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AT BRI B K AR RAEAR KA B 45 & T 50Kk B0 BB A5 0 1 R 52 7, A\ AlphaGo
T N R TR AR 3 F 31X — bR B AT (Silver et al. 2016), HAE K ELHE AL . AL P 3R 25 45,
FIRAHE MR, O Z231E 8% (Esteva et al. 2017). A= fy Fl 2% (Townshend et al. 2021).
#1245 (Wang et al. 2024). L2E# K (Xiao et al. 2025) 25 2 A~2=FF. SR10, AT $2 AR 1 RF Sk =
WA BE VR 3% (IEA 2025), 5H RS BB KA ok 7 E R AT K, B 1 R 1 2k
HoO BEIETH FE RS BT, B T IX — ). X —oF JEHESh B NS ZR R R A ——
BRAR T RMRTT R

BRI ARG WA OBHMEE 5 55T HE R e 5, A 9 i ok 4 3R e U fE AL
MM TT 5. B 20 D 50 FARHTE P Lk, BEL) R AL R R A WA, iS5 S NSRBI JE
BB 36 B HORANWI R B, BB P 583, R AL S BB, 5 BE RN, AT BOR 5 4% 5w
TR FERLG, 1B BB AR A% S A S WA . I 3 ARG AR ) G B IR B 7, v SRR IR S R
AR AR TP AL,

2 BARBREARIANRELRESS

2.1 KRFESERBEAMKEL

M RZRET R ED 70 REPIRE, T T LFER 550 (Tokamak) F1Jj 2 4% (Stellarat-
or) NIZ IR FER B BR 2. FL 3% 3R A2 36 B DS [B 5 AR 0K 2% 0 2 %€ (Lyman Spitzer)
H K Figure-8 2% B 3K (Goldman et al. 1953, Spitzer 1981), i F Wi 29 9 K AF {1 4fE %, Hod
T A1 2k P 7 AR 3 20 R e iR S B AR R B, N R AR B K R B E T AR

Fo R 5o 2% B NS HA A O 2801 AR E R (Peacock et al. 1969), HIE AR K
AR i, E A N Ll . T B A, DA B R B B R AR D P AR I A R AR 1 T
. Hal &ERARRMAE R S w2 B AH H A JT-60SA (tHF g K SR 55w, 558 TR A A
160 7. 75 K )(Tomarchio et al. 2017). 3 [E DIII- D (Fenstermacher et al. 2022). H [E 7K 75 8 3
(EAST)(Li et al. 2013) &&. 47 A2 2% U] LA S 52 2% 1) &1 38 4 Vel 245 1) TV 1 P 5 B T, 44 ] Wendelstein7-X
(Klinger et al. 2019) 1E Ayt F o5 KA 2 4%, 1 50 AN IE-FHEIZEE . 20 NFHIZE . DLk 5 MRE
PiE IE 4 Bl M1 10 AN T 5% A D8 25 4% ) 42 Pl 40 B, AT P AE MR IS RS E R HEs, HAA LR %8 T
WHIRZ 520 KA. B 2 fEox 1 P18 S0 14 2 8 B A HE 2 s = I, DU 0 G 3 A I gk
ITEMILE: (h) RSG5, (h) U1 & 2.

HEB AR REGREE ) T 200 N YFE R 5 p A B R4 4R (Zheng et al. 2022), 52
W7 RBEEARRRE IR T ANA L&, H 5, b R B 48 5 7 A1 BT 52 BT A2 15 D 0F o]
HT-7 i SHE R 558 (Li et al. 2003) 19 5:AL b, #HE3h 76k S0 i0 8 S4E R~ 5w EAST Mg iE 51z
17, HEWTR KK RS EMEEIT. SN, VB 7R T HL /RIFER S wr
BB R 2, H T 2020 #2008 1) HL-2M (J5 5 4 i #s 3 5 HL-3)(Zhong 2024) 3 £ [f 7] =1 4
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A IR B AE L A IR K AR (IEA 2025)

& 2
() HFEG7RM (F) TEBREMSHE

BT 22 56 T s VERE A B TR BT R AT FC. BRIE R S o e E AL, [ N e 1) 2 4% B
LRR, H10 74 B S R A S B CFQS (th E & A0 #4772 4% ) (Cheng et al. 2025) &
A 560 U0F 1 ol X PR B 67 P2 AE 240 AR5 ¥ R D77 T D A AR

2.2 XEFARBESLEHAR

VAR R, B RBH FLBUS — R 5 ARt BRI JET #EF 5 50 36 B S0 7 I A A% 5%
A5 fE 77 69 Jk B2 [ G 2 R B AE L (Kappatou et al. 2025), K 7 2 M~ 25 5 1 7k 48 5 3
580, UEB] T KIS 1A 4k 7 5 S ML R AR S B T AR A AT, N AR MERR SIS AT B E 1Al H
i, A EOA 2 A REIE R S e B S 7RI R AL A R« =B SHER, b
#5 2% E TFTR (Meade 1988), Bk ¥ JET Al H A JT-60U (Fujita et al. 1999).

Kk RSB TR R, B BRI, b E IR 3 H R 5 NLL R R A
Wi 5t, HA TRIAM-1M (Itoh et al. 1999), " [E EAST. #i[E KSTAR (Ko et al. 2024). %[ TORE-
SUPRA (Pamela 1999)/WEST (Bucalossi et al. 2022). H A JT-60SA %5 # SHL K D w3 & ) Al
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H A K 2 %% B LHD (Komori et al. 2000). f# [ Wendelstein 7-X %58 S5 1/j & 25 % B i 4L &
DI I R SLI B T, NEm A RSB RN KB e 7 EEEA (B3 RRT JT-
60SA I FHE -~ S s & B S 5 H A e R S B L), b, 18 [E Wendelstein 7-X
i A4 B CI0E T PRACH & S AL TR R, JR SR T & 8 i O g 5% L L, R =
FMSHOEF G KA R DT MM 7 x10" keV-s'm™® BB HUK T (Fleschner 2025).

A, AR Kk e R P R 7 T, H A TRIAM-1M %5 8 SZEL 7 9 /N I BR 1 2% 17 7% il s
[21], ¥ [ WEST SEIL 1 1337 £ i &5 6 2 25 1247 (CEA 2025), 4 [H Wendelstein 7-X 3¢ & A
ISEEL T 360 7 1.8G M) = S B A F B FARIZAT, ERUH 7 AEKB AT T (43 ) 1) =3f
MZ % (Fleschner 2025).

o[ 2 B A T — S BRI R B, EAST SEIL T 1066 £ £ AASE R 45 55 1
PRFAAIZAT (Song et al.), HL-3 W 7E S $id 47 5 e IR Ry ik B 503, el TIRE S
FEL i 3 [ I 3 B A2 B B 20 5 2 MU L (Zhong et al. 2026), 78 i € 23 7 7 5 1o He I 4% B
TARIZAT 5 T BUAS B BetE R (Zhong 2024).

A b0 e Bl SRR R L) RO TR A B R RSB AT T O D AR, X B S AN R IE T
1% R AR R R AT 1, SE ORI A B SR 4L T RO B AR S

2.3 Bl HEBES I ELRE

WL AR, 1% AR T 5T O A% G B i A 50 %% 1) 7o Ml A 1 B B, 4 BRTT 37 X6 % 3R AR ) OV JRE
BRI, P EEE P e . TEA ORBURHES) T, B A% I AR B R R, B R T BN S
PN AR FEM I — R AR A R AL E AR, B dE BLAE 4] (Liu et al. 2024, Shi et al. 2025). &
I fE (Tan et al. 2025a, Tan et al. 2025b) 55; X L4l IF F 58 % H H AR BRI R B WIE S T
AR R . 4Bk 80% LA E AN A4S b H AR Bl e £E 21 20 30 FARSE BRI ML AL R F, 1X—
HHES) A TR BRI % E 10 Pk TR, A R R T R A AR

YA ARCIHIANZA T AR HER I 7R, A5 9 E STEP (Anand et al. 2023) 3KJE 2%
B (K H Super-X {45 % 11)+ F2E Commonwealth Fusion Systems (55 MIT PSFC &1E) 1Y
ARC (Sorbom et al. 2015) 3¢ % . 1 [E CFEDR ("' [E R4 T2 /<5 HE ) (Ding et al. 2025) AHK 77
5 UL K48 ] B 5 A 50 P v (0 KA 7 AR 2% 5K AR HE HELIAS (B %1k 3GW)(Andreeva et al. 2004),
XL T R AR T TR S I Ak v B A% 5 AR AR i kAR

3 HRETWREIGEIZ OB

3.1 REXRAEHERR

FER Btz RS B IS T AR A 22 AR, Hd % (Disruption)(De Vries et al. 2009,
Liang et al. 2007) & H 5 ZXE. £+ U 2R E o, DUERN 5 & TR A g B R &
FEHE TP PR IBFE R, AU 27 A K& IR eV R I % B 1~ 30 2 75 fi 18 45 BE AR AN 5 — B
ETURRR KA R SR, LA K A 2 B A AR PAY 8 3 A 7 A 0 A R ox A A X Bk ) LRGN 7,
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E 3
JT-60SA #Eik X H 5 H i # 3 4€ F & 7 % & 19 L & (Tomarchio et al. 2017)

JET % B AE 4 R LZFE TR RIS AT N, & R R R b A1 2 T — N R AT RE 3 B AR
TR R 45 B 1 £ R . 1 AR 3 (Edge Localized Modes)(Igochine 2015, Liang et al. 2007) #&{X
DT AR B8 — R KUK, AR TR B (L BE) BONFIF I R 9E 0 A, SR (H ) T,
120 P18 22 1) T AT 55 B8 TR R SR M AE L S i S« 6 557 (pedestal), M TS 2040 5 I 5 B B2 1
FHR (A 4 ProR); %m0 BERAS Ao AF Bl 1S 95 130 5 B 5 fl ARG R A 3 ) 2 AR g v, BET
15 B AR I iRy AT T B 5 R SR B B, B K0 B R TR Y L AR e T AR AE i DB
A BEARAR AR 1 X 3k N TCAR, Xk 2 BB A D8 45 B4 A7 i A ol ™ U 25

3.2 EZXYIBRBMSEHEPE

%R K AE LN BRI R AR B 2%, 5 WA RS & ) B Bk o 7 X 5 2 1K,
fE G PR ME AYERA F A . 45 3 TR LR PERE . ISR IE 32 2 M IR R e, a3 ) A7 N R S
B e P o 25 B P il ok BOR kI (Waltz et al. 1994). 1B 5 Bis, i it 2 5 26 M3t (zonal
flow) &4 £ PR IELEM BAEH, —J7 i i 3K z3h K REEBT VIR, 53— J7 1 B U1 2 ot
KIGVIIFEMENRIR . HAN FE RS R BERNEE THRERS 5N, 380 R AR
BB, i — 2B 380 1 i HE B2 5 T 7 B A 1 2k Pl 4 A v B = AN, 2B AE I LS 2K H
ts 3 2 R BLE A, TR E v PR RE A5 8 1 b, S5 B A I 0 ik 7 AR R B AR T, SN
Shafranov A7 # Fli F 1 ¥ #3240, AT RZ I 29 SRR (Zhou et al. 2022). LA Wendelstein 7-X 4
], 76 i A 4 (‘high iota) fL AN, BEABR L (B) F e ids S G B 45 4 4 B 2 A Tl 9 Hh B8
SREEALE (A1 6 FrR).
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transient events [edge localized mode (ELM)]

plasma pressure l crash

H—mode o‘//\/\/
"/

ferm ~1 Hz
edge
transport
barrier

4

5
HFED X EE TR ARG W7 w4 w2 B8 5 W4 &AM E A (Waltz et al. 1994)

3.3 F—EMBHXEMDM

TE I B HER 6 TR, 58 8 AR TH X 34 (PFCs) @b 20 7E w5 21 8 55 b sk B K 30 vl 5208 47
(Linke et al. 2019): — J7 T 7 /£ #E R &S Wy BUR 2 8 IR TS (~ 20 MW /m? ), 3£ 80 i3 7 = 18
B (ELM) 25 5] 2 8 e 25 o iy (I TTIE GW/m® B 4R); 9 — e B& 2k 1 s %
i, PARRE R 2 14 MeV R [F RS b TR IR 55 B9 Tk —MORHE BLAE A (PMI) AT 5l R Ik . 3
5 BT 2 AN BT 2038 BE T A% 7> SRRE B2, 3 308 Tk NS5 B AR L R A A 2R 0 n O T RE Sk
Yy PEREIBG. SR, ORI R AL Z (R H R ) 7655 — BERL AR 1 B ) R N1 AN R
10 Ta) 2 — . A B A RE L TR 3 B0 e A B, J2 TTER 45 2% B i m) 5K FH < J& B (1) 2230 [
Z—. B E H AT, ITTER 4340 A 0 RGR DX 380 (G 18 2 ) S B i 3t A Rk, 8 AT i Jf e DA B 4 471
TG FR T 1 25 i PR AT 75 B R v R B, 4 4 i BE AT v BR ik Bk 47 3R 5 1) 4 40 [0 B 7208 S AL
A R A R ) R
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high iota

& 6

WX g R E DL tumd (220: Be) 5 ARMEFH A H#E I (Z<0: 2€)
Tl X B+ FoRRrHBEI N TOFTNEE. KELALAXRTREEMGRGZHENA
. (Zhou et al. 2022)

3.4 MEBRSEEHRK

I E RF 5 ORGP 38 A 8 A& D-T F5 R B 5 A 3R AR FL il (1 <R 49 90, FARIRAE T 41
R AT AT PR, e DA 30 S 43 o b o PR IR S5 4T, DR b o0 2R 5 8 T 0, 22 A HE PN 4 B AR O
S BREHE A (Abdou et al. 2021). SR, WM& R4, Hiw it B2 ORIE L9 1 b 7 22 5F
P DA SIE B 48 B8 O B AR BE, SCELAE 14MeV o AR 85 R A GG 2R 1R T DR A 5 R 3
FEENE, O R RO SR B 9B E AR ) S B A BN PP LA % 4 VT 29 (Abdou et al.
2015). B —D 4, X FTIUAEONE % LilEl S A M E B2 0 2R E, BRAA RN
SR A ok R, IR A Rk e S AR AR B, R T I BE T B PR
3.5 HiEAEERBTEES

Bt Ik S 36 O T 8, A% SRARIT 70 A R U B R AR ORI B SR iR L=
FREEME, B4G HMPECH g, 27 BRI, 1% 580 LBV QR 2 # K.
[ I, A% SR A HE Ve T M BB R A, (B SR AR S5 T ) BB R 2%, DA W BB A O SRR I A
K, A AR AL T HOR B A A A e 5 R TS, A DAL e TR AR RO 5 R, A il 4 B R
FHEE F) S B LS.
3.6 RARFNEWIEMM

1% BRAZ A I S 56 2 0 e b Ak P T i o SR B A 5 S8 90 R PR 2 P Al DA A A
5 S 06 HOHRE A7 AE SN E R, J /N 2 B S S ST A R e DL B B T R R SR AR e SR
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BB IEATE, 5 O S 00 O B S BT FE VRS L I SR8 8 bR I o] SRV S i HR 1 AR
PEATS 5 38 K 2 SRR 0 UE, U R AE A i A B A A R R F Y, DR KRR

4 Al ERRBRERARPHXENH

ATHRCE T 2 AT RAE T, B 7 6845 7 RARRIEH T b AT HR 1 784> 3 28N H
Jr TRy, N R R IT A 4.

4.1 FEBETFHEREES

AT BN B PR Hl P4t 7 2% #f o 7 & 5 & TCV(Degrave et al. 2022) 2% B i i Al
SEHL T AR B AT R BT AL T AR AR, P R N TR, R S T AR, W
B BRAR LU R A 2 AR T R (AN 8 P ). EAF B 1 AR RSN AR E P P U7 1, 3% [E DIII-
D (Seo et al. 2024) % & EHHT TN BT Z 2 ARAGNPATHENE S, TR T R 258
A58 R SR DAl 07 RN AR E MR A AR RO, PR AR Dy ni e 2 S N DR RERI IR 8, SEBL T B 30
IR A TG E LT (AN 9 Pror). A E R, 6 3 45 B 1 iR BEAE N AR i AT 2% ) b 50
B R AR E R AT, [F) I DR 45 v 40 R R BE—— 1 2 A% Gt 10T 90 A2 428 1l Xk LA S I A

4.2 RIEHEA 55 nE

DN e B AR R T SRR N oK ) ), AT AR B AR R RIS 1 AL 7F 48 [ Wendelstein 7-X 25 B
b B = i e B (EMCS-EIRENE) 258 & 2+ 58 F 78 N G2 i 44 2 60 25 460 2 A Z 41
TR R B, A RIS WU 5 FUR B . SR A R, S T R S A R
858 20T (Luo et al. 2025, Luo et al. 2026). JFUA 7 $ K 58 5 19 B AN R] A 20 #r, 04 w] 78 1L
b P 56 R HE I 1 BT BN ) o AT, ELRBME B PRI SR RE L ORLT /2R T s RORL T I B A
KB EREAE, BEARIE 7 iSRS B, SO R T AR AR S 56 4 18] 40 BT 0 PR R SR . B 10 DU
SR LA 5L T A8, o AR BAE B AL B 8 P AT T VP AL, T LU B b AR R AR AR R B ok
(SOL) A 8, 5 B 4 N3 2 110 45

4.3 ZCWEIEAIEEEE

AT FARAE % 5 AR B A0 B b R 28 DGR AR L B X S B8 000 B 2k 10 R, B AN 5L R R AL 3R
FOVEE, Ai A AT HEVEE . i, 0 AURE S 2 R EOE, ST SRR U
5 5 RFEE . RS E Wendelstein 7-X %% B X PR A Zh JREH I &, 38 i 2 90 45 45 2 0
(R B A S SR e M B AR R Y G, VSR dr e 4t 1 e B B SR AL, ATIRRE R
AL BEA K S 56 7 AR P U KA, Bl R R A SR A I TR T 2 A R AN A, I AN AR R
REPEE R, NWETTN SR Lo S F

4.4 REHNSPE

AT C 5 9 A% 582 2 B R 9 428 O A% 0o 30K T2 B AE BRI 403, BR B2 JET B 70 A 3 42
(Nature Physics) 22 K%K | MK TR (Vega et al. 2022), H [ B X JE-50 BRIE 3 53]
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EE TR S MHD 4 #FH ST
A2 s

SMBHIRERTR S koo erbucidiadiocs

sE PR ’ i1 LT

. » N
B N EEATST
AR TR A ) S 2 ""-. T RASMERRRBE: JLATE
PRFAAEL

BN e

o PINN —t = 0.05 SR . 0 \l
: o SRRSO (S8

=T
A4 / \ ey ‘ ‘
so0 SERSEURSHT AL e 1 nature 602 414 —419 2022 e IS TR TR AL i L
SOG4 W 0 ) B 2 nature 626 746 —751 2024 - =

3 Nucl. fusion 65 096016 2025

4 Nucl. fusion 65 036030 2025

5 nature Phys. 18 741 —750 2022

6 fusion Eng. Des. 214 114868 2025

7 fusion Eng. Des. 191 113773 2023

a b
TCV#70920 | - TCV#70600 [\l
1.5¢ Do 1L
N b Y o == — ~
o : =
< A | s
NS i Z70
1.8} : o - Lr T
€ ; SN A o o,
156 , , 0 ,
0.45 0.6 0.7 0.8 0.9 1.0 0.0872 0.4 0.6 0.8 1.0 1.15
time since breakdown/s time since breakdown/s
c | d
TCV#70457 O TCV#T70755
oF g
g | i —0.4
w | M i i , ~
~0.5 [ M s gAY S —o.et il it L0
0.45 0.6 0.7 0.8 0.95 0.45 0.6 0.8 1.0 1.2
time since breakdown/s time since breakdown/s

& 8

TCVHFE R L EMAAEEFHRMY AIEH EF, a. AQBEFTKILAH; b, £ ITER L.
c. AZAEMK.d. ShiREEMY. BeFEH2EXNEEEBREEREEY, 26L4%
HFEEEEETFRALF. BraE S, Eois AT A Er K ERA (Degrave et al. 2022)

FE MBI RGBS RIFFCR (B 11 FoR). ATEOR AR AT IR A AR E PR AT JE, 933D
P 5% R e Pk T AL IS 18] BT 1 I i R A S B 3 mOIn A Th R A T K, SRR ) B B, R
b ke B2 i AT
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—— without AT control

actuators

i . NN
push AN avoid instability —— with AT control
destabilized

instability avoided

normalized
pressure (BN) tearability

disrupted

time

&9

DIID#FFwRE (£) ATHRFREZHERRM ARG, LHE (F) %8 TR g A
7~ & A (Seo et al. 2024)

EMC3—-EIRENE simulation joint fine—tuned model

prediction

e _ e —0° relative err (1), = 0°
a Top=0" b Too=0" c 6Te,p =0 d (Te),¢ p
S 250 — 10 10
80 |\ s
‘ . Y
200  60F N W]
40 B T\ 5 5
Y W

: 150 : 20 Pa Y :

N N M w ’
—20 100 " —20 J |
—40 —40t /. / e s
—60t 4 50 —60f 4 4

"\ 7 4
—80 | M B _ —80 |
ey M _ : _
540560580600620 0 540560580600620 0 540560580600620 540560580600620
R/cm R/cm R/cm R/cm
E 10

BEAAFATUREEFRETRETMNER G ZLENEH . (a) EMC3-EIRENE #
MEEME; (b) KAEMEAREEANTMNER; ) MNEGEINEZ F M=, (d) —FZHH
A8 Xk Z (Luo et al. 2026)

4.5 FEEZITSMNK

ATH AR AR AR B R4t 78 A TH. DLOj R S A BB it b, i m e 55 3) 7 %
(Quasi-isodynamic, QI) 1jj & #§ Stellaris FJME& ¥ v W1 B 12 frs, HAB P02 B = 4E TR K& 55 58
TARR MY 98 0 AT BRI 7 2R Wi =4 B R 5 S 3 AR K (Lion et al. 2025).
110 AT R DASHeE 5 4 AR R MR 5 Rk AR s 1, DO A 2 Pl = 4T AR, 2 I W8 37 70 A 140G 1 1
P, BACH & g, IR m ARk T AR /1, R AR R B A BT RVERL T8 5 R SR T
I IEIE A R 5. FERPRL U, AT CRH] T 58 — PR R AR 5T, SR AR 6 B A8 — BE A BL 45
REEMA R B 5 IR M T 48 42 (Tindall et al. 2023).
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2 =
1 :_gf“\mMm I,
[ —Tle
0_ —
CEIRY S I P I B I
L1
= [
=}
o0 -
wn
- Of
Q
N [«
S [
2oL
o 4
s [
QW — AXUV15
= | == AXUVy
F “GAS,
_obuty 1 1 1 1 1
1.0r

output/a.u.
o
131

B o o bt e i b N (RPN R
3.45 3.50 3.55 3.60 3.65 3.70
time/s

B 11
EXL-50 % & % & F 48 2 M 7= ] (Cai et al. 2024)

- 12
10
8
E 12

J T Stellaris 8 QI E B EETMATEE. BHETFT VMEC H i R P &4 % Fikit &
BRRES PG RE A HRRERT — MRS (AT ERGE ) WEH,
Fe Hxt B i % B 41 (Lion et al. 2025)

magnetic field strength (T)

4.6 HFZE4 (Digital Twins)

AT FAR N B 2R AR T A2 O 3R BN ), R B % 3R A B 78 M BAE v AL RS HDLIZE 1) 4 BRAK 1) i 2] g
BT AT RS AR, BTN A TG s 2 FE” (Digital Thread), 4 5 5 HE
MBI 3847 BB A 0 4 A i JE I B IR S Rl . AE 9L B STEP ¢ % [E V-KSTAR 5 H
AL B 3 E 2%« REARSE SR A SR L T kg FE R A B 5 o & il B B9 T AL & (in
silico) MR KR AR 0 1 8 & JF A, 235 BRAIC T B SE 58 il A (Battye et al. 2025). Bl 13 25 1 4%
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,digital transformation )
value —add

" . actionable
digital twin insights

4 operational
digital shadow —® efficiencies

user
interface reduced
captial costs

optimised
designs

physical

asset /process [T digital twin framework
|

, faster testing
cycles

L~ iy

B 13
BFMEAYTFETHFTFEERN T (Battye et al. 2025)

TAENERKIRG]: RGE UM GEREEEE) 5 MOy A 8B IE R DA K SR
L I B R B A U %CééEEﬁHF'ﬁﬁ 5P R gt TR 4 R, B O KU B 5 A P A
HIBE AT L, AR AT X SCI S8l (O Fr 8252 5, RGTREWS KDLl S IHE 5 T PR ZE 9, 9 AL
S 06 R 2R [ R A L ) RO R T e ) R REAL A

5 EIKMASKRKRE

FEIRAR UL, AT BT 0 mi ANAE TR R B AN REA &, T AE T BE 75 78 204 s ok H. &5 53
AR B S T OB AR 1 S T IR R R S TR B A S AR s A H
FURE, S A5 A58 7Y A1 41 2138 T 00 /5 26 BN 5 B« BB (H A R, S b R, AT 35 2k N st ia
7 S [ %, 06 2006 R I AE IR 5 T A B 1 LR R R, AR AT IR R & — 2k <L
25| AR UEY U IS AR AR A2 AS W IR SOHT B d %Eé‘%i_ﬂié@ﬁiﬁm/@ﬁé‘—?%ﬁﬁiﬁﬁﬁ?
F AR, 1B DR RO SR AR B A 5 1B AT B AR A 1.

5.1 £IK1TIHE

BRINE AT + 5728 40038 1 A = d il id, 2024 4F 2RO LT, 30 16 N E A H , K&
FEHIRAG . MR M G 52 W s 4 I S %0 J5 ) (Vres 2024). PE L RE. HA, (EEHS%
[ R IAERARAE A SRBEA, TE R T @ BR5e 4 5 & AE IR IO R s Jm . v [ A 0 2R 7 30 4 S
BEGEENEERS, EHAREAES AL & B 5 4 Tt 55741 (Chen et al. 2026,
Feng et al. 2026, Guo et al. 2023, Hu et al. 2021, Lin et al. 2024, Lin et al. 2025, Wan et al. 2022,
Wan et al. 2023, Wang et al. 2025, Yang et al. 2022, Yang et al. 2025, Zhang et al. 2024, Zheng
et al. 2024, Zheng et al. 2018), FA N AR\ 5 AL B [\ & R, HE3h H R P 4.

5.2 REXEFME

AT 5% JEAZ B TR B 6 K RO AR OR W TE IR 7 M 2 — . AR e 5 AT Sel . AABE A A
Pl URSRG HE T L 2 B RE AL O TT AN A7 2R AR 6 S5 AR 15 SR A R, S A% R AR 8



% x Rl o Al + FA: EFREEHEM R RN HEHLE 13

RIEE @S, FRE. ERmBRIT Rk, KRR E B8 iR T, BAER 5 RIE.
AT vk 7 SR P SEVE SR SCHRE W A, LA s it AT 4B AR REALIR R,

5.3 XEIKEERE BRI

ZRAE S AL IR & K A 51 % 4 BRAEVRAR Jo OARR AR A2 4. TR RE YR I 1o b A 18 FH R 187 e
AR BT RE YR 5 ), R A AT REYR AR AL, 9 A ERSEEL 7 XU H AR A% 0 S HE . o [ A RE
FRELORFFAE 2 R I BOR DL H, A A A BRBE I A dw vb o5 0 8 S 300, L REJR B 3= Ok e [ X E IR
24, A Oy e BREE IR B Tk o [ 5 2. AT + RASHOR B SR 217 3h A1 5% Mk B8 1) % R, i
AR RE e LA, fliE ERNA5 St e,

6 & it

ATHEARAER R RGAL . B REFEHI B 70 0 55 07 T B A I L %, SR & 1K
WIREIRIE IR T 7RG, —H IR & UM oL 2 ERAEIRE LI Bt T IBAE MR k75 2. ATl
RAZW I IS — R PSSR S, v b A HE R Ik S Bk, 7l B H o TE R, T AT BORFE 33 4] 40
P B AR B L BRI L XRS5 AT A NP, I AR A SR AR T % L X R, HE BRI
5 TR b, R Ui e B o . B nT Sk . e Piiese 2 kAL, EREE 2Rk [H 1
FRE N SR BUHT, AT + JRAZ 0 f7E 21 20 30 4R ARSEIL R WAL R, 51K 4= BRBE VR J=) 1
RZNA 2, N NRA = T 5 8k e SR I I Se AR ROR, ik — D es AR5 1F, 58 3% Bt
AR, INEEARFAL S KL, iR eI HE SIS, M ARk,

2 £ Xk

Abdou M, Morley N B, Smolentsev S, et al. 2015. Blanket/first wall challenges and required R&D on the
pathway to DEMO. Fusion Engineering and Design, 100: 2-43.

Abdou M, Riva M, Ying A, et al. 2021. Physics and technology considerations for the deuterium—tritium
fuel cycle and conditions for tritium fuel self sufficiency. Nuclear Fusion, 61(1): 013001.

Anand H, Bardsley O, Humphreys D, et al. 2023. Modelling, design and simulation of plasma magnetic
control for the Spherical Tokamak for Energy Production (STEP). Fusion Engineering and Design, 194:
113724.

Andreeva T, Beidler C D, Harmeyer E, et al. 2004. The Helias Reactor Concept: Comparative Analysis of
Different Field Period Configurations. Fusion Science and Technology, 46(2): 395-400.

Battye M I, Perinpanayagam S. 2025. Digital Twins in Fusion Energy Research: Current State and Future
Directions. IEEE Access, 13: 75787-75821.

Bucalossi J, Achard J, Agullo O, et al. 2022. Operating a full tungsten actively cooled tokamak: overview
of WEST first phase of operation. Nuclear Fusion, 62(4): 042007.

Cai J, Liang Y, Knieps A, et al. 2024. Improved training framework in a neural network model for
disruption prediction and its application on EXL-50. Plasma Science and Technology, 26(5): 055102.

CEA. 2025. Nuclear fusion: WEST beats the world record for plasma duration. https://www.cea.fr/english/
Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx. Accessed.

Chen M W, Yang K J, Zhu J J, et al. 2026. Vi-DP: low-latency video-based disruption prediction with
multi-FOV fusion in EAST. Nuclear Fusion, 66(1): 016002.


https://doi.org/10.1016/j.fusengdes.2015.07.021
https://doi.org/10.1088/1741-4326/abbf35
https://doi.org/10.1016/j.fusengdes.2023.113724
https://doi.org/10.13182/FST04-A579
https://doi.org/10.1109/ACCESS.2025.3561920
https://doi.org/10.1088/1741-4326/ac2525
https://doi.org/10.1088/2058-6272/ad1571
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://www.cea.fr/english/Pages/News/nuclear-fusion-west-beats-the-world-record-for-plasma-duration.aspx
https://doi.org/10.1088/1741-4326/ae15a2

14 71 & it B xxxx & x &

Cheng J, Xu Y, Liu H F, et al. 2025. Construction progress of the Chinese First Quasi-axisymmetric
Stellarator (CFQS) and preliminary experimental results on the CFQS-Test device. Plasma Physics and
Controlled Fusion, 67(10): 105011.

De Vries P C, Johnson M F, Segui I, et al. 2009. Statistical analysis of disruptions in JET. Nuclear Fusion,
49(5): 055011.

Degrave J, Felici F, Buchli J, et al. 2022. Magnetic control of tokamak plasmas through deep
reinforcement learning. Nature, 602(7897): 414-419.

Ding R, Chan V S, Li J. 2025. Integrated physics design of conventional H-mode scenario for China Fusion
Engineering Demo Reactor. Plasma Science and Technology, 27(10): 100101.

Esteva A, Kuprel B, Novoa R A, et al. 2017. Dermatologist-level classification of skin cancer with deep
neural networks. Nature, 542(7639): 115-118.

Feng Y, Wan C, Huang J, et al. 2026. Fast end-to-end plasma density profile reconstruction from
microwave reflectometer data on EAST. Nuclear Fusion, 66(1): 014004.

Fenstermacher M E, Abbate J, Abe S, et al. 2022. DIII-D research advancing the physics basis for
optimizing the tokamak approach to fusion energy. Nuclear Fusion, 62(4): 042024.

Fleschner F. 2025. Wendelstein 7-X sets new performance records in fusion research. https://www.
ipp.mpg.de/5532945 /wTx. Accessed.

Fleschner F. 2025. Wendelstein 7-X sets new performance records in fusion research [UPDATE]. https://
www.ipp.mpg.de/5532945 /w7x. Accessed.

Fuyjita T, Kamada Y, Ishida S, et al. 1999. High performance experiments in JT-60U reversed shear
discharges. Nuclear Fusion, 39(11Y): 1627.

Goldman L M, Spitzer L J. 1953. Preliminary Experimental Results With the Model A Stellarator.
Accessed.

Guo B H, Chen D L, Rea C, et al. 2023. Disruption prediction on EAST with different wall conditions
based on a multi-scale deep hybrid neural network. Nuclear Fusion, 63(9): 094001.

Hu W H, Rea C, Yuan Q P, et al. 2021. Real-time prediction of high-density EAST disruptions using
random forest. Nuclear Fusion, 61(6): 066034.

IEA. 2025. Energy and Al https://www.iea.org/reports/energy-and-ai. Accessed.

Igochine V. 2015. Edge Localized Mode (ELM). In: Igochine, V. (eds) Active Control of Magneto-
hydrodynamic Instabilities in Hot Plasmas. Springer Series on Atomic. Springer.

Ttoh S, Sato K N, Nakamura K, et al. 1999. Recent progress in the superconducting tokamak TRIAM-1M.
Plasma Physics and Controlled Fusion, 41(3A): A587.

Kappatou A, Baruzzo M, Hakola A, et al. 2025. Overview of the third JET deuterium-tritium campaign.
Plasma Physics and Controlled Fusion, 67(4): 045039.

Klinger T, Andreeva T, Bozhenkov S, et al. 2019. Overview of first Wendelstein 7-X high-performance
operation. Nuclear Fusion, 59(11): 112004.

Ko W, Yoon S W, Kim W C, et al. 2024. Overview of the KSTAR experiments toward fusion reactor.
Nuclear Fusion, 64(11): 112010.

Komori A, Yamada H, Kaneko O, et al. 2000. Overview of the Large Helical Device. Plasma Physics and
Controlled Fusion, 42(11): 1165.

Li J, Guo HY, Wan B N, et al. 2013. A long-pulse high-confinement plasma regime in the Experimental
Advanced Superconducting Tokamak. Nature Physics, 9(12): 817-821.

Li J, Wan B N, Luo J R, et al. 2003. Long pulse enhanced confinement discharges in the HT-7

superconducting tokamak by ion Bernstein wave heating and lower hybrid wave current drive. Physics of


https://doi.org/10.1088/1361-6587/ae0878
https://doi.org/10.1088/1361-6587/ae0878
https://doi.org/10.1088/0029-5515/49/5/055011
https://doi.org/10.1038/s41586-021-04301-9
https://doi.org/10.1088/2058-6272/ade22a
https://doi.org/10.1038/nature21056
https://doi.org/10.1088/1741-4326/ae2694
https://doi.org/10.1088/1741-4326/ac2ff2
https://www.ipp.mpg.de/5532945/w7x
https://www.ipp.mpg.de/5532945/w7x
https://www.ipp.mpg.de/5532945/w7x
https://www.ipp.mpg.de/5532945/w7x
https://doi.org/10.1088/0029-5515/39/11Y/302
https://doi.org/10.1088/1741-4326/ace2d4
https://doi.org/10.1088/1741-4326/abf74d
https://www.iea.org/reports/energy-and-ai
https://www.iea.org/reports/energy-and-ai
https://www.iea.org/reports/energy-and-ai
https://www.iea.org/reports/energy-and-ai
https://www.iea.org/reports/energy-and-ai
https://doi.org/10.1088/1361-6587/adbd75
https://doi.org/10.1088/1741-4326/ab03a7
https://doi.org/10.1088/1741-4326/ad3b1d
https://doi.org/10.1088/0741-3335/42/11/303
https://doi.org/10.1088/0741-3335/42/11/303
https://doi.org/10.1038/nphys2795
https://doi.org/10.1063/1.1556297

% x Rl o Al + FA: EFREEHEM R RN HEHLE 15

Plasmas, 10(5): 1653-1658.

Liang Y, Koslowski H R, Kridmer-Flecken A, et al. 2007. Observations of secondary structures after
collapse events occurring at the g = 2 magnetic surface in the TEXTOR tokamak. Nuclear Fusion, 47(9):
L21.

Liang Y, Koslowski H R, Thomas P R, et al. 2007. Active Control of Type-I Edge-Localized Modes with
$n=18 Perturbation Fields in the JET Tokamak. Physical Review Letters, 98(26): 265004.

Lin Z, Zhang H, Wang F, et al. 2024. Prediction of plasma rotation velocity and ion temperature profiles
in EAST Tokamak using artificial neural network models. Nuclear Fusion, 64(10): 106061.

Lin Z, Zhang H, Wang F, et al. 2025. Development of a neural network-based model for electron
temperature inference via modelled and experimental argon spectra measured by x-ray crystal
spectrometer with an extension to tungsten spectra on EAST. Nuclear Fusion, 65(11): 116035.

Linke J, Du J, Loewenhoff T, et al. 2019. Challenges for plasma-facing components in nuclear fusion.
Matter and Radiation at Extremes, 4(5): 056201.

Lion J, Anglés J C, Bonauer L, et al. 2025. Stellaris: A high-field quasi-isodynamic stellarator for a
prototypical fusion power plant. Fusion Engineering and Design, 214: 114868.

Liu M, Xie H, Wang Y, et al. 2024. ENN's roadmap for proton-boron fusion based on spherical torus.
Physics of Plasmas, 31(6): 062507.

Luo Y, Xu S, Liang Y, et al. 2025. A neural network-based method for input parameter optimization of
edge transport modeling utilizing experimental diagnostics. Nuclear Fusion, 65(9): 096016.

Luo Y, Xu S, Liang Y, et al. 2026. Neural network-based surrogate model for 3D edge-plasma transport in
the standard configuration of W7-X. Nuclear Fusion, 66(1): 016038.

Meade D. 1988. Results and plans for the Tokamak Fusion Test Reactor. Journal of Fusion Energy, T(2):
107-114.

Pamela J. 1999. Ten years of operation and developments on Tore Supra. Fusion Engineering and Design,
46(2): 313-322.

Peacock N J, Robinson D C, Forrest M J, et al. 1969. Measurement of the Electron Temperature by
Thomson Scattering in Tokamak T3. Nature, 224(5218): 488-490.

Seo J, Kim S, Jalalvand A, et al. 2024. Avoiding fusion plasma tearing instability with deep reinforcement
learning. Nature, 626(8000): 746-751.

Shi Y, Song X, Guo D, et al. 2025. Strategy and experimental progress of the EXL-50U spherical torus in
support of the EHL-2 project. Plasma Science and Technology, 27(2): 024003.

Silver D, Huang A, Maddison C J, et al. 2016. Mastering the game of Go with deep neural networks and
tree search. Nature, 529(7587): 484-489.

Song Y, Zou X, Gong X, et al. Realization of thousand-second improved confinement plasma with Super I-
mode in Tokamak EAST. Sci Adv, 9(1): eabg5273.

Sorbom B N, Ball J, Palmer T R, et al. 2015. ARC: A compact, high-field, fusion nuclear science facility
and demonstration power plant with demountable magnets. Fusion Engineering and Design, 100: 378-405.

Spitzer L. 1981. The Stellarator Concept. IEEE Transactions on Plasma Science, 9(4): 130-141.

Tan Y, Wang B, Wang S, et al. NTST, A Negative Triangularity Spherical Tokamak. In: Proceedings of
IAEA Fusion Energy. Conference, Conference 2025a.

Tan Y, Wang B, Wang S, et al. Recent progress on the SUNIST-2 spherical tokamak. In: Proceedings of
IAEA Fusion Energy. Conference, Conference 2025b.

Tindall M, Rosini S, Bowden N, et al. 2023. Towards a fusion component digital twin — virtual test and

monitoring of components in CHIMERA by systems simulation. Fusion Engineering and Design, 191:


https://doi.org/10.1063/1.1556297
https://doi.org/10.1088/0029-5515/47/9/L02
https://doi.org/10.1103/PhysRevLett.98.265004
https://doi.org/10.1088/1741-4326/ad73e8
https://doi.org/10.1088/1741-4326/ae130a
https://doi.org/10.1063/1.5090100
https://doi.org/10.1016/j.fusengdes.2025.114868
https://doi.org/10.1063/5.0199112
https://doi.org/10.1088/1741-4326/adf75f
https://doi.org/10.1088/1741-4326/ae203d
https://doi.org/10.1007/bf01054629
https://doi.org/10.1038/224488a0
https://doi.org/10.1038/s41586-024-07024-9
https://doi.org/10.1088/2058-6272/ad9e8f
https://doi.org/10.1038/nature16961
https://doi.org/10.1016/j.fusengdes.2015.07.008
https://doi.org/10.1109/TPS.1981.4317418
https://doi.org/10.1016/j.fusengdes.2023.113773

16 al 2% it & xxxx & x &

113773.

Tomarchio V, Barabaschi P, Di Pietro E, et al. 2017. Status of the JT-60SA project: An overview on
fabrication, assembly and future exploitation. Fusion Engineering and Design, 123: 3-10.

Townshend R J L, Eismann S, Watkins A M, et al. 2021. Geometric deep learning of RNA structure.
Science, 373(6558): 1047-1051.

Vega J, Murari A, Dormido-Canto S, et al. 2022. Disruption prediction with artificial intelligence
techniques in tokamak plasmas. Nature Physics, 18(7): 741-750.

Vries G. 2024. EUROfusion spearheads advances in Artificial Intelligence and Machine Learning to unlock
fusion energy. https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-
intelligence-and-machine-learning-to-unlock-fusion-energy /. Accessed.

Waltz R E, Kerbel G D, Milovich J. 1994. Toroidal gyro - Landau fluid model turbulence simulations in a
nonlinear ballooning mode representation with radial modes. Physics of Plasmas, 1(7): 2229-2244.

Wan C, Yu Z, Pau A, et al. 2022. EAST discharge prediction without integrating simulation results.
Nuclear Fusion, 62(12): 126060.

Wan C, Yu Z, Pau A, et al. 2023. A machine-learning-based tool for last closed-flux surface reconstruction
on tokamaks. Nuclear Fusion, 63(5): 056019.

Wang T, He X, Li M, et al. 2024. Ab initio characterization of protein molecular dynamics with AI2BMD.
Nature, 635(8040): 1019-1027.

Wang Z, Schuster E, Rafiq T, et al. 2025. Enabling model-based scenario control in EAST by fast
surrogate modeling within COTSIM. Fusion Engineering and Design, 215: 114969.

Xiao C, Liu M, Yao K, et al. 2025. Ultrabroadband and band-selective thermal meta-emitters by machine
learning. Nature, 643(8070): 80-88.

Yang Z, Xia F, Song X, et al. 2022. Real-time disruption prediction in the plasma control system of HL-2A
based on deep learning. Fusion Engineering and Design, 182: 113223.

Yang Z, Zhong W, Xia F, et al. 2025. Implementing deep learning-based disruption prediction in a drifting
data environment of new tokamak: HL-3. Nuclear Fusion, 65(2): 026030.

Zhang Y C, Wang S, Yuan Q P, et al. 2024. Real-time feedback control of fp based on deep reinforcement
learning on EAST. Plasma Physics and Controlled Fusion, 66(5): 055014.

Zheng G H, Yang Z Y, Liu S F, et al. 2024. Real-time equilibrium reconstruction by multi-task learning
neural network based on HL-3 tokamak. Nuclear Fusion, 64(12): 126041.

Zheng J, Qin J, Lu K, et al. 2022. Recent progress in Chinese fusion research based on superconducting
tokamak configuration. The Innovation, 3(4): 100269.

Zheng W, Hu F R, Zhang M, et al. 2018. Hybrid neural network for density limit disruption prediction
and avoidance on J-TEXT tokamak. Nuclear Fusion, 58(5): 056016.

Zhong W. 2024. China's HL-3 tokamak achieves H-mode operation with 1 MA plasma current. The
Innovation, 5(1): 100555.

Zhong W, Chen W, Ji X. 2026. Breakthrough in China’s fusion energy: HL-3 tokamak achieves high ion
temperature and fusion triple product. The Innovation, 7(2).

Zhou S, Liang Y, Knieps A, et al. 2022. Equilibrium effects on the structure of island divertor and its
impact on the divertor heat flux distribution in Wendelstein 7-X. Nuclear Fusion, 62(10): 106002.


https://doi.org/10.1016/j.fusengdes.2017.05.041
https://doi.org/10.1126/science.abe5650
https://doi.org/10.1038/s41567-022-01602-2
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://euro-fusion.org/eurofusion-news/eurofusion-spearheads-advances-in-artificial-intelligence-and-machine-learning-to-unlock-fusion-energy/
https://doi.org/10.1063/1.870934
https://doi.org/10.1088/1741-4326/ac9c1a
https://doi.org/10.1088/1741-4326/acbfcc
https://doi.org/10.1038/s41586-024-08127-z
https://doi.org/10.1016/j.fusengdes.2025.114969
https://doi.org/10.1038/s41586-025-09102-y
https://doi.org/10.1016/j.fusengdes.2022.113223
https://doi.org/10.1088/1741-4326/ada396
https://doi.org/10.1088/1361-6587/ad3749
https://doi.org/10.1088/1741-4326/ad8014
https://doi.org/10.1016/j.xinn.2022.100269
https://doi.org/10.1088/1741-4326/aaad17
https://doi.org/10.1016/j.xinn.2023.100555
https://doi.org/10.1016/j.xinn.2023.100555
https://doi.org/10.1088/1741-4326/ac8439

% x Rl o Al + FA: EFREEHEM R RN HEHLE 17

Al + Nuclear Fusion: A Crucial Opportunity for the
Transformation of the Global Energy Pattern

LIANG Yunfeng

Institute of Plasma Physics, Institute of Fusion Energy and Nuclear Waste Management,

Forschungszentrum Jilich GmbH, Germany

Abstract The rise of artificial intelligence (AI), particularly its transformative advance in algorithm
and large-scale data processing, has provided a new path for humanity to address the energy crisis. As
the ultimate form of future energy, nuclear fusion has advanced from basic research to the commercial-
ization threshold after more than 70 years of development. This paper systematically elaborates on the
current development status and key challenges of global nuclear fusion research, deeply analyzes the
application scenarios and practical achievements of Al technology in key fields such as nuclear fusion
device control, data processing, model optimization, and risk management, discusses the transformat-
ive impact of the integration of AI and nuclear fusion on the global energy pattern, and finally looks
forward to the future development direction and industrial layout of this field, providing a reference

for promoting the energy revolution and scientific and technological progress.

Keywords Artificial Intelligence, Nuclear Fusion, Energy Pattern, Tokamak, Stellarator, Intelligent
Control, Surrogate Model
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