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Introduction

Scint Glass Advantage: Cost efficient, high density : = ‘_ 2g I"’ \ :
. .. PFA HCAL Challenges: Light yield, transparency, i :
> C E P C h h H Z f massive production. Advantage: the HCAL absorbers act as part
’ a Ig preCISlon / aCtory : of the magnet return yoke.
Z Challenges: thin enough not to affect the jet
\l resolution (e.g. BMR); stability.

® Heavy bosons separation and precise Higgs measurements require

excellent jet energy resolution 3~4%.

——— Advantage: better n%y reconstruction.

Bl e = Challenges: minimum number of readout
| channels; compatible with PFA calorimeter;
maintain good jet resolution.

® Fine y/m° reconstruction for flavor physics.

A Drift chamber
that is optimized for PID

Work at high luminosity Z runs

\ \ ! Challenges: sufficient PID power; thin
enough not to affect the moment resolution.

» Particle flow Approach

Muon+Yoke  Si Tracker Si Vertex

m Requires the reconstruction of the four-momentum of all visible particles

¢ charged particle momentum measured in tracker e -wi.ﬁth
I

¢ photon energies measured in ECAL

| " s Charged #”
o * Hadrons o
¢ Neutral hadron energies measured in HCAL ———ty [ iy
“« : ” HPRCI ¥ o .:l:- '
m “Confusion” is the limiting factor Ejer = Evpack +E, + Ep | B

¢ Identification of energy deposits from each individual particle. f.lh ,

s Neutral -
o Hadron

Hardware + Software

2 2 2 2
: : Oiet = |O +o0py +0 + 0 :
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Introduction

» Long crystal bar electromagnetic calorimeter detector design

. . ,~39 .
v Optimal energy resolution (W/OEB ~1%), better y /¥ reconstruction

v" Significant reduction of number of readout channels

v Time measurement to determine shower position along the bar

®m Larger R, Material  Xo/cm Ry /em  Aj/em  4;/X,

increase probability of shower overlap W 035  0.93 0.6 27 4
= Smaller /11 / Xo BGO 1.12 2.23 22.8 20.3
Ratio 3.2 24 2.4 0.74

» Challenges for reconstruction algorithm:

m |dentification of energy deposits from each individual particle. £ s iy £

® Ambiguity caused by matching of horizontal and vertical bars.

L |
-100F ] ~100p =W " ]
[ [ I | u

185071900 1950 2000 2050 2100 2150 1850 T800 1950 2000 2050 2100 2150
Xfmm x/mm

EM showers in SiW(left) and BGO(right)



The Ambiguity Problem

» Perpendicular arrangement of crystal bars = ambiguity problem
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The Ambiguity Problem

» Fast simulation to estimate contributions of different effects on BMR

m ete” > vwH,H - gg

T T

Acceptance |cos 0| < 0.99
E, > 0.2 GeV,
o Threshold Eno > 2GeV,
Intrinsic DT chargea > 0.2GeV
Energy resolution Smear E, Epo
Position resolution Smear direction of p
Shower overlap Smear energy of overlapped showers
Neutral fragment Sampling based on performance

Confusion
Smear py, ppo,

biguit
ambiguity ghost particle

» Our main challenge is the ambiguity problem

Yuexin, IHEP

https://indico.ihep.ac.cn/
event/9960/
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Figure 4-7  Contributions of different effects to BMR.
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Contributions of ambiguity on BMR :
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Detector description and digitization

A BGO crystal barrel ECAL: | Crystal Scintilator (eg. 860, LYS0.)
& .
m Crystal Bar: 1 X 1 X 40~60 cm? “,\ Rxboan y
Photodetectors (eg. FPMT, SiPM.../’
<>

m Super Cell: 2 layers of perpendicular crossing bars ~40 X ~60 X 2 cm?

m Detector:R = 1.86m,L = 6.6 m,H = 28 cm, 8 same trapezoidal staves, avoid
gaps point to IP EEEEEEEEEEEE

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

Simulation is performed using GEANT4: electromagnetic and hadronic
interactions

Simplified digitization for one long crystal bar:

m contribution of each G4step i:

. _L/Zizi ] _
QL =Ey-e Latten Tt =Ty + Gaus(zi /v, or)
' ' Q.. T,
= Readout at both ends: Q3 and Ty {0 T} oTy
Qs = Z Q% T, =T¥ | (Z QL > thres)
step - - i=1 6



Introduction on Algorithm

» A set of algorithms are developed to address the challenge.

/ Tracks /

/ Calorimeter Hits /
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Track
Extrapolating

Clustering

|

A 4

Local max finding

A 4

A 4

|

Track Matching

Hough Clustering

Cone Clustering

A 4

Axis Merging

v

Energy Splitting

¥

Energy & Time Matching

h 4

/ Particle Flow Object /

Read-in and preparing

Pattern recognition:

| simplify the ambiguity problem

Ambiguity removal



Global Clustering

m Cluster: a group of adjacent units whose energy is greater than noise threshold

Clustering

PFA needs an imaging calorimeter

Projection of vertical and horizontal units

®m Vertical and horizontal units are clustered respectively make it possible!
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Local Max Finding

» Local Max Finding
® In each layer / 1D-cluster : local maximum

m Core of energy deposition =2 real cluster
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Shower Recognition

» Multiple algorithm for shower recognition:
® Charged particle: track-matching.
® EM shower: Hough transformation.

® Fragment: cone-clustering.
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Energy Splitting & Energy-Time Matching

» Larger Ry, for crystal =» several shower overlap = Energy splitting

= Calculate the expected energy deposition from EM profile ™" — s
1505- . B I.EI.E— _____ Showerl Std Dev  26.64
ex P - 1.6
¢ Expected energy : Eiﬂp = E5°4 X f(|x; — xc|) et L LI FE onower2 =
g s CRREREE IR a
£ | 1=
. . Ef;p S ol gl ! i
¢ Assigned weight: w;, = S F exp ‘5°"I'I .I i
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» The ambiguity problem =2 Energy-Time Matching

= Define y? with energy and time info to get the correct combination
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» Single photon recognition

Performance

m Recognition efficiency ~100% for y with E > 1GeV

Efficiency
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Performance
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» Separation of di-photon 5 | e SR oo
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m Separation efficiency ~95% ool / e 15 :
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» Separation of photon and charged hadron Distance/ mm Distance /mm

o

m Separation efficiency ~95% with distance > 30mm
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Performance

> Flavor physicsin B - %% - yyyy channel

m Key for CKM «a angle study.

® Can be complementary to B-factory in CEPC Tera-Z phase. W

= Highly depending on the ©° reconstruction. u

Crystal bar ECAL reconstruction
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Performance

» H — yyin CEPC:
® Low branching ratio but simple topology.

® Important channel for Higgs measurement and new physics search.

m Expected precision: A(O‘ZH +BR(H - yy)) =79% @5.6ab?! .

® Impact from ECAL resolution: m,,, width

¢ ~30% improvement from new ECAL.
Crystal bar ECAL reconstruction
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Summary

» Crystal bar ECAL is a novel and challenging ECAL design
v Better energy resolution; Less readout channel.

® Ambiguity is the main challenge

» Reconstruction algorithm development has reached an advanced stage

® Preliminary performance has shown promising results.

» Future optimization: ambiguity problem and BMR
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Backup

» Design the reconstruction software as a proto-PFA:
m Follow the idea of PandoraSDK: flexible, reusable, modular. (Many thanks!)

®m Develop within CEPCSW: based on the common HEP software stack Key4HEP.

Gaudi framework (CEPCSW)

(" )

[ ———
Pandora
App
Provides: self-describing

tracks and hits

Receives: final particles

ILD/Marlin SiDforglesim |

&

i Pando-r'_a“\f?
| SDK -

Provides: reco. object

definitions, manager
classes, interface <t
classes, helper functions |:'

( Pandora )

Runs registered algs and
performs event
memory management

Algs

Perform particle flow
reconstruction.

XML-configured.
Use APls to access or

manipulate reco.
objects.

Physics-driven

code, using SDK [

services.

Sub-Algs.
(Core algs for
reconstruction)

modular &
flexible

\_ J

Pandora Content ) :
Libraries | Aim:keepalgs | |
Reusable algs bundled in simple! | ::
e.g. FineGranularity and ;:ﬂ A 2 | Structure ensures code
! LAr Iibrarie.s. < < is efﬂcient.ﬂegiblg and
A regsteredvo #p. ) e )L Common EDM: EDM4HEP
1.5 Marshal, CHEF 2013 Not mature yet, 50 it's just a “oroto”-PFA now.

J

-
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