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Long Crystal Bar ECAL

» Crystal bar

[ | BGO: XO = 112 cm, RM = 223 cm, AI = 227 cm ! Crystal Scintillaffr (eg. BGO, LYSO..)
= Size in simulation: 1 x 1 x 40~60 cm? - Lxlx40cm’ i
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Recognition of Energy

» Cluster recognition = Energy “Core”

recognition

» Reduce the negative effects due to wider longitudinal and
lateral developments of clusters.

In each layer: local maxima

Energy core
AN

verti8
% \ Entries
Qu] Mean 0.1«
101 Std Dev  21.
Fluctuation
102 /

5MeV

-250 200 -150 100 50 0 50 100 150 200 250
z/mm

Energy deposits in bars
of one layer

of energy jncident

200F

photon |
ﬁ:

-100f
B -
—200 R e e
—300= L. i [ I ........................
1800 1850 1900 1950 2000 2050 2100

Energy deposits in crystals

x/mm

1072

107

10°

200
: 0.07
150
: 0.06
100
g 0.05
e > 004 O
E 0 9
> ok 003 W
~100 % K 0.02
—150§ 0.01
20066 1850 1900 1950 2000 2050 2100
x/mm
£ 300 rrm— e r—— e =
£ r : : : H : 8
N H H : : H m
200__ .................. ................. .................. .................
100 T A —_— 10°
L : : . - : :
» N TS - L N
[ mL i o=
fm=Tm =T
ERTI) EE. S— S— S S— S— 10*
B0
ST T P e T e Ry
1800 1850 1900 1950 2000 2050 2100
x/mm

Local Maximum Distribution



Principle of Hough Transformation

> A feature extraction method for detecting
simple shapes (e.g. lines) in an image.

Image Space Hough Space

» For straight lines:
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m Each point (x, y) in image space is transformed to X(cm) ofrad)
a curve in Hough space. (x;, y:) = p=2x cosa+ysina
= If several points (x;,v;) are collinear, their curves
: : : Series of Points Series of Curves
intersect at a point («,, py) in Hough space.
® «, and p, are parameters of the straight line that _ ‘
pass through these points (x;, ;) po =xcosay+ysina, 4m (2, po)
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Hough Transformation in ECAL

» Crystal in image space = band in Hough space.

» Cluster recognition in horizontal and vertical
projection spaces respectively.

» Each peak (overlap region of band) in Hough
space is chosen as a cluster candidate.
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Performance check

» Single photon recognition efficiency in a local coordinate (one tower)
= Photon energy: E =1,2,5,10,20,50 GeV
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» Low energy or small |cos 8]: One & only one cluster

» High energy and large |cos 8]: >1 clusters

= Fluctuations of energy deposits increase fake cluster



Generalization of the algorithm

» Motivation

1500

= |dentify photons in jets > A global recognition algorithm

Is required

» Challenge

= Much larger Hough space - Much larger memory &
more computation required

» Solution
= Limitation on Hough space

Hough space Hough space
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Optimization of High Energy Photon Recognition

» Motivation

= Fluctuations may be recognized as fake clusters

m These fake clusters should be removed

> Solution
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= Cut on distances and energy ratio
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Performance check

> Single photon events Recognition efficiency
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> Jet events

m efe” > vvH, H > bb

» Performance
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Performance check

Photon E in jets

1 all photons

B only barrel

4
E/GeV

= Recognition efficiency >95% for
photons with E > 0.7 GeV

= Photons with lower energy will be
recognized using other method
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Backup



performance for y

» number of cluster > 0 » number of cluster = 1
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Distance & Esmall/Emax

SRR FEIEAY Hough cluster EREHIKE SRR

> BIIXIEEXLEE Hough clusters ZBIREEELAKRBEEZLL, ERBAFAER, (REBXOEF
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p1 = xcosaq + ysina,

Py = XCOSU, +ysina,

pP3 = X COS a3z + ysinaj
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Distance & Esmall/Emax

% E = 5GeV,0 = 50° % E = 10GeV,0 = 50° v, E =20GeV,0 = 50° v, E =50GeV,0 = 50°
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Workflow

15EHY local max

vector<LocalMax*> local_max ’

L THELERRY CaloUnit

—> ReadData()

\ 4

‘ vector<LocalMax*> local_max H vector<HoughObject> hough_objects ’

A

CleanCluster()
iSFRRTE

vector<LongiCluster*> longiClusCol ’
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FiFk clusters

ClusterFinding()
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CleanCluster()
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SetLineRange()
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HoughTransformation()

PHELPY MRARIRAY Hough g

vector<LongiCluster*> longiClusCol ’

4i HoughSpace hough_space
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FillHoughSpace()
1578 Hough =5[d]

\ 4

‘ vector<HoughObject> hough_objects

HoughSpace hough_space
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