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Challenges for future scintillator-based detectors in
High-Energy Physics

» Future precision/high energy colliders will impose stringent requirements on next generation
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ECFA Detectors R&D Roadmap

Objectives

Research new plastic scintillating materials, PEN (Polyethylene Naphthalate) and PET
(Polyethylene Terephthalate), with a specific focus on their optical and scintillation properties.

Scintillation properties of PEN and PET
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Sample production

PEN and PET produced in collaboration with the Institute for Polymers and Composites (IPC) of
the University of Minho

- Injection Moulding:
- Samples currently measure 30 x 30 x 2 mm?3
- Some controlled parameters:

* Injection speed * Pressure

* Cooling time * Mold Polishing

* Melting temperature

Setup for Measuring Light Response (LR)
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Diagram of how the “tilemeter” works, where the light response is measured

Light response of PEN sample to UV source
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Sample Light Response (LR)
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Light Response: blends and PET+dopants
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Emission Spectra

« Peak PEN ~ 420 nm
compatible with literature
« Peak PET ~ 410 nm, higher
than literature
« Differences in PET peaks could
be attributed to the varied 00 o
material sources a) PET b) PEN
« Add POPOP and BBOT to the PO
PET causes the WLS of the
original scintillation light
« Results peaks:
= POPOP ~ 425 nm
= BBOT ~ 440 nm
 PET:PEN blends
= 10:90, 25:75 and 50:50
near PEN
= 90:10 and 75:25 near PET

—PEN
— PET/PEN 2011 1
— PEN Rad Damage 2013 ]
N — PET:PEN Blends 2013
% —PEN Active struct 2019 |
\. — PEN Rad Damage 2022 |

—PET .
— PET 2010 -
— PET/PEN 2011

— PET:PEN Blends 2013

Normalised Intensity [a.u.]
Normalised Intensity [a.u.]

07 ———

300 350 400 480 500 550 600 650 700 300 350 400 450 500 550 600 650 700

Wavelength [nm]

—PET

— PET90%:PEN10%

— PET75%:PEN25%

— PET50%:PEN50%

— PET25%:PEN75%  —|
PET10%:PEN90% |

—PEN

—PET

—PEN —
— PET + BBOT
— PET + POPOP

Normalised Intensity [a.u.]
Normalised Intensity [a.u.]

0\: 1 L L i .. | NS ‘
300 350 400 450 500 550 600 650 700 300 350 400 450 500 550 600 650 700
Wavelength [nm] Wavelength [nm]

c) PET+dopants d) PET:PEN blends

Emission spectra of the (a) PET, (b) PEN, (c) PET+dopants and (d) PEN:PET
mixtures samples. Data from the literature is displayed for comparison

PET 2010 [1], PET/PEN 2011 [2], PET:PEN Blends 2013 [3], PEN Rad Damage
2013 [4], PEN active struct 2019 [5], PEN Rad Damage 2022 [6]

Conclusions

 Future HEP experiments with scintillator detectors will need cheap materials with high
scintillation efficiency and radiation hardness.

« Manufacture of pure PEN and PET scintillators, PET+dopants, and PET.:PEN mixtures in
different proportions

« Emission spectra of PET and PEN are consistent with the literature; PET with dopants
exhibits wavelength-shifting (WLS) in light emission, and in blends, PEN demonstrates
predominant spectral

« LR of PEN is about 7 times higher than PET. Additionally, the addition of dopants to PET
doubles its light yield. As expected, there is a correlation between LR and the proportion of
PEN in blends
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