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THE ALPHA MAGNETIC SPECTROMETER AMS-02
The Alpha Magnetic Spectrometer is an astropar-
ticle detector operating as an external module on
the International Space Station since May 2011.

AMS-02 can perform accurate measurements of the
spectra of charged cosmic rays from 0.5 GeV to few
TeV.

• Indirect Dark Matter search. Pairs of γ’s, e+, e−

or p, p̄, could originate from dark matter annihi-
lation. Measuring an excess in the fluxes of these
particles might give an hint to indirect dark mat-
ter detection.

• Antimatter search. The detection of anti-nuclei
in the cosmic radiation, like a nucleus of anti-
He, is a strong evidence of the existence of anti-
matter domains in the Universe.

• Cosmic ray physics. AMS-02 can provide pre-
cise measurements of various nuclei fluxes to
better understand the origin and the acceleration
of Cosmic rays.

THE SILICON TRACKER

The AMS-02 Tracker is composed of 2284
double-sided silicon micro-strip sensors,
with dimensions ∼ 72 × 41 × 0.3 mm3, as-
sembled in basic functional elements called
ladders. Each ladder is composed of 9 to 15
sensors, for a total of 192 ladders and a sen-
sitive area of 6.75 m2. Each face of a sensor
is implanted with strips running in orthog-
onal directions, providing a bidimensional
measurement of the particle’s position.
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• Tunneling e↵ect: a tunnelling current may appear in silicon if the field is around 106

V/cm. Such a situation is possible when both the p and n sides are highly doped. In

such a case, the depletion region width is at most of the order of 500 Å. The tunnelling

e↵ect is known to appear at voltages under about 4Eg/q, i.e. 4.4 V for p+-n+ silicon

junctions. The tunnelling breakdown voltage decreases when the temperature increases.

• Avalanche multiplication: this phenomenon appears with electric fields of about 105

V/cm (10 V/µm). The principle is similar to gas discharges: minority carriers of

thermal origin acquire an energy high enough to ionise crystal atoms. An electron-hole

pair is thus created and accelerated by the electric field, and it may ionise an atom.

Breakdown e↵ects above 6Eg/q (i.e. 6.6 V for silicon) are due to avalanche e↵ects. The

breakdown voltage due to avalanche multiplication increases with temperatures.

3.8 The silicon microstrip detectors

3.8.1 Single-sided microstrip detectors
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Figure 3.13: Schematic view a single-sided microstrip detector.

A single-sided microstrip detector is composed of an n-doped silicon bulk, covered with

longitudinal heavily p-doped silicon strips (fig. 3.13). The detector is thus composed of an

array of p+-n diodes. On the other side of the silicon bulk, commonly called backplane, there

is a heavily n-doped layer, which allows a better ohmic contact with an aluminium deposit.

In addition, this n+ layer prevents the depletion zone from reaching the aluminium layer [35].

A thin silicon oxide (SiO2) layer is deposited on the bulk surface between each strip,

allowing the silicon surface atoms to perform all their possible bonds [36]. The surface state

density, which plays a role in the surface leakage currents and breakdown, is thus under

control. Figure 3.14 is a schematic view of such a detector.

The microstrip detector is operated at full depletion, or even at over-depletion. When a

charged particle passes through the depleted detector, electron-hole pairs are created along

the particle trajectory, inducing an electric signal at the nearest p+ strips with respect to

the backplane. Because of the electric field in the depleted area, the holes travel to the p+

When a particle traverses a silicon sensor, e−-
hole pairs are created along its path. Due to the
E-field in the depleted area, e− and holes flew to
opposite sides.

The junction side (p-side) is com-
posed of 14 µm wide p+ doped
strips (implantation pitch of 27.5
µm, readout 110 µm); the oppo-
site ohmic side (n-side) has 40 µm
wide strips, (implantation pitch of
104 µm, readout 208 µm).
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Figure 5.27: Airex spacer gluing. Once

Araldit 2011 glue is dispensed on the

spacer surface, in similar way as for the

ladder reinforcement, the spacer is aligned

with a plexiglas guide. A plexiglas lid is

then laid on the spacer surface.

Figure 5.28: Upilex wrapping. The Upilex

foil, then the ladder are placed on a table.

The foil is bent over the ladder with push-

ers. The shielding is closed with rosin-free

solder.

Figure 5.29: Tracker layer 2 equipped with its 24 ladders.

Photo of one ladder.

The opposite sign of the collected signals has an impact on the readout chips (VA) per-
formances which are therefore different on the two sides⇒ separated calibrations.

CHARGE MEASUREMENT
The signal of a cosmic particle de-
pends on the impact point and
impact angle of the particle. The
maximum of collection efficiency
appears when the particle traverses
at vertical incidence a readout strip.
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former case, at higher inclinations, the signal tends to be distributed to a larger number of
strips which partially compensates the loss of collection and attenuates the effect. The total
effect can amount to differences up to more than 30% for the lighter nuclei (Z < 6). As the
charge increases, the deposited energy is collected by an increasing number of readout strips
and the effect is attenuated. An example is shown in Figure 5.11 where we discuss the proce-
dure to correct for this effect.
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Figure 5.3 – Dependence of the raw signal on the impact position of the particle and its
inclination for a selected sample of helium nuclei. The maximum of collection efficiency appears
when the particle traverses at vertical incidence, impinging directly on a readout strip, i.e.
IP = 0 and ✓XZ = 0.

5.3.3 Charge Equalization and Linearization

The charge resolution of the tracker is degraded by a number of detector effects that
need to be carefully taken into account and corrected for. In-flight calibration of the Tracker
is done using the statistics accumulated over two years of operation, allowing to perform a
precise equalization and linearization of the amplifier chips’ responses. This is achieved using
the characteristic energy deposition of the most abundant nuclear species. The next sections

This dependence is a consequence of
a loss of collection efficiency when a
particle traverses the sensor surface in
between two readout strips, while the
maximum charge collection efficiency
appears when the particle impacts
vertically on a readout strip.

The energy loss distribution is a Landau
convoluted with a Gaussian noise function.
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The n-side truncated mean distribution.
The peaks of nuclei up to oxygen are visible.

(Sample with H prescaled).

CHARGE CALIBRATION STEPS AND RESULTS
Energy loss
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Figure 5.14 – Carbon nuclei ionisation energy loss in a single layer as a function of ��.
The left plot describes the dependence using an estimation of the �� parameter based on
the ToF � measurement only. The right plot uses a combination of the ToF � and tracker
rigidity measurement. Each description is parametrized by fitting the corrected pulse height
in different energy bins with a Landau function convoluted with a gaussian contribution. The
open black circles correspond to the peak values resulting from the fits. This peak profile is
then fitted using a function combining two straight lines and a fifth order polynomial. Such
parametrization provides a good asymptotic behavior as well as a satisfactory description of
the minimum ionizing region. Plots produced by A. Oliva.

minimum ionizing region for different nuclei. Although there is no theoretical support for such
charge dependent effect, it seems to be likely that the specific non-linearities and saturation
properties of the electronics are at the origin of these features. This has led us to consider
a correction procedure based on the observed signal itself, rather than using any theoretical
assumptions related to the Bethe-Bloch formula.

5.6.1 Energy Dependence Description

We describe the energy dependence using the universal �� parameter, which is equivalent
to the momentum over mass value of the particle (p/m). It is in general more convenient to
use the logarithm ⇠ = log10(��) to consider the energy dependence simultaneously on the full
particle energy scale. This parameter can be estimated directly from the ToF � measurement
and indirectly from the tracker reconstructed rigidity (R) :

⇠ToF = log10(
�p

1 � �2
) (5.5)

⇠Trk = log10(R ⇥ Z

m
) (5.6)

Both estimators are complementary in terms of their specific resolutions. ⇠ToF has a better
intrinsic resolution at low energies compared to the rigidity measurement which suffers from
multiple scattering in the detector. For energies above ⇠ 2 GeV, ⇠Trk becomes the most ac-
curate. ⇠ToF presents the advantage of not requiring any information on the charge or mass
of the particle, an essential drawback of the rigidity estimation since these properties are in
principle not precisely known, in particular for isotopes of a given nucleus.

1. VA Equalization: We first corrected for differences in the re-
sponse of the VA chips.

2. Charge Loss Correction: we produce 3-dimensional plots that
describe the charge measurement as a function of impact angle
and position for the different nuclei and for each sensor side.

3. β Correction:
⇐= The deposited energy presents a dependence with the en-
ergy of the particle, following the Bethe-Bloch formula. To ac-
count for the additional energy lost by the particle while travers-
ing the AMS detector material, the correction is implemented for
each layer.

Calibration results on both sides
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Fig. 5: Overall improvement in the tracker charge measure-
ment after applying the calibration, for the n-side (red) and
p-side (blue) measurements. The effect is shown up to sili-
con (Z=14) where the n-side saturation starts degrading the
measurement.

restriction on impact regions nor on energy since we have
corrected for these effects. Without these limitations, the
accumulated statistics is enough to extract MPV values
for each single nucleus up to Iron, and perform the new
calibration to the unit charge values.

4 Charge Identification Performances
Figure 5 shows the overall improvement in the p (blue) and
n-side (red) charge measurements before and after all the
calibration steps are applied. The improvement in resolution
is most significant for charges up to magnesium, where
the n-side response starts saturating, implying a natural
degradation of the measurement. For the p-side, a charge
distinction power is even achieved in the saturation region
around the CNO group.

It is possible to profit from both the p and n-side measure-
ments to improve the overall charge identification power.
The two measurements are combined using a weighted sum,
where the weights are related to the specific resolutions,
depending on the number of points used in the truncated
mean computation. The final combined estimator is shown
in Figure 6 (top plot) over the full range of charges. Nuclei
up to silicon (Z=14) can clearly be separated. Above, nuclei
with even charge number can also be distinguished. The
iron peak itself is clearly visible due to its natural higher
abundance compared to neighboring charges.

For the combined measurement, we reach a resolution at
the level of 0.1 charge units (c.u.) for carbon and lower than
0.3 c.u. up to silicon. This is shown in Figure 6 (bottom
plot) where the quoted values are obtained by fitting single
charge distributions with a simple gaussian function for two
different cases : a minimum number of 8 layers entering the
measurement (magenta curve) and the general case with at
least 4 layers (black curve).

At 99% selection efficiency, the contamination from
neighboring charges is estimated to be lower than 10�4 up
to oxygen (Z=8) with a mis-identification probability for
carbon lower than 10�6.

Fig. 6: Top : Final tracker charge estimator for the combined
p and n-side measurements. Bottom : Combined charge
estimator resolution (in charge units) for nuclei up to silicon.

5 Conclusion
The fluxes of completely ionized nuclei in cosmic rays,
as well as secondary-to-primary ratios such as the B/C
ratio, are important information to constraint models of
production, acceleration and propagation of cosmic rays in
the galaxy.

In this contribution, a procedure to improve the charge
identification performances of the AMS-02 silicon track-
er has been presented. After correcting for the most rele-
vant effects degrading the charge measurement, we reach
an excellent overall charge separation power with a mis-
identification probability for carbon lower than 10�6.
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CHARGE IDENTIFICATION PERFORMANCE AND TIME DEPENDENCE

Combined Calibration result

We reach an excellent overall charge separation power
with a misidentification probability for carbon lower
than 10−3. (Sample with H and He prescaled.)

We studied the dependence of the calibration procedure with time for two separate time periods: one included in the
calibration sample and one not.
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Left: normalized tracker charge estimator as a function of time for carbon nuclei. Right: distribution of average Q/Z values for
the two detecting periods before and after 11/05/2013. No significant time dependences are found for both samples.


