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Motivation 

•  The first Pass 8 release provided a 
substantial improvement in the 
capabilities of the LAT 
–  40% increase in point-source 

sensitivity 
–  Up to 2x gain in acceptance at 

very low (< 100 MeV) and very 
high (> 100 GeV) energies 

•  Upcoming data and software releases  
will build on the performance gains of 
Pass 8 
–  In-flight IRFs 
–  Cal-Only Event Class 
–  New Science Tools Features 
–  Improved models for residual 

Earth Limb contamination, CR 
background, and Galactic Diffuse 
emission 
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MOTIVATION: PASS 8

• Improved Performance above 50 GeV

• Improved PSF and Acceptance (factor of 50 - 200%)

• Low background and constant PSF (0.1 deg at 68%)
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Pass 8 IRF Systematics 

•  Improvements to the accuracy of Pass 8 instrument simulation have 
reduced systematic uncertainties in the IRFs with respect to P7REP 
–  Effective area systematics for FRONT/BACK are < 3% when enabling 

correction for energy dispersion (100 MeV – 100 GeV) 
–  Systematics in the PSF are < 5% (100 MeV – 100 GeV; all event 

types) with no discrepancy at high energies 
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Pass 8 IRF Systematics: PSF/EDISP Types 

•  PSF and EDISP selections depend on 
CT variables that have poorer Data/
MC agreement than the first 
conversion layer (used for FRONT/
BACK selection) 

•  This is responsible for 5-10% 
systematic errors in the efficiency of 
each type with respect to the full class 
selection 
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PSF at high energy

P7REP P8

● The PSF is very sensitive to the alignment of the planes in the tracker 
towers. The mis-alignments are corrected thanks to an alignment 
calibration derived from Kight data.
● Using slightly di/erent (within measurement uncertainties) alignment 
calibrations during simulation and reconstruction allowed us to predict 
correctly the PSF at high energy
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Conversion point
● The instrument simulation under-predicted the fraction of events 
converting in the :rst TKR plane. It implied that the amount of passive 
material between the ACD and TKR was slightly under-estimated.
● We added to the simulation instrument model the amount of passive 
material (<1% X0) that gave the best data/simulation agreement.

P7REP P8

back front
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In-Flight IRFs for Pass 8 

•  Next Pass 8 IRF release 
(P8R2_V7) will include in-flight 
corrections that will address the 
inconsistencies in the PSF/
EDISP event type effective areas  

•  Correction is applied to the MC-
based effective area (P8R2_V6) 
as a function of energy and 
incidence angle 

•  In-flight corrections will reduce 
systematic uncertainties for 
analyses using a single PSF or 
EDISP event type 
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Modeling the Earth Limb 

•  Residual Earth Limb contamination 
is a major challenge for analyses 
using data below 100 MeV 

 
•  A model for the residual Earth Limb 

is needed to fully take advantage of 
the improvement in Pass 8 
acceptance below 100 MeV 

•  A Limb tool is currently in 
development 
–  ST application that builds an 

Earth Limb template for a given 
time selection and zmax cut 

–  Input is a Phenomenological 
Earth Limb model derived in 
Earth-centered coordinates 
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Pass 8 Galactic Diffuse Model 

•  Current Pass 8 Galactic IEM 
(gll_iem_v06) is based on the 
P7REP model with a small energy-
dependent correction to account for 
differences in energy dispersion in 
P7REP and Pass 8 

•  A new Galactic IEM based entirely 
on Pass 8 data is currently under 
development 
–  New surveys (Planck) and 

higher resolution gas maps 
–  Inclusion of energy dispersion 

effect at fit level 
–  Extension of the model to lower 

and higher energies (~30 MeV 
and ~1 TeV) 
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High Resolution H i Surveys

I To fully utilize the improved PSF of the Pass 8 data we need higher resolution H i surveys;
The LAB survey is limited to ⇠ 0�.5 resolution.

I GASS (McClure-Gri�ths et al. 2009, ApJS 181) and EBHIS (Kerp et al. 2011, AN, 6) will
provide full sky coverage with ⇠ 0�.1 resolution and same sensitivity as LAB.

I Higher resolution surveys can also help with identifying regions with large optical depths.
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High Resolution Dust Surveys

I Planck dust extinction maps (Planck Collaboration XI 2014, A&A, 571) are providing
better temperature correction and higher resolution compared to the previously used SFD
maps.

I Revealing with help from �-rays a better (and more complex) correlation between dust
opacity and gas column density (Talk by Isabelle Grenier).

HFI Planck E(B-V) extinction map R1.20
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New ST Features: Test Statistic Cube (gttscube) 

SED for test source a specific pixel TS Map of 5° x 5° Region 

Likelihood v. Flux for each energy bin 

•  gttscube will be a new ST application that enables fast computation of 
TS maps (~100x faster than gttsmap)  

•  Also stores at every location a likelihood profile vs. flux at each energy 
(the cube) 
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New ST Features: HEALPix-Based Likelihood Analysis 

•  Fermi STs currently only support 
binned likelihood  analysis on local 
cartesian projections 

•  New functionality will allow binned 
likelihood fits to use HEALPix maps 
–  Existing ST apps and tools will 

handle HEALPix maps 
transparently 

–  Support for all- or partial-sky 
maps 

–  PSF convolution handled 
efficiently with spherical 
harmonics 

•  HEALPix support should make it 
easier to perform large-scale diffuse 
analysis with the STs 
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Pixel Index: NESTED scheme, nside=2 

Pixel Index: RING scheme, nside=2 
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Cal-Only Event Class 

•  The CalOnly analysis can recover valuable gamma-ray events that 
are not converted in the TKR, i.e. side-entering or TKR-passing 
events  
–  Provides an increase in acceptance above a few tens of GeV, 

where sensitivity is limited by photon statistics  
–  CalOnly events are expected to have somewhat worse angular 

resolution (R68 = 2-3 deg) and signal/bkg separation  
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10/21/15!

Idea of the Calorimeter-only (CalOnly) analysis 
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Regular CalOnly 

•  The CalOnly analysis can recover valuable gamma-ray events that are 
not converted in the TKR, i.e. side-entering or TKR-passing events 
–  Provides an increase in acceptance at few tens of GeV, where 

sensitivity is limited by photon statistics   
–  CalOnly events expected to have somewhat worse angular resolution and 

signal/bkg separation 
•  Once fully developed and validated, the CalOnly event class could be 

added to the distributed photon data 

Additional 
acceptance 
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Cal-Only Class Performance: Mkn 421 
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Mrk421 over five years 

•  Signal excess clearly seen from the location of Mrk421, despite 
a S/B ratio substantially worse than for the regular analysis  
–  Mostly due to the limited angular resolution 
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44 events 
(Expected bkg: 13.0) 

CalOnly! CalOnly 10xEGB! CalOnly 3xEGB! CalOnly 1xEGB!
Counts within 1.5σ PSF! 150 120 95 

Expected background! 57.4 34.3 19.4 

Regular! TRANSIENT SOURCE 

Counts within 1.5σ PSF! 190 178 

Expected background! 0.41 0.03 

10x EGB 3x EGB 1x EGB 

Smoothed count map in 56.2-562GeV 
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Summary and Plans 

•  Upcoming developments are focused on realizing the full potential 
of Pass 8 
–  Reducing IRF systematics 
–  Improving models for diffuse emission 
–  Enabling analysis at very low energy (< 100 MeV) 
–  Opening new capabilities at the highest energies (Cal-Only 

event class) 

•  Release Schedule 
–  Early-Mid 2016: New IRFs and some ST Features 
–  Mid-2016 and later: Earth Limb tool, Cal-Only Event Class, P8 

Galactic Diffuse Model, Full HEALPix support in the STs 
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