(Gamma ray astronomy

Patrizia Caraveo

Istituto d1 Astrofisica Spaziale e
Fisica Cosmica- Milano



The most energetic part of

THE ELECTROMAGNETIC SPECTRUM

Wavelength
(ln meters)

Size of a
wavelength

Comamon
name of wave

Solrdes

Frequemcy
{waves per
secand)

Emergy of
one photon
{electron valts)

([VER [ CR 1 1 w! w? o o w? ot o wt o w’ o w?t w1t
| | | | | | | . | | | |
longer oo = o iy i & shiorter

— _. ':\.' _.-__ This F::n'm-d 'xlji.' ] 1 ]
Lowie Basell Cal i . Probein Waber Moleculs
o .: Bacteris  Wrus
| BALVHY SWAVES IMFEARELY = LT RANILE]D "HAELY X EAYS
T
- =
=
BAICR D4 AVES - VRO K EAYS

R - W% o

I'- _h'_- '
PR Badio  Microvane Rasdar
W Lighit Badl» W By
Crean Fm#t ight The ALS h'::h:e i —
1 1 | | | | | |
'H:II': II:I"I 'H:IE 'H:I';‘ 'Il::lll.'l ]l::l” ]l::ll; 'Il::ll:!- '“::Ild ]l::lll;' 'Il::lll': 'Il::ll.-" -ll::IIE '“::Il';‘ 'Il::l.;'L'l
— —
Icraser higher
] ] ] ] ] | ] | ] ] | ]
(2 S [ S [ o [ [ S [ B [ 11 1 1w w! o w1t 1wt 18

Photons with E> 500 keV




Yy rays are absorbed by the atmosphere
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Thus, y- ray astronomy is a space astronomy
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Detection techniques borrowed from accelerator physics



The past
SAS-2 COS-B

1972-3 1975-82 1990-1998
8,000 y 158,000 900,000

Based on a common design and technology
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The past
SAS-2 COS-B

8,000 y 158,000 y 900,000

More ys mean more sources



EGRET All-Sky Gamma-Ray Survey Above 100 MeV

The reference image




On top of the galactic emission... sources

What kind of sources ?



The state of the art in y-rz_lyﬁstronomy

271 sources 172 UGO
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¢ Active Galactic Nuclei Pulsars E > 100 MeV
o Unidentified EGRET Sources A LMC
o Solar FLare




The presence of unidentified sources is normal,
when a field is (still) in its infancy

“Genuinely
- class of objects

A
Known objects with a
phenomenology

-

Known
(catalogued)
objects, floating
in big error boxes

Improving angular resolution if always beneficial




The anomaly with y-rays is the time
needed (so far) to identify sources

L

| AGN (Blélzars)
/ Neutron Stars (Pulsars)




Big error boxes require additional inputs

variability is the only Vlable o | R
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Long, complex, success is not guaranteed

ID rate: 1 per decade



A MultiAAA Strategy

. can yield

- a good candididate

which can be confirmed

- a good candi which
cannot be confirm

—>too many candidates




GEMINGA (2CG 195+{I4} Gamma -Ray

the discovery

the pi{;i:?orning 80' SAS-2 and COS-B 70'5

Einstein Observatory

- )| Geminga iS

N's | —

Optical ' a Success
story based

the understanding

Proper motion
discovery '92

Egret phasogram, '98
the optical-y connection

237 msec perai’adicity, '92
the x-y connection



LSI (‘51 303 has been associated to 2CG135+01
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ABSTRACT

Einstein X-ray observations are presented for the star LSI +61°303 associated with the variable
radio source GT 0236+61. Both the IPC and HRI instruments were used, yielding an accurate
positional identification and a flux evaluation, as well as some spectral information for the X-ray
source coincident withthe, B star. sNasavideness for vamabili tyus fpund, or any evidence for diffuse

missiem shirrounding the X-ray source. The possible connection between the star, noW=a recagpized

" X-ray source, with the high-energy COS B gamma-ray source 2CG 135401 is discussed on the basis
~af oyerall energetic arguments. s

Suly’ec?neadings.-g,amrﬁays: ganegal — radio_sources; variable _— stagg., earlyalgpes—m== * —
X-rays: sources
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MAGIC detection of a microquasar

DEC

A $=[0.2,0.3] i ¢ = [0.4,0.7]
62700
61°30° &
LS | +61 303 LS |+61 303
| -

&61°00

£ | £

1 » ih

g 140 E 1
60°30" IR CL g

g 1 g

= =

2"50™ 2"45™ 2"40™ 2"35™ 2"50™ 2"45™ 2"40™ 2"35™

RA




From association to ID

e Correlated variability has not been

detected, yet
» 25 y to go one step forward

Ars longa, vita brevis



3EG J0616-3310: 146 sources

Improving position accuracy would obsiously help
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1)

To solve the problem of
| Unid sources, we need a
new generation of
instruments



TODAY




Second generation instruments

Based on silicon technology
more compact-> big FOV
instrument is always active
negligible dead time
no consumables
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AGILE performances are similar to the EGRET
ones for <1/10

of the weight
and

limited volume




from EGRET
to AGILE

9 years vs. Y months...
2 tons vs. 100 kg
NASA great Observatory vs.
ASI small mission



. The AGILE Payload: the
most compact
" instrument for high-
energy astrophysics

It combines for the first

time a

with a

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




AGILE: inside the cube...

HARD X-RAY IMAGER
(SUPER-AGILE)

L

GAMMA-RAY IMAGER

SILICON TRACKER
e
.

(MINI) CALORIMETER




AGILE: 1 year in orbit...

 Launch on April 23, 2007 (Sriharikota,
India)

e >06500 orbits

* Scientific program open to the community:

Cycle-1 Guest Observer Program started on
Dec. 1, 2007.



AGILE orbital parameters

Semi-major axis: 6922.5 km (* 0.1 km)
Requirement: 6928.0 £ 10 km b

Inclination angle: 2.48° (1£0.04°)
Requirement: <3°

Eccentricity: 0.002 (+0.0015)
Requirement: <0.1°




First gamma-ray detected by
AGILE in orbit with the
nominal GRID trigger

configuration (May 10, 2007)
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AGILE’s technical improvements:

 BIG FoV: 1/5 of the sky

* Good angular resolution

* Small dead time

* Simultaneous gamma and X observations

 Silicon detectors (Italy is a world leader)

 The BIG FoV (similar to that of an human eye) is an
important asset



3EG J0834-4511

w e WOOOOOD zm r—r—p

120° FoV




AGILE

Exposure Map {cm? s @ E>100 MeV) Exposure Map {cm® s @ E>100 MeV)}

~ 3108 cm_ s sr ~3-10°cm_ s sr

(~1 yrs) (~1 yrs)



Sensitivity (>E) [ph.cm™s™]

AGILE Sensitivity
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Agile one year in orbit




AGILE hard X-ray sky

sUperAILE OBSERVED SOURCES

Galactic compact objects, 2 AGNs,
SEVERAL GRBs




Main science topics

Active Galactic Nuclei

Pulsars

Unidentified gamma-ray sources
Microquasars, Gal. compact objects
Gamma-Ray Bursts (and Terrestrial Flashes)



AGNs detected by AGILE




Gamma-ray brighter blazars detected by AGILE in 9 months




AGILE blazar main detections

—3C 4543
— HB 1510-089
— TXS 0716+714
- 3C 279
- 3C 273
— Mrk 421
* Strong variability
* Crucial multifrequency observations



3EG AGNSs : first entry fluxes
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3C 279
detected in 3.5
days at 5 sigma

(likelihood
analysis)




6-day obs.

1st published
AGILE y-ray

map

3C 454.3 Jul. '07

Vercellone et al. 2008, ApJL, 676, 13
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AGILE GRID Light Curve of 3C 454.3 (November-December 2007)
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Almost no evidence for the need of BLR as external photon source



The BL Lac PKS 0716+714 (Sept. '07)

@ ASI/ASDC - AGILE Team

OPKS 0716+714
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PKS 0716+714 Sep. '07
(Chen et al, 2008)
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log [VF(v) erg’cm’ s]

-11 4
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-15 4

-16

0716+714 Sept. 07

low state

high state
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log [v/Hz]

18
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22 24
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Evidence for a secondary
component that produce the
rapid flare in this BL Lac.
The day duration constraints

R < (6/25) 5x101¢ cm.

The very intense and hard y-ray
spectrum requires

0>20

whereas the relative peaks
position needs y.>5 x 103,

With these ingredients the global
power transported into the jet
exceeds W =3 x 10%° erg cm2s-1,



Virgo Region

@ ASI/ASDC - AGILE Team

C Virgo
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AGILE 3C 273 Dec. '07

The first object detected simultaneously by
the AGILE y-ray and hard X-ray detectors
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First simultaneous X-ray and gamma-ray
detection by AGILE of a blazar: 3C 273

SuperaGILE + ISGRI

B 1wh




Multifrequency simultaneous observations are
crucial for gamma-ray sources !

— WEBT- GASP
— REM

— SWIFT

— INTEGRAL

— MAGIC

— HESS

— VERITAS



* Very interesting blazar data: gamma-ray
flaring rate in agreement with EGRET
(above F =100)

3EG AGNSs : first entry fluxes

100_\|||

*Rapid (1 day) gamma-r
variability ubiquitous
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AGILE Galactic sources

Pulsars

Unidentified gamma-ray sources
Microquasars, Gal. compact objects
The Galactic Center

SNR and origin of cosmic rays



Crab ¢
pulsar 2

i

SUPER-AGILE —
Pellizzoni et al, s
submitted to ApJ. E‘

P (al £
o & o
|

o]
IIII|IIIIIIIII
|

150 [
; P2

100 : (P3)

Ln
o]
[T T
|

T T R
e © 3 — 1 i
|IIIIIIIII|IIIIIIIII TITTTTTIT I, H
I [ | |

g
Ca e
TTT T
| l

=

T
|II
|

=S ==
=R +=
T T
|

&
bl

0.% 1.0 1D 2.0
Fhoze

E > 500 MeV

E > 100 MeV

18 - 60 keV

radio



350

360

Vela
pulsar

E>1GeV

250

Cta (Ex>1 Gev)

iy
]

700
800
300
460

FZb

E > 100 MeV

FZa

Cts (E>100 Mev)

F1
(R 3} P2

2000

4800 (p4ﬁ

30 - 100 MeV

4600

4400 fff

Cts (30<E<100 MeV)

4200

2 g
tm o
LB I

I l

=
o

=1 11
|

Pellizzoni et al, radio

submitted to ApJ.

=

T
f
|

Amplitude {1.4 GHz)

o
L
—
i

0.5 1.0 1.5 2.0
Fhase

& .
o)



Geminga
pulsar

Pellizzoni et al,

submitted to ApJ.
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Future prospects

* Several new gamma-ray PSRs to be
discovered/announced soon

 Complex time structure (and spectra)

e Wondertful for theorists...



The puzzle of 3EG J1835+5918

(Bulgarelli et al. 2008)

RX J1836.2+5925
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Bulgarelli et al. 2008

Light curve of AGL J1836+5926 (temporal bin of 5 days)
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Micro-QSOs
(X-ray dominated)

¢ Cyg X-1
e Cyg X-3
GRS 1915+105



superAGILE OBSERVED SOURCES
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the longest continuous hard X-ray
monitoring of Cyg X-1

Flux [ents emA2 /5]
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superAGILE OBSERVED SOURCES
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GRS 1915+105

15 April 2008

GRS 1915+105

Recent reactivation of the microquasar

20-80 kev Flux {mCrab)

GRES 19154+105 — <=4 Crbital Averages

o450 63,0 >4559.0 54570 Z4571.0 545720
Time {MJD)

9437 3.0




GRS 1915+105
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superAGILE OBSERVED SOURCES




Cygnus X-3

15 - 18 April 2008

telescope

£

Giant radio flare of Cygnus X-3 detected by RATAN-600 radio

10 Jy istypicat flux for ptasmoids

In the same period SuperAGILE

revealed an X-ray flare

Fhux {mCrab)

llilill!!

~50

Radio flux increasing of a factor ~103, fr'om ~10 mJy to ~10 Jy
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Cygnus X-3 region

AGILE GRID Images (50 MeV - 20 GeV) around 18 April 2008

-6 days
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Future prospects
* Erratic variability of accreting micro-QSOs

* Need simultaneous and well-sampled X-ray
coverage !

 Gamma-ray emission rare, if any.



A different micro-QSO

« LST1+61 303



MICROQUASAR

BINARY PULSAR

Relativistic jets

)

Compact object
of center

Ultraviolet and Accretion disk

optical emission _
i’ 3 y-rays

i,.. Microblazar

Cometary radio emmission
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LSI +61°303

GRID Galactic anticenter observation

j . ‘I
LSI+61303 '

150,000, g il *
LShH61303 |




Galactic gamma-ray transients

Cygnus region
Carina region
Crux region

» AGILE observes variability and detects new

transients on time scales of 1 day at flux levels of
10-° cm2s1, even in crowded, high diffuse
emission Galactic plane regions.

® NO detectable simultaneous hard X-ray emission

(F <20-30 mCrab, 18-60 keV, 1-day integration)



AGILE ATEL Transients

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



GRBs

Several interesting GRBs in the central FOV

One detection above 100 MeV
(GRB 080514B)

~1 GRB/week detected by the MCAL

Terrestrial flashes




most relevant AGILE GRBs

GRID field of
ViEW

SA field of view:/: l

GRID FOV

SAFOV

* Localized by SWIFT - detected by MCAL

. Localized by IPN - detected by MCAL andfor SA

‘ Localized by SA

The most off-
aXiS .
e 166 deg!

In the period July '07 — June '08: 49 GRBs detected (~1 GRB / week)

9 localized by SWIFT

8 localized by IPN (many more expected)

5 localized by SuperAGILE (other SuperAGILE localizations without MCAL
detection)




AGILE first gamma-ray detection of a GRB:
GRB 080514B (Mereghetti et al., to be submitted)

1.2

dec [deq]

0oL SuperAGILE — Mars Odyssey annulds

|I|||I|||I. 'l .JI
323.0 3237 323.4

D.D_ TR - PR T |
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RA [deg]

GRB 080514B has been localized jointly by SuperAGILE and IPN (GCN 7715) and shows a
significant gamma ray emission (GCN 7716). Follow-up by Swift (GCN 7719 and 7750)
provided the afterglow in X-rays. Many telescopes participated in the observation of the
optical afterglow: Watcher (GCN 7718), GRON (GCN 7722), KPNO (GCN 7725) and NOT

(GCN 7734).



Rate Rate Rate

Rate

- ACS Top 1024 ms GRB
200 080514B

4000 (Mereghetti et
al. 2008)

GRID (30 MeV - 30 GeV) 1 s

200 —
MCAL (300 - 700 MeV) 256 ms

SA (18 - 80 keV)

-20 0 20
Time [s] since 2008-05-14 09:55:56 UT



Conclusions
Very exciting time for gamma-ray and VHE
astrophysics

AGILE, GLAST will provide a wealth of
data on a variety of sources

Be ready for variability !

Multifrequency approach is crucial



