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= CEPC: A high precision Higgs/Z factory N
= Requiring jet energy resolution 3%~4% at 100GeV. i
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Introduction

Basic Module

Crystal Scintil!atfr (eg. BGO, LYSO..)

= Crystal ECAL: i e 7
n Homogeneous BGO Crystal. NPhotodetectors (]é, FPMT, SiPM..Y
: .39
= Optimal energy resolution T]/; D ~1% /
= meet the requirement.

B4 R B S S E il
[

= Long bar design
= Less electronic channels.
= Barsize: 1 X 1 X ~40cm?.
= Double-sided readout.
= Crossed arrangement in adjacent layer.
= Tower: ~40 X ~40 X 28cm3 2




Introduction

= Recognizing individual cluster in ECAL, associate the energy deposits with correct particles.

= Larger Xy and Ry, & better o of crystal, a feasibility study of ECAL reconstruction using both
position and energy & time measurements.

= A distinct “core” of energy deposition could be utilized for cluster recognition in ECAL.
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“Seed”: Local Maximum

= In each layer / 1D reconstruction: local maximum and “seed” candidates

= Real: core of energy deposition =2 real cluster (this talk)

= Fake: fluctuation

=>» fake cluster (next to do)

= Cluster recognition =2 Energy “Core” recognition
= Reduce the negative effects due to wider longitudinal and lateral developments of cluster
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Principle of Hough Transformation

= A feature extraction method for detecting

) : ) : Image Space Hough Space
simple shapes (e.g. lines) in an image. - . —
: : a5k e
= For straight lines: T / :
; - of T
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E 2.55— E D;
= (X,Y,) z f
= Each point (x,y) in image space is transformed 15 P X.Y) S
to a curve in Hough space. ¥ O S
B XY g
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Hough transformation with local maxima

= Transform each local maximum to a curve.

50GeV photon Hough Space

zimm

a 0.086
F 3
—1130: 1 2
—1200F 0.04
1220
-1240 002
o 10"
-12601 ; =
F 0
-1280
—1300: 002 - @ e
1320 - 10°% -
—1340[ —0.04
B e S Ot T s s e i
TN ENETENEN ANUNEN ANETEN ANRTATS AVUNETE (NETENES ANUNETEN AATTE ATRTATE A Py g [+7 == S T R T NN NN NN [N N M N TN M M N T T T M N N S M Y
1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 0 05 1 15 2 25 3
xmm o

= If local maxima are not perfectly collinear, their curves do not intersect at a
point.




1 X 1em? Granularity Hough transformation

= 1 X 1cm? cross section of long crystal bar could

not be regarded as point

= 0< « <§: Xy Vo) = Pyr = X-COSa + Yy, Sina

"0 <« <§: (X1, V4) = pg; = x;cosa + yg sina

-§< a < m: (x;,Vy) = Py = X;cosa+ y, sina

-§< a <m:(x,,Vq) = Pgr = XrCOSA + Yy, Sina

= Each crystal in image space is transformed to a

band in Hough space
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Shower Finding in Hough Space

= In Hough space, “votes” are collected in the accumulated bands representing local maxima.
= Each point/peak (overlap region of band) in Hough space is chosen as a cluster candidate.

= Center (a, p) estimation predicts the “core”/axis of a cluster.
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Preliminary Result of Performance
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Preliminary Result of Performance

= A significant impact on the number of clusters for photons, especially for photons
with high energy

= Number of clusters for u independent with energy or polar angle
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Validation using MC Truth

= Multiple clusters are found in one EM cluster, most of
them are fake clusters.

= Using MC truth information to validate whether the
axis of the real EM cluster is founded

2 1 N
XW = NZ(yi —g(x)”
=1

where N: number of hits of a track,
y;: position of a hit,

g(x;): extrapolated position with MC truth,

>




Validation using MC Truth
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Validation using MC Truth

= Clusters with XF < 200 are treated as real EM cluster.

= Despite the number of fake clusters, the real cluster could
be found with an efficiency close to 100%
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Summary

= Wider profile of showers in crystal raises the difficulty to separate
energy deposits from different particles.

= A fresh approach of Local Maximum + Hough Transformation is
applied in cluster finding, and high efficiency of correct EM
clusters finding is achieved in a wide range of energy and polar
angle.

= Number of fake clusters raises with increase of cluster’s energy,
precise Energy & Time constrains are expected to reduce the
contamination caused by the fluctuation.

Thank you!
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Hough transfoermation ;. 4210 mm

d= 4-sins,
S
= For each hit(local maximum), doing Hough transformation with i
= up-right & down-left points when 0 < a < % = °t 4 \\
= up-left & down-right points when % <a<m ..:
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Preliminary Result of Performance

= For photons, almost all shower core will be recognized

= Due to the fluctuation of local maximums, most EM
shower will find more than one tracks
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Hough transformation

= |n xz-plane, doing Hough transformation directly with the 4 points of each hit

= (X, Yu) = Pur =xrcosa+yusina,0<a<§
. (leYd)_)pdl:XZCOSCZ+deinC(,O<CZ<§ ’u
8 (xl;Yu)*,Duz=xlcosa+yusina,§<a<n £

= (Xr,Vgq) = Par =xrcosa-l—ydsina,§< a<m

Hough space

T
o Whena=5,

" Pur = Yu = Put» Pdir = Yd = Par
. T
= The two up curves and down curves are continuous at a = >




Distribution of y*/N
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Distribution of y*/N

drawing branch "Track_chi2N_xz' from gamma9_1GeV
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Distribution of y*/N
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Distribution of y*/N
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