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•Fermi Large Area Telescope 
•Event selection 
•Anisotropy search 
•Initial results 
•Outlook and sensitivity
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Limitations of ground-based observations 
– Declination dependence unconstrained  
– Mixed species  
– Partial sky coverage 

Anisotropy Measurements
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Aartsen, M. G. et al. 2016, ApJ, 826, 220

Anisotropy measurements 
– Dipole amplitude O(10-4 - 10-3) 
– Contains information about sources and      

local interstellar environment 
– No consensus on origin

IceCube 
Large-scale (dipole) 
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Fermi Large Area Telescope

Fermi Gamma-ray Space Telescope launched 
in June 2008 

– Low earth orbit (565 km) 
Two Instruments 

– Large Area Telescope (LAT) 
– Gamma-ray Burst Monitor (GBM) 

Large Area Telescope 
– Pair conversion gamma-ray 

telescope 
– 2.4 sr instantaneous field of view 
– Full-sky coverage every ~3 hrs 
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TKR

CAL

ACD

Anti-Coincidence Detector (ACD) 
•Segmented scintillator tiles 
•Charged particle identification 
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Tracker (TKR) 
•18 layers X and  Y Si strips 
•Tungsten layers to promote pair 
conversion

Calorimeter (CAL) 
•8 layers of CsI crystals 
•3D image of shower 
•8.5 radiation lengths 
•0.5 nuclear interaction lengths 

Fermi LAT Subsystems



•8 years of Pass 8 data (final 
analysis) 
– 1 year only (this talk) 

•100 GeV - 10 TeV 
•Quality cuts 

– Deposit > 20 GeV in the CAL 
•Use ACD and TKR to measure 

charge (right) 
– Residual Z>1 contamination     

< 1%

Event Selection
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•Dedicated classifier developed 
for Fermi LAT e+/e- analyses 

•Uses differences in leptonic vs. 
hadronic showers 
– e.g. hadronic showers are wider 

in transverse direction 
•8 energy bins 

– 178 - 316 GeV (shown) 
•Residual lepton contamination    

< 1% 

Lepton-Hadron Separation
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Preliminary
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Equatorial Sky Maps
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Preliminary

Counts map 
1 year of flight data 

Reference Map 
10 map average 
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Expected anisotropy O(10-4 - 10-3) 
– Cannot estimate exposure from simulation! 

Data-driven method of creating reference map 
–Detector response to an isotropic sky

Preliminary



Anisotropy Search Method
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Analyze relative intensity

Spherical harmonic decomposition 
–Multipole coefficients alm

Study angular power spectrum and 
dipole 

–Sensitive to anisotropies at all 
angular scales 

...
dipole amplitude



Preliminary

Angular Power Spectrum
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•1 year analysis of flight data 
–Blind to full, 8 year data set 

•Angular scale ~ 180°/l 
•Consistent with isotropy 

–Expected with 1 year of data 
•Full analysis will have 8x statistics

Cl = measured power 
CN = power due to poisson noise



Dipole Sensitivity
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•Fermi LAT 8 year sensitivity 
– Integral energy bins 

•AMS-02 UL 
– Integral energy bins 

•Ground-based measurements 
–Projection onto right ascension                     

(i.e. no sensitivity to a10) 
–Lower limit on true anisotropy on 

sky 

            

Preliminary
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First Constraints on Declination Component
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Fermi LAT sensitivity to a10 
component of dipole anisotropy 
compared to previous 
measurements 

–Ground-based observatories not 
sensitive to this component 

–We will constrain full-sky phase 
of dipole 
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Declination component of dipole



Summary and Outlook
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•Fermi LAT well-suited to studying 
anisotropy 
–Wide FoV, full-sky survey 

•Unique measurement 
–Full-sky 
–Proton-only 
–Sensitive to anisotropy in both 

right ascension and declination 
•We are developing analysis on 1 

year and will then unblind to 8 
year data set 

•Thanks! 
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Backup 
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Anisotropy Search Method

Matthew Meehan | IPA | 5/9/2017

1. Analyze relative intensity 
2. Spherical harmonic 

decomposition  
3. Angular power spectrum 

–Sensitive to anisotropies at all 
angular scales 

4. Dipole amplitude 
–Sensitive to dipole anisotropy 

in both right ascension and 
declination
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Cosmic-ray intensities
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Model of the cosmic-ray particles fluxes from background-simulation. Note that particle 
energy is reconstructed under the gamma-ray hypothesis and does not necessarily represent 
actual energy for hadrons in this plot. 

The Astrophysical Journal Supplement Series, 203:4 (70pp), 2012 November Ackermann et al.
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Figure 10. Model of the LAT orbital position and particle direction-averaged CR-induced particle intensities (Mizuno et al. 2004) sampled from a 64 s live-time
background-simulation run. The intensity of the extragalactic diffuse background emission measured by the LAT (Abdo et al. 2010e) is shown for comparison. Note
that the event energy is reconstructed under the hypothesis of a downward-going γ ray and in general does not represent the actual energy for hadrons.
(A color version of this figure is available in the online journal.)

(∼5% to ∼0.01%, depending on the energy, incidence an-
gle, and the event sample). Because the Earth limb is ex-
tremely bright and some part of it is almost always be-
hind the LAT, γ rays from the limb are the dominant
component of “back-entering” background contamination.
Furthermore, since we misestimate the directions of these
back-entering γ rays by >90◦, they are often reconstructed
outside the Earth exclusion region.

Figure 10 shows the average CR-induced particle intensities at
the orbit of the LAT in the model that we use. For comparison the
intensity of the extragalactic diffuse γ -ray emission measured
by the LAT (Abdo et al. 2010e) is overlaid to demonstrate the
many orders of background suppression necessary to distinguish
it from particle background. The model was developed prior to
launch based on data from satellites in similar orbits and balloon
experiments (Mizuno et al. 2004).

As the particle rates are strongly dependent on location in
geomagnetic coordinates, the details of the orbit model are
also important. For tuning the event analysis, or for estimating
the background rates for typical integration times of months or
years, the simulated time interval must be at least equal to the
precession period of the Fermi orbit (53.4 days). Simulating
these high particle rates for such a long time interval is quite
impractical, in terms of both CPU capacity and disk storage
requirements. For studies of background rejection we usually
simulate an entire precession period to ensure a proper sampling
of the geomagnetic history, but to limit the particle counts
we generate events for only a few seconds of simulated time
every several minutes, e.g., a typical configuration requires
event generation for 4 s every 4 minutes of time in orbit.
This partial sampling is a compromise between the limited
CPU and disk usage, and the requirement of having good
statistics. Considering the LAT background rejection power,
in order to have sizable statistics after even the first stages of
the event analysis are performed, we must start with a simulated
background data set of over 109 CRs.

3. EVENT TRIGGERING, FILTERING, ANALYSIS,
AND CLASSIFICATION

In this section, we describe the analysis steps that determine
which events make it into our final γ -ray data sample, start-
ing with the triggering and filtering performed by the on-board

data acquisition system (Section 3.1), moving on to the recon-
struction of particle interactions in the event (Section 3.2), the
analysis of the event as a whole (Section 3.3), and finally the
definition of the γ -ray classes (Section 3.4). The overall logical
structure of this process is illustrated in Figure 11.

The event analysis requires knowledge of the LAT, the physics
of particle interactions within its volumes, and of the particle
backgrounds in the Fermi orbit. As described in Section 2.5,
we use large MC samples of γ rays and of CRs to devise the
best procedures to extract estimates of energies and incident
directions, and to classify events as either γ rays or charged
particle backgrounds.

Finally, in Section 3.5 we describe the publicly available LAT
event samples, while in Section 3.6 we describe the calibration
sources, event samples and methods we use to validate and
characterize the performance of the LAT using flight data.

3.1. Trigger and On-board Filter

In this section, we review the event triggering, the readout of
the LAT, and the filtering performed on board in order to reduce
the data volume downlinked to ground.

3.1.1. Triggering the LAT Readout

Each subsystem provides one or more trigger primitives (or
trigger requests) as detailed in the following list.

1. TKR (also known as “three-in-a-row”). Issued when three
consecutive x–y silicon layer pairs—corresponding to six
consecutive silicon planes—have a signal above threshold
(nominally 0.25 MIPs). This signals the potential presence
of a track in a tower. Since many tracks cross between
towers and/or have more than three x–y layers within a
tower, the TKR trigger request is very efficient.

2. CAL_LO. Issued when the signal in any of the CAL crystal
ends crosses the low-energy trigger threshold (nominally
100 MeV).

3. CAL_HI. Issued when the signal in any of the CAL crystal
ends crosses the high-energy trigger threshold (nominally
1 GeV).

4. VETO. Issued when the signal in any of the ACD tiles is
above the veto threshold (nominally 0.45 MIP). It signals a
charged particle crossing the tile. The trigger system has a
programmable list of ACD tiles associated with each TKR
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Ackermann, M., et al. 2012. ApJS, 203, 4
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Instrument response
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Angular error between true track direction and 
reconstructed track direction from simulation 

68% containment = 0.02° 

Energy smearing matrix comparing 
reconstructed energy to true energy from 
simulation 
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Dipole orientation
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Dipole amplitude

Unconstrained by ground-
based measurements

•Simulation (right) 
–1% dipole injected at different 

dipole orientations 

–⍺ = angle between dipole and 
declination axis 

•Reconstructed dipole independent 
of orientation on sky 



Sensitivity estimate

Matthew Meehan | IPA | 5/9/2017 19



•Geomagnetic deflection can create false 
positive in anisotropy search 

•E-W effect present in horizontal coordinates 
–Perform analysis in this coordinate system 

•Make energy-dependent instrument theta 
cuts to remove CRs arriving from near 
earth’s horizon 

Geomagnetic contamination
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Preliminary

SS E N W

4.50 < LogE < 4.75 GeV 
Instrument theta < 30°


