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08:50 – 9:00 am  Welcome and Introduction    P.  Drell 
09:00 – 09:30 am  The LAT at 2 years: recent science  highlights   

       and collaboration status    P. Michelson 
09:30 – 9:50 am  Fermi Mission Status     J. McEnery 
09:50 – 10:10 am  LAT Operational Status    G. Thayer 
10:10 – 10:40 am  LAT Analysis Coordinator’s Report                 S. Digel / G. Tosti 

10:40 – 11:10 am    Break 

11:10-11:25   LAT Collaboration Computing     R. Dubois 
11:25-11:40   LAT Pulsar in a Globular Cluster     D. Parent 
11:40-11:55   Multiwavelength Coordinator's Report               D. Thompson 
11:55-12:05      Pan-STARRS update     J. E. Grove 
12:15 – 1:15 pm       Lunch 



The LAT at 2 years: Recent science 
highlights and collaboration status 



Breakthrough of the Year was the reconstruction of the 4.4-million-year-old 
Ardipithecus ramidus skeleton  

Science, December 2009 





•  “Measurement of the Cosmic Ray e++ e- Spectrum from 20 GeV 
to 1 TeV with the Fermi Large Area Telescope” (05/2009) 

•  “The Large Area Telescope on the Fermi Gamma-Ray Space 
Telescope Mission” (09/2008) 

•  “Fermi/Large Area Telescope Bright Gamma-Ray Source 
List” (07/2009) 

•  “Fermi Observations of High-Energy Gamma-Ray Emission from 
GRB 080916C” (03/2009) 

•  “Bright Active Galactic Nuclei Source List from the First Three 
Months of the Fermi Large Area Telescope All-Sky 
Survey” (07/2009) 

•  “A limit on the variation of the speed of light arising from quantum 
gravity effects” (11/2009) 

•  “The First Fermi LAT Catalog of Gamma-Ray Pulsars” (04/2010) 

•  “The First Fermi LAT Catalog of High-Energy Gamma-Ray 
Sources” (06/2010) 
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# citations 2,320 citations to date of ~100 Fermi LAT Collaboration papers 



- 1,451 sources;  Ap. J. Suppl. 188 405 (2010) 



•  Fermi Large Area Telescope Observations of Misaligned Active Galactic Nuclei  
(09/2010) 

•  The Fermi-LAT High-Latitude Survey: Source Count Distributions and the Origin 
of the Extragalactic Diffuse Background  (09/2010) 

•  Fermi-LAT Observations of the Geminga Pulsar  (09/2010) 

•  Fermi Large Area Telescope Observations of Gamma-ray Pulsars PSR J1057–
5226, J1709–4429, and J1952+3252  (09/2010) 

•  Fermi Large Area Telescope View of the Core of the Radio Galaxy Centaurus A  
(08/2010) 

•  Fermi Large Area Telescope Observations of the Supernova Remnant W28 
(G6.4–0.1)  (07/2010) 

•  Fermi Large Area Telescope First Source Catalog   (06/2010) 

•  Suzaku Observations of Luminous Quasars: Revealing the Nature of High-
energy Blazar Emission in Low-level Activity States   (06/2010) 

•  The Spectral Energy Distribution of Fermi Bright Blazars   (06/2010) 

•  The First Catalog of Active Galactic Nuclei Detected by the Fermi Large Area 
Telescope   (05/2010) 



•  Fermi-Large Area Telescope Observations of the Exceptional γ-ray Outbursts of 
3C 273 in 2009 September   (05/2010) 

•  Detection of the Energetic Pulsar PSR B1509-58 and its Pulsar Wind Nebula in 
MSH 15-52 Using the Fermi-Large Area Telescope   (05/2010) 

•  Constraints on cosmological dark matter annihilation from the Fermi-LAT 
isotropic diffuse gamma-ray measurement   (04/2010) 

•  The First Fermi Large Area Telescope Catalog of γ-ray Pulsars   (04/2010) 

•  The Vela Pulsar: Results from the First Year of Fermi LAT Observations   
(04/2010) 

•  Fermi Large Area Telescope Observations of the Vela-X Pulsar Wind Nebula   
(04/2010) 

•  Fermi Large Area Telescope Observations of PSR J1836+5925   (04/2010) 

•  Discovery of Pulsed γ-Rays from PSR J0034-0534 with the Fermi Large Area 
Telescope: A Case for Co-Located Radio and γ-Ray Emission Regions   
(04/2010) 

•  Spectrum of the Isotropic Diffuse Gamma-Ray Emission Derived from First-Year 
Fermi Large Area Telescope Data   (03/2010) 



•  Fermi Large Area Telescope Search for Photon Lines from 30 to 200 GeV and 
Dark Matter Implications   (03/2010) 

•  Fermi Detection of Delayed GeV Emission from the Short Gamma-Ray Burst 
081024B   (03/2010) 

•  Observation of Supernova Remnant IC 443 with the Fermi Large Area 
Telescope   (03/2010) 

•  Observations of Milky Way Dwarf Spheroidal Galaxies with the Fermi-Large 
Area Telescope Detector and Constraints on Dark Matter Models   (03/2010) 

•  PSR J1907+0602: A Radio-Faint Gamma-Ray Pulsar Powering a Bright TeV 
Pulsar Wind Nebula   (03/2010) 

•  Observations of the Large Magellanic Cloud with Fermi   (03/2010) 



• Fermi continues to be a finder for millisecond radio pulsars, many in 
binary systems (nearly 20 to date) 

• discovery of high-energy γαµµα-ray emission from novae outburst 
•  “Gamma-Ray Emission Concurrent with the Nova in the Symbiotic Binary 

V407 Cygni”, Science 329, 817 (2010) 

• detection of local-group galaxy M31 (Andromeda): implications for 
cosmic-ray production 

• Constraints on dark matter from LAT observations of dwarf 
spheroidal galaxies, diffuse radiation, and clusters of galaxies  





Nature January 14, 2010 

Scott Ransom (NRAO), HEAD meeting talk, March 2010 
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−  first detection of high-energy γ-ray 
emission associated with a white dwarf 

    

Cheung et al, ATEL 2487 
Abdo, et al Science 329 817 (2010) 

Distance: ~ 2.7 kpc 
Binary System = variable red giant + white dwarf 
   RG: M6 III, with anomalous Li overabundance 
Orbital period of system not certain 

LAT γ-ray counts map 10-29 March 
2010 
optical nova discovery 10 March 2010 
(peak mag. ~7) 
γ-ray peak: 13-14 March 2010 

PSR J2021+4026 

1FGL J2111.3+4067 

V407 Cyg 

γ-ray emission consistent with 
Fermi-accelerated electrons 
and protons in outgoing nova 
shock expanding into RG wind 

Optical outburst 
     > 3 x 1042 ergs 

Nova shell kinetic 
energy 
     ~ 1044 ergs 

Energy radiated as 
γ-rays 
     ~ 4 x 1041 ergs 

Amateur astronomers Fujio Kabashima, 68 (left), and 
Koichi Nishiyama, 70, show off their private observatory 
in Miyaki, Saga Prefecture, in January. KYODO PHOTO 
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− M31 flux measurement, along with 
measurements of MW, LMC, and SMC: 
−   indicate γ-ray luminosity Lγ ~ 4 x 1041 x SFR 

    

paper in preparation  
corres. authors:  Keith Bechtol, Pierre Jean, Jürgen 
Knödlseder, Pierrick Martin 

Smoothed, background-subtracted LAT 
γ-ray counts map; overlay: IRIS 100 µm 
contours  (convolved with LAT psf) 
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for leptonic annihilation final states and particle 
masses > 200 GeV, γ-ray limits exclude large regions 
of parameter space that would give a good fit to recent 
anomalous Pamela & Fermi-LAT electron-positron 
measurements 

May 2010 

April 2010 
the isotropic diffuse γ-ray emission is in good agreement with a power 
law, not showing any signature of a dominant contribution from dark 
matter sources in the energy range from 20 to 100 GeV.   Absolute size 
and spectral shape of measured flux used to derive cross section limits 
on 3 types of generic dark matter candidates: annihilating into quarks, 
charged leptons and monochromatic photons. Derived limits also start to 
probe cross sections expected from thermally produced relics. 

γ-ray flux upper limits, combined with improved determinations of dark matter density profiles in 8 dwarf galaxies, put limits on 
pair-annihilation cross section of WIMPs in several widely studied extensions of the standard model, including its 
supersymmetric extension.  Able to rule out large parts of parameter space where thermal relic density is below the observed 
cosmological dark matter density and WIMPs (neutralinos here) are dominantly produced non-thermally, e.g., in models 
where supersymmetry breaking occurs via anomaly mediation. The γ-ray limits also constrain some WIMP models proposed 
to explain the Fermi and PAMELA e+e− data, including low-mass wino-like neutralinos and models with TeV masses pair 
annihilating into muon–antimuon pairs. 

March 2010 

March 2010 
γ-ray line flux upper limits from 30 to 200 GeV in the 
range 0.6–4.5 x109 cm-2 s-1, provide corresponding DM 
annihilation cross-section and decay lifetime limits. 
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extension of analysis reported in Abdo, et al, 
Phys. Rev. Lett. 102, 181101 (2009) .  

Accepted for publication in 
Physical Review D 

7 GeV – 1 TeV 



  Two years of Fermi observations and discoveries of several 
important new GeV source classes are now driving understanding of 
the high-energy Universe: 

  gamma-ray only pulsars and gamma-ray millisecond pulsars; rich 
harvest of initially unidentified LAT sources are millisecond pulsars 

  globular clusters 

  GeV emission from several SNRs and from PWNs 

  GeV afterglows from GRBs; short-duration GRBs 

  starburst galaxies and nearby local-group galaxies 

  Blazars are largest identified LAT source class; building  multiλ 
datasets for many sources; constraints on EBL published; detecting 
emission from radio galaxies 

  Galactic and isotropic diffuse spectrum measured to 100 GeV; 
consistent with power-law 

  measurement of e+e- spectrum from 7 GeV to 1 TeV 



  with deeper exposure / Pass 8 event re-analysis, etc.,  
o  continue to improve constraints on dark matter;  e.g., stacking analysis 

of dwarf galaxies underway and (about factor of 2 above the 
annihilation cross section for a typical thermal WIMP)   

o  chart EBL vs. redshift 
o  search for pair-halo effect   
o  extend diffuse radiation (Galactic and isotropic) above 100 GeV 
o  expect major refinements/improvements in Galactic diffuse emission 

models; sort out what is going on in the Galactic center region 
o  etc, etc., etc. 

  develop and implement major rework of event reconstruction and 
analysis (Pass 8): this is a big deal !   

  understanding the high-energy gamma-ray sky is a challenge; 
multiwavelength coverage remains important to most of the science 
including dark matter searches  



  major rework of event reconstruction and analysis initially driven by 
“Ghost Events” – i.e. events with remnants of passage of previous 
particles through the detector; most prominent in the tracker (due to 
~10 msec decay time of its signals).  Dealt with via “patches” in the 
current analysis framework. 

  Spring 2009, planning started for a full rewrite of the reconstruction 
code for the LAT.  1st  F2F workshop in Pisa (5/10);  2nd  workshop last 
week at SLAC   

  Pass 8 will extend the discovery reach of the LAT: 
o  improved low-energy response (more effective area) 
o  exploit Cal-only events 
o  extend FoV with more area at large angles 
o  fully open-up the LAT science above 100 GeV 



24 

PSF 

CTBCORE 

Background Rejection 

Energy Range 

Analysis Classes 

PT Event Overlays 
Ghost Tracking 
Cosmic Ray Tracking 
Tree Pat. Rec. 
Kalman Fit Meas. Errors 
CAL Xtal Simulations 
CAL Xtal Recon 
CAL Clustering & Analysis 
CAL Saturated Xtals 
New ACD Analysis 
Pass 8 Bkg. Rej. 
Extended Analysis Classes 

NoCAL 
CAL-Only 
S3? 

Issues 

Dev. Areas 

Many items, plenty to do! 
Many well underway 
Some just started… 

from W. Atwood, 1st Pass 8 Workshop, Pisa, Italy  May 2010 
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PT Event Overlays 
 Mostly done – thanks Leon et al 

Ghost Tracking 
 Well advanced – Leon 

Cosmic Ray Tracking 
 Mostly done – needs integration – Robert 

Tree Pat. Rec. 
 Well advanced, beginning Sea Trials – Tracy 

Kalman Fit Meas. Errors 
 Problems found – under dev. – Tracy 

Merging CAL Clustering with Pat. Rec./Tracking 
 To be started….. 

Xtal Simulation 
 Present Sim. simplistic – needs end-effects added 

Xtal Reconstruction 
 Needs much improved handling of Xtal End Effects 

Cluster Finding  
 Good start (Tracy),  Needs Sea Trials to validate 

Cluster Analysis 
 Improve Moments Analysis 
 Classify Cluster Types (MIP, Ghost, EM Shower…) 
 Cluster pointing: up –or- down 
 Saturated Xtal compensation 

New ACD Recon  
 Done – thanks Eric!   Needs sea trials & integration  

TMine 
 Replace GlastClassify with Tmine 
 Build Pass 8 with TMine & IM? 

Energy & PSF Analysis 
 Both will need updating given new Recon 

Background Rejection 
 Learn from current package,  improve with fresh ideas 

Extended Photon Classes 
 NoCal 
 CAL-Only 
 Loose Def. Class (S3?) 

Develop Covariant Errors 
 Map Kalman Cov. Onto the Sky 
 Develop Cov. PDF  

Electrons & Other Particles 
 Will need re-work  

Output 
 review TDS & ROOT PDS 
 Revamp MERIT 




