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We do not pretend in this note to describe fully the procedures which will be used and 
their performances but just try to show that what we envisage is likely to fulfil the re-
quirements.

The information used for defining the alignment and calibration procedures of the ILD 
electromagnetic calorimeter comes from two sources: a very detailed simulation of the 
calorimeter and prototypes. We use the results from a prototype exposed to beam for 
now  four  years  and  the  lessons  from technological  prototypes  being  currently  de-
veloped.

Alignment

The granularity of 5x5 mm² chosen for the electromagnetic calorimeter cells does not 
define the level of accuracy needed for alignment. The requirement comes rather from 
the precision we can reach on the position of a shower. The simulation provides a value 
around 1mm/√E. This implies that, to be consistent, an alignment precision of about 
100µm is required. For information, the angular precision obtained in simulation and 
with the prototype is about 70mrad/√E.

The wafers lateral  position can be known in the slabs with an accuracy better than 
50µm. The play of the slabs in the structure is around 150µm (σ) but we can not assume 
this to be random from a slab to another, it is to be noted that this position is prone to 
move during a push-pull, fastening the slabs in the alveoli is therefore under study. The 
position of the modules is set by construction at the millimetre level but the survey of 
the module can be done to better than 50µm. The stability with time comes from the 
thermal expansion of the modules and their support. It is good at the considered level 
for  the  expected  temperature  swings.  Therefore,  the  construction  and  survey  can 
provide 250µm, but to do better, an alignment in situ with tracks is needed. The preci-
sion can then be reached with a rather small number, thousands, of electrons seen in 
the TPC or better in the SET, provided these devices have the adequate precision.

Energy calibration

Dead channels

A first task in knowing  the energy is to identify the dead channels or dead chips or dead 
wafers. At the end of the construction, as part of the calibration operation, a map of the 
dead parts will be established, the follow up will be done by measuring regularly the 
noise on the channels to identify those which become pathological. An early study, for 
TESLA TDR,  had  shown  that  the  energy  measurement  in  our  calorimeter  is  robust 
against dead channels. Provided they are quite randomly distributed, a fraction up to 5% 
dead channels does not harm the resolution. The mean response is restored by estimat-
ing the dead channels response from their neighbours and the resolution is very margin-



ally touched. A similar procedure is used to correct for the dead zones linked to the 
wafers borders. This has been validated on simulations and on the prototype analysis.

The knowledge of the energy results from different elements assembled. First the de-
tector, silicon, and its design are chosen to provide an intrinsic stability with variables 
like temperature, humidity, radiation, voltages, etc. Second a monitoring of these vari-
ables and of the detector response evolution with them is ensured. Third the cells are, at 
construction time, inter-calibrated at an adequate level of precision. Finally the absolute 
calibration is determined in test beams for few modules and globally at running time.

The construction will follow a quality assurance procedure, in view of the rather difficult 
access to the embedded electronics. This is not new technique for some of the laborat-
ories involved in this project, they have been constructing spatial detectors.

Constructing the structure:

The structure of the calorimeter is described in the LoI. The radiator, wrapped in carbon 
fibre composite, is made of tungsten plates about a quarter of a square meter each. 
Such pieces have been bought and used in the technological prototype. The tolerances 
requested for the thickness (40µm) were largely fulfilled, 20µm were observed which 
means 1%. A check will be done by weighing the plates: the tolerances in length and 
width being at the level of 10-4, the weight variations will directly measure the thickness 
variations. The about 10000 plates can be recorded and matched if necessary. The thick-
ness of the silicon wafers does not need to be mechanically measured, it comes directly 
in the cosmic rays calibration.

Constructing the detecting elements:

About 300000 wafers will be needed. They will be quickly tested for leakage current, 
I(V), C(V), selected and the bad channels recorded. The front-end chips will separately 
be tested. ASU, see the LoI for definition, will be assembled and tested for connectivity. 
Slabs will be assembled from a certain number of ASU, about 10. It is at that stage that 
these detecting elements will be calibrated.

The fully equipped slabs are exposed to cosmic rays, a large number in parallel. The 
whole process of testing will be developed to be run automatically in a quasi industrial 
way. The relative width of a minimum ionising particle distribution has been seen in pro-
totype to be 13% and is expected in the final set-up to be 10%. Knowing that the num-
ber of cells hit by a 1 GeV shower is around 49, that this number enters by its square 
root in the denominator of the inter-calibration contribution to the resolution, that the 
resolution is worse than 10%, an inter-calibration accuracy at the percent level is plenty 
enough.  In order to obtain this, a hundred of “good” cosmic rays is needed per cell. 
Such a measurement procedure of the calibration should ensure largely its random char-
acter. Having one ray per minute for 1 cm² and taking into account a selection by a 
factor 4 in zenithal angle, one and a half day of data taking is enough. Running 60 slabs 
in parallel  permits to calibrate the whole detector in 200 days. Note that the power 
pulsing can be switched off for this operation, the cooling being easy for slabs out of the 
structure. This procedure has been used to calibrate the prototype and the resulting cal-
ibration, checked with muons in a beam has been used successfully for four years. We 
can also notice that in the data, even in the showers, the peaks corresponding to few 
“mips” is visible. A Fourier transform provides then the calibration or at least its evolu-
tion.

An alternative way could be to use muons from a test beam or, for the end caps, the 
muons from the beam halo.

This operation provides first an inter-calibration and a first approximation for the energy 
measurement. It remains to monitor gains and thresholds and to check globally the ab-
solute calibration. The monitoring of the gain is done by injecting charges controlled by 
band gap devices (precision 100 nV/°C), the impact of the threshold variations on the 
noise provides a way to monitor them. The absolute calibration can be done by beam 



test or simply with electrons by comparing to the tracking or better with kinematicaly 
well defined electrons or gammas, like Bhabha's or return to the Z. A detailed calibration 
could be done by running at the Z peak, but this does not seem at all mandatory. We 
should notice that to define properly the absolute calibration needs a precise knowledge 
of the reconstruction procedure.

For the monitoring, it is important to notice that both cell energy and cell counting bear 
largely uncorrelated information on the particle energy and that they are not sensitive to 
the same drifts. For example the counting is very sensitive to threshold or pedestal vari-
ations when the energy is mostly sensitive to the gain. The comparison of the energy es-
timate by both methods will therefore allow a straightforward monitoring of the calibra-
tion evolution.

Complementary information 

Energy reconstruction

To measure the energies of photons and electrons in the electromagnetic calorimeter we 
have as information the energy deposited in the calorimeter cells we are able to associ-
ate to this would-be particle. This implies that the measurement involves first the identi-
fication of the cells, this is the clusterisation phase. From the collection of cells an estim-
ator of the energy is then built. Clearly the calibration procedure depends on the recon-
struction algorithm, like the energy estimation procedure itself.

The cluster of cells contains different informations on the particle energy. Traditionally 
the sum of the energy deposited is used as the estimator. In fact this estimator suffers 
from important fluctuations and it has been shown for example that the simple counting 
of cells bears more rreliable information on energy at low energy. Currently we combine 
optimally these two informations on the energy of an incoming electromagnetic particle, 
the energy deposited in the silicon, the number of silicon cells hit by the shower. The 
calibration then concerns both points and makes use of their redundancy.

The hardware 

The calorimeter is made of a sandwich of tungsten as radiator and silicon as sensitive 
medium. The silicon is surrounded by layers of materials like G10 to channel the signals, 
aluminium to define the ground, carbon fibre composite or copper to regulate the tem-
perature. If in first order only tungsten and silicon seem to matter for the shower devel-
opment and the energy measurement, the other materials impact the energy in each 
layer as exhibited by the odd behaviour of the odd-even layers ratio, in particular in the 
presence of a strong transverse field. This behaviour is seen in the absence of field in 
prototype as well as in simulation but the field effect has for the time being observed 
only in simulation.

The silicon layers are divided into square cells. The electrons liberated by the passage of 
charged particles through the silicon are collected on one face by introducing an electric 
field. This field is chosen to fully deplete the silicon. In that case the electrons can not be 
trapped and are totally collected on the anode. The voltage for depletion present a com-
fortable plateau and small variations in the voltage do modify the collected charge very 
slightly through change in capacitance. This is easy to control. Once the silicon fully de-
pleted, the charge collected is essentially not sensitive to temperature variations. Some 
sensitivity to humidity exists related to surface currents, but the detector should be 
placed in an inside to outside flow of dry nitrogen (like in CMS) which can ensure a hu-
midity lower than 40% where no effect arises.

The collected charge is therefore purely depending from the amount of energy depos-
ited by the shower particles. The response is stable with time but for a slight effect of 



the leakage current on the dynamics.

For the space variations we note a dependence with the tungsten, the density of which 
has been tested to be constant on our samples well below the percent, the remaining 
factor is its thickness variations. The other factor is the wafers thickness. The tolerances 
requested for the wafers were 3% and observed to be smaller. This can be measured 
mechanically but also using the response to minimum ionising particles.

The impact of the other components is not negligible but does not generate important 
local variations.

The electronics can be a source of instability. We can consider four effects: gain vari-
ations,  pedestal  instability (possibly coherent),  threshold variations,  noise variations. 
These can be generated by different sources like voltage or mostly temperature. The 
front-end electronics being embedded in the calorimeter the gradient of temperature 
may reach 7°. The temperature can be monitored inside the calorimeter modules but 
anyway such a variation does not hamper the monitoring with band gap devices. A pro-
cedure of injecting controlled charges at the pre-amplification level will provide a regular 
monitoring of the gains. The voltages are controlled and monitored at 10mV level. The 
main worry may be with the possible coherent fluctuations. This had been observed for 
the prototype in the early days. Careful grounding took care of the effect which does not 
appear at a troublesome level.


