ATLAS Liquid Argon electromagnetic

calorimeter
G.Sauvage (on behalf of the ATLASLATr group)

Construction status and overview of beam test
performances |

24/05/2004 IPRD2004/Siena G.Sauvage/L APP(Annecy)



Tak Outline

o Calorimeter physics requirements
* Brief calorimeter description
 Construction status

* Beam test performances

24/05/2004 IPRD2004/Siena G.Sauvage/L APP(Annecy)



Calorimeters requirements

Primarily designed for Higgs physics with decaysinggor 4 et
(mass range 114.4 GeV /c*(LEPII limit) to 2m, ~ 180 GeV /c?),
the calorimeter is expected to have :
- Good energy resolution for eectron/photon 10%/CEA 0.7 %
—> mechanics/electronics calibration...
- A linearity better than 0.1 %
—> presampler for dead material, eectronics
calibration
- Particle identification : et/jets, gp° (Regj.>3 at p,=50 GeV/c)
- Angular measurements : 50 mrad/CE
—> lateral and longitudinal segmentation
-Time measurement . 100 ps constant term
- Largedynamicrange: 20 MeV - 2TeV (Z uptoamassof 6 TeV )
—> electronics read out
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Sketches of the calorimeters

ATLAS calorimetry Lead/Liquid argon sampling calorimeter
with accordion shape

Barrel (0<|h|<1.475)
gap = 2.1mm @ 2000 V
lead 1.5 (1.1) mm for |h| < 0.8 (>0.8)

Endcap (3.2>|h[>1.375)
gap vary with radius : 3.120.9 mm
variable HV by steps
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Accordion Liquid Argon calorimeter

PV 9 VY

Lead/Liquid argon sampling calorimeter _
with accordion shape :

Towersin galrpr 3

L
A Ar] = DUIT450.05

e Full azimuthal coverage

» Rapidity coverage up to 3.2

 High granularity (>200000 channels)
« Longitudinal segmentation

* Presampler for h <1.8

» radiation hard

lead 1.5 (1.1) mm for |h| < 0.8 (>0.8)
Endcap (3.2>|h[>1.375) : gap vary with radius
3.120.9mm :variable HV by steps
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Signal collection

R
HV ﬂ—m Calorimeter signal sensitiveto: =
gap -
4 _— e - Lead/ argon thickness s,
/ - local effect versusj \E
"

e* = Correction in endcap B

®
©

i N 0.23 s b e b L b b L L
|IG|IJId argon 0 0.0025 0.005 0.0075 0.01 G.0125 Q.15 0.0175 0.0Z 0.0225 0.025

— - Temperature (-29%/c) : ~1° gradient + temperature
i(ty E probes
- Attachment : maintain pollution at ~0.1 ppm
(purity monitors)
t -lonbuildup: negligibleuptoh =25

aelectrode
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Signal

Cadlibration ~,

reconstruction

Preamp + shaper

Signal : ~2% O

T Tine) Rw§ S SCA at 40 MHz + digitizing
| v

Physics
signal
L (nH / - |
60 | ) 2-3 % ni/..!J Shaper-out
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aand b coefficients strongly dependant

on physics shape knowledge .

- Intense activity over last year
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Barrel calorimeter

32 modules produced and tested
at cold between 2001-2003
Assembly/insertion in cryostat
end 2003

presampler

IPRD2004/Sie



Quality control measurements

Lead thickness - averaged over 5 absorbers Absorber thickness
1.01 g 10 <>=2.211 mm
F & oos L e = s =0.010 mm
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Absarbaer Absarbar

Absarbar thickness {(mm), sliding avg.

Energy sensitive to 0.6 x averaged thickness
- Contribution to calorimeter constant term
1S 1.8 %o

—>induce gap variation
~1 %o ON constant term
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HV quality controls

Electrode is supplied on each side by different HV line in a sector
of DhxDf =0.2 x 0.2 (32 electrodes)

EMB M wheel (z2">0)

Electrodes (red) and zones (grey)

EMB P wheel (z"<0)

Electrodes (red) and zones (green)

QMR v spare AV mes o1 e seareHVines Electrode with problemsin a
w0 15 A/sector have been isolated on
. - S individua HV line:
12 12 23/ 28672 = 0.8 %o
o — . —>small correction needed but
- i, no acceptance loss
o — o |+ P-4 IN some sector problem occurred
ol .|t EfE e atcold and disappeared at warm
o P e st e s e —>Dividethe HV sector in two
i, = I e e e e separate HV lines
. N = Never observed problems on both
° ° “ n*®  dectrodeside!
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Electrical quality controls

All channels have been pulsed via calibration line and checked :

Barrel 18 end cap
Layer/channels Warm criteria | Layer/channels Warm criteria
PS/ 7808 0 <4 PS/ 768 0 <1
Strips/ 57344 9 = 0.15 %o <64 Strips/ 14272 2 = 0.14 %o <17
Middle/ 28672 2 = 0.07 %o <14 Middle/ 11712 | 1 =0.08 %o <7
Back / 13824 0 <6 Back / 13824 0 <4
_Barrel End/2048 | 3=1.4%0 <2 Caliblines/ 2976 0 <3

Tota number of dead channels < 0.14 %o !

Calibration injection resistors measured with %o accuracy
and network analyzer measurements to extract LC per cell
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Endcap calorimeter

8 modules/ whed and 2 wheels
All modules produced and & o YR S 0
cold tested. One whed inserted. ‘I - R e

18 problems on spare HV lines: 1.5 %o
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Caorimeter beam tests

» Beam tests have been essential to finalize calorimeter design : results of
barrel and endcap module 0 have led to modificationsin
Mother/Summing boards (cross-talk), electrode (missing ground
return)...

* 4 barrel modules and 3 endcap modules have aso been exposed to
beam to validate production during 2001-2002 in

H6 and H8 beam lines at CERN. Whole scan of each module
has been performed + a few dedicated studies.

— A lot of data, near finalizing the analysis (preliminary results here)
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Beam test performances

Electron uniformity and energy resolution :

- Response uniformity : easy to reach ~1% (online) but
quite a hard and long work to reach ultimate performance
- energy resolution

- Linearity response : new and detailed analysis on dead
material correction + leakage

But also alot of other studies:

- Use of segmentation : Angular/position measurements
+ particle identification (g/'p°, [€/p]...)

- [Time resolution]

- Learning for commissioning ...
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Corrections - Cluster effect (3X3)

 Barrel * End-cap
E (GeV) 125,
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= h modulation corrected by a 29 order polynomial
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Reproducibility of the corrections
Function used for fitting ] modulations in the end-caps::
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Global uniformity for the barrel

b
it
=]

Energy (GeV)
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[RMS/E (%a) =

=14

Num of Cells : 515 | .57
0300 a0 0 S0 1
1 (middle)

MUDULE P15

T 1. s“
I:*I BET . i Mai:a"
[T e _B" |I_ H
g LI | II 1
o=11
13 RMS/E (%) =
0714 Num of Cells : 530 0.64
20 30 T 50

24/05/2004

1 (middle)

<E> RMS RM S<E>
P13 233.3GeV | 1.32GeV 0.57%
P15 236.6 GeV | 1.52GeV 0.64 %

Good uniformity for both modules

Difference in the mean energy due to
the difference of temperature of the
argon for each module : » 2%/°K
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Uniformity for the barrel (DhxDj = 0.2x0.2)

] numberin S2

16

0.57 %
0.47%

0.39 %
0.36 %

0.41 %
0.30 %

0.30 %
0.39 %

0.24 %
0.37 %

0.37 %
0.36 %

0.82 %
0.63 %

0.75 %
0.56 %

0.42 %
0.55 %

0.65 %
0.71 %

0.67 %
0.52 %

0.68 %
0.58 %

16

24

32

40
h number in S2

Meet therequirements: <0.50 %
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Peculiar corrections for barrel

e h=0.8 crack study

[ T T

* Data 2 P13 . +MC energy=245 GeV,

WEIGHTS applied

Shift of 0.5 strip in MC]

7230 240 250 260 270 280

0.94

24/05/2004

1 1 1 i | | 1 L i | 1 1 L |. 1 1 . | I. LLLLLLLLLLLLLL
230 240 250 260 270 280
n_strip

=The electrode change at
h=0.8

=L ack of energy (»30 GeV
for 245 GeV electrons)

=Now well described (and
understood) inthe MC
description of the
calorimeter
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Peculiar corrections for barrel (3/3)
e HV problem —no HV on one side of the electrodes

_ 5 T HY OK
260 G?lp: |dr|3§’~:r:l '|—|:V| |Off 260 GIGIp (jI[)I\:?IrIIJ/’UIpI i 2Oﬂfuf T |'|-||vI |O||:<| TTTT 260 G_?'p: 'd[??ﬂr'r? H:.‘I: ?ff 260 G_'G'p ﬁlolv‘:n' H\:lr 'E_jff 260 _' MEELLEIEEL

i : z ] i ] . - ik 3
240 = 240 240 Sl I o e e i &£ e B
MET g bl R i

220 Ea 220 : 220 : 220

=
1 |‘;“| T .

220 F 1 220 |

200 [ T 200 | 21 200 [ ] Gne gap HYV off HV OK
I N r :1 A r A 26‘0 -||||||||||||- 26“ -|| L L ||- 26“ '||||||||||||

180 | 1 180 | s 180 L E ] L '
§ 240 L . 240 [

m]; wu; ? lcmE Et@#i

F rf-"." ":'_: ".‘-;' E B
Ah . 3 . 220 prer-Eetoae 220 bt 220 e

1 20 L

- - - 1 - -
140 140 ¥ 140

200 Fotidndolida] e fdidquedil ang
: 120 | 120 R N Eiin| o e ol
iy tihinbrdessy il ] i ] 180 pereprprpops) 180 180 [
I ] L 1 I T i e 160 esdaiidonidt] 160 Fifendfliitode

- .-Ir’rﬁflﬂ I R o A ANEHENE

8]0 _|||| 11 ||||_ 80 _|| [ ] ||_ 80 _|||| 1111 ||||_ _';-_ __-:__".I”__- ' | #eine . .-:‘. ;.I__ &__'_':," _:_.-.'-..' ';
2 3 4 5 7 8 o 10 11 12 140 [y st e e s M [ e o B

eIy, Enongy STDva 4 Energy STOva e 120 + 120 -
Energy x 2 (before clustering) IR I
where HV ismissing L it ]
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Peculiar corrections for end-caps
*HV corrections

6 HV sectors b Electric field differs = 1st step: makethefitfor each | line
from a sector to an other (to compensate = 2d step : make the average over | for

variation of the thickness of the gap) each HV zone

S125 125,
éuu_— ;lzﬂ;— R LR I I =R L
'E N th _ * | . " ot S

115f . i . n F ' 3! 15-

E . |

110 1m_'_

105 o 105+

00 Cy S o b e g e 100

i TIPS SIS RS IS A NS NN DA S
15 16 17 18 148 2 21 22 23 24

Z1 72 Z3 Z4 Z5 zZ6 "

* Function fitted : E = bE/(1+a(h-h,))
» Good correation between modules
b Can use average values
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60

10

500
40[-
300

20

ECCO

ECCO
Entries 713
Mean 119.6
RMS 07218
2" | ndf 44.75 | 40
Constant 18.82+1.96
Mean 1196 £ 0.0
Sigma 0.G894 + 0.0233

116 118

A I
120

122 124
Energy (GeV)

0.58% on 713 cells

Global uniformity for the end-caps

ECCH
ECC5H

Eu: Entries T46

L Mean 1202

50:— RMS 0.61

40.:_ 1 ndf 4239735

- Constant  51.55 + 2.54

3[}:— Mean 120.3 0.0

.: Sigma  0.5462 + 0.0178
20—
10—

ﬂ': s acctbo s e o) RTINS R

116 120 122 124

Energy (GeV)

0.45% on 746 cells

<E> RMS RMS/<E>
ECCO 119.6 GeV 0.72 GeV 0.60 %
ECC5 120.2 GEV 0.61 GeV 0.51%

24/05/2004

IPRD2004/Siena G.Sauvage/L APP(Annecy)

23



Uniformity for the end-caps

(DhxDj = 0.2x0.4)

] numberin S2

32
0.56 % 0.50 % 0.49 % 0.70 %
0.99 % 0.42 % 0.43 % 0.77 %

16
0.42 % 0.47 % 0.40 % 0.71%
0.40 % 0.35% 0.32 % 0.56 %

0

24/05/2004

16

Meet therequirements: <0.60 %
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Resolution

Energy resolution and linearity (barrel)

-E. .07
o0.05 ﬁ 1.008
0.045 - ; l?il —
r * Real Data ‘E; 1006
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r &
3 5
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0.006

0.004

0.002

0

-0.002

0.004

0.006 1
-0

/

-+ Simulation

I.q T

B Data

Position measurements (1)

«" Resolution within cell

4,104 ¢

| Agreement |

data/MC

2.1074 : [

Linear energy weightings + S shape correction in middle
LLog method for strips section used instead of S shape correction

24/05/2004
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Position measurements (2)

-3
x 10

245 GeV Electrons

05

® Data - middle compartment
045 - - MC - middle compartment
® Data - front compartment

- MC - front compartment

= -
ts s
n =

=
L
T

1N resolution (T_l units x 1000)

0.05 —

+

24/05/2004 IPRD2004/Siena G.Saur

~250 "m

at h=0
Similar level of performancein
endcap
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Angular measurement

Barrel E=245 GeV Endcap h~1.8
90
'dj“ﬂl _ Sy¢X VE (mrad)
gﬂ-_ - simulation SZ~20W m & -
) i . :
= [ 55 |- =
- L 5} r e ¢ o +
2 i” ’\
E I E 55 mrad/-E
E sof L
'GT.J¢> i 0
n_
30; £
S_~5mm | o ST ik
T ¥ ¥ S A B »F om, 807 mow 160
pseudorapidity Ene rgy(Ge\
LHC interaction point : s,~56mm H-> gg vertex reconstructed
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gp® rgection (1)

Reducible background to H->qggis faked photon from jet-jet

gjet) eventswith atypical rate larger by 10° ;
- Strip section depth has been designed to reject jets with leading
p°, needs R~3 at 50 GeV transverse energy with 90 % efficiency for

photons
—> Dedicated setup to produce photon in H8 beam line

Covers5-70 GeV spectrum with
different beam energy and magnet
current

I Scintillat
I BCi
I Target
- Magnet
-—

—> Superimpose photon showers
to smulate p°® with 50 GeV p,
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gp° rgection (2)

Discriminating variables strongly based on
fine strip first layer :

- 200§
C 150}
100
50 J e= 90 %
R B s o - i P A
0 61 02 03 0 o1 o0z o3 for 50 GeV
elZmax eldmox
: : photons
— 150+
% = 100
§- L L
5 - 50
i@ _||||J_| Ll SRR TR O O-||||||-| | L
Q 1 2 3 4 5 0 02 04 06 08 1
W21 strips Width 3 strips
- -7
i —
D L ' Im |
24/05/2004 |PRD20 a D1 D2 03 04 05 08 07 08 09 1 30

elocore



gp° rgection (3)

Data spectrum not flat due

to beam energy/B fidld used € =90%
6_ :
sE e Symmetrical
. :pk—%i%_ A pP decay
N ——
2;—_‘_ 0 Data
_ * ML
=y N T B N | T N P PR
¥ 21 02 03 04 05 0 g1 02 03 04 0L
rT'|'|r1|{E_r1:E_E]|fETE miﬂ{Eﬂ:ElE}u“ E.
R (data) =3.54 +0.12 (stat) «— ~84 % single photon
R(MC) =3.66zx0.10 (stat) <« +0.23 ondirect p°
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mperformances

msigna large enough to be a powerful tool : L8
%t.m |
g0 prerree e \Was Used to detect 1o
St | {amissing ground 4/;’ |
S {return on electrode bl
S {Module O every 8 channels EHT | ! 4

T T T R T S S N S

SU 1 mod &

2 b

Here mis seeing
Middle + back constant
depth - Can measure
SB 7 - 10in barrel HV residua effect at
for middle layer cel levd...
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Energy {GeV)

S/B : 71n endcap




Cosmic muons and commissioning ...

Expect cosmicsin 2006 inside the pit with rate ~Hz for projective m(>3months)

Position measurement can also

be derived with m:

-inf, better than 5 mm dueto
accordion energy sharing

-in h, strip cell can be found with
good efficiency (S'B~4-5)-> 5 mm

g Signal reconstruction : uniformity
Tor-Toc tme (v vsh (LC effect) can be checked

Physics pulse intercalibration at 2-3 %o
with 1 ns accuracy —> Should be enough to start LHC

with a“good” calorimeter...
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Conclusion / prospects

* Barrel calorimeter construction is finished (2001-03). Solenoid has been
Inserted and cryostat is closed :

—> Cooling of cryostat has started (T=175K |last monday). HV +electrical
tests

- Ready for pit in September 2004

» Second end cap whed is completed and and will be inserted in its cryostat
In July 2004. First end cap cold test in August 2004

» Beam tests have allowed to assess calorimeter performances

» Combined beam test in 2004 (Tile/EM barrel/Inner det. /muons) with fina
electronics (Front End + RODs)

* mcommissioning in 2006

- Still alot to learn/do to go from one module to complete calorimeter
(calibration/reconstruction) to be ready for D-day...
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