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1 Introduction

ATLAS calorimeter [1] energy calibration was done in the full ATLAS simu-
lated geometry for central region 1 = 0.4 — 0.6 ( see Fig.l ). The samples of
single jet events were generated with energy 20, 50, 100, 500 GeV and 1 TeV.
The analysis of the sinulated data shows that standard calibration using just
sampling coefficients for calorimeter parts with different sampling ratio gives
the nonlinear calorimeter response. This effect appeares due to noncompen-
sated calorimeter structure. Weighting technique {2, 3, 4, 5] was applied for
calorimeter resolution improvement and linearity restoration.
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Figure 10 Coneeplual layoul of the ATLAS calorim: try
(1 -"EM barrel 2 EM cudeap, 4 HA barrel | HA cndeap, 5 - beam bLine)

2 Barrel calorimeters geometry

The comnmon view of the ATLAS calorimeter systenn 1s represented on Fig. 1.
The rapidity region up tooy = 1.5 s covered by barrel calorimeters. These

calorimeters are subdivided tnro three detector types e
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e Preshower detector (ps) islocated in front of electromagnetic calorimeter
and serves for particle identification, direction measurements and correc-
tion of energy losses in the dead material before calorimeters. Using
tapered material the total thickness of the preshower detector, irrespec-
tive of 7 i1s 3 Xy. The readout is organized in two ’shells’ of ministrips,
perpendicular to each other and located after 2 and 3 X for the ¢ and
n shell respectively.

o Electromagnetic calorimeter (em) is implemented as the liquid argon
(LAT) sampling calorimeter with Accordion technique. The transverse
readout segmentation is 0.025 x 0.025 in the terms of pseudorapidity ()
and aziunutal angle (¢) variables. The longitudinal calorimeter subdivi-
sion includes three sections with 8 Xy each.

¢ Hadron tile calorimeter (haj contains the steel absorber plates which
are nterlaced with 2 mm thick scintillator tiles. The 5 x ¢ readout
granularity is 0.1 x 0.1. The longitudinal readout segmentation contains
three sections. The total calorimeters (ps + em + ha) depth at n = 0 is
about 10 A.

3 Simulation data banks

For simulation and analysis of the ATLAS calornmeters response on the hadron
Jets we have used SLUG, DICE and ATRECON codes [6] . The two samples
of jets with energy 20, 50, 100, H00 GeV aud 1 TeV were generated at n = (.4
and 1) = 0.6 directions in the full ATLAS geometry starting fromi the beans
mntersection point ( see Fig. 1}. When sumulating the magnetic field was turned
on and absence of electronic noise was assumed. It was done by means of the
DICE prograin based on the GEANT framework. At tlus sumulation stage there
are output DICE banks which contain the response of all ATLAS detector
systerns ( tracker, calorimeters and muon detectors ). At the second step
we use ATRECON code for extracting calorimeter signals from the primary
data banks and preparing files which will be read by our calibration program.
Such secondary banks generated by ATRECON contain sequatial unformatted
records with following necessary information per each jet:

e number of flashed caloruneter cells,

e index of calorimeter tower longitudinal layer, 1, » and amplitude signal
for each flashed cell.

Jet cone size SR = /on® + dp? = 0.6 was applied for hadron energy collec-

tion.



4 Calorimeter calibration

4.1 Standard calibration

At the first time we did traditional caloritmeters calibration.  Such type of
calibration i our case could be expressed in the form:

Foor =0 Z A+ (‘Lf}:Az‘;f +
b SO A e 303 Ay (1)

j=3 =6 i
where

J — mdex of the caloruneter longitudinal segmentation;
(g=12for PS, j=3, 4,5 for EM and j=6, 7, 8 for HA);

1 — index of the calorimeter tower transversal segmentation;
Ai; - amplitude of the signal from the tower with indexes 1, j;
c(k), k=1, ..., 4 - callibration coeflicients.

This standard calibration used just sampling coeflicients for calornmeter
parts with different samphug ratio. ATLAS calorimeters were calibrated with
equation { 1) at 50 GeV and 1 = 04, Coeflicients (k) were obtained by
minimizing the energy resolution and tuning the mean value of reconstructed
energy to 50 GeV. Then we applied this standard calibration coeflicients on
the other simulated jet banks with different energy and o values. The results
are shown on Fig, 4 (open ponts). The obtained energy resolution is:

, 1 -
T,
g VE
for = 0.4 and
oLy 40.1'%

= b 2.3%
2 Vi

for p = 0.6

and a bad hinearity of the calortineter response (deviation is about 10% at the
TeV energy region). This uonhmear calonimeter heliaviour araises due to the
steel used as absorber. Such tyvpes of calornmeters are noncompensated ones.

4.2 Weighting technique

The noncompensation problemn of the calorineters consists i different anmpli-
tude responce for electrons and for hadrons i hadron shower and could be
solved by application of the weighting technique mecthod [2, 3, 4, 5] for ob-
taining calorumneter good linearity and energy resolution i the broad energy

4



Jeto Dstancierd e gree B e R A oIt N R e

q.u L ‘.'r o
N
. b e e
13 e ' ' v i .
“ooe oo B R :
- ; Do i L— [ \
1 ' 3
: T
- !
,.';.g_-jvu - ' C 4
E . S A - '
SR £ UL ey S [ SEE o= D00 ey !
; r L
| i .
i ‘ |
' ‘F !
[- L= 1o e - £ o= 100 Gev !
1" i
U PR S S 1,,,;_._ H . Lo ‘_: [ R G S | ,._...IL, Aig‘i,Lh,_L;J
t AR o : R SOt
Cas L A Lau !

Figure 2: Total reconstructed energy versus the marmuon local single channel
amplitude per cvent

range. Weighting technique i1s the selection of some parameters which provide
correct energy reconstruction by weans of suppressing a large tocal ey, energy
deposition component of hadron shower.

The noncompensation problemn of the ATLAS calorimeter can be abolished
by means of one of the following mathematical cquations for amplitude value

conversion [2, 3. 4, H}:

(= A, (- 2, (2)
o ] .'1_,, RN <

Aijg A |

“ll-“— = ;1, - ! — ;‘7’ )T 3
Afp = A, (e (1)

where

A:‘J’ - weighted amplitude signal from the tower with indexes 1, §;
Aj = Zi ,4;‘_;; . .

P; — weighting coeflicients

remfha)  em{ha) by
Vz‘j = /1

as et (h) - calormeter’s {1,3) cofl volumes devided by correspouding (e or b
cell voluie at np = 0

e (h-cadormmeter normahized volumes: are taken

The other symbols have the same meaning as o formula (1),
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In equations (2) - (1), expression in braces serves to decrease ratio ¢/ > |
by suppressing a large local (on the level of readout cell) ean. energy deposition
component of hadron shower.

Application of all above-mentioned functions was done. These functions
(2) - (4} gave practically the same results. For energy E,.. reconstruction we
choose formula (2) which was applied for ATLAS test beam analysis [5]. It
means that the formula for energy E,. . reconstruction could be written as:

1=3 1 A
n ¥

e 3 Y Ay (1= =LAy (5)
2= 1 ’

where
Pro7 =38 weighting coetlicients.
The other symbols have the <ame meaning as in formnla (4).
For EM caloruneter were used the wdentical 22, pavaneters due to the iden-
tical radial lengths of the fongitudinal seginents,
Cahbration coeflicients were obtamed by nunmuizing the functional:

N , B
SR Z}\':I(IL'I" - [:’i”'—') 3 1 9 B
o ST B ) "
wliere
Eine — oniginal jet energy:
Ev — one event energy deposition:

Eer = (Z:k\':1 Ex)/N AN nuather of events).

Minimzation has heen made by MINUIT program with MIGRAD method
used. Parameters were obtamed on the 1y = 0.4 jet samples by numnnizing the
energy resolution and equating the mean reconstructed euergy to the incident
one at each energy pont. Obtained parameter values are:

AT = e A =113

c 1 s ey —0.022.F
A 2 69T 4 2.68 - ¢ ) (7)
{he -
4 V=455

Pyo=DPy =P =01 P =015 . =027,FP,=0.
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Figure 3: Comparision of reconstucted enerqy distributions oblamned by standard
calibration (dashed line) and by wewghting technique (solid line)

The energy reconstruction algorithim which uses formulae (5), (7) 1s diver-
genced after 3 - 4 1teration. Such energy reconstruction was applied to the
7= 0.4 and = 0.6 jet banks.

The work of the weightiug 15 clearly demonstrated on Fig.2 showing the
total reconstructed energy versus the maximumn local single channel amplitude
per event in the calorimeter. Plots are presented for jet energies 100, 500 GeV
and 1 TeV.

Comparison of the reconstructed energy spectra obtained with and without
welghting is on Fig.3 (solid and dashed lines respectively). At the 50 GGeV ener-
gy point the spectrum from standard calibration is practically the same as one
from weighting techinique. It is due to the fact that calibration coeflicients were
found just at this enegry. We can see advantages of weighting with the energy
increasing: resolution becontes hetter in comparison to standard calibration
and the mean reconstructed energy value remains correct.

5 Energy resolution and linearity

On Fig. 4 the calorimeter linearity and energy resolution after applying two
calibration methods are shown. The energy resolution was fitted by linear
(a,b pictures on Fig.4) aud squared (c,d pictures on the same Figure) sums
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Figure 4: Calorvmeler energy resolution and lincariy for hadrons
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The comparison of standard calibration method to the we ighting technique
gives asignificant advantage in linearity response and better me amng for energy
resolution as one can see from Fig 4

The achived energy resolution for squared =um formuda and hnearity are
surnmarized m the table.

Table. Energy resolution and hnearity results

Energy Euergy resolhution | Max. line-
("alibr. arity de-
method a+ oal%) i b+ ob(%) | viation (%)
STy =04) | 11701056 ] 2212015 9.6
ST (p=06) | 0002006 | 220=0.01 97
WT (=014 | 1039+ 0.80 Sl £0.14 0.5
WT (p=06) | 3857+0.689 1 1.5 ] + [l i 2 [ .4
Summary

The ATLAS barrel calorineters ( ps 4 e+ ha ) jet calibration was done
by different approaches. The standard calibration method gives bad linearity
for hadron noncormpensated calorimeter. The calileation with we ighting tech-
nique restores linearity and nnproves energy resolution. The application of the
welghting technique for hareel calorimeter ene rey reconstruction allows one to
achive results :

e barrel calorinieter’s hinearity is hetter than:
0.5% for pseudorapidity value p = 0.4
1.4% for pseudorapidity value 1 = 0.6 |

'

o barrel calorimeter’s resolution for 5= 0.4 5 = 0.6 is respectively
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ActBauarypos A.P. u ap. E13-94-522
KanubOpoeka ATLAS xasnopuMeTpoB npy NOMOINHU CTPYH

[IpoBeneHa KaaMOPOBKA KAJOPUMETPOB LEHTPATBHOIO MOAY/1sl YCTAHOBKH
ATLAS nocpeacTBOM CTAHAAPTHONO METOAA M TEXHUKHM B3BCIIHMBAHWUA
(weighting technique). MeToa craHaapTHOM KaauOpOBKM Jae€T HEyXOBJCT-
BOPHUTE/JbHOE 3HAUYCHHUC JTUHEHHOCTH ANS HECKOMIICHCHPOBAHHOIO AJPOHHOIO
KajnopuMeTpa. KaaubpoBKka METOIOM B3BEIUMBAHMS MO3BOJIWJIA BOCCTAHOBHTD
JMHEAHOCTH ¢ TOYHOCTBIO A0 0,5%, ¥ yAyumHTh JHEPreTHYECKOE pa3pelicHue
10 38,6% /VE @ 1,5% npu 3Hauenun ncesaobuicrpornl = 0,6.

Pa6ora ainoanena B JlaGoparopun saepusix npodaem OUAN.

Coobwenme ObbearMHeHHOr0 MHCTUTYTA SAepHbIX uceaeaosanmn. lyoua, 1994

Astvatsaturov A R. et al. E13-94-522
ATLAS Calorimeters Energy Calibration for Jets

The calibration of ATLAS barrel calorimeters (including preshower
system, electromagnetic Liquid Argon calorimeter and scintillating hadron tile
calorimeter) was done by standard calibration and weighting technique
approaches. The standard calibration gives the bad linearity for hadron
noncompensated calorimeter. The calibration with weighting technique, in
comparision with standard calibration, restores linearity and improves energy
resolution up to 38.6% /VE @ 1.5%, forn=0.6.

The investigation has becn performed at the Laboratory of Nuclear
Problems, JINR.

Commuprication of the Joint Institute for Nuclear Research. Dubna, 1994
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