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z=11.9
800 x 600 physical kpc

Diemand, Kuhlen, Madau 2006

A galactic dark matter halo
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Propagation Equation for Cosmic Rays

OY(r, p, ) . ¥ 8 1
y L 2
P PDp
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— o P -5 (V- V)Y ——w——w
4 Tr  giffusion
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 (Dxa: UA)
linearly with the distance from the galactic plane loss term: fragmentation Dy ’
diffusion coefficient is function of rigidity loss term: radioactive decay
— ) . o
— ,BD() (,0/ ,00) primary spectra injection mci}ax
=7
implemented in Galprop ( Strong & dq(p)/dp < p

Moskalenko, available on the Web) [astro-ph/0502406]
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The situation before 2008

Electron + positron spectrum
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Data were compatible with conventional large-scale Galactic models of CRs tuned to fit
gamma-ray data and other observables
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2008: Results from ATIC and HESS
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Data clearly call for major changes to the conventional model:
Nearby sources (e.g. pulsar) or dark matter annihilation/decay models have been proposed
to explain those data
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~2009: PAMMLA results
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some articles about the positron excess

1. arXiv:0901.3474 Cosmic Ray Positrons from Cosmic Strings Robert Brandenberger, Yi-Fu Cai, Wei Xue, Xinmin Zhang
2. arXiv:0901.2556 Positrons and antiprotons from inert doublet model dark matter Emmanuel Nezri, Michel H.G. Tytgat,
Gilles Vertongen

3. arXiv:0901.1520 On the cosmic electron/positron excesses and the knee of the cosmic rays - a key to the 50 years' puzzle?
Hong-Bo Hu, Qiang Yuan, Bo Wang, Chao Fan , Jian-Li Zhang , Xiao-Jun Bi

4. arXiv:0812.4851 A Gamma-Ray Burst for Cosmic-Ray Positrons with a Spectral Cutoff and LineKunihito loka

5. arXiv:0812.4555 Is the PAMELA Positron Excess Winos? Phill Grajek, Gordon Kane, Dan Phalen, Aaron Pierce, Scott
Watson
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2009: Fermi-LAT diffuse gamma-ray spectrum first measurements
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Fermi- LAT CRE data Vs the conventional pre -Fermi model

B O AMS (2looz) Ferml Coll PRL 102, 181101 (2009) [arXIV 0905 0025] 4/5/09
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Although the feature @~600 GeV measured by ATIC is not confirmed i

Some changes are still needed respect to the pre-Fermi conventional model /‘G T
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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

G. Barbiellini ?, M. Boezio 2, M. Casolino °, M. Candusso °, M.P. De Pascale °,
A. Morselli ™*, P. Picozza ®, M. Ricci ¢, R. Sparvoli °, P. Spillantini ¢, A. Vacchi *

* Dept. of Physics, Univ. of Trieste and INFN, Italy
e Dept. of Physics, Il Univ. of Rome ‘‘Tor Vergata’' and INFN, Iltaly
© Dept. of Physics, Univ. of Firenze and INFN, Italy
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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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Energy Resolution Termi
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The LAT sensitivity extends to higher energies (> 300 GeV) than that of any previous space-
based gamma-ray mission, opening the unexplored energy range above 30 GeV. The energy
range of the LAT will overlap those of the next generation ground-based TeV gamma-ray
instruments, allowing for inter-calibration between the LAT and these instruments.
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integral flux (photons cm™2 s°1)

Fermi LAT Sensitivity
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One-year integral sensitivity for the LAT (50, E> threshold energy), for a
high latitude point source with an E-2 spectrum.

/~

@5 ermi

Gamma-ray
/ Space Telescope



L) ll'll'l Ll L llll‘l]

5 sigma, 50 hours, > 10 events

EGRET

AGILE

| \‘- 4 CELESTE,
GLAST thin section Crab I:Jebula STACEE

GLAST | | _~MILAGRO

MAGIC 2 (exp) / . .‘ -~ Z/ARGO
MAGIC (now) s

Whipple —

| NEN ’ l[l'll]

| L 6. Illlll

| Kl ! l'l[ll]

'fA
" 2}
(“.I
=
&~
" )
=
=
Rl
C
_
E
2
-
o
E
o)
=1 1]
<
b —
—

| FTL_ 91! IIIIII

>,

VERITAS — = N E

\:.

| l'l[ll]

_— Large field of View experiments e

Cerenkov detectors in operation | ot \

Past experiments HEGRA
—— Future experiments HESS

'l L | o 1 as e O M | 1 1 lllllll 1 L lllllll 1 L lllllll L LA L1 11

L Y K. Illlll

10° 10’ 10° 10° 10°
AM.1-00 Photon Energy (GeV)

High galactic latitudes (background @, =2 10~y cm? s sr -1 (100 MeV/E)!'!). Cerenkov telescopes sensitivities (Veritas, MAGIC,
Whipple, Hess, Celeste, Stacee, Hegra) are for 50 hours of observations. Large field of view detectors sensitivities (AGILE, GLAST,
Milagro, ARGO) are for 1 year of observation.
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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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>~ PPB—BETS (2008)
v HESS (2008)

_ ® FERMI (2009)

e

*¥o=2.54(8=0.33) i

(/ e Vo= 2.42 (8 = 0.33 - with reacceleration): red line 1
' e Vo= 2.33 (8 = 0.6 - plain diffusion): blue line
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Model # | Do (cm?s™1) | 8 |z (kpe) | 70 | Ne- (m2s7lsr~1GeV ") | 8
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Numerical models of propagation of CR electrons can be tuned to fit Fermi data

assuming an harder injection index:
.Problems: These tuned models are in tension with low-energy and HESS data

(no big problems with gamma-ray data - work in progress)




Fermi & HESS data vs the conventional pre-Fermi model

% HEAT (2001) v HESS (2009)

A BETS (2001) @ FERMI (2009) i
O AMS—01 (2002)

@ ATIC—1,2 (2008) i
% PPB—BETS (2008)
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o vo=2.54 (5=0.33)
' problem of the model with HESS @ E> 2 TeV
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14 10° 10°  E(GeV)
cutoff in the CRE source spectrum or breakdown of the source spatial continuity? .
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Demodulated spectrum

Power-law fit -- spectral index
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Primary electrons in Cosmic Rays

JournAL or GEOPHYSICAL RESEARCH Vor. 70, No. 11 Juse 1, 1963

Letters

Observation of the Cosmic Ray Electron-Positron Ratio e NOW, ~45 yearns lafer-

from 100 Mev to 3 bev in 1964 .
PAMELA excess in
positron fraction

and Fermi results on the
R. H. HILDEBRAND )
Argonne National Laboratory and University of Chicago C'ZCT r'O n"‘pOS | TI"O n

Chicago, Illinois
spectrum

nent. In 1963, DeShong, Hildebrand, and Meyer . .-
[1964] reported the results of an experiment UnGVO'd0b|Y TZSTIfIZS
designed to measure this ratio in the energy in- the presence of pr'imar'y
terval from 100 to 1000 Mev. They found an . -
excess of negative electrons which led them to positfrons in CRs
conclude that the electron component consists
mainly of directly accelerated particles. Their

R. C. HarTMAN AND PETER MEYER

Enrico Fermi Institute for Nuclear Studies and Department of Physics
University of Chicago, Chicago, Illinois
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The CRE spectrum accounting for nearby pulsars (d < 1 kpc)

HEAT (2001)
A BETS (2001) o
O AMS—01 (2002)
| m ATIC—1,2 (2008) _
> PPB—BETS (2008)
— v HESS (2008) } ;i; % ﬁi %E
. | @ FERMI (2009) A = % + N
7 ®Fs Fr 47
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; 2 | Th~_Yr _|
£ 10 - 4 .
@ [l _._ . . M N
& I Rescaled conventional pre- Fermi 1
. I GCRE model by 0.95 @ 100 GeV 1 )
) Yo=2.54 (8 =10.33) P e ™
o 2 /./ N ~
= / Analytically computed spectra < il - Monog\'sm_
using the same diffusion param. as P 2 \ \
for the GCRE model Rt \ \
1 8 ® Geminga \
1 O 1 1 1 1 TR 1 L 1 1 1 A"l 1 1 1 1 . T T P ‘l
10 1-8F , 10°
E (GeV) [arXiv:0905.0636]

This particular model assumes: 40% e* conversion efficiency for each pulsar
o pulsar spectral index I' = 1.7 E_,=1TeV . Delay = 60 kyr
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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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/’ 16 Gamma-Ray Pulsars Through Blind Frequency Searches

Science 325 (5942), 840-844
A Population of Gamma-Ray Millisecond Pulsars Seen with Fermi

@ ) o
DEVYML  gcience 325 (5942), 848-852 (14 August 2009)

Gamma-ray

Space Telescope
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Pulses at
1/10t true rate

© New pulsars discovered in a blind search
@ Millisecond radio pulsars

°
|
] he PUlS ’ng y ray Sky © Young radio pulsars
© Pulsars seen by Compton Observatory EGRET instrument
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How the GLAST-LAT* telescope could help to
disentangle the Dark Matter puzzie ?

Search Technique advantages challenges
Galactic Good Source
center Statistics confusion/Diffuse
background
Satellites, | Low Low statistics
Subialos; | '| background,
COluE SOHice Good source id
Milky Way Large Galactic diffuse
halo statistics background
Extra- Large Astrophysics,
galactic Statistics galactic diffuse
background
Spectral ) = ¥~ | No astrophysical | Low statistics
lines >E<D\ uncertainties,
x v | good source id




EGRET da’ra & Susy models
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e Upper limit for dark

matter

Upper limit for

DM flux (100MeV-50GeV)
and

DM cross section (100Me/\{\-50GeV)

PN
Confidence level 95% (v18.6§~

flux(DM) = 2.43 * 107 cm2s? 2

o v (DM) = 3.98 * 105cm3s 2,

Confidence level 99% (v18.8)

flux(DM) = 3.39 * 10" cm*?s?

o v (DM) = 5.55 * 10-%cm?3s
| o=t
=<3
=z

The given upper limits for Dark
Matter are conservative ones.

A fit of the GC Fermi spectrum
with a Dark Matter model only
gives a very bad fit
(chi2/dof=66.5!).

For dark matter DMFit is
used, see

Tesla E. Jelterna,

Stefano Profumo

JCAP 0811:003,2008
arXiv:0808.2641[astro-ph]
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Model independent results for the Sagittarius Dwarft
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205 Preliminary Fermi LAT Bright Sources

Crosses mark source locations, in Galactic coordinates.




205 Preliminary LAT Bright Sources -

Some Information

" ++

-+

- EGRET on the Compton’ Observa*tory found fewer than 30-sources above
10 o in its lifetime. " 3 y o
ek . ++ * =1 + + +*

. Typical 95% error radius is less than 10 arcmin. For the brightest
+sources itis Iés*s than 3 arém|n+ ImproVements are.expected.

About 1/3 of the sources show deflnlte eVIdgncefgof variability. +
More than 30 Qulsars are |dent|f!te by.gamma-ray pulsatlor?s
+

Over hqlf the sources are associated positionally with blazars.. Some of
these+are flrmly |deﬁt|f|ed as blazars b‘y correlated multlwavelength

o + +
varlablluy ‘ : e . + e
Over 40 sources have no obvious assomatmns+wuth kpown gamma-ray

emitting types of astrophys.lcal ijects y %




9 month observation
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> dSphs are ’rhe'mos’r DM domlvulné‘r'ed sys’rems known in ’rhe
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 humber of
dSphs these last years

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

v Low content in gas and dust.
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Main contributions to the Fermi gamma-ray sky

LAT (E>100 MeV)

9 month observation

.

Resolved sources

Galactic diffuse emission

(CR interactions with the interstellar medium)

Inverse Compton

Isotropic
diffuse
emission

Orbit averaged E*flux for background model

e Residual cosmic ==
rays
surviving

background

rejection filters

e misreconstructed v
-rays from the
earth albedo

3.5

I

4 45 5 5.5 6
Log(Total Kinetic Energy in MeV)
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Bremsstrahlung
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Sreekumar et al. ® |

Strong etal. —&—

Buchmuller et al, arXiv:0906.1187
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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) 0.06 100 GeV) < 3 (over 100 GeV)
< (. 04 (1 TeV)
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