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1l BEEEEE (STCF)

BMEEERE (STCF) E2FREFT—KRIE B FXTiE.

. FRILBEE 2-7 GeV I8 B #R
o IEE=E 0.5X103 cm2s! o cERMTBFRYIEMR
- BEARBE—SEFIEESEM o ERREETIERME TN
SRR AL R 2= ] © FTES X
(oo Yoo} (e )t ) Sychical i

MHEEIER SmSh, STCFEE el Satis
RS ITK 1 MDC), fFE7R% 5

(PID), EBF4ERERS (EMC), BFZE
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PID system
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- p<2GeV/cht, /K RFIZE <2%K}, HFERHE > 9I7%
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- REFHIPMERFEREED

RN T H—FIRSPIDRIME, STCFTLEIT T —\PIDA%, FHAEFMHEHE
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PID algorithms based on machine learning for STCF
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I } EfficientNet-B4 82.9% 19M B5
HWC HW.C i I"°er‘"’°" v2 GPipe (Huang et al, 2018) T | 843%  3556M s
o o NASNet-A EfficientNet-B7 843%  66M s
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EFHEFREFNEFHGINE FSEMME FMUYE)RBREGH BN TTEBRHAITIHHE MR,

ST

EFEE4E (qubit) BEMEZ|0)F1), EAIATHEEZEHNENT. -
MR 2B EHEkE LR — o B EEE T L2 — 1= TSRS,

=F1F4El]:
BT ETFIAFIIRE, BF YT ALESERE. @APauli-X(7), LR EIZEIE ],

10)ZE T A1) -
Pauli-X [(1) ;:|

ETHEE, WShorMEHNREEMGroverEREL, CARTHARLSETaM LB Pk
ARG FIRRE T
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S EETIHHSBTHRSES
ETHESHISEFINRN, ERTHHTE—ETHHEFS (QML) .
QMLEZE W ITEERARHMRITERE, FRBIEMMMERFIASEZEAEZHER.

2021 FCERNEFREARTRI AT ENEXEFKPAEFMFITRINELE, EHEFRARESEIIEFSURRINHE .

O | IQ)
CERN T4 R E F A XTI (QGAN)

L - BATRITERNEFEHEML (QGNN)
RATFRFEANEFZIHEENMESEFHEFE (QSVM. VQC)

Strategy and Roadmap

FHTNISQ (noisy intermediate-scale quantum) PRI, BRIQMLEEZAZ ARG EF-LH
BiE. MESBUNEFEBIEANEZEIERPNELEER.

EFHZHMCONN, FREHEFEETERMEME (QCNN) Fedtn/K L5 iE
D) | IQ) e SFHITATIERG, FRBENETRE.

INITIATIVE
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4 QOCNNIfEREE

Xl i 0) T . i
-\"\u
x3 | x4 o) %—‘
pixel map o U((x) W (6) /7«
0) —
0) — o
input data quantum convolutional layer convolutional layer pooling layer  full connected layer
1. BiRYdmADLig

ZHMAETEERAE THE LFHITAIE, FEBERIERDLZL R RIGEMYIEIRSEEF5TIE.
ZIRTEFRIR, TEIXMEMSENER, MBXERAONEFEEFEFRF22XIBGRFITEBALIE.
AT LAUA T B FARXBES: | 1R SEIR Y IZ SmBE #1E

9 _jsin?
RX(0) = exp (_igx) _ ( C.O§29 02)

—1 S11 B} COS b}
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4 [ QCNNT{ERE .

2. ETEREK
FEASHUTE FHEAE F—SEG FXIGERNETFS. ZECNNBIFRERIES, XHEHSTFERH
— M2 X2MAE B ERZHITER, HALLKELSKAL

c2EE] 0 _ win 0
EILII\IF(%ITjo RY (0) = exp —z’QY — [ p S 5
2 sin 2 COS g

2

: 1 0 0 0
@ eim  oor-[ro
| 001 0

3. JMEFNFEG
R EEENEE TARESHNAMEE. RIEETHFHNEKRERIE, ZAFINE ENSRVEIE
EEMEMN. ETHkZHME, REsTrEHETIBERHE,

£(6) = (vIWH(©)0W (O)lv) y



4 ll QCNN5CNNgy 18R EE

{£ F TensorFlow Quantum#1Google Cirgi¥lzs ¥ &, BRIFIZH A T — 1M NIIGHNETFERE

IWERCNNFREZEER =

0.7 1

Single Q/C ONV2D(filters = n, (2, 2), shape= (32%32)),
Flatten()

Val set Loss
o
w

Dense(128, activation=‘relu’), Dense(2)

Adam learning_rate = 0.0001, batch size =16

0.2

ERNZHEREMEFEREERLT, #HIT1. 2

0.95

AN SR TR RELL S

0.85 A

ETHRBRIERTENSHORY RS o

o
~
wu

Val set Accuracy

24gi7], S2* 22 HERKRIFRE—SHIKF.

0.65

BEAMES, QCNNALRRT5LHMCNNBILEY:
IR ENFNZ SIBE T, 055

0.50 T

o
S
!

o
w
|

—— single conv layer with 1 filter
—a— single conv layer with 2 filter | |
—e— single conv layer with 4 filter

Conv2D

—a— single qconv layer with 1 filter
—a— single qconv layer with 2 filter
—e— single qconv layer with 4 filter

QConv2D

T T T T
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20 40 60 80

0.70 +

Conv2D

—a— single conv layer with 1 filter |1
—a— single conv layer with 2 filter | |
—e— single conv layer with 4 filter

QConv2D

—a— single qconv layer with 1 filter
—a— single qconv layer with 2 filter
—e— single qconv layer with 4 filter

T T T T
25 30 35 40

T T T T
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Epochs 1 5
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° XfFSTCF DTOF Em/K£3, # BRI a2 M EZFFIEFT & 7 — 1 CNNREL
- HBEICNNRYMEER/E 7 STCFYMIER K, EESHENMAKAEX BEFERENCNZTE.

- BEFSRF IR ERGRENETABERRSHEDIELR TR EEEIEN
© FHITT R TQONNM T TR, ERERA/NEEGHESE L. QCNNFCNNEYZRILAEUL,
- HTETRENRS, Ber R/ IESEES E#HITIR. I TREss5S, LEXNER

HBIRDRZ—TRBIS.
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