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Pulse filtering

3.2.2 The Hadronic Calorimeter

The hadronic calorimeter is split into three parts, the Tile Calorimeter (Tile), the Hadronic End-
Cap Calorimeter (HEC) and the Forward Calorimeter (FCAL). The region |𝜂| < 1.7 is covered
by the Tile calorimeter. It is seperated into a barrel part (|𝜂| < 1.0) and an extended barrel part
(0.8 < |𝜂| < 1.7) and relies on scintillating tiles as active medium and steel plates as absorber.
The scintillation photons are read out via wavelength shifting fibres and photomultiplier tubes
(PMT).This comparably less expensive technology allows for a high radial depth of 7.2 hadronic
interaction lengths 𝜆 for the Tile calorimeter [21]. TheHEC and FCAL share a cryostat with the
EMEC and use Liquid Argon as active medium. The HEC covers the 𝜂 region 1.5 < |𝜂| < 3.2.
It relies completely on copper absorbers and overlaps with the FCAL and the Tile calorimeter.
The FCAL spans 3.1 < |𝜂| < 4.9 and is closest to the beam. It has three layers stacked in
beam direction. The innermost layer is equipped with copper absorbers and optimized for
electromagnetic showers, whereas the outer two layers use tungsten absorbers and are used
for hadronic measurements [22].

3.2.3 Liquid Argon signal generation and readout

The signal produced by the LAr calorimeter is due to ionization. When charged particles tra-
verse the LAr, they loose energy and ionize the Argon atoms. The number of electrons freed in
this process is proportional to the energy deposition. In the electric field between the accordion
shaped electrodes the ions and the free electrons are separated and drift towards the electrodes
in approximately 450 ns, thereby inducing a voltage. Since the drift velocity is constant, this
induced voltage will decrease linearly with time, yielding the typical triangular signal pulse
shape shown in Figure 3.5.

Figure 3.5: Physical pulse of a LAr electromagnetic barrel cell with typical triangular shape.
Overlayed is the same pulse after shaping with sampling points every 25 ns [23].
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Figure 4.3: From top to bottom: FIR filter to sharpen the pulse, dynamic pedestal correction
(FIR Correction), PeakFinder to identify signal peak and LUT (c.f. Section 4.2.2)
to convert the reduced FIR sum into transverse energy. The reduced FIR sum is
obtained by dropping bits from the FIR sum [33].
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Figure 4.4: Matched Filters in bins of |𝜂| [37].

and need to be re-derived for changing values of ⟨𝜇⟩. They do not follow the pulse shape like
the matched filters and can have negative values for 𝑑1, 𝑑2, 𝑑4, 𝑑5. A set of coefficients for
⟨𝜇⟩ = 34 is shown in Figure 4.5 [38].
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Pulse saturation
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Decision making

old

Figure 4.8: Combination of PeakFinder (green) and Sat40 (red) during Run 1 and in the begin-
ning of Run 2.

At low energies the PeakFinder decides correctly, while the Sat40, pointing at 𝑠 + 1, is too
late. This is not a problem since the earlier BC is taken. In the medium energy range, when
more samples start to saturate there is an overlap where both algorithms identify the correct
BC. In the regime of high saturation, the PF fails and starts to identify the BC one sample too
late. There however the Sat40 identifies the BC correctly and the final decision is correct.

The 80MHz Saturated BCID Algorithm The Sat80 is a threshold algorithm similar to
the Sat40. However, using the improved sampling capabilities of the nMCM, it operates on
80MHz samples, denoted here by half-integer values. This increases the amount of information
available from the leading edge of the pulse allowing for a logic with higher precision and
triggering even in cases of extreme saturation, when the two samples before the peak are both
saturated. This 𝑛 = 𝑠 + 2 case can not be triggered with the Sat40 and constitutes its upper
limit. The Sat80 operates similar to the Sat40 and also compares the samples before the first
saturated sample s with a low threshold (LT) and a high threshold (HT) to decide the BC 𝑛.
However it uses a different logic, with 𝑠 the first saturated 40MHz sample:

𝐴𝐷𝐶(𝑠 − 1) > 𝐻𝑇 𝐴𝐷𝐶(𝑠 − 1.5) > 𝐿𝑇 𝑛 = 𝑠 (4.7)
𝐴𝐷𝐶(𝑠 − 1) > 𝐻𝑇 𝐴𝐷𝐶(𝑠 − 1.5) < 𝐿𝑇 𝑛 = 𝑠 + 1 (4.8)
𝐴𝐷𝐶(𝑠 − 1) < 𝐻𝑇 𝐴𝐷𝐶(𝑠 − 0.5) > 𝐻𝑇 𝑛 = 𝑠 + 1 (4.9)
𝐴𝐷𝐶(𝑠 − 1) < 𝐻𝑇 𝐴𝐷𝐶(𝑠 − 0.5) < 𝐻𝑇 𝑛 = 𝑠 + 2 (4.10)

As for the Sat40 the thresholds are configurable for each trigger tower. The determination
procedure is described in Section 8.1. After careful commissioning the Sat80 was activated for
physics triggering at the end of the 2016 data taking and did not cause any mistriggered events.
The attempt to validate it using the calibration system explained in Section 3.2.4 is part of this
thesis and described in Section 8.
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80MHz readout
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