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PHOSWICH SCINTILLATOR ASSEMBLIES AND THEIR APPLICATIONS IN THE
SIMULTANEOUS DETECTION OF PARTICLE AND GAMMA RADIATION — PASPAG
&

R&D ON NEW SECONDARY ELECTRON EMISSION MATERIALS — SEE
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THE AIM OF: PASPAG — SEE

UsING THE R&D AND KNowHow oF THE PARIS AND CALIFA
COLLABORATIONS OBTAINED WITHIN THE INDESYS AND GANAS PROJECTS
THE PASPAG-SEE AIMS FOR

+  SIMULTANEOUS DETECTION OF GAMMA AND PARTICLE RADIATION by the use of NEW
SCINTILLATOR MATERIALS combined with the PHOSWICH technique.

«  DIGITAL ELECTRONIC and DAQ with IMPROVED THROUGHPUT AND MORE EFFECTIVE
sTorRAGE Will be developed.

 R&D on new SECONDARY ELECTRON EMIssION (SEE) materials will be performed in
order to develop THIN DETECTORS FOR LOW-ENERGY BEAM.

« THE JRA AIMS FOR COST EFFECTIVE, REDUCED SYSTEMS IN SIZE AND
COMPLEXITY THAT CAN BE USED AT SEVERAL FACILITIES.
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«Newly constructed cyclotron (IBA Proteus C-235).
PAR]S — CALIFA @ lFJ « First experiment in hall!

Different aspects tested on the same time « Proton beam energies 70-230 MeV,
* Scintillator materials/sizes/segmentation 0.7% resolution.

* Sensor: PM-tubes and LAPD < 1nA intensity.

*  Temp regulated PReAmp

* Electronics: Analogue, Digital, p ' B A ‘  m
* Pulse Shape Identification : | — NS Ih

i
CALIFA petalo
64 Csl(TI) +
LAPD

- CEPAA4 LaBr;-LaCl; phoswich 4 detectors close
packed in an Al (Imm) case

- Each detector is 40 + 60 mm long. The
entrance window: 27 x 27 mm?

- Readout: 4 Hamamatsu PM Tubes

- A DSSD detector (16x16) at the entrance face
- AVME CAEN Flash ADC (V1742) to
digitize the signals

PCle BUS and
Optical Chain

MPRB-16 1

FEBEX]

Hybrid Analogue — Digital readout
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WP1A NEW SCINTILLATOR MATERIALS

In the last 10-15 years a large number of new high light-yield scintillator crystals have been discovered:
Lanthanum Halides LABR;:CE AND LACL;:CE, were already the target of an intense R&D activity within
the JRA ENSAR-INDESYS prolect and the NuPNet GANAS project. 2 PARIS, CALIFA

*  Large number of brand new scintillator materials:
— Recently available CeBr;, Srl,, CLICK
— near future GYGAG, CLLB, and CLLC.

UNIQUE FEATURES, WHICH SHOULD BE ACCURATELY TESTED FOR THE DEVELOPMENT OF THE FUTURE
GAMMA RAY DETECTORS.

. CeBr;, energy resolution slightly worse than that of LaBr;:Ce but exhibit no internal radiation,

. Srl, crystals have better energy resolution than LaBr; (2.7% at '*’Cs) they are brighter and more proportional even
though they are slow and they suffer from strong self absorption, the

. CLICK crystal have an energy resolution of 4% at 661 keV but have high cross section for neutrons and PSA
techniques can easily identify gamma, slow and fast neutron events and measure the neutron kinetic energy.

. GYGAG detector, which is a CERAMIC MATERIAL and there are new organic plastic scintillators are expected to
have an energy resolution comparable to that of LaBr3:Ce.

ALL THESE BRAND NEW SCINTILLATOR MATERIALS NEED AN INTENSE R&D ACTIVITY TO BE FULLY
UNDERSTOOD AND CHARACTERIZED.

- SCINTILLATION LIGHT RANGING [YELLOW -~ BLUE]
- NEED NEW HIGH PERFORMING PHOTO-SENSOR (SDD, SIPM, SBA-UBA-PMT..)
- NEW OPTIMIZED ELECTRONIC MUST BE DEVELOPED.

These high light-yield materials could also provide good position sensitivity within continuous crystals that
could be used to tackle the Doppler Broadening effect in basic research and be useful in several application as
for example in the fields of homeland security, medical-imaging or radiotherapy dosimetry
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MATERIAL CHARACTERIZATION

New Scintillator materials have been tested with gamma rays up to 22 MeV during the in-beam
testing of cluster for the PARIS detector demonstrator, at the end of May 2013 @ IPNO tandem
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WP1B SECONDARY ELECTRON EMISSION
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WP2 — SIGNAL PROCESSING

During the development of new Phoswich detectors the most promising results had been achieved
using scintillator combinations with the High Resolution Material LaBr suggested for a series of new
instruments like PARIS, CALIFA and SHOGUN.

FULLY DIGITAL DATA ACQUISITION SYSTEMS -2 provide the best separation of Phoswich
signals and best energy resolution especially for charged particles passing through the material
layers.

Due to the fast emission of LaBr the only way to reduce the amount of data is a DIGITAL PRE-
PROCESSING OF THE DATA ALREADY IN THE FRONTEND. Commercial systems on the market
do neither provide the needed firmware nor sufficient access to the Hardware resources to allow
for a fast and effective development.

ALGORITHMS now developed in the Framework of the GANAS & PARIS Projects have to be
adapted to HIGHER CLOCK FREQUENCIES AND TO RUN IN REAL TIME.

NEW ALGORITHMS > developed first on the CPU based platforms - TRANSFORMED TO RUN
ON FPGA

DATA REDUCTION —> down to the essential numbers the user needs for calibrations, and data
analysis. Essentially the ideal digitizers should behave like a MCA with additional features like
trigger handling data monitoring and data checking (time and location stamp).

-> This would allow for a variable scaling in such system useful in small lab applications as well as in
large-scale detector arrays
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DIGITIZED PULSE HANDLING

Wavelets for noise reduction Base line subtraction using neighbouring channels
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RPID — A NEW DIGITAL PARTICLE IDENTIFICATION
ALGORITHM FOR CSI(TL) SCINTILLATORS

Basoune Division by
Sampling ADC f=pp ot Differentiation f—p poonch
1 . ¥
Moving Window Moving Window
Preampiifier I aion Moving Average D wtion -
Output signe! ot | | Unt-MAU MWD
energy N¢, Ng

Fig. 1. schematic description of the RPID: the energy is deter-
mined after the first deconvolution, the RPID evaluation after
the second. Further explanations are given in the text.
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Fig. 4. Schematic drawing of the detector setup at the MLL.
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Eur. Phys. J. A (2013) 49: 69
DOI 10.1140/epja,/i2013-13069-8

Fig. 5. First result of the Reconstructive Particle Identification
Algorithm (RPID). Photons and protons are well separated
also for low energies. The red line (1) is fitted to the proton
line and based on this fit, the green (2) and blue (3) lines are
calculated as a function of scattered protons of two different
energies that have not been stopped completely in one crystal.
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WP3 - HYBRID ARRAY. GAGG +CsI(TL) + APD +

LOW INTERACTION MATERIAL HOUSING

=) Test of new materials Ce:GAGG

Physical and Scintillation Properties

N Ce:Gd;Al.Gaz0,. Ce:Lu; 8Yo.2SiO;5 Bi;Ge;0;- . )
sesllaress (Ce:GAGG) (Ce:LYSO) (BGO) Ce:LaBr,
Density (g/cm?3) 6.63 7.1 7.13 5.08
Light yield )
(photon/MeV) 60,000 34,000 8,000 75,000
e 88 (91%)
Decay time (ns) 258 (0%) 40 300 30
Peak emission (nm) 520 420 480 375
Energy resolution 5.2
(% @662keV) (5.\:5x5nu?13 with APD) 10 12 2.6
Hygroscopicity No No No Yes
Cleavage No No No No
Melting point ("C) 1,850 2,150 1,050 783

« Construction of medium size arrays
« Test with high energy gamma (ELI) and proton (Krakov)
« Prototype evaluation

Idea: Mount as Phoswich detector with Csl(Tl) & coupled to LAAPD

First samples ordered to Furukawa CO
Tests coupled with LAAPDs
Eventual extension to other photosensors

GAGG 50mm : Csl 50mm

"?Preliminary simulations of
= Hybrid GAGG+Csl(Tl)
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WPA4: TOWARDS APPLICATIONS With and without
Magnetic field
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Figure 6: The 3-T MRI |magnet at the York Neuroimaging Centre. The detectors are placed on the Coincidence between 2 sensors
side of circular cage shown in the centre of the magnet. The cables from the detectors can be

seen stretching along the bed.
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MEDICAL APPLICATIONS Planned test run in Sept. 2013

Hadrontherapy: the detection of nuclear reaction 4 )
products (e.g. protons and y-rays) resulting from e’

the interaction of a '2C beam with the tissue
provides relevant information that can be used & colimators
for the verification of the delivered dose.

osition 4 .
stop (delayed) yp 4 xposition

carbon
beam

photon gamma ray

detectors (z)

CEPA4: good energy resi
protons produced in the
for instance, 12C ions at se

DSSD in front of CEF
determination of the angi
protons.

Applications in dosimetry using the spatial
distribution and energy spectrum of protons and
v-rays. Verification of physical models used in MC
simulations for hadrontherapy (GATE). To be |
used at HIT (Heidelberg) in the near future. - !

position detectors (x.y)

i | J
Figs. from Prof. Joseph Remillieux




WP1a - Phoswich

Material Characterization

. Treatment

. Test set-up

*  Optical absorption/emission
spectra

Sensor — combinations

*  SiPM (time) combined APD
(energy)

. CCDD position sensitivity

. Gain stabilization

System integration

WP3 - Hybrid Array

. Merging of PW prototypes

- Different segmentations

*  Tracking clustering

*  Evaluation of PW

*  Analysis of Array

*  Parallel processing

. Test experiments ELI, Krakow,
Warsaw

SUMMARY

WP1b - SEE

CVD — diamond & Nano materials
*  Time resolution

. Position resolution

- Energy loss detectors for low
energy beams

WP2 - Signal Processing

Electronics
. Fast scintillators
. 10x more data - Deadtime free

*  Combining different Light output
*  Front end integration

* Table top

Process- handling

*  Data reduction

. p, Y, h, separation

* Isotope identification

——

WP4 - Applications

*  Reactor neutrons

*  Neutrino spectrum from reactors
. Cosmic particle in space

*  Home land security

* Biological imaging
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Participants:

Germany TU Munich R. Gernhduser

TU Darmstadt T. Kroll

GSlI P.Boutachkov

UC Cologne J.Jolie The collaboration has the
France :EE? Orsay :\-/‘Msgiiseau Know-How, Ideas and Tools
_— NEN S to make this R&D successful
Poland IFJ PAN Maria Kmiecik

SLCJ P. Napiorkowski

Rzeszow University of Technology, M. Cholewa
Romania IFIN-HH/ELI-NP D. Balabanski
Spain USC L. Cortina

IEM-CSIC O. Tengblad
Sweden CTH T. Nilsson
UK U. York D. Jenkins =» 15 partners from 8 EU countries

Keywords: Scintillators, Phoswich, New-materials, Digital-electronics, DAQ, Gamma & Particle Detection, Secondary
Electron Emission materials
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