Targets and Challenges in Fast-Timing Garnets
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Fast-timing garnet scintillators are intensively studied to meet the requirements of next-generation particle physics experiments [1], while also being attractive for medical imaging. Cerium is still the optimal activator because it provides bright and fast luminescence in garnet hosts in the visible spectral range, with decay times of several tens of nanoseconds; however, this remains significantly longer than the 10–15 ns target required in high-energy physics. Shortening the decay time is commonly achieved at the expense of light output by luminescence quenching through codoping with divalent ions such as Ca²⁺ and Mg²⁺, which introduce non-radiative processes and Ce³⁺→Ce⁴⁺ conversion [2-4]. 
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	Correlation between effective decay time 
and light output in some Ce-doped garnets.


This report overviews recent advancements in fast-timing Ce-doped garnets and addresses passways to achieve the target parameters and decrease crystal production cost. The most notable progress has been demonstrated in GAGG:Ce where the decay was accelerated below 1 ns albeit at the expense of severe quenching of the light output [5,6]. Ga-free alternatives such as codoped YAG:Ce  and LuAG:Ce are of particular interest due to cheaper crystal growth process not involving Ir crucibles, but exhibited longer decay times of 26-30 ns and a light output over 20000 phot/MeV at Ca2+/Mg2+ codoping [7]. Sc³⁺-codoping was explored as an alternative to Ga³⁺ for band-gap tuning in YAG:Ce, resulting in a light output of ~14 000 photons/MeV with a decay time of about 20 ns [8]. 
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