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YE24 ENSDF 4l i1 32 2 ] 71 #2 11, NuDat
(Nuclear Data) s&H NNDC J & 19 M 25 1658 H 5L
RLFREFR, Al SCRpZAE R | 8 KR oy b T R
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PE R A ORI e RS WA A 55 e o R 5T
FAIRE R SR B B ERHE LA 220 4
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(a) ENSDF standard 80-character formated records

(b)

p 3 v 5 <
o1k ok o o T o bk

S| ! ||||||
= —

went [T o] bl

95.810) (10} A-2)=-8.01 {13}, A(-4}=0.08 {11}
25/2+

31
lghtla): Af-2)=+8.10 {18}, A{-4)=-8.87 {I10}
.

11111

s 1
lghtla): af-21=+0.15 {112}, A{-4}=+0.@6 {119}
.

sssss

xxxxx

— 4 2012WA38
ed the following Q record

58
056250, 20046260, 2003Ga21,

Kl 1 (a) ENSDF 45t 80 S 4546 AL IC UL K] (b) ENSDF £ 403 55 51 45 €
Fig. 1. (a) Illustration of the 80-character formatted record description according to ENSDF standard; (b) excerpt of ENSDF data

instance.
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AR EUE AR /AR =58 BT, R
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SR AR A T £ B A A S AL, L, B
TRAAZ B 45 ¥4 A LA 2 2] TN GE T T ik g%
FEA I ROBE L JR I o A AN AN 0 B 18T
(RISRAR . 3 — 78 A Y PRI A R TR SR 7E
SALAIIR: FERE LSRRG, JSON A% XA
5835 T 38 3o AR ol TR A B R I RE S . L BR
5 AR, wE eI N R A KA T ohit
BRI, 0 B T AR R 5 St e ofe 1) LX)
ROCR G KGR FE A% KR Y B4, ENSDF 1 4 [E
Bropm e B P, A e A A AR | radh AR I AR A O
] R A B R e 2R SR A I 5 L SR RS
Bl AR P24 0T DL R R A 2
TR TR, R S AL Tl i it 5 mT
(G BE; FER S AL 7 T, TG & Hauser-Feshbach
SRR A R Geantd S5 55 R B 1L, 1
A AFRHELLEY JSON %dis 122 Hh I sh 4 BUR A 1% B
P T A BHRRIE S TR et
5 S AR A T B A UBU R, NI FEAZ T
RV I8 2755 S B0 258 1y ]+ S 0 v R
U, BRI A O T s S BAOR , R
R R TR R 2 R G5 F 5 T AR B Rl
. AT NEORSEIZR T, RG1T1e ENSDF X
PR BAR 42 5 S 7 B T ZEom i 1, X s
ARG IE AR 2l ) i T B A SRR
T ) AR LA A T R SR it Al : —
17, 5 AZEH L . T G A RN R A
2, ATDLE E RPN AR A [ SRR R it g
I3, W N TS A SRR AT i R Ge kAR, 2
P A E R I K B bR; S —Jrm, B
PRALBIBAREE A RIRFF A FAIR BRI, {5 5 g
BORE | KA 2 L B KR I3k 75 28 B T
Xz, M R A A M RN 222 BN, PRI — %L
PRSI, B, A TR 2 B 45 H 7R 4
WEAL R AL BT, BLER A 2T L B0 AN e

OISR A A REAE 2 UK BT RANH € L i
A5 AN E TN, DTG FLIE S B < N AR R+ 50
FW i) Kb 9K Bl +8 BE AT B PR A T UL
M1k, ENSDF B BACALRE 3R T S R P 28R /Y
LSRR, R R KA R 272 BRI TS T
R SRS B

3.1 FEHEEI: JSON Schema

JSON(Java Script Object Notation) [ 5| A
J& ENSDF BUCAL i oest—20, HAE e BE 4y
A AL AT S Y B ATE S A 2, 3 e R (X 4 S
TR R R 5B A S R, AMUBRTE MR A
XFFR AR FR A 25 A e MR IR B L ek =X
T B R, P A U AR O SR EE Y
JiE 191, 58 35 4 ENSDF M A% G2 4l SCAS IE 78 3 2 1
JSON % =¥ 22, Bl w2 s LATE ek . &
AT, BRI 1A BRI FIERR T R R
4 X —RARAER T Z S VPN RO HOCHE
S22 T, & I g ] AR B0 AT
fAi b TAE RS JSON FETHAAUM )1z R H E Ik
A AT S UEAE TR AT REAS SO & Has 1k
5 RIBVE SR NI SCRY FIE R, W 3T TR
A S R AR, B E A L, JSON Schema
AE Sy ot T ASCH — SBOrE B 53R R B TR AL, 8 5 X
JSON SCAS YR e MEVE i/ i) s S HoE =,
RPN BT SRR T S A SRR, #iR s
FE—EE I R /ME T T AR, FEScier, fit g 5E
C A Bz LH & 30 Y/ ENSDF S0 48R, (A
A Schema 1 7] RE SCHE A CAY , i — 20 HE 3P 4K 14
TF& T B EIE SE R

3.2 FEMEEIREIEE: CouchDB

B0 T ] 0 2 B CouchDB B 5| A b3
il T ENSDF it 54 HRE ). CouchDB
REAE I A S B G A 2R, DT AT 24 5
ZREAL B 2R R AR B R T
BERE BRSO DL A SR A X — et R
FEEAVFFEME R Dy S0P 12810 SE B i s S
M AESEF SRy 2 e T 2L, (AT IR R RE RS L) R
AAS A TR S, JOT BB N T4 sl
#5200 JpAh, CouchDB it “WRE HLKIR ML T 5
B A ) S U T e LA T TR T SR
HTIA], AT 50 2 P e R B n A R AR
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FH 7 B8 8% 7 A St 1sF [0 P R BB 55 i A A% 38 1) S 3
e BA BRI A REAE A, sih T4 2k
TEHITE R N B BES A B 3 R BRI 45
SR R 5K R L], CouchDB 7 2 i £
F+ ENSDF (/R AR50 48 BRRICR, Az £ e o
SRR TAERRE.

3.3 BETFZEHRHEARULENRZEIN

W [E X
3.3.1 ENSDF I AXALAEME S 5B+ 8y
IRFHAE B

AR AL B A% S5 F0 B A HE S AL g2 2] 7 Tk i
M T Eantos b k3 7 CHER. BEE TS
F%cHE e (ENSDF) BFFL 308 556 8, R AR
RERSIRICE N R 40 . RiHf FLE &5 12 S50 5 P
Bl X SRR & BE R A | R A
5 2 AR E S, B E A FEhFEHR
SR VL B A R SR A S M DR 35 I XL T
IS Hlans S AR S AR T | 2 o #K
15 % FORES  RBR R SE BRAS ) B, ) R e
T SE s R R B AESL R Bk B
W, Sl R T LR S PP R B L ik
B AR | A R T A B R LR
> B M B v AR TN R s Y B A
FE, e Bt A R — 5 T AR R4 T KT
LU N RAIEZS (0], AR e 2 5
ARV I 2 (0] 52 2% B AR Ze M SR BK; 55— T, dl At 58
SCEUE SARERNZ AL, ST LUR FHEGE SR Sl i
AR RVEAEREE, DI SR FME e BRI AR A LE T A
AR XIS AR e M. D, BRAR AR AZ 25 A0 Kt A
PUEHLAS 2 ST RGBT AT, e sy
FRAIF 5T 0 22 150 f o Rl [-22),

JUERLEE 5 R BAR R O, (AR BILK
HAF#E (4 ENSDF (1) 80 51] ASCII #% =X, #E
DABEBL A2 > S EL R . s s paf Ak | A2
WO B SR, SRR I R AR AT
Bt FVRFOE S IO B I A K IR ME. AR B AT
B AT (I TR Ve | A% 24 5 A8 B b
WAL, A BRI ENE A SE IR A M L. X —[A]
BRI LA 25 ST AEAZ 3 3z o Y 2 2
IRz —. Bt Xof e A o A M B S5 IV [ A )
FEAT RGO, W A A AL B AN R

b h gLk Syl . B ab B BCE 1R RS X, BN
S ERECHE OR B A2 ) B 5T A DGR ER YT . T kAR
45 ENSDF SO rifEfk JSON #& X, A58 &
AL SR S HE A B S AR b
FHAGAS. ZEF AL B (A3 RE A B, | AR R S
AN 5 B S T B LR 2 ) A RRAE (8, A
TR AR ) 5 IR R . 5 B — itk ,
AR BEAS PO E 7 KU 24, RTGRTTHRRIE
TR, IR A AR TN | A R ST A
AU SR RS AR A O

ENSDF 1E A0 B, AR SR04,
TR PR AN 3 RSO I ) U ZEHILER 27 2T B
Rk #E, ENSDF $2 45 A9 A & BE 5 B
TR LRI, AP FHASE IR X I s B 110 54
P55 00 5 A 2324, L A G A R R R
TIVECEE AN 5 B N 0 450 T > S R A, AT
TR 25 K AREAR SR 2500 T 40 KA & A
ki ARRAE, S ISR RE A AT A5 B s LA R AR
AW E FE AT RR R, X HAMES | ASF GRS
A, $ETHRETY B 72 AL RE 7. 3k BB 5 s AL fifi
RHN T ST v e B, T RE TS B HL 4 > s o [
A IR ZEGEHE, MTTHE SR 5 0 AT 5
3.3.2  HMEF 3 ENSDF # 4% & 4 47 =

R 09 3R H AR

HISCHE i, R & 5250 45 2R DL AR DL AT 32 1Y
PDF SR %A, BRI TAEREK, 352
st TR, SN S5 SES K Rt F-2)
MAESEIUN 2, T E 5o | ER PN B8R S5 At
. O T RGX —IR S, NNDC IE 760 & 3 T HLA%
2¢2>) (machine learning, ML) 5 H & i 75 4b
(natural language processing, NLP) 19 H zhi{b %
MR 012, LASEBLERAG Y B Sh A . A4S
SERTUN] 15200 207 A FAR AR B — e IR
SR, IS SE b A BIL S 27 > RE SR (] 4
R+ DETR 444308 FHZY 100 J7 5K Feks HiI 2R i
TATR #H), SCELXT PDF SCRY i 2% 10 A sh i
W N2 AL S5 b, 1% ML T H A PERER I
5 AR 3K 93%—97%, N ZF LI R 24
92%, SF4 T AERR 2 88%, SCASHRICR i 99%.
AHEET LAATARAE T h0t 55 . Sy 77 A= W 7 () 5 TR )
ARSI TR, B RGeS H SRR A
F$2Tt. NNDC T AT I T & T i ] ENSDF ¥4

020119-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 75, No. 2 (2026) 020119

NGB ATRAL 2% TAE A . FH P ] B4 4% PDF
SCHY, RGERE A ST e ) Ak X s, I AR R nT
ZZH M HTML 5% CSV 4ith, TR S 8dE A
SRAIE. % TR B s> T3 B E AR T Y
BFE], ST T ENSDF S 5 i il i
TARRCR.

WA, Blds T TR AT B SU ) B2 1
FHIE A E BRBESE I RV 7 . AE BRI 32
T BRI (10 TALYS 5 EMPIRE) DA M )5
TR BARE (i) ENSDF). SR1i0, 76386 )7 1
T B RE X 2 SR | B A E A — SR E AT
FEVEAR R IEOLT, PEM I B AR & R 0K
W, AT LA FE 0 25 0 S BRI AN 2 B 25271,
i, AR R E R LA 5 AN TR
A AREAE PN TR, LAFE A B2 o
P, BB A S LA S R B Ak, AT
N A 22 51 b 3 DS s 2B i R i an, 38 g et
ENSDF #4547 3¢ SURAIE I 25, BEAIAT E 51 H
AR o5 O S R AR, X AR ok SRR A
SRR A, BEAXS LA PRI G X T
L W BRT DA AU A SR, oA A AR AL
P X FEE, T RETT E i — 5 Be s S
FORSRE S . HLan St T — A EdE K 3 14 5T
SRS TR, R R I e A ) R R
2, T4 B AT N B2 & IR G 1M L) B s 5%
B )RR . B, — NI 25 T A% B 2 rrg A A
P HAL R AR T B 22, BT RERE R
ARG S B B A R AAAE ), T HE R DA
H A X SCHR. AR, A AR AT AR S O A
R AR 2k, DT B A% R 48 B 348
PEEICHEAR 1 BB, HACR U, SR [16] $2 T o 3]
Uiig AL 4 27 >0l DA BSOS E A T R R e SR R
(decision tree), K-ir4B (KNN), Gradient Boosting
5577, N EXFOR $dla 7 ~J SO T, 98 J5 %
Gy BRI B R AT IO, Z5 R AR T
A P S T BT EicH . SCRik [25) Hh, BIFST A R AILAR
s3] 4 AR I S 4 A Rl R A AU
WCHEZ 12200 M AZERE, DOTT46 A% S 0
IR HLAR2 > B T B PN rh s S0k 43
Hr, VT A G BRI B 5 vk 2 AN JI W T L 29,
FETRER b, X6 5 3 B rp A B 7 R A g
B2 5T R B PR @ sk nfEE M
5N A 2.

MLEs 24 230 7] DL HrBh ENSDF 5 Ho Al #5 4is e
HOEIE# 4. L, ENSDF 38 85 M k% 45 7 Tl
AR, TR RN R 2 EXFOR, W45 A B i i
MEAE. FERZET, NI BHE 2 0 B 75 22
B (an Mo AR BT s v A ek s ). SE A
BLAR 2= 2], AT LA ST 5 5 P 1) DG IR R | 4 A
Ii] e W5 B (1) — 0. AL % S WF9¢ ENSDF
5 EXFOR #df i AHSCE, Bl A 2 A R 03
ARy S H RSO 7= = BE X I S 2R, DI Rk
O A 1A 2 7E 2 iz o7 Hh i A . X S 1A
MFLEHLAS 2 AP S PR R FR B, T 7E
fift 2 P BRI R R HEWT. XA & 2 AT L
R - R R A% R AE N R b A B R
0 I, DT HE St 7 22 1) () 5 — ot i 4.

3.4 NuDat: ZHIFENSRATRLEEE

NuDat /£ & ENSDF 4.0 W 25 4% 11, i
FEREE T AR R S L T RS
PERZ S 5 32 B8R 1 &, HBE FEoRET
ENSDFU. NuDat #2 it %} ENSDF H £ & 4 v
MY AZ B . o AR 5% 2 KA DG S8 35 B8R I AU 1 7]
JF o 3 A S BB i) ENSDF 81T 45 2%
SHEMEUR. 15 NNDC 52 0G0 1 IR 45 22—,
NuDat f NNDC Ml Hi 4t = S miik 70%,
RHAEAL PR 1 700 7 B AAIE R, CEU A ER
R P o L 52—

SR, NuDat B ARG AT 15 4547,
T e LA 2 BAC I 28 B 1 & R 75 K. NNDC 1A
PR T RGP ks gtk DTt
FH PRSI X AL S8 P IR AR ER . ek
HAFESI A HTML Canvas 523 558 B2 A ¥
b, SRR P 540 ERAE,; R s —)
S B b R LA 5 AT - RO R ] Y
—Et; T Git RAE S Gradle W RS
S T AR BRI, DT DR B R GE T i 5
AIRFELY Rk B0,

IAALJE ) NuDat AN FRAES0 R B
FEREPE, M — D IIRE A MBI IR R 5
& BA TR REOT R, g 558 A
2Kl Z NE S iEERe, D2k (CSV,
PNG, AJILmd4z) Bdin = e )y, i P agtg LA
B RNE AR R K E S0 2 22 s .
X —FE AR BT T %A 0 RT U R) M 55 ] fig
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P, (AP IR 55 T REBERE Y BUF R %
GUB N, YR T U R R S R
T AHAS R, NNDC IEZEWF & T Three.js
HELR B = 4 al YL A, 5550 — eI A 1,
=2 B RS LA LYy 2R 2 AR (11
WFEFIPE Z, P50 N 586 YL E % 2 1 1)
FAOCHE), A B4R RS BRI S
AL, X — R TR 5 R AT LA s A
Sy ey, RGE Rt e 038 55 = 4 nT AT R,
TR 52 ZeA% R R () B, HESAZ BN 5 30
B AT

F% T NNDC i) NuDat &G 455, Ebs FIR7EF
Wt E [ B E R rT e T il ik E R
Ble#wE 58 bty (CNRS) FF 4 1% TN & B[R FE
T A PR AT A% 2R B SRR g T Ak
S, DRI T R TR R g
528 B AR T ) Y L ] .

4 FEEEEER: P RFHEE

TEA BRI AR b, b A BT
FEMIBNIE AR H 45 s AYMEH]. 7erh EREE
iL» (China Nuclear Data Center, CNDC) ) 4 %
53R, iR R A AR AR Z R A e
W S RER P B TR A SS S BT kAL, B0
TOREAZ R BORS B I i  R G IRFETR
TR 5T PG EAR IR R, 7% &3
BB BHIE S Bm PR EE T W 2855 10] 52 B 1) SEBRAGL,
BAIZE ENSDF 5 SCHF R T M A 47 21
FIRAL 7R 1 5 B B i AR i 48 NNDC %5 5 br

Data in ENSDF files:

235U L |0.0760 4 1/2+
235U 2 L |FLAG=Z

235U X L XREF=ABDFM

26 M AP

235U 3 L %IT=100

|23SU cL T depends on chemical environment

235U 2cL (1966Ma20,1968Ned4,1974Ne0@9,1971Ar48,1972Nel2).

235U 3cL T{-1/2}=25.7 min {I4} in LASER produced plasma (1979
235U cL T$T{-1/2}=230 min. {+235m}U placed in a silver matri
235U 2cL in T{-1/2} may be due to a special electromagnetic f
235U 3cL (1993K032,1989K052). Others: 1992Vs@l, 1992Vo@5.
235U cL Ultra-violet laser excitation of {+235}U (
2350 cL 3J favored |a decay from 1/2+ {+239}Pu
235U G 0.0765 4 100 E3 1E10
235U cG E$weighted average of 0.0768 keV {I5} (1979zh@5) and
235U 2¢G 0.07616 keV {I53} (1996PazY). Others: 1995Pa45.

235U ¢G B(E3)(W.u.)=1.57|*10{+19}/(1+]|a)

235U L 13.0339 21 3/2+ 0.50 NS 3

235U cL T$from {+239}Pu |a decay (1970H002).

235U 2 L FLAG=Z

K2 ZEMiFsr i ENSDF Jslih Bt i,
Fig. 2. The left part is in the original ENSDF data format, whil

020119-

Seit 5, WA TEAR IR h 4 8 T 454 ENSDF
Bl bR e B T &, BT A TR
1R F AR A AL 0 5 R RS IZRGAML
ST E N TEALRE | A% 2 5 [ B A e Y DGR
P A oK, o e EAZ AR Bt Y [ =T+
SR EBEE T IR SR, 1 TAEF AL T CNDC
e 2 “BLR A B B 58 5 SEBR R SRAH S 57 1Y
A 5 T 7 L 2 1 7 L 5 S e

RN FERE |, FA1HF % T ENSDF Transformer
WUH, TR O i AT R iR 80 51 ASCIL 4% X iy
ENSDF S0, ¥4 % | BB 4 o8 {5 B 454
et JSON X4, IS A H B SRS
PRACHE e v 300 H A b B 1 AU B R
(] 10 2 f 28 S IR 7 26 . T RRAR 3 A7 L R T
BLER 27 2 S AR AL T v ) S B R 2R . (B2
Fr ENSDF #UCIb£es:, R JSON Schema
VR, R RIEE SR (FGA% 2R | BB, &
A AR A AR SO A, DU DR A
SBZ A YRS S

B2 25 TR ZE X4 6 JSON Schema & X
A, T RNZ R GEAE S AL s bR AL 15
THEEE.

ZEHERIRIRTE
ENSDF 4 3 AR Ak 2 0 i 2 v] 48 Sy « = 2P
" RN SR SR EIE. B, FEREBTRY B,
T4 ENSDF REA 1745884 T2 OCA SO, LA
ICTFENIEARBATT, MG 6 S IELSLAR LRSS 7 51)3E
PEARR ST R AL S0 K58, FHARE IE S 2
FHARR 7 Bt U1 4 RO 457 B ff BT Ay SCAS sl 85

4.1

Data parsed:

BM1 {

eeeee gy": {
"value": 0.076,
“incertitude”:
"unit": "kev"

0.0004,

}

"spinParity": "1/2+",
"halflife": {

1202).
X. Drastic change
ield resonance

1992B026) .

GT

ARGy 4 LY JSON Hs KR
e the right part is the corresponding JSON format data.
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AT — SR A, A I JSON e, Bl
JETER RS TR B, X SRR SR ZUN )2 IR
fb JSON X 4: LI ZE AT, "R T &4
P T HE R QESREHEFXL. FlingEg
X4, BB . FBE TR 1 W A CHOAN B
FEX VB X RS S A7, I T e 2
B X SGHLAR AT . fE A Y B 8 A T
g5 XK JSON Schema it A B SC 1 AT 4540 5
FIUREES, F BN BT R R I S A f R A
15 R 2 SERR A ORI, DT S 2 B A A —
Pk SRR T RS, R ST AL R R 55
PEREA T R T R A EiE S At

4.2 BEMBEARLTE

BT FRE AR, A SO T Bk
BEE T AL &, K 3, FE R H Dash 5
Plotly i1~ Python FESZEL. -5 R Ik 7 1
fA5n JSON X4, f 46 i1 ENSDF Tranformer
M ENSDF J5ibs SC-i s 21 s

Dash F T#5 & ™ DURTURHESE, S B2 B #
S5y An s ahae, P JoEs 48 JavaScript Bl A]
s A= il a2 BB . Plotly FHH T4 K 3R, 5
Dash = BE3fE4s, A SE9 BRPR IR SR 4 0 HLdH-F-75
Bt SR AR S W T A S EARAE, T SR

BEIETIG IR

LEER
5 O FIH

FHAER

SRR 50T

AL R GeaE i UL B 28 B R Y
BRI 8, IR T ARRAEHE 5 AR R i PR K
HE S o, W RTE T BRI S e R
M.

5 BB 4 A I S BB 2

TEBARZ S R Bt e A L, ASCRAETE >
HHIBAAAZ 25 ¥ it 04 s T PE S P~ > T
IEAERRE ST, M E A A T ) R G TMAE
20 SRR AL | 12 AL RO RO AR AP &R
)G, ] RROT RIS | BRI R PR RE
Bk, N SEHNE AT TG IR iR R S K
A

I B I R AR PR AN ORI R U R A
ESUR D] S O RN ol R4 vaBE e
A BT B, HRL OBk H AR S R ELE TS 1Y
FRUE By 7 X el 192901, e g R A el T A AR E
AR DR, T2 T2 RBER IR T Gl
IR E]. G g R, R AR U R
MR, MELL SR U, BRG] TORrT R S
IR A . SR, i (A o 52748

(b)

e

BEEMIE:

Qp- 4873 keV 15
QEC -2137 keV 13
Qp* -3159 keV 73
Qa 111 keV 20
Sp 7811 keV 17
Sn 5163 keV 22
S2p 17892 keV 75
s2n 1.200E+4 keV 4
Q2B- 4330 keV 76
QEC -9827 keV 25
QECp -13146 keV 18
Qpn -2460 keV 15
Qp-2n 7752 keV 21

BERE BRI

[ T EY S

Fm SER

®

K3 I EERERREEY  (a) X R R AR A, JF SR A2 P e U . T 4 L e ) e A A AR 4
F18 @, FFATRT R 7 N SO R SRR B (b) SR P TER R E b MR R, HX LAY &3 ENSDF £544 5 548

Bl 2 1 S st B, SRR L Dl g

Fig. 3. The interactive nuclide chart displays the half-life. (a) This area shows the nuclide distribution map and provides options for

drawing control. Users can choose to color by half-life or decay mode, and can adjust the display of text within the nuclide blocks

and the visibility of legends. (b) When a nuclide is selected in the nuclide plot, all the ENSDF structures and decay data corres-

ponding to that nuclide will be automatically loaded and presented, and a filtering function is supported.
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5 H R AU T B B AE AR 55234
N, S ELEE T EAZ W a5 . Rae
5T A% A ) 5 R, A B TR R
Jo e DI v AR AR X [B], I A R A S5 B
B, RS A S S E i R I S

A, TR E A BAT R A R A, HA
AN 15 Bl R R G, A RIS AN i o
S B HEAT AU AT R i 25 O SR . X — 350
MG T 2 A AP B 5 R R e Ao, o568
HIZHEA U0 A SR L, R R
TP e 2 A 0233, S TE I R e B
AR R A B EA VR B B, T X sk
JRBE L (BL ) (Science) 22 EHAE 2005 4% <02
TAFTERE R ITR "SI 125 A5 i 21 AR
B[] @l — B,

i LR, RERE M EZI Y S AR
W N O SY AT N At B NS P 52
1, WA AR s A T B R AL T R
H. ASCES A B 25 M 8 S PLas 27 > ik,
REBEZN AWM, BENBERE D
RS IR AR 55050k L LA E 9K 50 1) S 4.

TERRIERETT T, A SCR I FEHLARAR (random
forest, RF) 5.7 B8 X8 S A% e AR VE itk A T R G0 gt
BTN, BEHLARAMOR —Fh 5T 2 DS S iy M
B R 2 Bk, TR i i B AL A R B e R
AR 2 M O & T B v U AR 2 . 45 & JSON
¥ ENSDF FE$E ity 2 4k ARHE (i)
i FE Z h RN RS AL Z 5 N BYA e
TEARREAF), IR AT [R] B S BT i B 3 AR AR
ST, 308 3 Rk T B S M e s OGS 54
N, g5 Bk A& AU B R A
FRR RSP TR R TR, xR T IR ek
Pike XGPS 22 2 IR B R A 1, W ).

51 WRAZX

AXRET Z > 84 N > 128 X I 1Y i T 4%
ZRP A TR SRS R A ORI IX
WA R TSN o A B~ H=A, BT AR,
BB R A & 2 S, SRS
BE AL AR AR GR 0 g A~ 3K Y 38 25 TN 38 O AR AR 25 3
TN, I Y25 e 5 22 i AR AL R B A B0 B AL AR
MBI A2 20 N OB 4 S W m 54k
J % B — o AR AR 1) 5 55 T DA i 43 S

WIS AT HUAR, 0 3P e U e o A 3 AR R
I FHE AR B, AT AR R
[l e A R 23 SO, R LTI 3R A
B RIS G AR SCR T 230 0 3K B
ARMEE B A4S

5.1.1 XETFRMERA KX

TR F 5 — A8 030 (universal decay law,
UDL)B940

logy(T1/2,0 = aZo(Z — Za)V 1 | Qu

+ b\/,uza(z — Z)(AYPH(A— A)V3) e (1)

PTG « AL T T p,, HD Z,, A,
Qo Fl pf = Ag(A — Ag) /A5 WA o K F 19 T+
BBRE, o FAFRE AL R EEL, Z A 55
RFEAL I BT RO BT 4. 7B (RS B
RS R TAZHEAS.

X T HKRAR, BT A A SR T —

AEBEAR (IO SF3):
2

logyo T /2,58 = @(1(Z_KJIV2))A + % +e (2)
P 1 78 R T BV 00, S o 22
TEAECRAZ T R BHZE RO (W T HAE D 0,
XtFHAWR AR ]y 2)9%); T = (N — Z)/ARAE 7
BERE, N AEAZR 4G < BE D 2,644 it
Hh, a, bFI e R =AUE REL BT RGN ZE S,
(2) A HIXF Z < 104 B9 A% A A AZ SE AT LA,
1A XT Z < 104 98, BEE Z 000, RC)F
TN, Ty o gp W EIEIN. ZIXCEN —LEAZ KA A
R ARG (> 108 s), HATH AL
— IR, ST 5 H A BRI L, R AR
SUHTE S RS, ORI T (2) XA,

B AR GE W T /o 310 275 SCHR [49] 45 HH 1Y)
T T B RS B AR A AN 5 k-
Z&#)) (Gamow-Teller, GT) BKiF, H4r 322 AT
TN

log, 11 /2,3 = logygr1 — logyq fo — log;o Bar, (3)

213K In 2 .
Hrh k= —57=5 =6147 s, fo & tHAS A B £,
mactGi

Bor & GT ALBREMER. X THUE R 573k, M
2] AR B

EC ~ 27:(%)3 [1 — %(HZ?)Q + E0:|2, (4)
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% 1 UDL, SF3 fl (3) KIS E R rings
Table 1.  The fitted parameters and mean square error of UDL, SF3 and Eq. (3).

(e a(logy o Bar) b c RMSE RMSE gr AL
UDL 0.404 ~0.360 -25.128 0.831 0.508 38.9%
SF3 (Z < 104) ~1.213 ~1390.926 61.361 3.124 1.141 63.5%
SF3 (Z >104) ~1.465 ~12786.191 116.228 1.443 0.525 63.6%
AH(B) pr 0.816 — — 0.816 0.325 60.2%
PA(3) - ~1.967 — — 1.675 0.705 57.9%
AE(3) ke ~1.653 — — 2.196 0.846 61.5%

X pE FEAR, A2 18] F B
gt F(E§ — 10E3+15E) — 6)2n(Z F 1) /137
0 N Sl —expl2nZ 7 /s )
Hir By LB FFRE M BAALR B = AZRE. BT
ENSDFP 2411 3 AR g Qp /2 Ji 0 i 22,
WATE Eo B, HF T i e 2 SR 5 RO can T b 3

g B Qp+ + 2mec? B Qp- + mec?
0,pt — MeC? v 0BT T Mec? )
QEc — Mec?
Eypc= —————. 6
0,EC mac? (6)

%E, LA loglo(foTl/gﬁ/lﬂ) E@‘TP:V)]{E’VE% log, Bar
Ak A SR T3k 1.
5.1.2  MMAEMTT &

BE AL AR AR 125 2 R SRR B0 0 ol IR B2 Y
SRR, O TIINAT A RS FIE PO Py
B MEAES B 2 ) B M TS S
ARHTAFHE (2 5E) FBAESE {(01, ..., 01)s, s €
(1, S|} LA HARE (AT &) {ys, s € 1, SI}, E
HENE T AU SR, DL B R B I AR PR R
MEEA BRI 93 LA T4, A TR —
AN L SE S O AR Y R I — R R
f(01, ..., 0r), F/MEREA B i 2 J7 AR 22
(root-mean-square error, RMSE) &

RMSE = \/; Z;(ys = f(br, ..., 00)%  (7)

U2 — P T REHLA I A i 52
WOk Xy ik, Hnde P fo 45 Al g

M BRAR ZH B AR, B4R rh RN REAR ) B AR
B A o 2 T30 25 %ﬁ*flﬁ?@?ﬁmﬁﬁ%%%ﬂﬁ
e, B F (01, -+, 0r) = Mzm:1 Jm(01, -+ 0r).
BRY ) PERETE bRV R FHBENLAR AR B9 42505 64T
flitt, RI7EA AR SR I, 29 1/3 BIREACK
BTN, XS A0 ARV AT TP 24
P FIUIN 152 25 5 e 2 %) AT R R 48 R 25 R A 7134
BRI 75 2 B (AR A 2 AR BE 1 09— A sufbh, AN
FRAR T 7RI R AL R W 22, 32 Sz fLRE
AW 5 A FH IR Python J& scikit-learn®! H i1t [
HLARARINAAE 55 A THL AR 2T N 2k, Sl T R34
MR ZE A B, CAMB B ZRAR R 107 BRA AL AR
A o AR BT AR BT AR FILE R
AR 1 e AR 2 5 B 28 00 20 3 1Y) 5% 25 38 1o B AL AR AR
LI T MR S5 Y2, 38 LR 0 28 05
NI ERZE AT O, (5 I A7 I A2 R 2ot BB LAR
MRAETE B2 5 1 5 S0 I ) AR e/, BT
FAEGLSE Z, N, AR Z5 Narie, D& A
XER AR R, BT H R AR T e AR R
X HLA ] SCHik [54] H ) 24 A8 37 22 (fission barrier,
FB) REAAFEE T 28R, IFLIL M % 185
AR FR TP R AR RN . AR SCRE B O 11, 5
AT Z AT T H TN 22 X3 25 A B A 7 a5
BOMHIA] 1L bl xF T 45 AR 45 42
N 2T T 1Y 73 32 3 W log, T 2 peforerr 5 FEAIL
AMEIEBIE T 895 3 =W 0 log, 0 Th 2 afterke =

logIOTl/Q,beforeRF + F(gla cey 9[) . %Ea m@ﬁﬁ%%

17 SRR [ B 1 175152, R s — 102,67} /2.0xp — 1021674 /2,beforekr (8)
BEAELE (R) Bootstrap FEAR) B, Hr PR 2% |
Wit B Sl g AR Bulipe = Lg0lizaar, )
H bR, Wi S — Mk, s T4 DAIIRRE
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Fig. 4. Distribution of sample points in the training set and
extrapolation set of the random forest model. In the figure,
training set data points for o decay, P~ decay, P decay,
spontaneous fission, and electron capture decays are repres-
ented by colors corresponding to the legend; all colored
areas belong to the extrapolation set, i.e., they include nuc-
lides with any type of decay energy; gray areas indicate
nuclides that lack experimental half-life values or have ex-

cessively large uncertainties in the experimental data.
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Fig. 5. Comparison of residuals before and after random
forest training. Scatter points in different colors represent
the residuals from the empirical formula fitting and the ran-
dom forest training for o decay, B~ decay, BT decay, spon-
taneous fission, and electron capture decays. Dashed lines in
corresponding colors indicate twice the root-mean-square er-

ror (RMSE) of each respective semi-empirical formula.
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Fig. 6. Comparison between predicted and experimental dominant decay modes and total half-lives: (a), (b) Experimental data re-
trieved from the National Nuclear Data Center (NNDC); (c), (d) results predicted by the random forest model, which includes ex-

trapolations for nuclides that have decay energy data but lack measured half-life values.
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SPECIAL TOPIC—Thematic data in nuclear physics: Experimental,
theoretical and applied research

Modernization of nuclear structure data: Promoting
evaluation efficiency and usability”
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HUANG Yiming  CAI Boshuai

(Sino-French Institute of Nuclear Engineering and Technology, Sun Yat-Sen University, Zhuhai 519082, China)
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Abstract

The Evaluated Nuclear Structure Data File (ENSDF) serves as the cornerstone database for nuclear
structure and decay data, underpinning research in nuclear physics, energy, medicine, and astrophysics.
However, its legacy 80-column ASCII format, established decades ago, presents significant challenges in data
accessibility, interoperability, and scalability amidst today’s data-intensive research environment. This work
systematically addresses the urgent need for modernizing ENSDF by analyzing its historical limitations,
reviewing international modernization initiatives, and presenting a comprehensive framework that integrates
advanced data formats, database technologies, machine learning (ML), and interactive visualization.

The primary objectives of this study are twofold: first, to articulate a pathway for transforming ENSDF
into a FAIR (findable, accessible, interoperable, reusable)-compliant resource through structural and
technological upgrades; and second, to demonstrate the scientific potential of modernized nuclear data by
applying ML methods to predict decay properties of superheavy nuclei.

Methodologically, we propose and implement a multi-faceted modernization framework. This includes the
adoption of JSON Schema to replace rigid column-based records with hierarchical, self-describing, and machine-
readable data structures. We introduce CouchDB, an object-oriented database, to natively support diverse data
types and enable efficient querying via precomputed views. Additionally, we discuss the integration of machine
learning both as a tool for enhancing database maintenance—such as automated PDF table extraction and
anomaly detection—and as a predictive engine for nuclear properties. Inspired by international efforts like the
modernized NuDat interface, we also developed a localized visualization platform using Dash and Plotly,
enabling interactive exploration of nuclide charts and level schemes based on locally parsed ENSDF data.

As a concrete application of modernized nuclear data, we focus on the decay properties of heavy nuclei.
Using JSON-formatted structure and decay data derived from ENSDF, we train a random forest (RF) model to
predict half-lives and dominant decay modes across o decay, BT decay, electron capture, and spontaneous
fission. The model is trained to correct residuals from established semi-empirical formulas (e.g., the Universal
Decay Law for o decay and a new three-parameter formula for spontaneous fission). Input features include
proton number Z, neutron number N, mass number A, parity, decay energies, and fission barriers.

Our results demonstrate a significant improvement in predictive accuracy. The RF model achieves 92.2%
agreement with experimental data in identifying the dominant decay mode and reduces the root-mean-square

error (RMSE) by an average of over 50% across all decay channels. Notably, the model successfully reproduces
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known systematic trends, such as the elongated a decay valley and the competition between o decay and
spontaneous fission in the northeast region of the chart. It also predictes an island of enhanced stability
southwest of Z = 114, N = 184, correlated with higher fission barriers.

In conclusion, this work underscores that modernizing ENSDF is not merely a technical upgrade but a
paradigm shift toward data-driven nuclear science. By implementing JSON-based structuring, object-oriented
databases, ML-aided evaluation, and advanced visualization, we establish a foundation for scalable,
interoperable, and intelligent nuclear data infrastructure. The successful application of RF to superheavy
nuclear decay validates the synergy between modern data formats and ML, offering a powerful tool for
exploring unknown nuclides and constraining theoretical models. These efforts, exemplified by the autonomous
development at Sun Yat-sen University, reflect China’s growing capacity for innovation in nuclear data
infrastructure and its commitment to supporting future discoveries in nuclear physics, astrophysics, and applied
nuclear technologies.

All the data presented in this work can be found at https://doi.org/10.57760/sciencedb.30258.
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