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THE MEDIUM/LOW ENERGY GAMMA RANGE

Wonderful experiments and results in the hard X-ray/low energy gamma ray range (E∼10-200 
keV) and high energy gamma rays range (E> 1GeV) 

Medium energies still under-explored (E ∼ MeV)

Powerful probes for the extreme Universe

ar
X

iv
:1

90
7.

07
55

8v
2 

[a
st

ro
-p

h.
IM

] 2
5 

N
ov

20
19

TXS 0506+056GW170817

21/06/2023 F.Barbato (GSSI & INFN) - ASAPP2023



Fermi-GBM

• Triangulation over 12 pixel (ø 12.7 cm)
• Different orientation
• One module

Crystal Eye
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• Charge distribution over 112 pixel (ø ∼ 5cm)
• Compact photosensors (simplified phoswich)
• Compact hemispherical design (no need for 

orientable mechanics)
• 3-4 modules in orbit for a full time coverage

TIME IS NOW!
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FROM HISTORIC DETECTORS TO CRYSTAL EYE

Beppo-Sax

• Phoswich technique with collimators
• Orientable mechanics
• One module
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THE SCIENCE CASE
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Primary scientific goals

3) Observation of gamma ray lines from supernovae

Progress in understanding the mechanism of element formation in extreme environment

1) Monitoring the electromagnetic counterpart of gravitational waves

Progress in understanding mechanism that power jets (like GRBs, AGNs)

2) Multimessenger observations

4) Searching for magnetars

Understanding possible correlation with FRB

5) TGF, space weather



VETO
Charged particles

UP-PIXEL
Eg<1MeV

DOWN-PIXEL
Eg>1MeV

SiPM ARRAY
4x4
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THE CRYSTAL EYE METHOD

COMPACT SIZE:

• Free-flyer 
• Onboard of space stations
• GBM module of larger satellites

F.Barbato (GSSI & INFN) - ASAPP202321/06/2023

Radius: ~20 cm
Mass: <50 kg
Energy range: 10keV - 30MeV
Material: LYSO
Photodetectors: SiPM-array 
FOV: 2π

A smart configuration

- Compactness

- Symmetry

- Thermal protection of the SiPMs

- Radioprotection of the SiPMs
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THE CRYSTAL EYE METHOD

VETO
Charged particles

UP-PIXEL
Eg<1MeV

DOWN-PIXEL
Eg>1MeV

SiPM ARRAY
4x4

a – Down-going hard X-ray
b – Down-going LE g-ray
c – Down-going ME g-ray
d – Down-going LE charged particle
e – HE charged particle

a b c d e
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CRYSTAL EYE PERFORMANCES

21/06/2023

Efficiency

Effective area

0°

45°

90°
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LYSO vs GAGG

21/06/2023

CHARACTERIZATION OF THE 
TWO MATERIALS IS GOING TO 

START!
F.Barbato (GSSI & INFN) - ASAPP2023
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LOCALIZATION CAPABILITY

21/06/2023

The localization algorithm is based on a  
minimization process that compares a simulated 
signal in a particular direction, with a template 
map containing expected counts with multiple 
directions in the sky.
The method would work in real time, and allows 
to reconstruct the direction and localization 
error of the event.

HYPOTHESIS: 
GRB170817A incoming direction q=53° f=153° 

1s confidence region is around 8°

F.Barbato (GSSI & INFN) - ASAPP2023

PRELIMINARY RESULT
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SENSITIVITY

21/06/2023

Continuum Sensitivity

Transient Sensitivity

PRELIMINARY RESULTS
F.Barbato (GSSI & INFN) - ASAPP2023
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CRYSTAL EYE PATHFINDER MISSIONS
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NUSES/Zirè Space Rider

CALOg Crystal Eye-like
See Ivan De Mitri talk 



12

WINK: THE CRYSTAL EYE PATHFINDER MISSION

Technological pathfinder for  
maiden flight of the Space 

RIDER by ESA in 2025

GOAL: 
• Background characterization
• TGF detection
• Technology test
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• BANDO STAR 2018
• PRIN 2022
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WINK: THE CRYSTAL EYE PATHFINDER MISSION
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Number of pixels: 3
Material: LYSO
Photodetectors: SiPM-array
Weight: 1.7kg
Power consumption: <6 W
FOV: 30°
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WINK BREADBOARD MODEL
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1 – LYSO by OST (ground surface)
2 – LYSO by EPIC Crystals (polished surfaces with ESR)
3 – BGO by OST (ground surfaces)
4 – LYSO by EPIC Crystals (ground surfaces)

1
2

3
4

(A) (B)

(C) (D)
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THE CUSTOM ELECTRONICS
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Custom DAQ developed with INFN-Na and Nuclear Instruments     

MMCX connectors by Samtec 
(Military & Aerospace)

TRENZ 
module for 
high shocks 

and 
vibrations

CITIROC 1A

Xilinx Zynq
XC7Z020-2CLG484I  

Power Supply & 
temperature 

feedback
by CAEN

ETH

DAQ modes

Calibration
Mode

Observation
Mode
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CALIBRATION MODE
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ETH

ADC counts ADC counts ADC counts

ADC counts ADC counts ADC counts

Calibration from LYSO Spectrum 
88, 597 keV after each good event

Calibration from LYSO Spectrum 
88, 597 keV 3 times in the orbit

Trigger options:

• Majority (>3 quadrants)
• OR of the crystals
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FROM CALIBRATION TO OBSERVATION MODE
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ETH

100 s

CALIBRATION MODE 670748 triggers
OBSERVATION MODE 6281 triggers 
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OBSERVATION MODE (Na-22 on EPIC UP)
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Trigger options:

• Majority (>3 quadrants)
• AND of the crystals

Reconstruction
𝛾 511keV 3.9%
𝛾 1275keV 2.6%

Na-22
LYSO

Na-22
LYSO

Na-22
LYSO

HISTO SUM
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NEXT FUTURE…
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• Space Rider and NUSES missions in 2025

• Realization of a “slice”-prototype in 2024

• Undergo test beams

1 full CRYSTAL EYE space 
qualified model 

to be delivered by February 2026

ALWAYS looking for young 
researchers!

• 2-years postdoc position POSTDOC LINK (DEADLINE 
JULY 26th)

• 2-years payload/satellite engineer https://www.gssi.it/albo-
ufficiale-online-gssi line 313 (DEADLINE MID-JULY)

• PhD students (physics and engineering) “Innovative 
Technologies for Space Missions and Radiation 
Detection" https://www.gssi.it/albo-ufficiale-online-gssi line 
316 (DEADLINE JULY 6th)

For more info please contact 
felicia.barbato@gssi.it

ivan.demitri@gssi.it

https://www.gssi.it/albo-ufficiale-online-gssi/item/download/4396_26fc3b69b46a2d802e2f574daa9c2314
https://www.gssi.it/albo-ufficiale-online-gssi
https://www.gssi.it/albo-ufficiale-online-gssi
https://www.gssi.it/albo-ufficiale-online-gssi
mailto:felicia.barbato@gssi.it
mailto:ivan.demitri@gssi.it
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FUTURE PERSPECTIVES: MACBETH
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MACBETH
Multi-messenger Astrophysics with Crystal eye 

for Burst Events and Transients Hunting

4 Crystal Eyes in LEO orbit

• Full sky coverage
• High effective area
• Improved localization capabilities
• Use of NIMBUS spacecraft developed by TAS-I for NUSES 

mission (I. De Mitri, talk)
• Low weight (<150 kg)
• Possible networking with other experiments (e.g. 

nanosatellites constellations)
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