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Introduction

Physics motivations of CEPC:

precise Higgs and EW measurement

flavor physics and BSM

Component Detector Energy Energy Jet Energy
Fraction Resolution Resolution
Charged Particles (X*) Tracker ~0.6 E; — _
Photons (y) ECAL ~0.3 E; 0.15 \/F,, 0.08 ./E;
0.03/E, 0.016 /E;
Neutral Hadrons (h°) HCAL ~0.1E; 0.55 \/E_ho 0.17 \/F]

In a typical jet:
60% of jet energy in charged particles

30% in photons (mainly from ° — yy)
10% in neutral hadrons (mainly n and K; )

Reconstruction of each individual particle in the jet:
Charged particle momentum measured in tracker.
Photon energies measured in ECAL.

Neutral hadron energies measured in HCAL.

Confusion is the limiting factor in PFA:
Avoid double counting of same particle
Separate energy from different particles
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Long crystal bar electromagnetic calorimeter

Long crystal bar electromagnetic calorimeter detector design:

. L . r—
v’ optimal energy resolution F}? @D 1%, better y/m° reconstruction ¥ e e
v Significant reduction of number readout channels (15%)  AAABAZT
'|'=."|

» larger R,,, = increase probability of showers’ overlap

» smaller A; /X, =2 increase probability of hadronic shower

Material X,/em Rpy/em A;/cm  A;/Xg

Key issues for reconstruction algorithm: N 0.35 0.93 9.6 274
v Ambiguity caused by matching of horizontal and vertical bars. HeY W S s A
Ratio 3.2 24 24 0.74

v Identification of energy deposits from each individual particle.
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Detector description and digitization

| Crystal Scinfilluffr (eg. BGO, LYSO...

A BGO crystal barrel ECAL: “ e i

\Phofodefet:?ors (eg. FPMT, SiPM.A./
Crystal Bar: 1 X 1 X 40~60 cm?

Basic Module
)}

Super Cell: 2 layers of perpendicularly crossing bars ~40 X ~60 X 2 cm?3

Detector: R = 1.9m, L = 6.6m, H = 28cm, 8 same trapezoidal staves, avoid gaps point to IP

Focusing on software performance, ignoring dead area, supporting and cooling mechanics, etc

150F

Simulation is performed using GEANT4: electromagnetic and hadronic interactions

-50f+
~100F

Simplified digitization for one long crystal bar:

_2007.\...‘\..”|.‘. H‘.|mm..m
Contribution of each G4step i OIS0 0000 e 20
] _ L/Zizi ] ]
Qi = Ey-e lawen, Ti =Ty+ Gaus(zi/v, o)
Readout at both ends: Q@+ and T 4 (Q_,T) {Q,,T.}

Q= Zstep Qli: T, = T—I_I—c | (Z?:1 Qli > thres)
Simplified Conditions: Lytten, = ©©
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Reconstruction software

Design the reconstruction software as a proto-PFA:

v'Follow the idea of PandoraSDK: flexible, reusable, modularization (Many thanks!)

v'Develop in CEPCSW: based on the common HEP software stack Key4HEP.

[

App

Provides: self-describing
tracks and hits

Receives: final particles

@

£

Pandora

ILD/Marlin SiD/orglesim )

e.g. FineGranularity and

Libraries
Reusable algs bundled in
LAr libraries.

-

Pandora Content )

' Algs registered via app.

APIs

-

Pandofﬁ

)

SDK

Provides: reco. object
definitions, manager
classes, interface
classes, helper functions

Runs registered algs and
performs event

i Pandorra |
r:J> Algs
T

L Use APIs to access or
< - manipulate reco.
|: objects.

memory management

Aim: keep algs *
simple! [

—

APIs

Perform particle flow
recons truction.

XML-configured.

Physics-driven
| code, using SDK
services.

/

|

Structure ensures code

is efficient, flexible and
easy to maintain

J
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J.S.Marshall, CHEF 2013

(Gaudi framework (CEPCSW)

( )

G J

Sub-Algs.

(Core algs for
reconstruction)

modular &
flexible

4 N

1. Clustering
2. Particle recognition
3. Energy splitting

Y Common EDM: EDM4HEP )
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https://indico.cern.ch/event/773049/contributions/3474763/attachments/1938664/3213633/191105_sailer_key4hep.pdf
https://inspirehep.net/literature/1250003

Clustering algorithm for long crystal bar ECAL

A cluster is a group of adjacent units whose energy is greater than noise threshold

Clustering based on identification of adjacency or not

|

I Unit 1DCluster  2DCluster 3DCluster
object = cluster
v 120~ Entries e 1775 “ H - YY
= ? 7(2 n .7+7/
adjacency Yes merge . 80 — ﬁ” 14200 M =,j 2Ey, Ey,(1 = cosby,y,)

0.1834 + 0.0080
60 —

Entries
(7]
(=3
3

a0l fit with gaussian function

o0 Mpmean = 124.151 + 0.010GeV

920 121 122 123 124 125 126
Mass of y v / [GeV/c?]
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https://indico.ihep.ac.cn/event/17809/

Feature of clustering algorithm

1. Abstract concept
clustering function template is used from units to 3D cluster

2. Modularization
easy to migrate, adapted to different detector design, such as endcap ECAL and HCAL

4 N

E Cluster 1. Clustering

> + private members

A
y

2. Particle recognition

4 + identify adjact cluster

3. Energy splitting

K Detector Design / \ Event Data Model / \ Reconstruction algorithm /

2023/1/11 Progress of Reconstruction for Long Crystal Bar ECAL




Update of clustering algorithm

Performance check using H —> gg:

a cluster contains multi particles

|Identification of energy deposits from each individual particle:
1. larger lateral width of electromagnetic shower in crystal
2. connection of vertical and horizontal units by accident

3. stave structure for ECAL

200,
150
100 "

-10.08
0.07
0.06

0 A
or _E o 005 3 "1 =1 40cm
m ) 004 §
o T 0.03
-1005° L 0.02
-150 | ' . 0.01 v
~2%%00 1850 1900 1950 2000 2050 2100 « >
X/mm 60cm

2023/1/11 Progress of Reconstruction for Long Crystal Bar ECAL




Design of clustering algorithm

1. Vertical and horizontal units are clustered respectively

2. More strict criteria of adjacency

3. Adjacent two modules: dictionary lookup method

-

Unit

I ) “
unit 2D cluster
|~ "t
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1DCluster

2DCluster

3DCluster

PFA need a imaging calorimeter

Projection of vertical and horizontal units

make it possible!
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Clustering results for H —» gg event

20001 Ry

1000+
S
€ 0
>

—1000+

—2000- d

—-2000 —-1000 0 1000 2000
X /mm Separation power is improved significantly
Points of different colors Crystal bar ECAL behave like an imaging calorimeter

belongs to a single cluster
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Match of cluster with MC truth

energy s,plittlin

Energy / GeV
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300 400
X/ mm

§ [/ /,
/ 1y

There is a clear relationship between individual cluster and single particle.

500 600 700
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Same event display as last page:

Waiting to particle recognition and energy splitting!

1. green circle points: charged particles
2. red dashed lines: photons

3. blue dashed line: neutral hadrons
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Photon recognition

Energy “Core” recognition = Photon recognition
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Generalization of photon recognition algorithm

Identify photons in jets:

1.Much larger Hough space 2.Fluctuations may be recognized as fake clusters

- Much larger memory & more computation required

1800+
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Single photon recognition

=
o

Single photon events: L_“
E=1,2,510,20,50 GeV
6 =90,50, 37
¢ =0 ~360

Photon recognition efficiency ~100% 1.0

2023/1/11

Recognition efficiency
6=90°
8=50°
—— §=37°
10° 10t
E/ GeV

Recognition efficiency without fake

» cluster

8=90°
8=50°
—— §=37°
10° 101
E/ GeV
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Photon recognition in H = bb event
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Recognition efficiency > 95% for photons with E > 0.7 GeV
Photons with lower energy will be recognized using other method
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Photon recognition in H = bb event
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photon conversion

two very close photons

energy leakage

17



Summary

e Long crystal bar ECAL detector design has better energy resolution and can save cost. Reconstruction is a big challenge for
the perpendicular crystal bars design concept.
* Update of clustering algorithm:
v’ Application of abstract concept and modularization in the software development.

v’ two 2-dimensional clustering explore clear relationship between individual cluster and single particle.

* Update of photon recognition:
v’ From local coordinate to global coordinate, optimization of memory and CPU time.

v’ Recognition efficiency of single photon ~100%; recognition efficiency for photons in jet with E > 0.7 GeV is > 95%

» Plan of reconstruction algorithm:
» Match of extrapolated charged track and cluster.
» Match of perpendicular crystal bars and energy splitting.

» optimization of detector design, ...... Th a n kS !
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back up
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