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Astronomy Picture of the Day (2012 August 1)
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La Via Lattea

Credits: NASA/APOD




La Via Lattea “alla radio
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Onde radio dal cielo

Karl Jansky
1905-1950
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Astrofisica spaziale

Gamma X-ray
+ Shorisr waves

-
- ;

Thermosphere
{aurofas)

Mesosphere
(metects bum ugp)

Stralosphere
{ozone layer at 20-30
km; jets fly at 10 km)

Troposphere

Visible

Ulkra-
violet
e

i~

Infrared Microwave Radia

iR
i Longer waves s

Radio “window™




Una radiografia al cielo

ROSAT (1996)
APOD, 8 Oct 1996




Il cielo nel raggl gamma

5 yrs, Milky way in gamma rays, E>1 GeV, front-converting events
(2008-2013 © NASA/Fermi-LAT)




Raggi gamma?




Radiation Type Radio
Wavelength (m)  10°

Approximate Scale
of Wavelength

Buildings

Frequency (Hz)
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Microwave

Humans
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Atomic Nuclei




Luce ed energia

==a1\Y;

Piccole A = alte energie

1 elettronvolt = 1.6x10 19 Joule

Visible ~ 1 eV

UV ~10 eV

Xrays = 0.1 keV-100 keV
Gamma rays= >100 keV




Meccanismi di produzione

Decadimento
gamma Fusione nucleare

Sincrotrone Bremsstrahlung

r | |1||r||| ||
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Annichilazione
materia -

antimateria
Effetto Compton
inverso




Non-Thermal, “Non-Traditional” Universe

Extreme environments that accelerate particles

— Neutron Stars

— Black Holes (AGNs, etc.)

— Black Hole Birth Announcements: Gamma Ray Bursts (GRB
— Supernova Remnants, Pulsar Wind Nebulae, novae...
Particles interaction with Interstellar medium

— Gas and Dust

— Radiation fields — Radio, IR, Optical, ...

— Intergalactic Magnetic Fields, ...

Produced gamma rays travel to us!

— Probe cosmological distances

Surprises!

— Astrophysics: new source classes, new phenomena
— New Physics (e.g. Dark Matter, QG, ...)



eAltitudine 565 km
*Periodo orbitale 95 min
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LAT (20 MeV - 300 GeV)




~7 anni in orbita

Cape Canaveral Air Force Station 11
June 2008 at 12:05PM EDT

Inizio osservazioni 4 agosto, 2008

Rinominato da GLAST to Fermi

Missione iniziale 5 anni, ora estesa
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“Vedere” i raggi gamma

Anticoincidenza = reiezione fondo

Convertitore (W)

Tracciatore = direzione

Calorimetro - Energia

> 20 MeV :

Produzione coppie
elettrone - positrone




Large Area Telescope

Atwood, W. B. et al. 2009, ApJ, 697, 1071

USA, Italia, Francia,Giappone,Svezia,
Germania

Raggio gamma

Circa 500 scienziati in tutto il mondo

Positrone T — Elettrone






Un telescopio?

>20 MeV

Dimensioni 1.5x1.5 m
Massa <3 tonn
Consumo <650 W
Campo vista Y4 Sky
Risoluzione angolare 3.5°
(0.1° @10

GeV)




Cronache dallo spazio
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AGILE, made In Italy




Universo gamma, il film

‘Peminga

Maorthern Galactic Southern Galactic
Hernizpheare Hermizpheare

Fermi LAT
01 —JAN—2009 GC

Fermi-LAT collaboration




Un ricco menu

e*e- spectrum

— Radio Galaxies (12) -

Starburst Galaxies (4)

Globular Clusters (11)

SNR & PWN (68)

L v -ray binaries (6)

Pulsars: young & millisecond (MSP) (132)

- Sun: flares & CR interactions

Terrestrial Gamma-
ray Flashes

T

Nolan+12,ApJS
(2FGL catalog)

Unidentifigtd Sources (~1/3 total) ‘




Astronomy Picture of the Day (2013 April 13)




Fermi e Il Sole

March 6, 2012

Vela Pulsar
/ .

Galactic Plane

March 7, 2012



Meteo spaziale

www.solarmonitor.org

www.SalarMenitor.org

Date Search [ 5| 4 October 2015 HOAA Search ¥
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Galactic Point Sources Isotropic




Fermi-LAT Third Source Catalog (3FGL)

Acero et al., ApJS 218, 2012)

e
T e i

o Mo association B Fossible association with SMNE or PWN < AGN

Fulsar Globular cluster + Starburst Galaxy © PWN
@ Binary + Galaxy SNE + MNova
* Star-forming region

4 anni
«3033 sorgenti, 1010 non identificate



Il cielo sopra 50 GeV

Preliminary

«2nd Fermi Hard Source List (2FHL), in prep.
*6 years of data, Pass 8
«~55k photons, ~350 sources




La Via Lattea nel raggi gamma

Supernova
Remnants &
pulsar wind nebulae

A *« . «--mm . ol

MEIHE-Bonn Polsar Group

N

Binaries and novae Pulsars

Credit: NASA/DOE/Fermi/LAT Collaboration




Pulsar

Jocelyn Bell
&
Anthony Hewish
(1967)
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What is a pulsar?

Stelle di neutroni altamente magnetizzate, super-dense, Iin forte
rotazione,e che emettono particelle e radiazione

W

Raggio ~ 10 Km;

Periodo: ~0.0015s - ~8.5 s;
Momento di inertia: 10 4> g cm?;
Densita: 10 1> g/cm 3 at the center;




Jodrell bank:
http://www.jb.man.ac.uk/~pulsar/Education/
Sounds/sounds.html

Princeton group:

http://pulsar.princeton.edu/pulsar/multimedi
a.shtml

Il “"suono” delle pulsar

EFN Data Archiva

EFN Data Archiva

PSR B1937+21
P~1.56ms




Pulsars

_li-glti Cylinder

. {_-}p a2n |
— magnehec field

hnes




Pulsars




/ anni di pulsar

Public list
http://tinyurl.com/fermipulsars

42 young radio- and X-ray-selected (green circles, cyan crosses)
36 young Y-ray-selected (white squares)
46 radio-selected MSPs ( ) + | Y-ray-selected MSP (yellow diamond)
(+20 to be published!)

29 September 2014

0

1otal number of pulsars
Total publicly announced (i

h Pub Board p

2PC includes 117 pulsars: 41 young radio 0 ud; 3 ung radio quiet ; 40 MS di d in Unld so
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14 August 2009 |

«2nd most relevant
discovery in 2009»
(Science)

Il vincitore...

>

Fermi

Det@cting Gamma-Ray Pulsarg

AVAsas
45{ e

(Arditpitecus)



Volete alutarci?

About Einstein@Home Utente del giorno

Einstein@Home is a World Year of Physics 2005 and an International Year of | & Trevor [Freaky]
Astronomy 2009 project. It is supported by the American Physical Society ! . .

: ; - : Just doing my part to make the world a better place. I really like this construct of sharing computer power
{APS), the US National Science Foundation {NSF), the Max Planck Society g myp P y g P P

: 3 s to help with all sci .
(MPG), and a number of international organizations. b b b e e

Einstein@Home uses your computer's idle time to search for weak
astrophysical signals from spinning neutron stars (often called pulsars) using
data from the LIGO gravitational-wave detectors, the Arecibo radio
telescope, and the Fermi gamma-ray satellite. Einstein@Home volunteers
have already discovered about fifty new neutron stars, and we hope to find
many more.

Our long-term goal is to make the first direct detections of
gravitational-wave emission from spinning neutron stars. Gravitational waves
were predicted by Albert Einstein almost a century ago, but have never been
directly detected. Such observations would open up a new window on the

universe, and usher in a new era in astronomy. |Psr J@sS4+3187 ! PSR J1522-5735

Einstein@Home Discoveries in Fermi LAT Data

The year 2015 is an exciting one. Five years after the first-generation LIGO
detectors were shut down, the upgraded advanced LIGO instruments came




di supernova




Cygnus Loop ‘,

Wi-i 1 0
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Tycho SNR RX 11713.7-3946

Sono i siti di produzione e accelerazione dei raggi cosmic
bl A g - .




Come si sceglie il modello giusto?

W51C

Hadronic model
favored

(Abdo et al.2009, -
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—a— Femi LAT {22 maonths) ) ll", | . favo red
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—— HEES (Aharonian et &l. 2007)
al 2006
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Novae a raggli gamma

‘ q...‘ .‘._ : ; . ‘agh : : ; P ‘
—— . o s . - . C N

. 4degree & ®., % T 4dedgree »
. o ’ - > - .. e et 2 -

March 7, 20:36 UT March 10, 19:08 UT

Fermi Detects Gamma Rays from Nova Cygni 2010

Feb. 19 to March 9, 2010 March 10 to 29, 2010
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Fermi e le novae
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Verso altre galassie




Questione di prospettiva

Quasar PKS 2349 HST - WFPC2

ST Scl OPO - January 1995 - J. Bahcall (Princeton), NASA

Optical and Radio Views
of Radic Galaxy 3C219
Montage (c) NRAC 1924




Fermi e | Nuclel Galattici Attivi

Blazar 3C 454.3’s Record Flare

Vela pulsar

NG X :

3C 454.3

()

December 2, 2009

Vela pulsar

3C 454.3

November 3, 2009




Esplosioni cosmiche




27 aprile 2013

Ursa Major

GRB 130427A

Before and after Ferml LAT views of GRB 1304274, centered on the north galactic pole

3.6 miliardi di anni luce
+

94 GeV



Palle di fuoco ?

i Several shocks - - also External Shock
? possible cross-shock IC
. A .. Illt emal ShO Ck the surrounding medium

Collisions betw. diff. Reverse Forw ard
F parts of the flow shock<= => shoc

! — Photospheric
BLACK HOLE ) du{:-::-u le” th. radiation

CENTRAL
ENGINE =

L |

I3 16
MASSIVE ~ = - >10"%cm
STAR N
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Esplosioni cosmiche

Fermi GBM GRBs in first four years of operation
+90

First LAT GRB Catalog

(Ackermann+13, ApJS)
35 GRBs detected by LAT (28 >100 MeV)
« 5 of them are short GRBS (Tgq gy < 2 S)

2° GBM Catalog (Von Kienlin+14) 180
« 963 GRBs

+180 RA

053 GBM GRBs
+ 789 Long
¥ 159 Short

Alcunl r|SUItat| 5 No measured duration 90 Dec

Spettri e curve di luce:
« Fotoni di altissima energia
e Gravita Quantistica
« Emissioni prolungate



Non solo gamma: Materia Oscura dal cielo

Satelliti della Via Lattea Centro Galattico Alone della Via

Lattea

Il Sole

Righe spettrali

Ammassi di galassie

56



Non solo gamma : messaggeri cosmicl

Optical (APOD) Gamma rays > 0.1 GeV (Fermi-LAT, 2013)

|

T 1
. zm’l 21 D'{ 180
|
]

IIII

f"’g?*\*i\‘r/*/ &:*‘x" x)*é& i . >23 : Equatorial
Cosmic rays > 57 Eev (Auger, 2007) Neutrinos > 30 Tev (Icecube, 2013)

* M. Razzano



The Science of Fermi (su You Tube)

NASA | Fermi at Five Years

NASA Goddard

s
Qrddod 776,203 100 581




Fermi In classe

*Fermi e un ottimo esempio dell’astrofisica “non conven zionale” dallo
spazio
*Moltissimo materiale educativo, anche in italiano

*Video e immagini su sito NASA
«fermi.gsfc.nasa.gov

Materiale educativo
fermi.sonoma.edu
eglast .pi.infn.it/divulgazione .htm

*Progetto Einstein @home
*https://einstein.phys.uwm.edu

Dati di Fermi pubblici: spunti per tesine
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