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Le prototype ECAL SiW en faisceau test
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CERN, 30 couches, 6 wafers/couche, 6480 voies

CERN, 30 couches, 6 wafers/couche, 6480 voies

CERN, 30 couches, 9 wafers/couche, 9072 voies

mai 06

aout -sept
06 

DESY, 24 couches, 6 wafers/couche, 5184 voies

oct 06

juillet -aout
07

 e- 1-6 GeV, 5 angles, 3 positions, 8 M triggers

ECAL+AHCAL:  
  pi 30-80 GeV, 3 angles, 1.7 M triggers
ECAL: 
  e- 10-45 GeV, 4 angles, 8.6 M triggers 
  30 M muons pour la calibration.

ECAL+AHCAL+TCMT:
  e+, e-: 3.8 M triggers, 6-45 GeV
  π+,π-: 22 M triggers, 6-80 GeV
  40 M muons pour la calibration.

ECAL, HCAL, TCMT:
  4 angles, 12 positions
  e+, e-,π+,π-: 200 M triggers, 6-80 GeV

mai-juillet 
08

FNAL, 30 couches, 9 wafers/couche, 9720 voies
 e+, e-:  1-30 GeV        π+,π-:  1-60 GeV
17.3 M triggers
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Le prototype SiW ECAL: performance de l’appareillage
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“Design and electronics commissioning of the physics prototype of a Si-W electromagnetic calorimeter for the 
International Linear Collider”

2008 JINST 3 P08001 
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Le prototype SiW ECAL: performance de l’appareillage

3

Excellent fonctionnement du détecteur - très grande stabilité de 
l’électronique (monitorée en temps réel et calibrée avec des MIPs)

Sur l’ensemble des voies:

• 99,86% des voies fonctionnelles 
• bruit moyen par voie : 0.13 MIPs 
• dispersion du bruit voie à voie 0.012 MIPs

“Design and electronics commissioning of the physics prototype of a Si-W electromagnetic calorimeter for the 
International Linear Collider”

2008 JINST 3 P08001 
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Le prototype SiW ECAL: performance de l’appareillage

4

Residuels apres 
la soustraction de 
piedestal

Mean pedestal offset < 0.17 ± 0.02 % of a MIP
Standard deviation channel-to-channel = 1.67 ± 0.02 % of a MIP

Residual offset run-to-run ≈ 1.1 ± 0.1 % of a MIP
Standard deviation channel-to-channel = 0.48 ± 0.01 % of a MIP
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Le prototype SiW ECAL: performance de l’appareillage
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Mean noise = 12.9 ± 0.1 % of a MIP
Standard deviation channel-to-channel = 1.1 ± 0.1 % of a MIP

-

Relative spread run-to-run = 2.00 ± 0.03 % of a MIP
Spread channel-to-channel = 1.60 ± 0.01 % of a MIP

-

20 % of the channels have run-by-run variations > 3%
→ run-by-run noise measurement



impinging on the calorimeter at normal incidence. Here the mean value of Eraw(Eq. 5.1) is plotted
as a function of the shower barycentre (x̄, ȳ), defined as :

(x̄, ȳ) =!
i

(Eixi,Eiyi)/!
i

Ei

The sums run over all hit cells in the calorimeter. Dips in response corresponding to the guard
ring positions are clearly visible. According to Figure 6, which shows the mean value of E raw as a
function of the shower barycentre for 20 GeV electrons, the energy loss is about 15 % when tracks
impinge in the centre of the x gaps and about 20 % in the case of the y gap.
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Figure 4. Mean values of Eraw for a 15 GeV e− beam as function of the barycentre coordinates.

In order to recover this loss and to have a more uniform calorimeter response, a simple method
was investigated. The ECAL energy response, f (x̄, ȳ) = Eraw/Ebeam, is measured using a com-
bined sample of 10, 15 and 20 GeV electrons, equally populated and the energy of each shower is
corrected by 1/ f .
The response function f is displayed on Figure 5. It can be parameterised with Gaussian

functions, independently in x̄ and ȳ:

f (x̄, ȳ) =

(

1−axe
−

(x̄−xgap)2

2!2x

)(

1−aye
−

(ȳ−ygap)2

2!2y

)

The results of the Gaussian parametrisations are given in Table 1. The gap in x is shallower and
wider than that in y, due to the staggering of the gaps in x [2].
As illustrated in Figure 6, when the gap corrections are applied, the energy loss in the gaps is

reduced to a few percent level. The low energy tail in the energy distribution is also much reduced

– 6 –
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L’uniformité du détecteur

6
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Figure 5. f (x̄, ȳ) function of the shower barycentre coordinates, for a combined sample of 10, 15 and 20 GeV
electrons. To characterise the x (y) response, the events were requested to be outside the inter-wafer gap in
y (x), leading to an important difference in the number of events for the two distributions, since the beam is
centred on the y gap.

position (mm) ! (mm) a

x direction -30.01 4.3 0.143
y direction -8.4 3.19 0.198

Table 1. Gaussian parametrisation of the inter-wafer gaps.
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Figure 6. Mean Eraw function of the shower barycentre coordinates for 20 GeV electrons, before (black
triangles) and after the corrections (blue circles) were applied on Eraw.

(Figure 7). The correction method relies only on calorimetric information and can be applied both
for photons and electrons.
Even if it is possible to correct, statistically, for the interwafer gaps, per event their presence
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(Figure 7). The correction method relies only on calorimetric information and can be applied both
for photons and electrons.
Even if it is possible to correct, statistically, for the interwafer gaps, per event their presence
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Correction des pertes dans les zones inactives
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Les zones mortes utiles pour aligner le détecteur 

81

• les défauts d’alignement observés en y inférieurs à 0.5 mm
• troisième stack déplacé de 1 mm par rapport aux deux premiers
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Linéarité de la reponse

9

Emeas = Emean +  α

Emean
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Linéarité de la reponse
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Emeas = Emean +  α

Emean
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Linearity  

71

2007

11
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Résolution  en  énergie

121

ΔE             16.6 ± 0.1     
E

(%) = 
√ E (GeV)

   ⊕ (1.1 ± 0.1)

ΔE             17.1 ± 0.1     
E

(%) = 
√ E (GeV)

   ⊕ (0.5 ± 0.1)
6 GeV

45 GeV

“ Response of the CALICE Si-W Electromagnetic Calorimeter Physics Prototype to Electrons ”

arXiv:0811.2354, submitted to NIM 
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energy resolution each run was however treated individually.

shower distance to the gaps (in nb of !s)
3.5 4 4.5 5

"2/nd f 18.4/33 19.7/33 19.8/33 24.1/32
(linearity)

# -91.7±10.8 -95.1±10.9 -97.9±11.2 -100.8±11.4
(MIPs)
$ 266.2±0.5 266.6±0.5 266.8±0.5 267±0.5

(MIPs/GeV)
resol 17±0.1 16.9±0.1 16.8±0.2 16.7±0.2

(stat term)
resol 1±0.1 1±0.1 1±0.1 1±0.1
(ct term)

Table 3. Impact of the distance of shower to the inter-wafer gaps on the ECAL linearity and resolution. The
distance is given in terms of !s to the gap centre, with ! defined by the Gaussian parametrisation of the
gaps. The beam momentum spread is not subtracted from the data. The hit energies are required to be larger
than 0.5 MIPs.

lost energy.243

– 15 –
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Resolution 

81

beam spread not subtracted

2007



Etude de la résolution en position (« CERN test beam »)
• « S-shape » correction 

Bidim. après correctionProfil et ajustement

a=5.23 ± 1

C=0.7 ± 1

La contribution des
chambres à dérive n’a
pas été retranchée

• Résolution en position
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Quo vadis ?

1513

Système calorimétrique avec une excellente performance et 
granularité. Qu’est-ce qu’on fait avec? 

• Etudier avec beaucoup de détail les gerbes électromagnetiques et 
hadroniques et valider

✴ les modèles
✴ les simulations MonteCarlo
✴ nos descriptions des géometries...

• Valider les algorithmes ILD bas niveau (clusterisations, PIDs) et haut 
niveau (PFA)



Comparison of Analog and Digital methods

Simulations with 3x3 mm2 
detection pads

DESY data with 10x10 mm2 
detection pads

D. Benchekroun,
Y. Khoulaki
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Dévelopement latéral des gerbes ém
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Dévelopement latéral des gerbes em
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Developement longitudinal des gerbes elm

1914
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Avec les données  FNAL ...

2014

                             ... accent sur la reponse aux hadrons !
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Avec les donnees  FNAL ...

2114

                             ... accent sur la reponse aux hadrons !

• Large muon 
contamination

• Multi-particle events (up 
to 5 π-)

• Particle types are 
separated clearly in the 
ECAL
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Première étude des pions avec ECAL
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Validation des algorithms ILD avec le prototype

23

GARLIC

• Try to improve clustering of photon contribution in jets
• Based on REPLIC
• Implemented in the MARLIN software framework
• For SiW ECAL: Prototype + ILD version
• Seed search via 2-dim energy projection in first 7X0

• Clustering based on neighbour criterion
• Several iterations from front to back
• Designed for pointing photons, works for all angles
• Rejection via simple criteria (#hits, minimum energy, seed criteria,...) 
• + Computation of cluster variables (eccentricity, width, direction, 

energy deposit in different regions,...) - ANN
• Correction for wafer guard ring and module gaps
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Validation des algorithms ILD avec le prototype

24

• „Ghost hits“ in fiber gap are counted
• Supression of noise hits and flactuations
• Works well at angles != 0
• Further optimisation possible

0 deg
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Validation des algorithms ILD avec le prototype

25

Work in progress

unclustered
clustered
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Validation des algorithms ILD avec le prototype

26

Résolution en énergie

unclustered / clustered
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Conclusion

2714

Beaucoup de choses intéressantes à faire,
 nouvelles contributions bienvenues!


