ATLAS Tile Calorimeter
calibration and monitoring systems

Marija Marjanovic
On behalf of the ATLAS collaboration

ATLAS

EXPERIMENT

°
‘ Particules
pLasmas
neat Ug\lvers
< CPPlication .
Laboratoire de Physique de Clermont




Outline

ATLAS detector
Tile Calorimeter

Calibration
o Cesium calibration

o Laser calibration
o Charge Injection System
° |Integrator calibration

Performance

Conclusion




ATLAS detector

ATLAS is a multipurpose detector at the LHC at CERN

Composed of several sub-detectors
° Inner detector

o Electromagnetic Calorimeter

o Hadronic Calorimeter B

o Muon Spectrometer
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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters

Toroid magnets

°. Muon chambers Solenoid magnet | Transition radiation tracker
Particules
| " Saer Semiconductor tracker




Tile Calorimeter

Tile Calorimeter (TileCal) allows for the measurements of jets, hadronically decaying
tau leptonsand missingtransverse energy

o Also used in Level-1 trigger

Tile barrel Tile extended barrel

It is a sampling calorimeter )
r hadronic
° |ron plates and scintillating tiles end-cap (HEC)

o NSOOO Ce”S lAre_Iedromagneﬁc
o Energy measured with 9892 readout channels

o Double photomultiplier readout using
wavelength shifting fiber

LAr electromagnetic
barrel

TileCal covers the central region (|n|<1.7)

It is composed of 3 cylinders
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Tile Calorimeter

Light produced in scintillating tiles by passage of particlesis converted into
electric currents by Photo Multiplier Tubes (PMTs)

Signal fromthe PMTs is shaped and amplified using two gains (with a ratio 1:64)
with a 10-bit ADC by digitazers

o Signals are sampled and digitized at 40MHz

Photomultiplier

Wave-length shifting fiber

If event passes Level 1 Trigger (40kHz)

Scintillator Steel

Integrator measures theintegrated
current from the PMTs

Source )

tubes




Energy Calibration of TileCal

Relation between deposited energy and channel signal has to be known and monitored

Factors that affectit:
o HV instability

o PMTs stress

o Read-out failures

. Calorimeter
Particles

Integrator Readout
. (Cs & Particles)

Photomultiplier

Tubes
e Digital Readout
" (Laser & Particles)

o QOpticaging

Relation is controlled with the calibration systems
o Cesium calibration: calibration of optical components and PMTs  f..
o Laser system: calibration of PMT response and readout electronics f;
o Charge injection system (CIS): calibration of the readout electronics Cgs

Charge injection (CIS)

o |ntegrated currents from Minimum Bias events (soft parton interactions) monitor

optical components, PMTs and beam conditions

E [GeV] = A [ADC] - Capcspe " Cocsgev * fes ™ fias

calibration duration

Coc>cev Measured during dedicated test beam campaigns ) N
Cesium few hours
Charge Injection System Beam tests Cesium system Laser system
Readout electronics Energy scale Scintillators+ PMTs+electronics L aser ~ 1 h our
stability for electrons PMTs variations variations
2/ week 2002-2004 up to 1/ month 2 / week C I S ~ feW m| N

orrected|
energy
[GeV]

Amplitude u | Charge u | Energy > .
[ADC] [pC] [GeV]



Cesium System

A moveable radioactive source of 137Cs passes through the e
calorimeter oo Cell B+4, PM 18, Tube 8 |

Raw data

o Emits y rays of well known energy (662 keV)

2500 — —

It uses integrated readout system ’ (/AN N i A
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o Different readout than the one used for physics i VI VTV Y ainane

| v \ | v
1500 i " o

Cesium system is used for: P et

Fitted tiles responses

o Check the quality of the optics and full system readout oo |- |
(scintillators, fibers and PMTs, electronics) s ]

1

i Bad fiber
Right 6 —>¢

500 — o

<

o Equalize the response of all read-out channels

© Energy leak estimation

o Monitor the cell electromagnetic scale intime e LTS

1
205 207.5 210 2125 215 217.5 220 2225 225 2275

Upgraded Cesium System for LHC Run 2

o Improvement of stability and safety (new water
storage system, lower pressure, precise water
level metering)

o Precision of single channel response better than
0.3%
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Cesium System

Larger deviations of the cell responsein time is due to the exposure to particle flux
o Caused by the PMT response variation and scintillator degradation

o Maximal drift is observed for layer A (closest to the collision point)

Cesium calibrationare taken at least at the beginningeach year collisions and every
time thereis a long pausein pp collisions

Allows to measure new response after changing HV
Restores calorimeter response uniformity

Full monitoringof PMTs and optics behavior since 2009
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Laser System

Sends light pulses to the PMTs with a wavelength close to the one of physical
signals (532nm light)

o Controlled amount of light
o Light is sent to the PMTs through ~400 fibers

It

B
E
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Dedicated Laser calibrationruns are taken y
twice a week

o Laser measures the drift seen in PMT response
wrt to last Cesium scan

M

o The response variation is measured and
calibration constants are updated between two
Cesium scans

Laser pulsesare also sent to TileCal duringempty bunch crossing (1-2Hz
frequency), to calibrate timing

Upgraded Laser System for Run2
o Upgraded electronics and optical components

o Better control of the emitted light



Laser System

Laser system measures the PMTs response variation
duringdata taking

Tile calorimeter

Deviations of any channel response with respect to
nominalistranslatedinto a calibration constant: f,.

PMT gain variation [%]

Maximal driftis observed in E and A cells which are
the cells with the highest energy deposits

Regular (~ weekly) calibration of TileCal to correct
to PMT effects

ATLAS Preliminary
Tile Calorimeter
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Charge Injection System (CIS)

Charge Injection System injects a signal of

Cis
known charge and measures the electronic Average Hish-gan OIS Stabilty
response 83.5 ATLAS Preliminary
83 Tile Calorimeter
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Calibration checks full ADC range (0-800pC)
o 2 gains for each PMT (LG and HG)

o

L] 9647 channel average (RMS=.04%)

CIS calibrationis taken at least twice a week

CIS Calibration (ADC count/pC)
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Aim is to measure the pC/ADC conversion factor 795 207 Sysematc e
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1.33 Average Low-gain CIS Stability
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CIS measurements
o Precision of 0.7%

o Factor as a function of time at the level of 0.03%
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Integrator System

Integrated PMT signals over a large time window (~10us)

o |ntegrator system monitors and measures the response to
the source during Cesium scans

o During Physics runs, measures the detector response to the
minimum bias events

> High energy proton-proton collisions are dominated by soft
parton interactions (Minimum Bias events)

° A way to monitor the instantaneous luminosity in ATLAS

o Provide an independent measurement given an initial calibration
(luminosity coefficient)

o Measured currents are linearly dependent on the instantaneous
luminosity

Use of the response stability to produce calibration
constants in absence of Cesium calibration
° |ntegrator system monitors the full optical chain

o Also used to calibrate E-cellsand MBTS

Integrator System Performance
o Stability of each channel is better than 0.05%

o Average stability is better than 0.01%
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Integrator System

Use of Laser and Integrator system in parallel
° |Integrator system monitors PMT response drift and scintillator aging

o Laser system monitors PMT response drifts

Both observe down drifts during collisions and up drifts during maintenance periods

In 2016 and 2017 a systematicdifferenceis observed between Laser and Integrator
systems

o Attributed to scintillator irradiations = extra calibration from Integrator system applied on
some channels
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Time Calibration

A precise time calibration is important for the cell energy % 4'5§h‘ T T ATLAS Preliminary
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cell electronic noise [MeV]

Nolse

The total noise per cell in the calorimeter comes from two sources:
o Electronic noise - measured in dedicated runs with no signal in the detector

o Pile-up contribution - originates from multiple interactions occurring at the same bunch crossing or

from the events from previous/following bunch crossings

Electronics noise stays at the level below 20 MeV for most of the cells

Noise is measured regularly with calibration runs.

In 2014 new power supplies were installed giving better electronics stability and more
gaussian noise shape

Total noise is increasing with pile-up
The largest noise values are in the regions with the highest exposure (E-cells, A-cells)
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TileCal Status and Data Quality

Evolution of Masked Channels and Cells: 2018-04-21 ATLAS Preliminary
Tile Calorimeter

§ 5: 32 ® M:asked Channel-s -------
8 E .:‘: (0.51%)
5 s 2 B 2
. . g - 2 V laintenance
TileCal channels monitored for hardware & .. _ M /.
. . . . . . 2 L a@®
issues, timing offsets, miscalibrations,... 1.0 e 7 7 7
- Z Z
. . . . . . . % ; *
TileCal mgnltorlng mclqdes identifying : 2% - o — .
and masking problematic channels, 1 > ~ f -,,.ﬁ-—"%
correcting for miscalibrations, E ' Howw M,
. . . [0} A g /n an /
monltorlng data Corruptlon Dec-10 Nov-11 Oct-12 Sep-13 Aug-14 Jul-15 Jun-16 May.1r‘[’]on[h.y2‘a)|[-18

Use maintenance periods to fix all Amount of Tile Masked Gells 2018-06-02 LA e otar"Y

identified issues

TileCal status

o Data Quality efficiency 100% in 2015,
98.8% in 2016 and 99.4% in 2017




Single Particle Response

An important Tile Calorimeter characteristic is the ratio of energy at electromagnetic scale
to track momentum <E/p> for isolated charged hadrons in minimum bias events

It is used to evaluate calorimeter uniformity and linearity during data taking
Expect <E/p> < 1 due to the sampling non-compensating calorimeter

Data and Pythia8 simulation do agree well
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Muons

Muons from cosmic rays are used to study in situ the electromagnetic energy scale and
intercalibration of Tile cells

A good energy response uniformity between calorimeter cells is observed

< 5% response non-uniformity in n with cosmic muons
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Jet Performance

Good description of the cell energy distribution and of the noise in the calorimeter is crucial for
the building of topoclusters which are used for jet and missing transverse energy reconstruction

Good agreement in Tile cell energy distribution
Consistent overall jet energy scale
Jet energy resolution is around 1% at p; > 100 GeV

Constant term is within expected 3%

anti-k, R=0.4, EM+JES ~  ATLAS Preliminary _J
Data 2016 \s=13TeV, 27 fb"

10°
10*
10°
10°
10
1
10"

L L L L L L L I
ATLAS Preliminary

Data, Vs = 0.9 TeV

MC
—_
—_

¢ Data, \s=13TeV

/Response
o
(63}

|  Random Filled Bunch Crossing

Data
-

Random Empty Bunch Crossing

Minimum Bias MC, {s =13 TeV

Cells / 0.06 GeV / Event

Response
o
(o]
(&)}

1072
10°° o Z+jet
1074 0.9 » Multijet
10_1_55 e 15 3% — Total uncertainty
%)1.0 ........ . - a .S P 99 L o LY 0_85 .Statistical component
T S & | M SN . S . | |
0 0.0 T | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1
-1 0 1 2 3 4 5 2 2 3 3
Tile Cell Energy [GeV] 20 30 107 2x10 1Opjet [gg\?]
T



Conclusion

Tile Calorimeterisanimportant subdetector of ATLAS at LHC
o Control of its energy is essential to measure the energy of jets and the missing energy

During LHC Run2 several calibration systems used in parallel
o Cesium, Laser, Charge Injection and Integrator system

Calibrationof TileCal provides an efficient monitoringand correction of fine
instabilities of TileCal cells response

Intercalibration and uniformity are monitored with isolated charged hadronsand
cosmic muons

The stability of the absolute energy scale at the cell level was maintainedto better
than 1% during LHC data-taking
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