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Overview

I The beginning of the extended mission.

I Collaboration status and papers.

I Status of the mission and senior review(s).

I Science highlights from the last year.

I Pass 8 status.
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Five spectacular years in orbit

I Fermi was conceived as a mission with a 5-year minimum lifetime
and a 10-year goal.

I The fifth birthday in orbit marks the end of the prime phase of the
mission.

I 1130 refereed (including LAT and non-LAT) papers have used Fermi
data or results;

I (with a cumulative 26,038 citations).
I Fermi papers (sometimes several) are in the top 10 in 2009, 2010

and 2012.

I Synergy with other observatories at different wavelengths is key!
I The Pulsar Search Consortium has timed over 700 pulsars.
I Swift has followed up with X-ray and UV observations of hundreds of

LAT flaring sources and dozens of LAT GRBs
I And ground-based Cerenkov telescopes: http://arxiv.org/abs/1306.6772

I These results have been widely disseminated to the public:
I NASA alone has supported 5 media telecons, 22 press releases and

15 features (with videos and supporting animations).
I In 2012 Fermi videos exceeded 3.4 million views (not counting

YouTube views).
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Five spectacular years in orbit (continued)

I Scientists working with Fermi have received several prominent
awards:

I the Rossi prize (twice, in 2011 and 2013!);
I the Panofsky prize (in 2012);
I the Duggal prize (also twice, 2009 and 2011!).

I In the 27537 orbits of the Fermi observatory the FOT has:
I sent 10206 commands to the observatory;
I scheduled 18877 KU contacts to downlink the science data.

I The LAT has been readout more than 300 B times in orbit.
I The LAT Instrument Science Operations Center have used 1200

CPU-years to process over 2 PB of data;
I Plus 1700 CPU-years devoted to Monte Carlo simulations.
I The Fermi Science Support Center has served about 20 TB of LAT

data for a total of 159,879 queries (not counting direct downloads of
the weekly data files).

I 1269 individual guest investigators have participated in the six cycles
of the Fermi Guest Investigator program (USA only).

I The LAT monitored source list now numbers 105 sources, with
publicly-available light curves for each.
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Mission extensions

I Mission extensions are negotiated through Senior Review process
every two years:

I All operating missions in (or about to begin) their extended phase
participate.

I SR committee evaluates the anticipated science productivity of each
mission over the next four years, focusing on the next two years.

I Fermi underwent its first SR in 2012.
I http://science.nasa.gov/astrophysics/2012-senior-review/

“The SRC recommends funding at the desired level of
augmentation to provide for full operations through FY14. We
recommend an extension through 2016 with a review in 2014.”

I Extended mission just begun.
I Preparing for the next senior review in 2014.

I Focus on dark matter searches and time-domain astronomy.

I The baseline for Fermi is to operate through 2016.

I The goal is (still) to operate through 2018.
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Collaboration science group leads
Last rotations in August 2013 (INFN in red)

Analysis Coordinator (Deputy): Luca Latronico (Philippe Bruel)

Science group Coordinators
AGN and Blazars Denis Bastieri

Marco Ajello → Jeremy Perkins
Calibration and analysis Carmelo Sgrò

Tracy Husher
Catalog Elizabeth Ferrara → Elisabetta Cavazzuti

Isabelle Grenier
Dark matter and new Phyics Matthew Wood

Nicola Mazziotta → Luca Baldini
Diffuse emission Elena Orlando

Johann Cohen-Tanugi
Galactic sources Liz Hays

Tyrel Johnson
GRBs Dan Kocevski

Giacomo Vianello → Elisabetta Bissaldi
Sources in the solar system Eric Grove

Melissa Pesce-Rollins
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Collaboration publications
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Publications using Fermi data vs. time

I Fermi papers per year continue to show a rising trend.

I Citations to Fermi paper are very high.

Ronaldo Bellazzini (INFN–Pisa) Riunione CSN2, TrentoSeptember 23, 2013 8 / 24



Mission status at L + 5
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I Event statistics:
I The LAT hit 300 B triggers in orbit on June 12, 2013 (i.e., exactly 5

years and 1 day into the mission);
I 60,004,450,944 events downlinked (as of June 19, 2013);
I 770,527,305 gamma-ray candidates distributed to the community.

I More than 99% up-time collecting science data (out of the SAA)
I Including detector calibrations/hardware issues
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Instrument status at L+5

I The LAT performed beyond expectations through the first four years
of the mission.

I All subsystems still well above specifications.

I Some ∼ 4000 (out of 884,736 or less than 0.5%) bad strips, with
two major contributors:

I Flight Module A—the first one being assembled and suffering from
some processing issue; showed some initial evolution, now stable.

I 1/2304 noisy silicon ladder (more about this in a second).

I 3/3072 CAL log end trigger channels disabled.
I Negligible impact on the LAT trigger, energy measurement

unaffected.

I ACD performing nominally, with no evidence of degradation.
I No need to change pedestal values or PMT HV.
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Observation summary

I Almost exclusively in nominal data taking in survey mode (> 95%).
I Optimized for uniform sky coverage.
I 35◦ → 50◦ rocking angle for better battery usage;

I The remaining few % accounted for by:
I Autonomous Re-point Requests (∼ 2 per month);
I Targets Of Opportunity;
I Nadir observations (a.k.a. looking down for TGFs);
I Routine Limb staring runs;
I LAT Calibrations/engineering tests.

I Recommendation for increased exposure towards the GC:
I Mission devised a modified survey profile to gurantee good exposure

for the full sky at the same time (“Sky survey with a twist”).
I To be implemented ∼ next December for at least one year.

I Main science drivers for the new observing profile:
I Increased discovery potential for young pulsars;
I Confirm/rule out hint of a ∼ 130 GeV spectral line.
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A gamma-ray line in the diffuse emission?

I C. Weniger, JCAP 1208, 2012 (007) and many, many others
I “Fermi is an observatory” as in “data are public”;
I Good example of a results based on Fermi data from outside the

collaboration with a huge echo in the community.
I Call for white papers on possible modifications to the observation

strategy on March 27, 2013.
I 96% of the observing time in nominal survey mode through the

prime phase of the mission.
I 5 responses (two suggesting more coverage of the Galactic center).

I In the meantime we routinely point the Earth limb (our best control
sample) for a few hours a week.
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A gamma-ray line in the diffuse emission?

 (GeV)χm
10 210

)
-1 s3

 9
5%

 C
L 

Li
m

it 
(c

m
γγ

v>σ<

-3010

-2910

-2810

-2710

-2610

-2510
3.7 year R16 Einasto Profile

Observed Upper Limit
Expected Limit
Expected 68% Containment
Expected 95% Containment
Weniger [20] Limit

I The LAT collaboration has a line-search paper submitted to PRD
(http://lanl.arxiv.org/abs/1305.5597).

I Significance slightly lower with updated instrument calibration and
better energy dispersion model.

I Feature seems to be narrower than the energy resolution.
I (Smaller) feature at the same E in the Earth limb control sample.

I Too early to draw any definitive conclusion.
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A gamma-ray line in the galactic center?
Time evolution of the signal, see arXiv:1303.1798

Fix signal hypothesis

Expected for pure noise (1–2σ)

Expected for signal (1–2σ)

Data

I Weniger’s updated results are consistent with the results from the
recent LAT line-search paper.

I Likely that the original putative line signal was a statistical
fluctuation.

I More data, Pass 8 and the new observing strategy will give the final
word.
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Supernova Remnants Produce Cosmic Rays
http://www.nasa.gov/mission_pages/GLAST/news/supernova-cosmic-rays.html (02.14.13)

I “SNR paradigm”: Galactic Cosmic Rays accelerated in SNRs:
I provide environment for diffusive shock acceleration, energetics ok;
I smoking gun: “pion bump” in gamma-ray emission.

I Fermi observations strongly disfavoring leptonic scenarios.

I Most of the gamma-ray emission must be of hadronic origin.

I (Difficult measurement involving the study of extended sources at
low energies.)

Ronaldo Bellazzini (INFN–Pisa) Riunione CSN2, TrentoSeptember 23, 2013 15 / 24

http://www.nasa.gov/mission_pages/GLAST/news/supernova-cosmic-rays.html


Fermi Sees a “Shockingly Bright” Burst
http://www.nasa.gov/topics/universe/features/shocking-burst.html (05.03.13)

I 130427A, by many measures the most extreme GRB ever detected:
I largest fluence ever recorded;
I highest-energy photon (95 GeV) in the observer frame.
I longest gamma-ray duration (20 hours);
I 53 observatories have reported observations of this burst, so far.

I IceCube issued a GCN—no signal detected.

I Multi-paper submission to Science a few weeks ago.
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The second Pulsar catalog (accepted by ApJS)

I 117 high-confidence above 100 MeV (were 46 in 1PC).
I Three populations: millisecond pulsars, young radio-loud pulsars,

and young radio-quiet pulsars.
I Constraints emission mechanisms and NS population in the Galaxy.
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The first variable gamma-ray pulsar
http://arxiv.org/abs/1308.0358

1.6
1.8
2.0
2.2
2.4
2.6
2.8
3.0
3.2

PSR J2021+3651

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

e
n
e
rg

y
 f

lu
x
 >

 1
 G

e
V

 (
1

0
−1

0
 e

rg
 c

m
−2

 s
−1

)

SNR G78.2+2.1

2.0

2.5

3.0

3.5

4.0

4.5

PSR J2021+4026

0.0

0.5

1.0

1.5

2.0

2.5

[f
+
κ
· t

im
e
 (

M
JD

)]
 (

H
z) 1e−6+3.772857 PSR J2021+4026, timing

54800 55000 55200 55400 55600 55800 56000 56200
time (MJD)

−8.4

−8.2

−8.0

−7.8

−7.6

−7.4

ḟ 
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I Sudden decrease in flux above 100 MeV in less than a week;
I and associated change in the pulsar timing.

I Breaks the axiom of pulsars as steady gamma-ray emitters.
I Reconfiguration of the magnetic field structure?
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The first SNR catalog

I > 13 sources, Work well underway toward publication.

I Difficult analysis: extended sources along the galactic plane;
I modeling of the diffuse gamma-ray emission is one of the main

uncertainties.
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Dark matter search in dSphs
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I Dwarf Spheroidal Galaxies are the most DM-dominated objects;
I and the cleanest target for DM search with Fermi.

I Joint likelihood of 15 dSphs (4 years of reprocessed data) about to
be submitted.

Ronaldo Bellazzini (INFN–Pisa) Riunione CSN2, TrentoSeptember 23, 2013 20 / 24



Pass 8
Maximizing the science return from the LAT

I Long term effort aimed at a substantial rewrite of the LAT
event-level analysis:

I including Monte Carlo simulation, event reconstruction and
background rejection.

I Main goal: deliver to the community a new instrument with
significantly better science performance.

I Better effective area, angular resolution, S/N ratio.
I Extend the scientific reach to unexplored areas (e.g., multi-photon

event, polarization).

I Project started in December, 2009.
I INFN gave major contributions to several different development

areas.

I Current status: event reconstruction frozen and preliminary event
selection in place.

I Full data reprocessing (from the start of the mission) started—to be
completed by December this year.

I The first two years of Pass 8 reprocessed data are available for
science validation.
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Pass 8 Instrument Response Functions
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I First iteration of the event selection in place.
I Uniformly larger acceptance;
I huge increase at ∼ 100 MeV and below.

I Effectively opening up new territories!
I All the analysis components ready to analyze real data.

I A second (the last?) iteration expected beginning next year.
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Pass 8 is for real!
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Conclusions

I At the end of the prime phase of the mission there is no sign of
decline in any of the metrics quantifying the Fermi scientific impact.

I The LAT collaboration remains vital.
I Large community (outside the collaboration) interested in the Fermi

Science and in analyzing Fermi data.

I Pass 8 promises to extend the scientific reach of the observatory.

I INFN among the main contributors to the success of the mission:
I Instrument development and calibration.
I Collaboration management.
I Key contributions in many science analysis in all areas.

I Preparing for the second Senior Review and aiming at the original
goal of a 10-year mission.
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Spare slides
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IFC budget for CY13
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Collaboration membership
To be updated in September 2013
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Collaboration share

CY13
Table 4. Contribution to the Operation Of FGST

Based on OCF Collaborative Membership Count As of  Oct 2012

When using SV = 6500, calc'd Common Fund in 2013 USD should be = 1,576,900$     

Approved Budget for OCF 2013 = 1,232,928$     -$                

A. Collaborator

C. Fractional Share of 

OCF E. F. G.

Member

Affliliated 

Scientist Postdoc

Full Member + 

0.2*Affiliated 

Scientists + Postdocs

# of 

Collaborator

 If 

@$6,500/Share 

Per IFC 

Agreement 

 CY 2013 

Invoice Based 

on Budget 

Proposed 

 Revised to 

Absorb 

Unpaying 

Countries 

 2013 Effective 

$/Share 

France 16 6 3 8% 20.2                131,300$        102,659$        113,826$        5,635$            

    CEA 4 2 1 2% 5.4                  35,100$          27,444$          30,429            5,635              

    IN2P3 12 4 2 6% 14.8                96,200$          75,216$          83,397            5,635              

Italy 24 24 21 21% 49.8                323,700$        253,091$        280,621$        5,635$            

     ASI 4 18 8 6% 15.6                101,400$        79,281$          87,905$          5,635              

     INFN 20 6 13 14% 34.2                222,300$        173,809$        192,715$        5,635              

Germany 3 7 6 4% 10.4                67,600$          52,854$          

Australia 1 4 2% 4.2                  27,300$          21,345$          

Great Britain 4 2 1% 2.8                  18,200$          14,230$          

Spain 1 1 1 1% 2.2                  14,300$          11,181$          

Austria 2 1 2 2% 4.2                  27,300$          21,345$          

Japan 11 8 5 7% 17.6                114,400$        89,446$          99,175$          5,635              

Sweden 4 11 0 3% 6.2                  40,300$          31,509$          34,937$          5,635              

USA 68 40 49 52% 125.0              812,500$        635,268$        704,369$        5,635$            

     DOE 39 14 20 25% 61.8                401,700$        314,076$        348,240          5,635              

     NASA & Other 29 26 29 26% 63.2                410,800$        321,191$        356,129$        5,635              

NASA Only 25 22 23 22% 52.4                340,600$        266,304$        295,272$        5,635$            

     other 4 4 6 4% 10.8                70,200$          54,887$          60,857$          5,635$            

Total Paying Member 123 89 78 90% 218.8              1,422,200$     1,111,973$     1,232,928$     5,635$            

Total Non-Paying Member 6 14 15 10% 23.8                154,700$        120,955$        -$                

Grand Total 129 103 93 100% 242.6              1,576,900$     1,232,928$     1,232,928$     

*Note:

[1] Headcount from Germany, Australia, Great Britain, Spain, and Austria are not included in the invoice calculation. 310,044.07$   

[2] Six full members from non-IFC countries have been absorbed by DOE and NASA. Germany = 3, Spain = 1, Austria = 2

B. Membership Category D. Share of OCF
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Collaboration papers and citations
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Collaboration publications
aka Fermi’s h-index, from inSPIRE
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Monitoring the γ-ray sky
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Pass 8 reveals more high-energy γs from GRBs
ApJ, Volume 774, 76 (2013); arXiv1307.3037
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I Sample of 10 GRBs with measured redshift re-analyzed.
I 4 new photons above 10 GeV (in addition to the 6 previously known).
I Interesting implications for the γ-ray opacity of the Universe.

I First Pass 8 science paper, led by INFN.

Ronaldo Bellazzini (INFN–Pisa) Riunione CSN2, TrentoSeptember 23, 2013 Spare slides



The Highest-Energy Light From a Solar Flare
http://www.nasa.gov/mission_pages/GLAST/news/highest-energy.html (06.11.12)
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Detector performance stability: TKR
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Detector performance stability: CAL
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A (minor) hardware issue
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I Noise in one silicon ladder increasing since January 2010
I Test at reduced HV gave no evidence of reduced noise.
I Keep masking strips, max loss would be 1/2304 silicon ladders. . .
I . . . but we might have evidence that the phenomenon is saturating.

Ronaldo Bellazzini (INFN–Pisa) Riunione CSN2, TrentoSeptember 23, 2013 Spare slides



Data sets and IRF: Pass 7 reprocessing

I Entire data set (from the start of the mission to date) reprocessed
with updated calibrations.

I Full reprocessing as in “re-run the event reconstruction”.
I Correct for the small decrease in the CAL light yield (affecting the

absolute energy scale);
I better calibration of the CAL longitudinal position (affecting the

high-energy PSF).

I Need to contextually revise all the analysis components:
I Instrument response functions (effective area, PSF, energy

dispersion);
I Galactic diffuse emission model;
I isotropic template.

I And then validate all the products:
I Quantify the systematic uncertainties in the IRFs;
I repeat standard analysis and see the changes.

I The first new results were presented at the Fermi Symposium in
November 2012.
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Pass 7 reprocessing public release

I The Pass 7 reprocessing was more painful than we necessarily
anticipated.

I And we are redoing all over again for Pass 8:
I hopefully it will be smoother the second time around.

I Public release target is September 10, 2013.

I IRFs ready and blessed by the Calibration and Analysis group.

I Isotropic template ready.

I Documentation for the FSSC being updated.
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Fermi Guest Investigator program

I Mostly limited to US users.

I Testifies that there are new guest investigators every year.
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New observation strategy
a.k.a. “Sky survey with a twist”

I In January 2013 the Fermi Project solicited suggestions, via white
papers, from the community in an effort to transform Fermi
observational strategies in view of our evolving scientific knowledge:

I 3/5 papers focusing on the Galactic Center (LAT team, GBM team,
Weniger et al.);

I the other 2 focusing on magnetars and the binary PSR B1259-63/LS
2883 (could be more properly accommodated within the GI program).

I The recommendation is to undertake a new observing strategy that
emphasizes coverage of the Galactic center region:

I confirm or reject the putative gamma-ray line at 130 GeV. . .
I . . . but not only! e.g., young pulsars in the GC region.

I Thermal/attitude/reaction wheels studies currently ongoing.

I Switch to a Galactic center biased all sky survey by December 2013.
I We shall review the decision after a year.

Ronaldo Bellazzini (INFN–Pisa) Riunione CSN2, TrentoSeptember 23, 2013 Spare slides


	Appendix

