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Advances and future directions in ultrafast fluorescence lifetime imaging microscopy
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HOEFMIL, HOES TN SN B IR EIRE~ R D £ TOREREH & L TER I 1. Jib
L Y 0D R AR T R0l Yt 3R D SR TR BE LR A LA WE B RN T A — 2 Th D, MA T, 4t
FEA T HOC I F OB PHREEICIS U TR T 2720, MaANOM/NREDOZL A2 HET 2
FEELTHHATH D), O X5 s, bdda it 2 BMETEINT. Ekodat
BREE N — A OPAMESEE L i LT, K 0B CEEMEICENTZRIEEN E LTEREED TN D
[2,3]. —75 C. kD ECHEMBMEE TIE, RGEEPRRKTHOET AL — MEEICE EED
R 7P A DFHAIR, KIBL 2 MR [ O EHT I IX BRI 23 do - 72 [4],

ARFEFRTIE, Fox BREFEBIH L=, 10,000 Eifg/ADLL EOfRAGH B 4 EHL 9 2t m il a5 i
W A7 LB & OIS, RO L GFE M BMEEE O mE iR g it & 2 AW EFIG
AZOWTHERLT 5, BAMEE S 27 M 3—MiC, BB ROEBEWC L0 ARG L — 4
Ry MEERIZKI SN D2, BAFEMEMBEORBLICB T, BiE TIIRESR, %5 Tk
FRBI R DTN RITHER 2 X2 TV DH[4], Fiz. HRfGHEN 100 B4 H x5 Z & T,
FRRE A NA 7 D 25 Tl 2 Ml OBIERR0 . B 72 8238 1T D B R 4R [ 00 K HUSLARAT 73
ﬁ%%k@of%fwépﬂozibt@% L0, HOCHFMUEMETIEITMIEY Y. A

AR 2R 8 OIS T L BT e B SR R B A& WTRBIC T S BRI & L CHifF STV D

[1] M. Y. Berezin and S. Achilefu, Chem. Rev. 110, 2641 (2010).
[2] B. Torrado et al., Nat. Rev. Methods Primers 4, 80 (2024).
[3] A. J. Bowman et al., Science 380, 1270 (2023).

[4] H. Kanno et al., Biophoton. Discovery 2, 030901 (2025).

[5] H. Kanno et al., Nature Communications 15, 7376 (2024).
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Mid-Infrared Photothermal Imaging Flow Cytometry
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ThHH ., MIFEEST I X DA RO L WS T EHZ 2 TV D78, IEERTIE
I2& D IFC OEBNREENTWD, KB, RS FIREBEMEEZ KT -1 I~
BEEEIC L2 IFC oG b e SN T&E 721, 2], —F., FilIEEsFEe LT, I~ UiELe
AR 72 T MBS ATRE 72, FHARIMIIIC & 2 Y BV CAE U 2 B o JE T3 281k 2 "R R
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BECIX, RSO ONJIRBE & OFF JIREED TN ZN DM % 255 T 2 BN B D, ERFIET
Tonbrd A A= b 0R D7 L— 50 (~ns BIfR) TEE L T\, 7 L— A THIE
RBNEN Z L TE—Va v T—T 4777 "BAEL, F@mEiRE S O 7 LTl ON/OFF
FEEEORICHREN~BE LT LE S 7=, IFC ~DEMARRNETH 7= (K 1b),
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VT, 20 ns [EIRR THIARSMDE ON/OFF IREED W 2 A A — B H D 1 7 L — AN BEL THLD
AT LA IFCICEMT 5, ZOFiEZHWD &, HROBE) A2 EHE T& 2REE T
VLB CE D, EBRC, AKFGERN 9 cm/s THEHZE6 im AU AF L BE—X&fF L, BB
INE—27 Thbd 2925 cm BT AE—arT—F 475727 hOROKEEEE OGRS L
72 (X 1c), ABHHTIREF~A 7 077 2F v 7 OFHESC. fIENIRE A0 OREFHIRET 72 &~

DISHPIIFRFF SN D,
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[ Proposed P
Time
5 pm

00
ON OFF 00
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Fig. 1 Experimental platform toward realizing mid-infrared photothermal imaging flow cytometry. (a) Schematic of the
experimental system. (b) Comparison of the conventional and proposed methods. (¢) Photothermal images of a microbead
flowing in capillary. MIR: Mid-infrared.

[1] Suzuki, Y. et al., Proc. Natl. Acad. Sci. U. S. A, 116, 1584215848 (2019). [2] Nitta, N. et al., Nat. Commun., 11, 3452 (2020). [3] Xia, Q. etal, J. Phys. Chem.
B, 126, 8597-8613 (2022). [4] Shaked, N. T. et al., Adv. Opt. Photonics, 12, 556 (2020).
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Evaluation of cellular structures in cells cultured and rapidly frozen on coverslips:
Toward time-deterministic correlative light and electron microscopy
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UOsaka', UTokyo?, UOsaka OTRI?, °Yuki Maeda', Kosuke Tsuji', Chieko Saito?, Kaho Fujimori?,
Masahito Yamanaka', Masahide Kikkawa?, Katsumasa Fujita'>
E-mail: fujita@ap.eng.osaka-u.ac.jp

JEFRAREE & B BARE WO E A BB METIA L, B TIER AR Y T L O JRTE
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ML 2 Y ABMBLEE TE 570, TED X I AN A X hiz) Tnwo) TED XSz A4 I
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REIZZ2 D . ZHFE THEITE TR TN A F 3 7 2 DR 22 i i & Al o ok ik
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ABFFETIE, RERIRERL Y T A A RS L FRE OB TFIEE AV, B A=A T A ETH%
U 7o e 2 O RS [E i L 724, PR BEMSEE CHERL U MG 2 8122 L. Ot AH BA BRI B1 23
WS TE DD EMGE LTz, FHIERME O A= T X L Claz 58 L7c#IcI har R
T AaORERR U MRS A A a O BEAEE TRERE L 72 D 2T X AT A & W CRRaE FE O f% 1
AT O L, D%, AN=HTALENDH-190 °C DT a /v VR H ARG R &
BT T L AR L e, SR LI 2 MO T,

BIRELHE, EEE I LcRIc, EAME FIME CRlE Rt

U BASATIC A — DM CBlgE L=l & Eha bt B8 .3

FREX IR T, KERTHOLNBIRBE T, I b=
¥ RU TR EORMBN/ IS E OMMEESBIE TE TR
0 OKEERRBIRRE & B 2 5D HIEGREITR b0
olz, ZORERNG | RERIRER 7 T A 67 BAMEE T
D MRS OB T, B BRI L D BRI+ 40 IR
ATE200THY Atk JoF IS L CRURmRR L7 and SEM (gray) images of a HeLa cell
MR & | IR & HERF L IIRIE CHUREEMR T E 280 %  (ryofixed by pouring liquid cryogen
FAETE AU RERL 7 A A SR & B from top of the sample coverslip. The

G517 & 20 A BB EE B N B TR % - LSRR cell was stained with PKmito RED
T, (Ex : 549 nm, Em : 569 nm). Scale bar

Figure 1. Marge of fluorescence (red)

is 5 pm.
%% 3Lk [1] M. Yamanaka, K. Tsuji, et al., bioRxiv doi:

10.1101/2023.08.01.551103
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Design and Performance Evaluation of Extended Depth of Focus Intraocular

Lenses
Yen-Ting Wu, Xang-Fan Lee , and Jia-Han Li"

Department of Engineering Science and Ocean Engineering, National Taiwan University, Taipei 106319, Taiwan
E-mail: r11525148@ntu.edu.tw, 113525097 @ntu.edu.tw, * : jiahan@ntu.edu.tw

1. Introduction

Cataracts are the leading cause of vision impairment globally,
affecting over 50 million people and responsible for one-third of
global blindness cases [1]. Caused by age-related protein
aggregation in the lens, cataracts lead to opacity, contrast loss,
and eventual blindness [2]. Surgical implantation of intraocular
lenses (IOLs) remains the only effective treatment.

Modern IOLs have evolved from rigid PMMA materials to
foldable designs using hydrophobic acrylic, improving
biocompatibility and enabling minimally invasive procedures [3].
Optical designs now include aspheric, multifocal, toric, and
extended depth of focus (EDOF) lenses to meet varying visual
needs [4].

EDOF IOLs aim to offer continuous vision across multiple
distances while reducing halos and glare seen in multifocal
designs. This study presents a hybrid EDOF IOL featuring a
sinusoidal diffractive posterior surface and a freeform aspheric
anterior surface. Using the Liou & Brennan eye model [5] and a
custom hydrogel material, we evaluate the design through optical
simulations and modulation transfer function (MTF)
measurements to assess its imaging performance.

2. Methodology and results

To evaluate and optimize the optical performance of an EDOF
IOL, we adopted the Liou & Brennan eye model optical simula-
tions, incorporating accurate anatomical parameters and spectral
dispersion across 380—750 nm. A hybrid optical design was de-
veloped featuring a sinusoidal diffractive posterior surface with
adjustable phase parameters to tune energy distribution among
diffraction orders. Among three design types, the Type I configu-
ration—balancing far, intermediate, and near focus—was se-
lected for its stable imaging performance. The anterior surface
was optimized using a Binary 2 freeform equation, with curvature,
conic, and higher-order coefficients adjusted through a merit
function to improve modulation transfer function (MTF) and
minimize aberrations. A hydrogel material (PH30S) was used for
lens fabrication, with its refractive index (1.5277 at 550 nm) and
Abbe number (39.1) measured and fitted using the Schott disper-
sion formula. The final design was validated through optical sim-
ulation and experimental testing using the TRIOPTICS Opti-
Spheric system. MTF measurements at 50 Ip/mm in air yielded
0.427 (sagittal) and 0.269 (tangential), closely matching simula-
tion results (~0.38). As shown in Figure 1, the EDOF lens con-
sistently outperformed a commercial trifocal IOL across near
(80 cm), intermediate (120 cm), and far (infinity) object distances,
with the most significant improvement observed at intermediate
range. These results validate the EDOF lens’s ability to provide
extended and continuous focus with improved contrast at all dis-
tances.

© 2025% ISRYMER R
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Fig.1 MTF Comparison Between EDOF and Trifocal IOL

3. Conclusions

In this study, we proposed and validated a hybrid EDOF 10L
design that combines a sinusoidal diffractive posterior surface
with an optimized freeform anterior surface. Using the Liou &
Brennan eye model and a custom hydrogel material with experi-
mentally measured optical properties, the design was evaluated
through optical simulations and experimental MTF testing. Re-
sults demonstrated that the EDOF IOL achieved high image con-
trast across far, intermediate, and near distances, with superior
performance at intermediate range compared to a commercial tri-
focal 10L. The design also showed effective control of spherical
and chromatic aberrations, confirming its ability to provide con-
tinuous vision with reduced visual disturbances. These findings
suggest strong clinical potential for the proposed EDOF IOL in
improving postoperative visual outcomes and enhancing patient
satisfaction.
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Bactericidal evaluation for Staphylococcus aureus in water.
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Fig. 1 (a)Electrostatic adsorption of gold nanorods on an exosome. (b) Schematic of plasmon-induced
aggregation of gold nanorod adsorbed exosomes. (c) SERS spectra of four different aggregated exosomes.
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Non-invasive real-time prediction of glioblastoma DNA methylation status
— Blood lipid characteristics captured by infrared absorption spectra —
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Fig.1 Methylation discrimination from plasma IR
spectra. (A) Discriminant score (B) ROC Curve
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Fig.2 PLS prediction of methylation rate from plasma IR
spectrum. Predicted value relative to measured value.
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