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Talk outline 
!

❖ LAT key design elements 
❖ Impact on selected science results 
❖ LAT key Pass8 performance elements 
❖ New results and prospects 



The Fermi Observatory

Large Area Telescope (LAT) - pair conversion telescope 
• 20 MeV –  > 300 GeV 

!
Gamma Burst Monitor 
(GBM) - counters 
• 8 KeV – 40 MeV  

Huge field of view (2.4sr) 
• 20% sky any instant 
• All sky for 30’ every 3h 
Huge energy range 
• Including 10-100 GeV

γ
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❖ Pair Conversion telescope concept



Large Area Telescope improvements
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❖ solid state detectors 

‣ large FOV 

‣ no consumables 
❖ onboard processing 
‣ soft trigger 

❖ detectors segmentation  
‣ optimal performance
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5 years γ-ray skymap showing thousands of sources and Galactic plane glowing in γ-rays

???
Galactic Point Sources IsotropicGeV Sky



Surprises from the gamma-ray sky



The LAT delivers a 4pi light curve of the Universe through many years 
 (W. Atwood)







SuperNova Remnants catalog
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❑ 3 years Pass7 data, 279 ROIs studied, 102 detections 
❑ population studies, spectral and morphology studies 
❑ Diffuse emission modeling systematics





Cosmic Ray Electrons

13

❖ LAT detects many HE electrons thanks to flexible 
onboard trigger 
❖ detailed analysis enabled measurement of CRE inclusive 
spectrum and positron fraction (with Earth magnetic field)

Phys. Rev. Lett. 110, 141102 (2013)
Phys.Rev.D82:092004,2010

http://link.aps.org/doi/10.1103/PhysRevLett.110.141102


IGRB spectrum up to 820GeV with P7REP
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Specific harsher event selection

Extended to 820 GeV 
Includes foreground modeling uncertainties 
Evidence for high energy cut-off consistent with EBL attuenation 



Dark Matter Search Strategies

                 Satellites 
Low background and good 
source id, but low statistics

    Galactic Center 
Good Statistics, but source  
confusion/diffuse background

      Milky Way Halo 
Large statistics, but diffuse 
background

   Isotropic” contributions 
Large statistics, but astrophysics, 
galactic diffuse background 

        Spectral Lines 
Little or no astrophysical uncertainties, good 
source id, but low sensitivity because of 
expected small branching ratio Galaxy Clusters 

Low background, but low statistics
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(some other ) Fermi Science Results



Pass8 New Event Reconstruction 
arxiv 1303.3514

• Complete subsytems recon 
rewrite (ACD, CAL, TKR)  
• Well beyond original 

motivation of suppressing 
cosmic-ray pileup 

• TKR: new tree-based pattern 
recognition 
• Mitigates mistracking at high 

energy and angle

17

• CAL: new clustering stage 
• Separates ghost from primary photon 

• CAL: revamped calorimeter shower profile fitting 
• Mitigates crystal saturation, opens multi-TeV domain 

• ACD: improved track/cluster to tile fitting 
• Uses full covariant errors, avoids harsh background rejection cuts



Pass8 performance
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LAT preliminary



CRE spectrum
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Fermi Symposium 2014

❖ working on E>1TeV, systematics, anisotropies



2FHL Spectral Energy Distributions

Preliminary
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M. Ajello ICRC 2015 - arxiv 1508.04449



2FHL Galactic Sources

• 103 sources at |b|<10° 
– 42 blazars, 39 Galactic objects, 13 unassociated and 9 Dark Acc. 
– PWNe/SNRs represent 87% of the Galactic population 
– Half of the unassociated sources are hard and thus (likely) Galactic

PreliminaryGalactic Longitude
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M. Ajello ICRC 2015 - arxiv 1508.04449



Extragalactic Gamma-ray Background

• Models predict that the >50 GeV EGB is produced by blazars 
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EGB: Ackeramann et al. 2015, Models: Ajello+2015, Di Mauro+2015

Ajello+15

M. Ajello ICRC 2015



Dark Matter constraints with dwarf spheroidals  
2011, PRL 107, 241302 - 2012, AstroPart. Phys., 37, 2014 2014, PRD, 89

❑ Dwarfs are DM dominated 
– up to ~1000x visible matter 
– No star-formation, no gas, no magnetic field 

❑ Clean Upper Limit analysis of high latitude point sources



Pass 8 Improvements Relevant for Dwarfs
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• Effective area increase by ~25% above 1GeV 
• Angular resolution improved by ~10-15% above 1 GeV 
• Point-source sensitivity improved by ~40% for 1-10 GeV 
• Joint likelihood with all PSFs types improves sensitivity by 

~15% 
– Similar to using energy reconstruction quality in line analysis

Simulation of region 
around dwarf



Dwarf spheroidals with Pass8
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2014, Phys. Rev. D, 89,

P7REP_CLEAN

Minor deviation from expectations likely due to combination of better catalog and diffuse model - 
all possible with improved performances and strong multi-wavelength sinergies (room for further 
improvements by minimizing LAT UNIDs, see eg arxiv 1409.1572)

Phys.Rev.Lett.	

arxiv 1503.02641

Pass8

And followup with DES new dsph	

2015, ApJL, 809, 4 	


http://www.arxiv.org/abs/1503.02641
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• Same fit parameters as 3.7 year line search (Ackerman et al. PRD 88, 082002 (2013)) 
– Fits in R3, 3.7 year, ±6σE fit window 

• No strong evidence of 133 GeV Feature in Pass 8 
– Lower fractional size and significance 
– Energy recon. in P7 vs. P8 changes within expected energy resolution

P7REP_Clean P8_Clean

f = 0.61 ± 0.19
nbkg = 460.33 

Line-like Feature Near 133 GeV – 3.7 year



Line-like Feature Near 133 GeV – 5.8 yr
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• Feature is even smaller in 5.8 year P8 Clean dataset 
– Consistent with statistical fluctuation in P7 REP 3.7 year dataset 



Long-term observations opportunities

❑ Gamma-rays from the Sun and variations with solar cycle 
❑ Recurrent Novae  
❑ PSR state change (eg J2021+4026), years-long orbital periods
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Ng et al, arxiv 1508.06276

Science 345: 554-558, 2014



Conclusions 

❖ LAT design provides all-sky, high sensitivity 
monitor of gamma-ray sky enabling new science  

❖ Pass8 radical performance improvement 
started opening new window  

❖ extended long term operations unique 
opportunity for time domain astrophysics and 
multi wavelength observations


