The Abdus Salam 4
International Centre for Theoretical Physics (4

PO

2036-24

International Workshop: Quantum Chromodynamics from Colliders
to Super-High Energy Cosmic Rays

25 - 29 May 2009

The Violent Universe

Guido Barbiellini and Francesco Longo

University of Trieste, Department of Physics and INFN
Trieste

Strada Costiera | |, 34014 Trieste, ltaly - Tel. +39 040 2240 |1 I; Fax +39 040 224 163 - sci_info@ictp.it, www.ictp.it



PKS 1502+106

The Violent Universe

LSl +61 303 Unidentified

O

NGC 1275

3C 454.3

Credit: NASA/DOE/Fermi LAT Collaboration

Guido Barbiellini and Francesco Longo

Department of Physics, University of Trieste and INFNTrieste




Summary

 Brief Introduction to Gamma-ray Astrophysics
— The Main Questions

« HE Gamma-ray astrophysics
— From EGRET to AGILE and Fermi

« VHE Gamma-ray astrophysics
— Imaging Cerenkov Telescopes
— Extensive Air Shower detectors
— Towards the future



Gamma-ray Experiment Techniques

° Space_based Y, Pair-Conversion Telescope

! anticoincidence

— use pair-conversion technique ; shield
EGRETiwon “Bermi s

f [T~ conversion

il | foil
4 : =t NG . .
7 particle tracking
7™ detectors

_\ calorimeter (energy

measurement)

 Ground-based (VHE shower info reaches gnd):
— Airshower Cerenkov Telescopes (ACTS)

image the Cerenkov light from showers

induced in the atmosphere. Examples:
Whipple, STACEE, CELESTE, VERITAS,
MAGIC, HESS

— Extensive Air Shower Arrays (EAS)

e H Y

Directly detect particles from
the showers induced in the
atmosphere. Examples: MILAGRO, ARGO,




Key guestions for
Gamma-Astrophysics

Black Holes

— Supermassive BH — AGN

— Stellar BH — Galactic Gamma-ray binaries
— Stellar BH — Gamma Ray Bursts

Compact objects

— Electromagnetic fields in strong Gravitational fields
The origin of cosmic-rays

— Particle acceleration — the Fermi mechanism

The Nature of Dark Matter

Photon propagation over cosmological
distances



The EGRET Legacy



EGRET
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The Legacy from EGRET

EGRET All-Sky Map Above 100 MeV




EGRET Gamma-ray Sources

Third EGRET Catalog o re——
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Challenge # 1

* Need simultaneous multiwavelength data to study variability and
emission processes
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Active Galactic Nuclel
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Challenge # 2

 Need more exposure and optimal timing (and radio monitoring) to
discover more gamma-ray PSRs.

CRAB PSR B1509-58 VELA PSR B1706-44 PSR B1851+32 GEMINGA PSR B1055-52
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Pulsars

B
Light /' \q
Cylinder e
ra
f.r"

‘| polar cap
beam

outer gap
bheam




Challenge # 3

* Need fast timing for gamma-ray detection (improving EGRET deadtime,
100 msec —» 100 microsec or less).

Prompt Emission (GRB 930131)

1993,/1/31 (Superbowl) Burst

6800 :EGR]E!T };:a::ns ] Delayed EmISSIOH (GRB 940217)

EGRET deadtime ~ pulse width
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Challenge # 4

Need arcminute positioning of gamma-ray sources (improving
EGRET error box radii by a factor of 2-10).
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Technology impact -- PSF

EGRET

(1991-2000)
Phases 1-5

Spark chamber -
» sense electrode spacing ~mm
 sensitive layer depth ~cm

. up to 28 hit over >1m

LAT
(2007- >2012)
1-yr simulation

Si-strip detectors
» sense electrode spacing ~0.2mm
 better single hit resolution
 sensitive layer depth ~0.4mm
e up to 36 hit over 0.8m
e converter proximity to

Cygnus region (15° x 15%), Ey > 1 GeV minimize MCS




Technology impact - FoV

AGILE gamma-ray sky g

2]

- Cygnus region
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AGILE
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AGILE Instrument

. The AGILE Payload:
the most compact

1 instrument for high-

energy astrophysics

| It cdmbines for the first

time a

. “witha
with
large FOVs (1-2.5 sr) and
optimal angular
resolution




AGILELinside the cube...

HARD X-RAY IMAGER
(SUPER-AGILE)

INAF-IASF-Rm
(E.Costa, M. Feroci)

GAMMA-RAY IMAGER
| SILICON TRACKER

INFN-Trieste

(G.Barbiellini, M. Prest)

(MINI) CALORIMETER

INAF-IASF-Bo, Thales-
Alenia Space (LABEN)

(G. Di Cocco, C. Labanti)




The AGILE tracker

The AGILE Tracker =1
-Ts, G. Barbiellini, M. Prest et_al.
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AGILE launch




The AGILE sky

The AGILE gamma-ray sky

{above 100 McV, July 2007 - March 2008)




AGILE sources
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Challenge # 1 — AGN

joint campaign with MAGIC and
VERITAS on Mkn 421
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Donnarumma et al. 2009




Challenge # 2 — Pulsar
High Precision Timing (eg. Crab)

Pellizzoni et al. 2009




Challenge # 3 — GRB

: | T 1 1 1 1 1 | :
8000 [ =
b ACS Top (> & keV) 1024 ms ]
S 5000 |- -
3 - ]
2 - .
4000 o [ 1 Iﬂm erL .
f =
" F CGRID {3C MeV — 30 GeV) 1s .
] 3 — ]
= n Z
5 2F 3
1F =
L [l | [l |_I | | | | | -
200 F ! | ' ' I ' ' ' | —
® - MCAL (350 - 700 keV) 258 ms .
< 150 | =
S 100 [ 1 =
[ E -
50 Wmmwwﬂ Wﬂwﬁw
850 : i : : : i . | _
E BOFE SA (17 - 50 keV) 258 ms =
= - ]
=1 r ]
8 wf M h :
20 —
%MWWW% MMAW Ay

-20

Time [s] since 2008-05—14 08:55:56 UT

Giuliani et al. 2008




Challenge # 4 — Unidentified

J2022+4317 ()

JR035+4441 (¥ -
£

Chen et al. in prep.

JZ016+365% ()

o)

J2022+4317 ()
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The Carina field
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Fermi LAT
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Overview of LAT

Precision Si-strip Tracker (TKR) |
18 XY tracking planes. Single-sided
silicon strip detectors (228 um pitch)
Measure the photon direction; gamma
ID.

Hodoscopic Csl Calorimeter(CAL)
Array of 1536 CsI(Tl) crystals in 8
layers. Measure the photon energy;
image the shower.

Tracker

Segmented Anticoincidence Detector
(ACD) 89 plastic scintillator tiles.

Reject background of charged cosmic
rays; segmentation removes self-veto ACD

effects at high energy. [surroun ds

Electronics System Includes flexible, 4x4 array of Calori i
robust hardware trigger and software TKR towers] alorimeter
filters.

e the flux of cosmic
Q@Gev.

Systems wor
gamm




LAT Construction: An International Effort

Integration &
Data System: US

=

Tracker: US, Italy, Japan Calorimeter: US,
France, Sweden

s




LAT Silicon Tracker

team effort involving physicists and engineers from lItaly
(INFN & ASI), Japan, and the United States

J 350 trays
}-' 18 towers
~108 channels

IIIIIIIIII
''''''''''''
.........

Efficiency (%)
Bad channels (%)

LAT TKR performance

Efficiency mBad chans fraction

9 10 11 12 13 14



Fermi Launch

e Launch from Cape
Canaveral Air
Station 11 June
2008 at 12:05PM
EDT

e Circular orbit, 565
km altitude (96 min
period), 25.6 deg
Inclination.




Fermi Gamma-ray Space Telescope

GLAST renamed Fermi by
NASA on August 26, 2008

http://fermi.gsfc.nasa.gov/

“ Enrico Fermi (1901-1954) was an lItalian
physicist who immigrated to the United
States. He was the first to suggest a viable
mechanism for astrophysical particle
acceleration. This work is the foundation for
our understanding of many types of
sources to be studied by NASA’s Fermi
Gamma-ray Space Telescope, formerly
known as GLAST.”




THE UNIVERSITY OF CHICAGO
CMICAGG 27 - ILLINOIS

INSTITUTE FOR NUCLEAR STUDIES

"Harch 15 1949
Profesaor G. Cocconi
Cornell Unlversity )
Laboratory of Huclear Studies
Ithaca, Fow York

Dear Cooceni:

Bxeuso my anasworing in English your letier, since by doing so I can
dictate to my secretary., I have been very wuch.interested by your
atat‘.mni,?that you have avidenco of the existence of large shoveras
up ta 10 ev. .

‘The reaason why, according to the theory on the origin of comiec rays
that T have proposed, no alectrons should be found, is that I poa-
tulate the existence throughout the %nt-oratallnr space of a magnetic
fiold with an intensity of about 10°° - 106 gauss. If this a=z-
sumption is correct, the radiation loas for & fast eiectron 1a quite
largs =snd proventa it from asequiring a sizesble energy. This mech=
anlsw of energy looa by electrona is much moro offlcisnt in removing
fast electrons then the mcchanism of the inverse Compton affects dig-
cusaed by Feenberg and Primakoff. On the other hend, the cxistence -
of this last offect is much lean hypothetig)because all that is
needeqd to produce it is tho sxistence of the stellar light in the
#pGce traverscd by tho cosmic raye during thelr 11fo. I have not
read the erticle of Feenborg end Primekxorf with' particularly great
attention, but as far aa I can ses, their conelisicns seem Lo e

to be pound,

You probably know that Teller racently has mointained that the
coanlc radlation may be of sclar origin and may be held within the
limits of the planctary: system by some suitable kind of magnetic
field., Even 1f thias hypothesis ia correct, one could hardly expect
to find electrons of high enorgy in the coamic radiation. Probably
the main reason to sliminete them is the some inverse Compton effect
conaidered by Feenborg snd Primakeff, which becomes much stronger
bocuause the partieles are supposed to travel in the vicinity of the
sun and are expds§d,’. thereforc, to a much stronger radiation than
they would be in interstellar space.

For all theae reasons, it seems %o me highly improbable that clec-
trens of az high energy s you mention could be found in the cosmic
radiation, . On the other hand, ell these arguzents should not be gver
sztinated, and an experimental check on them, if possible, ia
cortainly warth while. .

will send
I to you 8 copy of =y manuseript, asz scon as reprinta
are availablae.

Very sincerely yours,

EP:al : Enrico Permi
encl,



Observation Mode

The field of view of the LAT is
huge > 20% of the sky.

Rocking mode provides an efficient
way of observing the entire sky with
reasonably uniform exposure on
timescales of hours.

more exposure — greater sensitivity
more coverage — excellent for monitoring
the sky on timescales from hours to years

B | 92 e

0.1 1.0 0.0
Flux Limit (108 cm® sy



Fermi LAT First Light

Four days of all-sky survey engineering data.



Fermi LAT 3 months image

PKS 1502+106

©

o
Sun
1 QOctober 30, 2008
PSR J1836+5925

Geminga
LSl +61 303 Unidentified v ] i

0]
NGC 1275

)

Unidentified

Credit: NASA/DOE/Fermi LAT Collaboration




LAT bright source list

O Unassociated ® AGN { Pulsar

+ X-ray binary ¥ Globular cluster

Abdo et al. 2009




Challenge # 1 — AGN
Joint campaign on PKS 2155 with HESS
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Challenge # 2 — Pulsars
Blind Search

¢
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- 6 0w P05 %o &
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Pulses at
© New pulsars discovered in a blind search 1/10‘”‘1 Tr‘ue r'ﬂTe
Ferml Pulsar Detectlons * Mi||i$EEJDr‘lt_ﬂ radio pulsars
@ Young radio pulsars
‘ Abdo et a| ] 2009 © Confirmed pulsars seen by Compton Observatory EGRET instrument

movi




Challenge # 3 — GRB

YT T T T

L

T T T T[TV T [T T Ly

| PR~ TN | [T PR S | RIER | EPIE Jo
I T i T i I
el d ~d ~d et
= = = = =
g N . . .
-5 =& =& =& - %
= put = = s
<3 =¥ =¥ % == §
g g g g g
L o Jb o L o (N o L o
: : : P =L P
o 5 o & o & o 5 o &
E 5 H - €
e~ ey ey ey
s = ] - w o= own
mo e H H
58 EEEEE e il Es s g8
uigsju ulq/sjunagy uiqsjunay uiqsjunay uigsjunay
. - - . 8
L L L J 1=
tb,n.\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\ i i
b«.,m. .............. o O, [ - i ]
L ?Br ......................................... 4 Jo
_ s
23 ] =
¥ = o= S ~
- P m » ] ] =
& = E] = >
23 B3 $ : 3
=32 Z o - = =
m = [Fi ] =] x =
3= 88 3= Ja 3a
IREEE REEEE ERTEE FEWEE T R W S IS N W RN S 0| T T T N T N | S BT PR S 2
=1 = (=4 o = [=] (=] = L= o wy (=] ” o~ - o
g 3 B § & 3 § 8
ujq/siunod ujg/suned ujq/suned ujq/sune) ujgq/siunod

Abdo et al. 2009




Challenge # 4 — Unidentified
CTA 1 Discovery
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Extragalactic objects

 Radio Galaxy NGC 1275 In Perseus cluster
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Extragalactic objects
o 3C454.3 spectral break
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Large Magellanic Cloud

CRATES Jo60106-703606

30 Doradus

Galactic latitude (deg)

Dust map (SFD)

284 282 280 278 276 274
Galactic longitude (deq)
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The Gamma binary LS| 61+303
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The e*e  spectrum
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HE astrophysics

The “golden age™?

Extragalactic sky

— Population studies

— High redshift GRB

— Multiwavelenght studies
Galactic sky

— Pulsars

— Gamma-ray binaries candidates
— New Identification

Search for DM In progress



VHE gamma-astrophysics



Complementary Capabilities

Ground-based Space-based
Parameter ACT EAS Pair
angular :
resolution good fair good
duty cycle low high high
area large large small
field of view large & can
small large .
repoint
energy good w/
resolution . smaller
good fair .
systematic
uncertainties

The next generation of ground-based and space-based
facilities are well matched!



Ground detectors: EAS vs.
JACT (Cherenkov)

« EAS (Extensive Air

UHE ganne Shower): detection of
e the charged particles

In the shower

First interaction ——____

Secondary particles ~—

« Cherenkov detectors:
(IACT): detection of
the Cherenkov light
from charged particles
In the atmospheric
showers




MAGIC-II just inaugurated!
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VERITAS

The High Energy Stereoscoplc System (H E.S. S)

i i ."
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CAN €72\2{0]0,




TeV Source Catalog

AN SN
D g -:: ‘ ®-180°
' .

http://tevcat.uchicago.edu/



MAGIC — the Crab PSR
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MAGIC — 3C279

Frimaclk et al. (2005)
Stecker et al. (2006)

Kneiske et al. 2002 (modified)
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HESS — SNR In VHE gamma

RX J1713.7-3946

Aharonian et al. 2004
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HESS — The Galactic Plane survey
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MILAGRO

Cherenkov in water,
Arizona
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VHE gamma astrophysics

* Extragalactic sky
— Photon propagation studies

e Galactic sky
— CR acceleration studies
— Source class population

e Search for DM In progress



Conclusions

« The Gamma-ray Astrophysics Is a very
active field

* Benefit of Particle and Astrophysics
community knowledge

 The fun Is just started ... !
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