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With the accurate cosmic ray (CR) electron and positron spectra (denoted as �e− and �e+ , respectively) 
measured by AMS-02 Collaboration, the difference between the electron and positron fluxes (i.e., �� =
�e− − �e+ ), dominated by the propagated primary electrons, can be reliably inferred. In the standard 
model, the spectrum of propagated primary CR electrons at energies ≥ 30 GeV softens with the increase 
of energy. The absence of any evidence for such a continuous spectral softening in �� strongly suggests 
a significant ‘excess’ of primary CR electrons and at energies of 100–400 GeV the identified excess 
component has a flux comparable to that of the observed positron excess. Middle-age but ‘nearby’ 
supernova remnants (e.g., Monogem and Geminga) are favored sources for such an excess.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

Thanks to the rapid progresses made in measuring the spec-
tra of cosmic ray (CR) electrons and positrons, the presence of 
significant excesses in both the positron spectrum and the elec-
tron/positron total spectrum, with respect to the prediction of 
standard CR model [1], has been well established [2–6]. These ex-
cesses, attracting great attention, have been widely interpreted as 
a signal of dark matter annihilation/decay or alternatively the pres-
ence of new CR electron/positron sources [7]. In view of the spec-
tral hardening displayed in the proton and heavier CR particle data 
of ATIC [8], CREAM [9] and PAMELA [10], it is quite natural to spec-
ulate that the primary CR electron spectrum also gets hardened 
at high energies (i.e., there is also an electron excess component, 
which just accounts for part of the total spectrum excess) and in-
teresting observational signal is expected in AMS-02 data [11]. The 
joint fit of the positron-to-electron ratio (R = �e+/(�e+ + �e− ), 
where � is the flux) data and the positron/electron total flux data 
(�tot = �e+ + �e− ) does favor such a possibility [11–13]. How-
ever, in the model of multiple pulsars for the positron excess [14]
the primary-electron spectrum hardening/excess is found to be not 
needed. Such a “divergency” demonstrates that it is necessary to 
“identify” the excess as model-independent as possible, which is 
the main goal of this work.
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For such a purpose we focus on the data of �� = �e− − �e+
(see the upper left panel of Fig. 1) that is dominated by the prop-
agated primary CR electrons and can “minimize” the possible uncer-
tainties of the identified excess caused by the introduction of the “new” 
source(s) for the positron excess. Such a treatment is only possible 
currently thanks to the release of the AMS-02 electron/positron 
spectra with unprecedented accuracy in a wide energy range [5,6]. 
The spectral index of �� evolving with the energy of electrons 
is shown in the upper right panel of Fig. 1 (we slide the energy 
window covering the energy range of every 5 neighboring data 
bins, within which the power law spectral index and its error are 
obtained) and there is not any evidence for spectral softening at 
εe > 20 GeV where the solar modulation of cosmic ray fluxes is 
negligible. It is in agreement with the empirical fit of the latest 
AMS-02 electron/positron data with the “minimal model” of [4], in 
which the so-called “diffuse” electron component dominating ��

can be well approximated by a signal power-law up to the energy 
of ∼ 500 GeV [5,15]. Such a simple behavior, however, is actually 
unexpected in the standard/conventional CR propagation model, in 
which CRs are thought to originate in homogeneously-distributed 
supernova remnants and the primary electrons from different 
sources are assumed to take a single power-law energy distribu-
tion for εe > quite a few GeV [1,16]. The higher the εe, the quicker 
the cooling of the diffusing electrons. The cooling timescale of 
electrons/positrons is τc ∼ 17 Myr (εe/10 GeV)−1 while the pro-
ton CR age is estimated to be τa ∼ 20 Myr (εe/2.6 GeV)−0.53
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Fig. 1. Upper left panel: E3Flux as a function of energy of the electrons/positrons. The �e+ and �e− data are taken from [5,6]. Upper right panel: the spectral index of 
�� evolving with the energy of the electrons. Lower panel: The probability distribution of δ found in numerical simulations with our own code [11] based on the COS-
MOMC (http://cosmologist.info/cosmomc/). The horizontal bar indicates the 1σ and 3σ standard deviations, and the vertical dashed line (cross) represents the statistic-mean 
(best-fit) value. The color blue (red) represents the result of DR (DC) propagation model. (For interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.)

for εe ≥ 2.6 GeV [1,17]. It is reasonable to assume that the pri-
mary CR electrons and protons were from the same sources and 
thus at the same ages, we can then define a “cooling” energy 
(εe,c ∼ 30 GeV given by τc = τa) of the electrons above which 
the cooling softens the spectrum effectively. As a result of the su-
perposition of the particles from different sites, the spectrum of 
propagated primary electrons would be continually softened. In-
deed a general behavior found in the numerical calculations is that 
at εe > 10 s GeV the spectrum of the propagated primary CR elec-
trons gets softer and softer and the softening between the energy 
ranges of 100–400 GeV and 10–50 GeV is ∼ ε−0.2

e (see for exam-
ple the “background” component of Fig. 1 and Fig. 2 of [18]). The 
inconsistence between the data and the prediction of the conven-
tional CR model likely suggests a significant spectral excess at high 
energies, which could arise from for example a group of nearby 
supernova remnants [19,20,11,21–23].

Please bear in mind that the puzzling non-softening spectral 
behavior of propagated primary electrons could be just an illu-
sion if in deriving �� either “(a) too much electron flux has 
been subtracted at lower energies” or “(b) too little electrons have 
been removed at high energies”. If scenario (a) is correct (i.e., 
�e+ overestimates the corresponding electron flux at low ener-
gies significantly and the ‘intrinsic’ �� is as large as the standard 
CR model prediction), we need �e+ ∼ 0.4�e− at εe ∼ 10 GeV, 
which has already been convincingly ruled out by the R data of 
AMS-02. As for scenario (b), we have assumed that the sources 
giving rise to the positron excess component do not generate 
more abundant electrons at given energies, which is the case for 
the most widely discussed new CR-electron/positron sources in-
clude pulsars [24] and dark matter annihilation/decay [25,26], for 
which the electrons/positrons were born in pairs. (One exception 

is the so-called asymmetric dark matter model, in which the pos-
sibility of decaying into electrons and positrons does not equal 
with each other [27].) Moreover, for the collision of high en-
ergy CRs with other particles/photons taking place in both the 
interstellar medium and the CR sources, it is well known that 
among the resulting secondary particles the positrons are more 
(rather than less) than electrons [1,7,28]. For instance, the most-
widely discussed proton–proton and proton–Helium collisions in 
the interstellar medium (these processes have also been properly 
taken into account in our numerical fit of ��, see below) yield 
charged pions and kaons, which further decay as K ± → π± + π0, 
K ± → μ± + νμ , π± → μ± + νμ and μ± → e± + ν̄μ + νe. At 
εe � 1 GeV, the secondary electrons have a flux about half of the 
corresponding positrons [1,7]. Hence the hypothesis described in 
scenario (b) does not apply, either. So far we have shown that the 
non-softening spectral behavior of propagated primary electrons is 
reliable.

The propagation of CR can be described by a transport equation
including diffusion, convention, re-acceleration, radioactive and so 
on [1]. As usual we adopt the GALPROP [16] package to calculate 
the propagation of the CR particles numerically. The diffusion–
reacceleration (DR) and diffusion–convection (DC) models are in-
troduced to discuss the systematic uncertainty of CR propagation. 
The CR propagation parameters are fixed in our discussion, which 
can reasonably fit the observational B/C, 10Be/9Be and proton data. 
To be precise, we use parameters in [30,31] when discussing DR 
model, while we fix the propagation parameters [13,29] and fit 
the latest AMS-02 proton data [32] to get proton injection param-
eters in DC model. The main parameters we used are summarized 
in Table 1. To account for the possible spectrum “hardening” of 
the injected primary electrons, three spectral indexes (
1, 
2, 
3) 
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