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TARIT

HWEER
- 20168F9R-2020E78 BEMAKEMEFR AR
- 20208:9R8-2025F68 HERZFRAS SRR BL
. TRIBRIR
- BExRREE, 2017
- SEEFFTKRZEE, 2024
- IBNERR

+ Hough transformation for photon recognition in imaging calorimeter (F—{E&, F&3FK)

=

 Simulation of the long crystal bar electromagnetic calorimeter of the circular electron
positron collider (RAAZS, F&FK)
- Conceptual Design of a Highly Granular Crystal Calorimeter (RAAZSY5, F&X)
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TARIT

* FAIRS
« CEPC Physics and Detector Plenary Meeting, Application of Hough
Transformation in ECAL Reconstruction ([43k)

« CEPC international workshop 2022, Updated Progress in a New PFA for Crystal
Bar ECAL

« CEPC international workshop 2023(European Edition), Long Crystal Bar ECAL
Software(d3L)

- FEYIEZSEEYIIED =S TN EESEN FYIEFAEIY, Particle Flow Algorithm
for Long Crystal Bar ECAL(O:k)

« 3rd ECFA workshop, CyberPFA: CrYstal Bar ECAL Reconstruction in CEPC([zk)

« CEPC international workshop 2024, CyberPFA: CrYstal Bar ECAL Reconstruction

in CEPC(OL)
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https://indico.ihep.ac.cn/event/16064/
https://indico.ihep.ac.cn/event/17020/contributions/118353/
https://indico.ph.ed.ac.uk/event/259/contributions/2598/
https://indico.ihep.ac.cn/event/21331/contributions/161217/
https://indico.in2p3.fr/event/32629/contributions/143186/
https://indico.ihep.ac.cn/event/22089/contributions/168749/
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CyberPFA (CrYstal Bar Ecal Reconstriction)
© IO RKRRAARHERSSNI SR FREE
- CyberPFA #ZILE B
- EPEPRIARENEIIE;
- PhitREERNREEAE, IEIVRBMES
o BRI FRITRS]
« =MERIRBIEAMIE
- ETEFETINMBEERER
- BidgEE. HEFHERMEMFIIILE, RSN
- EEEHERRE SR T EaasaIETH

FABNEETE:
- RFrEETRNIRBI (Rz(iRE)
- BB ERees 5B =heeshcqy FIANER

IRBI AN EIRISEAIRRST

2025/1/11

_— @
@
_




RIVRBI A&

k4 100F L 2
- B SRR IS A O
- AFEGFNESIRGIRN F RS ARES. RERONEX, E, > 1GeV R,

BEERE 7 EANE S TR %?Fiﬂ%‘]?&i{"ﬁ~ 100%
. RERFHTHERK, EECHWEMERAREE = e

01 02 051 2 510

° %¥: | | Ifnergy/GeV
« ZRIFEFIEE THEBURE!

Efficiency / %

T T T
6% V plane

. EXRTIEFRIRBIFESTHIREERZ ) d
- B/NEBERF: wHERAFIHBIEIE~100%

REEEIRSEFECEEEN, RSN '

+ RTIMEHRITILES (ERILEC+ET cone ARYILED) T e

© THEE T ' — o
- EERBEER, EEEESKETIER

+ RDCE+ R EF

HEE I LL(R0.48%

I v =P iyl Lol
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

Energy of Hough axis / GeV

2025/1/11

12



| EERLESETRENEE

AR

- FREEFREEMEFRUEENGER, BIrERSANAFERZ/IAFRYR (PFO) .

CyberPFA RieFE GBI ERtss 5B EaessiIRBIERE, HEHTER PFO,
. Hb
.« IBFIRENSBEIEMA
- RSIEREIBKERIE
- WLAX D EERIRESY
. Frvd
« AR FIERTEELIRETIHRIEEE

L Tracker ECAL HCAL
L . : . L 4
- . @ - . >
Q- | O -
o ® ®o°

*Uﬁ?ﬂ‘?ﬁ&i@i@?%%ﬁ%ﬁﬁ%ﬁ Ecluster > Ptrack E?-I-! Ecluster < Ptrack Hﬂ-!

538 F B RS F SR P EERN A MR M 1

2025/1/11

13



CyberPFAR X THERE

TwiFRSHEn

[rm—— = 100-—| T T T T T T T I_
80F . . so:— .
e / y-y E$8EN: . y-r KSR
> 60 ‘ 1 &&= = 60 ] . =
2 PRETERRS >2.2cm, g7 PRETERRS > 10cm,
-5 40- = o ‘C 40r ] 27
£ X5E~100% 2" X95%E~100%
20 —p 2rioush 20F —=— 2 PFOs |
L J — Energy | —e— Position efficiency
o__ e cwws) —— Energy + Position 0___"'_ Position + Energy i
Ty R—T 0 20 40 200 =150 —100 =50 0 50 100 150 200
distance / mm Distance / mm
- YIEdERNEE
eo00 o i - ' 'R 3 Reconstructed |
r CEPC_SImuIatlon + Data ] 6000 _ —Fit _:
5000 Work in progress _- : 3 + - _H H N .
- v osca ~ _ : 1 efe” -V :
E oo H > yy, DSCB fit : ete- ViH,H = yy: 5000E | ) 9g9g
> f ] 4000 1 m; =124.6 + 4.8 GeV
% 3000 3 a(mw) = 0.57 GeV 433000:_ ] 7] — 0
g ; 3000, | BMR =3.82+0.03%
F ] 2000 ]
1000F 3 1000; ]
R TR T T T AR AR P ot

P R Il L]
80 100 120 140 160 180

Invariant mass / GeV m;; | GeV

2025/1/11




~ CyberPFA SEVEISRERREZITREXILL

E 0.16- cepcooR | on ]
o~ [ vvH, Hobb,cc,gg
2 014 — oo
g R R I R e 01 I S 0.12] — Hooe
£ B N = [ —H-gg
ol i\ "= theta = 20 F Simoifiod & % 0.1
= D= AN = theta=38 | > L implified Geometry =z r
AN T g [ osBMR = 3.75 % 0.02%
-+ > E=H P R e SN b | % theta =70 | © = leo [
ﬁr%%ﬂﬂ‘iﬁéi 06: AN _=_theta = 90 S 005F  gigma=20 i " ]
C N > oma T 0.04f
abg '&Ab 7Y I S [ RN S S < — Y .04}
- . . | | 02
0.2 N S— S 7 |
. \h‘i\\ T~ I 1 60 80 _ 100 120 140 _ 160
e T e = E—T 80 o) N B S A M; [GeV]
energy/GeV 60 80 100 120 140
120 1 6000:—”“'””'””"”"””'“”_: I I l |:I|Recor;structecjé
e 10mm = 15mm ] E CEPC simulation b oute ] 6000 — Fit ]
100_- 7] 5000 Work in progress A ]
£ gof .0t e e : ® e . ] > r — Moy, DSCBIt ] 5000 ]
° i 7] 2 4000 - : ]
N ] o - ] V14000 3
= =ay > [e - * ] > F T — 0/
EIEIMSéu&u&EEb g 60f= . R £ 3000 0.57 GeV - anoo—BMR = 2+0.03 /Q
Q r ] ) u O'(m ) ] w ¥ 1
I = o > - . 1 ‘ ]
+CyberPFA 5 4of . ] W 20001 vy E 2000} ]
L n i C [
E@lriﬁg 201 Lk 1000 B 1000 F 3
h roteloietore.

AP RN RPN RPN AR B | S0 S . R R J E A R | i

0() 5 10 15 20 25 30 910 115 120 125 130 135 140 0 80 100 1&0 140 160 180
mj; [ GeV

Energy of mo / GeV Invariant mass / GeV o

ORI H > yyid#m,, $57 H > gg3REBFREDIHEMR)
BHTUDRARBRA, SHBRBCESCUATEENY, Cberpra DI HEABHEE CRO
CyberPFA YA n° SETHNVRIKE HERATEEAWS/ KT (BREBMHEBHER)

2025/1/11 15




BrEH=ITX

f@ | fﬂ ﬁlﬂ* %4 ’f#‘ ?6 }fxﬂﬁafu f’(

Institute of High Energy Physics Chin cademy of Sc

2025/1/11 10




CyberPFA j# )H'&‘ 5

CYberPFAE'E%ﬁﬁE#EI’J ERE, BINRH—TxE, ARERXMANHZE

- BiZHI=ESAE
- IimE BN EERIACHIZ TN, TRH—ESMLURSERE.
. ﬁ?ﬁ%}‘ﬁéﬁ#ﬂ’]hﬁ%ﬁ—iﬁﬁw
© Es EReRY DM aD e A eRiagy HUERR

- YHAB#R:
 FEAkCyberPFARSEIRNIES BB R B ZIIH A SHEELIL
- SHAEYIIEIIIEAVERE R

2025/1/11 17




_ FlRCyberPFAffifLIRMES S T

© EARTNERSRKITSEZE AR (eg. 10mm->15mm)
- BERFHEEY, RERUEEN
- BESHRF SR TFHEENRITES

o [RRAERBUXIEAYAFR M Il‘ o]
- BEERAEENEE H I | o] 'BMR = 3.82 + 0.03%
Ty 7
10m m X 10 m m 80 100 1,2r8j / G;;‘,O 160 180
JLIN i -
§ ool iBMR = 3.891+0.02%
B B — | _
——H‘J‘ ' '/ 1000F
15mmX15mm 80 100 1[27;;/(3;\4/0 160 180

. FRHEH: FEURRARR T FCyberPFARIMEAE, (L BAESRIR

2025/1/11 »




HEEFHRF IR FREE

N 7:! —RIENGEIEREERAIIEREE D, B INYIREIRA, BIrhFREEF AR

- BREERYTET > ZHTEPHNRT, AFREERZE > RolInERSDE
- EETIVHRRREISRFIRE, KBEHNBRERFREET

* PointNet tracker ~ ECAL HCAL tracker  ECAL HCAL
« Dynamic Graph CNN o — Hllll. - N—
Y prmmn=- nsaE R X I
(3l STSS—— N —p—— ---..l. g 3= Al S || -__--.=lll Y
5 l-' IIIII.-I

- YHEAB#x:
« SSRXITEIERYIIENT SR (fAanyeF) FOEER
IEERE (W H - yy) HIENERE

¢ %iiub /f*)a_ Eé”&/ \ET%EEL*E (il[lﬂi*li
E@) ' '/'ffiEﬂ*l?:}lb,—.-/fﬁ

2025/1/11 19



https://arxiv.org/abs/1612.00593
https://arxiv.org/abs/1801.07829

_ FEHSRIAELB 2R 3

: BGO RAREREES/ N (12cmx12cmx 12cm) ERIIFH], FremZ RRRMI,
BSEZEMR

* First crystal module, 72 channels , 10.7X,
* First beamtest at CERN PS-T9(May, 2023)

* Second module, 144 channels, 21.4X,
* Beamtest at DESY TB22(Oct, 2023)

* Main target: first module commissioning

o FTEAAYEAE
- BSO BMA/NRTHEA
- &R~ (40*40*28cm) BIBGORRIREIAFEM A
- RN AFEHEZMLN, FXILIeEESE T

- FRERBRR:
- EERCERAIRESE (HIANREED Y. REELIESHTEIDHY)

* Main goals: EM performance
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- 2025/07 - 2025/12: 555k CyberPFA JIEIRNBSNERE LTI A, AHEEMEE.

- 2026/01 - 2026/06: H—L{LiXCyberPFA, FHEMEIIAEIESIZRIEEMEE,

- 2026/01 - 2026/06: ZiIEHEEFISINRIFREEE L, FABRYIETSIRHEEMRE,

+ 2026/07 - 2027/06: RAHAFRH2EF IR FRELEFHINA, HABREEESZHARIEEIRHY]

LLER,

- 2025/07 - 2026/12: 25 RN ERERIEHIAS], RANNLoEIaEdE, MEERRIRESE
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H - gg MC information
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nODynamics
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~Crystal ECAL barrel impleme~ aiigs

5y @%

 Crystal ECAL barrel geometry is implemented in
CEPCSW with DD4HEP

« 23.7 & 24.8 X, for 2 types of module, 28 layers, 30 types of bars
- Realistic: wrapping, electronic boards, cooling and mechanical

supporting.
LAL L BN ILENL B L I LA L T T
450 | e regulartrap?9.5 * 10 mm dgystal ®]
- e inverted trag: 9.9 *10m rystal o
g400:' ® e, . ° .
(@) L ° i
“(_D I ° PY
£ 350:_ ° e, .__ Geometry Size / mm Material
g’ - ° . Supporting’ 2.5 carbon fiber
Q ° | Cooling? 1 copper
- ° . Electronics front end? 1.2+1 PCB+ASIC
300 I ® ] Electronic back board* 10 PCB
. . . . . PR R P S S N N S N PR SR T N AN TR T N 1 - ] 3 5 kQk 3
Mechanics is continuously optimized. 0 5 10 15 20 25 5&6‘"‘“‘? optical device e Ségy
. . . Layer rapplélg * ) *
Dominant dead material included. Crystal ~10*10%400 BGO
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Shower overlap I

- 1 Photon 1

wEp 100000} 1 Neutral Hadron

o . ., 80000F |

- Confusion caused by shower overlap from nearby particle2 : ;

£ 60000 Tracker ECAL HCAL ]

o _ o L r 1

- Pattern recognition 40000} :

 Photon shower: compact energy core > Hough transformatior  20000F ]

. . . R e ]
« Charged particle: track matching Soo 1800 2000 200 2300 2600

PIFR . . Rendpoint / Mm
- Energy splitting using lateral profile of EM shower Radius of end-point of particles in jets
~2/3 hadrons shower in ECAL
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Ambiguity problem

. Multlple particles incident in one module arises
the ambiguity problem

- Severe in jet events (~5 particles in one module
per jet event)

« Matching horizontal and vertical clusters by
utilizing energy & time information

2
y2 = (Ex—Ey)
E aé
Xz _ (Zr-Zy)*?
T — 2 2

1
X}%oint = XIE" + 5 (X’Iz‘x + XTZ’y)

Number of particles in
hottest module for
ee - ZH — qqgg process
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