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Conventional radiography (X-ray);

* Fluoroscopy;

* Angiography;

* Mammography; « Contrast Resolution
* Computer tomography (CT); .

Spatial Resolution
* Noise
* Tempo Resolution

Ultrasound and Doppler-ultrasound;

Magnetic resonance imaging (MRI};

Gamma Camera

Single Photon Emission Computed Tomography(SPECT)
Positron emission tomography (PET);

Thermal imaging;

Micro biopsy

The first x-ray image produced by
Roentgen depicting his wife’s
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MR | CT | _PET
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The first reported images of CD8+ T cells in patients recovering from COVID-19
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E*ﬁ%‘ | Deep Learning £k

Truth EM-+filter
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K.Gong etal, "
2019, doi: 10 1109/TMI.2018.2869871.

Reader A 14 Cofda G, ‘Mehranian A , et al, Deep Learning for PET Image Reconstruction[]]. IEEE Transactions on Radiation and Plasmia Medical Sciences, PP(99)1-1.
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EERZEFESHE The image of the year

! PSA level 38 PSA level 4.6
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FAPLPET in different kinds of cancer
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KHHPETH AN Total-body PET

UNITED Bx=2 I-
IMAGING P



Z S PETHY RPR 14

TEY N s 1S gk
2m PET: M KHIEE . @5 R8UE. £5TSHK

E‘%’,

f

1/403F 51 7| B 1/40%348 B¢ jg] > 515 %L
UNITED BXE: I=
IMAGING



2m PETEIFT = B HkER

UEXPLORER
T A 8 1K B o) KL 5 Hme RBUE > EBMSRE
NS E ST B E R 4
Z BT M EE—E] EEEMM
. TR EEITEE

i



BIF R IR T

PET unit IIE!'rgI‘I o §MEELE ¢ IR () Gyl

B . Migcs e Gantry and cooling design
- - o/ - it Distributed Recon for 2mPET

Target reapnirurten § mirutes
" - e -
i - = —
- '. i - - s b
e

2m peT/CT Control Diagram GPU accelgration @ -

. ®
L ]
e
- -
\ =¢] *x
i T 00E Loy il DLk 1B -y Wiy | Ll (e = L
o el b L W / e
ey =g pplpns, o P aln oy T Y
o e B e iy pri e ghite Femiry 8
e bl 5 L - =l A
[ = 0

UNITED Bx=2 l- 15
IMAGING P



Comparing to Conventional Scanners

CONVENTIONAL PET

EXPLORER

’ \x_

EXPLORER sensitivity
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el » Adult: 40X
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UIH UMI 780 1.60% » Pediatric: 20x
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Discovery 710 0.75% > Brain:(5x
Philips Vereos 0.57%

» Single organ: 5x
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UEXPLORER Can

Image Better Image Longer

i

>5 more half lives

Conventional PET

time

ML

Image Gently (Lower Dose)

Total-body PET
Conventional

PET

EXPLORER ~0.1 mSyv

FRA-PVG round-trip
~0.1 mSv

> 6-fold improvement in SNR Annual natural background

Conventional PET

Image Faster

!I‘i]

10-20 mi:;

30s total body scan

EXPLORER

EXPLORER
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B ETOF-PET ERI T {E

M-06-046 - Preliminary Performance evaluation of the PET detectors with UIH PET ASIC (+1.73

S.Cha, 7. Han, X. Wang, J. Ni, B, Lik'D. BiUH. Xie, Z. Li, Q. Zhao, Y. Sun, 5. An
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Preliminary results of the performance characteristics for the new digital uMl Panorama PET/CT system (#1282)

Y. Liut, v. sund, Y. Wul, L. Hel, D. Hul, v. Dongl, s. Ant,v. Dingt, 5. chul, . Bil
1 Shanghai United Imaging Healthcare, Shanghai, China
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10ps challenge

Endorsements

hitps://thel0ps-challenge.org/

ICPR

{Values .
ﬁﬁr Initiative
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g The 10 ps TOF-PET challenge
a step toward reconstruction-less TOF-PET
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TOF-PETH AR BV

Low energy

511keV gamma

ANA—

FRPETWNRGEM: ALRRELYSO + SIPM + iEHE

/

Scintillation:;
~ - rise time (T)

—~  decay time (T )

—  intrinsic light yield
(ILY)

—  Cherenkov

Hpd™ & =

Electronic
photons (-420nm >
for LSO:Ce) signal
P : Time
\ — information
_Scintillating [~ | Photodetector Front-end .
~ material |[—® (SiPM) electronics
. - | = "
i —a= \ . Energy
\ \‘ information
Crystal: - photon detection — electronic and
‘ Iight_transfer efficiency (PDE) baseline noise
efficiency (LTE) ~ signal rising slope

- photon transfer
time spread (PTS)

single photon

time resolution (SPTR)

additional randomly and -
correlated photons
generated in the SIPM

(dV/dt)

leading edge time
discrimination

Figure 1. The three main building blocks of a typical TOF-PET detector (Acerbi and Gundacker, 2019).
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TOF-PET:
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‘l l LuAG:Pr 2x2x8mm? ; 0.43 'H‘Y@_-m 1 keV ( 340 keV for plasties |
" % BGO - D eprrs PTS— 39 ps
— i1 1 Energy deposition is 511keV except for BC418 & BC422 it is 340keV
3

% GAGG: Ce:Mg Csl:undoped (PDE=17% Meltimount coupling)
——

CTR FWHM | ps

Primarily crystal size and FBK N

0.01

0

1 —i
%5 GFAG
BC418 Zug— LSO:Ce:0.2%Ca
J " LSO:Ce:0.4%Ca BaF_ (PDE=22% of FBK VUV-HD SiPM
LYSO:Ce '»,"""’W._F._—‘ and Glycerin coupling)
Mgy -
....... u..,.,‘ml:r:.:l. PR
Cshundoped " tmisin, . DC422
30 o (exmrapolated with 0, " -=RE e
PDE=59%)

e e i G e v ve— “m“1
BaF _ (extrapolated with PDE=59%)
UV-HD 40pm SiPM readout (PDE=59%)

5iPM SPTR and PDE. (Gundacker ef al 2020).

initial photon— time—density | photons/ ps”]
ILY & cneray! | tdeff{ 1.57 ©,+1.13 O sprpsprs) |

Figure 2. Measured CTR (y-axis) as a function of the scintillator intrinsic timing capability, given by the scintillation emission
initial photon-time-density, on the x-axis. The black dashed line shows an analytic CTR model (Vinogradov 2012} only

dependent on the scintillation kinetics and intrinsic light yield (ILY), taking into account the light transfer in the crystal and the
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TOF-PETH A BUHRN

1. BEN&EHE, XFEHERES, ANAXRENERER, HEMILEARF, EESPHRRN, MR
Eo LY)SO:CeZ XRER B —MHEE X -FMBEINTIEI, LaBr3:CeBMMERRI, ERZME, HT.

2. ATHRFEENRE, RESE—ENKEE20mm), HEXFESERAEHEENSHEESEINERZRE
BREBEEZSIAFEERDOI(depth-of -interactiony 7} , #H—FHEIMERE

3. X EFEFAISPTR(Single Photon Timing Resolution)fIPDE(Photodetection efficiency) S CTREVEZ MR X, =
SASIPMEYAMTIRH, (EXRGECTREVEHHMR.

ZHMNKNERE+SE S E SRS PETIRNEZEH, PREI T TOFKEE100psES .
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Achieving 10 ps coincidence time resolution in TOF-FET is animpossible dream
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Direct positron emission imaging with Cerenkov radiator integrated MCP-PMTs

nawre ARTICLES
thIUlUCS bt st ory /W0, M038 A4 1566 021-00871-2

Ultrafast timing enables reconstruction-free
positron emission imaging

Sun |l Kwon 0%, Ryosuke Ota’*, Eric Berg'®, Fumio Hashimoto &2, Kyohei Nakajima®, lzumi Ogawa®,
¥oichi Tamagawa’, Tomohide Omura®, Tomoyuki Hasegawa® and Simon R, Cherry 0™

1) Using Weow ot as the mechanism to achieve a fast timing signal. Light rise/decay time <10 ps
i ; ( he ph to optimize light transport and photo-detection timing properties
(3) Apply e LW as a standalone algorithm to predict the timing mformation from the measured detector
waveforms
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Imaging results of dPEI

20 Hollrman beain
pihantom (0184 men}

Spatial resolutson
phantom (9102 mm)

Image quakéy
phantom {330 mm)

@3 @1

I » y(TOF direction)

:

Limitations

Low coincidence rate: ~1.65%
Long acquisition time: 2-34 minutes per

measurement position, 4-24 hours for the whole
Image

High amount of radioactivity used: up to —~1000 MBq I

| MCP-PMT: bulky and small sensitive area \

SUNOY

-— - N — — - — -

3 mm rods can be resolved, indicating a spatial
resolution on the order of 4-5mm

The spatial resolution is in line with timing response !
of 32 ps

Future solutions N

Usmg a hlgher atomic number radiator such as
PbF,, BGO, HfO, |
Increasing radiator thickness

Developing multi-channel detectors that can

be tiled together, and then using multiple
detectors arrays to increase geometric

coverage and collection efficiency.
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Meta-Scintillator

Recoil electrons produced by 511keV y loosing Schematic of sampling pixel
energy through a dE/dx process. For dense organic S
scintillators, the recoil electron range reaches up to 2 % 'Zé
around 500pm. 1 Q@ﬁi@g““ |
Sampling pixel: first generation of composite a_\ %
metastructures, a high-Z host and a fast emitter, //,
cut in layers with thicknesses of less than the recoil Eeontht /| |
electron range and arranged In geometrically \ NN “'
periodic alternating positions / \\ Rdciold
The fast material is driving the timing »/ M
iImprovements, and the heavy scintillator provides i, P_" |
the stopping power and energy resolution. phelige Ft ol

hotons
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Plastic based metascintillators
LYSO/BGO + BC422

schematics and picture of the sampling pixels

BC-427 BGO + BC-422
3x3x0.25mm> sampling pixel

: 7 _ LYSO/BGO
3x3:~:0.2mm3

—

/XB

CTR measurement sstup

LSO:Ce:Ca
ref detector

Voltage-amp
Energy

HF-amp 1.5GHz

Time stamps

Sampling pixel

Voltage-amp
Energy, Amplit

HF-amp 1.5GHz

Time stamps
Rise time
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LYSO/BGO + BC422

* 511keV gamma detection efficiency reduced ~40% compared with bulk LYSO/BGO
* 511keV shared events: rise time < 100ps, DTR 67ps (equivalent CTR of 95 ps)

Integrated charge vs. rise time

-
0 I[,_E)<10
g 80
g 0.4 . -0
m -
0.3 BGQ{:{HﬁD!Oﬂ . =60
Swfe 0! I
0. : ‘é G =50
0.2 ' N |
=40
0.2
=30
0.1
20
0. 10
>t:1('.."J9

Intearated charae @200ns(V*s)

DTR FWHM (ps)

106

70

35

Measured results

54.4 %

Compton

112ps BGO + BC422
- 67ps
BGO el 15.2 % 117ps
2x2x3 511keV shared 511keV BGO
LYSO + BC422
A Y = 39ps 5.4 % ot
S4p3 511keV shared (85
‘ 511keV LYSO 57ps
LYSO:Ce -
3x3x3 &  4lps
i LSO:Ce:Ca 2505
2x2x3 ; . |
BC-422
| | | ¥
0.0375 0.075 0.1125 . .. 0.15

Effective photon time density (V Nphotens /ps )
IMAGING



Nanocrystal based metascintillators

CdSe/CdS nanocomposite

* (CdSe nanoplatelsts: one of the
materials with fastest radiative
recombination times

* Intrinsic short-comings:

— Lower stopping power
— High selt-absorption

— Organic ligands needed for surface
passivation

CdSe/CdS@PS1%: CdSe-based
nanocomposite 1% weight

concentration, uses polystyrene (PS)

as a host matrix

CdSe/CdS + LYSO

sampling pixel

multiply x5 LYSO:Ce
3x3x3mm- - 3x3x0.2mm?3

Cd5Se/Cd5 core crown nanoplatelets drop-casted film
Effective deposited mass equivalent to 20.m
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Nanocrystal based metascintillators
CdSe/CdS nanocomposite

€ Transmission of CdSe/CdS
nanocomposite
€ Very low transparency

€ CdSe/CdS@PS1% @ CdSe/CdS@PS1% light output
obtained in a time correlated

single photon counting setup with

¥ Emission centered at ~530nm
€ ~100 photons /MeV

40 kV X-ray
S 1547 - LINQ:Ce € Rise time <1ps, time duration
= divided by 50
e <1ns
7 le7-
> %5“ y —e— LYSO 200um
e = 10° =
& c = —— CdSe/CdS@PS 1%
@ 9 - "
- # . 7y} 4 =
4" J80 0 i
o >
= = o
[ 0 W vl
- 2 5 10 5 ?
B L = o
= o . s
0 T T E B .
e
300 400 500 600 700 80O M—LYS0:Co 200um 3 10 .
emission wavelength, nm L— CdSe/CdS @ PS 1% s00um| O & ; .
_ ¢ s H— £ F oo 8 Rees y . -
Fig. 6 High-energy cathodoluminescence emission spectra of CdSe/ | CdSQICdSI LYSO 20”'“ Th v L ok o Prred E"
CdS@PS 1% Curve (1) was recorded in the 0-200 us time gate and 200 300 4{]0 500 600 700 800 10—6}@%& 5 0e
curve (2) between 0 and 32 ns time window relative to the excitation wavelenght (nm) ;-m' - - AR __d l'. oy q-',. o }(103
30 32 34 36

pulse. The CL spectrum of LYSO:Ce was recorded in 0-200 us
time window
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CdSe-LYSO sampling pixel results

€ Rise time measured in a time € Energy spectrum obtained with a Na22
correlated single photon counting

source

@® CdSe-LYSO shows significantly
decreased light output and poor
energy resolution

T— 250 .‘-‘.. . - LYSO 3mm? .
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€ Delay time distribution for all
CdSe-LYSO events in coincidence
with integrated charge higher that
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UNITED Bx=: l
IMAGING



CTR values achieved with a first generation of sampling
pixel detectors

€ CTR values achieved with a first generation of € CTR lower bound of a hypothetical 2 x2 x3

sampling pixel detectors

mme meta-scintillator
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Summary of Metascintillators

Metascintillators have potential to enhance the timing performance of TOF-PET based on
conventional inorganic crystal

Published results show that 3mm length sampling pixels achieved CTR <100ps with greatly
reduced 511keV gamma detection efficiency

This approach has to overcome significant barriers relating to their deposition, orientation
and ways to avoid self-absorption

Increasing the total light yield of CdSe-based nanocomposite in a factor 100 provide with
the photon-time density is critical to reach ultimate time resolution for a significant fraction
of the events fully contained in the proposed hybrid pixel geometry

Much efforts need to be made before it can be applied in PET scanners
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Summary

« EHENMFZTOFKEMH@MKEEPETNABHET ., £BPET/CTELSwXEFNEA

PETHRMA Z AR THERAFNBOR, TOFRTE 2R, =EMPFRNEE NIRRT L WIS,
RFNZZEETMIMN. KHEEEMRER

- HIDE10F AR, EREAPETEIRALY)SO + SIPMEBEARSEHY, BHalE&EA R T s

180psZkEf ., B 4200pskE A MKE
* LY)SO + SiPMAY R T, EYLHERISIIMEFS100pshITOFKFE
- FADREXBEHATUEAEFNTOF, BEEXALEHIANER

« Zb-&fast material fl heavy scintillatorfmeta-scintillator o B3R {48 7RI TOFM: REANES &7

stopping power, BEESHATEEFHISESE.

MREFEIZXF10psBICTR, FERGFSEMME | = EHEETHEER,
REAFIENEHE .. SEERN X ERENRFNESHER .

+ HEEBMITUERIIRSE!
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PASSION FOR CHANGE

United Imaging Healthcare Co., Ltd
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