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© Motivation

Motivation

Photon identification is crucial for
physics analysis in ATLAS

| |

Numerous complex effects are
involved (cross-talk, electronic
noise,...)

Is G4 able to reproduce
correctly photon in the Ecal?

| |

Compare data (taken on Ecal barrel in August 2000)
to a G4 simulation taking into account those effects
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The Photon TestBeam experimental setup
1. Technical description

Beam pointing to
7’ h=28,f =10 position

Magnetic field
(4 Tm)

® Testbeam setup & simulation

( 25m )
178 GeV electron beam
O e- giving a photon _ 3060 S
e- only deflected (E, = 178 GeV) d= E
Photons €
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The Photon TestBeam experimental setup
2. Triggering & event filtering

178 GeV electron beam

O e- giving a photon
e- only deflected (E, = 178 GeV)
Photons

Magnetic field
(4 Tm)

® Testbeam setup & simulation

Target
(Pb, Al)

BC1
S1 v Converter

( ~ N

TriggerU S1US2
Multiphoton rejection U Converter + S3
Beam profile U BC’s

A

\
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The Photon TestBeam experimental setup :
3. G4 Modelisation |

<Simulation developped with G4 release 4.4.1
«BC’s & scintillators (except S3) were not added

® Testbeam setup & simulation

(negligible thickness) and G.Graziani G 1
modifications were not applied. ' |
<Material present (accidentaly) in the beam in : :
2000 is added | |
I |
| Z |
I_ ————————————————————————— 1| o I
| Magnetic field : : 3 :
l (4 Tm) I @) N
| Target I Q. Y
| (Pb, Al) | c ! \\
(I |
/’: |:| I ‘ ' ® '
I ] |
: S3, | I
: I |
: (I |
. 3 |

Already done (see ,,'
_____________ G. Parrour’s talks)
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5 Calibration

g 1. Crosstalk so0F
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Energy deposit

600f

500f

aum:

Strips units 3'?“:

200F

Only x-talk from closest neighbours :
in the strips is added 3
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® Testbeam setup & simulation

Energy deposit

>

Calibration
2. e-noise

Significant effect on ¢/p° rejection
parameters (Energy of 2nd
maximum,...)

L

1
E max

W t hout
enoi se

2
E max

Strips units

Energy deposit

>

1
E max

Wth
enoi se

2
E max

Strips units

e-noise softens the difference between E?_,
the valley, particularly at low energy
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Analysis
1.Cuts applied

© Analysis & results

P Photon candidate if :

5 GeV < Eph < 55 GeV Too much background under 5 GeV

0.93 Ecqio <Epn + Eq < 0.96E 6 __Mutiptoton
Electron pestion dispersion

oton

226. < N g(Photon) < 230.
S3signal U pedestal
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% Results

& 1. Energy in the strips & leakage proportion

o

é Fraction of energy in the strips Leakage fraction in the strips

C_G - -

g: Ephoton(strips) _ Ephoton(73t”ps)' Ephoton(33t”ps)
@ E,etot = E,ecore =

Ephoton Ephoton (3strips)

0.06F
— Data i — Data

— G4 - — G4

0.05F
- 0.08}-

0.04f R
0.06
D.02 :

0.04

D.02

B 0.02
0.01

0 01 02 02 04 05 0B 07 1}
E et ot

) Problem with upstream material modelisation and calibration
with xtalk in the strips (see G. Graziani’s 01/10/03 talk)
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2 - Results
> 'gA El . .
% & max 2. o/p0 rejection parameters
=
2\ L
:ECG 0.16 — Data
© 0.14 — G4
0.12
0.1
Strips units
0.08
D12
— Data 0.06
0.1 — G4
0.04
0.08 0.02
0.06 i 00 0.05 0.1 0.15 0.2 0.25 0.3
Edzmax( GeV)
D.04 {
d2 — E2
0.02 E max ~— E max Emin
D lllllllilll]llllll
R L ==p GOoOd agreement G4/Data

E . (GeV)

G4 Validation meeting (5/11/2003)



%
=)
(7p)
o
3
(7p)
=
=) 196
G
c I
< B
o @19
o
2192
£
(44}
=190
o
.
©
D188
T

186

184

182

180

178

Analysis
2. Using correlation between

=

L N N N N N N NN N N 1
. .. S S
. electron deviation & photon energy :: | 1303GeV |
| EL M 1
.................................. ° 1 I
. 1 1 1
i Selection on electron i !
position in the strips AR !
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2 Results
a 3. Width on 21 strips
3
B2,
(%2
e
T 700F E
<CE - b i — Data
® CREY = 1 | — G4
§ E
E. 2.4
§= 2.3 i * i
&2
k & -E i
21
x !
2 %
a rlnzlle.-mzlcw!r}tli;r:-;f

2

4 V\f 6 Energie du photon (en GeV)
Istrips

«Good agreement (the width reduction with energy is
correctly reproduced with G4)

extalk effect small

eenoise effect significant at low energy
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% Results
> . :
% 4. Width on 3 strips (1/2)
o
B2
(%)
>
T B Strip granularity effect
<CE < omsE W Data e y
o) o 076 * Geant4
S 074 = N = N
< onf G% o q% 9
2 o7 2 o
- o o
0.68— 2 2
- [N} Ll
0.66 —
0.64—
0.62 _ _ : :
- Strips units Strips units
0.6—
058 0 —C®
E‘”iﬁ:l i ! i b J |- | J. Ll il i d i i I L i i I id i | I i b i J. E Strips R E Strips
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 but
Barycentre position (on 3 strips) (1) (2)
WO, < W9,

Geometrical effect well reproduced by
G4 simulation including xtalk
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2 Results
8 5. Width on 3 strips (2/2)
o3
[ ® After correction of granularity effect (polynomial fit)
<
()l o00F 3 am‘z—
soué— — Data :I: % a.ugw {‘% *
?wi— — G4 ig' amsi— é
EWE‘ E.. a.m;f— lI(
5”;_ S oesE- * *
a00f § E - '
. 0.62 — +
0y -
““E — bara b
1mx§— L G4
UL TOOR DU PO o,msi-..t...,l....|.,..|....|....|....|....|.
0 010203 04 05 06 0.7 DE D9 1 I Is 20 25 30 35 40 45

V\é . Energie du photon (en GeV)
strips

«Good agreement
extalk effect significant (see slide 9)
eenoise effect small
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[ Conclusions ]

= A comparison G4/Data of photon shape parameters in the ATLAS
Ecal was performed.

<Crosstalk & e-noise were included

<The real experimental setup (with mag. field, converter, and
target) was simulated (in order to compare width evolution with
photon energy).

® Conclusion

Energy independent measurements were compatible
with G3 and data (except E,®c°"® and E,*©).

Energy dependent measurements (not done with G3)
were in good agreement with data. The width
reduction is well reproduced by Geant4

<The description of photon shower by G4 is equivalent

‘ to G3’s.
<But some points still need to be understood (Is G.
Graziani’s electron’s description valid for photons ?,...).
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[ The correlation between electron position and Photon energy ]

= 196

2100 Ep + Eo = 178 GeV
§192 1

Bron, 3060

.—& d=
188:—’L < 178 - Eph

M
186 , l
184/

f Applying cuts on d, we
wer | could study photons at
180 Y different energies
178:_|| | L1 11 | L1 11 | L1 11 | L1 | | | I | | | I | L1 11

5 10 15 20 25 30 _ 35 40 45 _ 50
Photon energy (in GeV)
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[ Geometry & magnetic field verification]

[T E— ) =
ELZD — % i5 =
k- s —
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Geometry &
ggoo0 = g E Magnetic field
=y F R = are OK
o {5 o
@DDD;— gué—

30000:— 5 sz— o
i T t 0o = o
— L/
20000 — — 0 0 O o 0
— Lo — DD L
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Energy calibration
1. The method

Data output
(energy)

Simu output
(current)

Energy calibration U Find a & b

P Basic method (only one cell (28,10)):

T) Correctf &h

® Determine <E >, <l >

>. s simu?
modulation <Etot>data, and <|barre|>Simu
/
© <E_> 4 <E, > - ab<l.>.
S~ data tot™ data S~ simu
ab=—2F sla = P
<Ips>simu <|barrel>simu

G4 Validation meeting (5/11/2003)




Energy calibration
2. The problem

Energie de I'electron |

% 300%— Constant — 3215+ 9.472 G4 Simu 245 GeV electrons

- | Mean = 2394 0.04755 were simulated with
250 | Sigma =1.541% 0.03629

- the same program
s
wiz= (064 £0.01) % l
) MC resolution was
&) better than expected

I L 1 1 L | L L L 1 I 1 L L L L 1 | L L L L | L L
210 220 230 240 250 260
Electron energy (en GeV)

Energie de I'slectron I . . _
9 700 Something was missing
i s Data in the simulation
= | Constant = 673.2 + 12.94
soo— | Mean =239.4 1 0.04258
- | Sigma = 1.91 + 0.03542
am:—s
,mj_f: (0.79 £0.02) % Material found in the
i beam in 2001 could be an
- answer to this problem
100—
O_L I"ZfIE)J_ I2|20I ) _.-"513’3I 240 AR

250 260
Electron energy (en GeV)
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Energy calibration
3. Adding the material

Eta profile Eta vs. phi
: . - Data
e ]
‘ . ‘ Particle “E Y3
direction 3 i 4

Material found in
the beam in 2001 Energy deposit in PS: material
seems to be well reproduced
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Energy calibration
4. It looks better...

J

Energie de Felectron |

a=2.614
b=5.787

MC & Data resolution
In agreement

0 —
1] —
= | .
5 ol G4 Simu
— | Constant = 552.2+ 11.21
Z Mean =239.9+0.0423
40 | gigma = 1.922+0.03251
S
300
== (0.80£0.01) %
200
100—
0:..I....I....I P PR IR T SR T N S
210 220 230 240 250 260
Electron energy (en GeV)
Energie de Pelectron |
FHi=
5 eool- Data
— | Constant = 673.2+ 12.94
soo— | Mean  =2394+0.04258
- | Sigma = 1.91+0.03542
4oo:—s
mi==(0.79 £ 0.02) %
200~
oof-
:¢ N L e P SR I T T T TR N TR
210 220 230 240

Energy calibration OK
(for (28,10) cell)

250 260
Electron energy (en GeV)

Next step: photons
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[ e-noise determination ]

e-noise could be deduced using
random events (no signal)

!

Fitted with a gaussian centered
on 0 and with s = 13MeV
(compatible with TDR value)

e-noise/strip

G4 Validation meeting (5/11/2003)




S3 cut ]

Pedestal ‘ | | aon

/ Data G4

Converted photons-

| ~ (>1 conversion)

Charged

particles (1&2) - \l/ \l/ )

'I S3 si_ghal | | | S3 si'gnall

Peak heights are not similar because

\l,® cut values )
data’s values are smeared
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