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Introduction

ATLAS detector Hadronic Tile Calorimeter
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: LAr hadronic end-ceg
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker

* ATLAS is the multipurpose detector * Tile Calorimeter is the hadronic
at the LHC. sampling detector within ATLAS
* Consists of internal tracker, * [Located at the outer barrel of the
electromagnetic and hadronic calorimeters, ATLAS calorimetry system
and external muon spectrometer. * Intended for energy measurements
* Allows a wide spectrum of high energy of jets, single hadrons, tau-particles
physics studies both within the Standard and missing transverse energy
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Model and Beyond.



Tile Calorimeter structure
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e Tile Calorimeter consists of one central Long Barrel cylinder and two
Extended Barrels cylinders covering n| < 1.7 and 0<@<2m

* Segmented into 64 modules in azimuth

* Has three radial layers (7.4 A;,,+) and the longitudinal Gap/Crack layer
between barrels

* The granularity 1s An x A =0.1 x 0.1 (0.2 x 0.1 in the last radial layer)

e (Consists of 5182 readout cells
* Designed energy resolution a/E = 50%/vVE @ 3% ’



Tile Calorlmeter Read Out

Detector signals 3-in-1 ( Digitizer Interface
PMT > 64 »(ADC }» y
E
> 1 >(ADC>—> M
Analog 5 PIPELINE

trigger sums

Low amplification gain || High amplification gain

Tile Calorimeter is the sampling detector made of plastic scintillator and steel as

absorber (scintillator only in crack/gap cells)
PMT

S Wovelongth Signal from each cell 1s routed by WLS to two PMTs
IIIII Shifting Fiberg wis)  (giving 9852 readout channels)

Scintillator_steel o~ Apalog signal from each PMT i1s amplified by two
gains (1:64), shaped and digitized by 3-in-1 card
every 25 ns

* The digitised samples are stored in pipeline awaiting

for L1 trigger accept
* Analog signals contribute to L1 trigger

* The slower Integrator readout is routed before
amplifiers and used for Cs (or MinBias) calibration




Signal reconstruction

* 7 sets of ADC counts (samples) spaced by

§27300 LA 'E 25 ns are used for signal reconstruction
8 628 —_ 1 (150 ns window)
= %00 3+ Amplitude (4), time (t,) and quality
< 400 . 3 factors (QF) are obtained with Optimal
< 485 v 242px = 3 Filter (OF) algorithm
200" > 3+ OF uses weighted sum of samples (S;) in
= 4 order to minimise noise
100= S PEDESTAL = "
- ! 1'1 ] T | LT e A: aS,t —_— bS,
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ns QF = X(S; — (4g; + Atpg; + Ped))
* The time calibration is important for OF Z zog_' R
p erformance E 15;— 2015 Splash Events (beam2) QQUD‘.D —é
» Time measurements and calibrationis & "% & E
performed using “splash” events (single "~ o ﬂ Dlamra 2
beam events hitting closed collimator) <3 & o layerD
10E- s =
. : . o 3 o E
Tuned later with collisions, exploiting 5 o® ATLAS Prefiminary
Jet events '22? \a L Tile Calorimeter _g
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The slope matches the time z [mm] 5
the particles cross calorimeter across beam axis



Energy calibration

> Integrator Readout
. (Cs & Particles)

P Calorimeter Photomultiplier
articles Tiles Tubes A

.o > Digital Readout
L (Laser & Particles)

------

T scint T pviT EEEEREXGS) - Electronics
E=A4- CCS | CLaser} CADC—>pC CpC—>G€V|

* The energy calibration allows to reconstruct the energy of jets in GeV.
* Performed using various calibration systems (with precision of 1% of the cell response)
* The injection of known charge to digitiser (CIS) allows to calibrate electronics

(Capc—pc)
* Cpcogey conversion factor has been defined at testbeam via the response to

electron beams of known momentum (setting the absolute energy scale)
* Injected laser light with known intensity allows to equalise PMT response (Cpgser)

* Cs source moved through all the cells (except crack scintillators) allows to equalise
scintillator response (Ccs)

 Scintillator response equalisation can be improved using Minimum Bias events )



Integrator Readout
(Cs & Particles)

. Calorimeter Photomultiplier
Particles Tiles Tubes

BT

Digital Readout
(Laser & Particles)

E = A * CCS * CLaser * CADC_)pC * CpC_)GeV SOURCE PATH

Deviation from expected response in 2009-2015 C;allbratlon of the 1n1t12.11 p art of the
: oA signal readout path (scintillator

oLBC

+ £8 response) with movable radioactive
137Cs vy-sources (E, = 0.662 MeV)

* The signal is read out through a special
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Deviation from expected Cs response [%]

/R “slow” integrator
e .................................................. Eﬁ? ...... ) The Correction applies tO maintain
2:_ ............................................................................................................................................. o global Conversion factor and Corrects
T T e Dee i am® wame 100 residual cell differences

The deviation from expected response rises ® The calibration is usually performed
due irradiation effects in scintillators, ~1th per month (was not available in
variations of PMT gain. 2016 due to water leak) 7



Particles

Energy calibration: Laser

Calorimeter
Tiles

Photomultiplier
Tubes

> Integrator Readout

(Cs & Particles)

Digital Readout

ATLAS Preliminary
Tile Calorimeter

PMT gain variation in 2016

0.0 eta
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Charge injection (CIS)

Scintillator irradiation in 2016
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The difference between Laser
and MinBias (or Cesium)
response allows to estimate the
effect of the scintillators

irradiation.

LM////////

2 74
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PMT gain drift
<50% -25% 0%
W il

2.5% >5.0%
T

run 311556, 2016-10-27

Highest PMT gain variations are observed during
2016 pp collisions: 5% to 10% in cells closest to
beam pipe

* Laser light pulses are sent directly to PMT
to measure PMT gain variation and correct
for non-linearities of the readout electronics

e aser 1s also used for time calibration and
monitoring

e Calibration is usually done 2 times per week
(or even more often in case Cs is n/a)



Energy calibration: CIS

Average High-gain CIS Stability

_ 835 ATLAS Preliminary

Tile Calorimeter

Integrator Readout
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Digital Readout
(Laser & Particles)

Charge injection (CIS)

BT

CIS Calibration (ADC count/pC
o R
T

81E
E=A4:Ccs Craser 'ICADC—>pC | CpC—>GeV 80.5E
80 [ ] 9709 channel average (RMS=.04%)
E Y Typical Channel (Long Barrel, C-Side) (RMS=.03%)
795 :— +0.7% Systematic Error
. . . 79 | AT R SR AR PR R B
* Calibration of the front-end electronic ) m =)

gains with a charge injection system 1.33 Average Low-gain CIS Stability

: : ~ ATLAS Preliminary
(CIS) located in 3-in-1 card (allows to Q1325 Tie Galorimetor Low gain
test each channel) S 131b
'S C
* Fires both amplification gains 3 1-3% %%% #% %
- ‘os c1.2
e Corrects for non-linearities of % °
- : 5 1.28F
electronics associated to the PMTs 2 7
: O 1275 1 rical Channe (Long Baret, 0 i) (M= 2%)
* Performed 2 times per week for 3 1 osl £0.7% Systemaic Error
monitoring EIMalyll‘l‘l‘Julll]lllllAuiqllllIIIOcltlll

CIS calibration was very stable during 2016 data taking



Detector status by the end of
2016 pp collisions

Evolution of TileCal masked cells in 2010-2016

Evolution of Masked Channels and Cells: 2016-09-08 é{é—églgrfiﬂié?g;afy
T e The 2016 was the best year for the

- 7z Masked Cells
sE- o | ©096%) | . . . .
| | e || L11le Calorimeter from the beginning
A of LHC data taking.
; L) % I .
e ae — Good stability of electronics
o,;E 2ﬁ Iés’. “' Aa—_—

Less than 1% cells were excluded
from reconstruction at the end of

> 2016 pp collisions.

The eta-phi map of masked cells in 2016

Amount of Tile Masked Cells 2016-09-08 ATLAS Preliminary
Tile Calorimeter

water leak in cooling system

. * Another module had readout
o5 problems

* One module i1s excluded due to the
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Noise performance

Electronics noise Pile-up noise
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* Electronics noise is measured ¢ Energy distribution in Tile Calorimeter cells

and monitored in special runs gets wider and larger in presence of pile-up
without collisions * Total noise (standard deviation of the energy

* Defined as the width of distribution) is increasing as the function of
Gaussian fit to the average number of interactions per bunch
reconstructed cell energy crossing (driven by pile-up contribution)
distributions

* Cells closest to beam beam pipe are affected
* Stays at the level of 15-20 MeV by higher noise

for most of cells .



Performance with jets and hadrons

e The ratio of the calorimeter energy over the track — § .- ariaseriminay ' buaasiovi |
momentum (E/p) of single hadrons is used to 08f E
evaluate TileCal uniformity and linearity during

data taking

* The calorimeter calibration at the electromagnetic
scale results in E/p<1, while jets are further L R M.
calibrated in a more complicated way

* Good linearity and uniformity is observed. The og T E

data/MC agreement 1s within 3%.
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* The jet energy resolution is below 10%
for jets with pt > 100 GeV.

* The constant term 1s at the level of 3%,
compatible with the expectations
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Performance with muons

* Muons from cosmic rays, beam halo and collisions (e.g. W — uv events) are
exploited to study the electromagnetic energy scale in-situ

* Energy deposited by muons in scintillator proportional to its path length (dE/dx)
Cosmic muons
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Summary

* Tile Calorimeter has shown a great performance 1n
2016 year of data taking providing 98.9% of good
data for physics analyses

* Solid multistep calibration and monitoring system
allows to maintain uniform and stable cell energy
response with precision better than 1%

* The results show that the Tile Calorimeter
performance 1s within the design requirements and
gives essential contribution to reconstructed physics
objects and physics results



