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Frank Simon: CALICE - Calorimeters for the ILC 02.09.2008

Analog HCAL

• Steel absorber structure

• 38 layers

• 2 cm layer thickness 

(1.1 X0, 0.12 !)

" total ~ 4.5 !
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• Active layers: Scintillator tiles

• high granularity in the layer center 

100 3x3 cm2 tiles, then 6x6 cm2 and 12 x12 cm2

• light collection via wls fiber
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56 Chapter 5. The analogue hadronic calorimeter prototype

(a) (b)

Figure 5.1: (a) AHCAL module fine granularity for the first 30 layers. (b) AHCAL module
coarse granularity for the last 8 layers.

• 2 mm steel housing - rear plate,

• 115 µm 3M reflector foil,

• 5 mm scintillator tile,

• 115 µm 3M reflector foil,

• 1 mm FR4 plastic board,

• 1 mm cable fibre air mixture (PVC, fibre),

• 2 mm steel housing - front plate.

To this structure 16 mm of steel S235 is added to complete a sampling layer. About 1 mm
of air gap is left between the steel cassette and the main absorber on both sides. Since the
cassette housing has a total thickness of 4 mm, the total absorber thickness per layer adds up
to 2 cm of steel. S235 is a standard steel product and is a composition of iron, nickel, chrome,
carbon, manganese, phosphor and sulphur. The FR4 plastic board and the 3M reflector foil
glued on it have for every tile two drilled holes. One hole is needed to solder the SiPM contact
pins to the cable which provides the voltage and the readout line. The other hole is needed
to inject UV-light distributed by clear fibres from a LED. The SiPM pins are soldered to
copper strips on a specially designed printed circuit. The other end of the flexible strips are
connected via coaxial cables to the very front-end base boards, also referred to as HCAL Base
Boards (HBAB)1. Two base boards are needed to read out all 216 tiles of a module. Each base
board houses six HCAL Analog Boards (HAB), which hosts each one ILC-SiPM chip. The
ILC-SiPM chip has been produced by the LAL 2 Orsay group [80] and is described in detail in
section 5.3.4. It houses 18 individual channels, each containing a variable-gain charge-sensitive
amplifier, a variable shaper, track and hold stage and a multiplexing unit. In addition it has
an 8-bit DAC, which gives the possibility to perform single channel voltage adjustment in the
range between 0 and 5 V. On the other edge of the cassette a calibration and monitoring board
(CMB) is mounted, which holds and flashes the LED and is described shortly in section 5.3.1.

1in the following addressed as base board
2Laboratoire de l’Accelérateur Linéare

• Isolated tile: if it has no ‘neighbor’.

• Track like cluster: 

‣ consists of isolated hits; 

‣ The hits need to be in consecutive layers

‣ The two hits in consecutive layers need to be in tiles with 
the same I and J coordinates or the neighboring these.

‣ Allow that a layer inside a track may be ‘blank’.

The definition of isolation tiles and  track like cluster 
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The blue lines show the neighboring tiles are marked

The red lines show the relevant distances used to determine the 
isolation criteria for different tiles are marked.

The definition of isolation tiles and  track like cluster 
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The definition of temperature for isolated tiles

5



Amplitude [MIP]
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MIPs in trk cluster h21
Entries  2788832
Mean    1.022

RMS    0.4967
 / ndf 2!  276.7 / 75

p0        0.02" 14.05 
p1        0.058" -6.215 
p2        411" 1.703e+05 
p3        0.003" 1.118 
p4        0.0009" 0.3031 

MIPs in trk cluster
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hTile_i43_j46_l22 hTile_i43_j46_l22

Entries  5946
Mean    1.108

RMS    0.4584
 / ndf 2!  93.75 / 75

p0        0.1!   6.7 
p1        0.379! -4.972 
p2        10.3! 466.5 
p3        0.013! 1.098 
p4        0.0102! 0.2768 
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hTile_i43_j46_l15 hTile_i43_j46_l15

Entries  9794
Mean    1.145

RMS    0.4449
 / ndf 2!  80.34 / 75

p0        0.059! 6.848 
p1        0.464! -4.972 
p2        13.7! 836.8 
p3        0.009! 1.099 
p4        0.0071! 0.2719 

hTile_i43_j46_l15

Short review (1)

• Track like cluster from deep 
analysis code.

• Expornatial + Landau fit for 
the MIPs.
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Short review (2)

• Mean temperature from all temperature sensors.
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The length of track like cluster

• The cut on track length is six tiles.
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 / ndf 2!  192.3 / 163

Width     0.0063! 0.1015 

MP        0.0101! 0.9084 
Area      1.7! 102.4 
GSigma    0.0170! 0.3288 
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•hits in single tile inside the track like  cluster from isolation tiles 
•fitted with convoluted Landau and Gaussian Fitting Function

The MIPs of the single isolated tile
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Temperature correction from pol2 fit is used in this analysis

Temperature VS layer
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Amplitude VS Temperature

MIPs from Langau fit  
corrected temperature from pol2 fit 
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The study in this talk 
 based on

• Amplitude: From single tile

• Track like cluster: From Isolation tile method

• MIPs peak: From convoluted Landau and 
Gaussian Fitting Function (Langau)

• Temperature: corrected from pol2 fit

• ~7600 Tiles of HCAL in 19 runs have been 
studied using this method.
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The slope distribution

• At least 3000 hits at each temperature point for one tile
• At least six different temperature points are available
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More study on this 
isolation track method
• Amplitudes difference from the angle of the 

tracks.

• Amplitudes of all tiles but first and last in a 
track.

• Amplitudes of the first and the last tile in a 
track.

• weakened isolation criteria
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Amplitude VS the angle in the angle track like cluster
and correction
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• Inside a track, the 
first and last tiles 
have more low 
energy hits
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• the last tile has more 
low energy hit than 
the first one.
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weakened isolation criteria

• If a hit had only one neighbor, it was still 
considered isolated. (weakened isolation 
criteria)

• The number of entries in the histograms 
were expected to increase significantly.

• For the calibration, the larger the amount 
of data available the better.
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weakened isolation criteria strong isolation criteria

• The number of entries in the histograms were increased 
significantly with weakened isolation criteria.

• However, the number of low-energy hits showed also a big 
increase.
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MIPs peak position for single tile 
from two isolation criteria

weakened isolation strong isolation 
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Summary

• The temperature and amplitude have been studied with 
track like cluster from test beam data.

‣ Method 1: tiles inside track like cluster from deep 
analysis and MIPs peak from exponential + Landau 
fitting. 

‣ Method 2: tiles inside track like cluster from isolated 
tiles and MIPs peak from convoluted Landau and 
Gaussian fitting Function. 

• The constant result has been got from different methods.
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