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Abstract: We present the results of our analysis of the cosmic ray electron spectrum using more than 20 million elec-
tron candidate events above 20 GeV, collected by the Fermi Large Area Telescope in 29 months of science operation. 
The obtained spectrum is in full agreement with that obtained in the first year of operation. We analyzed the effect of 
the recently reported broken power law cosmic ray proton spectrum and also discuss the future perspectives for the 
analysis of high energy cosmic ray electrons with Fermi LAT 
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1 Introduction 
 

The Fermi observatory was launched from Cape Cana-
veral by a Delta-II rocket on June 11, 2008, into a near-
circular 565 km orbit with 25.6 inclination. The main 
instrument, the Large Area Telescope (LAT), is a wide 
field-of-view, imaging high energy telescope for detect-
ing celestial gamma-rays [1].  However, in the early 
stages of its design it was recognized that it would be a 
capable detector of high-energy electrons [2].  High-
energy cosmic-ray  electrons (hereafter CRE) lose their 
energy rapidly according to –dE/dx ~ E2 by synchrotron 
radiation on Galactic magnetic fields and by inverse 
Compton scattering on the interstellar radiation fields. 
The typical distance over which a 1 TeV CRE loses half 
of its total energy is estimated to be 300-400 pc (see e.g. 
[3]) when it propagates within about one kpc of the Sun.  
Also, CRE are affected by the propagation processes 
such as energy-dependent diffusive losses, convective 
processes in interstellar medium and possible re-
acceleration during propagation from the sources. All 
this makes CRE a unique tool for exploring the nearby 
Galactic environment.  
Recent results on CRE from ATIC [4], PAMELA [5],  
and PPB-BETS [6] sharply increased interest in this topic.  
ATIC and PPB-BETS reported an excess of electrons in 
the range 300 – 700 GeV compared to the background 
expected from a conventional homogeneous distribution 
of cosmic-ray sources. The H.E.S.S. team reported a 
spectrum that steepens above ~ 900 GeV [6], which was 
confirmed at this Conference by the MAGIC team [7]. 

The PAMELA  team reports (recently confirmed by the 
Fermi LAT for an extended energy range [8]) that the 
ratio of the positron flux to the total flux of electrons and 
positrons increases with energy above ~10 GeV. This 
result has significant scientific implications. The Fermi 
LAT team has reported [9] that the CRE spectrum be-
tween 20 GeV and 1 TeV has a harder spectral index 
(best fit 3.04 in the case of a single power law) than pre-
viously indicated, showing an excess of CREs at energies 
above 100 GeV with respect to most pre-Fermi experi-
ments. This result was extended down to 7 GeV with the 
statistics collected for the 1st year of Fermi LAT opera-
tion [10]. The present paper summarizes the analysis 
approach, presents the spectrum obtained for 29 months 
of observations and analyzes the effect of a broken power 
law proton spectrum, recently reported by ATIC [11], 
CREAM [12], and PAMELA [13]. We also discuss the 
plan and perspectives for the future CRE analysis by 
Fermi LAT. 
 
 
2 Fermi LAT analysis of CRE 
 
The LAT is a pair-conversion gamma-ray telescope de-
signed to measure gamma-rays in the energy range from 
20 MeV to greater than 300 GeV. The LAT is composed 
of a 4 x 4 array of identical towers that measure the ar-
rival direction and energy of each photon. Each tower is 
comprised of a tracker and a calorimeter module; the 
entire LAT is covered by a segmented anticoincidence 
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detector. The detailed information about LAT design and 
characteristics can be found in [1].  

 
Fig.1 Block-diagram of the CRE analysis. Dashed line 
means that the operation is applied (e.g. selections ap-
plied, or background rate subtracted)  
 
The CRE analysis is based on the gamma-ray analysis 
and is described in detail in [10]. The main challenge of 
the analysis is to identify and separate electrons from all 
other species, mainly CR protons. The analysis involves 
a trade-off between the efficiency for detecting electrons 
and that for rejecting hadrons. The hadron rejection must 
be 103 – 104, increasing with energy.  The analysis is 
heavily based on extensive Monte Carlo simulations. 
These simulations have been used to develop the electron 
selection algorithms to remove hadron background, and 
to determine the instrument response functions for CRE 
analysis including efficiency, effective area and solid 
angle (effective geometric factor) for spectral reconstruc-
tion. The block-diagram of the analysis is given in fig.1. 
The event selection relies on the capabilities of the track-
er, calorimeter and anticoincidence subsystems to dis-
criminate between electromagnetic and hadronic event 
topologies. The shapes of hadronic showers differ signif-
icantly from EM showers. The most powerful separators 
are the comparative lateral distributions; however we use 
more than 20 variables in all stages of the analysis.  The 
use of variables that map the distribution of the tracker 
clusters around the main track, second-order moments of 
the energy distribution around the shower axis in the 
calorimeter, distribution of energy and hits in the anti-
coincidence detector provide the hadron rejection at the 
level of a few hundred to a thousand. The remaining 
necessary rejection power is obtained by combining two 
probability variables from training classification trees 
(CT) to distinguish between electromagnetic and hadron 
events (fig.2).  
The electron energy reconstruction is performed using 
the algorithms developed for the photon analysis [1]. 
These algorithms are based on comprehensive simula-
tions and validated with the beam test data [14]. For each 
event, the energy is reconstructed by three different ener-
gy reconstruction algorithms (a parametric correction, a 
maximum likelihood fit, and a three-dimensional fit to 
the shower profile), and the best method is then selected 
by means of a CT analysis. The energy resolution corres-

ponding to a 68% half-width containment is about 6% at 
7 GeV and increases with energy reaching 15% at 1 TeV. 
The instrument acceptance for electrons (or effective 
geometric factor EGF) is defined as a product of the 
instrument field-of-view and its effective area. It is calcu-
lated using a Monte Carlo simulation of an isotropic 
electron spectrum. The EGF has a peak value of  ~2.8 
m2sr at an energy around 50 GeV and decreases to about 
1 m2sr at 1 TeV. 

 
Fig.2 Hadron rejection power for different selection steps. 
All LAT subsystems (tracker, calorimeter and anticoinci-
dence detector) contribute to the overall rejection, with 
final rejection provided by the CT 
 
The approach to the hadron background removal is illu-
strated in fig.1. We generate Monte Carlo simulations for 
the incident cosmic ray protons, and apply the CRE se-
lections, exactly the same as for the flight data. After 
scaling the simulation to a realistic proton flux, we obtain 
the rate of simulated proton background events and the 
rate of flight electron candidates. Subtracting the former 
from the latter, we calculate the rate of electron events. 
Applying the effective geometric factor (which is energy 
dependent) we calculate the resulting CRE spectrum. By 
varying the spectral parameters of the proton flux in 
accordance with published results, we estimate a syste-
matic error originating from an uncertainty in knowledge 
of the proton spectrum. Special attention in present anal-
ysis was given to account for possible features in the 
CRE spectrum which can be introduced by the broken 
power law proton spectrum. Due to high event counting 
statistics (more than 3,000 electron events in the highest 
 

 
Fig.3 Cosmic-ray e+ + e- spectrum as measured by Fermi 
LAT (red filled circles – as published in [10] and black 
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open circles – 29 months spectrum), along with other 
recent high energy results  
 
 
energy bin), our resulting uncertainty is dominated by 
systematic uncertainty. One of its main sources is the 
imperfect knowledge of the EGF. This comes from the 
fact that the simulations we use for the calculation of the 
EGF cannot perfectly reproduce the topological variables 
used in the analysis. The assessment of the analysis sys-
tematic uncertainties is described in [10]. 
The CRE spectrum obtained for 29 months of the Fermi 
LAT operation on orbit, along with other results, is 
shown in fig.3. The systematic errors, shown as a band in 
this figure, also contain contribution from an assumed 
broken power law proton spectrum; however this contri-
bution was found to be negligible (a few percent in re-
spect to the total systematic error) and not affecting the 
spectral shape. The spectrum fully agrees with that pub-
lished in [10] and demonstrates the stability of our mea-
surements.  
Fermi LAT CRE spectrum has been widely discussed in 
numerous papers (e.g. [15] and references therein). With-
in the systematic errors the entire spectrum from 7 GeV 
to 1 TeV can be fitted by a power law with spectral index 
3.08±0.05. However, the measured spectrum suggests 
some   spectral flattening at 70-200 GeV and a noticeable 
excess above 200 GeV as compared to power-law spec-
tral fit. One of viable possibility to explain our spectrum 
would be to introduce of an additional leptonic compo-
nent with a hard spectrum. This explanation is motivated 
by the rise in the positron fraction reported by PAMELA 
[5] and confirmed by Fermi LAT [8]. The nature of these 
features is still unclear; it can be a contribution from 
nearby sources, either astrophysical or “exotic”, or 
created during acceleration in the sources or during prop-
agation. 
 
 
3 CRE Anisotropy 
 

  
Fig.4 Dipole anisotropy vs. the minimum energy for 
GALPROP (solid line), Monogem source (dashed line), 
and Vela source (dotted line). The 95% CL from our data 
is shown by filled circles [10] 
 
 

Available high statistics of CRE provides a unique op-
portunity to search for directional anisotropy in their flux.  
This study can provide information on local cosmic ray 
sources and their distribution in space, cosmic ray propa-
gation environment, heliospheric effects, presence of 
dark matter clumps, etc. The first Fermi LAT result on 
this was published in [16], where the analysis approach is 
given in full detail. More than 1.6 million primary elec-
trons with energies above 60 GeV were analyzed, ob-
served by the LAT during its first year of operation.   The 
search was performed using two independent and com-
plimentary techniques, both providing a null result. The 
upper limits on a fractional anisotropic excess ranged 
from a fraction of a percent to roughly one, for the range 
of minimum energies and angular scales considered. A 
detailed study of the dipole anisotropy has been also 
performed, and upper limits ranging from ~0.5% to 
~10%, depending on the energy, have been set (fig.4). 
Our upper limits on the dipole anisotropy were compared 
with the predicted anisotropies from individual nearby 
pulsars and from dark matter annihilations. In all cases, 
our upper limits lie roughly above the predicted anisotro-
pies.    
 
 
4 Future perspectives in CRE analy-

sis with Fermi LAT  
 
We expect important new results from Fermi LAT on 
CRE with the use of the new Fermi LAT analysis, cur-
rently under development. It should have an improved 
event pattern recognition, better agreement between the 
flight data and Monte Carlo, correction for the events 
with signal pile up and accidental coincidences, and 
improved efficiency to gamma rays. It will also have 
improved energy reconstruction at high energy with the 
goal to extend the energy range up to a few TeV.  

 Detailed CRE spectral structure.  It was reported in [10] 
that in our analysis the energy resolution can be signifi-
cantly improved by selecting events with longer path in 
the LAT, e.g. selection of events with pathlength more 
than 12 radiation lengths  in the calorimeter (corresponds 
to ~16 radiation lengths in average for the whole LAT). 
This selection provides energy resolution better than 5%, 
but the statistics reduces by a factor of ~20. With the new 
analysis and more than 3 years of LAT operation we will 
have more reliable reconstruction of the spectral shape 
with “fine” energy binning, allowed by the long path 
event selection. As an example: the expected statistics for 
such selection in a 100-GeV-wide bin at 1 TeV is ~100 
electrons per 3 years (10% statistical error)  

Spectrum above 1 TeV.  H.E.S.S. reported a spectral fall 
at around 1 TeV with the change of slope from 3.0 to 4.1 
[6], recently confirmed by MAGIC [7]. This is a funda-
mental issue, and we hope that LAT will be able to study 
the CRE spectrum above 1 TeV with new analysis. Ex-
pected statistics from 1 to 3 TeV is ~3,500 electrons for 3 
years (for the standard analysis), if the spectral index 
does not change, and will decrease to  ~2,800 if the spec-
tral index above 1 TeV is 4.1 as reported by H.E.S.S. 
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CRE anisotropy. We already published anisotropy limits 
on the CRE flux. Currently the Fermi LAT sensitivity is 
approaching the range expected by the theoretical models, 
both for dark matter and for pulsars.  
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