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The Liquid Argon (LAr) Calorimeter of the ATLAS Experiment

e The ATLAS experiment

= general purpose detector at the
LHC, at CERN

e LHC environment
= proton-proton collisions
(Vs = 14 TeV) every 25 ns
= ~900 M inelastic collisions per
second at design luminosity
> high interaction rate
> high radiation doses

e Liquid Argon (LAr) Calorimeter
= sampling calorimeter
2 intrinsically radiation-hard

|
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= Very good electromagnetic LAr hadronic
calorimetry end-cap (HEC) =
2> main benchmarks : :
H-yy, Z' - ee £
2 identification and measurement <y
over a large dynamic 3 /
. : LAr eleciromagnetic
(50 MeV - TeV : 16 bits) end.cap (EMED

= Hermetic jet and transverse missing

energy Cal_orimetry LAr eleciromagnetic
= Hadronic End-Cap and Forward barrel

Calorimeter
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The Electromagnetic Calorimeter

e Hadronic End-Cap [Cu + LAr]
= Flat-plat design
> Coverage:1.5<|n|<3.2
= Resolution :
AE  50%
E  VE(GeV)
= 4 sampling depths
© ~11 Ain total

®3 %

LAr hadronic _-

end-cap (HEC) =

LAr electromagn
end-cap (EMEC)

etic

barrel

LAr electromagnetic

N :/ ii
LA forward (Fcal) [N ™

e Forward Calorimeter [Cu/W + LAr]
= Small LAr gaps between rods and
tubes parallel to the beam axis
> Coverage : 3.1 <|n|<4.9
= Resolution :
AE  100%
E  JE(GeV)
= 3 sampling depths
°1EM(Cu)/2HAD (W)
° ~ 11 Alin total

®10%
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The Hadronic End-Cap Calorimeter

e Hadronic End-Cap [Cu + LAr]
= Flat-plat design
> Coverage:1.5<|n|<3.2
= Resolution :

AE _ 50%

®3 %

LAr hadronic _-
end-cap (HEC) |~

E  JE(GeV)
= 4 sampling depths
© ~11 Ain total

AN

/
LAr eleciromagne
end-cap (EMEC)

......
~~~~~~~

e Electromagnetic Calorimeter
[Pb + LAr]
= Accordion geometry providing an
uniform @ coverage without crack
> Barrel + End-cap : [n| < 3.2

® Resolution :
AE 10%
=— 0.7 %
E JE(GeV) °

= 3 sampling depths (|n| < 2.5)
o~ 22-30 X, in total

> + one presampler (|n| < 1.8)

LAr electr
barrel

omagnetic

LAr forwarél (FCal) |

e Forward Calorimeter [Cu/W + LAr]
= Small LAr gaps between rods and
tubes parallel to the beam axis
> Coverage : 3.1 <|n|<4.9
= Resolution :
AE  100%
E  JE(GeV)
= 3 sampling depths
°1EM(Cu)/2HAD (W)
© ~11 Ain total

®10%
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The Forward Calorimeter

e Hadronic End-Cap [Cu + LAr]
= Flat-plat design
> Coverage:1.5<|n|<3.2
= Resolution :
AE  50%
E JE(GeV)
= 4 sampling depths
© ~11 Ain total

®3 %

LAr hadronic _-

end-cap (HEC) |

/
LAr electiromagnetic
end-cap (EMEC)

e Electromagnetic Calorimeter
[Pb + LAr]

> Barrel + End-cap : [n| < 3.2

® Resolution :
AE 10%
=— 0.7 %
E JE(GeV) °

= 3 sampling depths (|n| < 2.5)
o~ 22-30 X, in total

> + one presampler (|n| < 1.8)

= Accordion geometry providing an
uniform @ coverage without crack

barrel

/
LAr electromagnetic

LAr forward (FCal) \ﬁ%&, :

e Forward Calorimeter [Cu/W + LA¥r]
= Small LAr gaps between rods and
tubes parallel to the beam axis
> Coverage : 3.1<|n| <4.9
= Resolution :
AE  100%
E  JE(GeV)
= 3 sampling depths
2 1EM (Cu)/2HAD (W)
© ~11 Ain total

®10%
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Detector Status as of June 15t 2009

LAr permanently dead channels inside detector

EMECC EMBC(H) EMBA(I) EMECA
-9—3 3:7 = -
e ~ 182 k channels in total : -
(p 27 2/
e Only 0.02% are permanently 4 1 : o
dead o o
= the problem is expected to be | | :
located inside the detector & &
2] 2
* ~ 0.2% dead readout channels | | F - )
. . . . =3 i i =30+ ! | | | - |
= Origin : optical transmitters 3282 As a5 a4 Tes 0 es a1 as 18z 28 3
between front-end and back- -
end electronics location of permanently dead channels
) . LAr permanently dead channels inside detector
= to be fixed next time the oy oALe e e _ Foaa
access is available : : B : :
2} 2} 2 i
e ~ 0.4% need special treatment | | | | ) :
for calibration ; * ; :
= limited impact on i ° % ;’
performances al 1 A A
(~2% on pulse height) | , | i
'3:"“5....5.‘.‘5‘“. '3:'”5.‘”5.‘.3‘... '3:'”..%”..3.. :'H‘.iH.‘i....%.‘.
45 -4 3.5 -3 -2.5 -2 15 15 2 2.5 3 3 3.5 4 4.5 n
FCAL1 +FCAL2 +FCAL3 | BN 26 May 08
> n
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lonization Current and Signal Processing

e Calorimeter

= Absorber material initiates
shower development

= | Ar medium is ionized

= Electrodes collect ionized
electrons through high

voltage

lanmization Shaped ;

; Signal °T

Summing g Sianal :
i A " g mu B zcu:r sou m o

Arpllude

amplitude

outer copper layer

inner co pperh;wr
kapton

outer copper layer

stainless steel

glue
lead

47 cm

= ™ 7 7 Tsea 7 FrontEnd Board | "tme (ns)

T 1 : .l 1 ! “'\-\_-"A}, I T T I
——-:  Feed- Lﬂ L~ Shaper i
through F‘“—f{'_ ™. High — |12-bit !
| amplifier V) :

; o =" Shaper DD;EDI ApG | Osfical [ g oon
5 \\::"Edll.lﬂ'l L Link |1
] o 1

A e D - oo
i aper :

ni:i \\\Lm; : o g

= }/ ® Tower Builder (LVL1) 35

Layer 00

Sum i S D

_______________________________________________________________ S

e Front end boards (FEB)

located on detector

= amplify and shape
° 3 gains, ~1:10:100

= sample and analog store
during L1 trigger latency

= gain select

= digitize upon L1 trigger accept

= transmit samples (usually 5)
to back end electronic
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Energy Reconstruction

T

Mphys Mcal

e Energy is computed in
DSP located in back end
crates

= Each cell is individually
calibrated with a charge-

correction for
calibration/physics
differences

ADC to DAC (Ramps) Pulse Samples

times (ns)]

injection system
. 1
Ecel = Fypsmev-Fpac pat—— 2. &
‘ phys i—1
cali
Cell Sampling
energy fraction Optimal Filtering Coefficients Pedestals

|
Amp||tude EO.OGS ,,,,,,,, R R R R Pedestals > 10 Survey of 128 channels in EM Middle Layer
Variation 80.004 ' are Stable % a?period1 period 2| period 3| period 4 | period 5
<0.1% over several § °;
between months : :
different P
calibration 3 Variations 2
runs <1to3MeV
(here all depending on &
barrel . I I N IR R S sampling 10562008 072008 08-2008 09-2008 09-2008
channels) 007200 500 400 500 60D 700 80D
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In Situ Commissioning ongoing since 3 years

1994 1999 2004 2009
JjEee s | 1wR e i8ee  lese 2000 2001 200 2003
Detector and plysia | @R RRSge ] Corsinstr
ATLAS preposs] Tochnical Dissign Aeport
Cosmic muons LHC Single beams (Sept. 2008)
Recorded in the LAr calorimeter - 140 m o
since 2006 el

g Y= closed collimator as

fixed target

¥

e 2008-09-10 00:37
ATLAS jeometry: <default>

.....

vrivials

-10
1

http://atlas.ch
]

first beam event seen in AT

-10
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150 Z (cm) 180 [ -10 0 Zom
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Noise studies

. ;103:IIII|IIIIIIII|IIIIIIII|IIII|IIII|IIII|IIII|IIII:
¢ NO'Se_ _ _ = C [~ ps r (average over g and +z)
= Noise is measured for each cellwith = [ |+ewm 2oy 3 it o]
. Q e Miag by pdweebetlenmled siesa
random trigger events 2 ¢ |TEM LT TURARE IR 2w
> Main contribution : thermal noise of £ [ 5% e P00gg, 0 0 o i LT
the FEB preamplifier loaded by the § ey J— . Ko
detector capacitance = .
° Noise varies with n and detector i ) Eg::; :
element S % m' ceveas “FCal3 | A
= Incoherent, as coherent, noise are mﬂﬂﬂﬁuﬁ"‘ SHECT |
within design requirements " HEC2
L TTTOO, 44+ + HEC3 |
10 = it —
- + HEC4 -
>105: oo bvvaa v b b b b s b o by o0
o F ATLAS 2008 preliminary | 0 05 1 15 2 25 3 35 4 45 3
3 C noise . e Reconstruction of Transverse Missin il
& 4 - Cells, |E|>2*G, all LAr but PS ucti Vv | | g
S 107 = o RNDM data (rescaled) Energy in LAr
ﬂ Y # | 1Calo data . 2 >
§ 0o L ] —— Gaussian noise model E;’,”SS:\/(Z Esin 900S(]5) +(Z Esin 9511’1(]5)
w & ;
- ;_.:= = |n random trigger events
102 , cosmic events = cons_lst_ent with incoherent noise
= prediction
- Mﬂ o " |n events triggered by L1Calo
10 = i WW v (calorimeters — not only LAr)
- > Examination of pulse shapes in the
Lol g Lo v by | Lol b b tail Of the distribution indicate true
1075 10 15 20 25 35 40 .45 50 :
ET™** (GeV) cosmic events
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Response to Minimum lonizing Muons

e Muons are minimum ionizing particles (MIP)
= Small energy deposition in LAr
= The energy deposit follows a Laudau distribution

> here fit convoluted with gaussian to take into account electronic noise

| Cluster Energy (0.3 <yl <0.4) |

250
LArMulD

# Clusters / 20 Mev

200

150

100

50

IITI[IIII[ITIIIITIT'IYIT'IIIT

Illllllllllllllllllllll

LArMulD
Entrie 2295
%2 / ndf 31.23/34
Prob 0.6041
Width 12.69 = 1.02
MPV 228.7 = 1.9
Area 4.509e+04 + 976
Og 46.05 =| 2.07
3x3

Entrie 2295
%2 / ndf 35.5/37
Prob 0.5395

i 11.77 = 1.10
MPV 260.9 + 2.3
Area 4.529e+04 + 974
Og Qs 2.35

L |

0

Ll
0 100 200 300 400 500

600

e 2 cluster methods are studied
= Fitted Gaussian noise (o,) and Landau

width for 3x3 consistent with expectation

e MPV distribution agrees with simulation at the

level of 2%

= MPV follows the cell depth as expected for MIP oss

800

900

1.05
1000
Energy (Mev)

variable cluster size

fixed cluster size

| Response Non-Uniformity |

Ao Data (3x3)

v Data (LArMulD)

1.15

& [ most probable value * MO (True Clusten
g 1_1__ (MPV) x  s2 Cell Depth
: x} i{_x #XX xj x ° .x
- Kyt _:—Kv—«xI x l? X
i I s %}gﬁﬁ
- Siag I x

- L% I I T
0.95— '_ILS( —h— Ht::(*IH —y—
B ! +xx i _{_X?TH
e "l Normalized
- to this point
_\ | I 1 1 | L1 1 | 11 1 | 11 1 | 11 | | 11 | | 11 1 | I 1 1 | |
-0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8
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Timing Study

e From single beam events

= | arge amount of energy deposited over large portions of LAr
= High amplitude signals to perform precision timing studies with

common reference time

e Time is computed with
optimal filtering

= corrected from expected time of flight
= Prediction from the calibration pulse and readout path

collimator

e Agreement at the level of 2 ns except for the barrel presampler

| EMBC: relative time by slot!(average over 32 FTsi} ave raged

EMECC {STD): relative time by slofj{average over 16 FTs)

—~10

F R overe ] e 3
.E :— —= Prediction one EM _ﬁ‘ g o
= Pred half-barrel _'IT 3 "_+*—_++‘_'['T _'l'{.—_'l'{_“ —-H.-_{T
2 2 °F 'I"I'"l"{-‘
R A o5 1
: -y [t al:
-5_—} "*}""}'_(,}_"l" {' EPS Layer 1 Layer 3 Layer 2
: asf e Data one EM
PSS Layer 1  Layer3 Layer2 . end-cap
- -20E- -= Prediction ATLAS
: : (Inl < 2.5)
15— 'J‘"'é"'ala"'1lu"'1|2"'J_'_m o T T T E
2 4 6 8 10 2
-\ n regions in each layer <— Slot

-
L=
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Signal shape

e High energy depositions are used to
validate the signal shape of calorimeter
response derived from calibration pulse

m 32 samples cosmic pulse is compared
with prediction

= Agreement better than 2 % is observed
across the full length of the pulse

LAr pulse shape 15 GeV cosmic

e 3

s« Mesured samples
Prediction

ADC Counts

...u.-.b..u.u.....

S

-200

T

|III|IIE-IHI“I-‘l-I-lI‘I-lhllII|III|III|III|III|III

-400 III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

0 100 200 300 400 500 600 700 800
Time (ns)

e Quality estimator Q2

Q2 ~ 1 R samples (Aidata . Pred )2

o g 2
nDolt' T 0,10,

noise

— Pulse shape predicted at ~3%

Pulse shape predicted at ~1.5%

2nd layer (1.5% pred. accuracy, n .. .s=3)

o B
o r End-cap C Barrel End-cap A
51 £ . ATLAS 2008 preliminary
C |
! S | — T
B T . ] ] I.
!. n L} ..
3 '.‘. L] " + " + el
- .-'l # y n .l wt
B ' "y L
2__ in, ] [ | .' o t ™ L= [ ]
B .I. ; '.'n'* P. ] Bl -..
B . "l v -
> .'—}—Ji;'-d .
D: - 1 L ] 11 rl .l 11 1 Il I Ll 1 | 1 1 1 1 1 Il 1 Il I

Signal reconstruction in control over the
full EM calorimeter coverage.

J. Labbé, Commissioning of the ATLAS Liquid Argon Calorimeter - EPS-HEP 2009 14



Electrons from lonisation in Cosmic Muons [1/2]

Muon track

/ o\
> < o

muon
chambers ‘ _
t \ Pixel, Semi-
conductor
" ~ % Tracker-
. ‘.\: -
inner detector |\ .
and W AN
calorimeters ‘ [N
‘ L]
I‘. L]
Electron \

Calorimeter

Use calorimeterto  ©
measure the energy E

>

Use tracker to
measure the
momentum p

Tyansition

Radiation

Tracker
transition radiations

. produce higher

signal for electrons

red/blue points are
for high/low TRT
threshold

ratio red/blue is a
reliable discriminant
variable for electron
identification
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Electrons from lonisation in Cosmic Muons [2/2]

e EM cluster (E. >3 GeV) + loose (downward) track match + electron like shower shape

.1314 __,0:30-3__ T | | L B I B 7 e 03— BEaanananns AAARERRARERRRERE ]
;E f ATLAS Preliminary - ;E ATLAS Preliminary -
events 50'25:'._. 2008 cosmic-ray data - F0.25 - 2008 cosmic-ray data _:
2 o 2 E =
_8 0_2|_:_ Muon bremsstrahlung candidates _8 0.2 . lonisation electron candidates |
g L 1 8 signal :
Zoasi | 1229 events with | Eo.1sp . region 85 eventks with 2
o Bl . only 1 track : muon| o " o t;_ac SI. ron
-E-J 0-1 .""""":"‘t ) ““b“r"gm‘s‘s:tl[alhlllung _gj 0.1 [ | IOnISa Ion e eC ron_u
£ R — candidates 1 = ““candidates ]
CO.058Ranz: " - -| S0.05 . | —
E e 1 8 backgroand reglon 1
[am QlmEmme. | | Ll L L. N oLmmm | . i | . , NPT I N
0 05 1 25 3 35 4 45 5 o 05 1 /1 5 2 2. 5 3 3 5 4 45 5
E!p E/p
; Measured
EXpeCted baCkground g : E l Rgrouh All electron candidates
Shape from muon 8 __ E ------- = Electron candidates in background region
bremSStramung CandldateS g E —— Background fit extrapolated to signal region
o — e —
O | ; . ATLAS Preliminar _
5 ol LN 2008 cosmic-ray d ry .
P - ¥ L N cosmic-ray dala  —
= AR _
> i |
: . Z e ' |H =
First observation of B L, all electron 7
electrons in the ATLAS a4l | 4 candidates ]
detector 3 -
2_
- . LI
O_| I I B I cl v b b L [ | _T_
O 005 01 015 02 025 0.3 035 04
. . Ratio of high to low-threshold TRT hits———
J. Labbé, Commissioning of the ATLAS Liquid Argon caiorimeter - EF>-HEF ZUUY 9 16




Conclusion

e LAr calorimeter is completely installed with the other sub-
detectors in the ATLAS cavern
= Very few number of dead channels (< 0.02% permanent)
= Calibration system is exercised regularly
> Calibration constants are stable

e In situ commissioning of the ATLAS LAr calorimeter ongoing
since several years with cosmic muons and single beam data

Incoherent and coherent noise of the full calorimeter system is

consistent with design requirements

MIP energy deposition of cosmic muons has been studied

> variations follow the cell depth as expected

Relative timing is known at the 2 ns level

Pulse shape prediction has been validated with data

Electron from ionisation identified in cosmic muons events

The commissioning of the ATLAS LAr calorimeter
has shown that the detector, calibration system and
signal reconstruction infrastructure are fully ready
for the LHC collisions
(scheduled for autumn 2009)
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Complements
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The Electromagnetic Calorimeter

e Electromagnetic Calorimeter Pb + LAr
= Good energy resolution
AE___10% ®0.7 %
E  JE(GeV)
= | arge acceptance LAF FiEieshis %\ \ {
° Barrel + end-caps : |n| < 3.2 end-cap (HEC) '

> Accordion geometry : uniform
¢ coverage without crack

3 sampling depths (|n| < 2.5)

+ 1 Presampler (|n| < 1.8)

Fi
LAr electromagnetic

= Fine granularity end-cap (EMEC)
2 ~ 174 k channels ~ )
Cells in Layer 3 LAr electromagnetic o~

ApxAn = 0.0245x0.05

barrel

Dr. <
LAr forward (FCal) i

Layer 3 (back)

AnxA@ = 0.025 x 0.050 | ~ 212 %,

Layer 2 (middle)
AnxAg@ = 0.025 x 0.025

o, Layer 1 (front) ~4 X
0031 Surip cells in Layer 1 AnxA(p = 0003 X 01 0
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The Hadronic End-Cap and Forward Calorimeters

e Hadronic End-Cap Cu + LAr
= Flat-plat design
= Coverage :1.5<|n|<3.2

® Resolution :

0
AE_ 50% .,

E  JE(GeV)
= 4 sampling depths
2 ~11 Ain total
= 5632 channels in total

LAr hadronic _A
end-cap (HEC)

LAr eleciromagnetic .
end-cap (EMEC)

LAr electromagnetic
barrel

I LAr forward (FCal) I“&i—— ‘

J

o

()

e,

0]
O

o
0

9]
o
O

0
0

L)
Q
Q

o)
o)

O
O

9]

oje] -

o0 @ Forward Calorimeter Cu/W + LAr

Small liquid argon gaps between
concentric rods and tubes
parallel to the beam axis

Coverage : 3.1<|n|<4.9
Resolution: AE  100%

= ®10%
E JE(GeV) ’

= 3 sampling depths

°1EM(Cu)/2HAD (W)
2 ~11 Ain total

= 3504 channels in total
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Calibration Constants

pedestals and noise ADC — MeV conversion response to current pulse

FEB are read with no F = ADC2DAC All cells are pulsed with
input signal to obtain: x DAC2uA a known current signal:
@ Pedestal x uA2MeV oA d.elaylbetween
a Noise @ Scan input current (DAC) calibration pulses and
, : @ Fit DAC vs ADC curve with a DAQ is introduced
@ Noise autocorrelation first (second) order o The full calibration
(OFC computation) polynomial, outside of curve is reconstructed
[ Typical RMS values ] s saturation region (At=1ns)
w10 Midtn 0
= 9 T O 35001 AR Om;_ :_f"-l_
8zl H’"Irlﬂﬁl'huﬁ"% ,ﬂ"““—wﬁrdlrﬂﬁ'ﬂf%m O s000f | L s
It; <3: mn;_ i d:zuui_ "-._:
4 1mn5_ | 50;
3 1oun;_ u:_»’
2 ﬁnﬂf_ g
! n:"'zﬂn"'aﬂu'"sﬁn'"nliu"iuhd'izhli'-iﬁﬁ'imn -Eu:_" 0200 300 W0 R0 6 T
ou... L R A T B _ a 100 200 300 400.500 600 700
T T emchannat DAC Time (ns)
PEDESTAL RAMP - | DELAY
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Optimal Filtering Coefficients

()= Ag(t-7)+n(t)= afeg (1)~ (1)}+n (1)

Goose coefficients for the expressions: \
N N
U=Zak5k V=Zbk5k
=1 =1

such to minimize o and g, with the constraints:

N

<U> % =:’2akgk—1 Zakg;;_o
\ = At = 24_’%&rc =0 , Ebkgk = /
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noise
autocorrelation
function
/ . N\
2 _
oy, =Var|U |= 2 a,a;R,
ij
- o
o,=Var[V' |= Y bb R,
\ g J
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Calibration Scheme

A known exponential current pulse
is injected at the MB level...

Nal

inj

o L
2
Iphj;l JE M phys
inj i
izi . ]v[uﬂli
Lary gag [

... and reconstructed through the full readout chain.
The actual gain of each readout channel is computed.

— H ) - (] line ——
{] Tine Rw§ CR-RCF o,

The shaper output of the

ionisation and calibration signal

Amplitude | V]

corresponding to the same
injected current is different!

@ Injected signal shape

@ Different Injection point

Shaper-out
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Energy Deposited in LHC “splash” Events

Accumulated energy (Ecell > 56) over 100 single beam events

Layer 2 E (GeV) EM Barrel, -0.8<n<0

- Hundreds of TeV deposited

- Energy flow over the whole EM
calorimeter in the four layers

- Understood 1 and ¢ structure,
top/bottom asymetry

- Allow signal reconstruction and timing studies over the total coverage
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Quality of Physics Pulse Shapes

* The drift time is an important parameter in
the physics pulse shape prediction.

* Also sensitive to the purity of the LA

* Detailed drift ime measurements have
been made with ~350k EM barrel cosmic
pulses with E > 1 GeV taken in 32 sample read
out mode.

1400
1200
1000
800
600
400

T|1:|r 'I|' T |l T

10.04
0.02
0
-0.02
-0.04

200
0

'| |1?r TT[ T T T [1
- 1T

-200

T

4““—.I.Ll.]. |l|.. |Jl.1l J.I.l]ll.]lll.

0 100 200 300 400 500 600 700 800
Time (ns)

._UC_:,, - + : Gaus fit to data ] 1800
3490;— -~ : Pred from absorber thickness meas. _; 1600
=N 1=
4801 — ~|1400
Sarof 51200
E 11000
460 __-
- 311800
450F E
440;— _;
430;— _;
420_1_ -
n

* Drift time varies with n as a result of observed
~100 um shifts of electrode within LAr gap.

» Study has concluded the contribution of the gap
variation to the response non—uniformity is not
larger than 0.3%.
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lonisation Electron Candidates Distributions

@ - T T
Distribution of the energy and pseudo- S o0 ATLAS Preliminary 7
rapidity measured in the electromagnetic 2 | 2008 cosmic-ray data |
calorimeter for the final 32 ionisation < 10 7 7
electron candidates. & g -
E L .
Note that two candidates have an energy Z 6 |
above 50 GeV (and are most likely 42 | ‘ ]
background). - “ “ :
| Ll 1
o) P RPN O [ A R P I
0 5 10 15 20 25 30 35 40 45 50
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lonisation Electron Candidates Shower Shapes

Comparison of shower shapes between electron candidates
and Monte-Carlo simulation of 5 GeV projective electrons
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Detector Status as of July 15t 2009 (details)

e LAr dead readout channels (to be fixed e LAr readout channels w/o calibration
in next shutdown): (constants from phi average of eta
= EMB: 266 of 109568 (0.243%) neighbours):
= EMEC: 129 of 63744 (0.202%) = EMB: 199 of 109568 (0.182%)
> EM tot: 395 of 173312 (0.228%) = EMEC: 350 of 63744 (0.549%)
= HEC: 0 of 5632 (0%) > EM tot: 549 of 173312 (0.317%)
= FCAL: 0 of 3524 (0%) = HEC: 37 0f5632 (0.657%)
> total: 395 of 182468 (0.216%) = FCAL: 1 of 3524 (0.0284%)

> total: 587 of 182468 (0.322%)
e LAr permanently dead channels inside

detector: e LAr readout channels with reduced High
= EMB: 18 of 109568 (0.0164%) Voltage
= EMEC: 11 of 63744 (0.0173%) (correction factor from 1.01 to 2):

> EM tot: 29 of 173312 (0.0167%) = EMB: 7075 of 109568 (6.46%)
= HEC: 5 0f5632 (0.0888%) = EMEC: 2936 of 63744 (4.61%)
= FCAL: 0 of 3524 (0%) © EM tot: 10011 of 173312 (5.78%)

° total: 34 of 182468 (0.0186%) = HEC: 1017 of 5632 (18.1%)

= FCAL: 55 of 3524 (1.56%)
e LAr noisy readout channels (more than > total: 11083 of 182468 (6.07%)

10 sigma above phi average):
= EMB: 19 of 109568 (0.0173%)
= EMEC: 2 of 63744 (0.00314%)
> EM tot: 21 of 173312 (0.0121%)
= HEC: 0 of 5632 (0%)
= FCAL: 1 of 3524 (0.0284%)

> total: 22 of 182468 (0.0121%)
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