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The Fermi observatory

,a_ 1 Satellite gamma-ray telescope

P Large Area Telescope (LAT)
« 20 MeV - > 300 GeV

— Gamma Burst Monitor (GBM)

- - 8 KeV - 40 MeV
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— Huge field of view (2.4sr)

« 20% sky at any instant

« Uniform coverage every 3h
— Huge energy range

* Including unexplored 10-100
GeV range
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<. . Overview of the Large Area Telescope
Z):fr?m’ Atwood, W. B. et al. 2009, ApJ, 697, 1071
Space Telescope

LAT:

* modular - 4x4 array
« 3ton — 650watts

Tracker/Converter (TKR):
* Si-strip detectors

« ~80 m? of silicon (total)

» W conversion foils

* 1.5 X0 on-axis
Anti-Coincidence (ACB), ——= * 18XY planes

- Segmented (89 tiles#8ribbons) : A i o = +~10° digital elx chans

- Self-veto @ high energy limfted N = i e * Highly granular

re

« 0.9997 detection effigiency. " Hell RSN AW L F . High precision tracking
, T i ~* Average plane PHA

...............

Calorimeter (CAL):
» 1536 Csl(TI) crystals
+ 8.6 X0 on-axis

* large elx dynamic range
(2MeV-60GeV per xtal)

* Hodoscopic (8x12)
» Shower profile recon
* leakage correction

* EM vs HAD separation
3
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LAT performance
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Happy 5th Birthday Fermi

Five spectacular years in orbit!
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@SS, ermi

Gamma-ray

/ Space Telescope

0 1666 days since 2008 August 4
Q 99.7% uptime for the LAT

O 282.4 billion triggers on the LAT
— 56.1 billion events downlinked and in the LAT catalog at SLAC

« 1668 million transient events available at the FSSC
— 246 million source photons available at the FSSC
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» About 2 Hz detection rate
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Updates on some LAT Statistics

SLAC 5001

_Since start S
-of mission

Data processing elapsed time per run
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jSept2012
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Fermi Highlights and Discoveries

|— Blazars (782)

— Radio Galaxies (12) |

Star Burst Galaxies (4)

LMC & SMC

Globular Clusters (11)

' Fermi Bubbles
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' SNRs & PWN (68)

- y-ray Binaries (6)

Sun: flares & CR interactions

D. Bastieri - INFN Gruppo Il

Unidentified Sources (600)




/O
A Fermi LAT publications

Gamma»ray

/ Space Telescope

Summary of Fermi LAT science publications
26 February 2013

Category | and Il papers in refereed journals

Journal Published |In press|Total
O+1=1 - 1
Astronomical Journal 1+0=1 - 1
Astronomy and Astrophysics 6+16=22 - 22
Astroparticle Physics 2+3=5 - 5
Astrophysical Journal 72+37=109 | O+1=1 | 110
Astrophysical Journal Letters 20+11=31 - 31
Astrophysical Journal Supplement 5+1=6 - 6
Journal of Cosmology and Astroparticle Physics 3+3=6 - 6
Monthly Notices of the RAS 0+13=13 - 13
Nature 2+1=3 - 3
Physical Review D 6+1=7 - 7
Physical Review Letters 6+0=6 - 6
Science 15+0=15 - 15
Total 138+87=225| O+1=1 | 226

Total citations: 11,243

2013-07-02 D. Bastieri - INFN Gruppo |I 8



s, ermd Most cited Fermi LAT papers

“The Large Area Telescope on the Fermi Gamma-Ray Space
Telescope Mission” (06/2009)

“Measurement of the Cosmic Ray e*+ e~ Spectrum from 20 GeV
to 1 TeV with the Fermi Large Area Telescope” (05/2009)

“Fermi Large Area Telescope First Source Catalog” (06/2010)

“Fermi/Large Area Telescope Bright Gamma-Ray Source
List” (07/2009)

“Bright Active Galactic Nuclei Source List from the First Three

Months of the Fermi Large Area Telescope All-Sky
Survey” (07/2009)

“Fermi Observations of High-Energy Gamma-Ray Emission from
GRB 080916C” (03/2009)

“The First Fermi Large Area Telescope Catalog of Gamma-ray
Pulsars” (04/2010)

“Spectrum of the Isotropic Diffuse Gamma-Ray Emission Derived
from First-Year Fermi Large Area Telescope Data” (11/2010)

2013-07-02 D. Bastieri - INFN Gruppo I




2013 Ros

2010 H.E.S.S.

2011 Fermi LAT

2012 AGILE

2013 R.W. Romani & Alice Harding




.

Fermi mission status

s ermi
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d NASA 2012 Senior Review recommended extended operations

| L " |

(J NASA HQ will extend the mission to at least 2016

2013-07-02 D. Bastieri - INFN Gruppo Il "



/~ Solar flares

@S5 erml arxiv 1304.5559, arxiv 1304.3749 submitted to ApJ
G e
SRR AR Co, s 72200 100 g T T T T T

-
- . W LAT (E>100 McV)

Quiet-Sun flux level .
0_]111l||1|1|||11|||1|||||1|—

Count rate Is" dcicctnr"] Flux [10° photons em” s‘.‘]

10° [— RHESSI (25-50 keV)] =
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:’ 10 E AR 1165
10'6 | - l F I R T R | F I T S | l L1 1 1
| . o JURST—
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X [arcsec] g F
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: £ 01 — e
- A B " — : on (E> MeV
O Full list of LAT solar flares VA LA -
18:00 0: 00 6:00 12:00
. 2011/03/07 2011/03/08 (UT)
16 in total

— analysis of bright long flares
v-rays localized on x-ray emission region for 1st time

2013-07-02 D. Bastieri - INFN Gruppo |I 12
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s, e Gamma-Ray Bursts with the Fermi-LAT

Gamma-ray

Space Telescope
O Individual bursts plus LAT GRB
catalog A Tos Highest energy ik i
. . s photon (P>90%) lg.estler;?rggj sher r mand |
O Common properties in the g e GBM T RGBT ’...5
sample ——a S
— Delayed HE emission g:_ {‘N,% .....:
— Longer HE duration o} ) J=
— Evidence for multi- im e ""ﬁ [
?“E
component spectra soof Mml Wy i
d Emission mechanism N zyer gy 3
. . o} L |
— And connection to Cosmic 3 A j‘m .-
Rays brpgrd WMMM
O Fundamental physics § ZZ’ o ot e ma———— ;
. . . ":,k$ ,:' g.‘ R L o0 @ o ¢ .. o —o-0s ]
— Lorentz Invariance Violation “*— - T ® . &
— Limits on Extra Galactic Abdo, A. A. et al. 2009, Nature, 462, 331
. Abdo, A. A. et al. 2009, Science, 323, 1688
Background Light from The First LAT GRB Catalog, arxiv 1303.2908,

Submitted to ApJS

single high energy photons

2013-07-02 D. Bastieri - INFN Gruppo |I 13



Pletsch, H. J. et al. 2012, ApJ, 744, 105

Saz Parkinson, P. M. et al. 2010, ApJ, 725, 571
Abdo, A. A. et al. 2010, ApJS, 187, 460

Abdo, A. A. et al. 2009, Science, 325, 840
Abdo, A. A. et al. 2009, Science, 325, 845
Abdo, A. A. et al. 2009, Science, 325, 848
Abdo, A. A. et al. 2008, Science, 322, 1218

.... plus many other

2013 AAS/HEAD Rossi Prize

2013-07-02

AYAAAS

— Pulsar timing array

1 mPSR in globular clusters

HUNTING GRAVITATIONAL WAVES USING PULSARS

D. Bastieri - INFN Gruppo Il

O Emission mechanism away from star
d Many y-ray only PSR
d mPSR in y-ray

14
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Science Highlights — CR protons in SNR
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1 Unambiguous and robust detection of pion decay bump in W44 and

|C443 (thanks to increased low energy Pass7 acceptance)

O Proof that SNR accelerate protons

2013-07-02

Detection of the pion-decay cutoff in Supernova remnants

D. Bastieri - INFN Gruppo Il

2013, Science, 339, 807
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s, ermi GeV-TeV Connection: 1ES 1959+650

ATATS-CIY
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Challenging the one zone leptonic model: o s 10

Flat VHE spectrum " Prior Fermi
-1 45

A “standard” blazar (no EBL, no hard TeV,....)
* A HSP with an hadronic VHE bump?
» Leptonic Multi-zones emission?
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s, ML The Extragalactic Background Light
 STaione

Frequency v [GHz]

1% 19’ 1?5 19‘ 1?‘ 191 10*

wh EBL studies central to:
v /EBL\ aml - put constraints on galaxy evolution, star
£ F formation activity, dust extinction processes

-> understanding cosmic structure formation
and evolution

10°

stars N\ 5
i "N\ NN
10% / A
10" 10’ 10* 10* 10°
Wavdlength X [um)]
star light -

NN

E XEgg 2 2(m.?)?

2 Photons convert into an

electron-positron pair if : /\/\/\/\\I,,/*/*
/\/\/\/*v 7| \
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A Contributions to EGB

Gamma-ray
Space Telescope

— Star forming:  13% (x9%) I
— FSRQs: 9.3% (+5%) Contributions from unresolved

_ Radio galaxies: 20%-30% (+58%/-16%) sources of known source classes

— BL Lacs (to be refined) : 10-15% can account for some or most of
Isotropic background.

- TOTAL : 60%

MAGN Calore et al. 2013 r 7
SF Ackermann et al. 2012 . IGRB Spectrum (Abdo+10, PRL 104)
Calore+12 arXiv:1303.3284 ¢ faiteaa 2t 10 —+—
MSPs Calo tal. 2012w
ol s Calore ot al. 2012w | g —+—+ (T 7] st tac (preliminary)
MAGN » Ry T oo comperess
B 10
Ng i : e
£ 8
: :
E -
§ 10° ; :
© )
e 12 Sum of Components\GRB
3 1 ]
T st g
§ o= —
[T E
- = 3
02 -
10° 10° 10° 10°

10
Energy [MeV]

E, [MeV)
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A~
A Active Galactic Nuclei

Gamma-ray

/ Space Tr"le:.mp:ﬁ

Second LAT Catalogue (2LAC)
TS>25, August 2008 — August 2010 FSRQ

First LAT AGN Catalogue (1LAC)
TS>25, August 2008 — July 2009 FSRQ

06—AUG—2008

1 Most numerous Fermi sources (~60%)

 Highly variable

LATEHgRAGN Souren Lt ABAS) e — Require multi-wavelength campaigns
i for modeling

O Simple Self-Synchrotron Compton not
adequate to explain variety of AGNs

D. Bastieri - INFN Gruppo |I 19
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s, Y ML Fermi LAT in Padova

1 AGN and multiwavelength campaigns:
— Denis Bastieri & Sara Buson
+ Graziano Chiaro, Giacomo Principe, ...
O Galactic plane sources
— Giovanna Pivato
0 AGN and extragalactic sources (coordinator)
— Denis Bastieri
4 Instrument Response Functions
— Riccardo Rando
O Flare Advocate/Gamma-ray Sky Watcher
— Denis Bastieri (sw) & Sara Buson (analysis)
U Parallel computing
— Denis Bastieri
+ Andrea Pigato, Max Fatica & N. Juffa
O Public outreach
— Denis Bastieri & Giacomo Saccardo

2013-07-02 D. Bastieri - INFN Gruppo Il
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@ emi Coinvolgimento padovano: contact authors

1 Denis Bastieri (1 catl+ 3 catll + 1 cat lll) AGN
O Sara Buson (2 cat | + 10 cat Il) AGN

O Giovanna Pivato (1 cat Il) HB 21

O Riccardo Rando (1 cat |l) IRFs pass 7

0 TOTALE (3catl+ 11 catll +1 catlll)

2013-07-02 D. Bastieri - INFN Gruppo Il
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Percentuali 2013

/ Space Telescoy
Denis Bastieri RU 100%
Sara Buson Assegnista 100%
Giovanna Pivato PhD 100%
Riccardo Rando RU 70%
TOTALE 4 3.7 FTE
2013-07-02 D. Bastieri - INFN Gruppo |I 22




s, i Richieste 2013

Garr'ma ray

J Missioni Estere

— Attivita ISOC (1m/u) 8 k€
— Riunioni Analysis/Science Working Group
(3 missioni da 7 gqg) 9 k€
— Collab. Meeting (6 missioni da 7 gg) 18 k€
U Missioni Interne
— riunioni software + Collab. italiana 5 k€
— riunioni resp locale con referees e/o CSN2 2 k€
1 Materiale di Consumo (metabolismo) 3 k€
O Totale 45 k€

[ Servizio calcolo: ordinaria manutenzione <1 mese/uomo
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