PN L » i
() FRAZELX S
\‘\,_____./' l :'n._'l‘.i’.:-. af F-yic:'c\; :|.'||,| .I-L'\_'I'II'.\.'\IIII'_._':\. -:-I'I: '!:||'|_|

=THlesF>AY
AHCALBEEEZEAR

REA: EHRR

RIS A A
2026.6.3




TiE

T CRCEATLEE:

yaV =11

« CEPC A(nalog) H(adronic) CAL(orimeter)
c JONREE  (IRIHAERIR+INMKAZ + PCBEEF AR+ IR KR ERTR ) B

Sls2z — 60%
- BEEDHERAEIEINME ( RS
- NBEFEI——REEERBERITT  wsearsr | Bl
3 Eg |
o6f +\ RS ”‘,'3 Xl
' \\- . rdata t =
0.14 | . =219
gn-u \ﬂtmoluliﬂ i | _ .Ljr.? a_
2 | N RS
g o = 8
0.08) \\\h%' : ™
0.06} T S TR e -
= - o a 40 [layers] x 18 x 18 [cells/layer] ,

2026-6-12 Beam E(GeV)



V¥R BZELK &

University of Science and Technology of China

SR

= In SR M3z, CERN
« WF{IEFIHE(100GeV/c)
* pion (1-120GeV/c)
« T (1-120GeV/c)

2026-6-12



IVI LP*; IJ j-cﬂ'uﬁuﬁnﬁhmﬂugyaf{_‘h%

o

-l RNEEEERTEEE(E). THEUN). BEEEE(E/N)FIHCALRIIARREE (40*3+1=121)
- HitH: TRNRIANGIREE (1)

Dropout: 0.30 0.25 0.20 0.15
121
[40] -
40 [layers] x 18 x 18 [cells/layer]
40 i .
140] : _ ,Predicted
batch 64 -[40] , Energy
1 s
F3IE le-4 [1]
PA— CosineAnnealing,
FHERE T _max=200, eta min=1e-7 1 ( )2
Loss: =— — s
FKepoch 200 BaSH N - n e= > igﬁ*ﬁi?h%%(MSRE)
4

2026-6-12



(O RACE &L T ER

University of Science and Technology of China

BEEIEE @100GeV

Raw Data Raw

w  cLm—
s . £ % Mean =1544.21
IS = ean = i 3 i
3 700 O 180 5 =86.12
2 s o=79.03 =
C 1600 —
600 C
E 1400 —
500 1200 —
400 £ 1000 —
- 800 —
300 E
o 600 —
200 400 —
100 - 200 — o
: 0 _\ I 1 1 ‘ L 1 L ‘ L L 1 ‘ L 1 1
o e L 1000 1200 1400 1600 1800
1000 Tann Tann Tonn 800 Energy (MeV)
L P Energy (MeV)
w
€ B Mean = 98562.96 B
g - = i Mean = 98090.58
. 2500 |— o =4743.20 £ 10000 — 4
N " c = 4488.96
g 8000 —
1500 |— 6000 |—
1000 |~ 2000 —
500 — r
o 2000 —
0 I s a0 O T 0 O L1 x10® :
60 70 80 90 100 _110 120 0 s [ g gl paopy g pay \11‘103
Predicted Energy (MeV) 60 70 80 90 100 110 120

Predicted Energy (MeV)

2026-6-12 5



Energy Resolution (%)

Improvement (%)

USRS

Resolution
0 : : : m
S DataFit: 170+ 52571E  72INDF = 0,691 MLPonData 3
18 s MG Fits- mmusif FHNDF = 0:257 ]
E MLP(Date) Fit: 1285 881VE NDF 20083 — = Data ]
1Ll et WLP{IIC] Fit: w&mm" FNDF E U GB%J'VE[GE' """" =
14f N : { === MLP on MC f
2 AN -
10fF 5
8F =
BE —
45 .
2F ]
0 . ‘ ‘ —
30 <2 - MLP{Data) vs Data ;
= 7 Oy P ) wmiem MLP vs 60%/E 3
2 [N\ b == MLP(MC] vs MC 3
IS ) . -
%E / . T e
E / B -l 3
I | W T \‘n =
3 %0 ] 50 Eq Ti—
True Energy (GeV)
Energy(GeV)
Event (left) (x 10%) 8.3 30.2
Data
Percentage (%) 8.1 40.3
Event (left) (x 10%) 201 211
\/[@
Percentage (%) 50.4  52.7

Mean Value (MeV)

Error (%)

100

Linea rity

80

60

== MLP on Data

| =ie= Data
e MLP on MC

i \\"I\.t

e Data
B ULPMG)

MG
L

48.6

44.9

19.9

49.8

20

45.8

44.1

18.6

46.5

20

49.8
39.5
16.9

42.3

50

36.9

35.6

15.2

38.0

32.7

30.9

13.3

334

28.3

26.3

11.6

29.2

0 100
True Energy (GeV)

25.3

19.7

8.7

22.1

Predicted Energy (GeV)

2026-6-12

n
o

o
(=}

o]
o

RACF T FFER:

University of Science and Technology of China

Predicted vs True Energy
10°

60
401

20

T R?=0.9411
— Fit: y = 0.935x + 1672.825 _

ISR
iR pion

BEl: 1-120GeV
M= train=70.3e4

test =12.4e4

True Energy (GeV)

Data %MSJ:H%"‘%:MC (F£140.83%)
22 =5 >
FFER . MC ] Data #BBE
BEELEM: Datafilig Eﬂg,
MC RIFRYF,

ML 25% A2 FH+
14 -0.58%
15 0.21%




RACF T FFER:

University of Science and Technology of China

CNNtRES

1. Physical Input: Orthogonal Grids 2. Spatial Extraction - Mean Pooling

el Conv2d -> GroupNom -» GEL Adsptive  Outpt
Mean Pooling 10X 10

> - H'}ﬂ
el

; Altenlion

AHCAL calorimeter ] mx 10

3. Sequence Encoding: Positional & BiLSTM 4. Physics-Guided Attention & Regression
fnqlagﬁgg Interleaving Backward Forwerd Suﬁlnnnntiun

(Zipper-like merging)

- ,; layer_prior
R

—> ™ (proportional lo
layer enesgy hits)
2 ,_F:l_u] 1—! > .

BILSTM chain Leamed  Softmax Context |
]

o @ ?MEL“'”FT“H“’H b e — FC Block PhﬁFEfmm
Concat oral ature 13 ormer  (Lineer rNom i u :
enale> = log(1 +E_wotah) (Mult-Head Attention & FFN) S GELL) Primary Energy

2026-6-12



Energy Resolution (96)

CNNUTZESER

o)

FRAZLELX S

University of Science and Technology of China

Improvement (%)

Resolution Linearity

_ 10 : : : ‘ ‘ ‘ . — ;i:xy:o.gszsxﬂmn %0
i ; . 3 ; ] > : : : : : ; v— 140000
B | DataFit: 1.70+5257//E y2INDF = G691 CNN on Data q ¢ = j : L
b MG 190 + 43.00//E- - NDF = 03257 Data = B : / .
- \  CNN(Data)Fit: 082+ 42.40//E ;*NDF 20004 wwu s 60%([E [GeV] . ;’, o - : - 106500
RS R Y i UES 36 b O BTN MC | s _l 5
: ECNN(MC] Fi ussfsssmn@ MDFE o Lﬁél‘l on 1 : - A | | E - -
- N ‘ g MEPGii Dt = B ol : : :g:r:m =L )
o \\ | —— NLPonMC ] N T w3 " o
E E - ‘ 20000 40000 GODOOTMEB%?‘OESgleOOOD 120000 140000
= —] ‘62 =
: 1T 7 Z\ ):& >,
: 18 7 . DR

|
C 1 W i =
: 1 o MLPF[] CNN EBSLENZY 25%H9IRT
B — Dala - BEEZRME:
= = i #CNNING)
E E _0l—4. MG
3 | P MLPEEXE, 1Y 0.65%
= = ol BMIPMG
E E 20 40 60 80 100

CNNHEFGTRE, 1Y 1.04%
- 5MLPIEEL,

) _ CNNTEAHCAL LB TSR

2026-6-12 8

0 20 40 &0 a0 100
True Energy (GeV)

True Energy (GeV)




more eventjliiIZ5EE

Resolution

14 4

Energy Resolution (%)

o
L

Linearity

-
N
L

=
o
"

[«
L

MLP_MC
MLP_Data
CNN_MC
CNN_Data
CNN_MC_140
CNN_Data_140

—o—
—.—
—
——
—
——

Error

MLP Data
7 —— CNN_MC
-4- CNN Data =
! —— CNN_MC_140
20 4 %= CNN_Data_140

20

2026-6-12

40

60
Energy (GeV)

S

80 100 20 40 60 80

Energy (GeV)

CNN, 1Jl|ZxEventZ B EH(S

l\

MC_25%-->27%: Data_t24%-->25%

BEEZL

MC_1.04%-->0.43%: Data_tE57C

100

FRAZLELX S

University of Science and Technology of China




Event Count

ParticleNet

Distribution of Relative Residual

3000

2500

2000

1500

1000

500

x = 0 (Perfect prediction)

2026-6-12

Statistics (filtered):
Mean: -0.033060

|Residual| = 0.5: 98.4%

2
(Prediction - Truth) / Truth

- Al

K

Prediction Energy (MeV)

120000

100000

80000

60000

40000

20000

Prediction vs Truth with Linear Fit

Rz =0.92

Fit: y = 0.9198x + 2021.62
55

- y = x (Ideal) ’
’
W
’
2
/’,’
‘s
27
7
7
2/
/7
e
X4
.
47
47
yal
47
,//
20000 40000 60000 80000 100000 120000

252" epoch
M IR

Truth Energy (MeV)

500

400

300

200

100

Event Count

Entries

4000

3000

2000

1000

FRMBZELX

University of Science and Technology of China

Prediction Energy Distribution - MC_30.root

= Crystal Ball Fit

—=- Mean: 30264.26 MeV
- Peak: 30417.41 MeV
[ Data

Truth: 30 MeV

Mean (CB): 30264.26 MeV
Peak: 30417.41 MeV
FWHM: 5814.81 MeV
Resolution: 0.0818
Events: 199497

30000
Energy (MeV)

10



I%\gn I\’ University of Science and Technology of China

 AHCAL : 40 layers x 18 x 18 cells/layer

« MLP Model : [40] + [40] + — [40] + [1](121)——>Predicted Energy (1)

* CNN Model : 18*18*40 cells——>Predicted Energy (1)
- WER:
MLP: MC #[] Data &35 £925%HI 7D =RIETT
MCBEEZMEKIETT, DatafHXIMCEZZE, Errorif£3-0.58 %
CNN: MC ] Data tBERE £925%RIDHFRIETT
MCHI Data BEEZEEERRTTBIR, ErrorY¥1y 1.04 %
* CNNTEAHCAL_EABRSFMLPE SRR R IES

2026-6-12 11




NNERDAEZLL* S

University of Science and Technology of China

back up

2026-6-12 12



back up

2026-6-12

Squared Relative Error

1.0 A

0.8 -

0.6

0.4 1

0.2

0.0 4

FRAZLELX S

University of Science and Technology of China

loss curve

—— Train
—— Val

Predicted Energy Distribution

3000 —

Events

2500 —

2000 —

25 50 75

100
Epoch

125

150 175 200

1500
1000

500

. . . 1 | Lo %1 03
20 40 60 80 100 120
Predicted Energy (GeV)

13



RACE L CER

University of Science and Technology of China

back up

energy(G
event
eV)

cutgi 1,027,814 749,791 1,081,725 1,038,984 1,258,699 1,034,938 1,058,822 1,073,061 | 1,286,608
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Loss & R2 Curve
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Energy Resolution vs Truth Energy
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