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@ The ATLAS Tile Calorimeter

Tile extended barrel Photomultiplier Module Iayout \ / Ordinary Geant4 Simulation
wasiengnsitingiore o Egch barrel is divided in 64 modules in ¢ The passage of the particle through the ATLAS detector in the Geant4 simulation is characterized by hits. Each hit is defined by the en-
nc-cap (HEC) | i Sanfelr _, 22, o Module consists of alternating layers of ergy deposition, time and its position. We have information only from the sensitive material of the detector in the real experiment. The
b I
”” U ]”"' ””“““ steel absorber and scintillating tiles sensitive part of the TileCal is scintillator and therefore Birk saturation law is applied to every Geant4 hit before adding this hit energy
LAr EM end-cap (EMEC)
« Cell granularity is An x A¢@ = 0.1 x 0.1 to total energy. When the simulation is finished (hits are collected and stored), the next step that follows is the digitization.
(0228 2 (RS ) U el Sl o ) Geant4 simulation for cosmic muons
» The granularity corresponds to trigger Simulation of cosmic muons is slightly different from simulation of pp collisions. In particular, internal time of Geant4 hits in the calo-
towers of calorimeters rimeter can be arbitrary value - not few nanoseconds, but hundreds of nanoseconds (time to go from the earth surface to the detector
_, » Each cell is read by two photomultiplier in the pit) and special precautions have to be made in order to collect and to reconstruct those hits properly.
Sl T tubes (PMTs) from either side of the cell g ) . .
LA M barr o ot ey e (PMTs) _ f gesmm oo 0 0% 98 4 8 e w22 e e X b TileCal segmentation over Cells
(except for some special cells) via wave- = fhe | i I | - R ol - e e 13 . . .
Overview of the Tile Calorimeter of the ATLAS detector length shifting fibers. |:_ ] R | [ LA AR e A - The n, ¢ and radial segmentation defines the
: : 8C1 |BG2 B3 |BC4 [BCS |Bos [Be7 fBCs | | o T | L T e three dimensional cells in TileCal.
- Total length is 12 m, diameter - 8.5 m . The cell energy is the sum of the energy measured in the A A A A Bz A Half of the central (Long) Barrel (on the left)
. . . . ) S N R P Pl P e T Bi1 -7 B12|,-'B13 |.-'B14 |.-7 B15 L-15 *
There are 3 cylindrical sections - Long Barrel and two Extended Barrels, two channels. The double readout reduces the depend- .[ [ I[ | O P 0 SR s . .
over 5000 cells, 2 PMTs per cell . L i : I S N ' Nl Il I B el | G Il ‘ IPESGE POl I and Extended Barrel (right) are on the Figure.
’ ence on the light attenuation in the scintillator and im- e J|A2 - ‘M ;% fre, m ;8 ﬁg A’;Dfﬁ es (A Bems Leite Toage ° mig" Geometry is not completely symmetric, there
« Total thickness of TileCal is 7.4 Aint at n=0 proves the response uniformity. 2280 mm _. ol : A hoad st P | e with o t'. .
« Three radial samplings A, BC, D correspond to 1.5, 4.1, 1.8 Aint in Long - y I S y P 500 1000 1500 mm 23 are ceils with speciai shape, asymmetric inac-
« The readout electronics (including the s) is house Pt : :
Barrel and 1.5, 2.6, 3.3 Aint in Extended Barrel ] ( ] g ) .) s A ™ VR AT B
. TileCal cover the pseudo-rapidity region [n] < 1.7 at the outer radius of the calorimeter (in Girder) T g’ « All currently known geometric details are care-
, , , o ] ST s fully described in the MC geometry model.
. Des’gn reso’ut’on Of Tllecalfor]ets IS: O.E/E = 50%/'/E (‘B 3% (E ln GeV) _____________________________________________________________________________________________________________________________ }..

@ TileCal simulations with calibration hits
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TileCal simulations with calibration hits \ / =R Long Bafrel © « Left: The dependences of the scintillating tiles response on 1 T g AT
. . . . . . . - . 81.15F Vs= Al = . 1 . . . S 1 -
Calibration hits allow us to record not only energy deposited in the scintillator, but also in the non-sensitive parts of the TileCal A f 8TV | Bcaﬁrer .1 the particle impact point (U-shape) were obtained in meas- “2 ooF
. . e . , ., S 1.1- DI " : : S 0.9F g
detector. Energy in the event is divided in electromagnetic, non-electromagnetic, invisible and escaped components. By defini- W fet i - :"_f urement of <dE/dx> value of muons produced in leptonic de- S ok E
, . . . . . . . . . vV 1.05- . o, . . . £ UOm
tion the sampling calorimeter consists of Active and Inactive Materials, but material of support saddle, girder and extra iron 3 N'( *\:‘I". Erw) ﬂ,.v'*""..:: cays of W->uv. Ap is the azimuthal angle difference between g 0708 E
. . . . , s I s, - : : :
structures at outer radius of the calorimeter, readout electronics inside the girder, cables, and other services called Dead Mate- 2 v “’ Ll : the muon track impact point and the center of the cell. g 0.61 \ =
. . . . . . . 50.9 ’ — . . . o F ]
rial. It gives us very useful information for the energy calibration studies: 50.85 -« The profiles were obtained for the cells of the three radial ® 05 ) -
. calibration of each ATLAS sub-detector and verification of its geometry % - layers of the TileCal Long end Extended Barrels. 0.4F \‘
. i . " e . .. " . ATLAS Preliminary - or e . . 0.3 ATLAS Preliminary .
- understanding of full energy balance of specific event types, for example evaluation of "missing visible energy" which can be E Tile Calorimeter -« The criteria applied to select well reconstructed tracks are: - Tile Calorimeter | ﬁ
PR AT T SN N W . . 0 o b by
caused by energy deposits in dead materials, and by leakage, and by energy flow at [n] > 5.0 05005 001 001 005 005 Nmuons=1, pr>15 GeV, My >40 GeV, missing E; >25 GeV, 505 005 001 001 003 005
. identification of full energy associated with each jet in multi-jet events MDT and TGC - A¢lradl — pr<1 GeV in cone of AR=0.4 around track, E . <3 GeV in At [rad]
. calibration hits were used also in determination of the PMT response as a o ;-,é-" cone of AR=0.4, 20<p,<100 GeV, AE>60 MeV and Ax>15 cm in the cell. ST Raye T
. . e . ’ an ‘ . . . . . S5, - 4 Simulation, single p without U- shape-
function of the coordinates of the energy deposition point (U-shape) and the /\. * Right-up: The response correction factors for PMTs were obtained from comparison of response in 4 -1-e Simulation, single p with U-shape
Sampling Fraction determination - . simulated W->uv and single muon events with collision data at 8 TeV (left). Nonlinear form of the %1.05:_ - " R
x4 modules B | . . . . . . . e . A + .
Simulation of TileCal standalone TestBeam N S arrl o calorimeter ‘\/‘ dependence originates from the non-uniformity of light yield over the volume of the scintillating g S M Hapttts, o +H*_+.tﬂ# .
2x3 n:)c()?ilules = I i :""':'I{-# St . L'-"::'-':‘I*n‘,- ¥ II"-‘.::::":» o
. It is possible to simulate TileCal standalone TestBeams (3 barrel modules or | \ ) - : tiles. Look-up tables for each PMT of all barrels and layers were introduced in the ATLAS full simu- £ | ' A -
//6 ‘ q . 20.951 ¥
2 barrels and 2 extended barrels) as well as Combined Test Beam of 2004. \ 4 ~_ lation in order to reproduce the U-shape. i ]
« Particularly it is useful for the Sampling Fraction calculation. . L e c:::’:::rba"e' et ster « Right-down: The red (green ) dots distributions were obtained with (without) U-shape in the MC 0.9 ATLAS Prefiminary 7
Sl simulation. The difference up to 6% is observed in Long Barrel, A-layer. It can achieve 10% in other 085’: Tile Calorimeter 1
K Figure: The setup scheme of the Combined Test Beam of 2004, feam ~ Memet layers and barrels. On the contrary, the collision data (left, red) agree very well (within 1%) with 005 0.3 001 001 O'CZ) [ {:']05
ra
ﬂ MC with U-shape included. /
« The Sampling Fraction (SF) is the conversion factor between the energy released in the scintillators \ v Q\
and the total energy deposited in the TileCal cells
) ) ] . ) ] = e« ExXample of the muon signal and corresponding noise for ZIW g
« Output from the simulation (hit level) — energy released in the active material E.; \UO 16} | : U\ 00.22 E
] ] T o 1% 14k - projective cosmic muons entering the barrel modules at 1< 0.2- ATLAS -
« Cell energy is calculated as energy in the scintillators multiplied by a constant value 1/SF R : 0.3<[n] <0.4 018F E
., . . 0.12 = 3 < <0.4. L aE E
« If the invisible energy and energy leakage are neglected, the sampling fraction is Epeqm/Esci= 1/SF - : 1 0.16F - DATA
010 - «Top and bottom modules are treated separately. 0.14F e 3
- 0.12- T E
Single particle simulation as in TestBeam 0-08; . Left: the total energy summed up over selected cells. 01 B Noise ;
0.06— — . . . . . . . . r =
- Electron beams at 5, 20 and 100 GeV were simulated in eta-projective geometry (0.05<[n[<0.85) . S7 o e : +Right: the similar distribution for last radial compartment 8'82-_ E
2 o TileCal test beam simulations - 0.04r- 7 Yo £ . s . Y ]
« The single electron samples were also simulated at 90 degrees. 1/SF is in the Table below & 365" 100 GeV electron beam E 000k | that can be eventually used to assist in muon identification. 0.04- E
Ebeam [GeV]  n: 0.25-0.75 90 degrees n & 90°average s 3 E | ohe __+Thesignal (red) comes from the cosmic muon data sample, 0'055 N " .
@ i ] 1 7 , . . . . -1-050 05 1 15 2 25 3
5 34.341+0.018 33.934+0.019 34.14 +0.20 2 50, E tower energy [Gev]  the corresponding noise (black) is obtained with the ran- D cell energy [GeV]
20 34.140 +0.011 33.494 + 0.009 33.82+0.32 Ef' 35;_ —; dom trigger sample.
)] - .
100 34.045 + 0.005 33.356 + 0.004 33.70 +0.34 = 345 . . £ il -
@ I . * * . . . E
« The sampling fraction is almost constant in the pseudo-rapidity region between 0.15 and 0.85 @ 34 . ] ] | | } »
« The constant 1/SF = 34.0 used in the Monte Carlo simulations is the sampling fraction at n = 0.35 el E - The truncated mean of the dE/dx for cosmic 4 é1'13z - | + | TJ|> | - Theerrorbars shown combine both statis-
oo 17 e o ! 1 o . .

. The pseudo-rapidity of 0.35 corresponds to the test beam angle where the electromagnetic scale %0402 03 04 05 06 07 08 09 and testbeam muons shown per radial com- 125 I‘h T T tical and systematic uncertainty summed
in TileCal is defined. n partment and, at the bottom, compared to 2f- A Tostmar e aro el — in quadrature.

. The increase of the 1/SF at small n = 0.05 can be qualitatively explained by the periodic scintillator/iron structure of the TileCal. The Monte Carlo. § roal | .~ Theresults show that reconstructed dE/dx
area in the scintillators touched by the narrow EM shower is smaller at low angles. - For the cosmic muon data, the results were I l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - H,I for MC and data are compatible to a few
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. Value of 1/SF slightly depends on energy. The maximum of EM shower is shifted to more depth at higher beam energy. Fraction of obtained for modules at the bottom part of sl | } ] | ] percent level
energy released in iron front plate of the TileCal becomes smaller and fraction of energy released in scintillator increases a bit. the calorimeter. T — -

« The systematic error of 1/SF obtained in the MC simulation is 0.8%. Layer /
@ L B S I L L N « Electronic noise in TileCal is not Gaussian. We approximated it with two \ / %160:""'""""""J."""""""": %mos'""""""""J.""""""""z > (HEEHIEHE CECETPTEN, (257 e Wi (et (el 05 G-
& L , ATLAS Preliminary _| . P = 140F ATLAS Preliminary |iqi=20p0" = = 90F ATLAS Preliminary |ia=20pb" E datory for the jet reconstruction and trigger.

I% 10° - '+-B°‘“°ha""e'47 ﬁ'ﬁ% Tilo Catormerer Y - Gaussians. Mainly, it comes from the Low Voltage Power Supply (LVPS) 8 of Tile Calorimeter B=v *aa;a E g eof Tile Calorimeter R :Ega 3 o y f y ] Dot i o i g e
qg B +  Jan 2012 winew LVPS v 7.5 _;:f' : PI'OViding pOWEI'fOI'front-end eIeCtroniC. - 1005— e E - ;gi e E ) € noise distribution Of lfferent recat cels 1s repre-
I~ - n L -k ] C = H H
£ 102 = ij %; RMS (old): 2005Mev | o A comparison between the reconstructed energy in 100k events in two 80 ek = 50E- &= N 3 sented as a function of [n| for zero bias run 216416 of
5 = iy new): 15. e E - . _: = hs - —E _ 3 .
z2 Fe - high statistics pedestal runs (run 192130 - 2011 and run 195843 -2012), Ottt TR T bty L ALHIA 82 5 G AR GIREHET) G/t Y ot G L EE
- 7 - . 4o T 3 e Aoam j = i -
" - ﬁf * i *ﬁﬁ ] for module LBC41, channel 47, a previously very noisy channel. of Rl 20E- 3 spacing AT = 25 ns and an average number of interac
= K + T — F E 10F E j = ]
=  * : Fay = « Reconstruction of energy in the events is performed using the Non- T T T T A T T I S T T T T T T T It tions </> = 10.0 per bunch crossing.
- +oant + L = O~ 02"04 06 08 1 12 14 18 G 6264 06 08 1 T2 714 18 The Monte Carlo simulati iahted to th :
- LA e e s 4 iterative Optimal Filtering method. LBC41 had its LVPS changed from i m ° '€ ivionte tario simulation was reweighted to the av
1§_++|+H““+l | +| | TH | ++| ++|+H”+_§ version 6.5.4 to version 7.5 in winter 2011-2012. The RMS of the noise . < 700 erage number of interactions in data.
-250 -200 -150 -100 -50 O 50 100 150 200 250 (djstribution for the channel goes down by almost a factor 2 after chang- % 60 %l?-cigril:ﬂ::cg:n nary JLT;Z-B”TF;"\': mData % 600 ﬁ?&iﬁnfﬁgfﬂnary JLd:;fffg - The noise was estimated as. thf, sta-ndard AL
Energy (MeV) ing LVPS. Both noise cases are implemented in Monte Carlo. S SOL layern weioo  EMC 4D b SO w0 owe 3 themeasured cell energy distribution.
= 10— T T ATLAS Bra T o After the 2013 — 2014 LHC shutdown, all modules will be equipped with =3 - E 400 1 ° The histograms show the results obtained for the cells
@ reliminary 3 E 3 E . . .
@ 10° VinBias MONG =7 Tov new LVPS showing almost perfect Gaussian noise and improved corre- - - 5= ] 00 - = ; of different layers of TileCal (A, BC, D, Special Cells).
> 10° —— DataNE =7 TeV lated noise too 0 & = ¥ . 200 = 3 < Overall, noise in the MC simulation agree with the
° C ] C == ]
o 10 T DeaNemRI Ty 10F E 100F 1  data within +20%
< —=— Dawa, \5=09TeV SN I T T T TP T I T SN I T T I B T T =
2 1 | 1 Random Trigger . o . . Y0204 06 08 1T T2 14 18 Y0204 06 08 T T2 14T 6 o Pileup is characterized by the average number of mini-
2 10" « Energy of the TileCal cells. The distributions from collision data at 7 TeV, | | . . . .
S EM Scale . _ o ) bias collisions poverlaid to the hard scattering event.
5 102 : ' "'k", 2.36 TeV, and 0.9 TeV are superimposed with Pythia minimum bias Monte
** 10°F R “ %&_‘ . Carlo and randomly triggered events. Each distribution is normalized by e In order to predict level of noise for any u value, MC simulations with several fixed i values were performed and total noise in every
10 [." I"I!mmi & ! gﬂ H}[l the number of events. cell was estimated as Ntot = \/ ElectronicNoise” + PileupNoise® . Where ElectronicNoise doesn't depend on U and PileupNoise term scales
‘ 1 i
TI e - v « Negative side demonstrates good agreement with MC noise description as V. The same formula is used In reconstruction.
lle Cell Energy [GeV] using the Double Gaussian description. - S - : ; inositv in 10% unit. B is Pi ' inosi Bem?s?
e Pileup noise is estimated as PileupNoise = B x vL, where L is luminosity in 10° unit, B is Pileup Noise at luminosity = 10" cm™ s™.
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