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State of the art

Update of the ongoing work
0 Optics definition
0 Depth of field
0 Field of view
0 Characterization of different sensors
0 Noise level
QO sensitivity
0 Measurement with high efficiency detector
0 Detection of Cosmic Ray muons
0 Detction of electrons from Sr source
0 Unblock of SJ and Requests for 2026



Tests in laboratory

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

Optics parameters definition, 1

In parallel: MC Simulation
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view) and Z (depth of field) direction

Tested various lens combinations
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Nikon optics 110mm  60mm --

For each test, Laser has moved on X and Z direction



Optics parameters definition, 2

Study of the Depth of field

Movement along X direction (= field of view)

FWHM is constant = the
image is always in focus

peak height \ FWHM

Luminosity of the spot varying z

o I
o o
o
IS

Is)

L ]
...............

Less intense wrt the center

e
o

FWHM (pixe!
o

Spot luminosity (normalized)
o
'S

o
[N}

et
=}

0.0
. . . ; ; . . 0 5 10 15 20 25
0 5 10 15 20 25 30 z ayis on the micrometer slit (mm)
z axis on the micromVgr slit (mm) /

Field of view about 30 x 30 mm?
sensor dimension 11x11 mm?



Optics parameters definition, 3

FWHM is constant = the
image is always in focus

Movement along Z direction = study of the field of view
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Tests done with all O0mm  50mm 105mm  15mm  ~50mm
optics combinations 50mm  50mm 80mm  30mm  ~3mm
75mm  60mm  110mm  35mm  ~3mm » the chosen optics
Nikon optics 110mm  60mm --




Optics parameters definition, 4

MC Simulation

(Frano convesss Comparison with the MC Simulation
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Tests of different objects present on the market

STRATEGY: we borrowed several sensors to be able
to choose the one best suited for our purpose

ORCA-Quest Hamamatsu

Gamma sensor for the single
photon detection (very low
noise level, without MCP)

7

~ 100 keuro

Only MCP and phosphor
screen coupled to our

sensor ASI-533

Out of budgets, tested to see
the limits that can be reached
(complete object, MCP+sensor

HiCaM Fluo (Lambert) see next slides)



Characterization of

ORCA-Quest Hamamatsu

different sensors

Sensors:
aQ ASII-533: OWNED
0 Image intensifier: Photocathode, Double stage MCP and
Phosphor screen (Photek): LOAN
0 Single Photon Camera ORCA QUEST (Hamamatsu): LOAN

GOAL: | Filter 10%, polarizers,
O Measure the photon sensitivity (minimum | ~ pinhole, diaphragm
\

number of photons that can be detected)

. \
O Measure the noise level \LASER

| Diffraction
single photon camera slit \

METHOD: (ORCA-Quest)

0 Through a diffraction figure

3 different sensor setups tested
o ASI-533
0 ASI-533 + Image intensifier (Photek)
0 Single Photon Camera ORCA-Quest (Hamamatsu)




Diffraction Figures x
ORCA-Quest
Few visible peaks Many visible peaks S 1000
& = | Peaks visible with at
- "" E 521?0 y . least1.8 photons/pixel
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E .
ORCA-Quest 2 < 1 photon/pixel
o
>
8 g
Noise level Phot/pixel 0.44 0.33 _8
Q.
sensityvity low high high "

Best choice: MCP coupled with a sensor




Measurements with high efficiency complete detector, 1 LOAN: 11-24 June 2025

HiCM Fluo (Lambert)

High Speed Camera for Fluorescence Imaging
0 Photocathode

Image Intensifier (Double Stage MCP)

Phosphor screen

Optical fibers

Q
Q
Q
0 CMOS Sensor (Cyclone 2000 M)

e
/ \
/ | RiCAM Gasp \

Photocathode Quantum
efficiency double than
the standard

Photek bialkali \
\
1

HiCM Fluo (Lambert)

° . 5@{}
. Optical fibers ,
< u*f? ':f'p

b Cyclone

ﬁ e ' S

— Cyclone 2000 M
Phosphor P46

Photocathode

MCP  Phosphor



Measurements with high efficiency detector, 2

MEASURE with different SOURCES: Optics:
0 Cosmic muon »
di=110mm
o d2=41
O Am241 (a) ) I==Sa
0 Sr90(B)
a Cs137(y) .

f1 =60 mm f2=75mm

MEASURE with different SCINTILLATORS:
O PVT (BC-408): 4x4x4 cm3
O GAGG: 1x1x1 cm3 scintillator

acGsI(TI): 2x2x2 cm® > M:. !

Lens system éoﬂ
N\
&

Black box

Use of a mirror to have 2 plane
projections on the same sensor




Measurements with high efficiency detector, 3

Muon tracks visible only with GAGG and Csl(Tl) scintillators

MG - Image reconstructed with the Hough Transfor
Muon track in-two perspectives. =~

E ZY plane

~ 400 tracks to analyze (ongoing)

With a very efficienty detector (and very expensive)
it is possible to see very weak signals (MIP)

Csl(Tl) not usable to detect neutrons (it does not contain hydrogen), but from this information, through
the MC Simulation, we can understand if recoil protons are detectable with BC-408 (see next slides)



MC Simulation of photons
reaching the MCP surface

in Csl(Tl) 1 muon =2
5000 photons

in Csl(Tl) 1 proton =
~ 5500 photons in a
lower range
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Measurements with high efficiency detector, 3

= |n PVT a muon = 330 photons

(factor of 15 fewer wrt CsI(TI) )

.4

MC simulation foresees
not visible signal

in PVT 1 proton = ~ 1700 photons
(more photons per unit lenght wrt
muons in Csl(Tl) )

\ 4

u signal is visible in Csl(Tl) =
protons will be visible in PVT




Measurements with high efficiency detector, 3

MEASURE with different SOURCES:
0 Sr90(p)

Real Data

Source supported on the scintillator

Csl(TI)

The signal from electrons is
visible, the range is measurable




ECONOMIC SITUATION 2025 | Requests for SJ unblock and for 2026

O 28k euro AVAILABLE
a 20k euros SJ,

2025-26: Our goal is to have two systems (for XY and YZ planes)

Request for 2025

0 28k euro =2 we will buy a MCP Photek or Hamamatsu
Q 20k euros SJ, we ask to unblock:

—

0 1 computer for daq acquisition (3k euros) &
1 camera lens to join to the cyclone 2000 (1k euro)

1 frame grabber interface cyclone-PC (2k euro) *

Cables 1k euro —

Q
a 1 cyclone 2000 (7.5k euro) * — TOT: 14.5k euro
Q
Q

Request for 2026

0 Attrezzature scientifiche: MCP (35 keuro) .

0 Consumo: Scintillators, Lenses, mirrors and cables: 2k euro
0 Missions: in presence meetings: 1 k euro

Cyclone 2000

System XZ

System XY

Cyclone 2000

Camera Lens

Photocathode

O Phosphor  ppotocathode O

Camera Lens Camera Lens

Scintillator|

& See the offers in the attached files




Conclusion

Update of the ongoing work
0 The optics has been defined

O Characterization of different sensors
Best solution is to use an Image Intensifier

0 Measurements with high efficiency detector
0 Detection of Cosmic Ray muons
0 Detection of electrons from Sr source

O MC simulation well describes the Real data

0 Requests to unblock SJ of 2025 and for 2026



Backup slides
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Test of different scintillators
SCINTILLATORS:

0 BC-400: 13k photons/MeV
O BC-430: 9k photons/MeV

0 GAGG Gd Al Ga Garnet: 30k photons/MeV
o Csl: 54k photons/MeV

NOT VISIBLE
BC430 BC400 GAGG — '
Cs137: B emitter . - T\ sstkey Csl
and y (661 KeV) ﬁ;’ GAG?
S0 Yoo Wl I
. o e 2000 ‘ o = o e o ‘ 40c?hanntﬁée.D
BC400 BC430 GAGG
Am241:a (5.5 MeV) L’H
emitter and y - n
alV. ~
18 ol jk ‘ A ; \
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