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Abstract: The 3D imaging calorimeter of AMS-02 was designed to precisely reconstruct the longitudinal and
lateral profiles of the electromagnetic showers and to measure the primary energy of the electromagnetic particle.
To achieve the expected accuracy on the energy measurement, each cell has to be equalized. The equalization is
performed using the signal that Minimum Ionizing Particles (MIP) leave in each cell. Time stability, data quality
checks and temperature effects using MIP measurements with ISS data will be presented. In addition, identification
of the nuclei from Hydrogen to Iron has been performed by measuring their deposited energy in the ECAL. The
charge determined with an accuracy of 10% is consistent with the one measured by other sub-detectors of AMS-02
(Tracker, ToF, Rich).
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1 Introduction
AMS-02 is a general purpose particle detector capable of
identifying and measuring simultaneously all cosmic ray
species: photons, electrons, protons and nuclei as well as
all corresponding anti-particles in the energy range from
0.5 GeV/nucl to 2 TeV/nucl with 1% accuracy. The scien-
tific goals of AMS are to reach a sensitivity of antimat-
ter search of 1×10−10 (ratio of anti-helium to helium), an
e+/p rejection of 1×106 and to measure the composition
and spectra of charged particles with of an accuracy of 1%.

The full description of the AMS-02 detector in general
and the ECAL subdetector in particular can be found in [1].

2 Losses by ionization
The loss by ionization for AMS02 in ECAL is given by the
Bethe-Bloch formula :
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Where v and z are the velocity and charge of hadrons
interacting with the calorimeter, ξ , the number of kilograms
per meter squared crossed by the particle, m the mass of a
nucleus of atomic charge Z in the calorimeter, and, with Ī
being experimentally measured,
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We have a large statistics of protons, many of which are
at the minimum of ionization of the previous formula ; they
are called minimum ionizing particles, or MIPs, and will
allow us to intercalibrate the cells of the ECAL.

Furthermore, the ionization loss, in the formula, is pro-
portional to z2, which will allow us to estimate the charge
of the nuclei crossing the calorimeter.

3 MIP corrections
In crossing of the calorimeter, protons at minimum ioniza-
tion (MIPs) are characterized by a minimum energy deposit

without lateral spread. In each layer, MIPs are selected by
checking that at most two adjacent cells are fired. Further-
more, we ensure that the entry and exit points of the MIP
are separated by less than 3 cells in both directions.

Two corrections have to be applied to the energy mea-
sured in the PMTs at the end of the fibers. In a first step, the
MIP signal is attenuated along the fibers before reaching
the PMT ; the position of the particle along each fiber can
be determined by interpolation with the adjacent superlay-
ers. An attenuation correction, with different coefficients
for each layer, is then applied to the signal.

The second step is called the equalization correction, due
to the different response of each anodes. The distribution of
the curve in every cell of the calorimeter is well-known, a
Landau function convoluted by a normal distribution ; an
example is shown in Figure 1.

The distribution in each of the 1296 cells fitted, for each
cell we keep track of the Maximum (top of the fitting curve),
χ2/nd f and statistics in the cell.

Fig. 1: Example of fitted MIP distribution in a cell.

The distribution of the Maxima, in ADC hits, and after
attenuation corrections is shown in Figure 2. We define the
spread as the ratio between the σ of that distribution and
its mean value, µ . On this example, the spread is of 19%, a
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high value due to the fact that, if the high-tensions applied to
the PMT are different, the anodes inside each PMT behave
differently. We have to apply an equalization correction
to each cell independently : having Maxi the maximum
parameter in the cell i, the signal will be weighted in that
cell by µ/Maxi. After the equalization has been applied, we
find a spread of about 6%, which makes up the systematic
error on the MIP estimation.

Fig. 2: Distribution of the 1296 maxima

4 Temperature effects
The calorimeter has 36 temperature sensors : 6 on each side
(4 in each corner and two in the middle), and 3×4, linked
to electronic bays. The evolution of the temperature for the
sensors in the middle of each face for the first 20 months
of operation in space is shown on Figure 3. All of the four
sides follow the same trends, mainly due to the fraction of
time exposed to the Sun, and most of the time stay in the
interval +5−+25 ◦C, with two drops below −5 ◦C. The
thermal tests performed before launch have ensured that
the detector could resist such extreme temperature changes,
and indeed no problems after those cold events were found.

Fig. 3: Evolution of temperatures on each side of the
calorimeter

The consistency of the MIP allows them to be used
as probes for aging effects. However, as shown in Fig-
ure 4, the MIP values are highly anti-correlated to the
temperatures. The relative dispersion amounts to ∆T/T =
−0.068/20.65 =−0.33%/ ◦C for the Starboard, and simi-
larly to −0.28, −0.33 and −0.30 %/ ◦C for Ram, Wake and
Port respectively.

Potential aging effects can be monitored after getting rid
of temperatures and statistics correlations. The evolution
of those straightened MIP values by sides are shown in
Figure 5. There seems to be a small rising, especially for
the first six months of the experiments, on the Wake and

Fig. 4: Correlation between MIP Max value and tempera-
tures on Starboard side.

Ram Sides, but the values are constant since then, showing
no aging effect in the last 15 months.

Fig. 5: Evolution of MIP max for each side

5 Other data quality checks
5.1 Pedestals

Fig. 6: Pedestal values of layer 8 cell 33 vs temperature
sensor 13

The data from AMS-02 are divided into 22 minute run-
s. In between, 3 second calibration runs are performed to
compute values such as pedestals, whose values are sub-
tracted from the ADC counts. The pedestals are strong-
ly correlated to the temperatures, as shown in Figure 6
for a typical cell and neighboring temperature sensor. A
one-degree polynomial fit gives a very small deviation of
∆ped/ped ≈ 0.49%/◦C, in agreement with measurements
on ground (ESTEC, KSC).
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5.2 Gains
Two electronic channels are used in the ECAL: the low-
gain (LG) channel, which covers all the energy range, and
the high-gain channel (HG), more precise at low energies
but which saturates at about 2.5 GeV. The ratio between the
two is constant ; the Figure 7 shows them for one cell and
the events of one day. For each cell, a linear fit is done for
the proportional part of the gain, giving a gain ratio value
of 33.33±0.3218 (less than 1% in spread).

Fig. 7: Ratio between high-gain and low-gain channels for
one day.

The sensitivity of gain with respect to temperature is
checked with a statistics of 45000 events, as can be seen in
Figure 8, exhibiting a low dispersion around the nominal
value of ∆G/G =−2.1×10−5 per degree.

Fig. 8: Gain slope vs temperature for Ram side.

6 Nuclei identification
6.1 Goals
The Equation 1) shows that the ionization losses in the
calorimeter are proportional to z2, and can be used to iden-
tify the charge. In addition to providing a cross-check es-
timate to the other subdetectors (Tracker, ToF and RICH),
the measurement in the ECAL allows to control the frag-
mentation rate, the interaction length inside the detector
itself and, from a Data Quality point of view, the linearity
of the energy response of the calorimeter.

6.2 Up to the oxygen ion
The first part of the study is made on the most abundant
elements (until Z = 8), selected with sharp cuts on the
tracker (which has the best resolution on charge). We
select, in the calorimeter, the layers at MIP (before the

development of the shower), and, for each of them, keep
the ratio of dE (energy deposited in the layer) and dX (fiber
length crossed related to the incoming angle of the particle).
We define dE/dX as the average of these measurements
and plot it against the rigidity (Rig) measured by the other
subdetectors (see Figure 9). The bands corresponding to
different nuclei are clearly separated.

Fig. 9: dE/dX vs Rigidity from He to O

The previous distributions are projected on the y axis
using a logarithmic scale (Figure 10), which allows to have
the same distance between the peaks ; a linear fit with the
position of the peaks gives Z ≈ 0.186(dE/dX)0.5.

The σ of the gaussian functions used to fit the above
distributions are close to 0.066 independently of the charge
: a charge estimator using a maximum likelihood method
approach which will simply estimate the mean parameter of
a gaussian of known σ in built. For each event, the different
dE/dX for the n layers hit (before the beginning of the
shower) give us n independent observations. The value of
the estimator, µ , for a normal law, simply amounts to the
average of the different observations:

µ = 0.186

(
1
n ∑

i≤n

dEi

dXi

)0.5

(3)

Fig. 10: Projection of Figure 9 along dE/dX

For a given number of layers hit, we plot the distribution
of our estimator over the full energy range and fit the peaks
by a normal function of parameters µ and sigma. Then,
we compute the µ/σ ratio ; the results, with respect to the
number of layers hit, are shown in Figure 11 for four nuclei.
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As we can see, above 13 layers hit, the dispersion is lower
than 10% for the four nuclei (and in the order of 7% for
He and C). The spread of our estimator only is assessed by
selecting pure nuclei samples with the tracker and fit the
distribution with a normal law. For the Carbon, we find a
spread of 6.2% for at least 10 layers hit and 5.5% if all the
layers are hit.

The linearity of the calorimeter’s response is checked
by fitting the peaks of all nuclei and plotting the values of
the maxima (and RMS as error bars) against the expected
charge (see Figure 12). The calorimeter shows a perfect
linearity until Z = 7, with a small drop for the oxygen ;
however, it shows the linearity of the energy deposited in
the calorimeter from 0.108 GeV to 7 GeV.

Fig. 11: σ/µ of the distributions of

Fig. 12: Linearity check on layer 3

6.3 Above the oxygen ion (Z > 8)
For highly ionizing particles, organic and inorganic scintil-
lators exhibit non-linear responses, a phenomenon known
as quenching [2]. While it is irrelevant for energy measure-
ment of most particles in the calorimeter, it is a problem
for the identification of nuclei of higher charge. Figure 13
shows the distribution of the charge resulting from the esti-
mator presented above with Z ≥ 8. As we can see, the peaks
are shifted towards the lower values (and their spread, even
at higher charges, in the order of 10%). However, the effect
is not linear (for the iron, a counter effect called antiquench-
ing has the opposite effect of quenching).

Given the known distribution of the previous nuclei as
control points, we implemented an interpolation with cubic-

splines, that is, made between two control points by a third-
degree polynomial such as, at the control points, the value
and first derivative of the two corresponding splines are
equal, to ensure a smooth interpolation.

The results of the spline interpolation allow us to estimate
efficiently the charge of the ions crossing AMS-02 up to the
iron using ECAL only, with a spread in the order of 10%
(and less for abundant nuclei who cross enough layers).

Fig. 13: Normalized number of events for nuclei of charge
Z ≥ 8

7 Conclusions
We presented the methods used to increase the precision of
the energy reconstructed in the electromagnetic calorimeter
of AMS-02. A systematic error of 6% on the minimum
ionizing protons is found. Once temperature correlations
are taken into account, the calorimeter is stable for the last
15 months.

The previous corrections allow us to build a charge
estimator based on ECAL only. We find a relative spread in
the order of 10% up to iron.
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