Highlights from the Fermi Symposium

Aldo Morselli

INFN Roma Tor' Vergafa
St




B TheW AT at 2 Years ™

1!'4

Happy 2"? Birthday, Fern
and 17 days from the 3 rd il

-.‘.

|.P
(,




\gjor Lmpact:. ,

Esserml

Gamma-ray
\'

\

Fermi is Making a M

Science, December 2009

pace Tulcﬁ(opc

THE

RUNNERS-

UP >>

Opening Up the Gamma Ray Sky

LIKE A LIGHTHOUSE BLINKING IN THE NIGHT, A
pulsar appears to flash periodically as it spins
in space, sweeping a double cone of electro-
magnetic radiation across the sky. Since the
discovery of the first pulsar 4 decades ago,
astronomers have detected hundreds more
of these enigmatic objects from the pulsing
radio waves they emit. Now, astronomers
have opened a new channel of discovery—
the highly energetic gamma ray spectrum—
to find pulsars that radio observations could
not detect. The advance, part of a torrent of
recent gamma ray observations, is giving
researchers an improved understanding of
how pulsars work, along with a rich haul of
new pulsars that could help in the quest to
detect gravitational waves.

The findings come from the Fermi
Gamma-ray Space Telescope, which has
been mapping the gamma ray universe
since it was launched by NASA in June
2008. Combing through data the telescope
collected in its first few months, an inter-
national team discovered 16 new pulsars;
strong gamma ray pulsations from eight

previously known pulsars with spin times
of milliseconds, proving that these objects
pulse brightly at gamma wavelengths as
well as in the radio range; and high-energy
gamma rays from the globular cluster 47 Tuca-
nae indicating that the cluster harbors up to
60 millisecond pulsars.

Those Fermi results might be just the
beginning. Armed with their new knowledge
of pulsar behavior, researchers are checking
whether some of the unidentified gamma ray
sources Fermi has detected might be pulsars.
In November alone, teams of astronomers in
the United States and France discovered five
new millisecond pulsars by training ground-
based radio telescopes on candidate objects
Fermi had pointed out—a much more tar-
geted search technique than scanning the sky
blindly with ground-based radio telescopes.

Gamma ray beams of pulsars are believed
to be wider than their radio beams, so in prin-
ciple a space-based gamma ray telescope
should be more likely to encounter and dis-
cern a pulsar’s sweep than a radio telescope
on Earth is. However, Fermi’s forerunner—

the Compton Gamma Ray Observatory,
which flew from 1991 to 2000—did not have
much luck finding these objects. What has
made the difference is Fermi’s high sensitiv-
ity, which enables it to detect pulsations that
would have been too faint for Compton.
Already, the discoveries are shedding new

light on the physics of pulsars. Researchers

from www.sciencemad
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~ The Fermi LAT 1FGL Source Catalog
I.":hm 1451 sources




~ The Fermi LAT 1FGL Source Catalog
I."fhm » 1451 sources

AGN I P , e SNR
AGN-Blazar 7 :

AGN-Non Blazar | | PSR : PWN
No Association ] Starburst Galaxy PSR w/PWN

Possible Association with SNR and PWN Galaxy Globular Cluster
Possible confusion with Galactic diffuse emission < HXB or MQO

Credit: Fermi Large Area Telescope Collaboration




- Some highlights from the first ~3 years in orbit:

v-ray only pulsars

population of y-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
v-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




- Some highlights from the first ~3 years in orbit:

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




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

O Much improved diffuse representation, new limb component

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

|
O 12 extended sources
|

Pulsars fit with exponential cutoff, others log parabola if appropriate

o better characterization of sources, improved fits to nearby weaker

Sources

O 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)




. Towards the Second Fermi LAT Catalog

Type Number Percentage of total
Active Galactic Nuclei 832 44%

Candidate Active Galactic | 268 14%
Nuclei

Unassociated 594 32%
Pulsars (pulsed emission) | 86 5%

Pulsars (no pulsations yet) | 26 1%

Supernova Remnants/ 60 3%
Pulsar Wind Nebulae

Globular Clusters <1%
Other Galaxies <1%
Binary systems <1%
TOTAL 100%




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

~550 GBM GRB (since Aug 2008)

27 LAT GRB (7 LAT LLE-only GRB)

&“"dh{%m -.!:g_ _
"'i- o] 1‘-_‘ e’ __"-IP
i ; :

i

e __-42?::

Circles: In Field-of-view of LAT
(<70°). 275
Out of the FOV

~Squares: LAT detections

11 months Fermi LAT count map
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GRB's Fermi detections

* The broad band spectra seen by Fermi does

not fit into any of the frameworks of existing
models.

* Fermi results forces us to re-think of questions
that were thought to be solved.




- High Energy Activity from the Crab

Spa:c Tclescopc

AGILE detection of enhanced gamma-ray emission from the Fermi LAT confirmation of enhanced gamma-ray emission

Crab Nebula region from the Crab Nebula region
ATel #2855; M. Tavani (INAF/IASF Roma), E. Striani (Univ. Tor Vergata), A. Bulgarelli ATel #2861; R. Buehler (SLAC/KIPAC), F. D'Ammando (INAF-IASF Palermo), E. Hays
(INAF/IASF Bologna), F. Gianotti, M. Trifoglio (INAF/IASF Bologna), C. Pittori, F. (NASA/GSFC) on behalf of the Fermi Large Area Telescope Collaboration
Verrecchia (ASDC). A. Argan. A. Trois, G. De Paris, V. Vistorini, F. D'Ammando, S. on 23 Sep 2010; 17:34 UT
Sabatini, G. Piano . E. Costa, I. Donnarumma M. Feruu L I’accwm E. Del Monte . F. Distributed as an Instant Email Notice (Transients)
)/

= : Password Certification: Rolf Buehler (buehler@slac .stanford .edu
Giuliani(INAF- IASF Milano), M. Marisaldi, G DiCocco, C Labann F. Fuschmo,M Galli e i ( f )

(INAF/IASF Bologna), P. Caraveo, S. Mereghetti, F. Perotti (INAF/IASF Milano), G. . . Pul
Pucella, M. Rapisarda (ENEA-Roma), S. Vercellone (IASF-Pa), A. Pellizzoni, M. Pilia lS‘u?Jccts(i :oG;vAT 1 ;552.866 2867. 2868. 2872
(INAF/OA-Cagliari). G. Barbiellini, F. Longo (INFN Trieste). P. Picozza. A. Morselli (INFN e Y AReLEs > » 2508,
and Univ. Tor Vergata), M. Prest (Universita" dell'Insubria), P. Lipari, D. Zanello (INFN

Roma-1), P.W. Cattaneo ., A, Rappoldi (INFN Pavia), P. Giommi, P. Santolamazza, F. Following the detection by AGILE of increasing gamma-ray activity from a source
Lucarelli, S. Colafrancesco (ASDC), L. Salotti (ASI) positionally consistent with the Crab Nebula occurred from September 19 to 21 (ATel #2855),
on 22 Sep 2010; 14:45 UT we report on the analysis of the >100 MeV emission from this region with the Large Area
Distributed as an Instant Email Norice (Transients) Telescope (LAT), one of the two instruments on the Fermi Gamma-ray Space Telescope.

Password Certification: Marco Tavani (tavani@ iasf-roma.inaf.it)
Preliminary LAT analysis indicates that the gamma-ray emission (E >100 MeV) observed
Subjects: Pulsars during this time period at the location of the Crab Nebula is (606 +/- 43) x10A-8 ph/cm2/sec,
SR SIS SRy ARty SEDE Ry IEES: SULER corresponding to an excess with significance >9 sigma with respect to the average flux from

AGILE is detecting an increased gamma-ray flux from a source positionally consistent with the Crab nebula of (286 +/- 2) x10A-8 ph/cm2/sec, estimated over all the Fermi operation

the Crab Nebula. period (only statistical errors are given). Ongoing Fermi observations indicate that the flare is
continuing.

Integrating during the period 2010-09-19 00:10 UT to 2010-09-21 00:10 UT the AGILE- .

GRID detected enhanced gamma-ray emission above 100 MeV from a source at Galactic The flaring component has a spectral index of 2.49 +/- 0.14, Its position, Ra: 83.59 Dec:

coordinates (1,b) = (184.6, -6.0) +/- 0.4 (stat.) +/- 0.1 (syst.) deg, and flux F>500 e-8 22.05 with a 68% error radius of 0.06 deg, is coincident with the Crab Nebula.

ph/cm2/sec above 100 MeV, corresponding to an excess with significance above 4 .4 sigma

Yl reapece b the-averaie Ttk ooty Crab neinil (R = G20 - 1508 Mt T, Fd Fermi will interrupt its all-sky scanning mode between 2010-09-23 15:49:00 UT and 2010-09-

ot al., 2009, A%A, 306, 1363), 30 15:49:00 UT to observe the Crab Nebula. Afterwards regular gamma-ray monitoring of

this source will continue. We strongly encourage further multifrequency observations of that

We strongly encourage multifrequency observations of the Crab Nebula region. &
region.

For this source the Fermi LAT contact person is Rolf Buehler (buehler@stanford.edu).

No corresponding fleire in X-rays With = TefedTii sk osmin sheops St 0 opver sy ot o 2
INTEGRAL (Atel # 2856)’ SWIft (Atel # I;‘wAeSd/:na'nd DOE in the U.S. and many scientific institutions across France, Italy, Japan and
2858, 2866), or RXTE (Atel # 2872) or

NIR (Atel #2867). No evidence for active

AGN near Crab (Swift, Atel # 2868).
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Flux >100 MeV (107s"'em2)
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- 2007 flare by AGILE
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Synchrotron Nebula
3 day binning

Feb. 2009 flare

April 2011 flare

Sept. 2010 flare
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Astronomy Picture of the Day

Discover the cosmos! Each day a different image or photograph of our fascinating universe is featured, along with a brief explanation written by a professional astronomer.

2011 May 23

Flare State
April 2011

Crab Nebula .

Geminga pulsar

An Unexpected Flare from the Crab Nebula
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Fermi Electron + Positron spectrum
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B Fermi Preliminary
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Search Strate

Satellites: Galactic center: Milky Way halo:

Low background and Good statistics but source Large statistics but
good source id, but low confusion/diffuse backgr'ound diffuse chkground
statistics

And
electrons!

" and
Anisotropies

Spectral lines:

No astrophysical Galaxy Extra-galactic:

uncertainties, good clusters: Large statistics, but

source id, but low astrophysics,galactic

statistics Low background but diffuse background

low statistics
% Pre-launch sensitivities published in Baltz et al., 2008, JCAP 0807:013 [astro-ph/0806.291 1]
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Direct Detection
Relic scattering RIGHT HERE at low energy. Push to Accelerators

larger target mass, lower backgrounds, directional

sensitivity? Direct production. Push to higher energy

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

Indirect Detection Simulations

Relic interactions (annihilations, decays) Understand the Large scale structure formation. Push
astrophysical backgrounds in signal-rich regions. Reveal the toward larger simulations, finer details.

detailed astrophysical distribution of dark matter.
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Annihilating DM
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Decaying DM
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.
ot Inner Galaxy
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Galactic Center

° "Lasciate Ogne Wide-Field Radio Image of the

speranza, Vol
ch'intrate” — Dante
Alighieri

 “If you'’re going
through hell, KEEP
GOING!” - Winston

Churchill (emphasis added)




Fermi Bubble




keV cm?s™ sr’ keVcm?s™ sr’

2GeV<E<5GeV
10 GeV <E <20 GeV

1GeV<E<2GeV
5GeV<E<10GeV
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Galactic wind?

» B field

* '& WAP haze
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Galactic disk \
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IGRB Spectrum (Abdo+10, PRL 104)
BL Lac (Abdo+10, ApJ 720)
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-2 GeV
All-sky map Map with default mask applied

DATA (P6_V3 diffuse), 1.0-2.0 GeV DATA (P6_V3 diffuse), 1.0-2.0 GeV

PRELIMINARY

2

wemmmmm —4.0 Log (Intensity [em™ s™! sr™']) 7.0 e—— wemmsm —4.0 Log (Intensity [em™ s™' sr™'])

see talk by Vincenzo Vitale.and M Rl RREIEE:
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seguel| _’_-:-;:._:-,:--‘-"-‘i‘“‘?:“?-355‘-?7-?_?-‘-?;; Boo IS S === SDSSJ1049+5103
Leol ’_-;.,{,-_ = *-’ Leo P55 CVn R fi -ii' -f,ﬁ <

> dSphs are ’rhep- most DM dommaTed sys‘rems known inthe

Universe with very high M/L ratios (M/L ~ 10t 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 # 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'gaémma source.

v Low content of gas and dust.
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Upper limits, Combined Likelihood limits of 10 dSphs

e-21 102 ,
| —  Thermal WIMP cross-section w1~ Channel
- bb Channel — W™ W~ Channel
10— 77 Channel ¥

PRELIMINARY
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WIMP cross-section [cm? /s]

: 3e-26cm’/s
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95% Confidence Upper limits to flux from spectral lines

Preliminary
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http://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT _caveats.html










