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Highlights from the Fermi Symposium
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The LAT at 2 Years

11 June 2008

and 17 days from the 3 rd   !!!
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Fermi is Making a Major ImpactFermi is Making a Major Impact

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

Science, December 2009
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2011 Rossi Prize
• The 2011 Rossi Prize is

awarded to the Fermi Gamma
Ray Space Telescope Large
Area Telescope team for
enabling, through the
development of the Large Area
Telescope, new insights into
neutron stars, supernova
remnants, cosmic rays, binary
systems, active galactic nuclei,
and gamma-ray bursts.



May 25 2011  Ricap11   Roma              Aldo Morselli,  INFN Roma Tor Vergata 5

1451 sources
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- 1,451 sources 1451 sources
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• Some highlights from the first ~3 years in orbit:
−  γ-ray only pulsars

− population of γ-ray millisecond pulsars; implications for gravitational
wave searches

− high-energy GRBs; new window to look for violations of Lorentz
invariance

− Large population of active galaxies detected: emission by supermassive
black holes

− new source populations: novae, globular clusters, starburst galaxies

− γ-ray flares from Crab nebula

− limits on dark matter and interesting data from the galactic center

− Precision measurement of electron-positron spectrum of cosmic rays
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• Some highlights from the first ~3 years in orbit:

~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
•  # Millisecond Pulsars (MSPs): 27
•  # Gamma-ray-only ( blind) pulsars: 26
•  # new radio MSPs due to LAT data: 31
•  Public data access: >8TB
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Toby B
urnett

• Towards the Second Fermi LAT Catalog  2FGL:
2FGL almost ready to go, with following features

  Much improved diffuse representation, new limb component

  ~1888 sources, vs. 1451  (1134 for (revised) )1FGL

  12 extended sources

  Pulsars fit with exponential cutoff, others log parabola if appropriate

o better characterization of  sources, improved fits to nearby weaker

sources

  Better source finding efficiency: both detecting faint sources and resolving

nearby sources
• 277 1FGL sources are not represented
Some reasons:
New requirements for localization
Extended sources were represented by more than one point source
Improved galactic diffuse model
There, but not significant enough (flared during first 11 months)
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• Towards the Second Fermi LAT Catalog  2FGL:

Very Preliminary - Work Still In Progress
Dave Thompson
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Circles:
    In Field-of-view of LAT (<70˚): 275

    Out of the FOV
Squares:

    LAT detections

GRB’s Fermi detections as of 2011-01-20

pre
lim

ina
ry

~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

Omodei
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GRB’s Fermi detections

Pe’er
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Flaring CRAB Buehler
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Fermi Electron + Positron spectrumFermi Electron + Positron spectrum

Extended Energy Range (7 GeV - 1 TeV)  One year statistics (8M evts)
Fermi LAT Coll. Physical Review D, 82 092004 (2010)  [arXiv:1008.3999]
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The Fermi-LAT has measured the cosmic-ray positron and electron spectra
separately, between 20 and 130 GeV, using the Earth's magnetic field as a charge

discriminator
•The two independent methods of background subtraction, Fit-Based and MC-Based,

produce consistent results
•The observed positron fraction is consistent with the one measured by PAMELA

Positron Fraction

Mitts
humsiri
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e-   from PAMELA

Vannucci
ni

e-

e++e-

see talk by Sparvoli 26 morning 
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Spectral lines:
No astrophysical
uncertainties, good
source id, but low
statistics

Galactic center:
Good statistics but source
confusion/diffuse background

Satellites:
Low background and
good source id, but low
statistics

Search Strategies

And
electrons!

Pre-launch sensitivities published in Baltz et al., 2008, JCAP  0807:013  [astro-ph/0806.2911]

Milky Way halo:
Large statistics but
diffuse background

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

and
Anisotropies

Galaxy
clusters:
Low background but
low statistics
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They Play Together!
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Milky Way Dark
Matter Profiles

A.Lapi et al. arXiv:0912.1766

All profiles are
normalized to the local
density 0.3 GeV cm－3

at the Sun’s location
r ≈ 8.5 kpc
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Different spatial behaviour for decaying or annihilating dark matter

The angular profile of the gamma-ray signal is shown, as function of the angle θ to the centre of
the galaxy for a Navarro-Frenk-White (NFW) halo distribution for decaying DM, solid (red) line,
compared to the case of self-annihilating DM, dashed (blue) line

G.Bertone et al. 2007, JCAP 11, 003B
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see talk by Beatriz Canadas
afternoon 26 

Steve Ritz
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Fermi Bubble
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Data minus Fermi diffuse emission model:

Meng Su
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8,

X
-ra

y
X

-ray

Galactic disk

Galactic wind?

WMAP haze

B field

jet

8.5 kpc
Sun

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) Meng Su
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Update on the Isotropic Gamma-ray
Background (IGRB)

Preliminary

Ajello
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Anisotropies

J. Siegal-Gaskins

see talk by Vincenzo Vitale and Mattia Fornasa
this afternoon  
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Dwarf spheroidal galaxies (dSph) :
promising targets for DM detection
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Dwarf spheroidal galaxies (dSph) :
promising targets for DM detection

➢ dSphs are the most DM dominated systems known in the
    Universe with very high M/L ratios (M/L ~ 10- 2000).
➢ Many of them (at least 6) closer than 100 kpc to the GC (e.g.
    Draco, Umi, Sagittarius and new SDSS dwarfs).
➢ SDSS [only ¼ of the sky covered] already double the number of
    dSphs these last years
➢ Most of them are expected to be free from any other
    astrophysical gamma source.
✔ Low content of gas and dust.
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 Dwarf Spheroidal Galaxies upper-limits

Flux upper limits are
combined with the DM
density  inferred by the
stellar data(*)for a
subset of 8 dSph (based
on quality of stellar data)
to extract constraints on
<σv> vs WIMP mass for
specific DM models

   No detection by Fermi
with 11 months of data.
95% flux upper limits
are placed for several
possible annihilation
final states.

(*) stellar data from the Keck observatory
(by Martinez, Bullock, Kaplinghat)

Fermi Coll. ApJ  712 (2010) 147-158 [arXiv:1001.4531]
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 Dwarf Spheroidal Galaxies upper-limits Update

robust constraints including J-factor uncertainties
Llena

Garde
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Fermi LAT 23 Month Line search results
Flux Upper Limits, 7 GeV - 200 GeV

• ± 20 % overall scale systematic error (+20 % systematic for UL).
Additional systematic on spectral structures with LAT resolution for E < 13.2 GeV of s/bg ~ 1%.
• 7 and 10 GeV bins use a modified event selection to reduce the systematic

uncertainty associated with public IRFs.
• For E > 12 GeV no indication of a spectral structure systematic effect is seen.

Bloom
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Fermi LAT 23 Month γZ-Cross-section limits
7 GeV - 200 GeV

• ± 20 % overall scale systematic error (+20 % systematic for UL).
Additional systematic on spectral structures with LAT resolution for E<13.2 GeV of s/bg ~ 1%.

Bloom
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Decay lifetime lower limits
• Limits similar for all 3 DM density profiles due to linear dependence

of flux on ρ
• Disfavors lifetimes smaller than 1029 s

Bloom
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Looking Ahead
http://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT_caveats.html

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 inLAT
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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Future Surprises
We are 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

Liz Hays
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greetings from the Fermi Symposium


