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AIRTAARDHESE0 AL, AT AR A 3 2 A B R rp 15 (CSNS) b A4S v i (UK R THI AR

THMM T K

CSNS — It i = &R, 3 AT (General Purpose Power Diffractometer, GPPD)
TR B LA KA SR ARG ER 5] (NSDA) , %4805 B TC FR BUZ N KR BT
WRECEFFEY . Z BB C AR R e F2A s, SEBLT 4mmdmm 6915 & 5 9 FodF
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The rapid development of X-ray free electron laser (EFEL) facilities has opened a new paradigm of
X-ray measurement. They can deliver ultra-short and coherent x-ray pulses with extremely high
brilliance, thus enabling the observation of the physical and chemical behaviors in condensed
matters and biomaterials, at high spatial and temporal resolution simultaneously. Shanghai HIgh
repetitioN rate XFEL and Extreme light facility (SHINE) has started its construction in April 2018
and may become one of most sophisticated XFEL facilities in the world.

The advanced detectors for XFEL allow an extremely high throughput of data rates and volumes.
Big data has been identified as one of the major challenges in XFEL experiments, e.g. serial fem-
tosecond crystallography and single-particle imaging. Dedicated data center and DAQ system shall
be developed to meet the requirement of data acquisition, real-time analysis, and big data manage-
ment of various instruments. A RD; data platform has already been built for the high throughput
data processing based on high performance cluster as well as cloud computing. Algorithms and
softwares of data acquisition, data management and analysis for tackling XFEL big data are also
under development. In this presentation, most recent progresses of SHINE data science will be
reported as well as envision of next decade.
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Summary

With the rapid development of the synchrotron radiation X-ray characterization techniques, the
preprocessing of large small-angle X-ray scattering (SAXS) datasets and the data mining become
urgent requirements for researchers. In this work, we apply the variational autoencoder (VAE) and
the conditional variational autoencoder (cVAE) to visualize a large SAXS dataset of hard-elastic
isotactic polypropylene (iPP) films in 2- and 1-dimensional latent spaces. The low-dimensional
representations enable us to capture key features of the dataset rapidly, such as the similarity
among SAXS patterns and the structural evolution trends. The preprocessing of the dataset points
out the further direction of data analysis so that researchers can focus on the most valued regions in
the dataset. Then, we develop a hybrid VAE-multilayer perceptron (MLP) neural network to realize
the processing-structure mapping of iPP films. The robustness of the hybrid VAE-MLP network is
verified. Finally, SAXS patterns in the temperature-strain space are generated, which allows us to
explore the processing parameter space not involved by previous experiments. These capabilities
indicate that the developed machine-learning methods are valuable artificial intelligence toolset to
assist in the preprocessing of large-scale SAXS datasets and the establishment of comprehensive
processing-structure relationship of hard-elastic iPP films.
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Plasma disruption is a very dangerous event for future tokamaks and fusion reactors. Therefore,
predicting disruption is crucial for ensuring the safety and performance of reactors. In this study,
the features of two deep learning algorithms are integrated to establish a multi-scale hybrid net-
work disruption predictor. Firstly, 43 diagnostic signals are extracted by a convolutional neural
network (CNN), and the time information is learned by a long short-term memory network. The
predictor is trained and tested on a database containing ~ 104 non-all-metal wall discharges. Its
area under the receiver operator characteristic curve (AUC), which is a common performanc met-
ric for deep learning algorithms, reaches 0.97, and the true positive rate is ~ 95.3% , while the false
positive rate is ~ 8%. Since EAST was upgraded in 2020, the wall condition has been upgraded
from non-all-metal to all-metal. To examine the robustness of the predictor, the EAST disruption
predictor is migrated to the all-metal wall experiment for the first time. It is again tested under
the all-metal wall experimental data, and its warning performance decreases significantly, with an
AUC of only 0.79. To improve the robustness and sensitivity of the predictor against disruptions,
the convolutional attention mechanism is introduced into the CNN. After training and testing with
the same data set, the warning performance for the all-metal wall data is improved, with the AUC
value increasing to 0.84. To further improve the robustness of the predictor, the t-SNE algorithm
is employed to explore the difference of the sample distribution before and after EAST upgrada-
tion, and the transfer learning algorithm is used to reduce this difference. By applying transfer
learning to a small amount of discharges from the all-metal wall data, the warning performance
in the all-metal wall experiment is further improved, and the AUC value increases to 0.93.
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T GEM #3251 H A 1 i 22 1818 ASIC P g It
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BRAEMN 1,2,3, T #7123, 3§ %5 1,23, IhiEE 1,23

(1. P ERREB S R BT, Ut 1000495 2. R FIERLE L, TR AR5E 523803;
3N SR o R R SRR =, it 100049)

HE: fEE R T EERIRTT, &EiTEER I8 10MHz/mm2 () GEM(Gas Electron Multiplier) A7
THRMZHA B AL S 3He SRR ER BUR A K 1 S0 B 2R AR 2 —, T L84RE1S
KRBT, HE LV R 25 i3 . 1 %] CSNS(China Spallation Neutron Source).
2455 VT A 1 s 52t 2t i TR R H ) 2 1 D Vi R R X A R R CIPix ASIC
R, Wl R AR 64 JHIE HL {7 ST EACRAY . BUBYBORER AR LU, ISR 2
TE &, (H B TE A e TR A AR IA B 330kHz , TR T GEM FRZR I A . N T
PETPRAR R GEERE, SEPL GEM N & m HHACE R 2 @B M 2 ) 755K, BOF T —3K 32 )
izt ASIC B R, HEIC A58 M —MURBS T, b 7R R AL B AH 21 e DA Rtk
JE ARt , 1 1E ARSI RE ST T — 3 a e B AR, AR T WA A A
Bl B, AISEEH 64 BGEIE R, SR — ) PUiEIE E MERE DAC(Digital Analogue Converter),
FAIETE R 16 Bk H PR AL B B1E, FHfiT FPGA(Field - Programmable Gate Array) SZFLIY
HIE DAC [WECE , [RIER 700t R, RN o4 BEECTFE S, SEOL8: 1Ay
EEMIIRE, ol 8 et tRss GimEir LB it . ST SFH ASIC it R kAT 7%t
FOSEgm i, WARE R MERE, ST TR R G . IS5 R R 5T ASIC
FHEG, BT ASIC PZPESN B R, RIGEEER.
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A, BT P EUE KRR RIZIIE A 2 ik [ BRI PR G g L RN S (KSR
AR BB DAROKBRBEBER R 5 A 55 25 [A) m Ae e S 0 e, i — PR T A g
KA. GECAM T B &3 i MRS Pl 1% S A ROCERIM L2, &I mkmFE
Bl . A4 GECAM TR B4 A AR T RERORTE B A5 B2 U By R
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uifkZ (HEPS 3t 90 £7%) . *#RHIUSF 5 . SCB M iiad 2, AT BO8c A 21 I i 1
S FERESEESIEIE . RIE SRR RN 22 A iR . RADA
Kk, EWNIN—HEEER . AR DIRESE R R SR AR AL PR AR LR SE . mifE
T3 0 HEPS PR S8 — 8 A FrfEm rT UGl A BEARSE, ARLIITT SC e AL -
LGP SEER P AT IR IT BN AR Ry i Ak B R B 3 SR B S22 A
Z A RPN BT R E A A A A B B AL PR s SEIR M A AR ATt
PR E [ 53 B A5 RS B o AR R AR T H 597 5% . B SCHIZERE , PABCRRBTT
K2t
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I ML ) B X GTARRIGE : SCRER B BT H 3R
FERLL, U, ERM, BREE, Xk, Byl
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WA, MORME B IR T BRI R A 2 BRI o INSHA S AR & BRRY o6 bt R 25
Z Rl RS P SRR T, 51 TR R P i ER ) A ST R . X
SISO (XAS) @& —Fh 2 M A RERAERAR . T S0 7S B FREE A AR
LA (S B . XAS A HH T I EOLE SRS g H ik . SR, BUA B XAS o
TEEE PEAE W] 22 IS AR A A 2 S S B O A AR A B [1]. fES 2 6isn it
SR SIS 45 R B BS TR B B VTEC Y 5 BRI B R R B e e, DA S B PR AL
TESCIR 2 S P ] BEAAAE A GRS | e i 9 AN M s A5 L 1 93 A 210 FRATAI A Quanty-—
Fh T2 R AP T Co TEWAMMNTS (2+, 3+) FEARFMIAGEF 2R L-edge MUK
WiE NS %1% (Fig. 1a), i@1) Pearson pRHIT AN LU v] PALE 25 8] Ff iR X 2 T 2 BN S
KR35 B (Fig. 1b). fEBCELRE I, SEEL TR B FARFET (S B ES) LRl
MBS LR (Fig. 10), PARERE M HAIRANS (Fig. 1d) ARG HIES (Fig. le) (1)
SRR R B T B B UCHC . % 35 0T B [ 4 S P bRk T o B AR
SEEELE AR AR R B

Fig 1: SLIG45 R BB 0) H BIVCAL.(a) Co JTCEMAMN S (2+, 3+) FEARFAHEZT
) L-edge WZ i (b) Pearson BT SAMILE R 2SR . AREFER (o), IRAMES ) AR
TRA ATES (e) RYSEIGWL G AN BRI T3 455 1Y H Zh ITHL .

[1]: Chen Zheng et al., npj Computational Materials: 4, No: 12 (2018).
[2]: Yuta Suzuki et al., npj Computational Materials: 5, No: 39 (2019).
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T S W R IE B TR AT AT . WLy >0 v L Al 2 0 24— AL LL ARl
ZAGHTARA, thZ MMEICHMENZ B ERAR. BT RS A G Sk
A, XSl R B ALY . WX AR AT 2 UGE A, WA
W28 RERS H B2 ) FIERIURAE , HAERINES VAT A28, B2 m 4 mpLas
2TFE R AR T AR I T i, KRR W 28 RO S, Rl oCM 4R RERS B Bh
Sy AR AR A TG A TSR, ELAR NS B OB R 28 ) 45 (I R R 252 > IS TR) o 53 4,
ol 28 ) 245 30 R JT] 00 T 28 o K 700 85 1) I P IS A O BRI A AT 58 LRSI 22
B FETERETE T MRS HEAT P MRAL B . R TR R 28 2 A, BEAILARMA 22 35 CAD 2R DL -4 45
HLARF > BT T T DA T 25 ) i SERE i A i 2 e s B, I D PRI SR AR T2 R
SRR, SRR R LR TR, WU ST TEIE HL A T v A B R e
KT B KRR . X LR TR IR T b — P KRR I T A 2%, et
TR SR -
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JONO L1 T i S — BT b AR B TLT T R R I H - %50 H S A
A SR P T A PE BRI T, TRABIE IS Bl T A BREE AN RSO A, A Al T A
IR . CPXIFRIERGRSE . VLI Pl T SCmiizty BN TR INGS , 7, BdiakEL, ¥
HMTEFERAY .
Horh BRI AR SR 1 B R AR I U RE LA, Lﬁﬁﬁ%AfW%M&ﬁ&&%
A TR AT I, BRI S35 0 S5 56 ] fE , AEFEA 50T ARG Bl
?WMQ%QMLﬁ%u,&ﬁ&ﬁiﬁﬁﬁ*ﬁ%%@ﬁ @%m%*ﬁ%ﬁ%ﬁﬁff
FRFG, AR RAA, L BUSR 2 3 SO A By, PRI T s HEA 51 T AR
J1, PEEimAR TARRR, 525 JUNO-DAQ YR i 12 A 5E -
FE53 T JUNO I H B SERr s 00, MENBEEANAEHBEMEPTAN 5 T 58 R ST . FESIRERE
B, RGN SEH BRI ER G TE R & A I S5 SR EE A 1 R BRI
BRI E T LA RN GRS 3D BoR; BB SRR shaS il S84k ;
SCRF E SR AT A A . AEhEE L, RGNVl (8 SR T SRR 2 A D AR
AE L R AT A, PTREMEAAS A, T (R SR BE A B B S
AR EON JUNO BRI AR GLan A M R G Bt AT v 48, A AT ARG IEAL T IT & B BL.
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-6 . HEPS HAMRK-FRYAGIRE . A i 2SI A0 TR S B S Rr i, B R AR
P HRA Rl KA RSEREA . WXTPA LA, R Bn A B E R AT ik B A B
1 2 HEPS B AL PR OK , VFZRb S0 7 BAE SR A Fp S LS b AT A B S I5E , AR
e SAME L LR A . 1 H BTSRRI e . Bm A B B BT R
PRI A I, f 2 B AR N ORI A N BRI VA8 . O T 38 Y. HEPS S T A58
JEMBALGINTT R WEL, TEIIA—E R8Pk Frgsef!. Frgiak®” (CUCD) i
BPPIT R SR ERAE , DASEBUERPEIT A ad AR B s AL figfe . C/CD 2 Lodiliad 51 A A 3k
FBORPE RN, WAR TAEN R SRR R A SN @I AR AE, AT
RN A RIS R 2 KB ER ik, 2. BRE&<F TR, fisasr Rk
PERIT ST, P SEH R . LU R AR CUCD WSR2 S AR FIT A it fe
PAREARSAR T3 22k
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VLI % 75288 (Jiangmen Underground Neutrino Observatory, JUNO) A3 BHYT. A% H 36 il
Bz g b, SR ) D BRI AL T HL R 700 0K, PESEAT 2 0 A AR DN R
&, BEEAGE R 3%. JUNO i i L i AR A5 i Bt i o h it B 2 0y Al b i iR &5 2
B, A L GUSRITIFSE, A AR B ) Y 2 R T LS o SR
542 JUNO SLie B H bz —, B TR 3514 30740 SE A & kA —k,
B SRR B EE KB (Data Acquisition, DAQ) RELFELR AR E 121 TXF SREUE
W E P TEIE T, XX JUNO ZELR B o] i B T8 Bk,

TELF A ZER JUNO DAQ ARG i LI e S RN A LR, nEZak . U RS, IR
BERGE, FELM N DA AR E S SR, S T IAE B L =45 T 6E. e
T T RE R e AN SE BB R T I, BN T FHERHR] A S04 0 3 2 v
TR . AR SGE I RE W RGBT ST, SEBL T U G5 SRR AR AR, A
FHIH S A TR A 1 AR IR 45 B 2 T JUNO DAQ & 4t P I B i S A FIAE kA, T R
T AR S8 X B AR LA AT R e, 58 T AR AR AZ O IR S5 T AT g . 4T
XPAE LA E R R A, ANB e T X R AR IR R G AT, @i & H R4
e AR ¥R 58 T B AR ) AT RS . SE TE R R AR . Aie
SCH I JUNO FELARAF AL, 58 T X RG] MR AT IF 45 th T RG AT i dahs, 53
FHH JUNO TELRER W] AR ZAAE 41 R, REA% S JUNO RIS IGER R LA ) 30
AR SGERAELERAE P REHEAT T, W45 SR 3 I M4 R G BEAE 58 b DAQ FR&eH AL
AR . BRI ERIT B S e s, SUFERSE T AA DAQ H PR IS4
PRFIAEA o AR SRS PRI RE W] DAYE 20 FPZc A0 X RO I R 5 B sh ASs 138 41 5
BRI RE T DATE 12 2R 6K 6 5 B0 R G e m i AR s B B PRI RE T DAGE
FRECE DT, 7E 78 A R ELAR B R4 T A B i A s TH B IR 55 W DAAL BRER
PRAAEE &9 R B TH R

e, AR R A T R T S, AR SCWRSE T R T AR A S HE SR Y M g
FEERE S, MRS R EN, FEBAY ST IE 25 Gb/s WGERETR , BT R AT R AL ) 5 v
B B HEZE W] DASEER AT A5 23 Gb/s (AR, BT 0 & AR O B ] DAGRAIEESCH T
ZLi5AT.

TELRBATAZ O IR S5 H il 2 448 JUNO SE3n A B, BeaBds i s¢ i 1 S eeFn vl
M, Sk JUNO Aok 1E BRGS0 T B 2.
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AR AT 4 R B S5 2 o AT SR ﬁﬁ#hﬁ%TxEﬁﬂﬁﬁﬁ%MHﬂéﬁkﬁmo
SEEOLIREAE AT RO AL, HEPS B0 TR CIRRLA AT S 2 G TR B
%ﬁTﬁwh%%ﬁﬁﬁﬁ&,E%LﬁM“%%ﬁ%%%Aﬁ%%ﬁﬂﬁ,w@%ﬁW%
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BAELAE AR . CPU/GPU & 7 R G0k 2 45 Se it m M RE T V-6 . ARSI
REJT. mEMTEL . (REERER 2 RIS

TEAELALH D, B 2 R A — 3R . B0 T e SRR SRR, 7ESEm A
PRI T AT AIHLL , AR BRI SR . AR AT PR S, AN R B S
Jir e B F R -

ARSCAZE T AETC i K B B R 55 b i N-hit 800E i & 80k, BF9E TR THER 9 N-hit
Frik, AN CUDA ShSHATRR X R HE R AU T B, a5 448 CPU B HE Pt
Friee, WM T SS AT HEE RAAE MR RE T T A SR A LS. BEAh, BT GPU ST —
PR ORI o S0 R 3 50 B B A R SRE, 2SR m i O AR R A — 4
filfe e, FRAARRWF BRI I, Stk SARAC A P EE r R, i O S =2
AR RO, T 3% GPU it AR MR M ol A R I A, AT o 1 Kl
TEAIE FPI R 5T R A P RE
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VLTI AR R S 5 7 000 ol 1 A R AR B D B R T ARG S . St R
W, B, R, MAOEERENZS S . RIEEUE JUNO DAQ HIBR K
PR — s, ) RE LA Wi F 2 A T B B HRN T BEA T2 R4 T (FiAk
B AR ) 70 BT A ) R A T — AL

JFR 1 A L s EEA RN BB, DR R SRR R RE R, X TR 3 S i fE
P AL PR T TR 32 7Y o PEREOLAL T T, EBOREE T — SRR HINTE H, BT
A A PR, B TR AL TR, B SRR DX 1 I SR
KAFE G SERF RICEGR T . R iafr il B i 125 5t 5 i B A 5 0 E -
PO R C T N DSBS s | W 6 SN OF o WG B €T g LS LU/ K VAE B R
ANIEFERS . S A A AL PR B AT RE MR AE — AL s i 415 2 4, 24—k
ZAVEE KNS LR, 5 e a4, SRR e BT EIRE—
2 TR N 25 [ 5 B S ) B A BR MR, B v 52 AR A 5 i 2% s A s AT 1Y
RE k.

H BT JUNODAQ it KA AT AAE T+ AR AR S FDLRSC e 0 0 ) 52 AR BT
R PEREZ) 5.6GB/s. TESCI A S8 T B IE sGS AT R, B vy 57 o Ak
HIREIZATIER -
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#5i QCD ZFEAL T AR BUSHESE S, BFSUsmA B AR T i —Fh s — Mt 5y
FERATTIE, RIRAEARAERR L T ME— A R RUE RN ¥k . M QCD K Al KRR =5 1
(B3 1E AR A WO LA I 25 BB GETH IR, RF IR IRV AN 25 [A) 45 [0 R, R DU 2 =5
I AT BREG VU AE AR o 4 QCD T3 A ) A RS AR o TR PR 100 SR (1 DU A8 ST
TG T — DR ENE R GOR MR RAIER T RIS AR Z iz 58, BITEAE
Bk, RiZAPAKEZ R 8 AR BIZ A 9 12 x 12 P B T

AT — T E5 AR SR S5 0 Kb %6 . TERS S, QCD THE AR b, # KA.
ARG . /INBLS AR R R R i i 7 T DA s s RGP A S A B 45+ R
AR /B B BAR R % 5 QCD NS SU3) HFE . HE ik S8 58 oA 1 Ok s Ak v
PASEIR SRR 22, A A& X4 Fa ) Ok B PR E DA T« FRIUE, T [ S B 52 2B 2k
U ZERAL A%, A SCHRE S — B A A B 28 B8 Tensor<Grid>, S50 5 =3 8501 5 ik
I EXF R T8 B A R B . 1% 07 YRR A AR A 45 #4190 4 1) 0 [ e EL A 5 B 1
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