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FIG. 2: The antiproton-to-proton flux ratio at the top of the payload obtained in this work

compared with contemporary measurements [21–24, 28] and theoretical calculations for a pure

secondary production of antiprotons during the propagation of cosmic rays in the galaxy. The

dashed lines show the upper and lower limits calculated by Simon et al. [6] for the Leaky Box

Model, while the dotted lines show the limits from Donato et al. [30] for a Diffusion Reacceleration

with Convection model. The solid line shows the calculation by Ptuskin et al. [27] for the case of

a Plain Diffusion model.

secondary production takes place in the same region where cosmic rays are being acceler-

ated [11]. An increase in the antiproton [32] and secondary nuclei abundances [33] are also

predicted in this model. The solid line in Figure 3 shows the prediction for the high-energy

antiproton-to-proton flux ratio. While this theoretical prediction is in good agreement with

the PAMELA data, in this energy region it does not differ significantly from the expecta-

tion for standard secondary production models. Comparisons with experimental secondary

cosmic-ray nuclei data are needed along with higher energy antiproton measurements. New

data on the boron-to-carbon ratio measured by PAMELA will soon become available, while

the antiproton spectrum is likely to be probed at higher energies by AMS-02 experiment [34]

which will soon be placed on the International Space Station.
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FIG. 3: PAMELA positron fraction with other experimental data. The positron fraction

measured by the PAMELA experiment compared with other recent experimental data[24, 29, 30,

31, 32, 33, 34, 35]. One standard deviation error bars are shown. If not visible, they lie inside the

data points.

a shower tail catcher scintillator (S4) and a neutron detector. The ToF system provides

a fast signal for triggering the data acquisition and measures the time-of-flight and ioniza-

tion energy losses (dE/dx) of traversing particles. It also allows down-going particles to

be reliably identified. Multiple tracks, produced in interactions above the spectrometer,

were rejected by requiring that only one strip of the top ToF scintillator (S1 and S2) layers

registered an energy deposition (’hit’). Similarly no hits were permitted in either top scintil-

lators of the AC system (CARD and CAT). The central part of the PAMELA apparatus is

12

O. Adriani et al., arXiv:1007.0821 (2010) 

O Adriani et al. Nature 458, 607-609 (2009) A.A. Abdo et al., Phys.Rev.Lett.102:181101,2009.  
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The final tuning of the event selection provides a maxi-
mum systematic error less than 20% at 1 TeV. The abso-
lute LAT energy scale, at this early stage of the mission,
is determined with an uncertainty of +5%

−10%. This esti-
mate is being further constrained using flight and beam
test data. The associated systematic error is not folded
into those above as it is a single scaling factor over the
whole energy range. Its main effect is to rigidly shift the
spectrum by +10%

−20% without introducing significant defor-
mations.

While event selection is explicitly energy-dependent to
suppress the larger high-energy background, it is not op-
timized versus the incident angle of incoming particles.
Nonetheless we have compared the spectra from selected
restricted angular bins with the final spectrum reported
here; they are consistent within systematic uncertainties.
A further validation of the event selection comes from
an independent analysis, developed for lower-energy elec-
trons, which produces the same results when extended up
to the the endpoint of its validity at ∼ 100 GeV. Our ca-
pability to reconstruct spectral features was tested using
the LAT simulation and the energy response from fig-
ure 1. We superimposed a Gaussian line signal, centered
at 450 ± 50 GeV rms, on a power law spectrum with an
index of 3.3. This line contains a number of excess counts
as from the ATIC paper [8], rescaled with the LAT GF.
We verified that this analysis easily detects this feature
with high significance (the full width of the 68% contain-
ment energy resolution of the LAT at 450 GeV is 18%).

Results and discussion. – More than 4M electron
events above 20 GeV were selected in survey (sky scan-
ning) mode from 4 August 2008 to 31 January 2009. En-
ergy bins were chosen to be the full width of the 68%
containment of the energy dispersion, evaluated at the
bin center. The residual hadronic background was es-
timated from the average rate of hadrons that survive
electron selection in the simulations, and subtracted from
the measured rate of candidate electrons. The result is
corrected for finite energy redistribution with an unfold-
ing analysis [20] and converted into a flux JE by scaling
with the GF, see table I. The distribution of E3 × JE is
shown in table I and in figure 3.

Fermi data points visually indicate a suggestive devi-
ation from a flat spectrum. However, if we conserva-
tively add point–to–point systematic errors from table I
in quadrature with statistical errors, our data are well
fit by a simple normalized E−3.04 power law (χ2 = 9.7,
d.o.f. 24).

For comparison, we show a conventional model [1] for
the electron spectrum, which is also being used as a ref-
erence in a related Fermi-LAT paper [21] on the Galactic
diffuse gamma-ray emission. This uses the GALPROP
code [4], with propagation parameters adjusted to fit a
variety of pre-Fermi CR data, including electrons. This
model has an electron injection spectral index of 2.54
above 4 GeV, a diffusion coefficient varying with energy

FIG. 3: (color) The Fermi LAT CR electron spectrum (red
filled circles). Systematic errors are shown by the gray band.
The two-headed arrow in the top-right corner of the figure
gives size and direction of the rigid shift of the spectrum im-
plied by a shift of +5%

−10%
of the absolute energy, corresponding

to the present estimate of the uncertainty of the LAT energy
scale. Other high-energy measurements and a conventional
diffusive model [1] are shown.

as E1/3, and includes a diffusive reacceleration term. As
can be clearly seen from the blue dashed line in figure 3,
this model produces too steep a spectrum after prop-
agation to be compatible with the Fermi measurement
reported here.

The observation that the spectrum is much harder than
the conventional one may be explained by assuming a
harder electron spectrum at the source, which is not
excluded by other measurements. However, the signif-
icant flattening of the LAT data above the model pre-
dictions for E ≥ 70 GeV may also suggest the pres-
ence of one or more local sources of high energy CR
electrons. We found that the LAT spectrum can be
nicely fit by adding an additional component of pri-
mary electrons and positrons, with injection spectrum
Jextra(E) ∝ E−γe exp{−E/Ecut}, Ecut being the cut-
off energy of the source spectrum. The main purpose
of adding such a component is to reconcile theoretical
predictions with both the Fermi electron data and the
Pamela data [7] showing an increase in the e+/(e− + e+)
fraction above 10 GeV. The latter cannot be produced
by secondary positrons coming from interaction of the
Galactic CR with the ISM. Such an additional compo-
nent also provides a natural explanation of the steepen-
ing of the spectrum above 1 TeV indicated by H.E.S.S.
data [9]. As discussed in [12] and references therein, pul-
sars are the most natural candidates for such sources.
Other astrophysical interpretations (e.g. [22]), or dark
matter scenarios, can not be excluded at the present
stage.

A detailed discussion of theoretical models lies out-
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•   Data 
–  Model 

Chamber walls set to -90oC 

Stability criteria:  
dT/dt < 0.0001K/h 
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These spectra will provide experimental measurements of all the assumptions that go 
into calculating the background in searching for Dark Matter,  

i.e., p + C →e+, p, … 
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FIG. 1: The 2σ contours in the enhancement factor - mass plane for a) annihilation to µ+µ−, b) the Nomura-Thaler model N3

and c) the Arkani-Hamed et al. model AH4. The contours are shown for PAMELA and Fermi, whereas the HESS data is only

used as an upper limit. The black dot is the example model shown in Fig.2.

FIG. 2: Spectra for examples of good fit models in 1. The signal and background are shown for electrons (e+
+ e−) together

with Fermi [9] and HESS data [11, 27]. The HESS data and the background model has been rescaled with a factor 0.85. In

the inset, the positron fraction as measured with PAMELA is shown together with the predicted signal for the same model.

towards the galactic centre and dwarf spheroidals were
investigated. For Einasto or NFW profiles, the best fit
models are excluded due to gamma rays from the galactic
centre. However, for less steep profiles, like an isothermal
sphere, our best fit models are not excluded by these
data.

For the N and AH models, constraints from gamma
rays and radio (including final state radiation photons)
were investigated in [18]. The same conclusion holds for
these models, if the halo profile is an Einasto or NFW
profile (or steeper), the models are already excluded.
However, for shallower halo profiles, like an isothermal
sphere, the models are still viable. One should note that
the electron and positron fluxes discussed in this paper
are not very dependent on the choice of halo profile, so
the best-fit models derived here, would be more or less
the same for an NFW profile instead of the isothermal
profile we used in our analysis.

Given the large amounts of high-energy electrons and
positrons injected into the galaxy with these models, it
is also fair to wonder about secondary radiation from
inverse Compton scattering on the interstellar radiation
field [14, 15, 17, 28]. In [14] it is concluded that models
annihilating to µ+µ− are at tension with EGRET data

and that Fermi will be able to probe these models. Given
the new Fermi data, lower boost factors are needed than
those assumed in [14], so the tension with EGRET data is
less severe. However, Fermi should still be able to probe
these models. For the N3 and AH4 model, we get very
similar constraints [17] and these are also viable with a
shallow halo profile.

One should also note that we have chosen to work
with a rather standard halo and diffusion model, but it is
rather straightforward to rescale our results via the en-
hancement factor introduced in Eq. (1). Note that the
dependence on ρ0 and τ0 in Eq. (1) is a very good ap-
proximation for high energies. For lower energies (i.e. the
PAMELA range), it is more involved as the positrons at
these energies have propagated rather far. Keeping the
signal fixed at higher energies, it is possible to move the
signal from dark matter up at lower energies by having
a larger significant diffusion region (by having a larger
diffusion zone half height and a larger diffusion coeffi-
cient). Increasing τ0 will also increase the fluxes at low
energies slightly more than the linear relation in Eq. (1)
as positrons then sample a larger (and partly denser) re-
gion in the galaxy. These effects are more pronounced
for steeper halo profiles, like a Navarro-Frenk-White [29]
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1. Measurement inside the magnet with an effective length L  

(Q/p)·(Δp/p) α 1/BL2 

2. Measurement of the incident (θ1) and exit (θ2) angles 
which depend on the length L1 

(Q/p)·(Δp/p) α 1/BLL1 

θ1 

θ2 

B 

L 

For both magnets, L ∼ 80 cm,  
but in the permanent magnet B is 5 times smaller 

to maintain the same Δp/p we increase L1 from ∼15 cm  
(Superconducting Magnet) to ∼125 cm (permanent magnet) 

The momentum resolution (Δp/p) is the sum of two contributions: 
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Long term support from NASA already planned. 
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Independent	
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1. Alignment	
  	
  with	
  	
  CERN	
  Test	
  beam	
  on	
  7-­‐14	
  Aug	
  
2010	
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  the	
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  energy	
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  (400	
  GeV).	
  

2.	
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  with	
  10,000	
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  every	
  orbit	
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BB collisions produce structures in the e+ and p spectra 

Kaluza-Klein Bosons (B) are also Dark Matter candidates  
with a typical mass of 100 GeV to 1 TeV. 

A. L. Fitzpatrick, J. Kaplan, L. Randall, L-T Lian-Tao,, JHEP 0709 (2007) 013. 

H.C.Cheng, J.L.Feng and K.T.Matchev, Phys.Rev.Lett V89, N21 (2002) 211301-1 


