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The ATLAS calorimeter system (1)

O Composed of non compensating calorimeters

Liquid Argon (LAr) detectors in 3 cryostats = |n|<5 Surrounded by Tile Calorimeter = |n|<1.7

1 7 Tile barrel Tile extended barrel
m

(Ar hatronc, GG <4 o Sy
end-cap (HEC)™ \ ‘ TN 4 ;
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LAr electromagnetic .

barrel a =

LAr forward (FCal) C 1

Intrinsically linear and stable with time
Intrinsic radiation-hard Maximum absorption depth at least cost
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The ATLAS calorimeter system (2)

Q Sampling EM calorimeter
= Absorber : lead with accordion shape
= Active material : liquid argon (90 K)

= Readout : large electrodes (2 m?)

Shower ends

s Minm?m N S2 - AnxAg@= 0.025x0.025
N Shower develops

S1: AnxAg@~ 0.003x0.1

n yITC separation
PS : AnxAg@~ 0.025x0.1

Recover energy loss

O Sampling hadronic calorimeters
= Mix of technologies to cover |n|<5
v’ Steel + Tile scintillators =» Tile
v Copper + LAr = HEC
v’ Copper/Tungstate + LAr =» FCal

L {

Interaction lengths

10A

Pseudorapidity

Hermetic in @ very granular (173k cells)
= Good e(y) resolution, e/jet separation

Hermetic (>10 A) up to | n|<5
=» Good jet and Etmiss resolution
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Readiness before LHC collisions

O Commissioning started ~10 years ago on calo modules ‘ 28 publications !
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= Calorimeter system meets required specifications fo r physics
= Need to be confirmed in situ !
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Calorimeter operation (1)

O System completely installed 2 years %2 ago sl x‘é'; Z@(S Pe%estal
EM

= Monitor temperature in LAr cryostats (AT~60 mK) From predicted |0n|zat|on pulse + noise

= Cell response check with a dedicated calibration system

~ O CA BARREL BN ENDCAP (HIGH Gaimy
. - § 0'35_ : O . . ATLAS iu RMS=0.084% |
=>» Regular update of pedestal and gain > D o ” “ }} | | " |
. B 0.1 ' ) I ‘,
= Noise stable (few %) and under control < & ”| I ’HJ gyt .lﬁ I =
o )
LAr Til o -
N e L P <01% variation
Q e Yiy it e e g [ + T:Sl -.-’- ] . g 1 1 1 1 1 1 1 1 1 [ 1
=3 eus j°°::::::- JN— Fsop ., ie3 MG 04720720 60 B0 100 120 140 160 180 "5 100020003000
8 ok N Bt R Time (days since 01/03/2009) No of FESs
g . : . hv L T 2009 SPLASH EVENT ___EM BARREL LAYER 2
g 7":"'__? Eﬁfm vvvvvv 30; P *. e o8l ‘g 2000? T 53 L B ATLAS Prellmlnary ™
% 10;”‘”W‘ ‘T ) ) zojATLAS ‘ ‘ ‘ ‘7 § 1500? . # Data é
o 0 08 T e s es 454 s o o 11‘% Q ™0 g ° —Prediction E
. . : . [ - . E
= LAr EM signal reconstruction contribution to constant term <O.7%—<53:§ s, ]
. . . _500i *tesnsssess 00... é
= F mainly adjusted with electron test beam 8"‘%66‘“266'"366"Ac‘)d“‘sc‘)d‘_‘l_é.c‘)d"‘zg‘)z“_‘éio
ime (ns

Constantly control energy response in every 187k cells
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Calorimeter operation (2)

O Hardware status for physics analysis

20 non functionning Optical transmitters in Front End
electronics boards =» can be fixed during shutdown

\

Cells not responding to the calibration pulse,
permanently or sporadically very noisy (LAr) ,
data corrupted (Tile)

Not nominal HV value

Nb cells \Working Masked4” HV
Corrected
LAr EM 173 312 *98.5% 0.1% 6o |
LAFHEC | 5632 | 99.9% | 0.4% 19%4
LAr FCal 3524 100% 0.1% 1.5%
Tile 5148 /97.3% 0.2%

7 non functionning Front End Electronics drawers

=>can be fixed during shutdown

=>Energy corrected by a factor

10°

Number of LAr readout cells

— T
ATLAS

182468 Cells

U
18

P TR
1.8 2

HV correction factor

= Regular control of cell behaviour (online Data Quality )
= Understanding/treatment of sporadically noisy cells sti

|l to be optimised
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Commissioning with LHC collisions (1)

O Look at energy distribution in all calorimeter cells af
» Focus on EM and first FCal module where most of the energy is deposited

ter LHC turn on!

. s Tile
_ 0SCoisons  EMENOGAP  _,2009Collslone I p— . —
107 1 8 E 4] 5 ATLAS Preliminary
: imi = imi 10
ATLAS Preliminary o 107 ATLAS Preliminary i - MinBias MC \s=7 TeV
2 q0°L 5 10°F ~ Data \s=7 TeV
—— s = 900 GeV Collision candidates o E —+— s = 900 GeV Collision candidates o 10 -~ Data Vs=2.4 TeV
Random trigger g 10° Random trigger § -- Data Vs=0.9 TeV
[ Non-diffractive minimum bias MC g 104; i [__] Non-diffractive minimum bias MC P 11 M Random Trigger
EM scale -g 10° ;_ | EM scale g 10 EM Scale
z F 5 102k
107 % " -3
g 10
10? 10-4
10755 2 4 6 8 10 -10 10 20 30 20 5¢ 83 5
E cell (GeV) E cell (GeV) E cell (GeV)
Fair agreement data Monte-Carlo in the calorimeter  system
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Commissioning with LHC collisions (2)

O Using first millions of minimum bias events

Fraction of events with E ;> 5 O, pise Spot and correct for HV cable swap

ATLAS Preliminar Layer 2 7 TeV (Apr. 2010 ATLAS Preliminary __EMLayer2) = \s=09 TeV (May 2010
T : Lo - T T . =S T
0.002
0.0015

0.001

0.0005

Spot and correct for signal cable swap (S1)

0.9 TeV (Dec. 2009) ATLAS Preliminar
T

\'s=7 TeV (Apr. 2010 ATLAS Preliminan EM Layer 1
> 1 T
‘ i

=> Non nominal (masked) cells ~0.1 %
=>» HV corrected cells ~6 % I
=>» Can also probe material upstream I ﬂ
(see Talk by A. Morley) B R T T

n n

Only 0.4% of EM calo cells with unexpected behaviour (now corre cted) !
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Commissioning with LHC collisions (3)

a Timing of calorimeter cells
= Preparation before LHC collisions using the calibration, cosmic muons

= Current status with collision data

LAr (average per electronic board [FEB]) Tile Calorimeter (average in @)
¥/s =7 TeV collisions. EM BARREL \s = 7 TeV collisions EM ENDCAP
;E: [ ATLAS Preliminary ] u% 102? ATLAS Pre‘lir;:arv ‘ ‘ - 5 ‘=L ENL I R R I S L B BN S L B BN B B S L NS B S HL B B B LI
G 1°c RMS=1.0 ns 4 ¢ [ RMS=19ns c . -
- ] g | 4 o Tile 1 =
8 8 E 2010 Splash Events (beam1) . Tile 2 3
S ok I E 3E « Tile 3 E
R £ 2E =
. I L F dmmgmmmm e
B N B T 0 ? E oot . .- e Fa------1 o D I | R
FEB time offset (ns) FEB time offset (ns) E 0 = o “EEW%@”EE&&& RO t1ns
\s = 7 TeV collisions HEC \s = 7 TeV collisions FCal ': =1 :__ ___________________ _:
E ATLAS Preliminary E ["atias Preiminary o E 3
g 1°F RMS=13ns E § 1°, RMS=0.9ns € ?J -2 :_ATLAS Prelimi =
g | 5 g afE reliminary 3
E; 7 7 ;E 7 - E_ Tile Calorimeter _E
g 2 : L I L L L I L L L I L L L I L L L I L L L I L L L I L :
i3 E ! E 5 -G000  -4000  -2000 0 2000 4000 G000
| | I [ ] 1 | | | .| Z[ITII'I'I]
-10 -5 . 0 5 10 -10 -5 0 5 10
FEB time offset (ns) FEB time offset (ns)
=>» Ultimately in EM 100 ps/cell =>» Already within specifications !

Already better than 2 ns (small impact on energy re  construction)
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Performance with LHC collisions (1)

Q First level Calorimeter trigger

= Sum energy in predefined grid AnxA@=0.1x0.1

EM triggers [ Jet Triggers I + + [l

1_2\\\l\\\‘\\\‘\\Il\\\‘\\\‘ll\‘\\\

.0 ‘Wm «—100% plateau
I =

Efficiency
o

ATLAS Preliminary

o
®

Data 2010 N5 = 7 TeV)

L1 Efficiency w.r.t. Offline Cluster

06 —k— EM2 Tum On (p;>2 GeV) | 0.6- ]

—$— EM3 Tum On(p;>3 GeV) ) r . Level 1 Trigger J 1

0.4 —— EM5 Tum On (p,>5 GeV) | - \'s=7TeV 1

: Non-di . - . 04— ot —

on-diffractive minimum bias MC| L anti-K_ jets R=04, | V | <2.8 |

—— EM2 Turn On . i i

0.2 —— EM3 Tum On 7 0.2~ = A Rt = 08 .

— EMS5Tum On i i . DATAJ. Ldt=15nb" & pyTHIA ]

0 \|\|\\\\\|\\||\\|\\|7 007\§|\\\\\\\\\\||\\\\\\\\||\\\\\7
0 2 4 6 8 10 12 14 "0 20 40 60 80 100 120 140 16C

Offline Cluster EX*" [GeV] P (Gev)

see Talk by J. Baines

Turn-on curve In fair agreement with Monte Carlo
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Performance with LHC collisions (2)

O Extract prompt electron/ ysamples using EM calorimeter granularity

Entries / 0.025

Electron vs hadrons Xq Y VS 1%

Layer

E(cluster)>7 GeV, |n|<2.0, track, EM-like shower in S2 >2 : ;
AR RN RN RN AR RN

S3

C AR R
s ATLASPreliminary —*-Data2010(s=7TeV) 7
107 — Monte Carlo E
= _ -1 [ Hadrons 3
J L=13.8nb [ Conversions 7
104§ [ dPrompt electron E
10°- E
102§ E % e \5§=7TeV,J.Ldt=15.8nb'1 ]
5 1 E Ini<0.6 3
10= = ® Data 2010 E
E 3 =] Simulation (all y candidates)3
- : :
1= —= 3
= ol b b b b b NI IR A= ]
0 01 02 03 04 05 06 07 08 09 1
E(S1)/Etot
= See Talk by S. Snyder 10501020304 05 06 07 08 09 1

(E+3-E+1)/[E+] <«—— —

\52

| S (Ef3-Et1)E#l

Relative energy
outside S1
shower core

Good data-MC agreement for ATLAS EM calorimeter ide  ntification variables
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Performance with LHC collisions (3)

U Taste of EM calorimeter uniformity with first million of TC>vy
«10° Eq(cluster)>0.4 GeV, pT(yy)>0.9 GeV | . | . . | |
FrT T LB LB LI LI L L L T 1T — m
E 220:_ | | |:|| Nonldifﬁaciive Iminimum Liwas MC n"lsignal | 3 % msj EM Endcap c Statistical Uncenaintyi
W 200; [N Mon diffractive minimum bias MC:backgmund E E = - Total Uncertainty -
—~ e ——— Data 2010 (\5=7 TeV, L= 414.8 ub™) - ?: rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr —
g 180 — Fittodata _ — O — = — B
q}) 1 60 i— """""" Background component of fit —i E 11— ——— —— —— —— =
W 1a0f = R e — . — -
1201 £ i ]
1001 ® L . . . 4
80; . % =  EM Barrel ]
60 M= 135.05  0.04 MeV (PDG: 134.98) =) [ B
A0 0 ~ 20 MeV Systematics: m~1%, ¢~10% e ]
20f
150 200 250 300 350 400 450 500
m,, [MeV]
g’)1—067‘"|""|""|""\""I""\""I""I""I"L
g - Statistical uncertainty N
1.04— L~ Systematic uncertainty —
?:' - B Total uncertainty —
O O oo —
- JIRE
- 1
[%)]
S o0.08 m—
E = — - L .
® o.96 — L J
g B ATEAS ey “STATLAS | Prelimipary .,
809595 i o5 0 65 1 15 =2 3 Z K 0 z 3

n 9
First check of energy scale over n (~ 2%) and EM calo response uniformity in ¢ (< 0.7%)
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Performance with LHC collisions (4)

4 Energy calibration for jet and Etmiss ElGpgse Map

= Define 3D cluster : ~ particle level, suppress noise >

= Separate EM-like (e, y, ™) and HAD-like (1t*, n) with cluster moment

v Apply weights (W) according to cluster energy density

= Correct for out of cone (OOC) and inner detector/cryostats material (DM)

Weight for 3D clusters entering jets (p  +>2.3) E/p with single hadrons (| n|<2.3)
—, SB.Sprrrrrrrr I R R I L RS A 12r w -
s F ATLAS Preliminary L [ ATLASPreliminay ]
= 3 - Data 2010 \s=7 TeV - v 1~ 00<n<0s6 —
wi® N L 1 e Data2010 s =7 TeV) ]
g\ 2.5C MC QCD di-jets - o8 [ Non-diffractive Minimum Bias MC ]
S T PLOW-IES & 50 GeV ] 8F .
8 C T ] B - 7
=8 2k B L. i - 06 L -
Ll C o | oo o o oo " - ] N - * ]
~ 1.5 _ -] 0.4~ * ]
1_15::::-:.-':1::'::::'::::'::::':::1'::::'::1:':::1'*:-::: _ =
% 1'1+77|”| I I IR IR bt 0.2
108 e . P < 12
gobgg__,_._:f: ______________________________ B et -] ¢15% § e . A +5%
AT R B B [ Lot N = F ]
0855 4" 3" 210 123 45 0.8 0
ncluster P [GeV]

Agreement data-MC in £ 5% over the ~ full calorimete  r coverage (| n|<4.5)!
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Performance with LHC collisions (5)

O Missing transverse energy ( E;™ss)
= Central for new physics search at LHC (SUSY, W', ...)

= Mainly based on calorimeter (calibrated 3D cluster cell energy)

E,MsS (Minimun B|as)—> E,Mss Mean (M) and width ( o) =

0.15 [+ 2010 BEAM “+ RANDOM

= F S\ = ATLAS Preliminary I =V _"‘ea" _ E %
O 1L ATLAS Prellmmary - 8 e D Banaim Canddetes g 9 ,
- E ¢ Data E = ©0.05 ; +E — 10 "3
2 0P [vemnsies Data 2010 V5 =7 TeV A = .« Lsemawm= o+ T4 o
E FoLow Ldt=0.34 np” V' oosl 1 g 10
L 3 =1 E ET
@ 1'% 0.34 nb! <45 o ] 12
103 ;_ -= 2_1155 © 2010 EEE>AM —+ FZA% DOM 1‘5 2? 2‘5
£ /; o S ATLAS Preliminary - ECT'S_S width e 10
L 7 )] TE D Random troger o2 B
102 ; El g 0.05 f— _f
= s - e 1
10 - /6 o ?ﬂ—'!'ﬂ—ﬂ-—n*-ﬂ-ﬂ—*—'—'i'—‘—'—z
E 3 \|/ -0.05 % +€ 1
ol Hi 1 6 el E 107E
Bl | R L L PR 1170 1 | oqsh , ) . . ) E F, . .
60 40 20 0 20 40 60 o s 7o s 2o 25 0
E,Miss (GeV) Time (days)
=» Data-MC agreement: good = Very stable with time

understanding of noise,

pedestal, calibration, ... = See Talk by A. Schwartzmann

E Miss = -ZE; (calo)

miss (1 jet pT>20 GeV)

— e — T
ATLAS Prellmlnary
Data 2010 \/s =7 TeV
Ldt=14.3 nb™
n|<4.5

e Data
[ JMC QCD Jets

A ) s W
20 40 60 80 100 120 140
E,Miss (GeV)
=>» No tails above 140 GeV :
understanding of calo cell

behaviour

ATLAS calorimeter provides reliable and stable meas

urement of E miss
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Conclusions

O The ATLAS calorimeter designed for optimal e, jet, E ~ ™sS measurement
= High granularity (~190 k cells ), depth (>10 A) and coverage (|n|<5)
= Well prepared with test beams and continuous in situ training (regular calibration, cosmic, ...)

=> Currently operational at ~98.5 % and stable with time

0 Commissioning and Performance with first LHC data
= Only 0.4% of unexpected problematic cells (corrected). Timing of front-end electronics at 2 ns
= With 1"t million 7 : EM calorimeter @ non uniformity~0.7%, and energy scale ~2%

= Calibration understanding and Data-Monte Carlo agreement at <10% over |n|<5

O Measure calorimeter linearity, uniformity, scale wi th pure high mass resonances

Jpsi 2>ee tt->WbWb ->evbjjb
If 1fb-t end 2011 (x103) | 8000 10
S/B >5 >10

[ ATLAS calorimeter system performing very well with first LHC data ]
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Outlooks

U Reconstructed (transverse) mass of Z (W) with ~alla  vailable LHC statistics

= Here, MC normalised to number of entries in data after electron selection

56 Z>ee 3 815 W->ev
> 35J T T 1 | T T T 1 | T T 1 | T T T 1 | T T T 1 | 1 1 1 | l_ > 10 E T T I | I T I | I T I ‘ I T I | I T I | I T T E
D - e Data 2010 (/s =7 TeV) P 8 - ATLASPreliminary -
Eg 30 [z ee J-L=297 nb " 7 e -~ —=Data 2010 (7 TeV) _[L=296nb ]
B ] - L IW —e- N
% | ATLAS 1 @ 102- mIaco | i i
2 25~ Preliminary - = - W 5
= - . c - BT semi-leptonic .
L - ] L - . ]
20 -
- ] 105_ =
15 — w ]
10; E 1 £
5t - - i
%—;—#H_.;II....I..H@ 10-1||\|‘
%0 70 80 90 100 110 120 0 20 40 60 80 100[G \1/]20
m, [Ge
Mo [GeV] T

[EM Energy scale indeed correct at 2% ! ] [ EM+HAD scale in agreement with MC ! ]
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SPARES
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The ATLAS detector

== 2'6 i = 22 i, #0018 ene Inner Detector (|n|<2.5, B=2T):
~10° electronic channels Si Pixels, Si strips, Transition
Muon Detectors Tile Calorimeter Liguid Argon Calorimeter Radiation detector (straws).

Precise tracking and vertexing,
e/Ttseparation.

Momentum resolution:

o/p; ~ 0.04% p; (GeV) U 1.5%

| EM calorimeter: Pb-LAr Accordion.
" elytrigger, identification and measurement
.| Energy resolution: o/E ~ 10%/VE 0 0.7%

e, X 1 @ /
| "iﬂ_t‘d HAD calorimetry (|n|<5): segmentation, hermeticity.
0 Fe/scintillator Tiles (central), Cu/W-LAr (forward).
Trigger and measurement of jets and missing E;.
Energy resolution: o/E ~ 50%/VE O 3%

Toroid Magnets Solenoid Magnet [|SCT Tracker Pixel Detector TRT Tracker 3-level trigger
reducing the rate
Muon Spectrometer (Jn|<2.7) : air-core toroids with gas-based muon chambers. from 40 MHz to
Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV ~200 Hz
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Cosmic muon results

O Commissioning continues  in situ with cosmic muons 3 publications

= Small deposited signal = Very good check of the detector performance

10° 2008 COSMIC MUONS EM BARREL
ETT T T T T T T T E|
Z [ ATLAS } Data layer 2, 123 chusters |
S F } Data layer 1,2x1 clusters 1 .
;10‘1;’ [ w0 tayer 2,13 chisters | Tlle
Sk [ o ayer 1,261 chusters | ce
© C ﬁ ] p— — Zlw L L L L B =
gk NS = | ©0.16[ .
z E o —| =
E ~ ] —
e ] = 014" ATLAS -
E ¢ I~ T
F 1 N L
10 - ~ ~ 012 —
S o L] - DATA ]
1 1 I 1 I I I N — —
0 100 200 300 [00 500 600 700 800 7. 1L — R
Energy [MeV] r MC
=M BARREL LAYER .
k] [ T T T T T 2'_ 0.08¢ .NO|Se
8 " ATLAS p PV P, r
05— ' v — E
= - v : P MPVom 7 0.06[
= - | ] Exp local stat. error . L
= 01 N ; 0 B o meece —| r
z - <1l. : ] 0.04¢
= . C’global 115 /0 ; | r
£ oosp : 0.02
= - + - r
o
=
= 0 0_1
o0sF 5 = tower enerav [GeV1
R 1 ‘IIxB clustersl_

- e e e S e e e e e e D e e D e e e e el >
»

) Complete Calo system

| | | | I
2010

A 4

Very good agreement data Monte-Carlo

22/07/2010 P. Pralavorio ATLAS calorimeter Commissioning 19



LAr Signal shape

R
HV 16) > 2008 COSMIC MUONS EM BARREL LAYER 2
—| CR(RC)Z g1200,\'*"|"‘w""|""|""\""|""|"'S',
| - = -, ATLAS -
g9ap 31000 % =
I = N 1
em shower 7, 8 800~ : “; —
. < F % - Prediction i
. e- . 600 : o Data E
e el . - y - |
iﬁci-d—e-[_-l?"' . o 400:— v (Data-Prediction)/Max(Datq) e
particle '°:§\e+ 200F P - 0.04
o © ' A 1 e 1 0.02
E liquid argon E 02 Ofsev . Ty Q_y v vy v M :__;__:.,-; & w5 888
——— 3 TR W W e e w200 N L 1004
E I I B B B S B R
2008 COSMIC MUONS EM LAYER 2 0O 100 200 300 400 500 600 ?'OD 800
by 700 e TV . 0 o _.500 Timpp [nel
z - . 2
= - 450 The RTM(FPM diff.) method : Gphys(t) = Geari(t) *
— 600; ) —400 | raus "T ;—STrjrij[
E —350 Lw—l{(l_rs‘cnli](b d?'ift_]-+'5- }}*
500; — 300 sT r-iff(f.‘:tep 25 STcuIi}
C " {250 = 1
4000 ~[200 1+ s2LC + sRC
- 150
100 prediction depend on the knowledge of

50

o drift time measurement

200 v v v v b v b b v b a v e |
26 -2 166 1 -05 0 05 1 15 2 25
n

22/07/2010 P. Pralavorio ATLAS calorimeter Commissioning 20



EM Calorimeter : signal reconstruction

Q Quality of signal reconstruction (SR)
= A accuracy (k) depends on the precision of electrical cell modelling
= Check quality on high energetic cells (E>5 GeV) : o
1 "¢ (S-A_ xPred)® 1

negligible

noise

2 " Ri ’
Q= 5 (%)

NDoF (KA )2 NDoF
Exemple: Q 2:1’ k=1.5% 2 layer of EM calorimeter (km1.5%, n,. lm-i’o)
~1600 a8
o AT O 'L  End<capC | End-cap A
Qua00 H @ Prediction : .. 7‘@ i e e i
<200 @ Data S. * . -8 85— # 2 ATLAS 2008 preliminary
| . —_— -
. ) L
1000 (0 Residual Ry} A Z sl L0 W rE bl i k=3.0%
800 |~ n + . .
L . L | LI |
600 [~ 3 L = w [p " | = < 0)
400 10.04 E m 3 ' ” -..‘ .".1+. CSR 07/0
200 [ : . 10.02 2wy w, m > f'. o 2
S P o - s | e P o
o o 0.0 1: - Hm = k:15%
-200 1-0. C 2
-400 ‘ : ‘ ‘ L—3_0.04 0:" .|..r..|. .|.1..|. E
0 20 40 60 80 100 3 2 4 1 2 3
Time (ns) 1

=» Signal reconstruction under control on the whole calo

rimeter coverage
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LAr Temperature and purity

a LAr Temperature

EM BARREL
oprrrrrrTrrr ottt LA signal sensitivity 2%/K (density: -0.45%/K
] Velocity: -1.55%/K) = Require 100mK stability and

homogeneity

ATLAS

20 161 probes

Number of probes

15—

RMS : 59 mK {
- 1 = Using 150-200 PT2100 probes in each cryostats
10 B immersed in liquid argon
5 - = Homogeneity 59mK, with 1.5mK RMS for each
. = ] probe over 10 days

T ‘ T
&3 88.4 88.5 88.6 88.7 88.8 88.9

Temperature [K]

Q LAr Purity
= Electronegative impurities would reduce the measured signal = Require purity <1000ppb
= 30 purity monitors in the three cryostats
= Measured impurity: Barrel ~200ppb, EndCap ~ 140ppb

Well within required 0.2% uncertainties of signal
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EM Calorimeter linearrity

O From test beam results

g 1.006

1.0041— m energy uncertainty —

1.002

0.998[

0.996

0.9941
0.992

agg|||||||||||||||||||||||||||||||||||||||||||_
Y0 20 40 60 80 100 120 140 160 180 200

1=

LI B B I L IR LI B
ata

+ ‘...._._._!___.__._!____f____' ________ . \AL +1. 0%_

E,... (GeV)
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