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Abstract

In this article a new technique for the realization of a high energy gamma-ray telescope is presented, based on the
adoption of silicon strip detectors and lead scintillating fibers. The simulated performances of such an instrument (GILDA)

are significatively better than those of EGRET, the last successful experiment of a high energy gamma-ray telescope,
launched on the CGRO satellite, though having less volume and weight.
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High Energy Gamma Experlments
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High galactic latitudes(®,=2 10 ycm? s'! sr -1 (100 MeV/E)!'!). Cerenkov telescopes sensitivities
(Veritas, MAGIC, Whipple, Hess, Celeste, Stacee, Hegra) are for 50 hours of observations.Large field of
view detectors sensitivities (AGILE, GLAST, Milagro, ARGO, AMS) are for 1 year of observation.




One Year Survey Sensitivity

) —
b — [
c B
-
e 1
m —
e —
e ¢
2 F
> .
= 10 1=
") <
= —
= 7
w .-
> .
S5102%E
TR >
Z > 3
1500 hrs/fov RS < 4 1500 hrs/fov >
- C =
107 E I= =
v 4 r
104 E
= | | I I I Ih I I |
s
70 ald04 INFR =

» C



Interaction of electrons and photons with matter
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The Silicon Tracker

''''' e e The AGILE frontend chip:
~ The AGILE silicon detectors g g
Detector specifications: _
- dimension: 9.5x8.5cm” - low noise, low power, SELF-TRIGGERING
- thickness: 410 um (6 inch technology ) - technology: 1.2 1 CMOS, double poly, double
- readout pitch: 242 um; metal (final: 0.8 y BiCMOS on epitaxial layer )
physical pitch: 121 um (one floating strip) e
= number of strips/ladder: 384 gain: 25 mV/fC; range: 18 fC
= Single side and AC-coupled _ nolse (e rms): 165+6.1/pF for T, =2 us
- leakage current: 2 nAlcm” at Vbias=2.5"V_, =200 V power: <0.4 mW/channel =
- polarization resistor: 40 MQ) power rails: =2 V
- coupling capacitor: 55 pF/icm readout frequency: 5 Mhz
= Al strip resistance: 4.3 Q/cm ‘gain spread: <1.5% _ _
= max number of bad strjps: <1% threshold offset spread (TA1): 20% (in TAA1

= average number of bad strips: <0.5% will be implemented a 3 bit DAC per channel)
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The Silicon Tracker
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AGILE, EGRET & COMPTEL effective areas

10000 E =
_ @ AGILE on oxis 2
s .« AGILE 50 deg 3
N . EGRET on oxis
5 . EGRET 20 deg " '
O 1000 |, EGRET 40 deg /’;__ =
N © | COMPTEL on oxis ,9 —— - :
2 L :.-‘:_*_ e -
E & 1
> R
5 100 \ -
3 8 g
= Y :
m ‘\ a
L) ™ - -* \\
10 % > -
\\\ :
1 111 ||| 1 1 l\‘ [ |
10 10% 10°
Energy (MeV)
—~

ald’ akn LEJ



| Off- Axus Effec’ruve Area a’r 1 GeV

10000 |

Effective Area (cm 2)

100}

. EGRET
1000

I ! | 1 I 1

40 60
Off-Axix Angle (deg)




Fg\ 10 I T l C
) B A
p & Ay
af

b y
3 -
- |
=

= 1 z
~ 3
+ i
- :]
‘1) -
&

5 i
g9

s 0.1 F -
O -
Q 2
3e i g
O~ r 1 3 s 1anl T T | 2 2 3 saszal 1 2 3 11321
©  10-2 0.1 1 10 100

Photon Energy (GeV)

INFN




AGILE Satellite
(IABG, Munich
June 16, 2006)
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17 April 2007

closing the payload
AGILE mounted on the
PSLV rocket, inside the

Vehicle Assembly Building f5

of Sriharikota
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22 April
The rocket
PSLV
ready for
the launch
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8 May 2007 first photon received from AGILE in orbit
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ray photon detected by

AGILE on Orbit

First gamma




AGILE Tracker: on-axis (0-9 degrees) Pull
[central strip “charge”/noise (pedestal sigma)]

3902 Pull - FTBX - theta le 9 - trk dim ge 6 - R le 1.1 - scatter ratio le 1.5 3902 Pull (0) 3902 Pull - FTBZ - theta le 9 - trk dim ge 6 - R le 1.1 - scatter ratio le 1.5 b
Entries 5309 ' 2 Pu" (1 )
§ B Mean  22.05 §60— .
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PULL ON AXIS WITH THR 5 - CONTACT 522 (C) A. Bulgarelli, AGILE GSE Team, INAF/IASF Bologna (Haly)
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On Orbit AGILE Grid Trigger sequence
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AGILE Tracker efficiency (0-9 degrees) (physical calibration)

ORBITAL TR-FEE ™ Pull-X | Pull-Z | % EVT | % C3< Single track efficiency
CONTACT Threshold TYPE <3CL 100 (detection in the 3rd plane out of 4
NUMBER (and strip- ADC aligned planes with the other 3 planes
mask) with detected hits)
Run 11119 7 (6) phys 16.7 16.2 1% 0%* | Efficiency -Z 0.97 +/- 0.02
(IABG, Munich) Efficiency-X 0.95 +/- 0.02
253 20 (6) phys 16.7 16.7 | 1.50% | 0.20% | Efficiency-Z 0.83 +/- 0.03
Efficiency -X 0.80 +/- 0.03
510 6 (6) phys 18.1 17.4 5% 2.30% | Efficiency-Z 0.97 = 0.01
Efficiency -X 0.96 * 0.01
522 5(7) phys 17 17.4 13% 2.50% | Efficiency-Z 0.97 = 0.01
Efficiency-X 0.96 * 0.02
535 5(8) phys 17 17.2 | 7.50% 2% Efficiency -Z 0.98 = 0.03
(FVC =1 plane) Efficiency -X  0.95 £ 0.03




First Results:the VELA pulsar

AGILE GRID 2007 May 29 The picture shows a

280 9290 preliminary count map
(Galactic coordinates) of
photons with energy above 100
MeV of the Vela Pulsar region.
The observation duration is
approximately half a day (7
orbits) between May 29 and 30,
2007.
This image represents only the
central part of the AGILE
gamma-ray imager field of
view and was built from data
with a preliminary background
rejection taken with an
instrument configuration that is
not yet optimized.




AGILE 1n flight

AGILE 1s working nominally in orbit with the widest Field of View
for a gamma-ray detector!

The Silicon Tracker 1s performing in a stable way, with very low
noise and small particle background

AGILE 1s currently in the Commissioning Phase until the end of
June

The Science verification phase will start in July
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Gamma-Ray
Large Area Space
Telescope

One Tower Module of GLAST

A

87.5cm

Some Dimensions are Distorted
for Clarity of Presentation

Complete GLAST
4 x 4 Array of Towers

|‘\ 1.73m —
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~GLAST @ SLAC

12/16 Towers in the GRID on 7/10/05
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52 attendees from INFN, ASI, SLAC, NASA
italian industrial partners
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ield of View ~30X30deg2
Area ~0.5mX0.5m ‘ _
7 Field of View ~140X140deg2
A F Area ~1.4mX1.4m

Silicon Strip

Spark Chamber

~ 1 meter

(Invented by
v Fukui and Miyamoto)

Calorimeter
Calorimeter
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TKR Performance — Angular Resolution
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CTA : The Cherenkov Telescope Array facility

aims to explore the
sky in the 10 GeV to
100 TeV energy
range

Not to scale !
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CTA

V

Possible CTA sensitivity

An advanced facility for ground-based high-energy gamma ray astronomy
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CTA

Stages

An advanced facility for ground-based high-energy gamma ray astronomy

B Letter of Intent (spring 07)

Establishs physics case

Discusses basic performance needs

Lists possible sites and key characteristics
Gives examples for array configurations
Gives options for technical implementation
Lists areas where further design is needed

B Proposal (summer/fall 08)

Re-iterates physics case

Gives detailed performances for (few) array layouts
Gives details for (few) implementation options
More on site options, organization options

Gives cost estimates

B Design report (fall 09)

Final Array layout

Telescope implementation choices and details

List of final few candidates sites {not clear if final site choice}
Proposal for organization, governance, operation
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Design study structures in Work Packages

RI l \ An advanced facility for ground-based high-energy gamma ray astronomy

WP1
WP2
WP3

WP4
WP5
WP6
WP7
WP8
WP9

WP10
WP11
WP12

WP13
WP14

Management of the design study
Astrophysics and astroparticle physics

Optimization of array layout, performance studies and analysis
algorithms

Site selection and site infrastructure

Telescope optics and mirror

Telescope structure, drive, control

Photon detectors and focal plane

Readout electronics and trigger

Instrument calibration and analysis algorithms {merge with WP107}

Atmospheric monitoring and associated science
Observatory operation and access (TOC + SOC)

Data handling, data processing, data management and data access
(SDC)

Risk assessment and quality assurance, production planning (?)
Resource exploration



Silicon detectors on the moon ?

Traker and-Calorimeter configuration

TRACKER
ASSEMBLY

CALORIMETER
ASSEMBLY

ANTENNA j )
radiator

North/South direction

Equator line
ASI| Workshop, ENF INFN-May 7, 2007
0l= VA N () ™ A A ~ OV VIOOON




Regolite Loading Unit

1. Storing device
Pressurization device
Compressor
4. Pressurized inlet circuit
5. Filters
6. Pressurized outlet circuit

courtesy AAS-I
LABEN




T
»
- WIITDe.

Gl

vace Flight Cer

.

e the core of two ins
udy of'fhe gamt

20 MeV)
. ‘ \g.} .

OLIC




