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New AMS results 

“ere's no such thing as disappointing.” 
              (Sam Ting)  



New AMS results 

10 GeV the positron fraction decreases with increasing
energy as expected from the secondary production of
cosmic rays by collision with the interstellar medium.
The positron fraction is steadily increasing from 10 to
!250 GeV. This is not consistent with only the secondary
production of positrons [17]. The behavior above 250 GeV
will become more transparent with more statistics which
will also allow improved treatment of the systematics.

Table I (see also [13]) also presents the contribution of
individual sources to the systematic error for different bins
which are added in quadrature to arrive at the total system-
atic uncertainty. As seen, the total systematic error at the
highest energies is dominated by the uncertainty in the
magnitude of the charge confusion.

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 Fig. 5 and in Table I (see also [13]).

The observation of the positron fraction increase with
energy has been reported by earlier experiments: TS93
[18], Wizard/CAPRICE [19], HEAT [20], AMS-01 [21],
PAMELA [22], and Fermi-LAT [23]. The most recent
results are presented in Fig. 5 for comparison. The accu-
racy of AMS-02 and high statistics available enable the
reported AMS-02 positron fraction spectrum to be clearly
distinct from earlier work. The AMS-02 spectrum has the
unique resolution, statistics, and energy range to provide
accurate information on new phenomena.
The accuracy of the data (Table I and [13]) enables us to

investigate the properties of the positron fraction with
different models. We present here the results of comparing
our data with a minimal model, as an example. In this
model the eþ and e# fluxes,!eþ and!e# , respectively, are
parametrized as the sum of individual diffuse power law
spectra and the contribution of a single common source
of e$:

!eþ ¼ CeþE
#!eþ þ CsE

#!se#E=Es ; (1)

!e# ¼ Ce#E
#!e# þ CsE

#!se#E=Es (2)

(with E in GeV), where the coefficients Ceþ and Ce#

correspond to relative weights of diffuse spectra for posi-
trons and electrons, respectively, and Cs to the weight of
the source spectrum; !eþ , !e# , and !s are the correspond-
ing spectral indices; and Es is a characteristic cutoff energy
for the source spectrum. With this parametrization the
positron fraction depends on five parameters. A fit to the
data in the energy range 1–350 GeV based on the number
of events in each bin yields a "2=d:f: ¼ 28:5=57 and the
following: !e# # !eþ ¼ #0:63$ 0:03, i.e., the diffuse
positron spectrum is softer, that is, less energetic with
increasing energy, than the diffuse electron spectrum;
!e# # !s ¼ 0:66$ 0:05, i.e., the source spectrum is
harder than the diffuse electron spectrum; Ceþ=Ce# ¼
0:091$ 0:001, i.e., the weight of the diffuse positron flux
amounts to !10% of that of the diffuse electron flux;
Cs=Ce# ¼ 0:0078$ 0:0012, i.e., the weight of the com-
mon source constitutes only !1% of that of the diffuse
electron flux; and 1=Es ¼ 0:0013$ 0:0007 GeV#1, corre-
sponding to a cutoff energy of 760þ1000

#280 GeV. The fit is
shown in Fig. 6 as a solid curve. The agreement between
the data and the model shows that the positron fraction
spectrum is consistent with e$ fluxes each of which is the
sum of its diffuse spectrum and a single common power
law source. No fine structures are observed in the data. The
excellent agreement of this model with the data indicates
that the model is insensitive to solar modulation effects
[24] during this period. Indeed, fitting over the energy
ranges from 0.8–350 GeV to 6.0–350 GeV does not change
the results nor the fit quality. Furthermore, fitting the data
with the same model extended to include different solar
modulation effects on positrons and electrons yields simi-
lar results. This study also shows that the slope of the
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FIG. 4 (color). (a) Stability of the measurement in the energy
range 83.2–100 GeVover wide variations of the cuts fitted with a
Gaussian of width 1.1%. (b) The positron fraction shows no
correlation with the number of selected positrons.
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FIG. 5 (color). The positron fraction compared with the most
recent measurements from PAMELA [22] and Fermi-LAT [23].
The comparatively small error bars for AMS are the quadratic
sum of the statistical and systematic uncertainties (see Table I
and [13]), and the horizontal positions are the centers of
each bin.
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Secondaries from the Source? 
Common belief: secondaries from propagation dominate since the grammage 
in the ISM is larger than in the source 

However, the secondaries from the source can 
have a much harder spectrum! 



Secondary Origin of     . 
Rise in positron fraction could be due 
to secondary positrons produced 
during acceleration and accelerated 
along with primary electrons 
Blasi, PRL 103 (2009) 051105 

 
Assuming production of galactic CR 
in SNRs, positron fraction can be 
"tted 
 
is effect is guaranteed, only its size 
depends on normalisation and one 
free parameter that needs to be "tted 
from observations 

W44 in γ-rays from Fermi-LAT 



Acceleration determined by compression ratio: 
 
 
Solve transport equation, 
 
 
 

DSA – Test Particle Approximation 

u
∂f

∂x
= D

∂2f

∂x2
+

1
3

du

dx
p
∂f

∂p

f
x→−∞−−−−−→ finj(p),

��� lim
x→∞

f
����∞

Solution for            : 

where 

f0(p) = γ

� p

0

dp�

p�

�
p�

p

�γ

finj(p�) + Cp−γ As long as                is softer than 
         , at high energies: 
 
  

f(x, p) ∼ p−γ

p−γ
finj(p)



DSA with Secondaries 
•  Secondaries get produced with primary spectrum: 

•  Only particles with                            can be accelerated 

•  Bohm diffusion:  

•  Fraction of secondaries that go  
into acceleration  

•  Equilibrium spectrum 
p2 > p1 

Rising positron fraction 
at source 



Propagation Setup 
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A Hybrid Model 
•  homogeneous distribution for sources with distances  

or ages 
•  supplement with known young and nearby sources 
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A Caveat 
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Not	
  only	
  observed	
  
sources	
  contribute!	
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Ahlers, Mertsch, Sarkar, PRD 80 (2009) 123017 
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Electron and positron $uxes 

•  smooth source distribution (lines) 
 

•  both, e- and e+ $uxes  
softer than reported by  
PAMELA and Fermi-LAT 

•  $attening or cut-off of positron 
$ux depends on maximum energy 
-> old sources, so most likely TeV 
to tens of TeV 
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Positron fraction 

•  stochastic $uctuations 
smaller in positron 
fraction 

•  spectral behaviour 
beyond last data point 
depends on max energy 
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Boron-to-Carbon ratio 

•  spectral behaviour 
depends on maximum 
energy 

•  minimum at hundreds of 
GeV (cf. positron 
fraction) 
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Antiproton-to-proton ratio 

•  spectral behaviour 
depends on maximum 
energy 

•  minimum at hundreds of 
GeV (cf. positron 
fraction) 
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Conclusion 

Very predictive model: 
nuclear secondary-to-
primary ratios 

Acceleration of 
secondary e+ in SNRs 
could explain positron 
excess 

Astrophysical 
explantions of 
positron excess: 
pulsars? 


