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Propagation Equation for Cosmic Rays

Y(r, p, 1) 0 o 1
y 1 L 2
ot = q(r,p) +V - (D2 Vtp — V§) + 7 Dppa_ )
p PP
0
— o -3 (V- V)Y ——w——w
p Tr diffusion
convection velocity field that corresponds to coefficient in the
galactic wind and it has a cylindrical symmetry, impulse space,
as the geometry of the galaxy. It's z-component quasi-linear MHD:
is the only one different from zero and increases ( D, ’UA)
linearly with the distance from the galactic plane | cc tarm: fragmentation Dy ’
diffusion coefficient is function of rigidity loss term: radioactive decay
- ") . o
— BD() (,0/ 100) primary spectra injection mil}ax
. . =7
implemented in Galprop ( Strong & dq (p)/ dp o< P

Moskalenko, available on the Web) [astro-ph/0502406]
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antiproton

positron

TOF : Time of Flight (S1)
O

Separating p
from e

TOF : Time of Flight (S2)

Tracker(s)
Silicon
Strip
Detectors

Magnetic Spectrometer
1m

TOF : Time of Flight (S2)

x Silicon Calorimeter

l—l S4 and Neutron detectors
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_Antiparticle identification
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Flight data: 0.763 GeV/c
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PAMELA WIMP DeecTion Sensitivity te(B)=55, sign()=+1
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Fermi PAMELA and LHC WIMP Detection Sensitivity t8(B)=55, sign()=+1
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Positron fraction ¢(e*)/[¢(e”)+d(e)]
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E< 10 Gev, probably solar modulation effect
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B July'06-December'08 (Beta pdf with systematic and statistical errors)

Astroparticle Physics 34 (2010) 1
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The TS93 and CAPRICE silicon-tungsten imaging calorimeter.




High Energy Gamma Experiments Experiments
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The GILDA mission: a new technique for a gamma-ray telescope
in the energy range 20 MeV-100 GeV
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Abstract

In this article a new technique for the realization of a high energy gamma-ray telescope is presented, based on the
adoption of silicon strip detectors and lead scintillating fibers. The simulated performances of such an instrument (GILDA)

are significatively better than those of EGRET, the last successful experiment of a high energy gamma-ray telescope,
launched on the CGRO satellite, though having less volume and weight.
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Fermi is Making a M

Science, December 2009
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Opening Up the Gamma Ray Sky

LIKE A LIGHTHOUSE BLINKING IN THE NIGHT, A
pulsar appears to flash periodically as it spins
in space, sweeping a double cone of electro-
magnetic radiation across the sky. Since the
discovery of the first pulsar 4 decades ago,
astronomers have detected hundreds more
of these enigmatic objects from the pulsing
radio waves they emit. Now, astronomers
have opened a new channel of discovery—
the highly energetic gamma ray spectrum—
to find pulsars that radio observations could
not detect. The advance, part of a torrent of
recent gamma ray observations, is giving
researchers an improved understanding of
how pulsars work, along with a rich haul of
new pulsars that could help in the quest to
detect gravitational waves.

The findings come from the Fermi
Gamma-ray Space Telescope, which has
been mapping the gamma ray universe
since it was launched by NASA in June
2008. Combing through data the telescope
collected in its first few months, an inter-
national team discovered 16 new pulsars;
strong gamma ray pulsations from eight

previously known pulsars with spin times
of milliseconds, proving that these objects
pulse brightly at gamma wavelengths as
well as in the radio range; and high-energy
gamma rays from the globular cluster 47 Tuca-
nae indicating that the cluster harbors up to
60 millisecond pulsars.

Those Fermi results might be just the
beginning. Armed with their new knowledge
of pulsar behavior, researchers are checking
whether some of the unidentified gamma ray
sources Fermi has detected might be pulsars.
In November alone, teams of astronomers in
the United States and France discovered five
new millisecond pulsars by training ground-
based radio telescopes on candidate objects
Fermi had pointed out—a much more tar-
geted search technique than scanning the sky
blindly with ground-based radio telescopes.

Gamma ray beams of pulsars are believed
to be wider than their radio beams, so in prin-
ciple a space-based gamma ray telescope
should be more likely to encounter and dis-
cern a pulsar’s sweep than a radio telescope
on Earth is. However, Fermi’s forerunner—

the Compton Gamma Ray Observatory,
which flew from 1991 to 2000—did not have
much luck finding these objects. What has
made the difference is Fermi’s high sensitiv-
ity, which enables it to detect pulsations that
would have been too faint for Compton.
Already, the discoveries are shedding new

light on the physics of pulsars. Researchers

from www.sciencemad
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The Fermi LAT 1FGL Source Catalog
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AGN
AGN-Blazar

AGN-Non Blazar
No Association 1 Starburst Galaxy

Possible Association with SNR and PWN Galaxy
Possible confusion with Galactic diffuse emission

The Fermi LAT 1FGL Source Catalog

SNR

PSR PWN
PSR w/PWN

Globular Cluster
HXB or MQO

Credit: Fermi Large Area Telescope Collaboration




Galactic Super Nova Remnants :
Fermi observations

» Cas A

SNR RXJ 1713-3946
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Event topology

A candidate electron
(recon energy 844 GeV)

A candidate hadron
(raw energy > 800 GeV)
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TKR: clean main track with extra-
clusters very close to the track

CAL: clean EM shower profile, not
fully contained

ACD: few hits in conjunction with
the track

TKR: small number of extra
clusters around main track

CAL: large and asymmetric shower
profile

ACD: large energy deposit per ftile
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Fermi- LAT CRE data Vs the conventional pre -Fermi model
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“Conventional” model with injection spectrum
1.60/2.42 (break at 4 GeV)
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new : Fermi Electron + Positron spectrum
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New Fermi-LAT data at low energy
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Electron spectrum and a conven’rlonal GALPROP model
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The CRE spectrum accounting for nearby pulsars (d <1 kpc)
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What if we randomly vary the pulsar parameters

relevant for e+e- production?
(injection spectrum, e+e- production efficiency, PWN “trapping” time)
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Positrons created as secondary products of hadronic interactions inside the
sources (2)

if this is frue we should observe a rise in the secondary/primary CR fraction

- B/C Ratio .
107! £ =
o = :
= ~ B CREAM 2008 Astr.Phys. 30 133 S~ A it
o - [arXiv:0808.1718] ~ -
- N e .
m A ATIC-2 ~
- Panov et al., ICRC 2007 R -
~
—— — — spallation during propagation only , ' —
\
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N
9 spallation also during acceleration N
10 = Philipp Mertsch, Subir Sarkar Phys.Rev.Lett.103:081104,2009 N\ =
= arXiv:0905.3152 1 N
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Cosmic Ray Electrons
Anisotropy

_ More than 1.6 million electron events with
-'\W'Ziwt?om( map am ENErgy above 60 GeV have been analyzed on
CT T Teeees” T gnjsotropy
eUpper limit for the dipole anisotropy has been

set to 0.5 - 5% depending on the energy

e Upper limit on fractional anisotropic excess
ranges from a fraction to about one percent
depending on the minimum energy and the
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Number of Events

anisotropy’s angular scale

Distribution of significance,
fitted by a Gaussian ——
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Significance map
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Cosmic Ray Electrons
Anisotropy

the levels of anisotropy expected for Vela-like and
e Monogem-like sources (i.e. sources with similar
T T Teeses” 7 distances and ages) seem to be higher than the
o T scale of anisotropies excluded by the results
However, it is worth to point out that the model
results are affected by large uncertainties related
to the choice of the free parameters

No-anisot?opy map
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Search Strate

Satellites: Galactic center: Milky Way halo:

Low background and Good statistics but source Large statistics but
good source id, but low confusion/diffuse backgr'ound diffuse chkground
statistics

And
electrons!

" and
Anisotropies

Spectral lines:

No astrophysical Galaxy Extra-galactic:

uncertainties, good clusters: Large statistics, but

source id, but low astrophysics,galactic

statistics Low background but diffuse background

low statistics
% Pre-launch sensitivities published in Baltz et al., 2008, JCAP 0807:013 [astro-ph/0806.291 1]

L EP) 2010
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> dSphs are ’rhep- most DM dommaTed sys‘rems known inthe

Universe with very high M/L ratios (M/L ~ 10t 2000).
> Many of them (at least 6) closer than 100 kpc to the GC (e.g.

Draco, Umi, Sagittarius and new SDSS dwarfs).

> SDSS [only # of the sky covered] already double the number of
dSphs these last years

> Most of them are expected to be free from any other
astrophysical'gaémma source.

v Low content of gas and dust.
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Search for Spectral Gamma Lines
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Bubbles show energetic spectrum and sharp edges

Bubble spectrum

Bubble emission Diffuse emission

Brightness

Spectrum of diffuse
gamma-ray emission . :
X 20° 40°

Distance from bubble center

100

1 10
Energy (GeV)
Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al.










Comparison of High-Energy Electron Missions

W Upper Energy Collecting Power Calorimeter Thickness | Energy Resolution
TeV m’sr Xo %

CALET < 3 (over 100 GeV)

PAMELA | 0.25 (spectrometer) 0.0022 5.5 (300 GeV)
2 (calorimeter) 0.04 16.3 12 (300 GeV)
16 (1TeV)
0.7 (700 GeV) 16 (700 GeV)
AMS-02 | 0. 66 (spectrometer)
1 (calorimeter) 0.06 (1 00 GeV) < 3 (over 100 GeV)
< (. 04 (1 TeV)
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Milagro, ARGO) are for 1 year of observation.

—




NEXT FERMI
SYMPOSIUM
9-12 May 2011

The 2011 Fermi Symposium is dedicated to results and prospects
for scientific exploration of the Universe with the Fermi Gamma-ray
Space Telescope and related studies

Topics include: blazars and other active galactic nuclel, pulsars
gamma-ray bursts, supemova remnants, diffuse gamma radiation
unidentified gamma-ray sources, and searches for dark matter
Multi-wavelength/multi-messenger contributions to these topics
are welcome

anizing Commillee

W. Atwood (UCSC)

N. Bahcall (Princeton)

R. Bellazzind (INFN, Pisa)

L Bergstrom (Stockholm)

R. Blandford (Stanford/KIPAC)
E. Bloom (SLAC)

P. Caraveo (INAF-IASF, Milano)
V. Connaughton (UA Huntsville)
C. Dermer (NRL)

S. Digel (SLAC)

R. Ekers (ATNF)

D. Frail (NRAO)

N. Gehrels (GSFCQ)

|. Greiner (MPE)

P. Giommi (ASDC)

1. Grenier (Laboratolre AIM, Saclay)
E. Hays (GSFC)

D. Horan (LIR)

B. Jannuzi (NOAO)

S. Johnston (ATNF)

N. Kawal(Tokyo)

P. Michelson (Stanford)

A. Marscher (BU)

|. McEnery (GSFC)

1. Ormes (Denver)

W. Paciesas (UA Huntsville)

S. Ramsom (NRAO)

A. Readhead (Caltech)

S. Ritz (UCSC)

S. Shore (Pisa)

P. Slane (CIA) ! A - J ;. g B ( K
G. Tostl (Perugla) & T e | =7, P \
D. Thompson (GSFC) & £ fq ] 9-1 May’ 0 : 1
S. Wagner (Heidelberg) ; [ R
A. Zensus (MPIFR) » 3 i 1 > ¢ p “

The Symposium Is being held at the
Aula Magna, Universita di Roma "La Sapienza”

R. Bellazzini, INFN Piazzale Aldo Moro, Roma

A. Capone. INFN & Univ. of Roma La Sapicnza
P. Caraveo, INAF

E. Cavazzuli, ASI

S. Ciprini, Univ. of Perugia

S. Cutinl, ASDC

M. Ercoli, ASI

D. Gasparrini, ASDC

http://fermi.gsfc.nasa.gov/science/symposium/2011/  rameiw

G. Spandre, INFN
V. Vitale, INFN Roma Tor Vergata







