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   MOST PROMISING WAY TO PROBE  
(IN)FAMOUS WIMP MIRACLE



…  SEE ALSO :



ANOMALIES & OPPORTUNITIES IN THE SKY
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The Signal Projected in Galactic Coordinates

Zhong, Valli & Abazajian arXiv:2003.00148

Dwarf Galaxies

Galactic Center

A MOLLVIEW OF THE DARK MATTER SIGNAL

D.Zhong, M.V., K.Abazajian, PRD 102 (2020) 8



Dark Matter Doppler Energy Shift

Zhong, Valli, Abazajian  2003.00148

IF WE WERE TALKING ABOUT LINE SIGNALS, INTERESTING 
EXTRA DIAGNOSTIC: DOPPLER ENERGY SHIFT

D.Zhong, M.V., K.Abazajian, PRD 102 (2020) 8



S. Murgia — Ann. Rev. Nucl. Part.Sci. 70 (2020) 
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Phenomenology of cosmic-ray (CR) propagation in the Galaxy
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A FEW GENERAL REMARKS … 

I )

II )

Uncertainties on 3D  
distribution of atomic &  

molecular gas + 
interstellar radiation field  

hard to quantify !

CR transport oversimplified,  
i.e. minimal modeling to fit  

local measurements …  
Then, extrapolation of  

its validity to entire Galaxy !

III ) Many template fitting analyses unphysical in the spectrum 

(+ no info from non-Poissonian / wavelet analyses)

In this regard, the gamma-ray sky may help us 

learn more on CR propagation in the Galaxy



… A SPECIFIC REMARK FOR THE GC
In almost ALL analyses, CR source distribution  
assumed to drop towards the GC … WHY?!?!

Few notable exceptions I am aware of:

 —  my work:  D.Gaggero et al. , JCAP 12 (2015) 056 

 —  E.Carlson, T.Linden, S.Profumo , PRL 117 (2016) 11 

 —  Fermi-LAT Coll. , Astrophys.J. 840 (2017) 1



Q: Should we care about all this?

GDE MISMODELING CAN DRASTICALLY AFFECT GCE INTERPRETATION

YES !

S.Horiuchi, M.Kaplinghat, A.Kwa — JCAP 11 (2016) 053

R.Leane, T.R.Slatyer — PRL 125 (2020) 12
See also more recent discussion in: Y.Zhong et al. — PRL 124 (2020) 23



So, how to confirm or disprove such a 
potential discovery of Dark Matter?

LOOK @ MILKY WAY SATELLITES 
IN THE GAMMA-RAY SKY ! 



ApJ 704 (2009) ,  M.G.Walker et al.

Universal Mass Profile for dSphs 5

Fig. 1.— Projected velocity dispersion profiles for eight bright dSphs, from Magellan/MMFS and MMT/Hectochelle data. Over-plotted are
profiles calculated from isothermal, power-law, NFW and cored halos considered as prospective “universal” dSph halos (Section 5). For each type
of halo we fit only for the anisotropy and normalization. All isothermal, NFW and cored profiles above have normalization Vmax ∼ 10 − 20 km
s−1—see Table 3. All power-law profiles have normalization M300 ∼ [0.5 − 1.5] × 107M⊙.

by α and γ. Thus the parameter Vmax sets the normal-
ization of the mass profile.

The normalization can equivalently be set by specify-
ing, rather than Vmax, the enclosed mass at some par-
ticular radius. For radius x, the enclosed mass M(x)
specifies M(r0) according to
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(8)
S08 demonstrate that for most dSphs the Jeans anal-
ysis can tightly constrain M300. Here, in addition to
M300, we shall consider the masses within two alterna-
tive radii as free parameters with which to normalize the
mass profile. Specifically, we consider the mass within
the half-light radius, M(rhalf ), and the mass within the
outermost data point of the empirical velocity dispersion
profile, M(rlast).

3.4. Markov-Chain Monte Carlo Method

In order to evaluate a given halo model, we com-
pare the projected velocity dispersion profile, σp(R),
from Equation 3 to the empirical profile, σV0

(R), dis-
played in Figure 1. For a given parameter set S ≡
{− log(1 − β), log MX , log r0, α, γ}, where MX is one of
{Vmax, M(rhalf ), M300 or M(rlast)}, we adopt uniform
priors and consider the likelihood
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(9)
where Var[σV0

(Ri)] is the square of the error associated
with the empirical dispersion.

Our mass models have five free parameters (four halo
parameters plus one anisotropy parameter). In order
to explore the large parameter space efficiently, we em-
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Stellar anisotropy - DM  
degeneracy problem ! 😕

Collisionless Boltzmann equation :

Evolution of phase-space density of star in 
dSph galaxy, tracing Dark Matter

1) DYNAMICAL EQUILIBRIUM
2) SPHERICAL SYMMETRY

 2nd MOMENTS OF BOLTZMANN EQ. :
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HOW THIS CONNECTS TO OBSERVATIONS?

Spectroscopy —> Dispersion
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DWARF SPHEROIDAL MASS MODELING
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Collisionless Boltzmann equation :

Evolution of phase-space density of star in 
dSph galaxy, tracing Dark Matter

1) DYNAMICAL EQUILIBRIUM
2) SPHERICAL SYMMETRY

BEYOND STANDARD JEANS ANALYSIS:
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DWARF SPHEROIDAL MASS MODELING

O(10)  PARAMETERS,  e.g.:

K. Andrade, M.Kaplinghat, M.V. — work in progress



REPRESENTATION OF THE STATE OF THE ART

M.Petac, P.Ullio & M.V.,  
JCAP 12 (2018) 039

COMPARISON WITH LITERATURE

conservative approach developed in
 P.Ullio & M.V., JCAP 1607 (2016) 025 
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arXiv : 1902.01055



ANYTHING ELSE IN LINE WITH GCE ?

MILD EVIDENCE FOR SAME DM INTERPRETATION AS FOR THE GCE. 
UNCERTAINTIES FROM CR TRANSPORT + ANTI-P CROSS SEC

EXTRA COMPLICATION:  HOW TO PROPERLY TREAT AMS-02  SYSTEMATIC ERRORS?

THE  ANTI-PROTON  CHANNEL
J.Heisig et al., arXiv: 2005.04237



WHAT ABOUT ANTI-NUCLEI?
RUMORS FROM AMS-02 ABOUT POSSIBLE ,  DETECTION !D He

—  AD-HOC DM THEORY SELECTION RULES   

—  LARGE MODIFICATION IN  DECAYSΛ̄b

— NEARBY ANTI-STARS / ANTI-CLOUDS

M.W.Winkler & T.Linden, PRL 126 (2021) 10

J.Heeck & A.Rajaraman, J. Phys. G 47 (2020) 10

V.Poulin, P.Salati, I.Cholis, M.Kamionkowski,  
J.Silk, PRD 99 (2019) 9



J.L.Feng, M.Kaplinghat, M.V. — in preparation

ENERGY DEPENDENCE IN  
NUCLEAR COALESCENCE ? 

ANY RELATION  WITH YET-TO-BE-CONFIRMED AMS ANTI-NUCLEI EVENTS?



Take Home
Indirect Searches for Dark Matter are still kickin’ & alive!

Dwarf spheroidals will be key to prove / disprove the  
Dark Matter interpretation of the GC excess

The GeV excess still represents a very interesting signal  
to fully uncover and understand 

Anti-proton channel also interesting: keep an eye on …

—>  promising reach thanks to Fermi-LAT + LSST

If anti-nuclei events confirmed, a potential groundbreaking  
discovery lacking as of now of a solid explanation!


