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Particles from outer space

Composition: protons, antiprotons, nuclei,
electrons, positrons

Spectrum: non thermal, almost featureless
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extragalactic origin.
Candidate accelerators:

AGNs, ...




Open problems in CR research

ORIGIN:
Details of acceleration mechanism?
Acceleration sites?

/PROPAGATION! \

> Modeling CRs diffusion in the galactic magnetic field:

determination of free parameters (Diffusion coefficient,

strength of reacceleration, ...)

> Obtaining an unified interpretation of all measured fluxes
kwithin these models /

Interaction with solar wind, i.e. modulation (for low-energy
CRs)

Interaction with the Earth atmosphere: role in cloud formation,
1mpact on Earth climate?



Open problems in CR research

61 EW PHYSICS from Cosmic Rays? \

Some “excesses” of CR fluxes (e.g. positron flux) may be
interpreted as signals of new physics

> Signal from particle Dark Matter annihilation or decay?

Q New astrophysical sources (e.g. pulsars)? /

Multichannel analyses:

Computation of photon fluxes produced by CR interactions (via
bremsstrahlung, syncrotron emission, decay of pions produced

by interaction with IS gas) and comparison of these fluxes with
data (old EGRET data and new Fermi-LAT data)



Propagation models for CRs

CR leptons and hadrons propagate in the turbulent galactic magnetic field
and their motion is well described by a diffusion-loss equation of this kind:

o (r, p,t)
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This equation may be solved analitically (using simplified assumptions, i.e.
on the spatial distribution of sources) or numerically (using numerical
packages such as GALPROP or DRAGON)

FREE PARAMETERS:

> Injection spectrum (usually a power law, with one or more breaks if
necessary)

> Alfven velocity (the higher it is, the more reacceleration is effective)

»Normalization and energy dependence of diffusion coefficient D =D, R 0



The data on Cosmic Ray spectra that we

have to interpret
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The data on Cosmic Ray spectra that we
have to interpret

spectrum
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The data on Cosmic Ray spectra that we
have to interpret

Electron+positron
spectrum
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electrons are
primary
product, the
slope depends
both on the
Injection
spectrum and
on diffusion
setup.




The data on Cosmic Ray spectra that we

have to interpret

Positron-to-electron
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The diffusion setups we are considering
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The diffusion setups we are considering
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The diffusion setups we are considering
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Interpreting the electron+positron
spectrum 1n a “standard” scenario
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In the standard scenario, SNRs are the only
sources of electrons. Positrons are entirely of
secondary origin. GALPROP or DRAGON may be

used to compute the propagated spectrum.
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Interpreting the electron+positron
spectrum 1n a “standard” scenario

E* J(E) (GeV'm™s™'sr™)

N T T 11

|
\ \
\

T T IIIIIII \
v

L

T TS
g0

L5

l T

|

|
Hﬂ%

D2
axd rﬁf, : " iéi_'l- otoe ¥_
- £ i

Y
) 4

h 4
~o— LI~

& T H . _
U< h{ -
| A - -

10°
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spectrum has to be tuned to the data.

Conventional setup requires 1.60 below 2 GV and
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The “bump” problem
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The “bump” problem
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The breaks in the injection spectrum are necessary
because a single injection power-law would produce a
“pbump” in the unmodulated spectrum.

This is an effect of reacceleration.

Low reacceleration models (such as Kraichnan) and
Plain diffusion model require a smoother break and
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PROBLEMS of single component
scenarios

E* J(E) (GeV’m™s7'sr™)
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PROBLEMS of single component
scenarios
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Interpreting the positron-to-electron ratio
1n a “standard” scenario
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Interpreting the positron-to-electron ratio
1n a “standard” scenario

o HEAT 94+95

m CAPRICE 94
Low reacceleration models (such as Kraichnan) and

Plain diffusion model give a better fit of PAMELA
data at low energy and are therefore preferred!
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PROBLEMS of single component
scenarios
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PROBLEMS of single component
scenarios

A standard scenario in
which positrons are entirely | —~~—__
-l secondary can’t reproduce
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Introducing a primary extra-component
of electrons and positrons
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Introducing a primary extra-component
of electrons and positrons
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Introducing a primary extra-component
of electrons and positrons
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Astrophysical objects that may contribute
to the primary extra-component

Pulsars are candidate sources of
relativistic electrons and positrons.

Electrons-positrons pairs are
believed to be produced in the
magnetosphere and re-accelerated
in the wind.

To explain Fermi/Pamela excesses
with respect to conventional model,
the pulsar we are interested 1n are
nearby (because of heavy energy
losses) and mature (because
electrons remain confined in the

Pulsar Wind Nebula until it merges
with the ISM.




Astrophysical objects that may contribute
to the primary extra-component
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Astrophysical objects that may contribute
to the primary extra-component
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Astrophysical objects that may contribute

to the primary extra-component

0.01

PAMELA data
are correctly
reproduced in
this scenario

—

NG= 8
Gy

IIIIII

| o HEAT 94+95
| m CAPRICE 94

e PAMELA 08

—]
i

10°

10’
E (GeV)

10°*



Astrophysical objects that may contribute
to the primary extra-component

The predicted
anisotropy for
this kind of
model 1s
compatible with
recently
published upper
limits from
Fermi-LAT

collaboration!

Anisotropy
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The extra-component may also be originated by
annihilation or decay of Dark Matter particles

Phys.

D.Grasso et al.
12009, Astrop.
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An interpretation
based on dark
matter annihilation
is still an open
possibility

However DM
Iinterpretation seems
disfavoured because:

« Antiproton
measurements rule
out most
annihilation modes,
only “leptonic”
models are allowed
« Large “boost
factors” are needed
(from 20 to 100)
compared with
expected
annihilation rates




Another possible scenario: secondary production in
the accelerator

e It has been proposed that the

—) / . . o
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3 e positrons in the same spatial

t & HESS HE analysis . . .

= & HESS LEandysi ] region where primary species
i ] are accelerated (SNR shocks)
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Conclusions

Recently released Fermi-LAT electron+positron spectrum can be
reproduced tuning “conventional”’ diffusive models, but this
Interpretation isn't in accord with PAMELA positron data

In order to simultaneously fit Fermi, HESS and PAMELA datasets,
an extra-component 1s needed

Nearby mature pulsars are natural candidates for this purpose

The contribution of pulsars within few kpc, summed to a
conventional “background”, with a subdominant contribution from
SNRs, can nicely reproduce all data mentioned above; a scenario of
this kind 1s compatible with published upper limits on anisotropy

Other interpretations, such as Dark Matter annihilation or decay,
or secondary positron production in the accelerator, cannot be
excluded and give reasonably good fits to Fermi and PAMELA data
sets



Backup slides



A low electron modulation potential is possible in the context of
charge-sign-dependent solar modulation
(see Gast and Schael 2009)
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Pulsar parameters
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# NAME DIST AGE
kpc)  (Yr)

1 0.16 3.42e+05
2 0.16 3.70e+06
3 0.29 1.11e+05
4 0.36 1.9e+06

5 0.36 4.92e+06
o 0.36 5.04e+06
7 0.36 3.1e+06

8 0.49 5.62e+06
9 0.58 4.08e+06
10 0.63 9.5e+06

11 0.04 2.84e+00
12 0.68 2.31e+00
13 0.70 5.24e+06
14 0.72 2.97e+00
15 0.79 2.28e+00
16 0.79 6.89e+006
17 0.86 5.15e+06
18 0.88 8.33e+0606
19 0.95 2.93e+00
20 0.98 9.91e+06
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Nearby, observed middle aged pulsars are good
candidates as extra-sources of electrons and
positrons

— T T T T T T T T — T T T —)
[\ Kobayashi (1999) © AMS (2002) '@ FERMI (2010) [PRELIMINARY] ]
L o CAPRICE (2000)  m ATIC—1,2 (2008) -
- - HEAT (2001) « PPB—BETS (2008) =
|~ BETS (2001) v HESS (2008-09) %ﬁ il
| = ﬁ — :;k as; <& _ }i{ —

-l Tomt HOI < S E

P S bé:‘ .':_S"!_' ‘.: e l%! J-IF’- - _ i

e # |= o b 4

10°

A : %" £ 5-%-1 i S2 % T E& : —]
| '_"_' _Bl(GevY— [T che | I E _
S7, = [~ T 2T T T ; _sv.,..,.l. | NN :

"::.:: N\ f—
A {

IIIIIII

=

1107

%

E* J(E) (GeV’m™s™'sr™)
& W
%+ ]

A HEAT 94+95 .
] m CAPRICE 94 7 \

10" & Z 7 VL
— . @ PAMELA 08 7 . i
- , {1 |
e // Y \\ M
B R 2 . . L - .10 i ]
i 10° 7 710’ 10?2 Ly

O O v 1 ¥ 1 /1 A | 1 1 Lol il
2 3
10° 10 10



An extra-component with injection index = 1.5 and
an exponential cutoff at 1 TeV gives a good fit of all
datasets!
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Dark Matter models in Fermi
Interpretation paper

(/r) B L —1.24 R@ ‘I‘Rs 1.76

DM models parameters

|

DM profile, from Via Lactea 11
N-body simulation (Diemand

et al. 2008); The simulation
follows the growth of a Milky Way-
size system from redshift 104.3 to

the present

Model Ann. Final State Mass (GeV) | (ov) (cm?/s)
ete ete 500 9 x 1072
Leptophilic | 33%(e™e™)+33%(u"p~)+33%(7"77) 900 43 x 1074




Summary of possible extra-components and their

1mplications

PULSAR SCENARIO

v

DM scenario

Secondary production in

Implies a 1% anisotropy at about 1 TeV
in CR electron flux towards the nearest
mature pulsars (in particular
Monogem). Testable with Fermi-LAT
with some years of data taking.

May imply an anisotropy in CR flux
towards central region of Galaxy. May
1mply observable features in gamma-ray
map of the Galaxy, different from those
produced by pulsars. Testable with
Fermi-LAT.

the accelerator

NEW DATAARE NEEDED IN
ORDER TO UNDERSTAND
WHICH IS THE CORRECT
INTERPRETATION!

Predicts a boron-to-carbon ratio which
starts to increase at high energy
[Mertsch and Sarkar 2009]. This feature
1s compatible with ATIC data but in
tension with CREAM data.
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Astrophysical objects that may contribute
to the primary extra-component
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Astrophysical objects that may contribute
to the primary extra-component

...but 1s not
compatible with
upper limit on
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The extra-component may also be originated by
annihilation or decay of Dark Matter particles

How do we distinguish between the two possibilities?

1) Study of ANISOTROPIES: pulsar model implies an anisotropy of order
of 1 % in the direction of the closest middle-aged pulsar (Monogem)

2) Study of DIFFUSE GAMMA RAY sky. Both the DM extra-component
and the pulsar component are expected to produce gamma rays via
Inverse Compton. The y ray map 1s expected to be different in the two

cases

IC from || IC from
DM
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The extra-component may also be originated by

annihilation or decay of Dark Matter particles

How do we distinguish between the two possibilities?

1)

2)

Study of ANISOTROPIES: pulsar model implies an anisotropy of order
of 1 % in the direction of the closest middle-aged pulsar (Monogem)

Study of DIFFUSE GAMMA RAY sky. Both the DM extra-component
and the pulsar component are expected to produce gamma rays via
Inverse Compton. The y ray map 1s expected to be different in the two

cases
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