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Overview

The  2011  Fermi Symposium is  dedicated  to

results  and  prospects for  scientific

exploration of  the Universe  with  the Fermi

Gamma- ray Space Telescope  and  related

studies.  Topics include: blazars  and  other

active galactic  nuclei,  pulsars,  gamma - ray

bursts,  supernova  remnants,  diffuse  gamma

radiation, unidentified  gamma - ray sources,

and  searches  for  dark  matter.  Multi -

wavelength/multi - messenger  contributions

to  these topics  are  welcome.  The  meeting

will  be  held  in  Rome,  Italy.

Program

TBD

Hotel  &  Local  Information

Hotel  Details  and  List

Local  Information

Important Dates:

TBD

Registration Information

TBD

Proceedings

TBD

Organizing Committees

Local  Organizing  Committee

International  Science Organizing



THANKS! 

•  Julie McEnery ! 
–  And the SOC…and all the speakers, poster creators, 

and participants…and… 

•  Local organizers: Aldo, Emilia, Luca, Ronaldo, 
Patrizia, Elisabetta, Tonino Capone…and all the 
local people who made this meeting so 
enjoyable.  
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Caveat 

•  Apologies in advance: 
–  Able just to touch upon 

a subset of highlights. 
–  A full summary of all 

the great results is not 
possible! 

•  For each topic, big-
picture: 
–  What we have learned 
–  Path forward 
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Non-trivial “Trivia” (circa May 2011) 

•  ~170 billion LAT event triggers 
•  GBM Triggers: 1194 (654 GRB, 141 TGF, 174 SGR, 56 solar flare) 

•  # Autonomous Repoint Requests (ARR): 58 
•  Highest-z LAT GRB: 4.35 
•  Highest-energy photon from a GRB: 33 GeV (at 82s, z=1.82)  
•  Highest-z LAT AGN: 3.1  
•  # Gamma-ray pulsars: 88 

–  # MSPs: 27 
–  # Gamma-ray-only ( blind) pulsars: 26 
–  # new radio MSPs due to LAT data: 31 

•  Public data access: >8TB 
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A radio-quiet, gamma-ray only pulsar, in Supernova Remnant CTA1 

Age ~(0.5 – 1)x104 years 
Distance ~ 1.4 kpc 
Diameter ~ 1.5° 

1420 MHz Radio Map: 
Pineault et al., A&A 324, 1152 (1997) 

P ~ 317 ms 
Pdot ~ 3.6E-13 

•  Spin-down luminosity ~1036 erg s-1, sufficient 
to supply the PWN with magnetic fields and 
energetic electrons. 

•  The γ-ray flux from the CTA 1 pulsar 
corresponds to about 1-10% of Erot (depending 
on beam geometry) 

Quick discovery enabled by 
•  large leap in key capabilities 
•  new analysis technique (Atwood 
et al) 

Abdo et al., Science Express, 16 Oct. 2008 

An Important Reminder! 
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CTA 1: New TeV Source !
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2FGL ! 

Data: 
28 M  

Exposure: 52 Ms 

Two years (excluding 3 GRBs)  
“Pass7 processing” 

[1FGL: 11 months] 

2FGL Table 
1888 entries 
[1FGL: 1451] 
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Light curves, 
SED plots, 
associations +

Toby Burnett talk 
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GLAST One-year Simulated Observation 

Pre-launch 

Careful!   Different scales, techniques, energy ranges, … 



Latest Photon Intensity Map 
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2FGL Summary 

2FGL almost ready to go, with following features 
•  Much improved diffuse representation, new limb 

component 
•  ~1888 sources, vs. 1451 (1134) for 1FGL 
•  12 extended sources 
•  Pulsars fit with exponential cutoff, others log parabola if 

appropriate 
–  better characterization of  sources, improved fits to nearby 

weaker sources 
•  Better source finding efficiency: both detecting faint 

sources and resolving nearby sources 
But: is not perfect, D. Thompson will next discuss caveats 
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Toby Burnett talk 



2FGL Classifications 
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Type Number Percentage of total 
Active Galactic Nuclei 832 44% 
Candidate Active Galactic 
Nuclei 

268 14% 

Unassociated 594 32% 
Pulsars (pulsed emission)  86   5% 
Pulsars (no pulsations yet)  26    1% 

Supernova Remnants/
Pulsar Wind Nebulae 

 60   3% 

Globular Clusters  11  < 1% 
Other Galaxies    7  < 1% 
Binary systems    4  < 1% 
TOTAL 1888 100% 

Very Preliminary - Work Still In Progress 
Dave Thompson talk 
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2FGL Summary 

•  The 1888 sources in the 2FGL catalog represent a significant advance 
in tracking the overall content of the gamma-ray sky.  

•  Separating sources from each other and from the diffuse background 
has presented challenges.  

•  Source classes are better defined, and the absence of some predicted 
sources has important implications.  

•  The catalog and its related products - data, diffuse model, IRFs - are 
coming soon.   

Dave Thompson talk 



Looking Forward: Diffuse Model 

Next Public Model Characteristics 

- The grid for the model is 0.125°
- Cube with 30 energy planes from 50 MeV to 600 GeV.
- Size ~500 Mbyte.
- Fitted with 24 months of LAT data in 14 bands from 63 MeV to 40 GeV with 0.25° resolution.
- Based on P7.6 “clean” class with isotropic also provided for “source” class.
- Row centered on b=0°.
- New HI, CO column density map (no Magellanic stream for example).
- New GALPROP-derived template for IC
- Patches for unaccounted excess of photons

The model is optimized for point and extended sources studies.
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Jean-Marc Casandjian talk 

Conclusion

Torn Between Heaven and Hell
~golfiscool

There are lots of 
interesting studies 
in the paradise of 
diffuse emission 
physics...

... but we still have 
to work like hell to 
make sure we 
understand the 
systematic errors.



Inner Galaxy 

•  "Lasciate ogne 
speranza, voi 
ch'intrate” – Dante 
Alighieri 

•  “If you’re going 
through hell, KEEP 
GOING!”  - Winston 
Churchill (emphasis added) 



Inner Galaxy 
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•  What we have 
learned: many 
new features 
(not a 
surprise!) 

•  Path forward: 
“keep going”! 
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Bubbles of Energy Are Found in Galaxy

NASA's Goddard Space Flight  Center

From end to end, the newly discovered gamma-ray bubbles extend 50,000 light-years, or about half of the Milky Way’s
diameter, as shown in this illustration.

By DENNIS OVERBYE
Published: November 9, 2010

Something big is going on at the center of the galaxy, and

astronomers are happy to say they don’t know what it is.

A group of scientists working with data from NASA’s Fermi Gamma-

Ray Space Telescope said Tuesday that they had discovered two

bubbles of energy erupting from the center of the Milky Way galaxy.

The bubbles, they said at a news conference and in a paper to be

published Wednesday in The Astrophysical Journal, extend 25,000

light years up and down from each side of the galaxy and contain

the energy equivalent to 100,000 supernova explosions.

“They’re big,” said Doug Finkbeiner of the Harvard-Smithsonian

Center for Astrophysics, leader of the team that discovered them.

The source of the bubbles is a mystery. One possibility is that they are fueled by a wave

of star births and deaths at the center of the galaxy. Another option is a gigantic belch

from the black hole known to reside, like Jabba the Hutt, at the center of the Milky Way.

What it is apparently not is dark matter, the mysterious something that astronomers say

makes up a quarter of the universe and holds galaxies together.

“Wow,” said David Spergel, an astrophysicist at Princeton who was not involved in the

work.

“And we think we know a lot about our own galaxy,” Dr. Spergel added, noting that the

bubbles were almost as big as the galaxy and yet unsuspected until now.

Jon Morse, head of astrophysics at NASA headquarters, said, “This shows again that the
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Lobes: The Path Forward 

So far: there appear to be a pair of giant (50 degree 
high) gamma-ray bubbles at 1-5 GeV, and probably 
up to at least 50 GeV. 

What are they? 

Black hole “burp” 

Superwind bubble? 

Dark matter? (Dobler et al arXiv:1102.5095) 

8, 

X
-ray 

X
-ray 

Galactic disk 

Galactic wind? 

WMAP haze 

B field 

jet 

8.5 kpc 
Sun 
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!   Continue observation of Fermi 

!   XMM-Newton data coming soon 

!    The eROSITA and Planck experiments will provide 
improved measurements of the X-rays and microwaves, 
respectively, associated with the Fermi  bubbles 

!   Magnetic field structure of the bubbles 

!   Study of the origin and evolution of the bubbles also has the 
potential to improve our understanding of recent energetic 
events in the inner Galaxy and the high-latitude cosmic ray 
population. 

Meng Su talk 



LAT e+e- Spectrum Update 
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FIG. 21: Cosmic ray electron spectrum as measured by Fermi LAT for one year of observations - shown by filled circles, along
with other recent high energy results. The le spectrum is used to extend the he analysis at low energy. Systematic errors
are shown by the grey band. The range of the spectrum rigid shift implied by a shift of the absolute energy is shown by the
arrow in the upper right corner. Dashed line shows the model based on pre-Fermi results [32]. Data from other experiments
are: Kobayashi [33], CAPRICE [34], HEAT [35], BETS [36], AMS [19], ATIC [7], PPB-BETS [8], H.E.S.S. [9, 10]. Note that
the AMS and CAPRICE data are for e− only.

The CR electron spectrum reported in this paper and
shown in figure 21 is essentially the same as that pub-
lished in [2] for the energy above 20 GeV, but with twice
the data volume. Within the systematic errors (shown by
the grey band in fig 21) the entire spectrum from 7 GeV
to 1 TeV can be fitted by a power law with spectral index
in the interval 3.03 – 3.13 (best fit 3.08), similar to that
given in [2]. The spectrum is significantly harder (flat-
ter) than that reported by previous experiments. The
cross-check analysis using events with long paths in the
instrument confirms the absence of any evident feature in
the e++e− spectrum from 50 GeV to 1 TeV, as originally
reported in [2].

Below ∼ 50 GeV the electron spectrum is consistent
with previous experiments and does not indicate any flat-
tening at low energies. This may be compared with pre-
vious experiments that made measurements over the last
solar cycle with an opposite polarity of the solar magnetic
field (e.g. [19, 34]), and which indicate that a significant

flattening occurs only below ∼ 6 GeV.

To fit the high energy part of the Fermi LAT spec-
trum and to agree with the H.E.S.S. data, a conventional
propagation model requires an injection power law index
α " 2.5 above ∼ 4 GeV and a cutoff at ∼ 2 TeV. How-
ever, while providing good agreement with the high en-
ergy part of the spectrum, a model with a single power
law injection index fails to reproduce the low-energy data.
To obtain an agreement with all the available data at low
energies we need the injection spectrum α ∼ 1.5−2.0 be-
low ∼ 4 GeV and a modulation parameter in the range
Φ = 400− 600 MV. The latter was set to match proton
spectrum at low energy during the first year of Fermi
LAT operation [38]. An example of such a calculation
using GALPROP code [39] is shown in figure 22. This
model includes spatial Kolmogorov diffusion with spec-
tral index δ = 0.33 and diffusive reacceleration charac-
terized by an Alfven speed vA = 30 km/s; the halo height
was 4 kpc. Energy losses by inverse Compton scattering

arXiv:1008.3999v1, PRD 82   

7 GeV – 1 TeV, double statistics (8M events) 



e- from PAMELA! 
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FIG. 2: The electron energy spectrum obtained in this work compared with modern measurements:

CAPRICE94 [19], HEAT [20], AMS [21], MASS91 [22], Kobayashi [23], BETS [24], ATIC [25],

HESS [26], Fermi [27]. Note that the data points from [23–27], indicated with blue symbols, and

the highest data point from HEAT [20] are for the electron and positron sum.

these measurements of order a few percent (see [28]). However, the PAMELA e− spectrum

appears softer than the (e− + e+ ) spectra presented by ATIC and Fermi. This difference

is within the systematic uncertainties between the various measurements, but it is also

consistent with a growing positron component with energy. An analysis of the PAMELA

positron energy spectrum (up to ∼ 300 GeV) will be presented in a future publication.

The differences with previous magnetic-spectrometer measurements [19–22] are larger and

probably due to uncertainties in the energy and efficiencies determination of the various

experiments. Below 10 GeV, discrepancies can be partially explained by the effect of solar

modulation for the various data taking periods.

Figure 3 top shows the PAMELA e− spectrum compared with a theoretical calculation

(solid line) based on the GALPROP code [29] and with a single power-law fit (long-dashed

line) to the data above 30 GeV (above the influence of solar modulation). The single

power-law fit represents well the data (χ2/ndf = 8.7/13) with a resulting spectral index

of −3.18 ± 0.05. This is incompatible (about 6 standard deviation discrepancy even con-

sidering systematic errors) with the soft e− spectrum [4] required to explain the PAMELA

positron fraction measurement within a standard model of cosmic-ray propagation. The

7
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 arXiv:1103.2880 

e- only  e+e- 

…and AMS-02 launch soon! 

Talk by E. Vannuccini 



Simon Swordy 
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The Sun is Waking Up! 

       SUMMARY 

The M2-class solar flare, SOL2010-06-12T00:57, was 
modest in many respects yet exhibited remarkable 
acceleration of energetic particles. 

The flare produced an ~50 s impulsive burst of hard X-and 
gamma-ray emission up to at least 400 MeV. 

The gamma-ray line fluence from this flare was about ten 
times higher than that typically observed from this modest 
class of X-ray flare. 

Analysis of the combined nuclear line and high-energy 
gamma-ray emissions suggests that the accelerated proton 
spectrum at the Sun softened from a power-law index of 
~-3.2 between ~5-50 MeV, to ~-4.5 between ~50-300 MeV, 
to one softer than ~-4.5  >300 MeV  (Preliminary).  

•  Sigificance map (so-called TS map) was produced for the LAT data 
accumulated during the whole duration 

•  Green lines show the 1sigma, 2sigma, 3sigma contours 
•  The LAT HE photons came from the North-western part of the Sun, from 

where M3.7 flare was emitted (active region 11164) 10 

Solar disk

SDO/193A image 

G. Share talk 

•  Fermi-LAT detected the longest HE emission from the Sun following 
the 2011 March 7 flare. The duration was ~12 hours. 

•  The LAT emission came from the North-West part of the Sun, from 
where the M3.7 flare is emitted 

•  The LAT spectrum showed clear turnover around 200 MeV, 
suggesting that pion decay is promising 

•  The March 7 flare is associated with a fast CME of 2200 km/s  

•  We considered three possible scenarios which might explain the long-
lived LAT emission 

•  Further quantitative discussion is ongoing, and paper is now being 
prepared 

15 

Y. Tanaka talk 
Also see J. Ryan overview talk 
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•  Nov 9, 2009 - add new TGF trigger 
•  TGF trigger rate increased by factor of ~10 to 1 per 3.7 days 

(see talk by S. Foley) 
•  Feb/Mar 2011 - solar activity (see talk by Y. Tanaka)"
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Antimatter from Thunderstorms! 

TGFs are concentrated in the tropics near 
thunderstorms 

Briggs et al, GRL, 2011 

Terrestrial Gamma-ray flashes 
S. Foley talk 



AGN 

•  The (many!) results are beautiful! 
•  We want answers, for the different types: 

–  Where is the gamma-ray emission primarily, and what 
are the dominant mechanisms? 

–  What are the underlying jet characteristics? 
–  How do the jets form and propagate? 
–  What is this telling us specifically about the BH and the 

environment? 

•  Factorizable? 
1.  Connect the gamma emission characteristics to the jets 
2.  Connect the jets to the rest of the system 
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Tremendous Observational Progress! 

commissioning  
pointed mode 

Science operation 
survey mode 

CGRO / EGRET 
•  Well-known radio source at 
z = 0.859; also detected by 
EGRET, AGILE 
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3/1/11 7:06 PM3C454.3_86400.png 1024×768 pixels

Page 1 of 1http://fermi.gsfc.nasa.gov/FTP/glast/data/lat/catalogs/asp/current/lightcurves/3C454.3_86400.png

3C454.3 
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http://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc/ 

Also see arXiv:1102.0277 



III Fermi Symposium, 10/5/2011 E. Cavazzuti 

3C454.3!

Daily light curve pre, during and after the flare 
(common pattern to all its flares detected by LAT)!

Flaring sources - 3C454.3 flare in Nov 2010!

3C454.3!
The highest ever recorded blazar L!  ~ 2x1050 erg/s 
(>5 Vela)!
Flare: longer in duration and higher in flux, shorter in 
doubling the flux (2xF in 6hrs) than the shortest detected 
by PKS 1502-106 and PKS 1510-089!

Significant difference 
between light curves for 
F0.1-1GeV and F>1GeV !
"  clear spectral variability!

Ebreak constant within a 
factor of ~2 while flux 
varies by a factor of ~40.!

(Abdo, A. A. et al. 2011, ApJ, 733, L26)!

G. Madejski, Parallel Session 10A - AGN II, 

Poster AGN S1.N27 Fuhrmann, L.!

E>100MeV!
31 GeV photon!

F0.1-1GeV !
F>1GeV!

E>100MeV E0.1-1GeV!

E>100MeV E0.1-1GeV E>1GeV!
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3C 454.3: 2010 super-outburst from gamma-ray to mm-wave 

RJD=5502, 1 Nov 2010; core: 10.3 Jy 

RJD=5507, 6 Nov 2010; core: 14.1 Jy 

RJD=5513, 12 Nov 2010; core: 14.2 Jy 

RJD=5535, 4 Dec 2010; core: 17.7 Jy 

Knot ejected in 
late 2009,  
   vapp = 10c 

3C 454.3: Knot from mega-outburst moving in new direction 

RJD=5502, 1 Nov 2010; core: 10.3 Jy 

RJD=5507, 6 Nov 2010; core: 14.1 Jy 

RJD=5513, 12 Nov 2010; core: 14.2 Jy 

RJD=5535, 4 Dec 2010; core: 17.7 Jy 

               RJD=5674, 21Apr 2011 

Knot ejected in 
late 2010,  

Jorstad et al. (2010 ApJ): core has triple 
structure, with a flare occurring as a knot 
passes each feature 
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Alan Marscher talk 



Rome May 2011 Greg Madejski 

Conclusions: 3C454.3 the champion 

* Remarkable object, remarkable Nov. 2010 flare seen in all bands 

•  !-ray flux (Lapp ~ 1050 erg s-1) might set a record for the LAT lifetime… 

•  Rich features in the !-ray band (Abdo et al. 2011) 
           rapid variability, yet 30 GeV flux not !-! absorbed by disk photons 

 -> compact source at a considerable distance from the BH?    

•  MW correlations essential! In summary:   
   * Radio flux relatively steady –  

 - source becomes fully optically thin only in the sub-mm / IR band 
   * Optical lagging !-rays by ~ a day – competition between Uph & UB 

-  Optical (synchrotron) emission delayed due to gradual  
     increase of B field associated with the same  

 event (shock?) that accelerates particles 
-  Gamma-rays (inverse Compton) are more prompt, since Uph(ext) 

 is relatively steady 
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Also see S. Wagner talk, a larger sample! 



Optical-GeV, more sources 

! !
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Interpreting 3C454.3 Observations 

Conclusions 
•! GeV breaks are consistent with being produced by 

absorption on He II and H I recombination continua. 

•! Gamma-ray emitting region in 3C454.3 lies within the 
highest ionization zone of BLR at sub-parsec distances 
from the central black hole.  

•! This implies that the jet  is accelerated to relativistic 
velocities at these distances.  

•! Additional features in a sub-GeV range are predicted due to 
the high-ionization soft X-ray lines. 

•! The underlying continuum does not have a break, but is 
well represented by a lognormal distribution. 

•! Opacity in He II varies with flux. The gamma-ray emission 

region moves away from the high-ionization region at high 

fluxes.  
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AGN 

III Fermi Symposium, 10/5/2011 E. Cavazzuti 

LAT AGN Catalogs - statistics!

BLAZARS! %!
|b|>10°!

FSRQ! BL Lac! LSP!
(FSRQ + BL Lac)!

ISP!
(only BL Lac)!

HSP!
(only BL Lac)!

LBAS! 91.4%! 58.5%! 41.5%!

1LAC! 87.3%!
88.4%!

47.4% 
44.4%!

52.6% 
55.6%!

59%! 12%! 29%!

2LAC! 77.2%!
85%!

45.4% 
41.2%!

54.6% 
58.8%!

50.5%! 16.7%! 32.8%!

Caveats: !
o   LAT preference for hard sources -> HSP are favoured wrt LSP!
o   LAT selects radio sources fainter than those in radio catalogs of flat radio sources (eg. CRATES) -> many 
optically unclassified source (but blazar candidates) which will be targets for optical follow up.!

preliminary!

Although deep optical follow up programs (R. Romani, M. Shaw, S. Piranomonte, …),!
60.8% of BL Lac are without redshift => probably they are far and bright.!

LBAS! 1LAC! 2LAC!Abdo, et al. 2010, 
ApJ, 715, 429 

Abdo, et al. 2009, 
ApJ, 700, 597 

Abdo, et al. In 
preparation 

(Posters: AGN S1.N14 Cavazzuti, E., Catalog S1.N3 Cutini, S.)!
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•  Path forward 
–  More correlated observations 

to answer “where” 
–  Move from “where” and 

characterization of sources to 
connect to primary goals  

–  2LAC correlations 
–  All those gorgeous LAT light 

curves begging analysis! 
–  Breaks 
–  Compact region emission 

•  NEED FOR NEW 
THINKING! 



Using AGN: EBL and IGMF! 

ext0

O

O!"
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obs!

!
!
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Neronov talk 
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Neronov talk 



Intrinsic- and EBL-absorption developments 

Rdiss > RBLR ,  so EC (HD) is ok ?  Not really !

4C 21.35  has strong IR emission from HD, T~1200K, LIR ~ 8x1045 erg/s  (Malmrose et al. 2011)

Survival zone for VHE 
photons is narrow !

Same problem for 1510-08

Aleksic et al. 2011 (MAGIC coll)

Again IR photons absorb VHE 
gamma-rays !

IR  absorption
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L. Costamante 



24

Update on the IGRB

Different contributions reported by: Stecker&Salomon+96, Pavlidou&Fields+02, 
Narumoto&Totani06,Dermer07, Bhattacharya+09, Inoue&Totani09, Fields+10, Makiya+10, 
Inoue+11,Abazajian+10, Ghirlanda+11,Stecker&Venters11,Malyshev&Hogg11

Preliminary
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M. Ajello 



What has similar challenges, but no 
repeatability?… 

GRB! 
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GRB: what do we see? 

Nicola Omodei - Fermi Symposium 2011

Fermi detections as of 2011-01-20

7

~550 GBM GRB (since Aug 2008)
27 LAT GRB (7 LAT LLE-only GRB)

Circles:
    In Field-of-view of LAT (<70˚): 275
    Out of the FOV
Squares:
    LAT detections

11 months Fermi LAT count map

PRELIMINARY
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GRB: what do we see? 

Nicola Omodei - Fermi Symposium 2011
13

Summary Table & Highest Energy Events 
compatible with the GRB position

Last bright GRB: Sept 2009!

GRB Name Likelihood 
Detection 
>100 MeV

LLE 
Detection

LAT off 
axis angle 

at T0 
(degrees)

GBM T90 N Pred. Events 
(>100MeV, Trans.)

HE Delayed 
Onset?

Long Lived HE 
Emission?

Maximum Energy 
(GeV) meas. 

during the LAT 
detection

Arrival time of 
the highest 

events (seconds 
since trigger)

Redshift

GRB080825C

GRB080916C

GRB081006

GRB081024B

GRB081215

GRB081224

GRB090217

GRB090227B

GRB090323

GRB090328

GRB090510

GRB090531B

GRB090626

GRB090902B

GRB090926

GRB091003

GRB091031

GRB100116A

GRB100225A

GRB100325A

GRB100414A

GRB100707A

GRB100724B

GRB100728A

GRB101014A

GRB101123A

GRB110120A

! ! 60.3 21 10 ! ! 0.6 28.3 -

! ! 48.8 63 211 ! ! 13.2 16.5 4.35

! x 10.7 6.4 13 - ! 0.6 1.8 -

! ! 18.6 0.6 11 ! ! 3.1 0.6 -

x ! 97.1 5.6 - - - - - -

x ! 17 16.4 - ! ! - - -

! ! 34.5 33.3 17 ! ! 0.9 14.8 -

! ! 70.1 1.3 3 - - - - -

! ! 57.2 135.2 39 ! ! 7.5 195.4 3.57

! ! 64.6 61.7 58 ! ! 5.3 698.3 0.736

! ! 13.6 1 183 ! ! 31.3 0.8 0.903

x ! 21.9 0.8 - - - - - -

! ! 18.2 48.9 30 ! ! 2.1 111.6 -

! ! 50.8 19.3 323 ! ! 33.4 81.7 1.822

! ! 48.1 13.8 252 ! ! 19.6 24.8 2.106

! ! 12.3 20.2 33 ! ! 2.8 6.5 0.897

! ! 23.8 33.9 16 ! ! 1.2 79.7 -

! ! 26.6 102.5 21 - ! 2.2 105.7 -

x ! 54.9 13 - - - - - -

! x 7.4 7.1 5 - ! 0.8 0.4 -

! ! 69 26.5 28 ! ! 4.3 39.3 1.368

x ! 90.3 81.8 - - - - - -

! ! 48.8 87 24 - - 0.1 15.4 -

! x 59.9 162.9 17 - ! 1.7 709 -

x ! 54.1 450.9 - - - - - -

x ! 84.2 ~160 - - - - - -

! x 13.7 ~20 9 - ! 1.8 72.5 -

PRELIMINARY
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It doesn’t always feel Poisson… 
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Thanks to N. Omodei 

…but it is! 



Nicola Omodei - Fermi Symposium 2011

Duration: Study of the extended emission

8

• We measure a systematically longer 
duration in the LAT
– Emission at GeV energy lasts 

longer than the emission at MeV 
energy

• Different component?
– OR, better sensitivity of the LAT 

detector (low background) than the 
GBM detector (background 
dominated)

• We also systematically measure a 
delayed onset between the GBM and 
the LAT emission 

PRELIMINARY

All about estimating the background!
T90: time between the 5% and the 95% of the integrated signal above background;

Estimation of the errors done running simulations (Upper and lower bounds)

46	
  



Nicola Omodei - Fermi Symposium 2011

The Fantastic 4 !

• Four bursts show an exceptionally  high 
fluence (100 MeV - 10GeV)

• These bursts are not the closest to us

10

PRELIMINARY

Fermi LAT GRB with estimated redshift

PRELIMINARY

PRELIMINARY

Short Long
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Summary

• First Fermi/LAT catalog of GRBs on its way!
– Systematic study of LAT GRBs

• First catalog of GRB at high energy;
• Also includes methodology to reproduce the analysis;

– Using both LLE data + standard transient class data
– 27 GRB (7 LLE only, 4 likelihood only, 4 very bright bursts)

• Common observed properties:
– Temporal extended emission (long lasting);
– Delayed onset between LAT and GBM emission;
– “Extra component” 

• All numbers here are preliminary, a paper will come out soon!

14
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What does it mean? 
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Pe’er talk 
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Nicola Omodei - Fermi Symposium 2011

Detection criteria

6

PRELIMINARY

• Starting from:
– ALL GCN messages (and updated positions)
– We look for GRB in LAT only data (Blind search 

analysis runs continuously)
• Two ways to look for detections:

– LLE data, significant excess over the 
background level (above 4 sigma)

– Transient-class Data >100MeV: Standard 
Likelihood analysis (TS>16)

LLE Data

•  Path forward 
–  More bursts are on their way! 
–  LLE data 
–  Common issues with AGN, 

galactic sources – jets! 
–  Short vs long bursts 

•  NEED FOR NEW 
THINKING! 
–  Lags in the data 
–  Lags in the interpretation 
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Dark Matter: Many Places to Look! 

All-sky map of gamma rays from 
DM annihilation  arXiv:0908.0195  
(based on Via Lactea II 
simulation) 

And	
  anomalous	
  
charged	
  cosmic	
  
rays	
  (li=le/no	
  
direc?onal	
  
informa?on,	
  

trapping	
  ?mes,	
  
etc.)	
  

                 Satellites 
Low background and good source id,  
but low statistics, in some cases 
astrophysical background 

    Galactic Center 
Good Statistics but source  
confusion/diffuse background 

      Milky Way Halo 
Large statistics but diffuse 
background 

        Spectral Lines 
No astrophysical uncertainties,  
good source id, but low sensitivity 
because of expected small BR 

              Extra-galactic 
Large statistics, but astrophysics, galactic 
diffuse background  

Galaxy	
  Clusters	
  
Low	
  background,	
  but	
  low	
  sta7s7cs	
  

See summary talks by Sandick and 
Latronico, and many contributions 



They Play Together! 
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Accelerators 
Direct production.  Push to higher energy 

Direct Detection 
Relic scattering RIGHT HERE at low energy.   Push to 
larger target mass, lower backgrounds, directional 
sensitivity? 

Indirect Detection 
Relic interactions (annihilations, decays) Understand the 
astrophysical backgrounds in signal-rich regions.  Reveal the 
detailed astrophysical distribution of dark matter. 

Simulations 
Large scale structure formation.  Push 
toward larger simulations, finer details. 

Observations 
Push toward finding 
and studying 
galactic halo 
objects and large 
scale structure. 



Dwarf Spheriodal (dSph) Galaxies 

•  Largest galactic substructures predicted (in ΛCDM) 
•  DM-dominated: mass-to-light ratios O(100-1000) 
•  Very low astrophysical backgrounds 

–  no detected gas, low recent star formation activity 

•  SDSS discovery of many more ultrafaint Milkyway 
satellites 
–  more are welcome! 

•  Great opportunity for indirect DM signal searches! 
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Combining dSph Limits 

14
Maja Llena Garde

on behalf of the Fermi-LAT collaboration

Results all channelsResults all channels

5GeV 1000GeV

3e-26cm3/s

e-21

e-26
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So Many Surprises! 

Colleen A. Wilson-Hodge (NASA/
MSFC) 

Colleen A. Wilson-Hodge (NASA/
MSFC) 



High Energy Activity from the Crab 

No corresponding flare in X-rays with 
INTEGRAL (Atel # 2856), Swift (Atel # 
2858, 2866), or RXTE (Atel # 2872) or 
NIR (Atel #2867). No evidence for active 
AGN near Crab (Swift, Atel # 2868).   



A Variable Standard 

Figure 2: Gamma-ray flux above 100 MeV as a function of time of the synchrotron component
of the Crab Nebula. The upper panel shows the flux in four-week intervals for the first 25
month of observations. Data for times when the sun was within 15◦ of the Crab Nebula have
been omitted. The gray band indicates the average flux measured over the entire period. The
lower panel shows the flux as a function of time in four-day time bins during the flaring periods
in February 2009 and September 2010. Arrows indicate 95% confidence flux limits.

16
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 arXiv:1011.3855v1   

…also see arXiv:1010.2679 

Now	
  added	
  to	
  monitored	
  
source	
  list	
  



Latest LAT Crab Atel 
4/22/11 8:23 AMATel #3284: Extreme gamma-ray outburst during the current Crab Nebula flare

Page 1 of 2http://www.astronomerstelegram.org/?read=3284
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Telegram Index

Obtain Credential To Post | RSS Feeds | Email  Settings

Present Time: 22 Apr 2011; 15:24 UT

ATel News
ATELstream
ATel Community Site

[ Previous | Next ]

Extreme gamma-ray outburst during the current Crab
Nebula flare

ATel #3284; E. Hays (NASA/GSFC), R. Buehler (SLAC/KIPAC), F. D'Ammando (INAF-
IASF Palermo, CIFS) on behalf of the Fermi Large Area Telescope Collaboration

on 15 Apr 2011; 14:18 UT
Credential Certification: Elizabeth Hays (elizabeth.a.hays@nasa.gov)

Subjects: Gamma Ray, >GeV, Neutron Star, Transient, Pulsar

Referred to by ATel #: 3286

The Large Area Telescope (LAT), one of the two instruments on the Fermi Gamma-ray Space
Telescope, previously reported a new gamma-ray flare from the direction of the Crab Nebula
beginning on the 9th of April (ATel #3276). The increased emission was afterwards confirmed
by the AGILE satellite (ATel #3282).The Crab Nebula is currently also being monitored by
Chandra, which observed a bright knot east of the pulsar (ATel #3283), similar to previous
observations in the September 2010 flare.

Preliminary LAT analysis indicates that the gamma-ray emission (E >100 MeV) from the
direction of the Crab continues to increase, reaching a peak flux of (12.1 +/-0.6) x10^-6
ph/cm2/sec (statistical errors only) on April 14th. This is the highest gamma-ray flux on daily
scales which has been observed from this source. Preliminary analysis indicates flux variation
on shorter time scales, reaching flux values of >15 x10^-6 ph/cm2/sec in 12-hour time periods.
The average flux from the Crab is (2.9 +/- 0.1) x10^-6 ph/cm2/sec, estimated for the entire
Fermi operation period. All given fluxes are the sum of the pulsar and nebula emission.

Fermi has interrupted all-sky scanning mode starting at 2011-04-12 16:47 UTC to observe the
Crab Nebula and is expected to remain in this observing mode until the 19th of April, unless
the flare fades before this date. For this source the Fermi LAT contact person is Rolf Buehler
(buehler@stanford.edu).

The Fermi LAT is a pair conversion telescope designed to cover the energy band from 20 MeV
to greater than 300 GeV. It is the product of an international collaboration between NASA and
DOE in the U.S. and many scientific institutions across France, Italy, Japan and Sweden.

Related
3286 AGILE monitoring of the

strongly variable gamma-ray
emission from the Crab
Nebula

3284 Extreme gamma-ray outburst
during the current Crab
Nebula flare

3283 Chandra observations of the
Crab Nebula following the
new gamma-ray flare
observed by the Fermi-LAT

3282 AGILE monitoring of the
enhanced gamma-ray
emission from the Crab
Nebula region

3279 Swift/XRT observation of the
Crab Nebula after the
gamma-ray flare observed on
April 11, 2011

3276 Fermi LAT detection of a new
enhanced gamma-ray
emission from the Crab
Nebula region

3058 Chandra follow-up
observation of the Crab
nebula after the high energy
flare

2994 Chandra follow-up
observation of the Crab
nebula after the very high
energy flare

2968 Search for an Enhanced TeV
Gamma-Ray Flux from the
Crab Nebula with VERITAS

2967 No significant enhancement
in the VHE gamma-ray flux of
the Crab Nebula measured by
MAGIC in September 2010

2921 Enhanced TeV gamma ray
flux from the Crab Nebula
observed

2903 HST observation of the Crab
Nebula following the
September 2010 gamma-ray
flare

2893 Swift/BAT spectral analysis
of the Crab after September
2010 gamma-ray flare

2889 RADIO TIMING OF THE CRAB
PULSAR DURING RECENT
GAMMA-RAY FLARE

2882 Chandra observation of the
Crab Nebula/PSR following
the September 2010 gamma-
ray flare.

2879 Crab flux no longer elevated
in Fermi-LAT band

2872 RXTE high energy flare
follow-up observation of the
Crab Nebula

2868 Swift imaging shows no

60	
  



http://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc/ 

61	
  



!

!

!"#$%&%'(")!"#$%&'(&'#)*+,-./
0)1/"),2##2#3

!"#$$%&'(%)#'*%+(,-"-#./#.,%-0#1$%%

45+&/3+)6.-7)89):;<=)>%?$@A?B)/,'5+):;;)C+DE)F%2(%)(%&++)6./&+B)/B)+7(&+@+B)'6
>+&B2B(+#()5/&2/,2.2("G))H.-7)2#$&+/B+),")8I)1-&2#3)A;;J)/#1)A;:;)6./&+BG)

H+,G)A;;J)6./&+)
!+>(G)A;:;)6./&+)

4>&2.)A;::)6./&+)

*##+,-./#"+0)+1%2+3().

4506-+#/+($+7899:+;(<('%+#/+($+7899:+=($0-+#/+($+7899>

K)A;;=)6./&+),")4LMNO)

!

!

!"#$%&''$()*+),-*

!"#!$%&'()*%"+!!%

,%!++%-./
!0%123345.6

&78714%"++$%%#%&'()*%"+!!%

9(:;

<.2)=8:

>7()=8%45.%?*:(.@%45.%9(:;%A:1%45.%;()854.14%137(B.%)=%45.%8:22:#(:C%1DC

62	
  

R. Buehler talk 



•  Normalized to long-term 
average in each band 

•  Decline in Crab flux (MJD 
54690-55390) 

•  No changes in GBM 
response or calibration 

Wilson-Hodge et al 2010 

arXiv:1010.2679 
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GBM Observations of the Crab Nebula 
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Kat Wade / Special to The Chronicle
For this year's Dungeness crab season, neither the captains nor
processors would disclose their pricing deal.
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After a brief delay, the
first Dungeness crab
cakes of the season
should be on Bay Area
dinner tables by
Thursday.

Tests late Monday
confirmed that the catch is
mature and meaty enough -
allowing crab boat owners and
processors to finalize a price for
the prized crustacean. In the wee
morning hours Tuesday, San
Francisco crab boats chugged

out through the Golden Gate and dropped their traps.
The first load arrived at the docks Tuesday evening.

"The crab are going to start coming in - we put 120
pots in this morning," said Larry Collins, captain of
the Autumn Gale and president of the Crab Boat
Owners Association of San Francisco.

The Dungeness season in the coastal zone between
Pacifica and Bodega Bay kicks off on Nov. 15 each
year under state statute. But if the quality of the crab
is uncertain, or if the crabbers and seafood

wholesalers can't agree on a price, the season hangs in limbo.

Late last week, Collins said, his organization's 40 members were trying to negotiate $2
per pound for their Dungeness hauls, the same price as last year. Then Monday,
questions swirled about whether the crabs had added enough mass and whether their
shells had hardened sufficiently. As crabs grow, they shed their carapace; the new shell
remains soft until the crab bulks up.

Juvenile crab counted in San Francisco Bay in 2007 and 2008 indicated that a healthy
crop would be ready by this season, according to state scientists. But in an unusual

advertisement | your ad here
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“But if the quality of the crab is 
uncertain…the season hangs in 
limbo.” 



New Ways of Looking at the Data 

  

x

y

t

Alex Geringer-Sameth & Koushiappas [arXiv:1012.1873]
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Alex Geringer-Sameth & Koushiappas [arXiv:1012.1873]

ξθ(∆θ) =

�
C(∆θ)− N̄ (∆θ)

N̄ (∆θ)

�

p
ξθ,t(∆θ,∆t) =

�
C(∆θ,∆t)− N̄ (∆θ,∆t)

N̄ (∆θ,∆t)

�

events

The two-point space-time correlation function

ξ �= 0If signal

Non-zero correlation function indicates 
moving sources

Poisson distribution 

Less than 5% of events comes from sources 
which generated more than 1 events

95% of these generate exactly 2 events

Alex Geringer-Sameth & Koushiappas [arXiv:1012.1873]

Testing the formalism

Koushiappas talk 



New Ways of Looking at the Data 

J. Siegal-Gaskins Fermi Symposium, Roma, May 11, 2011

Detecting unresolved sources with anisotropies

• in addition to the energy spectrum and average intensity, the large-scale isotropic gamma-
ray background (IGRB) contains angular information

• diffuse emission that originates from one or more unresolved source populations will 
contain fluctuations on small angular scales due to variations in the number density of 
sources in different sky directions

• the amplitude and energy dependence of the anisotropy can reveal the presence of 
multiple source populations and constrain their properties

2 J. Siegal-Gaskins Fermi Symposium, Roma, May 11, 2011

Energy dependence of anisotropy
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• consistent with no energy dependence, 
although mild or localized energy 
dependence not excluded

• consistent with all anisotropy contributed 
by one or more source classes 
contributing same fractional intensity at all 
energies considered

• consistent with that arising from a source 
class with power-law energy spectrum with 
Γ = -2.40 ± 0.07 

• implied source spectral index is good 
agreement with mean intrinsic spectral index 
of blazars inferred from detected members

Fluctuation anisotropy energy spectrum

Intensity anisotropy energy spectrum
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Siegal-Gaskins talk 

J. Siegal-Gaskins Fermi Symposium, Roma, May 11, 2011

• at multipoles 155 ≤ l ≤ 504, angular power is robustly measured in the data at energies 
from 1 to 10 GeV; lower significance angular power is detected in the 10-50 GeV energy 
bin 

• scale independence of the power at these multipoles suggests a contribution to the 
IGRB from one or more unclustered point source populations

• the fluctuation angular power measured in all energy bins is consistent with a constant 
value ~ 1e-5 sr 

• falls in the range of predicted angular power for some astrophysical source populations 
and dark matter scenarios

• can be used to constrain the IGRB contribution from these sources

• energy dependence in the fluctuation angular power is not evident

• suggests that the anisotropy is contributed primarily by one or more source 
populations with constant fractional contributions to the IGRB intensity over this 
energy range

• the measured energy dependence of the intensity angular power is consistent with the 
IGRB anisotropy originating from a source population with a power-law energy spectrum 
with Γ = -2.40 ± 0.07

• this spectral index closely matches the inferred mean intrinsic spectral index of blazars

Summary

16



The Sample of LAT-detected Glitches in 32 Months
LAT pulsars and glitches

PRELIMINARY

! This plot (from the talk of D.Smith) uses data from:

! The ATNF catalog (http://www.atnf.csiro.au/people/pulsar/psrcat/)
! Espinoza et al. 2011 (http://www.jb.man.ac.uk/pulsar/glitches.html)

A.Belfiore (SCIPP-IASF-UniPV) Fermi Symposium 10 May 2011 13 / 17

 LAT is an All-sky Glitch Detector! 
Measuring Glitch Parameters with the LAT

Reading the profile evolution plot

PRELIMINARY PRELIMINARY

! We get 2 distinct timing solutions: before and after the glitch (Ray et al. 2011)

! We fold the event times over the two ephemerides obtained in each of the periods

! Pulse profile evolution for PSR J0835-4510 (Vela) around the glitch (Jul 31th 2010)

A.Belfiore (SCIPP-IASF-UniPV) Fermi Symposium 10 May 2011 7 / 17

69	
  

A. Belfiore talk 



Additional Topics 

•  Lots of great results and new directions 
–  Other AGN 
–  Diffuse emissions, other galaxies 
–  Other PWNe, SNR, Binaries, CR sources, … 
–  Other new physics searches 
–  Pulsars, Magnetars, … (see previous talks this 

session!) 
–  Instrument performance improvements 
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Looking Ahead 

•  Many further improvements in instrument 
performance in progress 
–  Event reconstruction and choices of event selection 

“knobs” all determine instrument performance.  For 
stability, standard event class definitions established with 
IRFs. 

–  Data were released with Pass6.   
•  Some known issues, described in Caveats on FSSC site and in 

LAT papers, addressed with patch to IRFs.  
•  Longer-term: Pass7 and Pass8 to address the remaining issues. 

–  Pass7 release imminent 
»  Improved standard photon classes 
»  Event analysis taking into account “ghost” events  

•  Working closely with FSSC on ease of use for user community. 
–  Exciting progress on Pass8, expected to be the ultimate 

version. 
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http://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT_caveats.html 



A Healthy Extended Mission 

•  “More data are required to obtain a deeper 
understanding” 

•  “A deeper understanding is required to obtain 
more data.” 

72	
  



  Liz Hays                         Fermi Symposium May 9, 2011                                      26 

•  We’re just beginning… 
–  Exposure continues to increase 

•  Fainter sources become detectable 
•  Increasingly detailed studies of bright sources 
•  Catalogs become deeper and more detailed 

–  Time domain studies enter longer regimes 
–  Solar cycle beginning to warm up 
–  Plus, efforts continue to further improve performance and 

enhance analysis, particularly at low and high energies 
•  The longer we look, the more surprises we will see 
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Public Lecture Tonight at 18:30! 

Prof. G.F. Bignami 
Da Roma all’Universo: Fermi in orbita 
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Final Thoughts 
•  Fermi would not have been possible without great 

international and multicultural cooperation! 
•  Cultural differences among communities are not 

necessarily impediments, but rather reinforcing 
capabilities enabling important new opportunities.  
We’re lucky to have each other! 

•  Great leaps in capabilities have broad impacts, e.g., 
–  Sloan Dwarf Spheroidal galaxies discoveries opening new 

opportunities for DM signal searches. 
–  Fermi all-sky sensitivity => millisecond pulsars for use by 

Nanograv for gravitational wave searches 
–  … 

•  Great leaps in measurement capabilities demand 
new analysis approaches and new theory. 

•  What a wonderful time – so much great data and 
new results! 
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From Steve Shore… 
The protagonists

Enrico Fermi, 1949
Chandrasekhar, ca. 1947

Fermi III Roma Overture”Tell me, Chandra. When I die, will I come back as an
elephant?”

Fermi/LAT
Chandra

Fermi III Roma Overture 77	
  

“It’s nice to think 
that Fermi and 
Chandra are 
continuing to 
work together” 



Enrico Fermi and the other “ragazzi di Via Panisperna” 

9 

October 1934: discovery of artificial 
radioactivity induced by slow neutrons 

Discovery:      Saturday  20.10.34 (*) 

First paper:      Monday   22.10.34 

Patent:       Friday       26.10.34 

(*) A. De Gregorio : not on October 22! 

Rome - 9.5.11 - U. Amaldi 

O. D’Agostino  E. Segrè E. Amaldi  F. Rasetti  E. Fermi 

+ B. Pontecorvo = The boys of Via Panisperna 
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“Ragazzi di Fermi” 
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Grazie! 


