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Vou me concentrar em 3 topicos:

ovos dados observacionais indicando a
ssivel existéncia de ME:

 Efeito de ME em primeiras estrelas;

« Compatibilidade de DAMA/LIBRA com
outros experimentos de deteccao direta de
ME;



Novos dados observacionais indicando a
possivel existéncia de ME

« Excesso de positrons em raios cosmicos acima de 80 GeV, mas
niveis normais de antiprétons (PAMELA)

« Estrutura no espectro de elétrons e pésitrons em 300-800 GeV
(ATIC)

« Excesso de microondas na dire¢gao do centro da galaxia nos
dados do WMAP (“WMAP haze”), consistente com radiagao
sincroton de uma populag¢ao de elétrons e pésitrons com energia
de10-100 GeV.



Novos dados observacionais geraram
uma enxurrada de trabalhos:

m La a payload for Antimatter matter Exploration
e and right-nuclei Astrophysics
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Strong 1998)
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Excesso de positrons
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FIG. 4: PAMELA positron fraction with theoretical models. The PAMELA positron
fraction compared with theoretical model. The solid line shows a caleulation by Moskalenko &
Strong[39] for pure secondary production of positrons during the propagation of cosmic-rays in the

galaxy. One standard deviation error bars are shown. If not visible, they lie inside the data points.



Antiproton-to-proton ratio

Secondary Production Models
CR + ISM — p-bar + ...
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No evidence for any antiproton excess
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Pogitrons from PAMELA:

- steep et excess :
above 10 GeV! | PAMELA 0
- very large flux! e, T
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Blectrons + positrons from ATIC, PPB-BETS:
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and - from DM annihilations in halo
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What sets the overall expected flux?
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From N-body numerical simulations:

Halo model
Cored isothermal
Navarro, Frenk, White
Moore
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Boost Factor: local clumps in the DM halo enhance the density,
boost the flux from annihilations. Typically: B ~1 — 20 (10%)

For illustration:

Resolved Clumps

Marco Cirelli, 5/02/09




Dificuldades de modelos de ME em explicar os dados

» E necessario uma secio de choque grande (maior que a de
WIMPS), o que inviabiliza a producéo termica de ME;

* Dificuldades em inventar modelos onde o excesso de
positrons e produzido sem alterar a quantidade de antiprotons;

* Em geral ¢ necessario considerar grandes “boost factors™ ;
* O efeito Sommerfeld pode aumentar a secao de choque.

* Modelos com ressonancias também podem ter grandes secoes
de choque




SUSY tem dificuldades em explicar os dados

Which DM spectra can fit the data?
E.g. a DM with: -mass Mpy = 150 GeV

-annihilation DM DM — WTW ™
(a possible SuperSymmetric candidate: wino)
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Explicagao Astrofisica: pulsares locais

. Astrophysical processes

* Local pulsars are well-known sites of
e"e pair production:

et/(e'+e’)

— they can individually and/or coherently

contribute to the e"e” galactic flux and
explain the PAMELA e* excess (both

— No fine tuning required

—> if one or few nearby pulsars dominate,
anisotropy could be detected in the angular

distribution
- ® PAMELA

—> possibility to discriminate between pulsar
and DM origin of e excess

| All pulsars (rate = 3.3 / 100 years)
(Hooper Blasi, Seprico 2008) T
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Which DM can fit the data®




The PAMELA and ATIC Signals From Kaluza-Klein Dark Matter

Dan Hooper!? and Kathryn M. Zurek!-®
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FIG. 1: The positron fraction as a function of energy mncluding con-
tributions from Kaluza-Klein dark matter annihilations, compared to
the measurements of the PAMELA experiment [1]. We show re-
sults for dark matter masses of 600 GeV and 800 GeV, and for two
propagation models (see text for more details). In each frame. the
dashed line denotes the positron fraction with no contribution from
dark matter (secondary positron production only).

Precisa de grandes “boost factors”
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FIG. 2: The electron plus positron spectrum including contributions
from Kaluza-Klein dark matter, compared to the measurements of
ATIC [4]. We show results for dark matter masses of 600 GeV and
800 GeV, and for two propagation models (see text for more details).
In each frame, the dashed line denotes the spectrum with no contri-
bution from dark matter.
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A Theory of Dark Matter

Nima Arkani-Hamed,! Douglas P. Finkbeiner,? Tracy R. Slatyer,® and Neal Weiner?

A DM with: -mass Mpm = 1TeV
-annihilation DM DM — ;" ™

Positrons: protons: Blectrons + Positrons:
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Basic ingredients:

X Dark Matter particle, decoupled from SM, mass M ~ 700+ GeV

(]5 new gauge boson (“Dark photon™),
couples only to DM, with typical gauge strength, my ~ few GeV
- mediates Sommerfeld enhancement of XX annihilation:
aM/my 21 fulfilled

-decaysonlyinto ete or ptu~
for kinemastical limit

Extras:

X is a multiplet of states and qb 18 non-abelian gauge boson:
splitting oM ~ 200 KeV (via loops of non-abelian bosons)
- inelasgtic scattering explains DAMA
- eXcited state decay xx — xx_ explains INTEGRAL

— ete

Marco Cirelli, 5/02/09



Problemas com dados de raios vy

HESS has detected 7y-ray
emission from Gal Center
and Gal Ridge. The DM signal

must not excede that.
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Deteccao de sinais de ME?

« Excesso de pésitrons em raios cosmicos acima de 80 GeV
mas niveis normais de antiprétons (PAMELA);

» Estrutura no espectro de elétrons e pésitrons em 300-800
GeV (ATIC);

« WMAP haze;

« Nova Nova Fisica - Modelos tradicionais de ME
desfavorecidos: se¢des de choque grandes (novas interagdes,
efeito Sommerfeld, produgao ndo-térmica), decaimento
preferencial em Iéptons;

 Explicacao astrofisica (pulsares préximos?)

 Futuros dados de raios gamma podem diferenciar modelos
(Fermi/LAST).



Efeito de ME em primeiras estrelas

Dark matter and the first stars: a new phase of stellar evolution

2.3

Douglas Spolvar!., Katherine Freese?3, and Paolo Gondolo*

Phys.Rev.Lett.100:051101,2008

Nova fonte de energia nas primeiras estrelas:
aniquilagdo de matéria escura!



Efeito de ME em primeiras estrelas

Primeiras estrelas formadas dentro de halos escuros
(85% ME, 15% H e He) em 10<z<50 com massas da ordem
de 1 milhdo de massas solares.

Densidade de energia por unidade de tempo produzida pela
aniquiliacao de ME:
Qann = (o) pi [y

~ 1.2 x 107%%rg/cm?®/s ((ov)/(3 x 10~25cm?/s))
(n/cm™ )12 (m,, /(100GeV)) L,



Efeito de ME em primeiras estrelas

Condic¢des necessarias:
» Altas densidades de matéria escura;
» Produtos da aniquilacido de ME ficam presos dentro da estrela;

» Aguecimento via aniquilacdo de ME dominante

10000
Figure 2: Temperature (in degrees K) as a function of hydrogen density (in cm ™) for the first protostars,
with DM annihilation included, for two different DM particle masses (10 GeV and 100 GeV). Moving to
the right in the figure corresponds to moving forward in time. Once the “dots™ are reached, DM annihilation e 0
wins over H2 cooling, and a Dark Star is created.
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Efeito de ME em primeiras estrelas

“the power of darkness:” although the DM constitutes a tiny fraction (< 1073) of the mass of the
DS, it can power the star. The reason is that WIMP annihilation is a very efficient power source:
2/3 of the initial energy of the WIMPs is converted into useful energy for the star, whereas only 1%
of baryonic rest mass energy is useful to a star via fusion.

Massa grande (850M .., for 100 GeV mass WIMPs)

Luminosidade grande ~ 10°L.,
Relativamente frios (diferente de Pop I1l) (6000-10,000)K

Duracio da fase de aquecimento via ME ~ ~ 10° years



Compatibilidade de DAMA/LIBRA com outros

experimentos de deteccao direta de ME
Savage, Gelmini, Gondolo and Freese 0808.3607
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FIG. 1: Contraints on spin-independent (SI) scattering cross-sections for various experiments with
null results. Cross-sections below each line are excluded by the given experiment at the 90% (solid).
3o (dashed), and 50 (dotted) confidence levels. The same coloring scheme will be used in later
figures.



DAMA Regions
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FIG. 11: Same as Figure 10, but including the channeling effect for DAMA.

Without channeling, CDMS and XENON10 exclude all the parameter space that is
compatible with the DAMA data within the 3o level. With channeling, CDMS and
XENON10 exclude all the parameter space that is compatible with the DAMA data within
the 90% level. There are parameters at 8-9 GeV that are compatible with DAMA within
the 3o level and still satisfy the other constraints. Lower masses, while not constrained

by the null experiments or DAMA's total rate, are only compatible with the DAMA data
below the 30 level.



