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The AMS-02 experiment is a large acceptance spectrometer continuously operating onboard the
International Space Station since May 2011. One of the main objectives of the AMS-02 mission
is the measurement of the rare antimatter components of cosmic rays. In six years of operations,
AMS-02 has detected ∼20 million cosmic ray electrons and positrons that have been used to
precisely measure the positron fraction – the ratio of positrons over the sum of positrons and
electrons – in cosmic rays from 0.5 GeV to 700 GeV. The analysis of the latest data collected by
AMS-02 extends the energy range of the previous measurement and improves its precision.
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The Alpha Magnetic Spectrometer [1] (AMS-02) is the high energy spectrometer operating
onboard the International Space Station since May 2011 to conduct a long duration mission of
direct measurements of cosmic ray (CR) spectra in space and of their composition at the TeV
energy scale. One of the main objectives of the AMS-02 mission is the measurement of the rare
antimatter components of CRs. The accurate measurement of the relative abundance of positrons
e+ with respect to the total component (e++ e−), the so-called positron fraction (PF, e+/(e++e−)),
provides important information on possible e± exotic sources like e± production from Dark Matter
(DM) annihilation in the Galaxy or production from nearby astrophysical sources (pulsars and
SuperNovæ Remnants). Recently, AMS-02 has released the most accurate measurement of the PF
in CRs [2] based on 10.9 million e± collected in the first 30 months of operations.

Differently from what expected from the production of e+ in the interactions of primary CRs
with the interstellar medium, the PF intensity increases above 10 GeV providing evidence of an
additional source of e± in the Galaxy. For the first time, AMS-02 has observed a decrease in the
spectral slope of the PF above 40 GeV, and has found a first evidence of the maximum of the PF,
measured at 275±32 GeV.

AMS-02, now in orbit since more than 6 years of successful continuous operations, has col-
lected more than 100× 109 cosmic rays. In the following, we report on the status of the analysis of
more than 20 million e± identified in the data towards an improved updated measurement of the PF.

The AMS-02 detector
The AMS-02 detector is fully described in [1]. Its core consists of the magnetic spectrome-

ter, composed of a permanent magnet generating a 0.14 T dipolar magnetic field and 9 layers of
double sided silicon microstrip tracker detectors. 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 mea-
sure the particle flight direction and velocity. To improve the particle identification capabilities,
AMS-02 is equipped from top to bottom with a transition radiation detector (TRD), a ring imaging
Cherenkov detector and an electromagnetic calorimeter (ECAL) . The magnet, located between
TRD and ECAL, ensures that the information provided by the two subdetectors are independent
from each other. The curvature measured with the tracker together with the flight direction of the
particle measured with the TOF yields the sign of the charge, essential to separate antimatter from
from the more abundant matter CRs.

Data analysis
Despite the direct probes to characterize the e+ excess are measurements of the separate e−

and e+ fluxes [3], the measurement of the PF together with the (e++ e−) flux [4] provides com-
plementary information. Moreover, the separate e− and e+ flux measurements have additional
systematic errors due to the finite knowledge of the detector acceptance. The PF fraction measure-
ment, instead, is limited by statistics as the acceptance uncertainties cancel out in the fraction, and
together with the (e++ e−) flux provides a more sensitive estimation of the e+ flux.

AMS-02 identifies and separates e± from the dominant proton background using the elec-
tron/hadron (e/h) separation power of the TRD and of the ECAL. The signal in the 20 layers of
the TRD is combined in the TRD estimator ΛTRD = −ln((Pe)/(Pe+Pp)) based on the likelihood ra-
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tio for the e± and proton probabilities (Pe,Pp). Variables describing the topology of the shower
development in the 17 X0 ECAL are used as input to a BDT algorithm that evaluates the ECAL
estimator ΛECAL. Both ΛTRD and ΛECAL have been defined and trained using pure samples of e− and
protons selected from flight data using the other subdetectors of AMS-02. The distributions for
ΛTRD and ΛECAL and their proton rejection power are shown in Figure 1. The combined e/h rejection
of AMS-02 amounts to more than 106 in most of its energy range.
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Figure 1: Left: Distribution of the TRD estimator ΛTRD for e± and protons; TRD proton rejection. Center:
Distribution of the ECAL estimator ΛECAL for e± and protons; ECAL proton rejection; Right: Distribution
of the CC estimator Λe

CC for signal and charge confused events; CC evaluated in flight data and in MC.

The migration of e− into the e+ sample (e−→ e+) due to interactions with the detector materi-
als and to the finite resolution of the tracker is evaluated using the charge confusion (CC) estimator
ΛCC, defined as the output of a BDT algorithm trained with the MC simulation data and based on
(i) the track quality (ii) noise in the detector (ii) tracker and TOF charge. The distributions for ΛCC

are shown in Figure 1.
The majority of protons in the data is removed using an efficient selection on ΛECAL. The

amount of e+ and e− is then estimated fitting reference shapes in the ΛCC : ΛTRD plane for the signal
(e±), the CC migration and the remaining protons in the positive and negative rigidity samples.

The high e/h separation capability of AMS-02 makes the uncertainty on the proton contam-
ination negligible. The difference between the amount of CC confusion predicted from the MC
simulation and evaluated from data, shown in Figure 1, is the major contribution to the PF sys-
tematic uncertainty in the whole energy range. Above 10 GeV, the PF measurement uncertainty is
dominated by the finite e+ statistics.

The positron fraction measurement
The measurement of the positron fraction by AMS-02 based on 10.9 million e± collected in

the first 30 months of operations is shown in Figure 2. AMS-02 has extended the accuracy of the
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top of the AMS detector. The contribution of individual
sources to the systematic error are added in quadrature to
arrive at the total systematic uncertainty.
Most importantly, several independent analyses were

performed on the same data sample by different study
groups. Results of these analyses are consistent with those
presented in this Letter.
Figure 2 shows the behavior of the positron fraction at

low energies, from 1 to 35 GeV. As seen, below ∼8 GeV,
the positron fraction decreases rapidly as expected from the
diffuse production of positrons [16]. Then the fraction
begins to increase steadily with energy. The AMS data
provide accurate information on the minimum of the
positron fraction.
Our earlier result [2], in which we observed the increase

of the positron fraction with decreasing slope above
20 GeV, is consistent with this new measurement. The
increase of the positron fraction has been reported by earlier
experiments: TS93 [17], Wizard/CAPRICE [18], HEAT
[19], AMS-01 [20], PAMELA [21], and Fermi-LAT [22].
The new result extends the energy range to 500 GeVand

is based on a significant increase in the statistics by a factor
of 1.7. Figure 3 explores the behavior of the positron
fraction at high energies (> 10 GeV) and compares it with
earlier measurements. We observe that above ∼200 GeV
the positron fraction is no longer increasing with energy.
To examine the energy dependence of the positron

fraction quantitatively in a model independent way, straight
line fits were performed over the entire energy range with a
sliding energy window, where the width of the window
varies with energy to have sufficient sensitivity to the slope.
Each window covers about eight bins, at energies above
200 GeV it covers three bins. The variation of the slope of
the positron fraction from 4 GeV upwards is shown in
Fig. 4(a). As seen in the figure, above 30 GeV the slope
decreases logarithmically with energy. Fitting the change
of the slope as a function of energy above 30 GeV with
a two parameter fit [slope ¼ c logðE=E0Þ where c is the

normalization and E0 is the energy at which the slope
crosses zero, that is, the energy at which the positron
fraction reaches its maximum] results in a determination of
E0 ¼ 275$ 32 GeV with a χ2=d:f: ¼ 3.9=12 taking into
account correlations. The result of the fit is shown as a solid
line in Fig. 4(a). This confirms our observation from Fig. 3
that above ∼200 GeV the positron fraction is no longer
increasing with energy. The exact value of E0, which is an
important parameter in understanding the physics of the
positron fraction [3], will be determined accurately with
more data and by extending the energy range.
This is the first experimental evidence of the existence of

a new behavior of the positron fraction at high energy.
We present a fit to the data of a minimal model, described

in our previous Letter [2]. In this model the eþ and e−

fluxes are parametrized as the sum of its individual diffuse
power law spectrum and a common source term with an
exponential cutoff parameter, Es

Φeþ ¼ CeþE−γeþ þ CsE−γse−E=Es ; ð1Þ
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FIG. 2 (color). The positron fraction from 1 to 35 GeV. It shows
a rapid decrease from 1 to ∼8 GeV followed by a steady increase.
The AMS data provide accurate information on the minimum of
the positron fraction.

TABLE I. (Continued).

Energy [GeV] Neþ Fraction σstat: σacc: σsel: σmig: σref: σc:c: σsyst:

74.30–80.00 450 0.0963 0.0047 0.0002 0.0010 0.0007 0.0002 0.0006 0.0014
80.00–86.00 381 0.1034 0.0056 0.0002 0.0011 0.0007 0.0002 0.0007 0.0015
86.00–92.50 398 0.1207 0.0063 0.0002 0.0011 0.0007 0.0003 0.0009 0.0016
92.50–100.0 358 0.1169 0.0063 0.0002 0.0013 0.0007 0.0003 0.0010 0.0018
100.0–115.1 524 0.1205 0.0054 0.0002 0.0014 0.0007 0.0004 0.0013 0.0021
115.1–132.1 365 0.1110 0.0062 0.0002 0.0017 0.0007 0.0005 0.0018 0.0026
132.1–151.5 271 0.1327 0.0083 0.0002 0.0020 0.0007 0.0006 0.0024 0.0032
151.5–173.5 228 0.1374 0.0097 0.0002 0.0023 0.0007 0.0007 0.0031 0.0040
173.5–206.0 225 0.1521 0.0109 0.0002 0.0027 0.0007 0.0008 0.0044 0.0053
206.0–260.0 178 0.1550 0.0124 0.0003 0.0034 0.0007 0.0011 0.0076 0.0084
260.0–350.0 135 0.1590 0.0168 0.0003 0.0045 0.0007 0.0015 0.0123 0.0132
350.0–500.0 72 0.1471 0.0278 0.0003 0.0064 0.0007 0.0022 0.0182 0.0194
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Φe− ¼ Ce−E−γe− þ CsE−γse−E=Es ; ð2Þ

(with E in GeV). A fit of this model to the data with their
total errors (the quadratic sum of the statistical and
systematic errors) in the energy range from 1 to
500 GeV yields a χ2=d:f: ¼ 36.4=58 and the cutoff
parameter 1=Es ¼ 1.84% 0.58 TeV−1 with the other
parameters having similar values to those in [2],
Ceþ=Ce− ¼ 0.091% 0.001, Cs=Ce− ¼ 0.0061% 0.0009,
γe− − γeþ ¼ −0.56% 0.03, and γe− − γs ¼ 0.72% 0.04.
(The same model with no exponential cutoff parameter,
i.e., 1=Es set to 0, is excluded at the 99.9% C.L. when fit to
the data.) The resulting fit is shown in Fig. 4(b) as a solid
curve together with the 68% C.L. range of the fit param-
eters. No fine structures are observed in the data. In our
previous Letter, we reported that solar modulation has no
observable effect on our measured positron fraction, and
this continues to be the case.
An analysis of the arrival directions of positrons and

electrons was presented in [2]. The same analysis was
performed including the additional data. The positron to
electron ratio remains consistent with isotropy; the upper
limit on the amplitude of the dipole anisotropy is δ ≤ 0.030
at the 95% C. L. for energies above 16 GeV.
Following the publication of our first Letter [2], there

have been many interesting interpretations [3] with two
popular classes. In the first, the excess of eþ comes from
pulsars. In this case, after flattening out with energy, the
positron fraction will begin to slowly decrease and a dipole
anisotropy should be observed. In the second, the shape of
the positron fraction is due to dark matter collisions. In this
case, after flattening out, the fraction will decrease rapidly
with energy due to the finite and specific mass of the dark
matter particle, and no dipole anisotropy will be observed.
Over its lifetime, AMS will reach a dipole anisotropy
sensitivity of δ≃ 0.01 at the 95% C.L.

The new measurement shows a previously unobserved
behavior of the positron fraction. The origin of this
behavior can only be ascertained by continuing to collect
data up to the TeV region and by measuring the antiproton
to proton ratio to high energies. These are among the main
goals of AMS.
In conclusion, the 10.9 × 106 primary positron and

electron events collected by AMS on the ISS show that,
above ∼200 GeV, the positron fraction no longer exhibits
an increase with energy. This is a major change in the
behavior of the positron fraction.
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FIG. 3 (color). The positron fraction above 10 GeV, where it
begins to increase. The present measurement extends the energy
range to 500 GeV and demonstrates that, above ∼200 GeV, the
positron fraction is no longer increasing. Measurements from
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FIG. 4 (color). (a) The slope of the positron fraction vs energy
over the entire energy range (the values of the slope below 4 GeV
are off scale). The line is a logarithmic fit to the data above
30 GeV. (b) The positron fraction measured by AMS and the fit of
a minimal model (solid curve, see text) and the 68% C.L. range of
the fit parameters (shaded). For this fit, both the data and the
model are integrated over the bin width. The error bars are the
quadratic sum of the statistical and systematic uncertainties.
Horizontally, the points are placed at the center of each bin.
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Figure 2: Positron fraction measured by AMS-02 at low and high energies with previous experiments [2].

measurement at low energy to precisely trace the rise of the PF and has extended the maximum
energy reach up to 500 GeV. For the first time, AMS-02 has observed that the PF spectral slope
decreases with energy, and reaches its maximum at 275±32 GeV. The accurate analysis of the PF
spectral shape has provided novel information to constrain the models used to explain the origin of
the e± excess.

The AMS collaboration is continuously analyzing freshly collected data to extend the PF mea-
surement. Using ∼20 million CR e± collected in more than 6 years of operations, the PF measure-
ment has been extended up to 700 GeV and its accuracy has been improved in the whole energy
range. Moreover, the current statistics allow to trace the time dependence of the PF with unprece-
dented precision to investigate the accuracy of the astrophysical models of CR propagation and to
search for charge-sign dependent effects in the solar modulation on the low energy e± fluxes.

AMS-02 is currently the only magnetic spectrometer operating in space for direct detection
of CRs with matter/antimatter separation capabilities, and it will continue to collect data until the
end of the ISS mission. Future data will be fundamental to further extend the energy reach and the
accuracy of the PF measurement. Together with other AMS-02 measurements – like the search for
anisotropies in the incoming directions of e±, the measurement of other rare antimatter components
( p̄, D̄,...) and of composition and energy spectra of the primary and secondary CR nuclei – extended
results on the PF will be fundamental to understand the processes of CR propagation and to further
constrain, and to possibly identify, the dominating source of the e± excess.
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