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calorimeter resoliitiitm iinpr·oveineiit and linearity restoration.
sated caloriineter structure. \Veighting technique [2, 3, 4, was applied for
the nonlinear calorinietier response. This eH`ert appeares due to noncornpen—
sampling coefhcients for calorimeter parts with difterent sampling ratio gives
The axinlysis of the sininlated ilatzi shows that standard calibration using just
single jet events were gerieratierl with energy 20, 50, 100, 500 GeV and 1 TeV.
lated geometry f0r central region 1; : 0.4 — 0.6 ( see Fig.1 The samples of
ATLAS cal0ri1m>t,er [1] energy calibration was <l0ne in the full ATLAS simu
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Jet cone size 6R : \/(Sn? + 6<p2 : 0.6 was applied for hadron energy collec

for each flashed cell.

• index of calorimeter tower longitudinal layer, 7], tp and amplitude signal

• number of flashed calorimeter cells

records with following necessary information per each jet:
Such secondary banks generated by ATREFON contain sequatial unformatted
data banks and preparing files which will be read by our calibration program.
we use ATR.E(i7ON code for extracting calorimeter signals from the primary
systems ( tracker, calorimeters and muon detectors At the second step
are output DICE banks which contain the response of all ATLAS detector
DICE program based on the GEANT framework. At this simulation stage there
on and absence of electronic noise was assumed. It was done by means ofthe
intersection point ( see Fig. 1). VVhen simulating the magnetic field was turned
and 'I] : 0.0 directions in the full ATLAS geometry starting from the beams
ofjets with energy 20, 50, 100, 500 (}eV and l TeV were generated at 7] : 0.4
jets we have used SLUG, DICE and ATRECON codes [6] . The two samples
For simulation and analysis of the ATLAS calorimetcrs response on the hadron

Simulation data banks

about 10 /\.

three sections. The total calorimeters (ps + em + ha) depth at 1] : 0 is
granularity is 0.1 >< 0.1. The longitudinal readout segmentation contains
are interlaced with 2 mm thick scintillator tiles. The 1] >< 45 readout
Hadron tile calorimeter (ha) contains the steel absorber plates which

sion includes three sections with 8 XU each.
and aziinutal angle (tv) variables, The longitudinal calorimeter subdivi
readout segmentation is 0.025 >< 0.025 in the terms of pseudorapidity (7;)
(LAr) sampling calorimeter with Accordion technique. The transverse
Electromagnetic calorimeter (em) is implemented as the liquid argon

1; shell respectively.

perpendicular to each other and located after 2 and 3 X0 for the qi and
tive of 1; is 3 X0. The readout is organized in two ’shells’ of ministrips,
tapered material the total thickness ofthe presliower detector, irrespec
tion of energy losses in the dead material before calorirneters. Using

and serves for particle ide11t,iHcat,io11, <lirectdo11 1r1eas11rements and correc
Presl10we>r de·t.ect.0r (ps) locatecl iu from 0f clecLr0r11ag11eLic. calorimeter



taining calorimeter good linearity and energy resolution in the broad energy OCR Output
solved by application of the weighting teclnnque tnetliod [2, Il, 4. 5] for ol>—
tnde responee lor electrons and for hadrons in hadron shower and could be

The noiicoinpeiisation tn·o1>le1n of the calorinieters consists iu dilterent anaph

4.2 Weiglitiiig technique

steel used absorber. Suvh types ol` ca1¤>t·ittiett~rs are tionconipensated ones,
TeV energy region). This nonlinear <‘;tlornnet.er behaviour arziises due to the
and a bad linearity ol` the calorinteter response (deviation is about 10% at the
for 1) : 0.6

E
Z — t1<+2.I$%

rr( E) 40.1% ,
for 1; : 0.4 and

Tm, I .. _ .. 2*2% li \/zi
olli.`) 41.7% _ .

are shown on Fig. 4 (open point>). '1`he obtained energy resolution is;
the other sinn1lated_jet b:uik> with t1i11`et·ent energy and 7] values. The results
energy to 50 (§eV. Then we a.]»|>lied this standard czilibration coetliciente on

Hllllirnizlilg the i*‘ll€I`gy l‘e>¤>li1ti¤ut sind tuning the ineztn value til r<‘<‘otts\.ru<‘te<l
equation ( 1) at 50 (}e\t” and i) : 0.4. (Yoetlicients (·(l¢) were obtained by
parts with dillerent sampling ratio. ATLAS <·:ilorinteter> were czi1ilu·zit,etI with

This standard calibration used just sampling eoetlicieiits for caloriineter
c(k), k:1, 4 - callibration eoeflicients.
Aij — amplitude ofthe signal front the t.ower with indexes i, jg
i ~ index ofthe calorimeter tower transversal segtnetitation;
(jzl,2 for PS, j:£5, 4, for EM and j:6. T, 8 for HA);
j e index of the calorimeter longitudinal segriietittzttioiig

where
]:lj 1JIZS 1*

-2 2 tt., + ei ·X X .4..

Eve Z C1Att + F2 die +; E

calibration in our case could be expressed in the lorni;
At the first time we did traditional Ca1oritneter> calibration. Such type of`

4.1 Standard calibration

4 Calorimeter calibration
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PJ —~ weiglmiig CO<‘lll(`ll‘lll.>
AJ Z Zi Au
Af; — weiglitled arnplitucle sigiizxl lamina the tmver with indexes i, j;

where

'lll · AU Z A,] · (1 + be -1) ,
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’¤.} ij

_
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The nonconrpeiis:1tie>1i pimwhlein wl the ArI`I,AS czalwriineter ran he zaliolislneil
clep0sit.i0n component, of hzulmn slmwer.

correct, energy recoristlructlioii hy means olsnpp1‘esSing zi large local e.1n. energy
range. V\/eiglitling tlechniqne is the selection of swine p;xr:nnet.ers which pmvirle

amplilude per f"l,’(`H’
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'} - cgml : 45.0.

(_((»m) : + _ {-0.022-E]

.H/"" : 12%.8. (QW) : 11.3

one at each e~i1<¤rgy point. ()l>taiI1<¤<l parariictcr valium arc:

eiicérgy resoliitioii aiicl vqiiatiiip, thc iiicaii rs>cc>iistriictr¤cl <*ii<?rgy to the iiicicleiil
iibccl. Paraiiictcrs wcrc ohtaiiiccl oii thc 1) ZT (l,¤1_j<—t saiiiplcs hy iiiiiiiiiiiziiig {liv

l\’liiiimizatio1ihas hccii mamlc hy l\’llNlYl'l` program with l\ill(}l{Ali) iiictliocl

EW, : (EQ:] Ek)/}\': (N lIll[l1l)f’I'<')i‘<·‘V<‘lll.S)
E). -- one cvesrit s-iicrgy (ll‘))(JSllll(ll1.
Em, i original jct <=ii¤~rgy;

where

Y ( V 'I Y 1·.—1·—.)— , P _ _,;_-;]( ·L Jim ~ » J [ — + (bm — Iam) Z

(Talihratioh coclliciemts w··i·¤··»l>iaiii»·cl hy iiiiiiiiiiiziiig thc liiiict.ioiial;
tical railial l<‘[l_L§Fll$1Jl`¥l1<* lo1i;;itumIii1al>r~p,1ii·»iiI>

For EM calc»riiii¢·r<·r iwrc lI>f’<l thc i<l<·iitical /’, pai·mii~¤»i·$ chic to thc iclcii
The 0thcr 5)/llll>OlSll21\`f‘lllf‘SJIIIIPlllf’Z\Illll§;ZlS in f`orim1la
PJ} : Il, ..._ 8 - woiglitiiig co¢‘lli<‘i<·iits.

where

_

r. .1 +(~1` *'Al2]`(1_—‘>i]v)i[J ?7Z(i i A J
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+c:i- Ar, 4(1—·qi‘y) +’J T:s “ J
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méans that thc formula tcvr <>ii¢,·i‘gy Em,. rcccmstriictioii coulrl hc written as:
choosc formula (2) which was apl»lic~cl For A'l`LAS test hcaiii analysis lt
(2) — (4) gave practically the same; rcsiills, For ciicrgy E,»,.,» reccniistriictioii we

Application of all al>c>v<>—iii<¤i1tioiiml fuiictioiis was (lOllP_ These? fiiiictioiis

COHIIDOIIPIH ol liarlrcm sliowvr.
hy siipprcssiug a largc local (oh thc lovcl ofrcaclout cell) um. energy <lcpositic>ii

lll equations ~ (¤l). cxpreéssioii in hraccs wrvvs to clccrease ratio c//1 > l



(a,b pictures on Fig.4) and squared (c,d pictures on the same Figure) sums OCR Output
calibration methods are shown. The energy resolution was fitted by linear
On Fig. 4 the calorimeter linearity and energy resolution after applying two

5 Energy resolution and linearity

and the mean reconstructed energy value remains correct.

increasing; resolution becomes better in comparison t.o standard calibration
found just at this enegry. We can see advantages of weighting with the energy
from weighting technique. It is due to the fact that. calibration coeflicients were
gy point the spectrum from standard calibration is practically the same as one
weighting is on Fig.3 (solid and dashed lines respectively). At the 50 (VieV ener

Comparison of the reconstructed energy spectra obtained wit.l1 and without

and l TeV.

per event in the calorimeter. Plots are presented for jet energies 100, 500 (V}eV
total reconstructed energy versus the maximum local single channel amplitude

The work of the weighting is clearly denionstrated on Fig.2 showing the
7) : 0.4 and 1; : 0.0 jet banks.
genced after 3 — 4 iteration. Such energy reconstruction was applied to the

The energy reconstr1i<*t.i<·n algoritlmi which uses formulae (5), (7) is diver

calibmlimz (das/icc] line) and by wciy/1./zrig {cc/iniqur (solid [me}
Figure 3: Conxpariszml ufr·ewrz.~Izz4·lml rn.€rgy dz.sh·ibul10n.s 0b{ainedby.$ia1ida.rd
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Problems, JINR.

The investigation has been performed at the laboratory of Nuclear

resolution up to 38.6%/x/F @1.5% forvy = 0.6.
comparision with standard calibration, restores linearity and improves energy
noncompensated calorimeter. The calibration with weighting technique, in
approaches. The standard calibration gives the bad linearity for hadron
calorimeter) was done by standard calibration and weighting technique
system, electromagnetic Liquid Argon calorimeter and scintillating hadron tile

The calibration of ATLAS barrel calorimeters (including preshower

ATLAS Calorimeters Energy Calibration for Jets

Astvatsaturov A.R. et al. El3—94—522

COO6LLl€HM€ O6b€l1l/IHCHHOFO MHCTHTYTK $li1€pHblX I/lCCJl€LlOB3HVll`;i. ,Hy6H2i, 1994

Pa6oTa nmnonueua B .Ha6opa·ropm»i smepumx npo6J1eM Ol/IH}/I.

no 38,6% /i/F GB 1,5% npu auartei-mu nceB11o6b1cTpo·r1»1 1; = 0,6.
J’II¢IHCI7IHOCTb c Toqnocrmo 110 0,5% vi ynyummb anepreruqecxoe paapemerme
Kanopumerpa. KaJm6po1sKa MeTo11oM Basemunannsi nossomuia Boccranouwms
uopwrenbuoe anaqenue JIHHCIYIHOCTI/I rms; necxomneucuposannoro azipounoro

(weighting technique). Meron crannapruoii Ka,rm6pom<1»1 tiaer 1-1ey11onJ1eT—
ATLAS nocpe11crBoM cranziaprnoro Merozia u rexumm Bsnemmxaunsi

Hposeneua 1<aJm6pom<a Kanopumerrpon neurpammoro Moziymt ycranomm

KaJm6poB1<a ATLAS Kanopumerpon npn noiviouin c·rpy171
Acrnauarypon A.P. n up. OCR OutputOCR OutputOCR OutputEl3—94-522
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