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Motivation

The CALICE Si-W ECAL physics prototype was constructed 
and tested with electron and positron beams at FNAL in 
2008.
We evaluated the performance of the response of the 
linearity and the energy resolution with collected positron 
data (4 - 20 GeV).
We will compare the result of this analysis with that of 
previous TB analysis at CERN in 2006.
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Prototype Design 
The physics prototype consists of thirty 
sensitive layers and absorber layers and are 
divided into three structures.

- sensitive layer : silicon
6×6 pixels for one module
3×3 modules in a layer (18×18 cm2)

➡ Total 9720 channels

- absorber layer : tungsten
Structure 1.4 : 1～10 : 1.4 mm (0.4X0)

Structure 2.8 : 11～20 : 2.8 mm (0.8X0)

Structure 4.2 : 21～30 : 4.2 mm (1.2X0)

➡ Total 24X0
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1.2 Geometry and mechanical structure

At normal incidence, the prototype has a total depth of 24 radiation lengths, achieved using 10 lay-
ers of 0.4X0 (1.4mm) thick tungsten absorber plates, followed by 10 layers of 0.8X0 (2.8mm)
thick plates, and another 10 layers of 1.2X0 (4.2mm) thick plates, with an overall thickness of
20 cm. Each silicon layer has an active area of 18! 18 cm2, segmented into modules of 6! 6
readout pads of 1! 1 cm2 each. The active volume of the physics prototype therefore consists of
30 layers of 3!3 modules, giving in total 9720 channels.

The design and construction of the prototype presents a number of engineering challenges.
A particular innovative effort has been made to minimise passive material zones and to keep the
calorimeter as compact as possible, by incorporating half of the tungsten into alveolar composite
structures. Three independent structures can be distinguished, as shown in figure 1, one for each
thickness of tungsten. Each structure is fabricated by moulding preimpregnated carbon fibre (Cfi)
and epoxy (“prepreg”) onto tungsten sheets, leaving free spaces between two layers to insert the
detection units, called detector slabs.

One detector slab, shown in figure 2, consists of two active readout layers mounted on each
side of an H-shaped supporting structure. The slab is shielded on both sides from the tungsten
alveolar structure by an aluminium foil 0.1mm thick, to protect the silicon modules from electro-
magnetic noise and provide the wafer substrate ground. The H-shaped structure is 326mm long
and 125.6mm wide, and has a mass of either 1.1, 2.2 or 3.3 kg depending on the tungsten thick-
ness. The active layer is made of a 14-layer printed circuit board (PCB), 2.1mm thick and 600mm
long, holding high resistivity silicon wafers 525 µm thick (see section 1.3). The wafers are cut into
square modules of 62!62mm2, separated from each other by a 0.15mm wide mounting gap.

Two detector slabs are inserted per layer, into the central and bottom cells of the alveolar
structure (see figure 1). The central and bottom slab active areas are formed by an array of 3!
2 modules and a row of 3 modules respectively. To reduce overlapping passive areas, the two

Figure 1. Schematic 3D view of the physics pro-
totype.

Figure 2. Schematic diagram showing the com-
ponents of a detector slab.
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Silicon module

Detector slab
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Event Selection
The total energy deposited on ECAL

Event Selection
1. set the energy window.

2. reject pion contamination by using HCAL 
information.

3. reject the event that the shower maximum 
layer is in the first five layers or the last five 
layers.
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Gap Effect
Each silicon wafer has 1 mm guard ring which makes non-active region.
➡ There are 2 mm interwafer gaps.
➡ They represents dominant source of the non-uniformity. 
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Gap Correction
The response around the interwafer gaps was fitted with the Gaussian.

The value of the parameters ax, xgap, σx, ay, ygap and σy was extracted from 
the results of the fits.
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Gap Correction 

The energy loss in the interwafer 
gaps can be corrected by 
applying 1/f correction factor.

The shape of the energy 
distribution becomes more 
symmetric after gap correction.

7

 (mm)x
-40 -20 0 20 40 60

 (M
IP

s)
ra

w
E

1000

1200

1400

1600

1800

2000

raw data

corrected data

 (mm)y
-40 -20 0 20 40 60

 (M
IP

s)
ra

w
E

600

800

1000

1200

1400

1600

1800

2000

2200

raw data

corrected data

 (MIPs)rawE
1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Ev
en

ts

0

100

200

300

400

500

600

700

w/o gap correction

w/ gap correction



Performance (Linearity)
We checked the response of the linearity and energy resolution after gap 
correction.
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Performance (Energy Resolution)
We classified the energy resolution into four situations and compared with 
each situation.

1. “no correction” : not applied gap correction 
2. “gap correction” : applied gap correction for all region 
3. “center region w/ gap” : selected the event in the center region which includes 

gaps  
4. “center region w/o gap” : selected the events in the center region without gap
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Performance (Energy Resolution)
We checked the energy resolution in 
four situations.
Resolution curve :

stochastic constant
no correction 20.47±0.21% 2.44±0.17%
gap correction 19.48±0.20% 0.68±0.52%

center region w/ gap 18.16±0.17% 1.66±0.15%
center region w/o gap 16.54±0.31% 1.85±0.23%
2006 CERN data 16.69±0.13% 1.09±0.06% 10
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We need to improve the method 
of the gap correction.

Compared with CERN data, there is 
around 3% difference on the stochastic 
term for “gap correction” category.



Momentum Spread
The beam momentum spread at FNAL
　　2.7 ± 0.3 % for 2-4 GeV, 2.3 ± 0.3 % for 8-32 GeV

Taking into account the beam momentum spread, the intrinsic energy 
resolution is described by

stochastic constant
gap correction 18.45±0.15% 0.00±0.56%

center region w/ gap 17.52±0.17% 0.00±0.93%
center region w/o gap 16.07±0.23% 0.00±1.41%

�int
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E
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Constant term becomes 0.
The reason is now under investigation.
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Summary
We analyzed CALICE ECAL physics prototype test beam data taken in 
2008 at FNAL and checked the response of the linearity and the energy 
resolution.

Linearity
- The response  has good linearity
- Deviations from linear function are less than 1%

Energy resolution
- The energy resolution has a stochastic term of 19.48±0.20% and 

constant term of 0.68±0.52% for “gap correction”.
- In comparison with TB 2006 analysis, the result is not consistent.
- In the case of the “center region w/o gap”, the energy resolution is 

consistent with TB 2006.
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Future Prospects
try to improve the method of the gap 
correction.
- to create the correction factor structure 

by structure
- roughening the binning 1 mm to 2 mm 

on creating the correction factor
start the simulation study to understand 
our analysis.
estimate the systematic uncertainties on 
the energy resolution.
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Figure 3. Details of the passive areas and layer offsets. Offsets
are indicated by single-headed arrows. All distances are in mm.

detection layers of each slab are
offset by 2.5mm in the X direction,
as shown in figure 2. Furthermore,
the slabs in each substructure are
offset by 1.3mm in the X direction,
as shown in figure 3.

The passive area between
modules is mainly due to two
1mm wide guard rings around the
modules (see section 1.3). A
larger passive area is located be-
tween the central and bottom slabs,
and includes the two guard rings,
two 0.15mm wide mounting gaps
between module and PCB, two
0.3mm thick H structures, two
0.1mm thick aluminium shields, a
0.3mm wide global mounting gap,

and a 0.4mm thick composite sheet, giving a total of 3.8mm.

1.2.1 Fabrication processes

All the composite parts, i.e. H-shaped and alveolar structures, are made using 0.15mm thick carbon
fibre and epoxy prepreg, TEXIPREG R! CC120 ET443 [8], with an average thickness of 0.15mm.

Each alveolar structure is made in a single curing step of four hours at 135!C. Fifteen metal
cores are used to form the alveoli. They are wrapped with one layer of composite, and alternated
with tungsten layers to obtain the final structure. Since the thermal expansion coefficient of carbon
fibre is very close to that of tungsten, distortions during the curing are small. After curing, the
metal cores are taken out, leaving empty spaces for the detector slabs (see figure 4).

Figure 4. Moulding of an alveolar struc-
ture: metal cores alternate with tungsten, both
wrapped in carbon fibre-epoxy composite.

Figure 5. Gluing the modules; the accurate po-
sitioning of the modules is ensured by a grid of
tungsten wires.

– 4 –



back up



 Details of the passive area and offsets
The passive area between modules is mainly due to two 1mm wide guard 
rings around the modules.
A large passive area is located between the central and bottom slabs.
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Figure 3. Details of the passive areas and layer offsets. Offsets
are indicated by single-headed arrows. All distances are in mm.
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cores are used to form the alveoli. They are wrapped with one layer of composite, and alternated
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fibre is very close to that of tungsten, distortions during the curing are small. After curing, the
metal cores are taken out, leaving empty spaces for the detector slabs (see figure 4).
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Test Beam @ FNAL
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Chapter 4

Analysis of test beam data

4.1 Description of the beam line

Test beams were conducted in May and July 2008 at the Fermilab Test Beam Fa-
cility [FTB] at FNAL which provides a beam of particles (e±, p, µ�, ⇡±) at energies
ranging from 1GeV to 120GeV. The ECAL was placed in front of the other CALICE
prototypes: an analogue HCAL and a TailCatcher (TCMT) [AKR+10a].

The scheme of this setup is shown Fig. 4.1. The coordinate system is right handed
with the z axis pointing in the direction of the beam.

Figure 4.1: The beam line at FNAL. Distances are in mm.

The primary beam consists of high energy protons of 120GeV. It is targeted to
create the secondary particles. Magnets and collimators are used to select the desired
momentum and reduce the momentum spread of the beam. At this point, the beam is
a mixture of secondaries with the selected momentum. Pure event samples require to
select and identify correctly single particles entering the detectors.

For this purpose, the beam line is instrumented with a Cherenkov detector used to
identify particles. It is a gaseous detector which collects Cherenkov light emitted by
particles passing through it. By adjusting the pressure, one varies the refractive index
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Future Prospects
try to improve the method of the gap correction.
- to create the correction factor structure by structure
- roughening the binning 1 mm to 2 mm on creating the 

correction factor
start the simulation study to understand our analysis.
estimate the systematic uncertainties on the energy 
resolution.
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