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Abstract

Scintillation detectors (SDs) based on application of organic plastic scintillators(OPSs),
or of inorganic scintillators (10Ss), are widely used in modern space physics, and,
generally, in cosmic experiments.

Here we review different detection technics, as well as technologies for production of
OPS and of 10Ss different shapes, like strips and tiles (extrusion, injection molding,
etc.), optical and physical characteristics of scintillators, and methods of light
collection based on the use of direct optical contact, or of wavelength-shifting (WLYS)
fibers to couple scintillators with different type photosensors.

Examples are given of the use of SDs in the historically and physically important past
cosmic experiments, as well, as of modern experiments planned to be carried-out in
space, or of ground-based SDs arrays, developed for astro-particle and gamma-ray
experiments aimed to search for new (astro)-physics, like new states of matter,
antiparticles, neutrino oscillations, and to study astrophysical phenomena and cosmic
particles in a wide mass and energies range.

Scintillation detectors hold great promise for future space and ground-based cosmic
experiments due to their ability to high segmentation, radiation hardness, possibility
to apply WLS fiber light collection and multipixel Si-PM readout.

Especially we‘ll discuss our experience in application of the new scintillator
Ce:GAGG in pixellated gamma spectrometer elaborated in the frame of Russia —
Belarus collaborative project.



Abstract

ISMART-2018, Minsk (RB), 09-12 October, 2018



Next steps
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PMT-a clue to success of scintillating detectors



Who are interested?!

Space science



Typical organic, plastic and liquid
scintillators
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Organic scintillators

Loaded by B, Li, Gd, and by other elements



Inorganic scintillators

Used as central detector, and/or as elements of
anticoincidence shield
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Inorganic scintillators

SPI-Integral; DAMPE
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Hofstadter, Nal
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Phoswich made of Nal(Tl) and one of
the recently developed IS (LaBr3:Ce)
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Some of the latest satellites

RELEC, July 08, 2014 — Dec. 2014, contained 4 phoswich detectors of
CsI(TDH/Nal(Tl) with dimensions of 13 cm diameter, and thicknesses of
0.3 cm for Nal(Tl), 1.7 cm for CsI(TI) (Panasyuk M. et al. (2017),

and 3 CsI(TI)/BGO phoswich detectors with diameters of 2.0 cm and
thicknesses of 0.3 cm for Csl(TIl) and of 1.7 cm for BGO

(see Bogomolov et al. (2017).
LOMONOSOV - Apr. 28, 2016 — till pr., 3 phoswich detectors made as

CsI(TDH/Nal(Tl) combination with dimensions of 13 cm diameter, and
thicknesses of 0.3 cm for Nal(Tl), 1.7 cm for Csl(TI) (Svertilov et al.

2018).
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Telescope Array Iin Utah, USA
More than 500 scintillating detectors of 3 m2each, located ona 1.2 km

square grid. Additional are three telescope stations on the 30 km triangle.
At work since 2007.
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The cosmic-ray experiment KASCADE



Charged particles and neutral radiation
detectors
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2020 —>
20257 —7









Orbiting Solar Observatory-1 — 0OSO-1

OSO-1 — launch: 7 March 1962; data taking till 06 August 1963

Three detector systems were provided as the University of
Minnesota Gamma-Ray Telescopes, and together they monitored the

Intensity and direction properties of gamma-rays between 50 keV
and 3 MeV



Orbiting Solar Observatory-1 — 0OSO-1

The 50-150 keV telescope consisted of Nal(Tl) crystal is 2.54 cm in
diameter and 1.27 cm thick. The 31 cm long lead collimator had 0.5 cm
thick walls and provided a limited field of view for directional studies.

A 5.1 cm diameter by 5.7 cm thick Nal crystal within an NE-102 plastic
scintillator of thickness 0.3 cm formed a phoswich detector which had
nearly isotropic response. This detector was sensitive to gamma-rays in
the 0.33-1 MeV and 1 -3 MeV ranges.

A third Nal crystal with 3.18 cm diameter and 3.18 cm height was
placed in conjunction with the phoswich detector and operated in the
Compton telescope mode. By proper energy selection of the event in
the Nal crystal in coincidence with the phoswich, one gained insight
Into the incident direction of the gamma-ray. These two telescopes also
provided information on the cosmic-ray rates experienced by the
Gamma-Ray telescopes.



OSO-7, GRS

Chupp+1973, Nature,
Solar flare of August 1972

GRM was 3x3 inch
Nal(TI) inside of
anticoinc. shield
made of Csl(Na)



HEAO-3, GRS
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HEAO-3, GRS



SAS-11

PI-Carl Fichtel
Nov 20, 1972-June 08
1973; mass — 166 kg
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Compton Gamma-Ray Observatory
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EGRET

PI-Carl Fichtel
April, 1991-June 2001
Mass — 1830 kg
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CGRO-COMPTEL






eASTROGAM



eASTROGAM, calorimeter
CeBr3 — CsI(TI) ???



BATSE - an answer to GRB quest

Each of 8 modules is of 50.8 cm diameter and 1.27 cm thick.
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Vela-project

Vela sats series began with the launch of
Vela 1/2 on October 17, 1963, a flight also
marking the maiden launch of the Atlas-
Agena SLV-3 vehicle. The second pair of
satellites launched on July 17, 1964, and
the third on July 20, 1965.

The original Vela satellites were equipped with 12 external X-ray
detectors and 18 internal neutron and gamma-ray detectors. They were
equipped with solar panels generating 90 watts.




Detectors of Vela-project

The scintillation X-ray detector (XC) aboard Vela 5A and its twin Vela
5B consisted of two 1 mm thick Nal(TI) crystals mounted on
photomultiplier tubes and covered by a 0.13 mm thick beryllium
window. Electronic thresholds provided two energy channels, 3-12 keV
and 6-12 keV.

In front of each crystal was a slat collimator providing a full width at
half maximum (FWHM) aperture of ~6.1 x 6.1 degrees. The effective
detector area was ~26 cm2. The detectors scanned a great circle every 60
seconds.

Sensitivity to celestial sources was severely limited by the high intrinsic
detector background, equivalent to about 80% of the signal from the
Crab Nebula, one of the brightest sources in the sky at these energies.




Vela-project and GRBs

On July 2, 1967, at 14:19 UTC, the Vela 4 and Vela 3 satellites detected
a flash of gamma radiation unlike any known nuclear weapons
signature. Uncertain what had happened but not considering the matter
particularly urgent, the team at the Los Alamos National Laboratory, led
by Ray Klebesadel, filed the data away for investigation. As additional
Vela satellites were launched with better instruments, the Los Alamos
team continued to find inexplicable gamma-ray bursts in their data. By
analyzing the different arrival times of the bursts as detected by
different satellites, the team was able to determine rough estimates for
the sky positions of sixteen bursts and definitively rule out a terrestrial
or solar origin. The discovery was declassified and published in 1973
an article entitled "Observations of Gamma-Ray Bursts of Cosmic
Origin”. This alerted the astronomical community to the existence of
gamma-ray bursts (GRBs), now recognised as the most violent events
In the universe.
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World space program

All together more than 120 experiments dedicated to space exploration
of X-ray and gamma-ray sky were (are) executed until present.
Majority of those were mostly USA, and/or international orbital

solar observatories, high-energy astrophysical observatories and similar.

Among scintillating detectors Nal(Tl), Csl(Tl) and Csl(Na) are the most
popular.

Planetary automatic stations are also numerous.

USSR and RF performed > 30 experiments in X-ray and gamma-ray,
program.
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Gamma-1

11 July 1990-01 Jan. 1992
PI-Kirillov-Ugryumov V.G.

Height of >3 meters
Total weight 1650 kg
Power consumption 300W

Detected solar flare of June 1991
20 keV < Ex,g < 6 GeV



Fermi-
LAT

Launched June, 2008
Pl-Peter Mikelson
USA, Germany,
France, Italy, Japan,
Spain, Sweden



LAT-calorimeter
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Pixellated detectors
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POLAR

Switzerland, China, Poland
PI- Nicolas Produit
Launched Sept.15, 2016
Oon-board TG-2 mission



POLAR

One module consists of 64 bars made of a 176 mm long
plastic cuboid of EJ248M. POLAR has 25 modules.



PoGOLite

Pl-Mark Pearce
KTH, Sweden

Based on the use of
phoswich detector cells

Phoswich consists

of three scintillators
a 60 cm long plastic
tube of EJ240, a 20
cm long EJ204 rod,
and a 4 cm long BGC

Each of 61 PDC has
a hexagon shape

All PDCs are surro-
unded by SAS made
of BGO



2D diagram
of PoGOLite
signals



Scintillating fibers

Scintillating fibers are widely used as WLS light-guides, but also as a
basic detecting material for fine pixellated neutron detectors lyudin et al.
(2015); Koga et al. (2011). InterSONG
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Scintillators for NanoSats

Mission Scintillator | Crystal Crystals Launch
type dimensions | number (plan)

SPHINX

EIRSAT-1

GRID

NanoGam

BurstCube

Solar neutron
detector

Swarm

Ce:GAGG
EJ-204

CeBr3
(Scionix)

Ce:GAGG

CeBr3, or
Ce:GAGG

CsI(TI)

Plastic scint.

Ce:GAGG

Ce:GAGG

60x15x
60x65x65

25x25x40

38x38x10

2X2x2 cm3

10x10 cm2

124

42

1

4/sat

<40/sat

4/sat

4x4x64 mm 256 bars

BX6X6 mMm

35x35x5
mm3

144 pcs

20 pcs/Sat

20257?

Selected
2017

3 sats
2019

2-3 sats

<6 of 6U
CubeSats

2U
CubeSat

4 of 3U
CubeStas

M.Pearce
(Sweden)

L.Hanlon
(Ireland)

Hua Feng
(China)

L Yacobi
(Israel)

J Perkins
(USA)

Yamaoka&
Tajima

SINP
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Conclusion - |

1. The search for new types of “ideal” scintillators is on-going!
2. The study is under way in many countries of Europe, Asia, and
In North America.
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T12GdCI5 (Ce3+): A New Efficient Scintillator for X- and g-
Ray Detection (IEEE TNS, v. 65, p. 2157 (2018))

Gul Rooh , Arshad Khan, H. J. Kim,

H. Park, and Sunghwan Kim



Conclusion - 11

2020
Hofstadter, Nal

v 2020
777
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Back-up slides



On sell by C&A
Corporation, Japan.



Micro-pulling—down
method









