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A new method for calibrating the hadron response of a segmented calorimeter is energy of pions impinging on the ATLAS calorimeters during the 2004 Barrel Combined
developed and applied to beam test data. It is based on a principal component analysis Beam Test at the CERN H8 area. For pion beams with energies between 20 and 180
of the calorimeter layer energy depositions, exploiting longitudinal shower development GeV, the particle energy is reconstructed within 3% and the energy resolution is
information to improve the measured energy resolution. The calibration corrections improved by about 20% compared to the response at the electromagnetic scale.

were calculated with simulated Geant4 Monte Carlo events and used to reconstruct the

Hadronic calorimetry o Method

In general, the response of a calorimeter to hadrons will be lower than for particles which only interact , _ _ _ _ _ _
electromagnetically, such as electrons and photons. This is due to energy lost in the hadronic shower % The calibration consists of compensation weights and dead material

. DY : : ) s ° L i i
in forms not measurable as an ionization signal, i.e. nuclear break-up, spallation, and excitation, ESsaped Enéroy corrections. The latter (see below) have an inherent dependence on

energy deposits arriving out of the sensitive time window (such as delayed photons), soft neutrons, A 9 the beam energy. This dependence is removed by employing an

and particles escaping the detector. The average relative size of the electromagnetic shower , " on_ . Energy lteration schgme, Where_ at each step the flne}I estimated energy of the
component increases with energy, giving rise to a non-linear calorimeter response. Moreover, former step is used, until the returned value is stable.

hadronic showers are characterized by large event-by-event fluctuations, degrading the measured "E

All corrections are extracted from a Geant4.7 Monte Carlo simulation,

energy resolution. | . . . .
Electromagnetic Energy W hhhhh W which gives access to both the true deposited energy in the detector

Longitudinal information on the development of the shower should be sensitive to the size of its material and a simulation of the signal read out from the calorimeters.
hadronic content. The latter is calibrated at the electromagnetic scale, i.e. giving the

correct deposited energy for electrons and photons. Corrections are
calculated using a Monte Carlo sample containing a scan of pion
energies, from 15 to 230 GeV.
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The linearity and relative resolution are shown in the two plots to the right (2-sigma Gaussian fit). & SR A — - I ]
After all corrections, the linearity is recovered within 2% for beam energies above 50 GeV (3% for Y 0.95 ;_ e m atnx
20 GeV). The relative resolution improvement in data (simulation) is about 17% to 22% (17% to 0.9 — S— AT S — i .-
29%). The relative resolution is smaller in Monte Carlo simulation than in data: the discrepancies, - —— ] . . .
n . bet 6% and 24% d di the enerav. However. the ratio 0,85 [ e — R e _— The covariance matrix b_etween reconstrt_Jcte_d energies in the seven
S LN CRIMEEIRN SIERE, Vel |ISieer @7 el o depending on the energy. HOWever, C . é é é s s s s T calorimeter layers (four in LAr and three in Tile) is calculated as
of data to Monte Carlo simulation is unchanged within 1% (7%) for linearity (resolution) after the 1| e S— e e i e g e ] rec pre rec —
corrections are applied. , 75; e e e B o e Cov(M, L) =< Eyf > — < by >< By
o | | B - —¢—[EEEteamee—— The coordinates representing an event in the seven-dimensional
The left plot b?IOW S_hOWS j[he distribution of the f”‘_St three eigenvector co.mpone.nts for data and 0.7;— """" _._ """""""" """""""" """" O """"" —; vector space of calorimeter layer energy deposits can now be
Monte_ Carlc_) simulation, with a beam of 50 GeV pions. Good agreement is obtained between data 0.650 7 ______________ 1 ________________ | ________________ | ________________ - RN - = expressed in a new basis of eigenvectors of the covariance matrix.
and simulation. O 20 80 80 100 120 140 160 180 The projections along the first few eigenvectors contain most of the
o , _ , Epeam (GEV) event-by-event fluctuations and are used as input to the calibration.
The shapes of the energy distributions for data and Monte Carlo simulation for 50 GeV pions are
Compared |n the I’Ight pIOt be|OW The dlS’[I’IbUtIOﬂ |n the Monte Carlo S|mUIat|On |S nal’rOWGI’and _ | . _ EMlscaIe(MC) The plots beIOW ShOW the f|rst three e|genvectors Of the Covanance
less skewed than in the data. This is seen already at the electromagnetic scale. The effectis even = F77 7 7T i TmmmTmmm i mmimmm T 72 it e matrix in the basis of the original calorimeter layers. The first one is
larger at 20 GeV but less pronounced at higher energies. Y 02217 " """""""" - - o e essentially a difference between the Tile and LAr calorimeters, the
O 0.2 T e B B e 1 T second one a difference within the Tile calorimeter and the third one a
- T I sum of both calorimeters. The rest of the eigenvectors contain
> 0.14 0.18 [ L L A . . . .
3 C e 5 5 5 T individual calorimeter layers.
= 012 T e e
e e e S S e
2 - o .
z e I S B e >
T 006 - f f z ¥ z ]
O iy A L A ]
0.04¢ _ =
0.08 [t e R .
002 | | | L1 | | 1| | | L1 | | L1 | | 1| | | | L1 | L1 | | | 1| | L 1+
20 40 60 80 100 120 140 160 1 (8(8 v
Q E eam €
: b Compensation welghts
The compensation > B ‘_'16%
& 150F £ . S
weights account for = ¢ 1 15 =
i ) : the non-compenation .# "°°F E
Method validation ATLAS Combined Beam Test of the calorimeters. o
. . ey are WO- O:_":"!'.':-_ _: —1.3
COm ensatlon 0 R [ 2000 LU0 0 0 2L L0 S 0. PP 0 . 0 0.0 P 9 0.9 P L A B ATLAS IS One Of the dlmenS|Ona| 128X1 28- E ) E
L . 0 U T S general-purpose bin lookub tabl q 501 =
The calibration is here applled to a Sample - 0115_- ............. ............ ......... . —5 physiCS experiments IN 100 U.p ables an _1005— E
StatiStica”y independent of the one used for ung 01;_-:. ............. ............ ......... R _é ot the CERN Large are.fun.CtlonS of the g g 1 1
eXtraCtlng the Compensat|0n Welghts and g@ 0095_ ..... .. ............. ............ ......... _g Hadron CO"Ider B ] . - o fpro:etctlons along :he _150:_I o _: 1
dead materlal Correct|0ns_ (é) 0.08;_ ..... ........ .:... ............. ............. ............ ............. ............. ,,,,,,,,, —E . ST, - IrS WO elgenveC OrS. _150 _100 _50 O 50 100 150
o 0_07;_ ..... ._.-... ............ ............. ............. ............. ............. ......... _,; I(rl]—(l;llliiezg);?(l:ChSmggOfagf Pifl s \/‘ GTubcc:ca:rs';(::;b::)_t_::_ehizltrlp Bi-linear interpolation By (GEV)
The reconstructed energy after applying % "*-.1'" - -.. . .1 jhoHiggsbosonand < s performed between
e e s 8 GolsE e (o T A A EE R s R ooking for S the bins.
true total deposited energy as given by the 0.04Ep bbbt ”66“’1”56””’1”16"'i’”é’b"'"1"éb"”'z"‘c'sb""é'z”é”"zalo g ‘\Liquid — e
o - Sal _ y an (GEV) e Transition olochomageene < P21 There is one weight table for each calorimeter layer, three for LAr and
Monte Carlo simulation. The event-by-event the standard model of - A Nadon | | | |
et three for Tile. Shown above is the one for the first Tile layer. The LAr

preishted _ ptrue(ca)o) particle physics, such

presampler is not weighted. The total reconstructed energy is the sum

as supersymmetry. of the weighted energies in each calorimeter layer.

difference is considered. The bias in the energy reconstruction is defined as the

average value of this difference and the resolution is obtained by calculating its In the central barrel region, the ATLAS calorimeters consist of the preishted  _ o, prec
standard deviation. The performance of the layer correlation technique is compared to lead—liquid argon (LAr) electromagnetic calorimeter and the steel— poed _ §~ peitied

a simple calibration schem_e whhere ealc Q ever_1t '3 e sambplekls BEIgE V\?th a S'Egle scintillator Tile hadronic calorimeter. Both are intrinsically non-
factor (/.n») calculated to give the total deposited energy back on average for eac compensating, meaning they have a non-linear response for

beam energy. hadronically interacting particles. Dead mate r|a|

Dead material

Linearity and resolution R R R The 2004 Combined Beam Test included a full slice of the ATLAS corresponds to parts  § Fam s1ti. L .t
The performance for the fully corrected f 095_ ............. T T _ Barrel region, including the inner tracker with the pixel detector, the of the experiment L 0,65
energy reconstruction is assessed intermsof vV b L. . ses sl silicon strip semiconductor tracker (SCT), the transition radiation TS s S e BosE
linearity with respect to the beam energyand .= =" - tracker (TRT), the liquid argon and Tile calorimeters and the muon calorimeter read-out oab
relative resolution (2-sigma Gaussian fit). BN el U W S WO W N WS WO WO N W tracker. In addition, special beam-line detectors were installed to This is mainly the 0aC
Linearity and resolution are shown after S T OO0 PO LT ST Ttk A T monitor the beam position and reject background events. Those back LAr cryostat i
successively applying the corrections. U oot U N O O oo D 153 QU2 ST St (etllietl e el SO ier el g el wall. There pion E
Linearity goes from a strongly non-linear SR O T T O T O oy [ scintillators. showers are often A3
response at the electromagnetic scale, to a 20774060 80 'iéé'iéb'iié'iéb'iéé'%éb'é(é&\é/%o - | | - fully developed, N
flat response within 1% with all corrections Events are selected by requiring signals in a trlgger s_cmtlllator, | giving rise to large 0 gt L
applied. The compensation weights give a — beam chambers and the inner detector compatible with one particle energy loss
better improvement of the linearity at high ol 02_:1 _____________ T T O T I passing close to the nominal beam line. The TRT is used to reject Projections along the
energies, while the dead material effects play =, 2 @7 SEEIITONS |2y MELAAE) & S ol Ine eEissizel iensiio [Eelaen: first and third eigenvectors are used. In the lookup-table both the
a more significant role at low energies. At 016;€-, ............. S S W W W s s e - _ eigenvector projections and the dead material losses themselves are
high beam energies (above 100 GeV) the APV TS S W N O WO WO S WO W The proton contamination of the beam must be taken into account, scaled with the true beam energy. Just as for the compensation
contribution of the compensation weights to SOV O T Y0 SN N N N O N O sinceitneicalorimeterrespenseliorpions andipretonsiisidiiierent. weights, the tables are two-dimensional with 128x128 bins.
the improvement in energy resolution hasthe ™ " =a 't ... o C The fraction of protons in the beam was measured using the
(01 | s S 'Vv ............ o l-. ..... = e . 00__ . . . : . .. . .
same magnitude as that of the LAr-Tiledead =~ "*.,. . *= . - differing probabilities of plons and protons to emit transition racilahon In addition, there is also dead material before the LAr calorimeter
material corrections, while at lower beam [ 0% DU DUUE FORE DUUE JOUE JUUE JOUE FOUE TS T I B 17 A1, L EAEs Vo 0% & BEET ENEie) o 20 CE 1o /5% & (e.g. the inner detector) and leakage beyond the Tile calorimeter.
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energies dead material corrections dominate. Ep.orn (GEV) 180 GeV. These losses are small in comparison (a few GeVs) and a simple

parameterization as a function of beam energy was used.
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