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2. talk to you about the 

gory details of DM ID
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3. ...in order to convince you that

you can forget everything and


trust PPPC4DMID
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Figure 3: Primary fluxes of e±, p̄, d̄, � and ⇥e.
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Figure 3: Primary fluxes of e±, p̄, d̄, � and ⇥e.
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So what are the 

particle physics 

parameters?

1. Dark Matter mass 

2. primary channel(s)

3. annihilation cross section 
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Figure 3: Comparison between spectra with (continuous lines) and without EW corrections

(dashed). We show the following final states: e+ (green), p̄ (blue), � (red), ⇥ = (⇥e+⇥µ+⇥⇥ )/3

(black).
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- unexpected species

- different spectra
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Extension at large DM mass:

Bauer, Rodd, Webber 2007.15001



Propagation
Flavor oscillations in vacuum 

over astrophysical distances

Averaged (under  ) withΔm2 E/L ≫ 1

Pure 

Pure 

Pure 

Democratic       


 decay 

νe → (0.6νe : 0.2νμ : 0.2ντ)
νμ → (0.2νe : 0.4νμ : 0.4ντ)
ντ → (0.2νe : 0.4νμ : 0.4ντ)

(1νe : 1νμ : 1ντ)
π± → ∼ (1νe : 1νμ : 1ντ)
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Bounds on DM annihilations

updated from M. Cirelli 1511.02031; M. Cirelli, A. Strumia, J. Zupan to appear
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Comparing all bounds

updated from M. Cirelli 1511.02031; M. Cirelli, A. Strumia, J. Zupan to appear
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2. Propagation: NC scatterings
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Figure 2: Comparison between Monte Carlo results: Pythia is the continuous line, Her-
wig is dashed. Photons (red), e± (green), p̄ (blue), � = �e + �µ + �⇥ (black).

where K is the kinetic energy of the final-state stable hadrons/leptons/photons in the rest
frame of D . We shall plot the particle multiplicity as a function of the logarithmic energy
fraction, i.e. dN/d log x; our spectra will be normalized to the average multiplicity in the
simulated high-statistics event sample. Also, as pointed out before, this comparison will
be carried out for production of unpolarized particles and without including any e�ect of
final-state weak boson radiation.

An example of the comparison of the DM fluxes from Pythia and Herwig is presented
in Fig. 2, where we show the photon, electron, antiproton and neutrino dN/d log x spectra
for the channels DM DM ⌅ qq̄, gg, W+W� and ⇥+⇥�. In Fig. 2 we have set the DM mass
to MDM = 1 TeV, but we can anticipate that similar dN/d log x hold for all DM masses
MDM ⇤ MZ , mt. Astrophysical experiments are currently probing K <⇥ 100 GeV, whose
corresponding range of x depends on the chosen MDM; in particular, the low-x tails mostly
determine the DM signals if MDM is very large. Overall, we note the following features:

• For the qq̄ modes there is a reasonable agreement between Pythia and Herwig,
for all final-state particles and through the whole x spectrum, including the low-
energy tails. In fact, although the centre-of-mass energy has been increased to 2
TeV, the D ⌅ qq̄ is similar to Z/�⇥ ⌅ qq̄ processes at LEP, which were used when
tuning the Herwig and Pythia user-defined parameters. Nevertheless, we note some
discrepancy, about 20%, especially in the neutrino spectra, as Pythia yields overall

13
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Figure 1: DM profiles and the corresponding parameters to be plugged in the functional forms
of eq. (1). The dashed lines represent the smoothed functions adopted for some of the computations
in Sec. 4.1.3. Notice that we here provide 2 (3) decimal significant digits for the value of rs (⇥s):
this precision is su⇥cient for most computations, but more would be needed for specific cases, such
as to precisely reproduce the J factors (discussed in Sec.5) for small angular regions around the
Galactic Center.

Next, we need to determine the parameters rs (a typical scale radius) and �s (a typical
scale density) that enter in each of these forms. Instead of taking them from the individual
simulations, we fix them by imposing that the resulting profiles satisfy the findings of
astrophysical observations of the Milky Way. Namely, we require:

- The density of Dark Matter at the location of the Sun r� = 8.33 kpc (as determined
in [48]; see also [49] 3) to be �� = 0.3 GeV/cm3. This is the canonical value routinely
adopted in the literature (see e.g. [1, 2, 51]), with a typical associated error bar of
±0.1 GeV/cm3 and a possible spread up to 0.2⇧ 0.8 GeV/cm3 (sometimes refereed
to as ‘a factor of 2’). Recent computations have found a higher central value and
possibly a smaller associated error, still subject to debate [52, 53, 54, 55].

- The total Dark Matter mass contained in 60 kpc (i.e. a bit larger than the distance to
the Large Magellanic Cloud, 50 kpc) to be M60 ⌅ 4.7⇥ 1011M�. This number is based
on the recent kinematical surveys of stars in SDSS [56]. We adopt the upper edge of
their 95% C.L. interval to conservatively take into account that previous studies had
found somewhat larger values (see e.g. [57, 58]).

The parameters that we adopt and the profiles are thus given explicitly in fig. 1. Notice that
they do not di�er much (at most 20%) from the parameter often conventionally adopted in
the literature (see e.g. [2]), so that our results presented below can be quite safely adopted
for those cases.

of spherical symmetry, in absence of better determinations, seems to be still well justified. Moreover, it is
the current standard assumption in the literature and we therefore prefer to stick to it in order to allow
comparisons. In the future, the proper motion measurements of a huge number of galactic stars by the
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the impact of non-spherical halos on DM signals, charged particles signals are not expected to be a�ected,
as they are sensistive to the local galactic environment. For an early analysis of DM gamma rays al large
latitudes see [47].

3The commonly adopted value used to be 8.5 kpc on the basis of [50].
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DM halo profiles
From N-body numerical simulations:

  cuspy: NFW, Moore

  mild: Einasto

  smooth: isothermal, Burkert

At small r: �(r) � 1/r�
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EinastoB 0.11 35.24 0.021
Isothermal � 4.38 1.387
Burkert � 12.67 0.712
Moore � 30.28 0.105

Figure 1: DM profiles and the corresponding parameters to be plugged in the functional forms
of eq. (1). The dashed lines represent the smoothed functions adopted for some of the computations
in Sec. 4.1.3. Notice that we here provide 2 (3) decimal significant digits for the value of rs (⇥s):
this precision is su⇥cient for most computations, but more would be needed for specific cases, such
as to precisely reproduce the J factors (discussed in Sec.5) for small angular regions around the
Galactic Center.

Next, we need to determine the parameters rs (a typical scale radius) and �s (a typical
scale density) that enter in each of these forms. Instead of taking them from the individual
simulations, we fix them by imposing that the resulting profiles satisfy the findings of
astrophysical observations of the Milky Way. Namely, we require:

- The density of Dark Matter at the location of the Sun r� = 8.33 kpc (as determined
in [48]; see also [49] 3) to be �� = 0.3 GeV/cm3. This is the canonical value routinely
adopted in the literature (see e.g. [1, 2, 51]), with a typical associated error bar of
±0.1 GeV/cm3 and a possible spread up to 0.2⇧ 0.8 GeV/cm3 (sometimes refereed
to as ‘a factor of 2’). Recent computations have found a higher central value and
possibly a smaller associated error, still subject to debate [52, 53, 54, 55].

- The total Dark Matter mass contained in 60 kpc (i.e. a bit larger than the distance to
the Large Magellanic Cloud, 50 kpc) to be M60 ⌅ 4.7⇥ 1011M�. This number is based
on the recent kinematical surveys of stars in SDSS [56]. We adopt the upper edge of
their 95% C.L. interval to conservatively take into account that previous studies had
found somewhat larger values (see e.g. [57, 58]).

The parameters that we adopt and the profiles are thus given explicitly in fig. 1. Notice that
they do not di�er much (at most 20%) from the parameter often conventionally adopted in
the literature (see e.g. [2]), so that our results presented below can be quite safely adopted
for those cases.

of spherical symmetry, in absence of better determinations, seems to be still well justified. Moreover, it is
the current standard assumption in the literature and we therefore prefer to stick to it in order to allow
comparisons. In the future, the proper motion measurements of a huge number of galactic stars by the
planned GAIA space mission will most probably change the situation and give good constraints on the
shape of our Galaxy’s DM halo, e.g. [46], making it worth to reconsider the assumption. For what concerns
the impact of non-spherical halos on DM signals, charged particles signals are not expected to be a�ected,
as they are sensistive to the local galactic environment. For an early analysis of DM gamma rays al large
latitudes see [47].

3The commonly adopted value used to be 8.5 kpc on the basis of [50].
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reader with ready-to-use final products, as opposed to the generating code. We make an
e�ort to extend our results to large, multi-TeV DM masses (recently of interest because
of possible multi-TeV charged cosmic ray anomalies) and small, few-GeV DM masses (re-
cently discussed because of hints from DM direct detection experiments), at the edge of the
typical WIMP window. Above all, our aim is to provide a self-consistent, independently
computed, comprehensive set of results for DM indirect detection. Whenever possible, we
have compared with existing codes, finding good agreement or improvements.

2 Dark Matter distribution in the Galaxy

For the galactic distribution of Dark Matter in the Milky Way we consider several possi-
bilities. The Navarro, Frenk and White (NFW) [35] profile (peaked as r�1 at the Galactic
Center (GC)) is a traditional benchmark choice motivated by N-body simulations. The
Einasto [36, 37] profile (not converging to a power law at the GC and somewhat more
chubby than NFW at kpc scales) is emerging as a better fit to more recent numerical sim-
ulations; the shape parameter � varies from simulation to simulation, but 0.17 seem to
emerge as a central, fiducial value, that we adopt. Cored profiles, such as the truncated
Isothermal profile [38, 39] or the Burkert profile [40], might be instead more motivated by
the observations of galactic rotation curves, but seem to run into conflict with the results of
numerical simulations. On the other hand, profiles steeper that NFW had been previously
found by Moore and collaborators [41].

As long as a convergent determination of the actual DM profile is not reached, it is
useful to have at disposal the whole range of these possible choices when computing Dark
Matter signals in the Milky Way. The functional forms of these profiles read:

NFW : ⇥NFW(r) = ⇥s
rs

r

⇤
1 +

r

rs

⌅�2

Einasto : ⇥Ein(r) = ⇥s exp

⌥
� 2

�

⇧⇤
r

rs

⌅�

� 1

⌃�

Isothermal : ⇥Iso(r) =
⇥s

1 + (r/rs)
2

Burkert : ⇥Bur(r) =
⇥s

(1 + r/rs)(1 + (r/rs)2)

Moore : ⇥Moo(r) = ⇥s

�rs

r

⇥1.16
⇤

1 +
r

rs

⌅�1.84

(1)

Numerical DM simulations that try to include the e�ects of the existence of baryons have
consistently found modified profiles that are steeper in the center with respect to the DM-
only simulations [42]. Most recently, [43] has found such a trend re-simulating the haloes
of [36, 37]: steeper Einasto profiles (smaller �) are obtained when baryons are added.
To account for this possibility we include a modified Einasto profile (that we denote as
EinastoB, EiB in short in the following) with an � parameter of 0.11. All profiles assume
spherical symmetry 2 and r is the coordinate centered in the Galactic Center.

2Numerical simulations show that in general halos can deviate from this simplest form, and the isodensity
surfaces are often better approximated as triaxial ellipsoids instead (e.g. [44]). For the case of the Milky
Way, however, it is fair to say that at the moment we do not have good observational determinations of its
shape, despite the e�orts already made studying the stellar tidal streams, see [45]. Thus the assumption

5
EinastoB = steepened Einasto


(effect of baryons?)

6 profiles:


