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Next Generation of scintillating detectors
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*Data measured by Stefan Gundacker in an optimised single channel
readout configuration ot scintillator coupled to SiPMs
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Sub-1ns photon emission

4 Hot Intraband
Luminescence

Cherenkov
T ~ Ops Y Ta~ 0.1 — 10ps

Cross Luminescnce
220nm — 74 ~ 880ps



Outline

1. CdSe nanoplatelets on LYSO thin plates forming a
sampled pixel.

2. InGaN/GaN multi-quantum wells nanostructure

3. CsPbBr3 perovskites

4. New hybrid PMT TCSPC readout for radio-

luminescent studies.



CdSe/CdS core crown nanoplatelets

In collaboration with B. Mahler and C. Dujardin@Il.M, Lyon

TCSPC setup@lLyon —> IRF ~ 330ps
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Light output of different NPls synthesis
and film thickness
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Spectroscopy of CdSe/CdS-LYSO plate
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Spectroscopy of CdSe/CdS-LYSO plate

PL & RL spectra @1ns RL decay profile @530nm
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Energy leakage of a 511keV gamma in a
CdSe/CdS-LYSO sampled pixel

2D Energy deposition for 511keV gammas

LYSO ~ 200 pm
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Rise time of CdSe/CdS-LYSO sampled pixel

Experimental confirmation of energy leakage to the nano-phase
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InGaN/GaN multi-quantum wells

In collaboration with Tomas Hubadek@FZU, Prague

* Sub-1ns blue shifted decay component depends on the nanostructure
thickness. For the fastest sample, the sub-Ins decay components
represent the 50% ot the emission.

* Delayed excitonic-related emission ~us.

- Silicon doping works as a solution to mitieate the defect band.

RL @, 430nm

A = 11068 +/- 3321

B = 120690 +/- 12873
Background = 1.7 +/- 0.2

C = 118295 +/- 13510

Events/(13)
o
o
o

4 800

% t_decayl = 216 +/- 38

= c00 IT t decay2 = 4313 +/- 107
S t_decay_3 = 1079 +/- 33
E # t rise= 0+/-12

;‘, 400 theta = 1406 +/- 2

X

c

-

200

5x Ing 0sGa, o4N/GaN QW

| | | | | | | | |
28000 30000 32000 34000 36000

40000

38000

28000 30000 32000 34000 36000 38000 40009(ps)

Alice Hospodkova et al, Phys. Status Solidi
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CsPbBr; perovskites,
first characterisation using laser excitation

In collaboration with Czech Technical University in Prague

Blue emission

A= 59 +-1
B= 155+/-3
Background = 1.09 +/- 0.06
t_decay1 = 0.320 +/- 0.004
t_decay2 = 2.48 +/- 0.03
t_rise = 0.0 +/- 0.1

theta = 0. 226 +/- 0.004
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Green emission

$ A = 1007 +/- 322
% B = 255 +/- 92

Background = 0.8 +/- 0.2

# t_decay1 = 4.6 +/- 0.1
: : t_decay2 = 1.5 +/- 0.2

t_rise = 0.001 +/- 0.008

theta = 10.30 +/- 0.05




New TCSPC readout

In collaboration with Sergey Omelkov(@Tartu University, Estonia

Laser N D X-Rays tube D Hybrid PMT | D XTDC
~ 55ps FWHM ~ 50ps FWHM ~ 55ps FWHM ~ 13ps FWHM




New TCSPC readout

In collaboration with Sergey Omelkov(@Tartu University, Estonia

Laser N D X-Rays tube D Hybrid PMT | D XTDC
~ 55ps FWHM ~ 50ps FWHM ~ 55ps FWHM ~ 13ps FWHM

First experimental IBL confirmation with the TCSPC setup@CERN
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New TCSPC readout

In collaboration with Sergey Omelkov(@Tartu University, Estonia

Laser - w X-Rays tube D Hybrid PMT | w XTDC
~ 55ps FWHM ~ 50ps FWHM ~ 55ps FWHM B ~ 13ps FWHM

IRFactual ~ 140ps FWHM — IRFmin ~ 60ps FWHM
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Fast characterisation of prompt/bright scintillating materials
i+ Allows for comparative light output studies from sample to}
sample if they maintain the same geometry/index of refraction/
polishing state.

» Spectral resolution of the setup to be implemented.
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Perspectives

Optically “isolating” the nano-phase from the conventional
scintillating material.

» Build a sampled pixel using ZnO:Ga and perovskites.

- Energy reconstruction algorithm for a sampled pixel with two active
detectors.

» Finding an embedding procedure of nanocrystals in a host that allows
for efficient non-radiative energy transfer between nanocrystals and
matrix.

+ Increase the thickness of the active layer in InGaN/GaN 2D
nanostructures.



