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The ATLAS electromagnetic calorimeter

Tile barrel Tile extended barrel

Lead/LAr EM calorimeter divided in 3 longitudinal
Lyl compartments + Pre-sampler in front

 Good energy resolution :
o(E)/E = a/E @ b/VE @ c (with a ~

LAr hadronic
end-cap (HEC)

e e Go i . 0.3 GeV, b ~ 10%, ¢ ~ 0.7%)
5> 2 =+ Good angular resolution :
o(®) ~ 10° rad .
] Sampling 3, .
LAr eleciromagnetic G(n) ~ 510 4 I’ad ( back")

barrel
LAr forward (FCal)
H-T...
n=0
R A
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An x AQ Sl TR -
36-?5”!&:7: NS
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0 Sampling 1
Back 0.05 x 0.025 2 X, ) (“strips”)
~~1 1 | |~ Presampler
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Electromagnetic objects in ATLAS

In ATLAS an electron or a photon candidate is
defined as a cluster of cells in the calorimeters
representing the energy deposit to which we can
associate tracks reconstructed in the inner detector

« Sliding window algorithm to reconstruct the
energy deposits : n, |

>

® T

e The identification of such objects is then based on :

« The shower shape in the calorimeter

« Track quality (number of hits, direction wrt the cluster,...)
e Transition radiation (TRT “high threshold hits”)

« E/p ) er
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Reminder: test beam tests

 The commissioning of the electron and photon performance has started well
before the collisions and the simulation had been compared to

e Test beam

mmmm  Photons \
Deflected electrons (E=50,180 GeV)
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Reminder: cosmic data (muons

 The commissioning of the electron and photon performance has started well
before the collisions and the simulation had been compared to

EM BARREL LAYER 2I :

T T T

ATLAS Preliminary

| 2008 Cosmic muons

e Test beam

—_
o

e Cosmics : selection of muons

... [ cosmicmc e

... —3— Data

dE/(p dx) [MeV/g.cm™3

- Check of the visible energy in the calo

dE/(pdx) , p=4.01glem® o
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Reminder: cosmic data (photons

« The commissioning of the electron and photon performance has started well
before the collisions and the simulation had been compared to

Very good agreement in energy, direction, energy loss of the
cosmic muons (even below ~100 meters of rock) and energy

deposits
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Reminder: cosmic data (electrons

« The commissioning of the electron and photon performance has
started well before the collisions and the simulation had

‘\‘ . ". beencomparedto 20.3I "]llllTIII!IIIIITl|||||||]|T|||III_
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Points of interest for simulation

« Even if well-probed on the test beam and cosmic data, the simulation is still a
crucial element in ATLAS physics analyses since not all electron and photon
performance can be measured on collisions data

« Key points for the simulation of electron and photon shower shapes
« Geant4 physics/tracking
 Geometry description of the sub-detectors
« Conversion of energy loss in calorimeters to visible energy

e Upstream material

 Cross-talk (not part of the actual “simulation” process)

 |dentification also strongly relies on inner detector

« Amount of transition radiation
« Track extrapolation (ID alignment, calo-ID alignment, scattering,...)

see Markus Jungst's talk
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Energy calibration

* One reason why the simulation is sensitive to the knowledge of material is the
energy calibration scheme

« As the initial energy does not fully deposit within the electron/photon cluster, it
IS Important to correct the cells energy sum to improve the energy scale and
resolution

e Our calibration procedure is based on calibration hits
- Store all GEANT4 energy deposits (in active, inactive material or
escaping)
- Parametrize the energy leaks (ouside the cluster, in the dead
material,...) in function of the position, the energy and the shower depth
using this simulation

l

<« Cluster in LAr

electron

o
S
]

Upstream material f Lar Calorimeter
Presampler

e Of course this calibration is strongly dependent on the knowledge of the
upstream material, this is why we need to map it

(((
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Upstream material using conversions (1

* The fraction of photons which convert being related to the radiation length through

the formula

X
Xo

9

= —=In(1 — Feony)

:

The radiation length (and thus the amount of material at a given distance) can be
measured in collision data using the conversions

 Those are selected by reconstructing conversion vertices associated to two tracks
pointing to the interaction point (|z] < 20 mm) passing some identification require-

ments from the TRT (high transition radiation)

 The quality of the vertexing is insured by requiring
D-R -R >0 and x°<2.5

£ SO AT AS PRyl E R T
= 11 Y TORERTRNY | W B %  E 300
400+ X (k¥ {80 T __ I
- &V 7 200f
Y , RS ¥/
300§ i 60 100E% 7Y 2
Y 150 0f
200F =40 1000 AN SO . .
- 130 2005 4 - 30 Little bit not-centered
100 20 5 , -~ 20 beam pipe
- ] -300F e i
- Data I ° - Data 07 ' 10
ﬂ);i...h.,.h.l.j.. ¥ MPPE1 T I 0 _4QQ|I|||| 0
-2000-1500-1000-500 0 500 1000 1500 2000 00-300-200-100 0 100 200 300 400
z [mm)] x [mm]
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U

Entries / 2 mm

ostream material using conversions (2

The three pixel and the first two SCT layers are clearly visible.

Overall there is a good agreement between the data and the simulation.
However, some improvements on the geometry were required

Radial resolution in photon conversions is approximately 5 mm (opening angle
between outgoing electron-positron pair close to zero)

LTTTT I T TT I T TT I TTTT I T TT I T 1T I T TTT I T TTT _l_ T TT | T 1T | T TTT | T TTT | T T TT | T TT | T TT | TTTT |
2501 ATLAS Preliminary ~ -0.626 <1 < -0.100 — . [ * ATLASPreliminary  -0.626 <1< -0.100
B R ; Saom |t o :
200 — I:I MG conversion candidates ] E O : MC conversion candidates 7
B MC true conversions ] uEJ 8000 — r q MC true conversions 7]
150 — N | §
: ] GDQD __ ! __
100 L I 1 ] 4000 __ ! | s 20 1 1 _]
C ] ] B ]
50~ Y&q . 2000 ﬁ % | =
||‘I ; e _ il IPL._ N PR J

00 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
R [mm] R [mm]
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Upstream material using hadronic interactions (1)

* While conversions measure the radiation length, the interaction length can be probed
using secondary hadronic interactions

 Low energy primary hadrons (<p>~4 GeV) interact with material — large opening angles
—p excellent spatial resolution (200-300 um in R and z for radii < 100mm
~1 mm at larger radii)

« Selection based on non diffractive events with large track multiplicity at primary vertices,
but using only those not pointing to them (secondaries)

« Data are compared to PYTHIA6 (AMBT1 tune) simulated through GEANT4, corrected for
a slight difference (~5-7%) in number of primary tracks.
MC is needed for taking into account the strong R- and z-dependences of the secondary
track reconstruction efficiency

S 250001+ Non-diffractive MC Beam pipe - 2 f+Data fLdt~19nb™ -
= 1 Fit - 5 140F -
2 - N (14 = e
€ 20000(- E 120 E
& . . 100 =
15000 - a0k E
10000 N 60| =
. 40 —
5000/ . . .
20_— -
0 i M P L. - - L ‘ n

1 05 0 05 1 Boo 600
Radial Resolution (mm) z [mm]
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Upstream material using hadronic interactions (2)

« Uncertainty on modelling of hadronic interactions in GEANT4 controlled by
studying the vertex yield in a control region

- Using the Be part of the beam pipe (well-known

composition, size and location) $ ol amas ]
o = = \s=7TeV
N ] " Ldt ~ 19 b
— reasonable agreement s F 8 : Dala 2010
u 3 - -Dilt. =
« New versions of the simulation have incorporated % L L .
these results on the material mapping - i
z i Ty
10_6?..” ! 1 o lLr I R
0 2 4 6 8 10 12 14
Y pGeV]
) 7 140 P
£ 145 ATLAS 145 arLas
12~ Data2010 : 120 12 Non-diff. M -
10f \8=7Tev 100 105 V8 =7TeV : E
aE- [Ldt~ 19 nb™ aF E
- E =15
6 6 -
4t 4;— E M
2k 2
0 op ;
e 2 2 ‘of i I j
Beam pipe position Redismm) 4 S 4 A AY S .0.1.0P|).($5$
Local x [mm] Local x [mm]
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Impact on energy scale and resolution

* Precision on material mapping good enough for the calibration aspects
(energy scale and resolution) but could also have some impacts on the
identification discriminant distributions

d 0_05:\ 1T T | L | T 17T ‘ T 17T | 1T T T | L | T 17T ‘ L |:
= ATLAS preliminary —8- Z—ee data =
0.04

= _ - J/'y—ee data =

0.03F Data 2010, \/s=7 TeV ¥ W—ev data E

0.02 = JLdtz40 pb’’ Uncertainty band 3

0.01F | =

Oi— = +++ —i

-0.01F =

002 Relative energy scale difference 3

-0.03  between MC and data vs E E
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Shower shape discriminant variables

 The shower shape in the calorimeter allows for the rejection of a large fraction
of background (O(1000)) .

» Benefiting from the thin granularity and the segmentation of the
calorimeter, ATLAS defined a few variables illustrating the shower
width in eta/phi and its longitudinal extension

7
 Even if the agreement is fairly good, the simulation does not perfectly predict
the key distributions for the lateral development

 This has been observed during the test beam, the cosmics, and the collisions

data-taking
< 40?103|\|_7T\V||i
g 036 ———— ARans e Miaanas S hemecas Y
] osmic simulation = 35— [IHadrons -
S & @ - [ Conversions jL dt~1nb"
 0.3|—®— Data — £ 3o CIPromptelectrons =
= F N E ATLAS Preliminary
 0.05 F-ATLAS Preliminary + E o5F E
L "*““' 2008 Cosmic-ray data + g
§ - '_ 3 20E
i - : 15
0.15F = 100
- + . F
01 . + — St
. = middle R : 0"
SUrips 0.05F * r Q 15l
F compartmeng, T =y PR
= = - h—“‘.ﬁ.l—l—m‘!“..:.: P I T I A I :’w ® 05: ¢—0—_L-0—0-++ :
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LAr absorber simulation

 We have tracked down that a large part of the disagreement was due to an
improper simulation of the EM calorimeter absorber

» Real absorber is a sandwich Iron-Glue-Lead-Glue-Iron but it was described as a

blended material made of Lead, Iron and Glue
Detailed geometry Blended geometry

* Running the detailed simulation costs an CPU time increase (30-60% for EM
showers) but S|gn|f|cantly |mproved the agreement.

_______ " m LIS L B I
8 15m_ATLAS Prellmmary % 1800 ATLAS Prellmmar}f

_l.ll.l.l
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E - Zee . ¢ : Z-vee 3
5 12000 . pats - £ 1400 f + Data
u - 1 & -
1000 [JG4.9.2 | W o1200F == [Cces2 R
800~ [1G4.9.4, new geo. 5 . 1000 [ G4.9.4, new geo. =
| 800} + :
600 +
- n Bm‘_ -
— ——
9001 . E 400 EL.-

200 g 31 200F
0 R ' ;

0. 0.2 0.94 0.96 0.98 1 0.[607 0.008 0.009 0.01 0.011 0.012 0.013 0.014

W2

lF;',"I . . .
« Have checked impacts of cross-talk, material, geometry (accordion, sagging,...),
misalignment,... Unfortunately, yet no good explanation for the remaining
discrepancies.
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High-threshold probability

Impact of other aspects of simulation

To select the electrons, we usually cut on many variables and correct the MC
predictions by data/MC scale factors measured using T&P-based methods
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Certain regions exhibit higher efficiencies in data than in MC. The reasons are
Ny understood and a Iarge part of the effect IS due to the transmon radiation modelllng
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Conclusion

* This talk focused on the slightly imperfect aspects of our Monte Carlo but the
ATLAS simulation is actually doing a very good job !

 The few discrepancies we have noticed between Monte Carlo and data have
generally been tracked down to simulation imperfections (GEANT4
absorbers modelling, amount of transition radiation,...)

« Other issues are being improved with time and statistics (today using O(4M)
W, O(1M) Z and O(70Kk) J/Psi probes)...
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