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Overview

* Software Compensation:Why it works

* New approach: Cluster-based compensation

e Simple weighting: Single weight per shower

e Neural Network

* Summary / Outlook
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DREAMing of Compensation
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since the slope of the distribution is # |
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DREAMing of Compensation
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scintillator signal can be improved with
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Local energy density works pretty much
the same: events with a low total energy
have a lower fraction of high density cells,
this information can be used to improve
the resolution:We can “DREAM”, too...
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Software Compensation: How it works
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Software Compensation: How it works
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* Yields about 20% improvement in energy
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* Weights determined on data: Did not work at °

first try when using MC weights
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= Large differences between data and MC on

the cell by cell level (might be improved now)! %
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Energy resolution HCAL contained showers
e single weight
e energy dependent parametrization

Fit: aNE® b o
—a=62.40.2% b = 0.00:0.26%
— a2 =48.820.2% b = -0.00:0.23%
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Alternative Approach: Cluster-based Weighting

* ldentify all hits belonging to a shower (first simple approach)
e project shower on the front face of the HCAL, find maximum as shower axis

* in each layer expand from the axis until energy does not grow significantly

Hits in cluster
Isolated hits
B Hits with neighbour

”.i‘ill\l\'lmm- .

- Motivation:
' & Look at bulk properties of the shower: MC can be used to tune weights!

l

= Easily transferrable to PandoraPFA

But Give up some of the mformatlon avallable in ceII by ceII welghtlng
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Clustering: Resolution & Sensitivity

* Decrease of energy resolution: In particular at low energy: some loss of
information in the clustering

0—aII/ 0‘clustering

40 GeV pions:

Ratio of energy resolutions

e all energy in AHCAL and TCMT/ clustering
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Data - MC Missmatch: Recalibration

* Observed discrepancy between reconstructed energy in data and MC

» Leads to problems for the linearity of the response!
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» Determine a correction factor for the MC energy from a fit to the observed
difference, correct MC energy (no corrections to density etc.)
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Simple Weighting: Weights based on Density

* Weights determined from simulated data using a minimization procedure
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(one weight per shower!)
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Weight as a function of shower density:
40 GeV run, determined from QGSP_BERT

%; Now apply the usual technique:

| Parametrize energy dependence, choose

weights according to unweighted energy
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Simple Weighting: Performance - Linearity

* Significant improvement of linearity

©
o

Linearity of detector response - FTF_BIC welghts
test beam data

e constant cluster weight

e energy dependent

reconstructed Energy [GeV]
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Simple Weighting: Performance - Resolution

* Resolution:Weights determined with FTF_BIC
(similar results for QGSP_BERT)

Energy resolution - FTF_BIC weights

test beam data:

e constant cluster weight

e energy dependent parametrizatioﬁ Can we do better?

Ratio of energy resolutions - FTF_BIC weights

Fit: aNE® b® ¢ GeV/E
—a =64.8+0.2% b = 0.00:0.93% ¢ = 0.0000.238 [GeV]

—a =55.3+0.3% b =1.44+0.32% c = 0.000+0.130 [GeV]

test beam data

e energy dependent parametrization / constant cluster weight
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10% to 15% improvement in resolution, best performance at intermediate energies:
Leads to the constant term in the fit
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Advanced Weighting: Using a Neural Network

* Select 6 shower properties that are sensitive to reconstructed energy and
energy density of shower; use as NN inputs
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Neural Network: Training

* Neural network trained on simulated data: Quasi-continuous energy

distribution to avoid bias due to specific beam energies
 from 5 to 105 GeV in 0.1 GeV steps

6 input variables

| hidden layer
| | nodes

reconstructed
energy as
target value
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Neural Network: Performance - Linearity

* Excellent linearity for both training with both physics lists
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Neural Network: Performance - Resolution

* Training with QGSP_BERT

Energy resolution - QGSP_BERT training
test beam data:

e constant cluster weight

® neural network

Ratio of energy resolutions - QGSP_BERT training
Fit: ANE® b® ¢ GeV/E

—a =64.8+0.2% b =0.00+0.93% ¢ = 0.000+0.238 [GeV]
—a=41.5+1.0% b =3.60£0.20% c = 1.114+0.046 [GeV]

test beam data

e neural network / constant cluster weight
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* Improvement by up to 25%, poorer performance at low and high energies

» Introduces constant term in the fit
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Neural Network: Performance - Resolution

* Training with FTF_BIC
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Energy resolution - FTF_BIC training

weight/OSingle

test beam data:

e constant cluster weight

® neural network

|

Ratio of energy resolutions - FTF_BIC training

Fit: aNE® b® ¢ GeV/E
—a=64.8:0.2% b = 0.00:0.93% c = 0.000:0.238 [GeV]

—a=43.1x1.0% b = 2.84+0.24% ¢ = 1.070+0.048 [GeV] e neural network / constant cluster weight
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mprovement by up to 25%, poorer performance at low energies, constant for
nigh energies

ntroduces (a smaller) constant term in the fit
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Summary and Next Steps

Software compensation in imaging calorimeters now well established
Two approaches investigated so far:

* Cell-by-cell weighting
* Cluster-based weighting

The new results: Cluster-based weighting with simple weight and neural network

* Neural network yields very good results, slightly better than the cell-by-cell approach

Next step: Integrate cluster-based weighting into PandoraPFA
Analysis note CAN-021 for presentation at LCVVS with editorial board
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Summary and Next Steps

* Software compensation in imaging calorimeters now well established
Two approaches investigated so far:

* Cell-by-cell weighting
* Cluster-based weighting

* The new results: Cluster-based weighting with simple weight and neural network

* Neural network yields very good results, slightly better than the cell-by-cell approach

* Next step: Integrate cluster-based weighting into PandoraPFA
* Analysis note CAN-021 for presentation at LCWS with editorial board
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~ Very detailed and rather coarse energy density measurements yield comparable results |
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| & The optimum might be somewhere in the middle: Look at sub-clusters :
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