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Galileo Galilei - Inizia ’Astronomia Moderna

Frontespizio del Sidereus Nuncius
(edizione del 1610)
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Per oltre 200 anni l'interesse primario € osservare e comprendere il moro dei corpi
Del sistema solare (comete incluse). 2 Leggi di Keplero - Meccanica Newtoniana—>
Legge della Gravitazione Universale
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Nasce l'astrofisica e La Fisica Moderna
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What The Umverse Is Made of
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Come trovare risposte alle molte domande aperte?

|

ASTROPARTICLE Physics: Fisica delle Particelle +

Astronomia+Astrofisica + Cosmologia
tosti@pg.infn.it




Come ottenere informazioni sul Cosmo: | MESSAGGERI

e raggi cosmici

e neutrini

e onde gravitazionali

HUNTING GRAVITATIONAL WAVES USING PULSARS

2 Telescopes on
Earth measure tiny
differences in the
arrival times of the
radio bursts caused
by the jostling

1 Gravitational waves from supermassive
black-hole mergers.in distant galaxies-subtly
shift the position of Earth:

T 1 Sadgn = )

{ NEW MILLISECOND PULSARS i g 3 Measuring the

i An all-skymap@asiseenbythe Fermi i =N effect on'an array of

§ Gamma-ray Space Telescope in its firstiyear [ pulsars enhances the

i (c) i chance of detecting the
gravitational waves.

Nature 463, 147, 14 January 2010




Radiazione Elettromagnetica
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(frequency is number of
oscillations per second)

c=Av Vvelocita della luce

E=hv h = Costante di Planck [Js]
v = frequenza [s1(Hz)]

. 1eV=1.6x10"1J
fotoni
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Lo spettro della radiazione elettromagnetica

Atmospheric
Opacity

”~
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Frequency
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P

ELECTROMAGNETIC SPECTRUI

The diagram shows the entire spectrum of
electromagnetic waves. The scale at the
bottom indicates representative objects
that are equivalent to the wavelength
scale. The atmospheric opacity determines
what radiation reaches the Earth’s surface.
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Sorgenti di radiazione visibile

Spectra From Common Sources of Visible Light
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Blackbody Radiation Spectrums
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E27 S5W LED

v« 85V~265V E27 5W LED
Bright White Light Bulb Lamp

t Semicircular cup can be turned
off, 5 LED inside

= Low power consumption
and-siiergy-saving

v /£asy to install, provide
bright and soft light

v Fits-the standard E27
thread connector

% Impact resistance, non-thermal
radiation, safe and reliable

v Suits for office, dance ball,
restaurants, studio, exhibition
and home use efc...
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RADIAZIONE TERMICA

Materia e radiazione
sSono In equilibrio
termico (cioe hanno Ia
stessa energia media).

In queste condizioni

'energia dei fotoni e
Blackbody Radiation Curves dlSt”bUlta Secondo Ia

legge del corpo nero di

Surface of the sun: 6000 K

Carbon arc lamp: 4000 K P I a n Ck.

Lamp filament max.: 3000 K

o o
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Infrared
Wavelength
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RADIAZIONE NON TERMICA

synchrotron radiation Inverse Compton scattering

low-energy
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Astrofisica Multifrequenza:Ottico

tosti@pg.infn.it




Circa 80 anni fa lo scenario cambia improvvisamente ¢ si
scopre che esiste una Astronomia non ottica

1933: astronomia radio
1962: astronomia X
1964: astronomia microonde

Perché cosi tardi ?

1 - Molte bande e.m. schermate dall’atmosfera

2 - Non si ne sospettava I’esistenza di sorgenti non visibili
in ottico
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Power of multi wavelength observations




Power of multi wavelength observations




Power of multi wavelength observations




Power of multi wavelength observations
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Astrofisica Multifrequenza

tosti@pg.infn.it




Il cielo multifrequenza

Radio ‘ 1.69x10¢ eV Ottico

Raggi X S 2-10 keV

5.18x10-3 eV

Credit: NASA/DOE/Fermi LAT Collaboration
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Astrofisica Multifrequenza:Infrarosso
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Fisica particelle
Teoria
Fantasia Afterglow Light

Pattern
400,000 yrs.

Inflation

Fluctuations

Astrofisica Dark Energy
Accelerated Expansion

Dark Ages Development of
Galaxies, Planets, etc. ‘
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Il primo Universo Visibile

Radiazione cosmica di Fondo T=2.7 K AT/T ~ 10
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Il primo Universo Visibile

Redshift
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Astrophysical Evidence for Dark Matter

O Majority of mass in galaxies is dark
— Coma Cluster + Virial Theorem
F. Zwicky (1937)

O Dark Matter clumps in large halos around
galaxies
— Galactic Rotation Curves
V. Rubin et al (1980)

O Dark Matter is virtually collisionless
— The Bullet Cluster
D. Clowe et al (2006)

O Dark Matter is non-baryonic
— CMB Acoustic Oscillations
WMAP (2010)
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Materia oscura e Nuova Fisica

O Dark Matter candidates are Weakly

Intercting Massive Pasrticles (WIMPs)
» Extensions of Standard Model of
Particle Physisc (ex: SUSY)

NEW THEORY
DIM, ETC.)

(SUSY, EXTRA-

O Look for WIMP annihilatins spectra (lines)
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X Production
(collider)

Indirect
Detection

Direct

Acceleratori/altri reivelatori Detection
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v-rays Probe the Extreme, Non-Thermal, Universe

Dark Nebula Dim, young star Our Sun Globular Cluster

100 K 10,000 K 10,000,000 K
-272 °C -173 °C 9,727 °C ~10,000,000 °C

Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
1072 107° 0.5%10°° 10°® 107" 107"

Processi termic




Breve storia

Prima generazione 1960 — 1972
» Spark Chamber
* Palloni Aerostatici

Seconda Generazione 1972-1991

PrimaGenerazione 1960 — 1985

» Discriminazione fondo debole o asente
* Lebedev, Glencullen, Whipple, Narrabri, Crimea

Seconda Generazione 1985 - 2004

» Spark Chambers * Imaging Atmospheric Cherenkov Telescopes
¢ Piccoli satelliti *  Whipple, Crimea, CAT, HEGRA, Durham,
+  SAS-ll, COS-B CANGAROO

Terza Generazione 1991-2007 .
«  Spark Chamber Terza Generazione 2004 — 2010

« Grandi dimensioni * |IACT di grandi dimensioni e stereoscopici
+  EGRET ( CGRO) e MAGIC-2, HESS-5, CANGAROO-III, VERITAS-4

Quarta Generazione 2007-2012+
* Nova tecnologia: Stato solodo
« AGILE (2007 ->)
«  FERMI (2008 ->)

Quarta Generazione 2010 -

EGRET
(1.4 x106 y-rays)
0SO0-3 SAS-2 COS-B
(621 y-rays)  (~8k y-rays) (~200k y-rays) Eitiss <

TIME OF
FLIGHT
COINCIDENCE
SYSTEM

- C : ' > GLAST liftoff |
ol (TUMENEREY / ) e bt 7 Wed 11 June 2008

MEASUREMENT COUNTER

tosti@pg.infn.it




Non-thermal y ray emission

J1DdVAINA

SNid

space —
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Energy source Acceleration y-ray production
mechanism mechanism




Many Mechanisms Involved in Producing y rays

Energy Sources Many of these mechanisms
| | will produce radiation at other,
non y-ray, wavelengths

WIMP Dark Matter interactions
produce different broad-band
spectra.

-

Mechanisms




Come osservare la radiazione gamma

¢
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Come appare il cielo gamma?




Cosa si vede nel cielo gamma?

A bright blazar
(PKS 1502)

Unidentified . Geminga

The Vela pulsar

oo . il

3-'

A binary system y
‘ The plane of the Milky Way Galaxy

n A Globular cluster

i T
3C 454.3




Da cosa é composto il cielo gamma?




Emissione diffusa della Galassia

y-rays from interactions between cosmic rays and gas in the galaxy

37




Sorgenti puntiformi Galattiche ed Extragalattiche
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Variabilita

A Ry e i e a0

] Crob 180°
Gerninga
Northern Galactic Southern Galac tic
Herisphere

13—AUG—2008




Radiazione isotropica: emissione da sorgenti non risolte




Dark matter

WIMP Dark

Matter Particles : C V. Ve WIMP Dark
Ecm~100GeV Matter Particles

y } e\ Ecu~100GeV
Neutrinos .

+ a few p/p, d/d
Anti-matter




Dark Matter Searches with the Fermi LAT

DM Clumps in the Halo: Galactic Center:
- Few Astro. Bkg - Large Statistics

- Complicated by low - Complicated by
statistics, unknown loc Astrophysical Sources

Spectral Lines:
- Smoking Gun
- Small Stat.

Extragalactic:
- All galaxies
- Isotropic

Electrons:
- Good Stats.
- Challenge:
Backgrounds

Nearby Galaxies:
- dSph DM Enriched
- Known location
- Lower Statistics

Milky Way Halo simulated by Taylor & Babul (2005)

All-sky map of DM gamma ray emission (Baltz 2006)



Narrow Spectral Feature at 130 GeV

Regd (U LTRA( LEAI\) E, =129.8 G (V Reg3

" " T " T ] Einasto
Signal counts: 46.1 (1 360) 80.5 - 21() 1 G(V

p-value=0.37, x2,=23.6/22

Bringmann+ [arXiv:1203.1312]

{ l Weniger [arXiv:1203.2797]
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Fractional Residual (i.e., S/N):
f=s2/ng

Bringmann et al. and Weniger showed evidence for a narrow spectral feature near 130
GeV near the Galactic center (GC) in the LAT data.

Signal is particularly strong in 2 out of 5 test regions, shown above.

*Over 40 local significance with S/N > 30%, up to ~60% in optimized ROI.

*Some indication of double line (111 &130 GeV). Too early for conclusive answers




Tutti | dati (e relativo software) di Fermi
pubblici e accessibili a tutti
http://fermi.gsfc.nasa.gov/ssc/
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