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Overview

e ATLAS Tile Calorimeter

e Introduction

e Quality factor in 2011 data and pulse simulator
o Effect of pile-up on reconstructed amplitude

e Quality factor with out-of-time pile-up

e Detecting pile-up with quality factor

e Summary
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ATLAS Tile Calorimeter

O

e Tile Calorimeter is the central hadronic

calorimeter (|n|<1.7).

e Identify and measure hadrons, jets, taus,

missing energy and trigger. Inner Detector
LAr EM Barrel

Tile Barrel

e Cover dynamic range (energy per channel Tile Extended Barrel

between ~30 MeV and ~1.6 TeV) with 2 outputs:
high and low gain
e Sampling calorimeter (steel/scintillators),

PMT readout using wave length shifting fibers.

/ -
Beam direction
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Introduction
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Quality factor in 2011 data and pulse simulator

Arbitrary units

Data collected with jet or missing energy trigger.

Stockholms
universitet

Developed and tuned pulse simulator that covers whole amplitude range, 34 - 1024 ADC.

Effects taken into account: electronic noise, energy distribution, pulse shape deviations,

channel to channel phase variations.

Offline iterative Optimal Filtering method, high gain.

Fair agreement between data and pulse simulator in the case of no out-of-time pile-up.
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Amplitude dependence of quality factor
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QF, [ADC counts]

Out-of-time pile-up

e Currently LHC operates with 50 ns

bunch spacing causing out-of-time

pile-up signals.

lllustration of out-of-time pile-up (+ 50 ns)
ATLAS Tile Calorimeter

Tile Calorimeter

? Q Proton bunch
G O Q—) Beam 1
| )
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-100 ns -50 ns 0 +50 ns +100 ns
TileCal Read out Window +75 ns
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E TileCal pulse simulator
I Non-ideal pulse shape
= With out-of-time pile-up

High Gain
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300 Work in progress
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w7 @ Quality factor is very sensitive

to the difference between expected

and real pule shape in the detector.
e Scales linearly with the pile-up amplitude.

e (Can be used to flag cells with presence

Ren=0 A0 of out-of-time pile-up.
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Effect of pile-up on reconstructed amplitude

40
30
20

1

O LAA AL AL ML AL AL AMLAML A ML AMLA ) ML AAANLY ML
e TileCal pulse simulator -
- ATLAS Non-ideal pulse shape -
= Work in progress With out-of-time pile-up ]
e b g G B -
= A, =34 ADC =

-20F =

-30 E.. ............................................................................................................................................ _.E

40" | .| Ll A R R
0 5 10 15 20 25 30

A, [ADC counts]

40 : T I LU R 1 | |' T T T '| T T ‘I =TT ‘I T T ] T ] :

3| TileCal pulse simulator ]

- ATLAS Non-ideal pulse shape -

oo Workin progress .. With out-of-time pile-up -

= High Gain .

= A, =417 ADC =

1 0 [l —]

A, [ADC counts]
Pawel Klimek, Partikeldagarna 2012 8

26-Nov-12

Stockholms
universitet

Deviation of reconstructed

amplitude Ay from the true in-time
amplitude A, as a function of the true
amplitude of out-of-time pulse A_;.

The purple line corresponds to mean value

of relative difference.

Maximal average effect on the reconstructed
amplitude is 11% in all A;, bins if A, <A,.
“significant” out-of-time pulses are those

with amplitude above 34 ADC.



Quality factor with out-of-time pile-up %
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e Amplitude of in-time-pulse follows amplitude

distribution in data (jet, missing energy trigger)

e 3 energy bins:

0 E” I I I I I T g
— Bin1:34 ADC — 84 ADC (400 MeV —1 GeV)  § ~ NooukoRtimepllewp 2
. . > ' - With out-of-time pile-up
— Bin2: 84 ADC — 417 ADC (1 GeV — 5 GeV) 50 Bin1  seabc<s,, <stavc
— Bin 3: 417 ADC — 1024 ADC (5 GeV - 12 GeV) < 102 High Gain E
e Amplitude of out-of-time-pulse follows 109 _
= ATLAS E
amplitude distribution in data (zero bias trigger) 10*g Work in progress
e OQut-of-time pulses (50 ns) above 34 ADC counts 10'55 : 3
0202060 B0 100 720 740 760 180

(400 MeV)
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e Good separation between pile-up

and non-pile-up cases
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Arbitrary units

Quality factor with out-of-time pile-up
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Arbitrary units

QF/Amp with out-of-time pile-up %
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Detecting pile-up with quality factor

NERS/
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e Since there is a linear dependence of the out-of-time pulse amplitude on quality

factor, three different selection criteria are defined for three different amplitude bins.
e The level of pile-up rejection can be adjusted depending on the available bandwidth.
e The fake rate is defined as a fraction of non-out-of-time pile-up events wrongly
selected as a pile-up events.
e The efficiency is defined as a fraction of out-of-time pile-up events correctly selected

as pile-up events.

AorL [ADC] | Eorr [GeV] | OQForL cut [ADC] | Fake rate [%] Efficiency [%]
34 — 84 04 —1 8.8 0.973 +£0.004 | 100.0 (> 99.9% at 95% CL)
84 — 417 1—5 11.6 0.985 +£0.006 | 100.0 (> 99.9% at 95% CL)
417 — 1024 5—12 29.7 0.99 +0.01 85.03 £ 0.03
417 — 1024 5—12 22.9 3.75+0.03 99.04 + 0.01
417 — 1024 5—12 11.7 26.55 +£0.06 | 100.0 (> 99.8% at 95% CL)
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Summary %

Stockholms
The simulator of the ATLAS Tile Calorimeter pulses has been developed. universitet

Using this model, the distribution of the quality factor in the presence of
out-of-time pile-up is calculated.

It shows that when amplitude of the out-of-time pile-up is large enough to
affect the amplitude measurement, significant discrimination between the
presence and the absence of out-of-time pile-up can be achieved thanks to
the the quality factor.

Adequate cuts on quality factor in three various reconstructed amplitude

bins are proposed in order to identify channels with out-of-time pile-up.

ATLAS INT Note: ATL-COM-TILECAL-2012-025
2011 IEEE NSS-MIC proceedings: 10.1109/NSSMIC.2011.6154599

2012 CALOR proceedings: ATL-TILECAL-PROC-2012-007
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Amplitude dependence of quality factor m
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e Formula for quality factor: QFor. = JZ(Si_AOFL'gi_POFL)Z

i=1

e Actual pulse shape is: hi=gi+d

e Each sampleis: Si=A-hi+P=A-gi+A-6i+P

7
e Therefore, quality factor becomes: QForr = JZ(A'QH‘A'5i+P—A0FL'gi—P0FL)2

i=1
e In absence of the noise and with pedestal perfectly reconstructed: Aor. =A.  PorL =P
7
e Therefore, quality factor formula reduces to: @forr = AorL- 4 ;(@‘)2
7
e In presence of the noise quality factor become: Qor. = Qor+AorL" D67
i=1

e Imperfect pulses shapes are obtained by warring the width of pulse shape

function: a® = g(an
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Effect of pile-up on reconstructed amplitude
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