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1.1 Performance target of GS

2021.09 2024.05 2024.10 2025.09 2026
(1st Meeting) (7t Meeting) (8% Meeting)  (9th Meeting)
Target Realization Target Realization = Target (ECAL) Target (HCAL)
Dimension (mm?3) / SXS5XS 40 x40 %10 40 x40 %10 20 %20 %20 40 X 40 %20
Density (g/cm?3) 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 1000
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 ?
Attenuation length
(cm@400nm) / / / 6.05 >10
il 3 TR ' e




1.2 History of High Density GS (1) in Ref.

A . Densit Light yield
Scintillator 3y Aty Year
S (g/cm?) (ph/MeV)
4000 | Georgia Tech ' :
,; Orgla £C L1(Aly,Gd1_X_y,CeX)Sl(O,F,BI‘) glaSS 2.72 4317 2017
5 [1] C. Struebing, et al., J. Am. Ceram. Soc., 2017, 101, 1116-1121.
% 3000 k Al(PO_,,)3-CsPO;:'Gs,]}r-CeBr3 AI(PO3)3-CSPO3-CSBI'-CGBI'3 328 2700 2022
= A [2] Y. Nakabayashi, et al., ] MATER SCI-MATER EL, 2022, 33, 19846-19853. ’
= ABGS:Ce glass
S DSB:Ce glass
2 ol A 42 2500 2015
E (Gd,Ce),0,-ALO -Si O;'glgss [3] V. Dormeneyv, et al., Nucl. Instrum. Methods Phys. Res. A, 2021, 1015, 165762.
- (Gd,Ce),05-Al1,05-S10, glass 45 2000 2022
— [4] A. Amelina, et al., J. Non-Cryst. Solids, 2022, 580, 121393.
AFO glass A AFO ol
"y glass
N S [5] C. Hu, et al,, Nucl. Instrum. Methods Phys. Res. A, 2020, 954, 161665. 4.6 700 2020
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 .
. " HFG:Ce glass 5.95 150 1996
Density (g/cm”) [6] E. Auffray, et al., Nucl. Instrum. Methods Phys. Res. A, 1996, 380, 524-536.

« The introduction of heavy elements and structural densification : difficult to balance density and light yield

— High Density — more severe Self-absorption — Low Light Yield

Is it possible to find a way to achieve both high density and high light yield in the Glass Scintiallator?
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1.2 History of High Density GS (2) in GS group

. Density Light yield Mean decay
3500 -
~z‘: HEU-GC-glass Scintillator (g/om?) (ph/MeV) ) Year
3000 -
> HEU-GC-glass
g _— [7] C.X. Luo, et al., ACS AMI, 2023, 15, 46226-46235. 3.32 3455 205t 2025
=
£ CJLU-GS-glass
2T [8] Z.H. Hua, et al,, Ceram. Int., 2023, 49, 18844-18851. = 57 s AR
>
= SR CJLU-GS-glass CJLU—GS-glass
E‘J . w o CJLU-GS-gla;é's..,.m [9] T. Wu, et al., J. Am. Ceram., 2023, 106, 476-487. 4.20 1206 1363.6 2022
#r JGSU-GS-glass., JGSU-GS-glass
500 1 BEREGHElTe [10] G. Tang, et al.,, Opt. Mater., 2022, 130, 112585 = Sl 5B A2
3.0 3.5 4.0 4.5 5.0 5.5 6.0 BGRI_GS_glaSS
Density (g/cm3) [11] Z.H. Hua, et al., PoS(ICRC 2023), 2023, 565. 6.0 611 1501.4 2023
6.0 b —— Density 358, 136 —
RERCCIASA IR 60| = * AsGd increases, the glass density gradually rises from 3.3 to 6.0 g/cm?.
g5} 134 & . . o
g 2« The self-absorption effect intensifies, light yield to decrease from 3455 to 600 ph/MeV.
52t 132 E . . . . . .
E gtg«..;é@ I i Incorporating a high concentration of heavy ions—inevitably introduces structural
4.8} e e e G = : : : : :
28.2 = defects and energy quenching, which collectively result in a slower decay time.
44} 45 W
0 5 10 15 20 25 30 Is it really no way to achieve both high density and high light yield in the GS?

Gd,0, (mol%)
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.Georgia Tech [1]

..A

JAI(PO,),-CsPO;-CsBr-CeBr, [2]A

71? HEU-GC-glass [7]

(Gd,Ce),0,-AL,05-Si0, [4']".A

CILU-GS-glass [8] ™.

W Y CILU-GS-glass [9]

AFO glass [5] A

BGS:Ce gla;'gs.[g] A

JGSU-GS-glass‘I'iQ‘]

\

7&? BGRI-GFO glass [16]

7/% BGRI-GFO glass [15]

JGSU-GFO glass [14]
* JGSU-GFO glass [13]
{:&, SIC-GFO glass [12]

5i¢ BGRI-GS-glass [11]

HFG:Ce glass [M

4
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Density (g/cm?)

6

Scintillator

BGRI-GS-glass
[11] Z.H. Hua, et al,, POS(ICRC 2023), 2023, 565.

SCI-GFO-glass

[12] J.J. Hua, et al., Opt. Mater., 2024, 157, 116153.

JGSU-GFO glass
[13] X.Y. Sun, et al., COL, 2025, 23(12), 121602.

JGSU-GFO glass

[14] X.Y. Sun, et al., JMCC, 2024, 12, 11149-11156.

BGRI-GFO glass
[15] D. Yang, et al., Ceram. Int., 2025, 51 , 19780.

BGRI-GFO glass
[16] Z.H. Hua, et al., The Innovation, 2026.

Density
(g/cm?)

6.0

6.0

6.0

6.0

6.0

6.0

Light
yield
(ph/MeV)

611

804

1043

1279

1702

2076

Year

2023

2024

2025

2024

2025

2026

GFO: Ce 1s a promising scintillator system capable of high density and high light yield.




1.3 How to Improve the Light Yield?

which then radiate scintillation photons. The light yicld LY in terms of the number of scintillation
photons produced per McV of energy deposited in the erystal can be expressed as [64]

LY =10° S-Q/(B - E,), (35.3)

where 5 - By is the cnergy required to create an c-h pair expressed as a multiple of the band
gap cnergy Eg (¢V), S is the efficiency of energy transfer to the luminescent center and @ is the
quantum cfficiency of the luminescent center. The values of 8, S and () are crystal dependent and

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

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.
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How to Improve the Light Yield of Ce3* Doped Glass

Ce3*Doped Glass
: e : . - "
Elegomcs U v Boiium conditton bang v 5d—4f electric-dipole-allowed transition:
| “/ . V‘lﬁ | Excited L high transition probability, ns-scale decay time
E, Traps c-l v" Tunable emission wavelength:
, | 4f better spectral matching with photodetectors.
v Ground stat : : : :
— = l;ounb sda - v" Suitable for high-energy particle detection:
\_’ I-\ S !"\ op vaience ban . . . .
Holes - i incorporated into a high density/atom number host
Conversion Transport Luminescence

Breakthrough in glass scintillator: Defect Control is the key!

--Purifying: Using high-purity raw materials and reducing harmful defects, Fe(Ferric).

--Doping (Co-doping) : Tuning energy transfer and luminescence process using:
Magnesium(Mg2*), Manganese(Mn2*), Ytterbium(Yb3*), Lithium(Li*) ,etc.




Light yield Enhancement—Doping, Co-Doping

> Effect of Ce* concentration on GFO > Effect of Li* incorporation on GS » Effect of Yb** co-doping on GFO

— GBsC,

Ex=360nm

~ GBSC, 10k —— GBSFALZ SBGA:1Ce, xYb x=0
— GBSC, : N ——— GBSFAL2 x =0.001
- GBSC, GBSFAL3 . x=0.01
— 2::2: 0.8 ——— GBSFAL4 x=0.1
—~ GBSC, - —— GBSFALS x=1
— GBSC, S BGO/3
‘1 == GBSC, Eo. =
GBSC,, ‘g’ =
—~ GBSC,, z -3
GBSC,, 0.
— GBSC,,
== BSO Crystal
= 1/4 BGO Crystal
0.2
e 100 0 Wavelengthtam) — 0 5000 10000 15000 20000
P.E. Number ADC chnmnel
Ref. 2025 Chin. Opt. Lett, 23(12), 121602 Ref. J. Am. Ceram. Soc., 2026, 109, ¢70997 Ref. Ceram. Int., 2026, 52, 26985-26993
« (Ce* concentration regulates scintillation « T.i* tunes the local coordination .

Yb3* reduces defect-related non-
light yield and decay time.

environment around Ce?*. radiative energy loss.
* Optimized doping enables intense * The emission peak shifts toward  The light yield improves from ~1200
luminescence with faster decay. the optimal SiPM PDE region. to ~1500 ph/MeV.
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2.1 Raw material purity—Gd,0O;

Gd,05(%) Price (RMB/kg) LO (ph/MeV) ER (% @662keV) Decay time (ns) XEL intensity

#121 99.9 ~270 1279 29.8 81.0 (2.1%), 898.9 157512
#122 99.5 ~220 1376 29.0 88.6 (2.2%), 913.7 159879
#123 99.99 ~300 1488 28.2 84.5 (1.9%), 899.8 158017
#124 99.99 ~280 1200 33.2 93.3 (3.3%), 906.4 157090
#125 99.999 ~1000 1529 28.2 92.4 (3.0%), 916.5 163754

* Using higher purity Gd,0; (99.9% — 99.999%) can increase the light output of scintillating glass from
1200 ph/MeV to 1500 ph/MeV;

* However, such a significant cost increase is difficult to afford in mass production;

» Therefore, achieving glass scintillators with superior performance through low-cost raw materials and

preparation methods remains a major challenge in research.




2.2 Wavelength shift of GS

Doping Li* into GFO Glass

Ex=360nm —_— : C . . . . .
S  cmerar: Density Emission  LO  «  After adding Li*, the glass emission peak red-shifts from
GBSFAL3 (g/cm’)  peak(nm) (ph/MeV) .
GBSFALY 390 nm to approximately 420 nm;
2 T OBSFALS | GBSFALLI  5.58 407 1271
4 . 8 o o . .
< B .. 408 1360 As a strong network modifier, Li* increases the coordination
£ - : :
. - - field around Ce**, lowers its luminescence energy levels, and
. : : .
B e T ultimately leads to a redshift of the emission peak and an
"0 00 450 500 550 0 GBSFALS 570 420 1252 1INCcrease mn llght Output, 2026, J. Am. Ceram. Soc

‘Wavelength(nm)

Doping GdF; into GFO Glass

1.0 — . Q.. nght . . . .
—2 Density  Bmission - ;15 o Further increasing the GdF; content in the glass can enhance its
- (g/lem3)  peak (nm)
= (ph/MeV)
— —5 . . . .
H i 549 429 density; the emission peak red-shifts from 430 nm to 440 nm;
B 2 5.61 433 . . .
5 - v ) « However, the light yield and decay time of the glass have not
.\i\
i .. | IS 5.93 440 yet been measured.
- 4(I)0 5(I)0 660 700 5 6.16 436

Wavelength(nm)
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2.3 Decay time VS Light output 20251025

* GS group has achieved mass production of GS with a light
2500 |
’ yield of 1000 ph/MeV and a decay time of 500 ns;
o]
E | ? . & e Decay time of the GS, determined by physical properties:
:E 1500 | ) | " 100ns -> 300ns -> 500ns;
L N @ ¥
; % | e Typical results show that decay time and light yield tend to be
= 1000 . 1 2 @ 9
; o - & o positively correlated: a higher light yield generally implies a
=1y <3
= 500 | s ® . ’ slower decay time;
° ° @
Gl ¥ o § o ¥ o F o F o 0 o % . § e @ * Only a small number of GS samples meet all three performance

vooEm A on 100_0 10 A0 enh T criteria: density > 6.0 g/cm?3, light yield > 1500 ph/MeV, and
Average decay time (ns)

decay time < 500 ns.

We really need the decay time of GFO less than 500ns? What about 1us? or others?

e &8 00O O£ i IO"EeTE




Decay time VS Light output 20260729

o M ° ° * A light yield of 1000 ph/MeV corresponds to 500 ns. What
@ L.
% Z 00 : decay time corresponds to a light yield of 2000 ph/MeV?
2. 2000 o
E i g * Decay time of the GS, determined by physical properties:
> o
% 15001— ; 100ns -> 300ns -> 500ns;
— I §
— ; . o %4 e Typical results show that decay time and light yield tend to be
3 i o s @
o 3 positively correlated: a higher light yield generally implies a
s00|— & I slower decay time;
B &° 3 o
:T | OI T * Only a small number of GS samples meet all three performance

2000 2500 3000

Decay time (ns) criteria: density > 6.0 g/cm?3, light yield > 1500 ph/MeV, and

decay time < 500 ns.
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Density VS Light output VS Decay time

Decay time < 2us Decay time < lus Decay time < 500ns
~ 2500 —~ 2500 2500
= “F Z = 7T S Br
D = o @ = 5 o o L5 L
- oo & = oo o =
- o - ‘2} g = o o2 oo g o B '
o L]
E 20{_}0:.1 ................ P TLCTLITLIED 5.0...Q..;....a.....é...(;.... ) 2(}00:.1 ................ PLETE TITTETTR FTON N > ....o.:é;...g...o..g...q.ge%c. ...... Bl 2000 rrrrrere e Bavsdianannans
3 @ = I3 [ a
T | ” o SE W T s RTINS BN T3 T 1 « ey B 8
. [5] - 8 - —
; o S @ o g e = ® I 5 goo 52 - B ] s g
= 1500} o e LS - 1500}— o &0 o of odo ~  15001— . © %, 0
= 3 o o o 5 o%g = i a ° g cw goge = B ° S o
'En - o @ . g 2 % _Eﬂ [ o 00 @ 8 ) % 'E’:‘ | @ & I o g
ot — & o oo 5 ] - oG os ::.-, 2 o | = a g
- 2 s o 2 |- % £ 2 og B . - g &
1000 fress=mmmmmmnmnnnanaas @EusssmEEsssEEEmEEn rasmamman gresdenas 1000f= === n i nn gussmnnn peraiaaaghan H g u! u s 1000]=="=====ssssem s raanannnna pensEann 8
» o R % = o 3 Bod §o - = a @ 8o
i “ @ 2 < B S g o 5 O@@ 88 B 808 B & @ 2 = o@g
B ) ) g 2 o - o o & ] o% Qgg g%’% = o g ] <>§ 080
B 2 o [+ 8 B ? & o 8 8 % 8 g8 [= & ] 8 8 000
500} — o 500 o 8 o e 500— & & o9
| < | <@ o oG | <
| [+3 < B o & [+3 osgg%o B 5 o o o
i - : E E . AL RF B - X
ol | | | ] ol ] AEEEIEETRENEEEE TR ETE S NN ol - IR I U NARRRI I -
4.6 4.3 5 5.2 5.4 5.6 5.8 6 6.2 4.6 4.3 5 5.2 5.4 5.6 5.8 6 6.2 4.6 4.8 5 5.2 5.4 5.6 5.8 6.2
. . 3 . 3
Density (g/cm?) Density (g/cm”) Density (g/cm”)

In the absence of decay time constraints, GS Group has successfully fabricated laboratory-scale samples with a density
approaching 6 g/cm3 and a light yield exceeding 2000 ph/MeV;

However, when the decay time<1000 ns, achieving a light yield of 2000 ph/MeV becomes challenging. Decay time<500 ns,
the light yield can only be maintained at ~1500 ph/MeV.

Must the density of GFO be greater than 6? Light yield above 2000 ph/MeV? Decay time below 500 ns?

sk &8 00O i 0000000IO"EeTE




2.4 Microcrystallization

/s ars pegyshaeingguidelines for opticns oo how w kegitimately share published arices.
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Band Gap and Defect Engineering Enhanced Scintillation from Ce*-
Doped Nanoglass Containing Mixed-Type Fluoride Nanocrystals

Chcﬂgxi Luo, Yue Jing, Zhehao Hua, Zexuan Sui, Ci ‘Wang, Peng Hu, Lirong ?.hcng. Sen (ian,”
Luyun Yang, Xinyuan Sun, Gao Tang, Hua Cai, Yao Zha, Huiyun Ban, Jifeng Han, Zhile Wang,

Xvsheng Quao, Jing Ren,” and Jianzhong Zhang*

/ § Gte This: ACS App. Marer, Interfaces 2023, 15, 46226-46235

I: IRud Online
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ABSTRACT: Musch can be learned from the research and development of scintillator crystals for
improving the scintillation performance of glasses. Relying on the concept of “embedding
crystalline order in glass", we have demonstrated that the scintillation properties of Ce™-doped

nanaglass composites (nana-GUs) can be eptimized via the

ic effects of Gd" sublatt

sensitization and band-gap engimeering. The nano-GiCs hest a large wolume fraction of
KY,Gd,_F, mixedtype Hucride manccrystals (NCs) and still retain reasonably geed
transparency at ce -emitting wavelengths. The Lght yield of 3435 + 20 ph/MeV is found,
nano-GCs. A ' i

which is the largest value ever reported in fluoride NC

study is given on the highly selective doping of Ce'* in the NCs and its positive effect on the
scintillation properties. The favorable influence of the ¥"/Gd" mixing on the suppression of
defects is accounted for by density fanctional theory and borne cut experimentally. As a proaf-af-
concept, X-ray imaging with a good spatial reselution (7.9 lp/mm) is demonstrated by employing
Ce™-doped nano. GCs. The superior radistion hardness, repeatability, and thermal stability of the

designed scintillators bode well for their long-term practical applications.

KEYWORDS: nanoglass composite, fast scintillator, mixed crystal, land.gap engineering, X-ray imaging

B INTRODUCTION

Saintillators can absarh energetic radiation such as 3 rays, X-
rays. and neutrons and convert that enengy into shart bursts of
visible photens {a process known as o himineitoios RL).
At present, the best combination nd’_ decay time, stopping
pewer, and light yield is achieved in Ce™-activated scintillators
due to the electric dipole-allowed 54 — 4f transitions of Ce™.
Solid-state single-crystal scintillators such as (Lu¥),Si0,
(LYS0), (La¥)AIO, (LuYAP), ar Gd,(AlGa),0,; [GAGG)
have played an indispensable role in applications requiring a
fast tmme resolution sich as high energy physics, nuclear
medicine, and time-of-flight CT Xeray imagmg. Crystals are
appreciated for a large light yield (LY, aka, hminous
efficiency or luminosity] and a superior energy resobution
(ER); hawerer, their grawth is time-consuming and castly and
is likely subjected to nonuniform segregation of rare-casth
(RE} ions. Moreover, they are confronted with the difficalty in

hanical processing and are particulacly incom patible with
the conventional fiber drawing technique.” In liew of crystals,
Ce™-doped glasses have been extensively explored, thanks to
their much lower production cost {about one-thirtieth of the
B4 crystal), simpler processing, and being more adapted to
commercialization. ! Scintillator glsses are notibly favorable
far making large-velume detectors for futare particle collider
experiments (eg, the Circular Electron Positron Collider in
China). Besides, with the surging demand for il well logging,

© 2003 Amascan Cramicsl Sockry

W ACS Publications

gas exploration, and safety concerns on nudlear proliferation,
the global market size is very encouraging far bulk scintillater
glasses and optical fibers {with an anticipated compound
anaual growth rate of 4.01% from 2012 to 2027). Hawever,
because charge carriers tend to be trapped by many defective
sites in an amorphous matrix, most glasses [especially those
with large densities, d = 5.0 gfem’) suffer from a relatively low
LY (<1000 ph and a poor ER (>20%) (Table 51,
Su atian). Consequently, only a few brands af
glasmes (eg doped lithium aluminasilicate glass, (520)
are available in the market and utilized mainly in thermal
nentran detection (due to 2 low density of 25 g/em®). Ta
enhance the LYs of glasses, energy transfer sensitization based
on nearly resonant energy migration through the Gd™
sublattice followed by a single-step transfer to Ce™ has been
used (strategy 1, Figure 1(c}).” A high gadalinium content also
contribates to an increase in glass density and correspondingly
enhanced radiation-stopping power.” Struebing et al. found

June 26, 2
September 13

Feogn ks oy
ACS A M. it

» 2023, ACS Appl.Mater. Interfaces
Ce3"-doped Nanoglass

(a)

Sample (¢) strategy I  Conduction band
Er,rnab- s
RN T T ST
hwv
SnE Gr G oo
E\ymob- -
Valence band
(d) strategy I Conduction band
Er,mab

i Variation Ef\f}\

Valence band

(e) strategy 111 Conduction band

El:.l'l'lab N-\/:V\

Shallow e-traps

Eoimon a\‘m\_/en\/ﬁ\

» Density=3.32 g/cm?

» LY=3455 ph/MeV

» Energy resolution=16.8%@662keV
» Decay=75 (70%) ns, 743(30%) ns

. BGO

K(Y.Gd)F,:
Ce** GC

3455 phvMeV

16.77 %

: . x10?
20 40 60 80 100 120 140 160

ADC channel

160

150 -+

140 +

130 4

120 -

110 4

Fit: 108.23 + 5160023.22 « exp |- Wx'ys]

+40.46 « exp|— ]

0.743
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Microcrystallization in GS Group

© EEEEEmeYe
o L --

—188
— 1/4 BGO

EEEEEENEEEEEENEER

Dens1ty

Sample (g/om?) (photons MeV) (% ) Decay time(ns)

137 ~3.0 3066 18.3% 78.1 43.8% 407.1

138 ~3.0 3123 16.7% 75.5 46.9% 381.4

ny | \\# i S 139 ~3.0 3234 172% 756 46.6% 379.8
il e s P 140 ~3.0 3201 17.3%  75.8 47.0% 378.5

* By incorporating a nucleating agent system into the glass and subjecting it to heat treatment to induce microcrystallization;
* The light yield of the glass can reach up 3000 ph/MeV, while the decay time can be controlled within 300 ns;
* The heat treatment process is currently undergoing further optimization;

* However, the density of microcrystalline glass still remains difficult to increase.

17 TR ' e,




Microcrystallization in other University

> Samples:

HREEar
EZPEzaRananat

> y-ray spectra:

ADC
= 400 LY ER Density Decay Time
§ F — 1/2BGO (Ph/MeV) | (% @662keV) | (g/emd) (ns)
- —1#
I
300 P 14 3619.86 24.2 42 698.95(18.4%), 4418.32
I
250;" - 3# 24 4019.58 24.9 44 721.49(15.8%), 4791.96
I
200 fi+ :
n'i it 3t 3451.02 29.0 4.6 575.23(12.1%), 3708.28
150 fit- | i — 5#
| il
o | -:ly,,,.l i 44 4514.02 23.7 4.4 674.27(14.8%), 4368.02
11 A,
o T WMW,' Wl 54 3768.71 24.4 4.6 734.03(16.3%), 4520.95
o |H5 W
s e m. :
C'OI I I‘:'|>0|0(|)| I1IO(|)010I I1|5(|)le0I |2|0(|)('JIOI I2|5000I IC-ll(](l)‘.'JIOI [35000 4000 Agfé;(l)()ﬁ 50(I)00 BGO 854445 109 71 694(55%)’ 3136
channe

B 18




1. We try our best to Enhance the Light Yield;

Purity: purity of raw materials VS performance VS cost.

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

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

2. How to conrol the cost of GFO Glass.
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2.4 GFO:Ce glass to GAGG and GSO crystal

GAGG_ | _GSO__| GFO:Ce

Density
Melting point
Radiation Length, X,
Moliere radius
Nuclear interaction length
Lesr
dE/dX
Emission peak
Refractive Index
Light yield, LY
Energy resolution, ER
Decay time
d(LY)/dT
Cost

g/cm3 6.63
C 1850
cm 1.63
cm 2.20
cm 21.5
= 50.6
MeV/em 8.96
nm 540
- 1.92
ph/MeV 60,000
%662keV 5.0
ns 100, 600
%/C /

$/cc /

6.71
1950
1.38
2.96
20.6
58.0
8.5
430
1.85

8,000

9.2

28, 260

/
/

1150
1.64
2.50 GAGG GSO
24.1
56.9
8.0 * Gd;(AlLLGa,,);0,,:Ce (GAGG)
390
1.76
2,000 ¢ Gd,Si105:Ce (GSO)
258  GFO:Ce Glass
~500 have the similar compositions;
/ represent the ultimate performance goal.
<1.0




