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Properties of an EM shower in LumiCal
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Properties of an EM shower in LumiCal

Integration over all layers
(after some energy cut)
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Cluster Energy Spread in a Single Layer
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The Moliere radius is a
global detector constant.

Energy spread increases
for deeper layers.




o)) [rad]

50

45

40

36

30

25

logarithmic weighting

&

-
=

The 2D center of mass (CM) of each cluster is computed using
Only hits of high energy contribute.

An example by way of Q reconstruction
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Properties of an EM shower in LumiCal

A0 As a Function of the Log. Weight Constant
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Outline of the algorithm

Perform initial 2D clustering in shower-peak layers.

Extrapolate “virtual cluster” CMs in non shower-peak
layers, and build real clusters accordingly.

Build (global) 3D “super clusters™ from all 2D layer
clusters.

Check cluster properties, and (try to) re-cluster if
needed.

Events were generated with BHWIDE (1.04) and simulated by Mokka(v06-
03-p01) using Geant4(v4.8.1.p02). The super-driver LumiCalX of the
LDC(00-03Rp) model was used to build LumiCal in Mokka.

The clustering algorithm was written as a Marlin processor, using
Marlin(v00-09-08).



Nearest neighbor 2D clustering
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Each chain of connected
cells is now a cluster.

Six near neighbors are
considered (one/two steps in the
radial direction and one step in the
azimuthal direction). This is due to
the fact that the granularity in the
radial direction is much better than
the azimuthal one.

After all is said and done,
...................
only are merged with their highest
energy neighbor.

This algorithm only work for
shower-peak layers where the
number of hits is high (at least 4%
of the total number of hits in the
detector arm).



Nearest neighbor 2D clustering

Each cell connects to its

highest energy neighbor. i
280 A Electron
Small local clusters are 1 v Photon
created from the groups P
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of connected cells.

Initial clustering does not use low
energy hits (hit must be >1% of the 240
total energy in the detector arm). :

This only work for the shower-peak | 220
layers where there are many hits.

Free Parameters: _
- Who are a cell’'s near neighbors? 200
- What'’s the minimal number of hits
that makeup a shower-peak layer?
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2D Cluster merging (in small steps)
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2D Clustering in non shower-peak layers

Cluster Energy Spread in a Single Layer

Add small energy hits to
existing clusters
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Moliere Radius corrections

Inside a cluster’s Moliére
radius should be found ~90%
of the cluster’s total energy.

© LumiCal
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Clusters Were Miss-Merged
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Two clusters (blue & red full circle) are
merged by mistake (green hallow circle).
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Physics sample - Bhabha events
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Energy [GeV]

So...does It all work?
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Choose a cut on energy of 15 [GeV] and integrate
clusters that are closer than one Moliere radius.



So...does It all work?
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- For a minimal separation distance
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Results - Position reconstruction
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Results - Energy reconstruction
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Has yet to be optimized...



A clustering algorithm is being developed for
LumiCal.

For a Bhabha event sample, with a cluster energy
cut of 15 GeV, and cluster separation of at least one
Moliere radius, position resolution of better than
0.1% is achieved.

Under these constraints, the acceptance and
efficiency are 95%, while the purity is 97%.

Energy resolution still requires further studies.

Next steps also include optimization of the free
parameters of the algorithm, as well as variations in
LumiCal geometry.



