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The ATLAS detector
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25m

Tile calorimeters

. LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters
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Toroid magnets

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker



The ATLAS detector

Coordinate system: (nN=—1In tang,d),z) dR=1d nN'+doe’

where n is the pseudo-rapidity and ¢ the azimuthal angle



The LAr electromagnetic calorimeter



The calorimetric system

Tile barrel Tile extended barrel

LAr hadronic

end-cap (HEC)
LAr eleciromagnetic - Soae r
end-cap (EMEC) — »

N
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LAr electromagnetic - vy

barrel

LAr forward (FCal)

LAr = Liquid Argon



LAr electromagnetic

Cells in Layer 33
Apdn = 0.0245x305
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Strip cells in Layer 1
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3 samplings : S1 (= strips), S2 and S3



Readout Crate {60)

Front End Crate (60}
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Electronic calibration procedure
and the Automatic Validation Tool

> Several times a week, calibration runs are
taken.

> The validation consist in choosing a reference
run and check the stability for each cell
(pedestal, delay, ramp and autocorrelation).

> The stabllity depend on: the solenoidal and the
toroidal magnetic field, the temperature, etc...

> |t Is done using the Automatic Validation Tool
(AVT).

> Update the calibration database if needed.
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Electronic calibration procedure
> AP (Automatic Processing) : reconstruction of

call

> AV

oration runs

cells (pedestals, etc...)
> ECalDB : database
> EcalDBConsole : console

Run

" (Automatic Validation Tool) :

id INT

campaign INT (FK)
date_start DATETIME
date_stop DATETIME
type ENUM(...)
partition ENUM(...)
gain ENUMCH! ML)
toroid FLOAT4
solenoid FLOAT4
dq_flag ENUM(...)
flag ENUM(...)

Campaign
1 1 # TINYINT
=id INT
/ sl TINYINT
L= 677 Channel
h FLOAT8
| |cate DATETIME Tdcampaign INT (FK; e
I By energy_m FLOATS
type ENUM(...) L -
= sub_sub_partition ENUM(...)

stability of

Feb
P
el Gampaign INT (FK)

sub_sub_partition ENUM(...)

ntuple VARCHAR(45)

toroid_status ENUM(...) i temperature FLOAT8.
solenoid_status ENUM...) oh TINYINT deviation1_h FLOATS
ite ENUM('YES'/NO) ' h FLOATS
composi !

dq_flag ENUM(...) SHTINYINT deviation3_h FLOATS
e RN deviation4_h FLOATS

flag ENUM(...) deviation1_h FLOAT8
deviation5_h FLOAT8

db ENUM(...) deviation2_h FLOAT8

energy_| FLOAT8
fE TINYINT

deviation6_h FLOATS

deviation3_h FLOATS -
e FLOATE deviation7_h FLOATS
eviations_| deviation8_h FLOAT8
deviation5_h FLOATS e "

AVT

AP

ECalDB

Root files
tuples & plots)

a6

ECalDBLib

Fichier Edition Affichage Rechercher Terminal Aide
Warning in <TEnvRec::ChangeValue>: duplicate entry <Library.vector<unsigned-sho
t>=vector.dll> for level @; ignored

Warning in <TEnvRec::ChangeValue>: duplicate entry <Library.vector<unsigned-int>|
=vector.dll> for level @; ignored

Warning in <TEnvRec::ChangeValue>: duplicate entry <Library.vector<unsigned-long
==vector.dll> for level @; ignored

warning in <TEnvRec::ChangeValue>: duplicate entry <Library.vector<float>=vector
.dll> for le " © ¢ '
warning in <

r.dil> for U Ecal DBCO“SOIe

RooFit v3.12

Nles=vecto

NPy AYnL \nf cuuy euus man p viaversscy ur weesuad & Stanf]
ord University
All rights reserved, please read http://roofit.sourceforge.net/1

k

icense.txt

welcome to the Electronic calibration DB Console (beta)
Please repport bug to: jerome.odier@cern.ch
julien.morel@cern.ch

help(), help(<function name>), Ctrl+D to quit

> 1



ECalWebDisplay

Fichier Edition Affichage Historique Marque-pages Outils Aide

« v E ﬁ |lE] s e https://lar-elec-automatic-validation.web.cern.ch/lar-elec-automatic-validation/cgi-t v] Aucun- [,-']v Google @
[ le| ECalwebDisplay | + v
(]

Campaigns information

Reference campaignid=44Fri, 01 Apr 2011 11:85WEEKLYEM EMBPS HECFCAL OFF OFF UNDEFINED YELLOW
Compared campaign id=48Thu, @7 Apr 2811 15:22 DAILY EM OFF OFF UNDEFINED GREEN

Validation plots

[AUTOCORR] [PEDESTAL] [NOISE] [RAMP]

Deviating channels

Table summarizing the deviations (normalized to threshold)

48 3=deadReadout/deadCalib History
EMBA 1 5 1? 49 3=deadReadout/deadCalib L L L L History
EMBA 1 5 18 50 3=deadReadout/deadCalib L L L L History
EMBA 1 5 19 51 3=deadReadout/deadCalib L L L L History
EMBA 6 10 54 118 4=deadPhys L L L L History
EMBA 7 6 83 67 @=None 1.185 - - - History
EMBA 8 8 111 99 4=deadPhys L L L L History
EMBA B & 115 99 4=deadPhys L L L L History
EMBA 9 3 0 16 @=None - - - ~1.839 32.287 History
EMBA 9 3 64 16 @=None - - - ~1.878 32.931 History
EMBA 9 4 1 33 4=deadPhys L L L L History
EMBA 9 8 74 98 4=deadPhys L L L L History
EMBA 14 9 64 12 4=deadPhys L L L L History
EMBA 19 8 4 96 B=None -1.225 -1.898 -2.989 L 1.629 5.788 11.211 1.814 1.587 History
EMBA 19 8 3 97 B=None -1.477 -1.209 -2.785 _ -1.897  4.580 21.664 14.394 1.251 1.476 History i

Terming & #  Proxy: Aucun



Low energy
Vs=7TeV data (2010)
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Low energy (E~500MeV)

* | worked on low energy photon reconstruction.

..M »cCell cluster reconstruction (seed

- | =topological cluster => fixed size

4 cluster 3x3).

11 2Cell cluster energy calibration

-1 (longitudinal weight method).
>Inner detector track-cluster

I association.

Ad = 0.025

An = 0.025

e Photon ~ cluster with no associated track.
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Low energy (E~500MeV)

» | worked on low energy photon conversion
reconstruction y —e” e".

e+

- .
- -

-
el S b i
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Low energy (E~500MeV)

> | worked on low energy photon conversion
reconstruction.

(1)We select single tracks (inner detector).

(2)Conversion candidates are then created by
pairing oppositely charged tracks.

(3)Photons are massless therefore the emerging
tracks have to be parallel at the vertex (small
opening angle, D-R1-R2-0).

(4)The selected track pairs are fitted to a
commohn vertex with the constraint that they
be parallel at the vertex. The quality of the flt
IS evaluate with the y2.






Periods A, B, C

1% application : neutral pions

« The m° meson has a small mass of 134.9
MeV/c? and a short mean lifetime of 8.4e-17
second (decay at interaction point).

« |ts most common decay mode:

> Three situations have been studied:

: 0
- no photon conversion: T =y Yy
. 0 + -
- one photon conversion: T —yy(—e e )
. 0 + - + -
- two photon conversions:it —»y(—e e )y(—e e )
1
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neutral pions Vs=7TeV
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0
Good agreement for both mass and width. m _ [Mev]

[ ] Nondiffractive minimum bias MC, n” signal
[ Non diffractive minimum bias MC, background
——f—— Data 2010 (=7 TeV, L = 414.8ub™)

Fit to data

--------- Background component of fit

100 150 200 250 300 350 400 450 500

Fit = Gaussian + crystal ball + 4™ order Chebyshev polynomial.
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“The n-uniformity better than:
» 2% In the barrel,
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neutral pions vs=7TeV

0 + -
T oyy(—ee)

< 60000 T T T T < 60000
§ - e Data 2010 Ns=7 TeV) ] § - e Data2010 fvs=7 TeV)
- [ Monte Carlo . - [ ] Monte Carlo N

1 500001~ @ Truth-matched bkgd . 050000 DNA [ Truth-matched bkgd o
L0000} ATLAS = 240000} ATLAS =
o - work in progress o - work in progress
L B w N

30000F 30000F

20000f 20000

10000 e 10000[

50 100 150 200 250 300 350 400 OU 50 100 150 200 250 300 350 400

M. e o) (MeV) My e o) (MeV)

« The DNA (Dynamic Noise Adjustment) track
fitter have been used to apply Bremsstrahlung
corrections.

> The mass Is closer to the PDG one and the
resolution is improved.

« The simulation is larger than the data.
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neutral pions : conclusion

« Both mass and width are in agreement
with the PDG values (better than 1%).

 The (n,p)-uniformity is better than 2% for
both barrel and end-cap.

20



Period D

2" application : material mapping

v Converted photons can be used to study the ID
geometry in R, n and ¢ and to provide radiation length
estimates :

y—e e

v Basic method: the quantity of conversions
depends on the material density.

X 9
o __1I1(1 = Eruuv)
X, 7
Nruuu Fecomb ' mi 1
Ff_'urn-' —
Ntut EKD(“TKgﬂ“{up)

21

v Goal estimation ~1%.



GEOMETRY GEO-10-00-00

v For now focus on conversions fully contained in
tracker barrel, |n|<0.6255

» Important differences for the pixel supports !

& 400

e T 4
%300?— g ATLASPreIImlnary _'!3'5

200
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-100-

" Data /

-200
-300
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o

100
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Period D

GEOMETRY GEO-16-00-00

v For now focus on conversions fully contained in
tracker barrel, |n|<1

v Better agreement !

— 400 e g 20 = 400 e

£
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ATLAS-GEO-10-00-00
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GEOMETRY GEO-16-00-00

IIIII[IIIIIIIII1|EII1|!III|I[II|

e g s00 << 20009 EMO0OET e Gh00 << 0626 -
«  Daa 3 12000 «  Dat g
[ MC conversion candidates . % - . [ MC conversion candidates N
MC true conversions 4 50000 . MC true conversions =
3 8000F 4 =
3 eooof | | =
1 4000 . -
u F o ]
—; Zﬁﬂﬂﬂ -
150 200 250 300350 20c 050 100 150200 250" 300 330 400
R [mm] R [mm]
Layer Purity Efficiency Material (Data/MC)
BP 0.994 0.100 1.00 £0.15
BL 0.995 0.114 1.04 £0.12
P1 0.996 0.085 0.93+0.11
P2 0.997 0.113 094 £0.11
PST* 1.000 0.093 0.97 £0.13 75
SCT1 1.000 0.043 092 +£0.13



Validation of shower shap variables
with cosmic muons (2009)
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Shower shape variables

St
Y-

~ >

» Electron and photon identification done from
shower shape variables.

* For S2 (for instance)

* Reta : ratio of the energy in a 3x7 cluster and the
energy in a 7x7 => eta extension

 Rphi : ratio of the energy in a 3x3 cluster and the ,,
energy in a 3x7 => phi extension



Shower shape variables

g [ 1 Zee

'EH] e

8 [ -+ FondQCD

S F

T"1ﬂ’2:—

5 E %
s F .
109

E .
10

g v "

- b $ %
10°E f ﬁ
1ﬂ-ﬁ 1” I | I | 1 i I 1 | | I i I 1 I | [ [ r

0.2 0.4 0.6 0.8 1 1.2

* For S2 (for instance)

e Reta : ratio of the energy in a 3x7 cluster and the
energy in a 7x7 => eta extension

 Rphi: ratio of the energy in a 3x3 cluster and the
energy in a 3x7 => phi extension



Shower shape variables

.

» Electron and photon identification done from
shower shape variables.

 For S1 (for instance)

* Fside : energy outside a core of 3 strips

Fside — E:

:3_E:

1/ E-

g R e e
[ "

St
Y-

=
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Shower shape variables

Cells in Layer 33 Cells in Layer 33
AdxAn =0.0245%0.05 AdxAn =0.0245%0.05

Trig Tri
S Towe, }‘\ Sse Towe,
2Xo }\ An<g; 2Xo An=g;
Q /\

—] ” —]
ey N @f g

<
@Q 4.3X, //////////‘ , I . 43X, ////////////‘ . /3:/\/\/\/\4
BN

’ %QQ& 1.7X, %

—L__ N
/ 7 ‘
, Av‘N‘ £ quare cells in
J\ 4~ Layer 2
7
Ui Ap =

N AN, u
% '
N
= =
37.5m =0. 37.5m An=0,0, ?
Ann/g <469, Arn/g <460, 5
N=0. e M=o, i
0031 Strip cells in Layer 1 0031 Strip cells in Layer 1
N N

=> |mportant effect on Fside. 20

T Tri
T Towec

—

A9=0.024s, 0

Bmmy
44
i =1473,
cells in m




Cosmic muons
2008 (before pp collision)

 Method: select « collision like » cosmic muons:
projective muons: small zO and small impact
parameter dO (relatively to (0,0,0) ).

d0<220mm
f1<20%
..% i 'f_ r S . g:ts:lic simulation
3 P ey Single photon simulation
© ATLAS Preliminary
.E 10" . 2008 Cosmic-ray 1:i’sn‘a_E
A -
+ " ;
10-3 |§_é | ! 1 | ! 1 ! | ! ! ! | ﬁ-“ *++ ] 4| I | | 3
>Full selection not describe here. 0 02 Q04 06 08 1

f1 - Fraction of energy in the strip layer



Cosmlc muons

o 0.25 —— —— o 0.35 T T T 1 =
= Cosmic simulation + : = Cosmic simulation -]
] =
% #— Data ] ﬁ; 0.3| —*— Data —]
5 0.2 -1 B = A B
o [ ATLAS Preliminary $ 1 < ox F_ATLAS Preliminary - -
& B 1 &5 0.25[F i =
= [ 2008 Cosmic-ray data 1 = - 2008 Cosmic-ray data 4 :
© L - ® e .
= 0.15 : +_ ] £ 0.2 :_ _:
e . 015 —
0.1 = & ]
E + ] - + 5
B + + 2 0.1 + —]
0.05[ T - + 2
E ++ * | 0.05 + 7
ke . - = - i
B I.i’:..- T N T T O T 1 ;.:‘M—h-i—l—.l_- |2 '.T'i ol e o o 1 o el geiig Lpige  ugaplgld
8506 07 08 09 1 11 12 13 B e 0o T peenergeers
Ratio of energies in 3x7 to 7x7 in nxg Ratio of energies in 3x3 to 3x7 in nxgp

= 0.16— I I | o Cosmic simulation, top ¢=0 £ £ 0.16 :— . ] L Cosmic simulation, bottom p<0
0.14 E_ —a— Data, top g=0 | E 0.14 E_ —a— Data, botiom p=<0 ]
S 012 :_ ATLAS Preliminary _: 5 0.12 :_ + ATLAS Preliminary _:
i + 2008 Cosmic-ray data g5 k2008 Cosmic-ray data 1
01 + — @ 0.1 —
= ] s n ]
0.08F ++ + +++ ~ 0.08F ++ -
0.08 _+_+ + = 0.06f- ++ E
0.04 + + — 0.04 + | ++—+—_+_+ —
0.02f- + + - - 0.02f- - + —
D : 1 *+. L PR T T T T T TR T N T T | I .+ : ':I :H- L M M T PR T [ -+.- 1 .+: .+ L1 : | :.

0.2 0.4 0.6 0.8 1 1.2 1 4 0 EI E 0.4 086 0.8 1 1.2 1.4
E-IIJE FSIdE'

Good agreement data/MC.



Higgs search preparation
H->7Z7->4| (I=e,|)
Vs=7TeV data (2011)
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H->Z7->4]
H->4| (H->eeee, H->pupp, H->eepp) is the golden

channel for ATLAS.

100

GRS SO IR AN AR M
10—1

2

—p—

o

s 2

ap —c E

E 10 5

s

Q

o

S -

m 1073 L
10—4 I i \I | [ | I T | | | III|IIII|II

100 200 300 500 700

O(1) fb* expected to discover the Higgs... e?



Higgs - Electron study
Vs=7TeV

* | am working on the reconstruction of Z bosons
supposed from Higgs boson in the channel
/- e'e.

D

B T

= N ATLAS Work in progress J @ - ATLAS Work in progress
O 3000F +Monte Carlo — o 3000 +Monte Carlo -]
- = gIMonte Carlo bkgd — - fMonte Carlo bkgd 5
o 2500 <Mee>: 89.70 £ 0.06 7
e x ]
o
1

75 80 85 90 95 100 105
Mee [GeV]
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Higgs - Electron study

 We keep only isolated electrons from Z
(to reject jets for example).

* | am working on the electron selection.

- Y Etcone®®’/pt<0.3 (calorimetric isolation)
- S ptcone®®’/pt<0.2 (tracking isolation)

S © ATLAS Workin progress

@ —4- Data 2011 Ns=7 TeV) =

'é — Monte-Carlo |

@ Monte-Carlo truth matching

5 o
e
ST
f'&\‘.’ S
S
et e Fete
S
e

0.3

0.4

etcone20/pt
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Efficiency

Efficiency

|solation efficiency

1 .05 [ T T T T I T T T T I T T T T I T T T T I T T T T I T T T T ]
s ATLAS Work in progress ~ * all ]
1.04 — - D,:J —
- -#- Track Iso ]
1.02— # Calo Iso ]
0.98]- -
0.96 —
N - a ]
0.94F - —- 5
0.92F -
0.9 . PR [T T S S NN ST ST T RN TR T S TS ST S N S S |
0 10 20 30 40 50 6
p. [GeV]

1.06 L e I ]
s ATLAS Work in progress ~ * all ]
1.04 [ L Do -
N ~#- Track Iso ]
1.02— # Calo Iso ]
0.98F -
0.961 —
0.94F =
0.92 -
0.9 - P T NS W S NN T SN SN T N SO AT T S TR S S NSNS :
-3 -2 -1 0 1 2 3

n

Ratio Data/MC

1. | T T T T | T T T T | T T T T I T T T T | T T T T T T T T ]
- ATLAS Work in progress ~ *all ]
| a0, -
1.0151- & Track Iso ]
B # Calo Iso _
1.01F .
1.005}- .
1+ =
0.995[- —
- | 1 ] | MR .

D'ggﬂ 10 20 30 40 50 60

P, [GeV]

1.05p I I LA L L ]
- i - gl .
1.04F ATLAS Work in progress . D, =
- -8 Track |so -

1.03 = - Calo Iso =

1.02F =

1.01F -
1E- =
0.99F =
0.98F =
0.97F =
= | | | P =

0-963 2 1 0 1 2 3

n
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Full Higgs reconstruction process

> Finally, | am working on the full higgs
reconstruction process.

p-1D
Cosmic Cut

Kinematics

Algorithm
e-1D

Kinematics

e-p

Quadruplet Selection
(DILS)

Kinematics

Primary Di-Lepton
Mass

Secondary Di-Lepton
Mass

AR of leptons in the
quadruplet

Physics Object Selection

|dpl = 1 mm (where dp is relative to the primary vertex)
pr=7 GeV, |n|<2.5
Electrons

Author =1 or 3
Medium
Er= 15 GeV (EM cluster energyftrack direction), |ncuster]<2.47 (including the crack region)
Mot Available yet

Overlap Removal

Electrons sharing the same ID-track with a muon candidate are removed. Recommended: el_track[d0, z0. phi. goverp] and
mu_muidfstaco_id_[d0, z0. phi, goverp].

Il selection

Two same flavour (SF) and opposite sign (O5) lepton pairs. Within a quadruplet, the SFOS pairing that give the mass closest to the
Z-boson is considered the primary di-lepton. and the other the secondary di-lepton

Quadruplet should contain at least two high Er leptons, with ET=20 GeV.
Following comment in CDS we should consider matching at least one of the leptons in the quadruplet to the trigger object

Imz - my 1o | < 15 GeV

Please refer to the table

MinfAR (1 [)]=0.10
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Full Higgs reconstruction process

Track Isolation All leptons of the quadruplet should have relative track isolation [cone AR<0.30] less than 20%. Contribution of overlapping leptons
from the quadruplet is removed for AR=<0.30

Calo Isolation All leptons of the quadruplet should have relative calo isolation [cone AR<0.20] less than 30%. The contribution of overlapping
leptons is removed for AR<0.18 [see section 5.2.1 of the note]

Impact Parameter |dalfofdn) applied to the two lowest pr leptons for my < 190 GeV. For electrons <6, for muons <3.5. Recommended variables :

Significance el trackdOpvunbiased & el _tracksigdOpvunbiased and mu_* trackdOpvunbiased & mu_* tracksigdOpvunbiased

Mass Window For the final quadruplet mass calculation a £ mass constraint is applied

Currently : six H->eepu candidates !

39

TODO: Study the background: electrons from b quarks.
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