentified sources, some of them may be subhalos.

Subhalo search in 3FGL yielded at least one reliable candidate — J2212.5+0703 — see below [1].


Fig. 1 (from [1], based on Fermi data). Left panel. The «image» of the subhalo candidate
J2212.5+0703 from 3FGL catalog. Right panel. The spectrum of this candidate, which can
be fit very well by DM with mass about 20 GeV.

2. Subhalo modeling.
Fig. 4. The subhalo surface brightness distribution for a representative WIMP model and various subhalo masses. We see
a mild dependence on the latter parameter. Arrows show indicative angular resolutions for Fermi-LAT and GAMMA-400. In
principle, GAMMA-400 has good chances to resolve a subhalo as extended object in case of sufficient flux.

- the expected gamma ray flux from a subhalo with an extent ΩΔ sr

- Einasto density profile, which describes both the distribution of subhalos in the host halo and DM density distribution in each subhalo
(for more details, see [2]). αρ=0.16 is recommended.

4. Conclusions.







Fig. 2 (from [2]). Left panel. The distribution of distances to subhalos from the observer as a function of subhalo mass according to theoretical modeling of the subhalo population, which takes
into account baryons too. These points represent 100 Monte Carlo realizations of MW. The black points denote subhalos, which are detectable by Fermi-LAT. We extracted the closest
subhalos from this distribution to estimate the gamma ray fluxes from them for GAMMA-400 as an optimistic scenario. Right panel. The distribution of subhalo scale radii (which enter the
Einasto formula above) as a function of subhalo mass from the same simulations. We used this distribution as one of the two models for subhalo concentrations in our estimates (model 2 on
our plots).

We estimated the gamma ray fluxes due to WIMP annihilation from Galactic DM subhalos with the most relevant masses (106-109)M⨀. We obtained ~(1-10) photons/year for
GAMMA-400 in the best case scenario of <100GeV WIMP and the closest possible subhalo.
The estimated fluxes mildly depend on the subhalo mass (due to smaller distance to lighter subhalos) and significantly depend on WIMP mass.
In case of a sufficient flux GAMMA-400 in principle would be able to resolve spatially the closest subhalos.
A choice of the subhalo concentration model doesn“t play a big role for the estimated fluxes.
The subhalo candidate 3FGL J2212.5+0703 is difficult to further resolve morphologically by GAMMA-400 due to a lack of photons above ~10GeV, where GAMMA-400 has a
better angular resolution than Fermi.
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