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ECAL resolution and linearity 

Inter-wafer gaps correction                                          

Longitudinal and transversal shower development 

Spatial resolution at normal incidence                       

Outline
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Electron selection 

π event

3Calice Meeting Kobe12/05/07 David Ward 

Event selection @ 20 GeV

Cerenkov used to 

reduce pion content

2Calice Meeting Kobe12/05/07 David Ward 

Event selection @ 3 GeV

Cut against beam halo based 

on shower barycentre reduces 

low energy tail

Triggering : coincidence of 3 scintillators 
along the beam line.

Signal threshold: 0.6 MIP

Selection of single electron events:

3

125 x Ebeam < Eraw / MIP < 375 x Ebeam
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“Raw” energy spectrum for electrons

π event
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“Raw” energy spectrum for electrons

π event

 /mmx
-80 -60 -40 -20 0 20 40 60 80

 /m
m

y

-60

-40

-20

0

20

40

0

5

10

15

20

25

30

 /mmx
-60 -40 -20 0 20 40

 /G
eV

m
ea

s
E

0

5

10

15

20

25

30

 /mmy
-80 -60 -40 -20 0 20 40 60 80

 /G
eV

m
ea

s
E

0

5

10

15

20

25

30

 /MIPsmeasE
0 2000 4000 6000 8000 10000 12000 140000

5000

10000

15000

20000

25000

30000 CALICE Preliminary 

Monte Carlo        30 GeV

Asymmetry caused 
by inter-wafer gaps
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200mm

360mm

360m
m

Ecal geometrical scan

zoom into a 
wafers slab
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200mm

360mm

360m
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Ecal geometrical scan

zoom into a 
wafers slab

~1 mm
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Effect of inter-wafer gaps (30 GeV e-)

Asymmetry caused by gaps.

Quite well modelled.

200mm

360mm

360m
m

Ecal geometrical scan

zoom into a 
wafers slab

~1 mm

4



C Cârloganu                 LCWS, Hamburg,  2.06.07                                    Calice -ECAL -Preliminary Testbeam Results 

ECAL resolution outside gaps

 / ndf 2χ  23.41 / 25
Constant  15.0±  2602 
Mean      0.01± 29.97 
Sigma     0.01±  1.01 
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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 = ( α1 E(1-10) + α2 E(10-20) + α3 E(21-30) ) / β

( α1, α2, α3 ) = (1, 2, 3)      β=250
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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 = ( α1 E(1-10) + α2 E(10-20) + α3 E(21-30) ) / β

( α1, α2, α3 ) = (1, 2, 3)      β=250

Optimised weights for resolution: ( α1, α2, α3 ) = (1.1, 2, 2.7)     
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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
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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

ΔE           17.7 ± 0.07     
E

(%) = 
√ E (GeV)

   ⊕ (1.1 ± 0.08) ( α1, α2, α3 ) = (1, 2, 3)     

ΔE           17.1 ± 0.07     
E

(%) = 
√ E (GeV)

   ⊕ (0.5 ± 0.15) ( α1, α2, α3 ) = (1.1, 2, 2.7)     7
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Linearity (outside gaps)
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Linearity (outside gaps)
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Non-linearities at few % level
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Inter-wafer gap correction  

 Only  calorimeter information

• get the mean response as function of shower position
• apply corrective factors per event basis according to the mean response
• corrections can be either energy independent or have a rough energy 
dependance

Tracking available

• calculate the shower position within the wafers
• estimate the crossed non-active area based on the mean shower shape
• correction is (total) energy independent 

9
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Inter-wafer gap correction  (1) 

Global barycentre correction Barycentre correction
in each layer
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10
Fit results for the global 

barycentre approach 

xgap, ygap 
(mm)

σx, σy 

(mm)

ax, ay 

x direction -25.56 3.8 0.14

y direction -8.8 3.01 0.19
9
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Inter-wafer gap correction (1) 
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Inter-wafer gap correction (1) 
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Inter-wafer gap correction (2) Interwafer gap correction

2R! "(1) signal 

 gap - 2Rd2R! "(2) signal 

(1)

(2)

20. G.Mavromanolakis, CALICE Collaboration Meeting, Kobe

Interwafer gap correction
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20. G.Mavromanolakis, CALICE Collaboration Meeting, Kobe

Description of method

. some formalism

: correction factor

: correction factor lies in with

. on an event-by-event basis do

: for all layers and events set 5 mm, 2 mm

: get position of gaps , per layer (construction/engineering data)

: get shower position X,Y per layer relative to gaps (tracking)

: approximate with the energy weighted RMS of X,Y of shower hits in layer

: apply correction formula per layer

21. G.Mavromanolakis, CALICE Collaboration Meeting, Kobe
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R = shower spread in the layer
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3 GeV 3 GeV

non corrected corrected
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Radial development of the shower

14Calice Meeting Kobe12/05/07 David Ward 

Transverse profile
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Transverse profile
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Longitudinal development of the shower
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Longitudinal development of the shower
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Longitudinal development of the shower
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Spatial resolution (@normal incidence)

jthmeasiji
ji

thmeas xxWxx )()(
,
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i = hits in layer L.
• Linear fit:
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•  Error  matrices extracted from the simulation (per energy)
‣ x and y uncorrelated
‣ two error matrices Wij

‣ two independent fits

• Minimize χ2 with respect of p0x, p1x
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Spatial resolution (@normal incidence)
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Spatial resolution (@normal incidence)
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Low energy: σdata > σMC likely due to  inadequate material description in 
front of ECAL (missing about 20%)
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Conclusion 

A ~6500 channels calorimeter operated successfully.

It took time to develop the tools for a proper data processing, 
reconstruction, analysis...

Interesting physics results, with the prototype, used almost  in standalone 
mode ( tracking, HCAL not yet fully integrated in data analysis).

Do expect detailed MC / data comparisons in the close future

We work with a real detector (non-uniformities, detection cells inter-
calibration) : it improves and refines the detector description which  is one 
of the key points to evaluate the PFA performance.
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