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LR AR R SRR RHEOR R 2 580k, S = i
ZRAETT OGRS A A N 35 e T AR A
2025 4F, Wang S5 #4248 1 (continuous vari-
able, CV )5 BE S AFAE B FARE AZ BRI i 43 1 4 7K A
JEIYAZ G R, B8 IR SEEE T 3T R OB E RS
PR TR, BT A L OV SRR R K
FUBEZ0 5%, S0 T R AT R E 5 . Kramnik
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Standard paradigms

Standard prompt

You are an expert in
optics and photonics
with access to neural
network-based metalens
and superpixel design

Tool calls

Standard LLM

[ Final response ] [ Final response ]

(a) BIEERTNEFHIY (Large Language Model, LLM ) B F-iF5R1fE 7=t

(a) Inputs: MetaChat text chat interface
oo  —— |

Design a silicon superpixel
deflecting 800nm to 35deg.

Outputs: design files,
simulated performance

AIM(b) SR ()i UL BET 35 | Python THHA0 LKA RIEHR 12 2

& 12

Our approach: Agentic Iterative Monologue (AIM)
( AIM Prompt \

You are an expert..
engaging in a continuous
conversation..

You have iterative
access to numpy, sympy,
neural network-based
design APIs, and a
materials database
expert. You can talk to
yourself and have an
internal monologue. Plan
\ out tool use to use
information gathered
from the tools at
subsequent iterations.
Guidelines:

0. Think step by step.
Break down complex
problems into steps and
plan your approach

o )
Standard chain-of-
thought prompt

You are an expert in
optics and photonics
with access to numpy,
sympy, neural network-—
based metalens and
superpixel design APIs,
and a materials database
expert you can chat
with.

When solving problems:
0. Think step by step.
Break down complex
problems into steps and
plan your approach
before solving.

1
1
I
1
1

Surrogate solvers

FiLM-Conditioned WaveY-Net

Numerical
solvers

Symbolic
solvers

Final response

before solving.

A\
(b) AIMEETRHEME

N 4 4

MetaChat automated design framework
Metastructure design algorithms

Superpixel deflector ~ Multiobjective metasurface

Python compute packages

Plotting
visualizatio
#

(¢) MetaChatHESE 1 %

TIEARAS T, K T AR A () T
MetaChat #8 2 1% 11 ¢ ERAE AL

Web-scraped SQL material database
Silicon Titanium dioxide

Scientific
compute

A/pm
{cntatlons 1031,

Z/um
t t {cnatlons 4852
expert agen r: 1983,.)  year: 1951,.

TS AR R BT (d)

1.0 —
- 46 GHz _
1.0 o8 oo 5 15 s
Ml QD RF s — gg 822 g )
1 Excitation pulse < 06 S z 2
08¢ H-mode ‘g ’ g 106
- =] =]
B [ V-mode g 0.4 S 1o} los
& 06 =02 = g
B =2 {04 8
'z 0 . Iy 2
% 0.4 0 2 4 6 8 Eﬂ 103 &
= Excitation field amplitude/nW®? w S5t
< ]
o (b) RIFIBKFERG MR F o= M RRAOLT 5 02
i Q
° 0.04 » ;é 10.1
= 0.02
Of . . . i S " ofs . . 10
884.0 884.5 885.0 885.5 40 50 60 70 80 90 100 0 0.5 1.0 1.5
Wavelength/nm Excitation pulse width/GHz Pulse area/n
(a) S B RIRAOL T IR R T 5 () ANIRIIK & R X R 4 B 7 2 (d) BkTEM69 GHZ, JEHRVOLET

K13 Bk B IO 1

S frE A O A AR B AT I ) T2

T T RO 37 MR AY R L
G TIR
metal—oxide—semiconductor, CMOS) T. 2 # L F—t T

i =1

LT {J]%ll

JE U . R S A LN SRR, $ i — T
TR 45 nm B4 )& A0 214 (complementary

www.kjdb.org

PR RS, WE 14" F0R, 1% 250504 i Y
X 220 pmx190 pm, ;& K 4R A 12 A OG IR, 78
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WF5E

T DRG] —10.4~—1.2 dBm BHEH 8 T4
P, ATHRAEARSS S I S LR 2 AR R R 121 T,

A& (complementary metal oxide semiconductor, CMOS)

AL T T RGAR A AT R, sl i

Jods FrOMER SGARR AR, v EAb R A RS TR el RS EOR fLS R B TR T

(b)

- +—190 pm ——

(2]

Feedback-controlled
- - SFWM microring
Vertical grating coupler

(d) (e)

= p-doped spoke €3 Heating clement SFWM microring Clock distribution
mm n-doped spoke Electrical contact Ty Current mode | o 5
ped sp f“ "%\ <[Hiogic to cMos[ T 2Exermal
Ve A 'Qﬁ” f‘l Voou converter [ +& cloc
5 Q Q
I = ADC clock DAC clock Heater
Photodiode Heater (31.25 MHz) (500 MHz) Commjand
Sensing 10-bit digital
am | delta-sigma modulator
.~ Transimpedance I Digital
‘__:}r_n_lzl_lt_'lfs_" = 500-MHz controller
= 1 50~750kQ pulse-density ~ DAC clock +
Vopa ' E modulated FPGA
| ! waveform interface
= ; A 9-bit | [512x digital
. Offset ! ol ADC [7| averaging BE
7 1R adjustment ! ' J
N DACs L eDC Digitized
Free-carriet sweep out ' : preamplifier - ADC clock photocurrent
L | 50~750kQ !

(a) 2B T T T B B UEL; (b) 2 mm x 9 mm HLFHET CMOS (5 J1 58 8 L (c) CMOS i J7 (81 AR 152 8] BNV Ha B Al S 0 145
(d) A p-i-n "W SFWM (EALHERIEL; (o) SBHE R SFWM RERRS IR 78 2
K14 mrotrETh LRS

32 EFUESEFMNEARHAR
321 KRLIEe®RERE

AL T — R R B R I 2,
fEh BT AE ML T R R
J'& . Feng S0 1 4 A% 1 T4 i 6
SR SR, T e 4 A 2 B ) DL 1 B R B, S
BT AR ELE A T OE T 2 45 3R T (controlled—
NOT, CNOT) K3 A& 25, Sl 7B Ab & 45 s A i
PRI TEAE AR oo, BT B Tk

36

EFa e SIEHRR, Guo SEET WHE 7% TP acRiE
5 e 7 R ) 1A ASUAT T R, 2 T B AR AR
8 Fof 25 WG )RS B I BI040 SR, FE RO JR 7R
ERNINEA=B e R 6 - A A S e/ g 1 et F 7
P& T+ A7 A 203 A A 7Y 3% TR 35 (Four—wave mixing,
FWM) M (18] 15)™), SE8e5C8l 1 60 MHz 4 5E i T
SER T, BOCRFIE 94.61%, LT KF- T I6%&
PR ERE IR (98.9 £ 0.1) %, Ui & WAL S0 7 201k RE

www.kjdb.org
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\

, anti :

Etalon D3

..........................

AOM
Read laser 1

.............

_________

_O-{ltput
M ang Etalon
FM L

Pulsed signal

322 ikuE

SR B R R 1Y 2 R 2 4 [ 20 BOA S T AR
M, RS A A AT A AR T
EAT- 5 o 2025 4F, Jia 55— D5 MR RGP
& LR i AR A g AR 7 R A% R, T IR A
RACHE SR BB S i S T R P i e
2R (K 16)™, %5 5 TR IR 2544 B Y
i R, 38 3 AH T 2 2 T 4K (coherent poly-
chromatic pump—detection, CPPD) K, 456 H & X
45 (spontaneous pair squeezing, SPS)-5 7 Hi 4% # 5} A
ML R, An B AR 2 8 I P AR BB AR, 1 17T o
Fh etk G R SEER A 2R A g g5, B E

JI]l:l: N
AOM: 341l #%; Glan: Glan #45%; QWP: MUy 22— J; FR: R0 55 e T/\E';Z:mﬁ,%‘f s jifi van Loock—Furusawa YED_'JJEE
e FM: BiFL 585 D1, D2, D3: #8I4%; L1280 n(HEA0); BEA H SRR S22 G TR AN PG I [ s o) ) M
5
e P H % £ 745 14 49%~8%, 1241 4 16 92 i 200 MHz
el I
1S B A RIS RAE S & B T R
(e) 0 Py P, Py
g
S )
z
2
19I2.5 19I3.O 19;’».5 19;1.0 19;1.5
(f)
g
5
2
E
g

192.5

(g) ERF Geﬂ Polychromatic LO !

194.5

193.5 194.0

Frequency/THz

193.0

f.5 |PID
Programmable Lo,

1550 nm -#»
=V

L. ()

G)of
l-‘-ﬂ““”fl

[CV cluster-state chip)

= laser

Polychromatic
homodye detection

Multimode
cluster states
Sa CPPD

(a) W BARSH; (b) HI4 AR 114 um FALEEBOREIR 25 69624 BAEE EIE; (o) (d) B0 R 1 umx800 nm fYF:LR I 5 51 18] i >4 400 nm £
AR S PR R LB ENR (o) () BRI R SLMDE; (g) CPPD S804 &

Bl 16 HT A MEEE

323 H¥RETAM

AR A R L R AR R R e i
il b, 9T R, R — RS AL TR B
1 G BRI 265, S DAL I 0 X A — 22 1 7 PR B

www.kjdb.org

SR ik 20 R ) SR SR PR TR A e R T

2024 47, Liu S5 i 7 BN DA 2560 25 1 R
RIS SR G R LR, M T i 34
ST R R LR R AR 19 (B R E] R 12.5 km) Fl
— G IR S5 A 4 B R R T R 4, B

37


http://www.kjdb.org

FHE SR 2026,44(12)

WFsE

A BT IR IEIE A 2 R B B
2025 4F, Li SFHEDE 221 R, 1 Bk 1 il
15 v T AL AR AL B A LR B, I B i 3
BT UM TR R AR A T R e (1K
17)", 5% ] 625 MHz HLS00 0 8 il 1% 80 0
% (quantum key distribution, QKD) Y&, 454 T2 %

(b)gs50-nm

ISO LR
QLD BS1 :
,_,.._ PM1
812-nm ]

CLD1

== B2 WDM R
Sw= 1538-nm
812-nm  RPD
CLD2 1
P
(c) =~ CM2
i F1
DM2 M3
M4 g 2
M1 B Q2
I ATT M2
. JWPSDMIQ 2
— E3 FSM1
CM1
i 1 F2
CAM2 CAM1 hé
532-nm -

beacon laser

B4 5 IR R 9%(0.55~1.6 prad) R B 4 R, S
9~10 prad MG A HAA, # E H 812 nm/1538 nm
LI G {5 B I, 0 IR 285 S 2508 5 4853 1 SE 4k,
PR TR B R AL 1071 U7 bit 244, oty
SRR T AR RS A T N 45 B T G EE
ARELA

(d) v
T
caM4 BSE—Qpms
DM3 FSM2
ofjf-e-s-atly - L
BE =
HwprE MV

—
785-nm
beacon laser

(a) 2 QKD L8 ; (b) QKD JLIRALG (o) TEIE LT (d) MEH5E M I3 8
BT 3R — 5l TR S A T 3 R 4

33 ETHEEWMNFRIER
3.3.1 Hifain

2022 4F, Shen S “VE X RGBT 4 9 2 KR
B3 FR s (][R]0 53 R PR JE B A Lo [
SEPLT 113 km [ FH S ] A9 S A I TA] 3R 55 K
2024 4F, Han 45 HE 25 (]I (0] 3505 0 R BOR, BTxHE
45 XU 61 (dual—comb spectroscopy, DCS) JF U
DM PEES R R T 20 km A9RZCo )R, 42 H 305 = DCS
Ty G TSI 113 ke i Y OG04 oA B SR
(B 18)™, 277 22 fl 5 B 1 3 5 AR AR T UM 34 A

38

PAIR 22 58, SR A 1 W D622 %A . 400 mm
FLAR SO R R B {1 ik SR AR R AR, AR
CO, Al H,O HIMISETE, SE3 7 nm Y634 % . 10 kHz
BIRR B, 3R T HBE B T RO DCS ARSI
3.3.2 mBEEHHK

2025 4, Liu S5 XL Ge i B WA O IR
SRR TETE TR L KRR RS RBR, 41 I
SEEL T KL F Aol AE e B I T R (E 19)1),
K 8 AMAHALIN ST SO & S S 81, A B R A it
X £ G HR A BEMLAR (2 18 ] A RO IR B, Sl i 5
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Comb 1
Tele 1

== “|I|.

Y Frequency
.
1
Mim)\\ Tele 2 -
. il ||||I|
® Comb 2
PD PD
(a) HAFEHIDCSHMIL T Y W 2750 2 S e 7

) Frequency]
standard 1 p e
! i Tele 1 A 1

Cir
| e e et e
e
.|I||| I I | il |||||.

Comb ° omb 2

Tele 2

Cir

PD PD
(b) BB L

— Two uncalibrated frequency standards
— Two calibrated frequency standards
| — HITRAN H,O
— HITRAN CO,

co, H,0

(=)}

Absorbance
i

)
T

6450 6460 6470 6480 6490 6500 6510 6520
Wave numbers/cm™!
(c) MG SHITRANAY

& 18 DCS il

4 ;n"m

1.36 km

S B o
<§‘of«90§:;§cﬁ&i- ;“g@éff&é
R4

(a) EFHIREETHAL (b) R HR
Bl 19 1.36 km [ 4 (B4 B S 50 2% B 40

R dl B BN 1.36 km Ah B AR ] L5567, F
FHBCHE B AR PR A2 53030k 55 R U B BOR EAG M,
IS ZE AL Kb HAR IS, B 42.5 mm
H AR EE AT G BR (41.5 mm) $2TH24 14 £i5, BiiE
1 Bl WSO R i AT G B R,
FEM 1A B 2 35 A LA AR B BALE, A e
BEROLF UG P AT K Bt 137 S e

www.kjdb.org

4 KFERERIE

ARG B S SCHEIMFE Bk, S 5
HIVARLE AR AR O FORJERT, FoA K HE e
AR RUBE L I TRS FE SR S e ey BRR . Jn4E
K, BIGE SN EZI 5 HORS % il 2 4 CEOR B
7, ks m S AEOCIRRE ) . REVHE S I T
87 R UG — R E G RE: — 71, Hk SRS
k1) B R RO e BB A LA T, AN DT 0 S
TR YW B R 55— T, WOORS %8 ) 38 HKFE = e o
5 SRS A 0O B BLAE AL, ZE R
T R R o s R B AR # . DA L S 5
HMCZF A S FOORE % i 2 KOCHETT M), A A
RO B ) 1 S AR A R 2 e 5 R A
4.1 REIMLEARARRE
411 EUV REHE

EUV SEIEM F 3074 7 2R CO, Mo
Bt R v N Ra e A Y N A (1K U DA o 4 sS4 )
13.5 nm MY 58 AP Y BT Y 0.55 BUE FL A A
500W EUV SGLIRE R AizT, #E3h T EUV @45 il
1 (high—volume manufacturing, HVM ) B X% 21| 5,
TR Ty RO RN T B v R R S I TR A Y BT R
ez O, 0 H T I ) B, SCIRTES AT
RS A B B R e, WA B i G,
T RZIA A5 1) A3 FE H 8 70, S Q15T AR AR A%
LT3 Y P ala S (S P O Ny (127 - Ry
FEPERAT-Br . 2023 4F, Nakamura 45 R A ARG
ZI%E PN EUVOGTR I F R, $ 1IF Rt 12
T HE & [ i B £k i 3 #% (energy recovery linear acc-
elerator, ERL) iE3E EUV HHBLTHEOG(EUV Free—
electron laser, EUV—FEL ) Yt J5Z([& 20)%, i#id ERL
1 RE 1T [ SCAIL ) 5 S A B R, SEEE 10 kW
(4 BUV D3 HICB0E 15 5%, SHAFTHRN 6.6~6.7 nm
% Bt 1) (beyond EUV, BEUV )G, AT 3 i 2 £ {E L
1% (high numerical aperture, HNA) Y% 75K, &y EUV—
FEL "\ ACHEREBEE 1 HEA
412 RERALEIRIT

HNA R4 NE 4 ¥ A R, Bob2eooi

F B AP AR 25 b 2 5 I T4 1IN TR A AR B 5 620
55 EUV SR B4 AR B AR I e A7 7 B LU ™, %
2 238 5L 0 O A7 A RHES ™, PRI, X6 IR Bt B
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WFsE

Merger

Injector linac

3 .

, oY ¥
2" Arc w
M go® un

...... s Beam dump

""""

Parameter Design value

©Rey.Hori/KEK

Beam energy 800 MeV
Bunch charge 60 pC
Bunch repetition 162.5 MHz
Average current 10 mA
RF frequency 1.3 GHz
EUV wavelength 13.5 nm
EUV power > 10 kW

[ 20 T ERL 1y EUV-FEL &R 2 &kt 55k

R HE TN 22 5 51 B — P RO R R S G244
W BREIAZ DT B, H 5 AT AR BE Al & 45 ok Je it
TR A () R 5 | 55, 2024 4, Shao SRfHHLER
2] [ CZIARES &, 3210 T —F T B 3hidsr iy
WK E H 28550 EUV It & J2 1844 (ptychography)

(a) High-harmonic generation (b)

IR fiber drive laser
[1030 nm, 100W,
600 kHz, 300 fs]

Non-liner compression
[68 W, 28 fs]

......

Bk 215, SHRERLIE [ 20 nm &5 A4 45 R R Sl
A%, 16 17.30 1 17.93 nm B K R Se PR TS
W PR A3 #ER OKF 50 nm., T B 100 nm), i Ih R AF
3D Z5HME R, B5L T &2 U AE N 2 SR Tk 5 43
B T T AR .

EUV spectrometer

L17.‘£3 nin
17.3

nnl_ 1868 nin
A
A

EUV lensless imaging
.. CCD camera

(e)

] Harmonic selection
g | [AlZr multi-layer mirror]

4

(a) LLAMEMWOL BN 0™ A R Ui (o) oA o 2 UMY I SO IR ME HHG D'til; (o) BUV TEEBEMIR

A 21
4.2 HHABEZFREARERE
421 BHRExXmMT

FRE TR 25 A 1 2 T Ak B RV Y O T e R
DL, Liu S5 XHE GEO I PE sk =2 520 W 5 ke
Tt S 3k BN T BORR B YR 2 AL 405 1 [n) A, 42
H—Fh 25 A IR 2 2 5 R HOE Y sE PR RO TE Uk
J5 (] 22)9, DL 15 pm A 2 M5 ek B 40LT5 e
W, $EEE T 1030 nm RFMEOE . CMOS AHALSZES A%
145 XYZ W5 8% & AR SE R R 50, A2 iU 4%
YRR, 3 5 956 IO VERT a1 UGS I 25,
S B B TR U S TR 3 AT 1 S P TN, A AR

40

i F HHG EUV JE3KH ptychography 4 45 10 3256 1% &

RERLVHAE, HRBIAFCHOBRL . By 55 Wis i i &,
o AR S BN R R EOGAE AR U B R A
XoF FRE I AR SR T () SRR BT R
422 FLBRENE

A PR A T A B O TS U b B L S SRR A
i PERE A RS, O CEORTE I rh 4 0
A, TE 4 Jm R i i in T4, OGS A ) 1
(laser additive manufacturing, LAM ) 4% /K J& 5 i il 1
HRZ—, Al DAL Gt 42 o in TR AR IE A3 BHG
FIPERE, 2022 4F, Lu SFEFXHESE 3D TER 4@ 4
FETEIAVE 2 | T BB AR R SR Ab B | SO B AN 2 4 [R) R,
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Camera observation .
T R Camera observation field

Tlluminated field

Camera @—— -
B

.
Convex lens ¢—— .

Laser pulse

Dichroic mirror #——

Tllumination @——

~ ——8 20x% Objective

Slide with sample #—

—8 XYZ stage

(a) FTHREERE

Kl 22
R FH % BE M O 8 B | 1 (selective laser additive
manufacturing, SLAM) AR SZH T KRARFUL 5 = i

1400 [
1200 |
&
S 1000¢
g e - - - as-cast
5 80p - —SLAM
g 600 f 7
g i
£
& 400
m
200
0 2 4 6 8 10 12 14 16 18 20 22 24 2
Engineering strain/%
1.6 () ! 0[28] ©[29] 2 [30] < [31]# [27]
i <[24] [24]»[25] [25]
14} | «[26] [26] « [22] » [23]
- HRTC4
g 12r S .
= . b
B 10} * <
g -
= 08} e~
] f Asprinted - ___ S
> HT 718" ® p04 T
0.6 [As-printed "
718 *  As-printed 316L
0.4t o

0 10 20 30 40 50 60
Total elongation/%

v

Input of the neural network
s e

Camera observation before pulse

Camera observation after pulse

ICompare

Prediction

(b) 22 LR T i IRl T 25 Bk — A BBk

TREE7 Rl B ) R BOL B PR TR U

4> (eutectic high entropy alloys, EHEA) At e (5] 23)©",
TC T I S I 3R AR AT o B S R A SR R AR

18000
16000
14000
12000
10000
8000
6000
4000 |
2000

True stress/Strain hardening rate/MPa

1.2
1.1
1.0
0.9
0.8
0.7

Yield strength/GPa

0.6
0.5

0.4 F

(b)

= = = as-cast
—— SLAM

2 4 6 8§ 10 12 14 16 18
True strain/%

a[6] v [13]® [14][15]

o [16]=[17]»[18]=[19]
i [20]= [21]= [10]~ [11]
v [12]

B This work

——

AM EHEAS . _

Directionally-solidified

s EHEAs
A W

cast EHEAs

5 10 15 20 25 30 35 40 45 50 55
Total elongation/%

(a) il 3D FTENH] 4 89 4 AT EHEA(LL (0 502k) 5 %5 1 ] EHEA (SR (0 RBE0) B9 TR - R A8 i1 285 (b) 2 FlOAR [) 77 21 45 69 EHEA A IS A4 [z 22 B 1L

23 HLbitse

www.kjdb.org

FFELN S —FLAZ 25 (¢) 5 3D FTENHI & A FAB IR & G BOHUAR L AR HLAG (d) SRRy il 46 (AR R BHEA OBUARAE RE HUA
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WF5E

MG WOLK AR RN R (laser powder bed fusion, LPBF)
&0 — Mo 4 R IR LAM R . 2024 4F,
Sheikh S5 548 ) —Fh JC T 5L g i A 94 A Sk
NEZE, FH T PRE SO AT: 555 4 1 7T 4T BRI A= 1 ey
A [, 38 3 FE T AH K315 (calculation of phase dia-
grams, CALPHAD) J7 VA 477 22 55005 22 FiE 676 )
FRE) B IR, 454 Eagar—Tsai #i %! 5 Gladush—
Smurov AU ELIE A R, IR 12 ZH kG )
PG, T GE A T VR A AN A RN B AR
P RTHTENPE P 3%, MR 33K 70%~91%, HLAE R 1)
AT 2~3 h, AT RCR B TCHRE I T 250X ] .
8T iR LAM, LPBF 4l i i) J5i & F1 7] Sk,

Intelligent digital twi

Interfaced digital twi

=1
Processor Nl

Implicit digital twin

Material and
feed-stock
data
Slice
geometry
(l of part
Machine
specifications
and settings

models models

. . . Live virtual -
Multi-physics  Surrogate Print outcome ve V':u:«a Intelligent
| I dictions | Proa Ao ontrol polic;
pre of build =
i
1
1
1

AR R EER R, A RS 4R H HFAL
7% N34 #1 il i (cooperative robotics additive manufac-
turing, C-RAAM) "Ry il TAE =, e HIL 2% A AE (Y 15
MERZ L RE IR0 5 K36 Z 7 iiliE . IR
TURR B TR 2H A7 . T S A% i 3 e R RS 32
2020 4, Qureshi %5 H T — P I T 28 W 4% 1) 24
Wiz SR HESE (CoMPNet) . T AE B2 7E Ab R 22 A5 25
PRAT 55 I IR K 90% Aed, T %L CBiRRT,
Atlas—RRT 5 E A k48 7 1 MRS, Higiz k3]
RN AR E . 2022 4F, Phua 5541 %19 44 il &
Gy PP AR L AR A i Y (R, T A
FH T 4 Ja G b 1 3 1 B8 5 2 A D SR A SR ([ 24),

Physical printer

" Dynamic
printer

instruction
updates

Printer
hardware
interfacer

Feed-forward
controls

4

Post-build
evaluation

(a) B REBCT AR 2R PO

Intelligent digital twin for AM

AM part design

S

Multi-physics
surrogate models
Reinforcement learning

& —

Virtual printing ~ Control policy
environment training

of print

N
N
In-situ sensor data

Virtual representation

Intelligent control Printed part

poljcy

Physical printing

Post build evaluation

(b) BrF 2Rt i

& 24

4

BT R
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ARSI B PR TR, Il Ui 11, AT EAR S
WY AR PSR, 73T 1 A SR A O SRR
HAR AR, W T 2G| R
FEA il SR I R 25 S B PR A, AR AN (G T T oK
PRJE R A58 45 T 3 B TG BOR, 3 e 22 HLA 52 2 ol

i'ﬂj_:./%/‘l.,o

5 4&5ig

A SCIRTJBS 78T 1] L AR A DG U AR O
BRI ARAZIR AL e 5 N TR e BTt
T B 3 25 07 ) U A AR, WDl i
HT L B AES P S T2 AR ST Be, in el ) 22 4¢
NS TR I E 0 A e B BE . iR J7 1) S T
I AN [ 1 4 5, AHE LIRS 26 RS | v fs BV
Ak BRI R R A 5 5K A2 51, i 2 A BRI AL
MRS R GEERE  FRE RS Al SR 1k B R A
Tt MR HCR B — 2 A, A B REIR L 5 R
1) -0 ) S I B3 TR AZE Y R L, TS
SCHEAR KA 22 s 77 G P A O A T EEOR
B

TAT [6] T R R B BE, D't AT i s 25 FE B
WS R IR T ARREBAT . A RGN 2
RE 0 DL K e i o 16 5 T A AR S AR AR .
it LA OB 2 B RO 1 1 3757 A2 5, T i L il
JerEBIE | D ER S R GLRE T B DRI AR R, HESDL
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Abstract This review summarizes significant breakthroughs achieved over the past five years in key optical domains prioritized by the
15th Five—Year Plan, ranging from laser—driven inertial confinement fusion and intelligent photonics to quantum optics and
high—precision optical manufacturing. In laser—driven inertial confinement fusion, new records in fusion energy production continue to be
set, and inertial fusion energy research is advancing toward engineering application. In optics and artificial intelligence, photonic chips
show strong potential in computing performance and energy efficiency, while artificial intelligence is becoming increasingly integrated
with computational imaging and optical design. In quantum optics, high—performance quantum light sources are being further developed,
and quantum networks and quantum metrology are progressing toward practical deployment. In high—precision optical manufacturing,
research efforts are centered on extreme ultraviolet lithography and laser precision manufacturing. Optics is rapidly evolving from a stage
centered on fundamental principles and device innovation to one emphasizing system integration and engineering applications. This
transition is expected to exert profound influence on energy, manufacturing, and precision measurement, establishing optics as a

foundational technology that supports future societal development and industrial transformation.
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