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- Cherenkov telescopes for gamma ray astronomy

- Satellite detectors for gamma ray astronomy

- Wide FoV experiment for gamma ray astronomy

- Neutrino hearth skimming telescope R&D

- Intensity interferometry technology R&D

- Direct Dark matter searches technology R&D



JACT Telescopes



JACT context

7 -ray enters the
atmosphere

SN
o .

10 nanosecond snapshot ol
0.1 km? “light pool”, a few photons per m?.




IACT: Activity of Padua group

« Fast Trigger electronics
* Mirrors development productions

 New photosensors R&D for camera

e Mirrors R&D

« New advanced camera R&D




Trigger system for MAGIC | and Il telescopes

Pattern trigger:
close compact next neighbor logic
- 2NN
- 3NN
NN
- 5NN

Up to 1.5 ns “trigger gate”

Logic transitions ~100 ps



Mirrors development and production MAGIC |

Diamond milling technology for production

Alignement

50x50 cm
Diamond milled, 80nm quartz coated to have
for protection and enhanced reflectivity at 320 nm

For the magic Il telescope the mirror
size increased to 1 mA2




Mirrors development and production MAGIC |

1 mA2 stiff panel mirrors, self supporting, much easy to handle install, and aligne




Mirrors development for CTA

Latest mirror technology development for CTA big telescope:
with front Aluminum coated glass: enhanced reflectivity with
Spherical shape

Large Mirror produced in Padua with replica technology



R&D in Advanced SIPM camera for T
of CTA
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A Silicon Photomultiplier (SiPM)-based photodetector will be built to be poss

t has been designed to match the size of the standard Photomultiplier Tube (PMT) cluster unit and to be comp
the first LST camera. Here, we describe the overall SiPM "fu ter design along with the main differences with respect to the currently used PMT cluster unit
electronics of the SIPM pixel and its layout are also presented. In order to derive the best w

Lo PR

ssibly used in the Large S.ze Telescope (LST) camera of the Cherenkov Telescope Array "C,).
7
npatible with mechanics, electronics and focal plane o

st working condition for the final unit, we measured the SiPM performances in 'em?s

of gain, photodetection efficiency and cross-talk. A p'xc- a unit o'r 14 SiPMs, has been built. We will discuss
highlight the future steps of this project

Backplane + Trigger(L1)
+ Gbit-Ethernet

Trigger(LO+L1)
+ Analog-memory readout

uss also some preliminary results regarding this device and we will



Advanced SIPM camera for IACT

Focal plane Optics :
SiPM pixel characterization and future studies Lightguide ray tracing simulation

This project of a SiPM cluster is based on the
production of 7 pixels of SiPMs. Following the
design here described, we built and
characterized two sensors with 14 6x6mm?2
SiPMs of the model described above.

p*;nr./IJ *SiPM

Fig. 9: View of one of the pixels built for
this project.

voltage [V]
Fig. 10: Ratio of u* between the pixel and a single SiPM
used as reference

The pixel behaves as a sum of 14 objects,
within the errors and preserves the peak width
of the single SiPMs, being the FWHM less than
2.7ns:

Light guide modeling and design with ray tracing

The electronic noise is 0.78 mV and the
Fig. 10: Pixel (blue line) and single SiPM dynamical range is around 1000 (defined as
(red line) signals from the oscilloscope. the ratio A*/ce, with A* amplitude of the signal

before saturation and e, electronic noise).

One of the next steps for this project is to
design an optical system. We will also test
how to drive the heat from the power control
board to the cooling plate, which is 15 cm
below. For this purpose a set of heat pipes
will be applied and tested.




R&D SiPM camera for LST of CTA

Progettato prodotto e realizzato un
amplificatore per SIPm con prestazion
da record:

FWHM = 2ns
Conservando un eccezzionale
rapporto segnale rumore

o} . b} Curs1 X Pos ¢y

After thermal glue potting +
“cappotto” bottom plate

Air temp 22.5, RH 59%

Top plate 14.7
Heat pipe top 16.5
Heat pipe bottom 16.6
Bottom plate

eat in bottom (natural air convection

Global delta_T 2.2




Wide FoV
JACT Telescopes
R&D



Wide FoV Cherenkov telescopes R&D

- Spherical reflector, curved focal
plane, aberration mitigated by
reduced acceptance of focal plane
optics

- Swarshild-Couder
optical design: double

B reflection compact

Ray-tracing and tessellated mirror examples

image




Advanced camera for Cherenkov telescopes
R&D (both for Wide FoV and LST next camera)

0 200K pixels! novel electronic
camera 1 concepts to adopt: modularity, fully
digital, local trigger smart readout

Schematic view of camera module

Gamma ray shower

In the “same region” of the
sky seen by the two wide FoV
telescopes

Region of “interest” defined by a local trigger to read
out and send to the global event builder




Satellite detectors



Gamma ray astrophysics from space

Many sources at all scales and distances: the Earth atmosphere (due to impinging cosmic protons), the
Sun, Galactic pulsars, supernova remnants, active galaxies, Gamma-Ray Bursts...

Very high energies (>10 MeV to ~ 2 TeV): main interaction is pair production

Silicon microstrip detectors, from high energy physics /
Need to add dense converter foils (W) to promote interaction y

This degrades the energy resolution at the lower energies (<10 /
GeV)

Pair e+/e- is tracked in the Silicon plane, direction of gamma
reconstructed

Thick calorimeter at the bottom to absorb and measure energy of
event

In space: LOTS of charged particles (10°:1 to gammas): need a
way to ignore these

Plastic anti-coincidence shield all around: gammas pass without
interacting, charged particles cause ionization

Fermi observatory (2008 — present)
Main instrument: Large Area Telescope
Silicon tracker: INFN ltaly




Fermi LAT tracker: assembly in Pisa
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Activities iIn Padova

« LAT Silicon tracker
> Radiation hardness: tested Tracker microstrip sensors and Tracker & Calorimeter readout
electronics at INFN facilities in Legnaro
> Irradiation: ions (Tandem/SIRAD) and gamma (6°Co / CNR ISOF)
> Procedures and software written in PD I . S ;g;gfg;“
e |
P W ff'u_“’
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Medium energy gamma rays

Below the threshold for pair-production: Compton scattering
Quite complex event topology and reconstruction
Origin uncertainty: event circle (current instruments)

Smaller arc if electron is tracked

Reduced ———
Event Circle ~— T .

- -
-~ -
-
- -
-----

Y—photon
Compton scatter

Y-photon
Pair production

New solution: tracker similar to Fermi LAT,
but without dense conversion foils: only Si

Finely segmented calorimeter all around
Tracker

Sensitivity: from 100’s keV to ~10 MeV
Also sensitive to pair-production events:
two instruments in one

[nstrument overall height: 1.3 m

| VR e D |

Anticoincidence Shield



AMEGO/ASTROGAM

Two proposals (to NASA & ESA respectively)
Same concept, two slightly different realizations (actually a few ***-ASTROGAM proposals)
Up to now: simulations of sensitivity, background, etc. for proposal

e-ASTROGAM

DSSD Tracker
- Segment

AMEGO

DSSD Tracker
Module

CZT Calorimeter
Module

Csl Calorimeter
AC

Side CZT =
Calorimeter o Blanket

- = Q’.&




Nanoscale demonstrator R&D

The technologies for MeV observatories are the same as in the GeV range: the instrumentation is
well tested (Fermi and others) but the operation and reconstruction is not

Proposed a nanoscale (1 {) demonstrator, to evaluate the MeV-specific issues (backgrounds,
activation of materials, Compton/pair event reconstruction, ...). Same structure (Si planes, CAL
crystals all around)

Carried out entirely as a series of thesis projects

Sensitivity to GRBs

' f
Current design of detetctor Red: observable, all other colors: too faint
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GRB parameters: from Fermi GBM catalog (~11 years)
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Current activities

Procured some hardware for the detector, test sensors (SSD, CAL crystals) from old

spares
Next step: evaluate event readout and time-stamping (with onboard GPS)
Good time resolution (~few us) necessary to reconstruct timing of pulsars

onboard
GPS

digital
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Wide FoV front shower
gamma ray detector



\ \— Incoming gamma ray

/

\\ Collision with atmospheric

nucleus
The Southern Wide-field Gamma-ray Observatory
Extensive Air Shower

Particles from air shower penetrate
particle detectors, interact and are
detected

PARTICLE
DETECTOR ARRAY N, %é‘

Particle from air
shower

Detector tank
/ fWater

Cherenkov
Light

ey

IMAGING ATMOSPHERIC
CHERENKOV TELESCOPE

" janal03s 3A0q0 1yBIOH

Photosensors detect
Cherenkov light

Not to scale




Water Cherenkov Detector “evolution”

Hawc
State of the art

electron
muon



Light trap with wavelength shitters

SiPM
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+R (‘I -L SiPM /I— mirrors )I— SiPM /I— mirrors

+R? (dI - L SiPM /L mirrors T+ R (1 -L SiPM /L mirrors ) L SiPM /L mirrors )I— SiPM /L mirrors
+R3 ...

15ecm 3cm, R=0.8 Eff =20% + 12.8% + 8.2% + 6% ~ 47% (4 reflection)
Overall photon geometric efficiency = 14.4% water 25% air

to be multiplied by SiPM efficiency 45% -> 6.5% water 12% air



Light trap with wavelength shitters




Earth skimming tau
Neutrino detector



Earth skimming tau neutrino shower

side view




Trinity: A large Field-of-View Air-Shower Imaging
Instrument to explore the UHE-Neutrino Sky down to
PeV Energies
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Intensity interferometry



First and second order coherence

l,
—_—--
\J antennas k‘/
filters
screen Intensity interferometer
Michelson stellar interferometer correlator Berlin 21/02/18

APFP Mose Mariofti




Second order coherence

antennas

filters

correlator

i The correlation with the intensity gives directly g2

R.Hanbury Brown:-. The Sealaslniai; ary £ at
Sky and Telescope @8 - No 2. 64.-August 1964 28" b T Berlin 21/02/18

APFP Mose Mariotti



Stellar interferometry

Nearby telescopes like

\/lAG | C 6 = star diameter
;«.

By(zx-d-0/2)

Vip| = 2
Vil = 2=

Baseline d

MAGIC-1 MAGIC-2 *

¥ o« W
- —

162 m optical fibers

x=1(t) y=I5(t)

p =Gy / oy Gy d-0/\

Contrast =p/(VDC, -\ DC,)

|V12| 2= KMAGlC * ContraSt Star diameter

where Kyagic Is @ constant of our setup
And |Vq;]2 , from now on V2, is called “visibility”




Stellar interferometry with MAGIC

0 = star diameter

4*.

Baseline d

MAGIC-2 *

¥ - W
- —

162 m optical fibers

X=I1 (t) y=|2(t) 000004 Adhara night 3

@
Entries = 18000 J
Prun = 3.476E-05=2.108E-06
Mg = 2.432E+00+1.087E-01
0.00003 Ope = 1.812E+00=1.576E-01

x? / ndf = 28.32/17 S/N Pmax

= RMS of 100 bins away from the signal

0.00002

m 0.00001

Inverse FFT.vi
K= B>

T‘{“} -0.00001

—0.00002

Cross correlation via FFT algorithm in LabView

—0.00003

~0.00004
=200




Stellar interferometry: single photon offline correlators

PAD ’
.on s ase
| e
™ i
Front end electronics — Time to digital converter £ -

SPADs have <50ps || | ' e
time resolution, P ; -
~100 cts/s dark 'Ref. PPS ) - =V = g_ by Il
bt Optical fiber W e ; | oeg . ®
count rate, 6-8 x4 R : 5 w1119
1 10 MHz . - :

quantum efficiency
up to 60%

MHz maximum 10 MHz . o [Ime-to-& glta
count rate, — “ W converter

5

Rb clock

Our instruments time tag and store the arrival time of each detected photon with a <100 ps
relative time accuracy and <300 ps absolute time accuracy (wrt UTC)

All times are stored in event lists that can be analyzed in post-processing

At present the maximum data rate is of the order of few MHz (in the linear regime)



Direct dark matter searches
R&D



Liquid detectors

ICARUS Liquid Argon TPC

bt tiadics

. Electric Field | ICARUS Liquid y
ot Argon TPC / OO THOEE

The LAr TPC technigue is based on the
fact that ionization electrons can drift over
large distances (meters) in a volume of
purified liquid Argon under a strong
electric field. If a proper readout system is
realized (i.e. a set of fine pitch wire grids) it
is possible to realize a massive "electronic
bubble chamber" , with superb 3-D
imaging.

Drifting
e-
in LAr

i
S il §

————————

Screen

Grid

Induction wire Signal
(schematic) Waveform

. Wu"é Chamber e
St i
Amplifier : i ' . ‘
Collection : 2 Field Mrodes
Plane i TIXINEGringihstallation)

Liquid argon time projection chamber conceived by C. Rubbia (1977).

View of the inner detector /7
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Liquid detectors

Events from the ICARUS T300 Cosmic Ray Test

Induction 11 _
Induction I Collection

Above: 3 VieWS Of a Full 2D View from the Collection Wire Plane

low-energy hadronic
interaction.

Right: Computer

reconstruction.

Far right: Cosmic ray

shower that includes
)- i3 . BT , » jt stop and decayin e

a muon with a 3
ray, a stopping muon, b T R B el e ISR (1AM ek 8
1R 4 i, u 1% . With &ray spots

. PR e ey

ElLm. shower

P

and an electromag-
I

netic shower.




Double phase detectors for low 1onization events

X . ArDM bi-phase detection principle < >
Stripped Charge extraction from

readout charge LAr to GAr, amplification
Imaging i and readout

Reflecting VUV
mirror

Field shapin
immersed H
multipli

Light readout / ’? y
ight readou
R Perforated cathode

Photodetectors (single y detection)



Local double phase liguid electron multiplier

abrasion
resistant
outer shell

— = protection

Gore-Tex
membrane

—= protection

soft

G . inner
Interior ; liner

transpiration

Schematic of a composite Gore-Tex fabric for outdoor
clothing




Local double phase liguid electron multiplier

Gas Electron Multiplier (GEM

* The original idea by F.Sauli (mid 90s)
US Patent 6,011,265

« Traditionally CHARGED PARTICLE
detectors (not photons)

» Two copper layers (5um thick)
separated by insulating film

(50um thick) with regular pitch of —’ g
holes

* HV creates very strong field = /.ﬁ
such that the avalanche \ /
develops inside the holes
+ Just add the photocathode

» added bonus: no photon
feedback onto photocathode

Primary
lonizationl

: < >
/ °+"E“°“’ Helpful discussion already started started

with “structure of matter colleagues”

- Chiara Maurizio
- Matteo Pienrno

Keys of design are
- Holes diameters

- Surface treatments

— E field line Transfer E field

&= Electron flow
= |on backflow
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