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The cosmic ray (et +e™) flux has been measured by the Alpha Magnetic Spectrometer (AMS-02)
in the energy range 0.5 GeV to 1 TeV, based on the analysis of 10.6 million e* events collected
during the first 30 months of data taking. The statistics and the resolution of the AMS-02 detector
provide an accurate measurement in the whole energy range. No features have been observed in
the flux, and the (e™ 4 e™) spectrum can be accurately described by a single power law above
30 GeV. The procedures and the data analysis techniques for the (e™ +e™) flux measurement are
reviewed in this report.
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The measurement of electrons and positrons (e*) in cosmic rays (CRs) provides fundamental
information about their origin and propagation in the Galaxy. CR e* amount to only ~1% of
the total CR flux measured at Earth. Nonetheless, the experimental efforts faced to measure the
features of the e fluxes have been dynamic and diverse in the last 50 years: CR e® can in fact
probe the models of CR origin and propagation in an independent and complementary approach
with respect to that of the more abundant hadronic CR component. Being the lightest charged
CR species, they experience peculiar and different energy losses. Moreover, their spectral features
above ~ 10 GeV may be sensitive to additional CR sources currently not taken into account in the
current models, like Dark Matter annihilation or production in nearby pulsars, or to unconventional
acceleration and propagation mechanisms [1]. Recently, measurements of the positron fraction
e”/(et +e7) and of the e™ flux up to 500 GeV, and of the e~ flux up to 700 GeV by the Alpha
Magnetic Spectrometer (AMS-02) [2, 3] have confirmed the existence of an additional et source
at high energies beyond well established astrophysical mechanisms. The AMS measurements of
e’ and e~ fluxes are discussed in [4]. This contribution reviews the AMS measurement of the CR
(et +e7) flux from 0.5GeV to 1 TeV, based on the analysis presented in details in [5].

1. The AMS-02 detector

AMS-02 is a general purpose high-energy particle physics detector which has been installed
on the International Space Station in May 2011 to conduct a long-duration (~20-year) mission
for the accurate measurement of CR composition and energy spectra up to the TeV scale. The
AMS-02 detector is fully described in [6]. Figure 1 shows the AMS-02 detector and the response
of its subdetectors for different species of CRs.

The core of AMS-02 consists of 9 planes of double sided silicon microstrip tracker and a
0.14 T permanent magnet. The measurement of the energy losses in the tracker planes are used to
determine the particle charge, Z. The plane crossing coordinates determine the particle trajectory
and curvature in the magnetic field. The curvature yields the particle charge sign used to separate
matter and antimatter CRs. The particle rigidity R = p/Z, where p is the momentum, is measured
over a lever arm up to 3 m. The maximum detectable rigidity for |Z| = 1 particles is 2 TV.

Four time of flight (TOF) planes trigger the readout of the detector and measure the particle
velocity and flight direction. An anti-coincidence veto system located inside the magnet bore rejects
particles outside the acceptance of the detector with inefficiency lower than 1075,

To improve the particle identification capabilities, AMS-02 is equipped with a transition ra-
diation detector (TRD), a ring imaging Cherenkov detector and an electromagnetic calorimeter
(ECAL) .

The 3-dimensional imaging capability of the 17 radiation length (17 Xy) ECAL provides the
accurate measurement of the e* energy scaled to the top of AMS-02 (E). The topology of the
shower reconstructed in ECAL is exploited to separate e from hadrons.

The energy deposit in the 20 layers of proportional tubes in the TRD are exploited to further
differentiate between e* and protons. The magnet, located between TRD and ECAL, ensures that
the information provided by the two subdetectors are independent from each other.
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Figure 1: Left — Event display of a 660 GeV e~ crossing AMS-02. Right — Response of the AMS-02
subdetectors for different matter/antimatter CRs. The redundant identification capabilities of AMS-02 allow
to precisely measure the particle properties and to distinguish different species of CRs.

2. Data analysis

The result presented in this contribution is based on the analysis of the ~ 41 x 10° events
collected by AMS-02 in the first 30 months of data taking. The data have been analyzed to measure
the isotropic ®(e* +e™) flux, which for each energy bin of width AE is defined as:

N(E)
A(E)-er(E)-es(E)-T(E)-AE

Ple"+e )= (2.1)
where A is the effective detector acceptance, €r is the trigger efficiency, € is the ECAL signal
selection efficiency and T is the exposure time; N is the number of events identified as e™, after the
rejection of secondary particles of atmospheric origin [7].

The measurement of ®(e* +e~) has been performed in 74 independent energy intervals (bins)
from 0.5 GeV to 1TeV. The effects introduced by the event bin-to-bin migration due to the finite
ECAL resolution have been measured to be negligible with respect to other systematic uncertainties
discussed below. The calorimeter energy scale has been calibrated during a test beam at CERN with
e® beams from 10 GeV/c to 290 GeV/c. In space, the energy scale is constantly monitored by using
minimum ionizing particles and by the comparison of the energy measurement E with the tracker
momentum measurement p for e* and protons. The ECAL energy scale is known with a precision
of 2% in the test beam energy range. The uncertainty increases up to 5% at 0.5 GeV and at 1 TeV.

A selection based on the TRD, tracker and TOF subdetectors has been applied to identify
downward-going relativistic |Z|=1 particles in the TRD and ECAL acceptance. Such sample con-
tains the e signal and the dominating proton background. Protons interacting deep in the calorime-
ter have been efficiently removed by rejecting particles that only ionize in the first 5 Xj of the ECAL.
The sample purity has been further enhanced by a selection based on the ECAL shower topology.

A data-driven approach has been exploited to evaluate the amount of (e* +e7) in the signal
enriched sample. The signals from the 20 TRD layers have been combined into a single discriminat-
ing variable, the TRD classifier, derived from the product of the probabilities of the e* hypothesis.
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A standard template-fit procedure on the TRD classifier shapes has been applied, independently
in each energy bin, to measure the yield of (e* +e7) events, N, and the statistical uncertainty on
N and on the number of background events. Figure 2 shows the TRD classifier reference shapes
and an example of template-fit. A total of 10.6 x 10° (e™ 4+ e™~) events have been identified from
0.5GeV to 1TeV. The statistical fluctuations on N dominate the measurement uncertainty above
~200 GeV.
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Figure 2: Left — TRD classifier reference shapes for e* (blue and light blue) and protons (red and orange) in
different energy ranges. The TRD classifier distribution does not depend on the energy for e* above 10 GeV.
Right — Template-fit to the [149-170] GeV energy bin used to extract the yield of (e™ +e™) events.

The templates for the e* signal and for the proton background have been retrieved from the
data, separately in each bin, using pure samples of e~ and protons selected with ECAL. The signal
template does not show any energy dependence above ~10 GeV. Therefore, all the e~ selected with
high purity in the [15.1, 83.4] GeV energy range have been used to define a unique, well known,
universal signal template used up to the highest energies.

The systematic uncertainty on Ng = N/¢g is defined by the level of accuracy to which the
data driven template shapes and €g are known. To evaluate this, the complete analysis has been
performed 2000 times in each energy bin, for different levels of background contaminations and
different ECAL selections used to define the TRD classifier templates (see Figure 3, Left). The
stability of the result for all the trials quantifies the systematic uncertainty of Ng, which amounts
to <1% below ~200GeV and it increases to 4% in the 500-700 GeV bin. Above ~500 GeV, it
represents the dominating source of systematic uncertainty for the ®(e™ + e~ ) measurement.

The acceptance for e* passing through the AMS-02 active volumes has been evaluated using
a Monte Carlo (MC) simulation of the AMS-02 detector based on the Geant 4.9.4 package [8].
The geometric acceptance for e* amounts to ~550 cm?sr. The event selection efficiency amounts
to 90% at 10 GeV and decreases up to 70% at 1 TeV. The effective acceptance A has been cor-
rected by the tiny differences observed between the data and the MC simulation, shown in Figure 3
(Right) for the case of the TRD selection. The uncertainty on the correction, which amounts to 2%
above 3 GeV and which introduces a bin-to-bin correlation of 1.4% over the entire energy range,
dominates the measurement systematic uncertainty below ~500 GeV.

The trigger efficiency, €r, has been determined from data using a dedicated, unbiased trigger
stream. It amounts to 100% above 3 GeV and decreases down to 75% at 1 GeV.
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Figure 3: Left — Procedure to assess the systematic uncertainty on Ng, quantified by the spread of the results
for different analysis trials (b). Insert (a) shows the stability of Ng for different strengths of the ECAL selec-
tion, therefore for different amounts of proton background contaminations. Right — Data / MC simulation
comparison for the selection on the TRD reconstruction and quality. The efficiency ratio — evaluated for
each analysis selection and shown in the insert for the TRD selection only — provides the correction to apply
to the effective acceptance A retrieved from the MC simulation.

The exposure time 7 has been calculated, independently in each energy bin, by the sum of
livetime-weighted seconds of data taking. It amounts to 6.2 x 107 s above 30 GeV and it decreases
below 30 GeV due to the non-negligible effect of the geomagnetic cutoff.
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Figure 4: Left — AMS-02 measurement of ®(e* + e~) (red points) superimposed to previous
measurements[9, 10, 11, 12, 13, 14, 15]. Right — Single power law fit (® o< E‘W‘) to the AMS-02 data
(black line). The detailed measurement of the energy dependence of the local spectral index (7) is shown in
the insert.

The AMS ®(e™ + e~ ) measurement — evaluated using Equation 2.1 — is reported in Figure 4
(Left) together with previous measurements. The data show no relevant feature and the flux is
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smooth above 10 GeV. Below this energy, ®(e™ +e~) is modulated by the effect of the Solar
Wind.

As shown in Figure 4 (Right), the existence of a prominent spectral feature above 300 GeV
observed by previous experiments is excluded. Other possible spectral anomalies are strongly
constrained. The flux measured by AMS-02 results softer than previous measurements at high
energies. Within the current experimental accuracy, the (e* +e~) flux can be described by a single
power law (® < E *W‘) above 30 GeV, with y = —3.17040.008 (stat+syst) +0.008 (energy scale) .
More details about the analysis of the energy dependence of ®(e™ +e™) are discussed in [5].

The measurement discussed here is based on the analysis of the data collected by AMS-02
in its first 30 months of operations. This corresponds to ~ 15% of the expected data sample for
the whole AMS mission. The analysis of additional data collected by AMS-02 in the future years
will provide further advances in the measurement accuracy and energy reach, that will improve the
current knowledge of the features of CR e* towards a comprehensive understanding of their origin,
acceleration and propagation mechanisms.
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