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Introduction
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A m N E S B N E

The Algorithmk

The Optimal Filtering (OF) algorithm reconstrudte tamplitude, time
and pedestal of an analogical signal through wemstims of its digital
samples. This algorithm is though to be processdie in the DSPs
and therefore it should be a compromise betweeplsity — to fulfill

the limited processing time available (iI8) — and reliability to
reconstruct properly the parameters of the sigmaheby event. It was
developed to solve the integration time comprommséhe signal of

liquid ionization calorimetefs The equations which summarize the
algorithm are:

n n n
A:Z:aisi , TA:ZbiSi , p:ZCiSi .
=1 =1 i=1

whereA is the amplituder the timing of the signap the pedestah) the
number of samples. the weights for the amplitudé, the weights for
the time,c the weights for the pedestal afdhe digital samples.

Results

Some of the modules of the TileCal detector have loagbrated under
the SPS beam at the H8 CERN facility. A movabldetalowed the
beam to impinge the detector at different angldse performance of
the OF algorithm has been studied under electrodsp@ons. In the

analysis several cuts were defined in order toirle contamination
In the beam of undesired particles. The resulthefOF algorithm are

compared with the Flat Filtering algorithm (FF) winiis based on the
plain sum of the samples.

For each beam energy the distribution of the enelgyosited in the
detector fits a Gaussian distribution. The sigmerdkie mean of the fit
defines the resolution of the detector for eachmbenergy.

The results are promising specially at low energmsre specifically
when the number of counts in the ADC is closechtopgedestal) where
the impact of the noise in the resolution is monpartant.

The improvement in the resolution and its simpfiecriakes OF a good
candidate for the online energy reconstructioniiedal at ROD level.
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ATLAS is a general purpose experiment designedeted signals of
new physics in the large hadron collider (LHC) besanstructed at
CERN. The Tile Calorimeter (TileCal) is the central haalc

calorimeter of the ATLAS detector. It iIs made obnrand plastic
scintillators whose light is driven to photomultgrs through optical

fibers. Signals from the photomultipliers are slth@ad digitalized
every 25ns by a 10 bits ADC.
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The Read Out Driver (ROD) is an electronic cardcohlhieceives the
digital samples from the TileCal front-end electamianalyzes them
and sends the output to the second level triggehefdetectdr Each
ROD contains up to four processing units (PUs) gopa with the last
generation of digital signal processors (DSPs). Pks implement an
algorithm to reconstruct the amplitude of the phuitiplier signal
from its digital samples. This amplitude is propmral to the energy
deposited in the active medium of the calorimeted @herefore a
proper amplitude reconstruction means a good emreapnstruction.

LCCTE

Welghts Calculation

The optimal filtering weights are calculated taking The equation is an example for= 3. The termsR;

Into account two factors: the noise autocorrelation correspond to the noise autocorrelation matrix. The
function and the shape form of the signal at tipgiin~~ termsg, andg’; are the shape form factors and their
of the digitizer. The weights minimize the sigma of derivatives respectively.

the amplitude, time and pedestal distributions vhil
fulfilling the reconstruction requirements. Withee
two conditions and using the Lagrange multipliers
method we obtain a systemm#f3 equations and+3
unknowns. Its solution is a vector which contaims t
optimal filtering weights:

The noise autocorrelation matrix is set to theargit
matrix in this study due to the low noise corra&lati
found in the TileCal electronics.

The shape form is reconstructed using a charge
Injection system which is part of the calibration
system of the TileCal front-end electronics. The

fagn Rz g G @a 4 a 0 shape form reconstructed is fitted to an analytical
Ry Rz Ry g, g7 1 as 0 function. The termsy and g'. are values of this
Rai Rz Ry 93 9% 1) |az | _|O0 function (normalized to one in amplitude) and its
g: 92 O3 0 0O O '3 1 derivative respectively. They must be calculated at
g'7. 9'5 0’3 0 0O O W 0 the same position - within the shape form - of the
1 1 1 0 0 O J 0 sampling.
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The figures show the resolution of the detectoiswerthe energy of the beam. The black circles laxeflait
filtering values values and the green stars thenaptfiltering ones. The figure on the right plote resolution of
the detector under pions and the figure on thefdkefts the resolution under electrons. Both figuseew the
Improvement in the resolution of the OF algorithiirhis is more remarkable at low energies when the
contribution of the electronic noise is important.
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