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Outlook

 PAMELA experiment and Dark Matter relic abundance (WIMPs)

* Extended theories of gravity (f(R) theories)

* Conclusions and perspectives
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PAMELA is a dedicated satellite experiment
conceived to study the  anti—particle
component of the cosmic radiation.

1. Significant deviation of the positron flux between theoretical and measurement
expectation above 10 GeV

2. The fact that the positron fraction increases with the energy suggests the presence of

primary p

ositrons.

3. Electrons lose energy via inverse Compton scattering (with the highest energy particles
coming from the closest distance)




Astrophysical / DM explanation

The unidentified source of primary electrons/positrons must be local and
capable to generate highly energetic leptons

Astrophysics (1

Non baryonic Dark Matter (%) (WIMPs)
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Dark Matter: WIMPs (miracle)

Weakly Interacting Massive Particles are the favorite candidate of DM because they

can be produced via thermal freezout with an abundance compatible with observations
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DM in Galaxy (Indirect detection)

Dark Matter = Fundamental Particles?

Dark Matter in our Galactic
. o o Dark Matter Dark matter
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Relic density of WIMPs

The relic density of WIMPs in the standard cosmological scenario is
described by Boltzmann equation

Dilution from The thermal average of the annihilation cross
expansion section o multiplied with the relative velocity v
of the two annihilating x particles
e

dn ) .

— = —3Hn — {(ov) [nz — ni]

dt GR 1

—
Y = % (relic DM abundance) XX~ ff‘ ff— xx

These terms on RHS represent the
decrease (increase) of the number
density due to annihilation into
(production from) lighter particles

Review PAMELA exp and DM relic abundance

In the framework of f (R) cosmology



Alternative/Modified cosmology (f(R))
DM relic abundance and PAMELA experiment

Alternative/Modified cosmologies dn 5 5
enter into Boltzmann equation trough — = —3Hn — (CH‘-) [n“‘ — 'HECJ
the expansion rate H dt

1. Alternative cosmologies yield a modified thermal histories in the early
Universe during the pre BBN (an epoch not directly constrained by
cosmological observations)

2. In particular when the expansion rate is enhanced with respect to GR
H(T) = A(T)Hgg(T)

thermal relics decouple with larger relic abundance

3. This effect may have an impact on SUSY candidates for DM (WIMPs)

4. We propose an interplay between DM physics and f(R) cosmology,
rather than replace DM with alternative cosmology




Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. [ Galaxies, Planets, etc,

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

Extended theories of gravity

f(R) - gravity

Generalization of the
Hilbert-Einstein action to

a generic (unknown) f(R)
theory of gravity

f(R) = R -> Hilbert-Einstein action

A= j d4x \/__g[f(R) + Lmatter]

Copeland-Sami-Tsujikawa (2006). Nojiri & Odintsov (2011). Capozziello & Lambiase (2013),

Joyce,Jain,Khoury, Trodden (2015)




Available models, particularly interesting for the cosmology, are

- R—uR.(R/R.))". O0<n<1l, u,R.>0.

R RC 2n

= R —puR.tanh(R/R,.) .
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~ 107%4GeV? .

(R/R.)2n +1°
= R—puR.[1—(1+R*/R)™"] ,

n, i, R. >0,

i, R, > 0.

1~ O(1)

We shall consider the model

f(R) =R+ aR™

Tsujikawa et al.

Hu-Sawicky

n, i, R. > 0. Starobinsky

Tsujikawa



f(R) cosmology - f(R) =R + aR"

Starobinsky’s model
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If (R) =R + aR"|

5(Srery+Sm) = 0=| F'R, _ g; CVLVF 4 g Of = s2Tm

the field equations

301"+ f'R—2f = k2T™ I =p—3p

VEGE, = 0, VvV, T =0 Bianchi’s identities

Spatially flat Friedman-Robertson-Walker (FRW) metric

ds® = dt* — a*(t)[dx? + dy? + dz?]

1 .
GeY) = f"Rg—EerSHf’,

G°) = f'R) — %55 + (f’ - 4Hf") 07,




aR™ > R (n>1)

Radiation domlnated era

O Rﬂ 5 p L ﬂ- g* T4
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ty (or 1) the transition time (temperature)

( Universe described ) t.(orTy) ( Universe described )

Pre-BBN After BBN
Qg R"(t,) = HEp(ty).
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Modified expansion rate in f(R) cosmology

A

Modified expansion rate with
respect to General Relativity

Tr = freeze-out temperature at which
WIMPs decouple
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PAMELA Exp & DM abundance

)

) '. # i} To explain the PAMELA results, taking into
S account for the precise WMAP measurements

s, ’ of DM relic abundance require the study of
\ the Boltzmann equation for relic DM particle Y
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Similar expressions are obtained in different frameworks:

e » = 2 in Randall-Sundrum tyvpe II brane cosmology

e = | in kination models

T v
AT) = n i . e v =0 (boosts of the expansion rate)
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CONCLUSIONS

We have discussed the possibility to explain both DM relic abundance and PAMELA
experiment in the framework of f(R) cosmology

Results are based on the fact that cosmic evolution of the early Universe gets modified in
Modified cosmology

We have considered f(R) model of the form

f(R) =R+ aR™ 1<n<?2 WMAP —BICEP2-Planck data

The model is consistent for DM candidates (WIMPs) with mass m,, ~ (102—10*")GeV




Improvement of the model:

1. Find a more general solution (with respect to the power law solution a(t) = a tﬁ)

The trace eq. T™ = 0 implies § =™/, (i.e. B is fixed), and « is fixed by imposing T, ~ Tgpn

A possibility is to consider the case T™ # 0 i.e. f and n independent

N? 1
37 a-ﬂfj%i

N = 50—-60 (e-folding number)

Pr ~ 1072 (WMAP data)

OW MAP = 10723GeV 2

(amplitude curvature perturbation)

f(R) =R+ aR™
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a) Bulk viscosity effects:

Taﬁ =(@+p+ H)uauﬁ —(p+ H)(Sg > TM= _3]1] I1 = viscosity

b) Trace anomaly of gauge fields T < ,B(g)FaﬁF“ﬂfv ¢(c=1-3w)

5 ' (Ne+3Ng) (5Ne — 3Ny)
T 18xn2 (,;hrjﬁ T J'\rcf'u'rf

<

c) Gravitational trace anomaly T =<T% >.p = ki <_ _ RaﬁR“B> — 6k, R
in f(R) gravity

2. Determine an upper/lower bound on Dark Matter masses by considering
different cosmologcal models or models based on curvature invariants

L =L(R RypR¥ERER,...)
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