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@J Outline

* Electron Calibration for the ATLAS
electromagnetic calorimeter at the
Combined Test Beam (CTB) 2004

* Intercalibration between the energy scale
of the electromagnetic calorimeter and the
momentum scale of the Inner Detector

* Bremsstrahlung recovery using the cluster
position in the calorimeter
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ATLAS b

General purpose experiment at
the LHC (Large Hadron
Collider at CERN)

Experiment designed to
discover new particles up to =
several Tev N e e = S,
 Higgs Boson |
e Supersymmetry
e Quark substructure

[ ? ’ “‘l .N N ile calorimetel
Precision measurements L\ 178 e\
----------------------- LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker
W boson mass Semeoncctor e
e Top quark
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Primary task

* Energy measurement and
identification for electrons and
photons by absorption

Lead-Liquid Argon sampling
calorimeter
Accordion geometry

e Seamless azimuthal coverage

Three longitudinal layers plus
presampler

Electron energy measurement
important for many interesting
physics channels

e H—e'*ee'e
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@J Combined Test Beam 2004

 Complete segment of
the barrel part of

ATLAS including
components from all

subdetectors exposed

to electrons, pions,
photons, muons and
protons

* This talk is focused
on electrons only
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Combined Test Beam 2004 Setup @

View from the side Dead material
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@V Beam Line of the
i Combined Test Beam 2004

View from the top

Beam dump
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Electron calibration
Calibration Hits Method

Parameterizations of all energy deposits (Monte
Carlo simulation) by measured quantities

Apply these parameterizations to data

Sufficiently good description of the data by the
Monte Carlo simulation required

e Material description of the detector in the Monte Carlo
simulation

Adjust absolute energy scale (correction on the
percent level)

* Known physics process, e.g. Z boson decay

e Intercalibration with Inner Detector (E/p)
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Electron calibration
Calibration Hits Method

)

ne»r-=p

material in front material between the PS
of the calorimeter and the Strips (cables,
(ID, LAr cryostat) electronics, LAr)

ener energy deposited
depos%éd between the PS and the out-of-cluster leakage
before the PS Strips energy energy
PS accordion
energy energy

9/22



o Electron calibration
AV Calibration Hits Method

Ereco _ a(E) + b(E)E;i_lAr + Sacc(E Eicl_lAr) A (1 + ﬁeak)
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@V Combined Test Beam 2004
)\ | inearity without magnetic field =0.45

* Requirement dros M .
e Linearity 0.5% 13
* Linearity 0.02% & I
around Z peak 0.0k
 Monte Carlo simulation osel’
(consistency check) e —r
e Linearity 0.2% Foeam (GEV)
for 5-100 GeV/c §1.03j > B parameterization
° L|near|ty O 5% §E§1_02:— Data o X,can Parameterization
for 1-100 GeV/c L1.01-
- : l . !
« Data after scale 9;51 A P
. 0.991 T .
adjustment ogj to %
° Llnearlty 05% 0-9751 ‘ o energyscaleuncertalnfy 2
for 1-100 GeV/c ’ 10 10

Epeam (GEV)
e Dominated by Data-MC
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@V Combined Test Beam 2004
2 Uniformity without magnetic field

* Uniformity investigated

with 180 GeV/c
electrons at different n

positions at ¢=0 Sk
. & 181F
(middle of the module  fwst

w

used in the CTB 2004) " ege0e**

179f

» Obtained uniformity is ™,

8 0.! 0.2 0.3 04 0.5 055?4unuwu

0.32% "
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@V Combined Test Beam 2004
1 Resolution without magnetic field =0.45
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* Requirement after noise g B L oma i perametraton
subtraction (193 MeV) S ! R
« Stochastic term 15E vy Noise
* 10%GeV"?/sqrt(E) o ! included
* Local constant term i P .
© 0.2% S ST
- MC simulation for 2-100 GeV/c g 10 . ol
« Stochastic term -
« (9.7£0.1)%GeV"?/sqrt(E) g ::j e —
e Local constant term gl D e r—— o
° (0 . 2 i O ) 2 )0/0 12 ;, » MCIX, parameterisation] — -...... g/E=(9.7 =0.)%NE® (0.2:0.2)% |
+ Data for 2-100 GeV/c ™ o
e Stochastic term
. (10.240.4)%GeV"2/sqrt(E)

 Local constant term
« (0.2+0.1)%

Eyeam (GEV)
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* Requirement
e Linearity 0.5%
 Monte Carlo
simulation
(consistency check)
e Linearity 0.1%
for 20-100 GeV/c
« Data after scale
adjustment

e Linearity 0.3%
for 20-100 GeV/c
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@V Combined Test Beam 2004
)\ | inearity with magnetic field at n=0.45
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X

Combined Test Beam 2004
Resolution with magnetic field at n=0.45

Requirement after noise
subtraction
» Stochastic term

« 10%GeV"?/sqrt(E)
* Local constant term

e 0.2%

‘—;| E

Yl o =
w| 8 -
© W 0.045H

MC simulation for 20-100 GeV/c

e Resolution too good for
Pream™00 GeVic

» Stochastic term
¢ (9.7+0.1)%GeV"?/sqrt(E)
Data for 20-100 GeV/c
» Stochastic term
. (10.1£0.1)%GeV"2/sqrt(E)
* Local constant term
e 0.2%
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Intercalibration with E/p
Procedure

Consider E/p,,, and p,.,./p as random variables
Parameterize E/p,, , and p;. /P

Parameterize E/p by an integral of the joint distribution of E/p,, . and p,../p
« Factor the joint distribution of E/p;,,. and py.,/P (Backup)

E/ptrue

* ptrue/p
* Correlation

Compute correlation from MC and apply it to data

* Knowledge of p;,, hecessary

e Material description important
Fit E/p model to observed E/p distribution

e Parameters in E/p model reflect the properties of E/p; .and py../p distributions
Momentum scale of Inner Detector set by the magnetic field

* Measured very precisely in-situ for ATLAS

e Use relative scale between E/p, and p;./p distributions to translate momentum
scale into energy scale of the calorimeter
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Without
Correlation

o 0.14

Z|=
_UI.IJ

—|z 0.12

E/Ppeam. Poeam/P @Nd E/p without /with %
correlation for CTB data 50 GeV/c
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Intercalibration with E/p
Combined Test Beam 2004

« Tested described method to
extract the relative scale between
the inner detector and the LAr b ¢ o
calorimeter using E/p with data :
from the combined test beam .

* With correlation btw.
E and p relative scale factor can g ]
be extracted with a precision L
better than 0.5%

« Correlation absolutely needed for
Pream < 90 GeV/c

» This is the most interesting range o me
fOI’ W%e’v 101

» Description of the correlation ;
should be more difficult for the i ¢
CTB 2004 than for ATLAS g

e Material in the beam line N
Pocam (GeV/c)
* Less compact geometry
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m/i

i Without
] correlation

-
L1l | |

Pocam (GeV/c)

m/i

@ Data

- With
: correlation
from MC

O
B -
L1l 1
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Bremsstrahlung recovery

Main idea

* The barycenter of the electron and photon clusters, weighted with
the respective transverse energy, should be the same as that of
an electron without any bremsstrahlung activity

radiated photon

ideal electron position in LAr

actual electron position in LAr

Implementation
e Dividing the (Silicon) track into two parts

» Refitting only the part close to vertex together with the (3x7) LAr
cluster position as an ordinary hit.
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@J Bremsstrahlung recovery
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[ EL: LARGE XBREM 1/PT | Entries 5048

* Amount of
Bremsstrahlung activity

Mean  0.08195

. Data: Reconstructed RMS 0.02707
MC: Reconstructed

. Data: corr. w/ single 3x7
MC: corr. w/ single 3x7

e Xbrem := Phi distance of
the cluster to the o 20 GeV/e
extrapolation of the track to
the calorimeter (Backup)

-t~

* Events with large Xbrem T oo ot or bz o b L
> 20 mrad (20 GeV) [_EL: LARGE XBREM 1/PT_| Eniries 4724
> 5 mrad (50 Gev) '

« Even for events with e

heavy Bremsstrahlung
activity, peak structure -
and position is recovered

i, P R TP A o o
00 0.01 0.02 0.03 0.04 005 0.06 0.07 0.08
1/PT (1/GEV)

50 GeV/c
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@J Bremsstrahlung recovery

EL: 1/PT Entries 16667

 Significant tail due to o

i------- Corr. w/ single 3x7 cluster

1200(—
o i === Corr. w/ combined 3x7 clusters|

Bremsstrahlung MC

« Removed by 20 GeVie
Bremsstrahlung

200

recovery S .
% 002 004 006 008 0.1 012 014 0.16 0.18 0.2
1/PT (1/GeV)

« Peak structure and

Mean  0.06427

800}~

g . 6000
osition is recovere L =
p o i------ Corr. w/ single 3x7 cluster
5000( i----=-~ Corr. w/ combined 3x7 clusters
4000| D
. ata
3000}
i 20 GeV/c
2000
1000

pepabegtiyBH L L | T ey ) L s
00 002 004 006 008 01 0.12 0.14 0.16 0.18 0.2
1/PT (1/GeV)
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@AV Conclusion @

 Combined Test Beam 2004 showed that the
Liquid Argon Barrel (n=0.45) calorimeter will work

according to the requirements with realistic
amounts of upstream material and a magnetic
field

* |Intercalibration with E/p validated at the
Combined Test Beam 2004 with an obtained

precision of 5%o

* Bremsstrahlung recovery can be used to recover
the initial electron momentum even for events
with heavy Bremsstrahlung activity

22/22

npr-=p



nr»r-=p»




Modeling of E/p for the CTB 2004

¢ RandOm VarlableS e:E/pbcam

q =pbea7n/p
r=e€-q
. . . i T 1
 Distribution for E/p R<">=/_mf<E,Q) () 3 @

R(T; Qey Ny ey Oc, aqa nqa Hg, aq) -

< T T 1
E 3 Qg My Hey O¢ W; Qg, Ng, ) C —, W) dw
/;OC (,w pe; 0e) Q( gs Tqs Bqs Og) (,w )w

 Correlation C(e,q) = J;E(’S)SE;)) computed bin-wise
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Joint distribution (MC and data) and
= correlation (MC) for 20 GeV/c
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E/p without /with correlation
for ~ /Data 20 GeV/c
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Bremsstrahlung recovery

 Amount of
Bremsstrahlung
activity

Xbrem := Phi distance
of the cluster to the
extrapolation of the
track to the calorimeter
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[ EL: TRACK-CLUSTER DISTANCE | Entries 24680

2000[-
1500(-
1000}

500

2500

LT

o ¢ ata: Reconstructed

Mean 0.00472
RMS 0.009918
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—| MC: Reconstructed

-0.03 -0.02 -0.01 O 0.01 0.02 0.03 0.04 0.0

TRACK-CLUSTER DISTANCE (RAD)

EL: TRACK-CLUSTER DISTANCE | Entries 16993

2500 :—
2000 S
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¥ Ty
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L ¢ ata: Reconstructed

Mean 0.003993
RMS 0.009438

20 GeV/c

— | MC: Reconstructed

0 0.01 002 0.3 0.04 0.65
TRACK-CLUSTER DISTANCE (RAD)

50 GeV/c



