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Summary 

21

• The detailed & up-to-date results were circulated in a CALICE note before 
CALOR08. See

http://carlogan.web.cern.ch/carlogan/EcalPaper/CaliceTB.pdf

• Review of some (conceptually) difficult  points of the analysis.

• First comparisons  Monte Carlo / data. 



with wi the sampling fraction for the layer i. Its distribution for electrons at 30 GeV is shown in204

Figure 12, together with a fit using a Gaussian function in the range [−! ,+2! ]. An asymmetric205

range is chosen in order to reduce sensitivity to pion background, to radiative effects upstream of206

the calorimeter, and to any residual influence of the inter-wafer gaps. The position of the peak is207

the mean energy response (Emean) and its distribution is shown in Figure 13 as function of the beam208

energy. The errors on Emean are those estimated from the fit.
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Figure 12. Gaussian parametrisation of Erec for a 30 GeV electron run. The range of the fit is [−! ,+2! ].
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From the dispersion of Erec in the different runs at the same nominal beam energy, the error of210

the beam mean energy, Ebeam, was estimated to be211

!Ebeam
Ebeam

=
0.12

Ebeam(GeV)
⊕0.1%, (6.1)

The first term is related to hysteresis in the bending magnets, while the calibration and the uncer-212

tainties on the collimator geometry give the constant term.213

The mean energy response can be parametrised as Emean = " ·Ebeam−# , while the measured214

energy Emeas is given by Emeas = Emean+# . The parameter " is a global MIP to GeV calibration215

factor. The offset # is partly due to the rejection of the low energy hits and it increases steadily216

with the hit energy threshold, as displayed on Figure 14.217

The residuals to linearity of the measured energy are shown in Figure 15 as function of the218

beam energy. The non-linearities are at the percent level.219

The relative energy resolution, !Emeas/Emeas, as shown in Figure 16, can be parametrised by220

– 12 –
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Recipe to estimate ECAL linearity & resolution  
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• record charges (in ADC counts) when 
exposed to electrons

• use energy deposit by MIP-like particles to 
convert ADC counts to MIPs

• make distribution of the recorded energy 
(using sampling factors). IF Gaussian 

• Emean ~ the mean response
• σ gives the resolution

• However, part of the energy deposited in 
the active area  is lost (lower than the 
detection threshold OR the DAQ threshold). 
Some is added (electronics noise).

• Generally Emeas = Emean + corrections 
(estimated from MC or calibrated with data)

30 GeV
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Some words about the MC samples  
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Mokka
• beam generated with a momentum spread  

•seems to be the average of the different data spreads, as 
expected from collimator settings. 
•it should probably  take into account the significant 
difference in statistics between the different runs  

• the precise alignment of the ECAL not checked
• the MC calibration factor fixed to 0.0001424

Digitisation
• very simplified, it does not use the detailed detector 
description
• assumes perfect pedestal subtraction and calibration
• assumes Gaussian noise, different from cell to cell.
• assumes that the noise distribution in the detector cells is a 
Gaussian of mean 0.13 MIPs and sigma 0.012 MIPs.
• since Ehit>0.6MIPs, noise generated only in cells with signal 
hits

Analysis
• same as for data, kept even the uncertainty on the mean 
energy of the beam
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Figure 13. Energy response of the ECAL function of the beam energy.
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Figure 14. Variation of the linearity offset with the hit energy threshold.

a quadrature sum of stochastic and constant terms221

!Emeas
Emeas

=
16.69±0.13
√

E(GeV)
⊕ (1.09±0.06)% ,

where the intrinsic momentum spread of the beam was subtracted from the ECAL data [6].222
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Linearity  

51

Emean  (MIPs) = (Ebeam+α)*β
 and

Emeas = Emean -α

Ehit>0.6MIPs

coloured dots: MC
no digitisation & digitisation

Error bars for MC much larger than for 
data, likely since fewer energies 
available...
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Figure 15. Residuals to linearity of Emeas function of the beam energy. All the runs around the same nominal
energy of the beam were combined in one entry, for which the uncertainty was estimated assuming that the
uncertainties on the individual runs were uncorrelated.

Still to be done: The relative energy resolution expected from Monte Carlo simulations is also223

shown in Figure 16 . The agreement with data is quite good, with the measured resolution typically224

worse than the expected by a factor ∼ 1.02.225

Different systematic checks have been performed on the data. Variations of the linearity and226

resolution against the minimal accepted distance between the shower barycentre and the nearest227

inter-wafer gap, when the energy threshold for considering the hits is 0.5MIPs are shown in Table 3.228

In addition, this hit energy threshold has been itself varied (Table 4). In order to investigate the229

potential effects linked to the beam position, the energy response is also compared for showers230

with barycentres located in the right hand side and in the upper half of the detector (Table 5),231

respectively. The results are consistent. Since data were taken in both August and October 2006, it232

was also possible to check the response stability in time and no significant differences between the233

two data samples are observed.234

7. Conclusion235

The response to normally incident electrons of the Calice Si-W electromagnetic calorimeter was236

measured for energies between 6 and 45 GeV, using the data recorded during 2006 testbeam at237

CERN.238

The calorimeter is linear to 1% level. The energy resolution has a stochastic term of 16.69±0.13,239

whereas the constant term is 1.09±0.06.240

A simple method of correcting for non-uniformities in the calorimeter response due to non241

active regions between the silicon wafers was found. It allows to recover, statistically, most of the242
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Linearity  

61

coloured dots = MC
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Figure 16. Relative energy resolution (!E/Emeas) function of the beam energy. For clarity sake, the 35 runs
available were combined into 8 different beam energy points for the plot. For the parametrisation of the
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
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Resolution 
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ΔE           16.7 ± 0.1     
E

(%) = 
√ E (GeV)

   ⊕ (1.1 ± 0.1)
ΔE           17.2 ± 0.3     
E

(%) = 
√ E (GeV)

   ⊕ (0.8 ± 0.2)

MC
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Conclusion  

81

• If no convinced by the way to define Emeas, please, speak up NOW !

• The agreement between data and MC seems reasonable considering the level 
of detail for the simulation. 

• Systematic studies including errors in cell calibration/ pedestal subtraction  or/
and trigger jitters easy to perform with the simplified digitisation 

• Generally lot’s of work to be done on MC ... 


