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 The GS group has carried out a comprehensive and complete study;

 For high density glass scintillator, the light yield of GS group samples is in the absolute lead.

1.0 Research Status of GS
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1.1 Performance target of GS

2021.09
（1st Meeting）

2024.05
（7th Meeting）

2024.10
（8th Meeting）

2025.09
（9th Meeting）

2026

Target Realization Target Realization Target

Dimension (mm3) / 5×5×5 40×40×10 40×40×10 40×40×10

Density (g/cm3) 6.0 5.93 6.0 >6.0 6.0

Transmittance (% @400 nm) >75 ~70 >80 76 >80

Emission peak (nm) ~400 ~400 ~400 390 ~400

Light yield (ph/MeV) 1000 985 1500 1408 2000

Energy resolution
(% @662keV) / 30.3 / 28.7 <25

Decay time (ns) <100 35.8(10.7%), 105.1 <500 72.4 (10.5%),547.8 <500

Attenuation length 
(cm@400nm) / / / 6.05 >10
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Published Paper about Glass Scintillator

 2015 NIMA.
DSB:Ce glass

Density=4.2 g/cm3

LY=2500 ph/MeV

 2022 J. Non-Cryst. Solids.
(Gd,Ce)2O3-Al2O3-SiO2 glass

Density=4.5 g/cm3

LY=2000 ph/MeV

 2025 Ceram. Int.
GFO:Ce glass

Density=6.0 g/cm3

LY=1700 ph/MeV

 2020 NIMA.
AFO glass

Density=4.6 g/cm3

LY=700 ph/MeV

 2023 ACS Appl. Mater. Interfaces.
K(Y,Gd)F4:Ce3+ GC
Density=3.32 g/cm3

LY=3455 ph/MeV

• Currently, more research on GS is directed towards X-ray imaging, which do not require high-density properties.

• Studies on high-density and light-yield GS remain virtually unexplored internationally.
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1.2 Research Progress on GS

Year Scintillator Density
(g/cm3)

Light yield
(ph/MeV)

1996 HFG:Ce glass 5.95 150

2015 DSB:Ce glass 4.2 2500

2017  Li(Aly,Gd1-x-y,Cex)Si(O,F,Br) glass 2.72 4317

2020 AFO glass 4.6 700

2022  (Gd,Ce)2O3-Al2O3-SiO2 glass 4.5 2000

2023  K(Y,Gd)F4:Ce3+ GC 3.32 3455

GFO:Ce glass 6.0 1700

• The introduction of heavy elements and structural densification → high density → more severe 

self-absorption → difficult to balance density and light yield;

• GFO: Ce is the only type of GS which can achieve both high density and high light yield.

1. E. Auffray, et al., Nucl. Instrum. Methods Phys. Res. A, 1996, 380, 524-536
2. V. Dormenev, et al., Nucl. Instrum. Methods Phys. Res. A, 2021, 1015, 165762. 
3. M.T. Lucchini, et al., Nucl. Instrum. Methods Phys. Res. A, 2023, 1051, 168214.
4. A. Amelina, et al., J. Non-Cryst. Solids, 2022, 580, 121393.
5. C. Struebing, et al., J. Am. Ceram. Soc., 2017, 101, 1116–1121.
6. C.X. Luo, et al., ACS Appl. Mater. Interfaces, 2023, 15, 46226−46235.
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 Scintillation mechanism----

 Conversion—photoelectric effect and Compton scattering effect;

 Transpor t—electrons and holes migrate; 

 Luminescence—captured by the luminescent center ions

Journal of Alloys and Compounds 
782 (2019) 859-864 IEEE TNS 60 (2) 2013 Optics Letters  46(14)  3448-3451 (2021) Vol. 9, No. 12 / 2021 / Photonics Research 

Luminescence Center

Lanthanide elements Nanocrystals Quantum Dots Lanthanide + Quantum Dots

 High Light Yield (> 2000 ph/MeV): Lanthanide for  the Luminescence Center : Cer ium (Ce)；
 High Density (> 6 g/cm3) and Low radioactivity background：Gadolinium (Gd)； lutetium（Lu） 

2.0 The Design of the GS 
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2.1 Theoretical feasibility

For inorganic scintillation crystals, the light yield can be enhanced by improving the intrinsic properties of the material:

1. Reducing the bandgap energy (Eg);

2. Improving the energy transfer efficiency (S) from the sensitizer to luminescent center (activator) ;

3. Increasing the quantum yield (Q) of the luminescent center.

Cite by S.E. Derenzo, W.-S. Choong and W.W. Moses, Phys. Med. Biol.59, 3261 (2014).
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2.2 Enhance in light output

• Reducing losses dur ing scintillation light transmission

 Improving optical uniformity: 

      material purity, melting process (bubbles, striae);

 Enhancing light collection efficiency: 

      micro-nano structures, reflector selection, coupler;

 Wavelength shifting: 

      improving PDE of photoelectric detector.

1. Z.H. Hua, et al., Nucl. Instrum. Methods Phys. Res. A, 2025, 1072, 170182.
2. Z.H. Hua, et al., Ceram. Int., 2025, 51, 23367-23373.

 2025 NIMA.
Attenuation Length Test

 2025 Ceram. Int.
Study on size effect
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2.3 LAL test

• Due to its high density and limited homogeneity, glass exhibits strong self-

absorption, leading to a relatively short attenuation length.

• The uniformity of glass is related to the purity of the raw materials and the 

preparation process, which is challenging to control with lab-scale samples.
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2.4 GFO:Ce glass to GAGG and GSO crystal

Parameters Unit GAGG GSO GFO:Ce

Density  g/cm3 6.63 6.71 6.0

Melting point ℃ 1850 1950 1150

Radiation Length, X0 cm 1.63 1.38 1.64

Molière radius cm 2.20 2.96 2.50

Nuclear interaction length cm 21.5 20.6 24.1

Zeff -- 50.6 58.0 56.9

dE/dX MeV/cm 8.96 8.5 8.0

Emission peak nm 540 430 390

Refractive Index -- 1.92 1.85 1.76

Light yield, LY ph/MeV 60,000 8,000 ～1,500

Energy resolution, ER %662keV 5.0 9.2 25.8

Decay time ns 100, 600 28, 260 101, 1456

d(LY)/dT %/℃ / / /

Cost $/cc / / <1.0

• Gd3(AlxGa1-x)5O12:Ce (GAGG)

• Gd2SiO5:Ce (GSO) 

• GFO:Ce Glass

have the similar compositions； 

represent the ultimate performance goal.

GAGG GSO



13   

 2020 Opt. Mater.
LY=28244±10 ph/MeV

Decay= 50.1, 321.5 ns (60.8% ).

 2020 JINST.
LY=35000 ph/MeV

thermal neutron detection

 2016 Radiat. Meas.
LY=3350±160 phe/MeV

Decay= 32, 220 ns

 2010 IEEE TNS
LY=7900±800 phe/MeV

GAGG GAGG GSO GSO

1. Y. Zhu, et al., Opt. Mater., 2020, 105, 109964.
2. Z. Wang, et al., JINST, 2020, 15, C06031.
3. W. Chewpraditkul, et al., Radiat. Meas., 2016, 92, 49-53.
4. B.V. Grinyov, et al., IEEE TNS, 2010, 57, 1236-1240.
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3.1 Density—（1）Gd2O3

Density 
(g/cm3)

LY
 (ph/MeV)

0Gd2O3 4.5 1669

5Gd2O3 4.8 1617

10Gd2O3 5.0 1547

20Gd2O3 5.5 1400

30Gd2O3 6.0 1051

• As the Gd2O3 content increases, the glass density rises to 6.0 g/cm3;

• While its light yield declines from around 1700 to ~1000 ph/MeV.

Z.X. Sui, et al., Ceram. Int., 2025, 50, 42625-42631.

 2025 Ceram. Int.
The influence Gd2O3 content
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3.1 Density—（2）GdF3

Recent research progress:

1. By increasing the GdF3 content, the energy transfer 

efficiency from Gd to Ce has been enhanced, 

leading to an improvement in light yield;

2. However, excessive GdF3 can create quenching 

centers, which degrade the scintillation 

performance;

3. By adjusting the ratio of Gd2O3 to GdF3, the 

coordination structure of GS has been optimized, 

resulting in a further increase in light yield.

We really need the density of GFO larger  than 6g/cc?  What about 5.5? or  others?
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3.2 Decay Time —GAGG: Ce,Mg crystal

• LY=58000±3000 ph/MeV
• Decay=200 ns

Add Mg

Magnesium

• LY=500±300 ph/MeV
• Decay=0.2, 1.5, 14.9 ns

1. S. Kurosaw, et al., J. Cryst. Growth, 2014, 393, 134-137.
2. L. Martinazzoli, et al., Mater. Adv., 2022, 3, 6842.
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3.2 Decay—Ce doping concentration

• Optimizing the decay time of GS still relies on adjusting the 

concentration of Ce3+ centers.

• As the Ce doping concentration increases, the scintillation decay time 

gradually decreases. 

• However, the light output first increases and then decreases. 

• It is necessary to balance light yield and decay time.

X.Y. Sun, et al., Chin. Opt. Lett., 2025, 23(12), 121602.

 Density (g/cm3) Light yield
(ph/MeV)

Scintillation decay time
(ns)

GFO1 6.1400 427 98.9 (1.6%), 924.2

GFO2 6.0494 1043 98.6 (8.2%), 490.7

GFO5 5.9736 825 82.0 (27.5%), 211.5

GFO9 5.9332 985 35.8 (10.7%), 105.1

GFO14 5.9152 839 25.3 (10.3%), 69.0

GFO16 5.8917 371 18.9 (7.2%), 59.7

 2025 Chin. Opt. Lett.
Different concentrations of Ce doping
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Relationship between decay and light output

• Over the past four years, the GS group has prepared 

more than 1500 pieces of glass;

• Decay time of the GS, determined by physical properties: 

100ns -> 300ns -> 500ns;

• Typical results show that decay time and light yield tend 

to be positively correlated: a higher light yield generally 

implies a slower decay time;

• Only a small number of GS samples meet all three 

performance criteria: density > 6.0 g/cm3, light yield > 

1000 ph/MeV, and decay time < 500 ns.

We really need the decay time  of GFO less than 500ns?  What about 1us? or  others?
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3.3 Peak emission wavelength shift

Enhancing the measured light output:

• Improving light collection efficiency

• Matching with the QE of photodetectors

Cite by R.H. Mao, L.Y. Zhang and R.-Y. Zhu, IEEE Trans.NS55, 2425 (2008).
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3.3 Wavelength shift of GS（Unpublished）

XEL peak
(nm)

LO
 (ph/MeV)

ER
 (% @662keV)

GBSFAL1 407 1271 29.8

GBSFAL2 408 1360 26.3

GBSFAL3 409 1491 26.9

GBSFAL4 411 1116 29.7

GBSFAL5 420 1252 28.1

• After adding X⁺, the glass XEL peak red-shifts from 390 nm to approximately 420 nm;

• As a strong network modifier, X⁺ increases the coordination field around Ce³⁺, lowers its luminescence energy levels, and 
ultimately leads to a redshift of the XEL peak and an increase in light output;

• However, excessive X⁺ can disrupt the glass network structure and reduce the light yield.

Doping X into GFO Glass
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3.4 Ion co-doping—Cs3Cu2I5:Tl（CCI crystal）
1. S.L. Cheng, et al., Phys. Status Solidi RRL 2020, 14, 2000374.
2. Q. Wang, et al., Adv. Optical Mater. 2022, 10, 2200304.
3. L. Stand, et al., Nucl. Instrum. Methods Phys. Res. A, , 2021,  991, 164963.

Add In
 Indium

Add  Tl
Thallium

• LY=28000 photons/MeV
• E.R=3.4%@662KeV
• Decay=967 ns

• LY=44000 photons/MeV
• Decay=3746.5 ns

• LY=98200 photons/MeV
• E.R=3.3%@662KeV
• Decay=840 ns
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3.4 GS—co-doped with Ce and Y (Unpublished)

LY (ph/MeV) ER (% @662keV)

1Ce+0Y 1185 40.6

1Ce+0.001Y 1301 33.8

1Ce+0.01Y 1485 31.5

1Ce+0.1Y 1350 34.8

1Ce+1Y 331 75.2

• Incorporating additional luminescent centers can reduce the non-radiative recombination between self-trapped excitons 

and glass defects, offering a potential approach to enhance the light yield of the GS.

• By adding a trace amount of Y+, the light yield increased from 1200 to ~1500 ph/MeV.

Doping Y into GFO Glass
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Summary

 1. High Light Yield Enhancement is possible！

 2. We try our best to Enhance the Light Yield;

 Density:  We really need the density of GFO larger  than 6g/cc?
 Decay Time: We really need the decay time  of GFO less than 500ns?

 Wavelength Shift: 

 Co-doping: We need time and funding to find the new materials;

  3. How to conrol the cost of GFO Glass.
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Thank you！

See the unseen
change the unchanged The Innovation 

THANKS


