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Indirect search
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Indirect search

Cosmic-ray fluxes at the Earth from DM annihilating or decay in
Galactic sources depend by the Standard Model (SM) secondary
particle of interest.

Gamma-rays:

Neutrinos:

Antiprotons:
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Indirect search: simulations

Secondary particle fluxes are simulated by Monte Carlo events
generator software such as PYTHIA or HERWIG.

An example: gamma-ray spectra for (a) ()
1 TeV DM annihilating into tau*tau by 1 . sz’ Af) <J(a)>AQ

Aluaady a| dE A Mo

G AN [AQ () g
TP d  dB A Ma

(c) Photon spectrum for M = 1000 GeV for 717~ channel.

Pythia 6.4 all channels fitting function here: ’ (p)
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Comparison between gamma rays simulated
fluxes in different softwares here:

J.A.R. Cembranos, A. de la Cruz-Dombiriz, V.G., R.A. Lineros, A. L. Maroto,
JHEP 1309 (2013) 077, arXiv:1305.2124v3 [hep-ph]




Indirect search: simulations

Simulation in PYTHIA 6.4 and HERWIG (Fortran) and PYTHIA 8 and
HERWIG++ (C++):

mpy=1 TeV
W*W- annihilation channel

Package Bremsstrahlung
PYTHIA 6.4 Implemented
PYTHIA 8 Implemented

HERWIG Partially implemented
HERWIG++ Not implemented

mpy=1 TeV
top-antitop annihilation
channel

J.LA.R. Cembranos, A. de la Cruz-Dombriz, V.G., R.A. Lineros, A. L. Maroto, JHEP 1309 (2013)
077, arXiv:1305.2124v3 [hep-ph]




Indirect search: DM annihilation/decay

a=1 Z(l): [
=2 P=<ov>
They depend by the DM [ (a)] (+) \
theoretical model. . dN; : Al <J(a)) Q
For model independent analysis| (&4 J a3 4m M«
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thermal value for 72 : p (,L-(a’yp) dN,L-(Vp) AQ(J(a)) ao
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affected.




Indirect search: astrophysical factor

Astrophysical factor encode the physics of DM distribution and
particles propagation.

For gamma-rays and neutrinos: %Q J(a) Al
/ mm(\p) (1) 4mrf—
Jia dQ/ )]dl (P
) AQ AQ 4
depends by the DM distribution and the devise i : Ao <J(a)>M]
angular resolution and effective area. LSV
For antiprotons: 06\ @
Is the solution of the diffusion equation that M) (a) (Eﬁ)
depends by the DM distribution and diffusion

model.



Galactic Center

* Possible DM distribution close to the Earth but embedded in a very
complex region due to the presence of multiplies sources.

e Multiplies sources observed (Radio flux, Sgr A* black hole, SNR Sgr
A East, pulsar candidate, gamma emission).
HESS J1745-290

e Variability in Radio and X,

but not in gamma flux
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Gamma-rays from the Galactic Center

270 GeV-70 TeV
©<0.1°

E? x Flux (TeV cmi*s)
E? x Flux (TeV cm?s™)

By Fermi-LAT:

E > E,
x> /d.o.f. = 0.81
I' =2.6840.05

M. Cherenyakova et al. ApJ 726, 60 (2011)

100 MeV-300 GeV




Gamma-rays from the Galactic Center

Previous fits are not able to justify HESS signal in gamma-rays as DM
signal without take into account a background contribution.

F. Aharonian et al. arXiv: astrp-ph/0610509v2 (2006) L. Bergstém et al. arXiv:astro-ph/0410359v2(2005)
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Gamma-rays from the Galactic Center
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tau*ttau channel
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u-ubar channel
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d-dbar channel
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b-bbar channel
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t-tbar channel
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W*W- channel
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Gamma-rays from the Galactic Center
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Gamma-rays from the Galactic Center
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Neutrinos from the Galactic Center

d channels
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1. W*W- boson channel parameters from gamma-rays fit:

Mpy = 50 TeV Neutrinos flux at the Earth needs to account for:

2. neutrino oscillation

3. detector
different
(in)sensitivity
to neutrinos
flavors and
antineutrinos

J. A. R Cembranos, V. G., A. L. Maroto arXiv [1403.6018], PRD 90, 043004 (2014); [arXiv:1404.2067]TAUP 2013 Proceedings



Neutrinos from the Galactic Center

2 channels
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Neutrinos from the Galactic Center
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Neutrinos from the Galactic Center

Dy, \/ Aot texp AQ
Xv; = %\/ foxp =D (3, 2)
Atm
\/(I)Vi + (I)Vz't
N} / T am, O At
pe L= v X Aeff lex
’ . dE P

min

Effective Area and Resolution Angle depend on:

* Energy range;

* Neutrino flavor and background;

* Position of the source with respect to the detector (Northern
or Southern sky);

 Number of strings in the configuration of observation.

J. A. R Cembranos, V. G., A. L. Maroto arXiv [1403.6018] , PRD 90, 043004 (2014); [arXiv:1404.2067]TAUP 2013 Proceedings



Neutrinos from the Galactic Center
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W*W- channel, with®=0.6°, E_._=~ 1 TeV and 5 years we need:
A_¢= 40 m? to get =20 signal;
A+ = 200 m? to get a =50 signal;

J. A. R Cembranos, V. G., A. L. Maroto arXiv [1403.6018] , PRD 90, 043004 (2014); [arXiv:1404.2067]TAUP 2013 Proceedings



Neutrinos from the Galactic Center

Af = Aeg X texp = 100m? yr 0 =0.6°

w
n

Example:

Iy
=

IC-79 v,
Southern Sky at
= 30-100 TeV:

\®)
W

20

Log 10 (Avefftexp /(yr ’nZ )

[a—
)

5o A ¢ = 5-20 m?

ool ‘
10 15 20 25 30 35 40 45 [aRSEONS 0 15 50 55 30 35 40 4%
- 4 LOg (Evmln/GeV)

Logl() (Evmjn/GeV)

[o—
=)

W*W- channel, with®=0.6°, E_._=~ 1 TeV and 5 years we need:
A_¢= 40 m? to get =20 signal;
A+ = 200 m? to get a =50 signal;

J. A. R Cembranos, V. G., A. L. Maroto arXiv [1403.6018] , PRD 90, 043004 (2014); [arXiv:1404.2067]TAUP 2013 Proceedings



Neutrinos from the Galactic Center

Af = At X texp = 100m® yr

Example: 35
% 3.0
IC-79 v E
. £25
Southern Sky at .
=~ 30-100 TeV: < 20
2
0.2 215
A ff = 5'20 m2
0.0 © o 1.0
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uubar channel, with 6 =0.6°, E
Aeff = 63 m? to get =20 signal;
Aeff =~ 400 m? to get a =50 signal;

=1 TeV and 5 years we need:

min

J. A. R Cembranos, V. G., A. L. Maroto arXiv [1403.6018, PRD 90, 043004 (2014); [arXiv:1404.2067]TAUP 2013 Proceedings



Antiprotons from the Galactic Center

_ { primary and secondary
R=20 kpc P emission
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A&A 388, 676-687 (2002) Barrau et al., arXiv:0112486v2
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ISM interactions
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Q(E;, x, t) is the
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Antiprotons from the Galactic Center

The anti-proton differential flux at the Top of the Atmosphere (TOA) is
the solution of the diffusion equation for steady state condition:

2 channels .(, (a,p)
d®, ¢(@) dN; Vp p@)a
Y E ? : E-
dE, o dE, 4n (M B (Ep)

a=1 7

V.L IL,, (L)

R(Ep) = mZ::l Jo (Cm%) eXp[ 2K (Ep)} Apnsinh (S,,L/2)

* R(E5) encode all the astrophysics of spatial production and
propagation and (L) depends by the DM distribution.




Antiprotons from the Galactic Center

The anti-protons point-like production
and their propagation is described by :

K(Ep) = KofB(p/GeV)°

Nodel] 5 [ Ko [kpe® /Myr] [Ve [k /S][L [kpe]

Where the new constant volume needs to be determined.



Antiprotons from the Galactic Center

To determine the new constant, we refer to the astrophysical factor
for “not charged” particles:

lmaz () . 2
= 3g [ [ o (M) < e a0

2
Co = Const x 21 = (J)ng " AQupss (—) ~  2.13 x 10%9m2sr




PAMELA antiproton data
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Antiprotons from the Galactic Center
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Conclusions

gamma-ray HESS data of the J1745-290 point-like source in the GC is well
fitted by heavy 48.8 TeV DM annihilating into boson and some quark-
antiquarks channels, with 103 boost factor (possible uncertainty due to
the choice of the Monte Carlo event generation software).

Fermi-LAT gamma-rays data from the same region are compatible with a
power-law background component.

Next generation of neutrino experiment with implemented effective
area and angular resolution will set more constraints on such DM
hypothesis.

PAMELA antiprotons data are compatible with a NFW TeV DM
distribution with a 103 enhancement factor at the GC.



iThank youl!



PYTHIA vs HERWIG

Fortran Code: PYTHIA 6.4 and HERWIG
C++ Code: PYTHIA 8 and HERWIG++

Intrinsic differences:

Parton Shower Evolution Variable
Hadronization Model (String in PYTHIAs o Cluster in HERWIGs)

QED Final State Radiation: 2->2 EW Processes and Bremsstrahlung
(there is no gamma-rays production in HERWIG++ from DM -> e'e’,
wu lepton channels):

4. Top decay

J.LA.R. Cembranos, A. de la Cruz-Dombriz, V.G., R.A. Lineros, A. L. Maroto, JHEP 1309 (2013)
077, arXiv:1305.2124v3 [hep-ph]




Indirect search: simulations

Implications to WIMPs phenomenology

MC; — PYTHIAS
PYTHIA 8

AMC; =

J.LA.R. Cembranos, A. de la Cruz-Dombriz, V.G., R.A. Lineros, A. L. Maroto, JHEP 1309 (2013)
077, arXiv:1305.2124v3 [hep-ph]
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Antiproton flux after diffusion
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