


1 Introductlon

: ATLAS calorlmeter [1] energy calibration was done in the full ATLAS simu-
. lated geometry for central region 1 = 0.4 = 0.6 ( see Fig.1).. The samples of .
-+ single jet events were -generated with energy 20, 50, 100, 500 GeV- and 1 TeV. |
- - The analys1s of the simulated data shows that standard cahbratlon using just - s
* sampling coefficients for calorlmeter parts with- dlfferent samphng ratio’ glves: e
“the nonlinear calorimeter: response. ‘This effect appeares due to noncompen-

‘f"j_sated calorimeter structure. Welghtlng technique [2,.3,74, 5] was applled for - S 1
5 "calorlmeter resolutlon 1mprovement and lmeanty restoration. - S L] ff;
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Flgure 1 Concc’ptual Iayout ofthc’ ATLAS ralunmc’hy ' : R e
(I = E‘M barrel 2= E'M mzdcap J HA barrel, /, . HA c’n_drcd]‘i,ﬁ = beam, line): -
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|  ,°‘2 Barrel calorlmeters geometry

:The common v1ew of the ATLAS calonmeter sVsrem is reprebente(l o F]g- '
L _{The rapldlty region’ up ‘to n= 1.5 is covered bv l)dl‘l‘t’l calorlmeterﬁ These’,’ki’y
e calonmeters are subd]wde(l mto tlnee det( cror rvpe\ [l] e
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e Preshower detector (ps) is located 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  is 3 Xo. The readout is organized in two ’shells’ of ministrips,
perpendicular to each other and located after 2 and 3 X¢ for the ¢ and
7 shell respectively.

e Electromagnetic calorimeter (em) is implemented as the liquid argon
(LAr) sampling calorimeter with Accordion technique. The transverse
readout segmentation is 0.025 x 0.025 in the terms of pseudorapidity (1)
and azimutal angle (¢) variables. The longitudinal calorimeter subdivi-
sion includes three sections with 8 Xy each.

e Hadron tile calorimeter (ha) contains the steel absorber plates which
are interlaced with 2 mm thick scintillator tiles. The 7 x ¢ readout
granularity is 0.1 x 0.1. The longitudinal readout segmentation contains
three sections. The total calorimeters (ps + em + ha) depth at 7= 0 is
about 10 A.

3 Simulation data banks

For simulation and analysis of the ATLAS calorimeters response on the hadron
jets we have used SLUG, DICE and ATRECON codes [6] . The two samples
of jets with energy 20, 50, 100, 500 GeV and 1 TeV were generated at n = 0.4
and 17 = 0.6 directions in the full ATLAS geometry starting from the beams
intersection point ( see Fig. 1). When simulating the magnetic field was turned
on and absence of electronic noise was assumed. It was done by means of the
DICE program based on the GEANT framework. At this simulation stage there
are output DICE banks which contain the response of all ATLAS detector
systems ( 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 calorimeter cells,

¢ index of calorimeter tower longitudinal layer, 1, ¢ and amplitude 51gnal
for each ftashed cell.

tion.

Jet cone size 6R = \/én% + 6% = 0.6 was applied for hadron energy collec-
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4 Calorimeter calibration

4.1 Standard calibration

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

Eiee =) ZA“ +C22Ai2 +
5 z '8 | :
+63'22Aij+c4'22/1ij1 : Y
where j=3 1 j=6 1

j.— index of the calorimeter longitudinal segmentation;

(3=1,2 for PS, j=3, 4, 5 for EM and j=6, 7, 8 for HA);.

i — index of the calorimeter tower transversal segmentation;
Aij - amplitude of the signal from the:tower with indexes i, j;
e(k), k=1, - callibration coefficients.

This standard calibration used just sampling coeflicients for calorimeter
parts with different sampling ratio. ATLAS calorimeters were calibrated with
equation (‘1) at 50 GeV and 5 = 0.4. Coefficients c(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 7 values. The results
are shown on Fig. 4 (open points). The obtained energy resolution is:

o(E)  41.7%.

) 90
E - VB b 2.2%

for 7 = 0.4 and
‘ o(E) 40.1%
AE) _A00% p 305
E = VE
for = 0.6 '
and a bad linearity of the calorimeter response (devmtlon is about 10% at the
TeV energy region). This nonlinear calorimeter behaviour araises due to the
steel used as absorber. Such types of calorimeters are noncompensated ones.

4.2 Weighting technique

The noncompensation problem of the calorimeters consists in different ampli-
tude responce for electrons and for hadrons in hadron shower and could be
solved by application of the weighting technique method [2, 3, 4, 5] for ob-
taining calorimeter good linearity and energy resolution in the broad energy
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Figure 2: Total reconstructed energy versus the mazimum local single channel
amplitude per event

range. Weighting technique is the selection of some parameters which provide
correct energy reconstruction by means of suppresbmg a large local e.m. energy

deposition component of hadron shower.
The noncompensation problem of the ATLAS calorimeter can be abolished

by means of one of the following mathematical equations for amplitude value
conversion [2, 3, 4, 5]:

A = Ay - (1= 1; Aij), , (2)
w A B
Aij = IJ [l + v—— V +/j( ] . (3)
. _p,\”.
A= Ag-(1+67"75) (4)

wlere

Al - weighted amplitude signal from the tower with indexes i, j;
Aj =00 Aij s

P; — weighting coeflicients :
V”"(h") = :m(h")/ emtha) o (h)}-calorimeter normalized volmmes; are taken
ds em (11) - calorlmeter s (1,j) cell volumes devided by corresponding (em or h)
cell volume at =0

The othier symbols have the same meaning as in formula (1).
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In equations (2) — (4), expression in braces serves to decrease ratio e/h > |
by suppressing a large local (on the level of readout cell) e.in. 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
clhioose formula (2) which was applied for ATLAS test beamn analysis [5].
means that the formula for energy E,.. reconstruction could be written as:

Eree =01 EA“ + e ZAiZ +
+c3 - ZZA” ' J Al])
+cq - ZZA;] : J Al]) s (5)

where
Pj, j =3, ...,8 — weighting coefficients.
The other symbols have the same meaning as in formula (4).
For EM calorimeter were used the identical P; parameters due to the iden-
tical radial lengths of the longitudinal segiments.
Calibration coeflicients were obtained by miuimizing the functional:

N
F :‘Zkzl(E
N

Einc 2 o ; :
) + (Erec e Einc)2 s 1 (6)

where
Eine — original jet energy;
E‘k - one event energy deposition;
Free = ZL—] Ep)/N; (N — number of events).

Minimization has been made by MINUIT program with MIGRAD method
used. Parameters were obtained on the 1 = 0.4 jet samples by minimizing the
energy resolution and equating the mean reconstructed energy to the incident
one at each energy point. Obtained parameter values are:

r) =188, P =113,

(e"’) = 6.97+2.68 700, ' (7)
' =455 .

Py=Py=Ps=01,P,=015,Pr =027, Py=0.
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Figure 3: Comparision of reconstucted energy distribulions oblained by standard
calibration (dashed line) and by weighting technique (solid line)

~ The energy reconstruction algorithm which uses formulae (5), (7) is diver-
genced after 3 - 4 iteration. Such energy reconstruction was applied to the
7= 0.4 and n = 0.6 jet banks.

The work of the weighting is clearly demonstrated on Fig.2 showing the
total reconstructed energy versus the maximum 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
weighting is on Fig.3 (solid and dashed lines respectively). At the 50 GeV ener-
gy point the spectrum from standard calibration is practically the same as one
from weighting technique. It is due to the fact that calibration coefficients were
found just at this enegry. We can see:advantages of weighting with the energy
increasing: resolution becomes better 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) and squared (c,d pictures on the same Figure) sums
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Figure 4: Calorimeter energy resolutton and lineartty for hadrons
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The comparison of standard calibration method to the weighting technique.
gives a significant advantage in linearity response and better meauing for energy
resolution as one.can see from Fig.4 . |

The achived energy resolution for squared suin formula and linearity are
sununarized.in the table.

hb.

Table. Energy resolution and linearity results
Energy Energy resolution Max. line-
Calibr. arity de-
method axaa(%) | b+ob(%) | viation (%)
ST (n=10.4) | 41.70£0.86 | 2.21+£0.15 9.6
ST (9 =0.6) | 40.09+0.66 | 2.26 £ 0.04 9.7
WT (n=04) | 40.39£089 | 1.51+0.14 0.5
WT (7=0.0) | 3857+0.69 | 151 £0.12 W
Summary

The ATLAS barrel calorimeters ( ps + em + ha ) jet calibration was done
by different approaches. The standard calibration method gives bad linearity
for hadron noncompensated calorimeter. The calibration with weighting tech-
nigue restores linearity and improves energy resolution. The application of the
weighting technique for barrel calorimeter energy reconstruction allows one to
achive results :

e barrel calorimeter’s linearity is better than:
0.5% for pseudorapidity value p = 0.4,
1.4% for pseudorapidity value 13 = 0.6 ;

e barrel calorimeter’s resolution for 5 = 0.4 1 = 0.6 is respectively :

O'(E) _ 40.4% iy
E —\/Eﬁﬂé l..)70.
a(F) 38.6%:

d 1.56%.

E = VE
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Hponenena KaJm6ponxa Kanopmvrerpon IICHTpaJIbHOPO Mony.rm ycraHonxn

| ATLAS,  mocpencTsom  CTAaHAAPTHOrO - METOAR - M TEXHUKH ' Baaemnnannn'

(welghtlng technique). Me'ron cramxapmou Kannﬁponxn AacT. Heynome'r-‘

| BopuTENBHOE 3HAYEHME JMHEHHOCTH /18 HECKOMIIEHCHPOBAHHOTO a/POHHOIO
| xanopumerpa. Kamm6poska MeTONOM B3BEMIMBAHMS TI03BOJIMJIA BOCCTAHOBHTE
“ | mEe#HOCTE ¢ TOYHOCTHIO 710 0,5% M y/IyumuTh SHEpPreTHYeckoe paapemerme R
| .mo 38 6%/\/_ 69 1 5% npn SHAUCHIH ncenno6mcrporm1; =0, 6 R ‘

Pa6o'ra anonHeHa B JIa6opa'ropm1 smeprIx npo6JreM OI/ISII/I

- Coobwenve Oﬁ'benuueunom”unemryra SHEpHbIX ne;'négoga‘uﬁﬁ_ JiyGra, 1994 ° S
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s The cahbratlon of ATLAS barrel calonmeters (1nclud1ng preshower,f
e ,vsystem electromagnetic L1qu1d Argon calonmeter and scintillating hadron tile
;calonmeter) was done -by.~standard cahbratlon and welghtrng technlque:
’approaches ‘The standard . calibration  gives the bad lmearrty for hadron :
‘ .noncompensated calorrmeter ‘The cahbratlon with- welghtrng technrque, in | 3 }
T '_comparrsxon with standard callbranon restores llnearrty and 1mproves energy"
vresolutlonupto38 6%/\/_6915"/0 for77 06 L I
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