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Road Map decided upon in Prague

21

Aiming for two analysis papers using the 2006 data (to be merged eventually 
depending on the achieved timescales)

  Response to normally incident electrons 
(resolution, linearity, uniformity, ...)

  Shower radial and longitudinal development

First paper was  to

 follow closely the hardware paper
 be ready by January
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ECAL response to electrons

31

Title : 
Response of the CALICE Si-W Physics Prototype to Electrons

Data:
Normally incident electrons/positrons
August and October CERN campaigns 

Results:
 Data/MC comparisons
 Resolution and linearity (out of gap events)
 ECAL only corrections for the interwafer gap (global / layered)
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Paper layout 

41

1. Introduction 
 ILC physics highlights
 ECAL performance goals
 Prototyping and testbeam
 

2.Experimental setup and collected data setup
Mechanical alignment
Summary of the collected data
 

3.The ECAL prototype

4. Monte Carlo simulation
5. Electron Selection
6. Performance studies
7. Interwafer gaps correction 
8. Conclusion
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Paper layout 

41

1. Introduction 
 ILC physics highlights
 ECAL performance goals
 Prototyping and testbeam
 

2.Experimental setup and collected data setup
Mechanical alignment
Summary of the collected data
 

3.The ECAL prototype

4. Monte Carlo simulation
5. Electron Selection
6. Performance studies
7. Interwafer gaps correction 
8. Conclusion

• ILC physics highlights
• ECAL performance goals
• Prototyping and testbeam

•Testbeam setup
•Mechanical alignment
•Summary of the collected data

•Conclusion of the hardware paper  on the detector performance
•Number of dead cells
•Noise level
•Stability
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Monte Carlo simulation 

51

1. Mokka  
beam description

2. Digitisation
drift chambers
ECAL

3.Data / MC comparison
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Monte Carlo simulation 

51

1. Mokka  
beam description

2. Digitisation
drift chambers
ECAL

3.Data / MC comparison

Long standing item
Waiting anxiously for the digitization effect
Trying to link it to square events
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Monte Carlo simulation 
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Electron Selection  

61

1. Electron selection based mainly on total energy deposit in ECAL

2. Rejection of electrons showering in front of ECAL
asks for only one cluster in ECAL

3. Tracks outside the gaps

4. Showers well contained in ECAL

6. Rejection of the beam halo per run basis  
7. Reconstructed track position in agreement with the shower 
barycentre

use of Cerenkov gives about the same 
results as ECAL only selections 
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Electron Selection  -  
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4D. Boumediene,  C Cârloganu @ 12.12.07                                        Background for the Analysis Paper

Run and Beam Spread Selection

1

All the chosen “good” runs (see the list David circulated) were monitored (see 

an example output attached to the agenda). Some were rejected (see later).

For each kept run, a maximal beam spread (contained in the ECAL fiducial 

volume) was defined, such as to have a flat energy measurement outside the 

gaps.  

Run 300238 – 15 GeV

Yvol = -25,20Xvol = -40,30
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Electron Selection  

81
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Performance 

91

1. ECAL Sampling fraction scheme

2. Resolution

3. Linearity

Systematic effects
 (pads noise& gain, tracking, beam spread)

Consistency checks ( time stability, e+/e- comparison)
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ECAL resolution outside gaps
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Fit to determine response+resolution

30 GeV

Typical Gaussian fit 

In [-1!:+2!]

Good "2

Used to estimate peak 

position and resolution

Emeas=(#1 E(1-10)+#2 E(11-20) +#3 E(21-30)/$

(#1,#2,#3)=(1,2,3)  ;  $=250.

Emeas = ( !1 E(1-10) + !2 E(10-20) + !3 E(21-30) ) / "

( !1, !2, !3 ) = (1, 2, 3)      "=250

Optimised weights for resolution: ( !1, !2, !3 ) = (1.1, 2, 2.7)     

6

5
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Si-W calorimeter will be described by the following parameters :
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where XWn
0 is the tungsten radiation length (in number of X0) of the stack n and X i

0 the
radiation length of the other materials. Assuming that the slabs of a given stack are identical, the
calorimeter can be described by three parameters, taking as unit the tungsten radiation length in
the first stack :
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where XW1
0 = 0.4mm

3.5mm , α10 " 2 and α20 " 3.

2 Measurement of the radiation length of the PCB, Al and C in the
Si-W calorimeter

A systematic difference between the energy deposit in odd and even layers is observed. This
difference is understood as the contribution of the PCB, the Aluminum sheet and the graphite
structure. The asymmetry of the structure between even and odd layers leads to a different shower
development and then to a different energy deposit depending on the parity of the layer considered.

2.1 Measurement based on the Even layers – Odd layers asymmetry in energy
deposit

The easiest method to investigate the absorption difference between odd and even layers is to
compare the mean energy deposits. This measurement is the measurement of the radiation length
between two successive diodes, in the direction of the shower development axis. Since it includes
the tungsten contribution, the study has to be done on each stack independently.

For the first stack, if we neglect the shower profile, the ratio between the energy deposit in the
odd layers and the energy deposit in the even layers is

R1 =
XW1

0 + X i
0

XW
0 1

=
1 + α

1

then
α1 = R1 − 1

α1 is then the ratio of the non-tungsten material radiation length over the tungsten radiation
length. α1 will be measured at different beam energies.

The considered range of odd layers is systematically shifted in comparison to the range of even
layers. This shift may introduce a bias due to the shower shape. In order do define an unbiased

Si-W calorimeter will be described by the following parameters :
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radiation length of the other materials. Assuming that the slabs of a given stack are identical, the
calorimeter can be described by three parameters, taking as unit the tungsten radiation length in
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difference is understood as the contribution of the PCB, the Aluminum sheet and the graphite
structure. The asymmetry of the structure between even and odd layers leads to a different shower
development and then to a different energy deposit depending on the parity of the layer considered.

2.1 Measurement based on the Even layers – Odd layers asymmetry in energy
deposit

The easiest method to investigate the absorption difference between odd and even layers is to
compare the mean energy deposits. This measurement is the measurement of the radiation length
between two successive diodes, in the direction of the shower development axis. Since it includes
the tungsten contribution, the study has to be done on each stack independently.

For the first stack, if we neglect the shower profile, the ratio between the energy deposit in the
odd layers and the energy deposit in the even layers is
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α1 is then the ratio of the non-tungsten material radiation length over the tungsten radiation
length. α1 will be measured at different beam energies.

The considered range of odd layers is systematically shifted in comparison to the range of even
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CIN-002 ``Radiation length of the Si-W calorimeter components and impact on the energy resolution'' , D. Boumediene,  
https://twiki.cern.ch/twiki/pub/CALICE/CaliceInternalNotes/

α2006 CERN = (7.2 ± 0.18 ± 1.7)%

α2006 DESY = (6.0 ± 0.3 ± 0.7)%

The combination of the measured values from all the test beam data is αdata = (6.4 ± 1.0)%.
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Figure 3: α1 determined by the comparison of the energy deposits in odd and even layers of the
first stack using a Monte Carlo simulation of the Calorimeter.
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Figure 4: α1 measured by the comparison of the energy deposit on the odd layers and the even
layers of the first stack. Test beam data collected in 2006 at CERN were used. The systematic effect
effect visible on this distribution is the shower shape bias which is evaluated to be about 0.02.

2.2 Low energy deposit optimization

It is possible to determine α by the optimization of the energy resolution. The energy deposits in
the three stacks varies respectively as 1+α, 1+ α

2 and 1+ α

3 . The energy deposit in the first stack
is the most sensitive to α. Since low energy electrons have their shower mainly contained in the
first and in the second stack they will be used for this measurement.

This method has been tested with the Monte Carlo and the real data. For a given energy,
the expected energy resolution is computed for different values of α. The value that leads to the
smallest relative precision is taken as the measurement on this energy sample.

The improvement of the order of 0.3% on the sampling term (ct term not affected)

https://twiki.cern.ch/twiki/pub/CALICE/CaliceInternalNotes/
https://twiki.cern.ch/twiki/pub/CALICE/CaliceInternalNotes/
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Resolution  (outside gaps )
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Resolution (CERN+DESY)

Naïve weighting not far from 

optimal

Monte Carlo in pretty good 

agreement with data

Data worse than MC
by a factor 1.02

!E           17.7 ± 0.07     

E
(%) = 

" E (GeV)
   ⊕ (1.1 ± 0.08) ( #1, #2, #3 ) = (1, 2, 3)     

!E           17.1 ± 0.07     

E
(%) = 

" E (GeV)
   ⊕ (0.5 ± 0.15) ( #1, #2, #3 ) = (1.1, 2, 2.7)     7

6
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Performance - Resolution 

131

ΔE           17.6 ± 0.3     
E

(%) = 
√ E (GeV)

   ⊕ (0.75 ± 0.21) ( α1, α2, α3 ) = (1, 2, 3)     



4 Impact on the linearity

4.1 Testing the procedure on the simulations with Monte Carlo

Figure 9 shows the calibration factor Ereconstructed

Ebeam
. This factor is expected to be independent from

the electron energy.
The linearity is slightly improved when the correction is added, as shown on figures 10 and 9.

This improvement corresponds to a reduction of the χ2/d.o.f for a flat distribution hypothesis
from 12.4/5 to 7.2/5.

4.2 Impact on the linearity of the test beam data

The same test is performed on the testbeam data. The result is shown on figures 11 and 12.
To test the linearity of the response of the calorimeter it is necessary to consider the uncertainty

on the beam energy which was parametrized by this formula [3] : ∆E

E
= 0.5%⊕ 0.15 GeV

E

The linearity curve shows a little improvement : the χ2 is reduced.
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Figure 9: Linearity of the calorimeter response determined using the CERN data of the 2006
campaign with the naive energy reconstruction.
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Figure 10: Linearity of the calorimeter response determined using the CERN data of the 2006
campaign with the asymmetric energy reconstruction.
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Error on the beam:
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20 GeV 20 GeV



D. Boumediene,  Calice Collaboration Meeting, Prague   09/11/2007 12

Layer per Layer correction

AIM

! Fit a correction for each layer 

! Width fixed : !x=!y and taken from global y correction

! Amplitude : fitted in the 2 dimensions

! Position : 

! Y : fixed, taken from global fit

! X : fitted for each layer

! Translate layer number (+ angle) to a number of X0  " defines a 

correction that can be applied at any beam angle

Xbl, Ybl (= barycenter on the layer) could be replaced with tracking 

information (intersection track-layer) … not yet possible for CERN data
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Correction of gaps  - layered  
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D. Boumediene,  Calice Collaboration Meeting, Prague   09/11/2007 14

E!ect on the energy distribution (2006 data)

15 GeV
 @ 0o

30 GeV
 @ 20o
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Correction of gaps  - layered  
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Correction of gaps  - alignment  

181

As you heard in Djamel’s talk, the gaps can be used to inter-align the ECAL layers 

also

mis-alignment leads to differences in gap description  between MC and data 

Now we can check these effects since Mokka was modified in 
order to take into account x and y misalignments

(see Gabriel’s talk on Monday)
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Conclusion
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The data analysis “almost” finalised - MC/data comparison still missing
                                                         - still to perform the consistency checks

If MC available begining of next week  (and the results comprehensible), first 
draft  should be circulated before end of the month

It was agreed to include the shower development analysis and we aim for a 
complete draft by mid April.


