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emermi 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
ocal people who made this meeting so
enjoyable.




i 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




<o 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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An Important Reminder!

A radio-quiet, gamma-ray only pulsar, in

Quick discovery enabled by
* large leap in key capabilities
* new analysis technique (Atwood

et al) =
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* Spin-down luminosity ~103° erg s, sufficient
to supply the PWN with magnetic fields and
energetic electrons.

* The y-ray flux from the CTA 1 pulsar
corresponds to about 1-10% of E,, (depending
on beam geometry)
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CTA 1: New TeV Source

S. McArthur: VHE observation of CTA 1 with VERITAS

26.5 hrs observations Oct
2010 -Jan 2011.

Detection: 7.3 0 / 6.2 ¢
pre-/post-trials.
VERITAS excess map:

— Black contours: Radio
1420 MHz showing SNR

shell (T. Landecker).

— Red Circle: Fermi pulsar
error circle.

— VERITAS 3-70 contours in
green.

Flux ~ 4 % Crab Nebula.
Extended emission.

Morphology suggests
young PWN.

0 40
Excess Counts

May 12, 2011 3rd Fermi Symposium: Rome B Humensky: VERITAS Galactic Highlights
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2FGL ! Toby Burnett talk

@ ermi
o o o
1888 entries
Data: 2FGL Table [1FGL: 1451]

Exposure: 52 Ms

Light curves,

Two years (excluding 3 GRBs) 5
“Pass7 processing” =0 + SED plots,
- associations

[1FGL: 11 months]
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G?:%WGLAST One-year Simulated Observation

(G
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\

Pre-launch

Careful! Different scales, techniques, energy ranges, ...



Latest Photon Intensity Map
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<o e 2FGL Summary Toby Burnett talk
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Space Telescope
\/ P P

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

11



2F GL Classifications

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

. _ Dave Thompson talk
Very Preliminary - Work Still In Progress
12



2FGL Summary

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

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

. L4

. Source classes are better deflned and the absence of some predlcted | .

. The catalog and |ts related products data diffuse model, IRFs - are
coming soon.

Dave Thompson talk
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Next Public Model Characteristics

Jean-Marc Casandjian talk
- 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.

s

g Conclusion

Space Telescope

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.

Torn Between Heaven and Hell
~golfiscool

14
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° "LaSCIate Ogne Wide-Field Radio Image of the

Galactic Center

speranza, vol
ch'intrate” — Dante
Alighieri

* “If you’re going
through hell, KEEP

GOING!” - Winston
Churchill (emphasis added)
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Summary

Inner Galaxy

The majority of the diffuse emission is removed using a

physically-motivated model based on GALPROP

Peaks in residual emission consistent with known

sources

Work in progress to characterise the low-level residual

structures and point sources

Forthcoming paper(s) will describe the method and

results in detail

Troy A. Porter, Stanford University

Fermi Symposium 3, Rome, May 2011

What we have
learned: many
new features
(not a
surprise!)
Path forward:
“keep going™!

16
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Summary and Conclusion

@ VERITAS detected GC:
- 12 std.dev. (15 hrs)
- Spectrum compatible with H.E.S.S./MAGIC

@ Future observations:
- Constrain energy cut off
- Search for E > 10 TeV variability

@ Prospects:
- Understand astrophysics of GC region
VHE spectrum, hadronic acceleration? Etc.

- Obtain UL on DM annihilation (E > ~few TeV)

VERITAS (preliminary)

significance [5]

Galactic latitude [deq]

Poster (M. Vivier): Indirect searches for DM anni-
hilation towards spherical galaxies with VERITAS'

Swift J164440.3+573451: Swift XRT Count Rate and VERITAS Upper Limits

- Another galactic center: Onset of rapid - VERITAS upper limits
accretion by dormant massive BH? ST VR ' ! "
Burrows et al., arXiv 1104.4787 (2011) i S 1T ! o g ' vy

- 25h of VERITAS observations: upper limits % Wl ) ]
(during Swift outburst & decline) e [ Swift J164449.3

- Fermi/VERITAS: constrain emission models ’ | |

55650
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At Milky Way’s Center, Scientists Find Big Bubbles of Energy - NYTimes.com

HOME PAGE | TODAY'S PAPER | VIDEO | MOST POPULAR | TIMES TOPICS

Ehe New ork Eimes space & Cosmos

11/15/10 1:11 PM

Get Home Delivery-Bay Area | Welcome, sritz | Log Out Help TimesPeople

Search All NYTimes.com

WORLD = U.S. N.Y./REGION BUSINESS TECHNOLOGY SCIENCE HEALTH SPORTS  OPINION

ENVIRONMENT SPACE & COSMOS
Bubbles of Energy Are Found in Galaxy

Gamma-ray

— 50,000 light-years

Milky Way

-

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

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

Ray Space Telescope said Tuesday that they had discovered two
bubbles of energy erupting from the center of the Milky Way galaxy. (& PRINT

[§] SEND TO PHONE

The bubbles, they said at a news conference and in a paper to be B REPRINTS
published Wednesday in The Astrophysical Journal, extend 25,000 SHARE
light years up and down from each side of the galaxy and contain
the energy equivalent to 100,000 supernova explosions.

1 Doug Finkbeiner of the Harvard-Smithsonian

ysics, leader of tie team that discovered them.

“They’re big,” sai

Center for Astrop!

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

http://www.nytimes.com/2010/11/10/science/space/10galaxy.html?_r=1&ref=science

ARTS = STYLE TRAVEL JOBS REAL ESTATE AUTOS p»

Log in to see what your friends f Log In With Facebook
are sharing on nytimes.com —

Privacy Policy | What's This?

What’s Popular Now [Ej

The World as
Obama Finds It

Koobface Worm 2
Sharpens

Facebook .
Security

€
%

ONTBLANC
THE TIMEWRITE

CLICK TO DISCO
THE COLLECTIC

Books Update E-Mail

Sign up for the latest book reviews, sent every Friday.

‘ See Sample

stevenritz@gmail.com | Sign Up
Change E-mail Address | Privacy Policy

MOST POPULAR

E-MAILED = BLOGGED | SEARCHED = VIEWED

Page 1 of 3
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ar: there appear to be a pair of giant (50 degree
1[1) gamma- Tt()lg bubbles at% -5 Gf and prob gg
up to at least 50 GeV.

What are they?

Black hole “burp” O Continue observation of Fermi

Sl 0O XMM-Newton data coming soon

Dark matter? (Dobler et al arXiv:1102.5095)

The eROSITA and Planck experiments will provide

improved measurements of the X-«rays and microwaves,
respectively, associated with the Fermi bubbles

O Magnetic field structure of the bubbles
_Galactic wind?
i i O 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

[ WAP haze 3
: population.

"B field
) B SUD

8.5 kpc —>§4/§

EQLUJI])I’IJJJJ i f Meng Su talk

19



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

e LAT e+e- Spectrum Update
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< ermi e- from PAMELA! Talk by E. Vannuccini
/ Space Telesco pe
cq'\ | T | | | | | | | | | L | | 1]
> — 7
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arXiv:1103.2880

...and AMS-02 launch soon!
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— Principle: Use the Earth's Magnetic Field to
P i Distinguish e” and e’

90° longitude

e blocked while e

180° longitud

< | E
: l)° longitude

e blogked wh|Ie e
\\\ aII‘ ed from East

ongitude

* Pure e* region is in the west and same for e in the east
 The regions vary with particle energy and the LAT position

* To locate these regions, we use a code written by Smart, D. F.
and Shea, M. A.* which numerically calculates a particle's
trajectory in the geomagnetic field

*Center for Space Plasmas and Aeronomic Research, The University of Alabama in Huntsville

May 9, 2011 W. Mitthumsiri, C. Sgro, et al. Page 2/10
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« The Fermi-LAT has measured the cosmic-ray positron and

electron spectra separately, between 20 — 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

1 [T
L [
| —— PAMELA 2008 PRELIMINARY

L —&— AMS 2007

| —=— HEAT 2004

b

10 10°
Energy (GeV)

L

10°

Positron Fraction

May 9, 2011 W. Mitthumsiri, C. Sgro, et al. Page 10/ 10
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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 ( ).

G. Share talk

Also see J. Ryan overview talk

wsami  Gamma-ray emission

aaaaaaa

Declination

SDO/193A image

1510 1515 1520 1525

Right Ascension

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

Summary

* 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
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i GBM Triggers/Month

Space Telescope

B GRBs ™ Particles B TGFs SGRs ™ Solar flares Other

100
90 -
o 80
& 70
20
5 60
"E 50 N
L l ] I =
§ 30 l | "
2HIHIN II|I | I* 1 I ************ -—Iili
; II I|I ||
: I 11
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
Month (starting Jul 2008)
* 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)
Liz Hays Fermi Symposium May 9, 2011 15
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GBM positron event
Dec. 14, 2009, 11:53 UT

1 1

TGF 09121
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’
‘ Main peak

o]
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“Mirrored” peak
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s D
o o
1 1

N
o
= 1

—
(0] 10 20 30
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e Terrestrial Gamma-ray flashes

S. Foley talk Briggs et al, GRL, 2011

o = TGFs are concentrated in the tropics near
i * [ thunderstorms | . | |
10t 100 - i
% Tt i
- 2 80+
° S .
2 100.0 3 8
g . _ 60 L
£ 3
8 1.0 yé 40 -
107" g
O -
o
10_2.03 0 | T T T T T T T T T I
] e —— -10 0 10 20 30 40
1000 10000 Time (ms)

Energy (keV)

Antimatter from Thunderstorms!
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* 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

29
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ezt Tremendous Observational Progress!
- Well-known radio source at Y | - CORO | EGRET
z = 0.859; also detected by T ’ |
EGRET, AGILE = |
S 1N
| | Slacience Ioperatilon | Fernlli LA:I‘ (E >l 100 l\]/IeV) N

Flux (E>100

) [ph cm?-2 s7-1]

8.0x10°

" 4.0x10°

T 1 I I T 1 T I T T

- commissionin
1.2x10~ —pointed mode

survey mode

[ | | | | | I | | | |

0.0
4600

4700 4750
J.D. - 2450000

4900
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http://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_|Ic/

Source = AC 454.3 Duration = 86400.0

8x‘]0_5 T T T | T T T l T

6x107°

4x107°

FLUX_100_300000

2x107°

Also see arXiv:1102.0277

0

T

l T

T

54600.0 54800.0 55000.0

55200.0
MJD (d)

55400.0

55600.0

55800,
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Flaring sources - 3C454.3 flare in Nov 2010
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Il Fermi Symposium, 10/5/2011

10°

Significant difference
between light curves for

Foricev @and Fyjcey
= clear spectral variability

Epreak  CONstant  within  a
factor of ~2 while flux
varies by a factor of ~40.

G. Madejski, Parallel Session 10A - AGN I,
Poster AGN S1.N27 Fuhrmann, L.
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(Abdo, A. A. et al. 2011, ApJ,
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The highest ever recorded blazar Ly ~ 2x10%0 erg/s

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
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3C 454.3: 2010 super-outburst from gamma-ray to mm-wave

Lo ; : _ 5 Knot ejected in
o BOp TR 3C 454.3 . late 2009,
Eso;— E Eo Vapp = 10C
£eoF KLY :
° £ o, ", Lo E 3
L Ror I or S
= OM-‘.’A i :.\:\“.: . \." T
B T F 0.3-10 kev * ‘ E s
~4F ‘e E
S8F e~ 3
2, 7 E .
EH AR A
|
o f+—+———+—+—+——+—+—+—+—++1- o
30 | R—-Band | T RJD=5507, 6
S 20 : : E =
g E ! | = .
= Sl 3
=10 f s E .
58f 1 rom #.‘_ . i £ 5RJD=5513, 12 Nov 2010; core .
40 | g % 3 e o
§so— mq.“o““ * : . E < £
=220 ! E LS &
10F ! E H = - s
Py P R SR BRI B H ORCHS) 3 . 1
5480 5500 5520 5540 5560 & -] ,é
ID - 2450000 "| RUD=5535, 4 Dec 2010; cor¢ ~
;
ey g
g ,
® 3+ Knot ejected in 1
o[ late 2010, ]
|
1] RJD=5674, 21Apr 2011
=L ]
£ J
E 1 05 0 205 1
2 5 © Right Ascension (mas)
£ "RJID=5513,
Alan Marscher talk < Jorstad et al. (2010 ApJ): core has triple
fo /f/ structure, with a flare occurring as a knot
) N
° h S passes each feature
LE
' 'RJD=5535, 4 Dec 2010; core: 17.7 Jy -

33



/0

“ssermi
o Svoe Tescoe
/0
“=emi Conclusions: 3C454.3 the champion
\/ Space Telescope —_—

* Remarkable object, remarkable Nov. 2010 flare seen in all bands
« y-ray flux (L, ~ 10% erg s*') might set a record for the LAT lifetime...

* Rich features in the y-ray band (Abdo et al. 2011)
rapid variability, yet 30 GeV flux not y—y 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 y-rays by ~ a day — competition between U,,, & Ug
- 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 U, (ext)

K is relatively steady /

Rome May 2011 Greg Madejski

Also see S. Wagner talk, a larger sample!




P
b s Optical-GeV, more sources

Conclusions

Optical/GeV fluxes follow power-law relations with 0.2 < <slope> < 3.1.

Frequency bands are fixed but peak frequencies of synchrotron and IC
components vary throughout the sample, affecting the slopes.

All cases exhibit statistically significant scatter beyond power-law
relationship, resulting from different tracks in different flares.

Different flares (which often superpose) are likely to exhibit different
specific SEDs, implying different physical states in emission volumes.

Simultaneous SEDs characterize events - but not necessarily sources.

S. Wagner talk

35
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Conclusions

e GeV breaks are consistent with being produced by
absorption on He Il and H | recombination continua.

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

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

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

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

e Opacity in He Il varies with flux. The gamma-ray emission
region moves away from the high-ionization region at high
fluxes.

Poutanen talk
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 Path forward

— More correlated observations
to answer “where” . ;;,L; LAT AGN Catalogs - statistics

_ M OV e fr Om “Wh er e” an d First LAT AGN Catalogue (1-AC) Second LAT Satalogue (2LAC)
characterization of sources to

connect to primary goals e

LAT Bright AGN Source List (LBAS)
"S> 100, August 2008 - October 2008

BLLAC

Abdo, et al. In

Abdo, et al. 2010,
ApJ, 715, 429 preparation
BLAZARS % FSRQ BL Lac LSP ISP HSP
. |b|>10° (FSRQ + BL Lac) | (only BL Lac) | (only BL Lac)
— 2LAC correlations S T e
1LAC 87.3% 47.4% 52.6% 59% 12% 29%
88.4% 44.4% 55.6%
L]
2LAC 77.2% 45.4% 54.6% 50.5% 16.7% 328%
e 85% 41.2% 58.8%

Caveats:

" "
Cu rVeS be I n a n aI S I S ' o LAT preference for hard sources -> HSP are favoured wrt LSP
M 0 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.

Although deep optical follow up programs (R. Romani, M. Shaw, S. Piranomonte, ...),

— B k 60.8% of BL Lac are without redshift => probably they are far and bright.
re a S il Fermi Symposium, 10/5/2011 (Posters: AGN S1.N14 Cavazzuti, E., Catalog S1.N3 Cutini, S.) E. Cavazzuti
L ] L] L]
— Compact region emission

« NEED FOR NEW
THINKING!
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IGMF suppression of the cascade signal

Cascade y-rays travel along different
path than direct y-rays from the
source.

Cascade signal is, in general, delayed
compared to the direct source
signal.

Time delay of the cascade emission
grows with the increase of B.
Cascade emission is suppressed as
soon as the time delay of the
cascade emission is larger than
source activity time.

).001 001 0.1 Plage '95 1
Murase et al. '08

Neronov talk
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Summary

Absorption of TeV gamma-rays from distant blazars and subsequent re-emission
of gamma-rays from electromagnetic cascade leads to appearance of extended/
delayed gamma-ray emission around extragalactic sources.

Toemsnimplithing o | Non-detection of cascade emission from TeV

| | blazars by Fermi imposes a lower bound on the
| | intergalactic magnetic field at the level of

gl & | ~10°10 G if suppression of the cascade emission
<& is due to extended nature of the cascade source
and ~10°!7 G if the suppression is due to the
time delay.

D
5

Magnetic diffusion
Y

If typical IGMF strengths are not far (within an
order of magnitude) from the lower bound,
extended and/or delayed cascade emission
from extragalactic sources will be detected by
Fermi.

=>» Positive detection of cascade emission would

provide a measurement of IGMF (rather than
just a lower bound).

).001 001 0.1 1

Neronov talk
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e Intrinsic- and EBL-absorption developments
Space Telescope
/0
s, ermi Rdiss> ReLr, s0 EC (HD) is ok ? Not really !
Gamma-ay
w S T 4C +21.35 2=0.435 Magic (EBL corr.)
-9 vt bR L |
Aleksic et al. 2011 (MAGIC coll)
f ] Again IR photons absorb VHE
[] E E - 47 gamma-rays !
— —10 |- i
-v, H
= ]
o -
E? _11 B 46 Ifl)
2, - g
2 | | 2 Survival zone for VHE
:n - _ 1+ 1 & photonsis narrow !
] H ! 45
SR ' l: 1 8 Same problem for 1510-08
PRELIMINARY A
IR |alsorption
_13_ TN B BT BT
0.1 1 10 100

Ereat frame [GeV]

4C 21.35 has strong IR emission from HD, T~1200K, Lir ~ 8x10%5 erg/s (Malmrose et al. 2011)

L. Costamante
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S>ermi UPDATE ON THE IGRB

/ Space Telescope
LT T TT I T 0
10° = —
Y :
- m‘f,le.‘ -
S Patalela i ]
©
= —
w
o 10% = —]
E = =
3] = -
o = =
Y — -
g — _
= — @  IGRB Spectrum (Abdo+10, PRL 104) —
w
T 5| [___] etiaciabdos1o,aps720) A ]
5 107 = [ star-forming Galaxies (Abdo i ) 5, =
— ] xes o n 3 -
- = r-forming prep o . =
— ﬂ]I]]]II]] FSRQs {Abdo in prep.) \'\;,\ -
- p— n SN
- . . O ]
L[ smorcomsenens Preliminary mm o,
10 : - I 1 1 1 1 11 1 1 I 1 1 1 1 1 11l ! 1 1 1 Wy 1 ! \1\ -
g 12 = Sum of Components/IGRB =
Q 1E =
S o8/ =
5 asf =
g e =
© 04— —
- — —
w = =
02— —
3 5
10° 10 10° 10
Energy [MeV]

Different contributions reported by: Stecker&Salomon+96, Pavlidou&Fields+02,

Inoue+11,Abazajian+10, Ghirlanda+11,Stecker&Ventersll Malyshev&Hoggll

M. Ajello

Narumoto&TotaniO6,Dermer07, Bhattacharya+09, Inoue&Totani09, Fields+10, Makiya+10,

24
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What has similar challenges, but no
repeatability?...

GRB!

42
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GRB: what do we see?

. /‘

<@ ermli
/' Gamma-ray

/ Space Telescope Circles:

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

Fermi detections as of 2011-01-20

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

Squares:
LAT detections

11 months Fermi LAT count map

PRELIMINARY

Nicola Omoder - Fermi Symposiurh?OLﬂ
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GRB: what do we see?
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Summary Table & Highest Energy Events

‘compatible with the GRB position

GRB Name Likelihood LLE LAT off GBM Te0o N Pred. Events
Detection Detection axis angle (>100MeV, Trans.)
>100 MeV atTo

(degrees)
GRB080825C J J 60.3 21 10
GRB080916C J J 48.8 63 211
GRB081006 J X 10.7 6.4 13
GRB081024B J J 18.6 0.6 1
GRB081215 x J 97.1 5.6 -
GRB081224 X J 17 16.4 -
GRB090217 J J 345 333 17
GRB090227B J J 70.1 1.3 3
GRB090323 J J 57.2 135.2 39
GRB090328 J J 64.6 61.7 58
GRB090510 J J 13.6 1 183
GRB090531B X J 21.9 0.8 -
GRB090626 J J 18.2 48.9 30
GRB090902B J J 50.8 19.3 323
GRB090926 J J 48.1 13.8 252
GRB091003 J J 123 20.2 33
GRB091031 J J 23.8 33.9 16
GRB100116A J J 26.6 102.5 21
GRB100225A X J 54.9 13
GRB100325A J X 7.4 74 5
GRB100414A J J 69 26.5 28
GRB100707A X J 90.3 81.8 -
GRB100724B J J 48.8 87 24
GRB100728A J X 59.9 162.9 17
GRB101014A X J 54.1 450.9 -
GRB101123A X J 84.2 ~160
GRB110120A J X 13.7 ~20 9

Last bright GRB: Sept 2009!

HE Delayed
Onset?

N .

Long Lived HE Maximum Energy Arrival time of

Emission? (GeV) meas.
during the LAT
detection
0.6
13.2
0.6
3.1

0.9

7.5

5.3
31.3

2.1
33.4
19.6

2.8

1.2

2.2

0.8

4.3

0.1

1.7

I L S Y

<

1.8

<

PRELIMINARY

the highest
events (seconds
since trigger)
28.3
16.5
1.8
0.6

14.8

195.4
698.3
0.8

111.6
81.7
24.8

6.5
79.7
105.7

0.4
39.3

15.4
709

725

Nicola Omode - Fermi Symposium 2011+

Redshift

13
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It doesn’t always feel Poisson...

[ Time Difference All GRBs

I

T
art

Number of GRBs

.
Cearen,,
[P B A il . 1. LYY Y PP

PERTERT I BTSN MR
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Time Difference Fantastic 4!

—
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o

P R
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TimeDifference (days)

.butitis!

Thanks to N. Omodei
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Duration: Study of the extended emission

All about estimating the backgrrOUnd!

Too: time between the 5% and the 95% of the integrated signal above background;
Estimation of the errors done running simulations (Upper and lower bounds)

PRELIMINARY

HTTTT T IIIIIIII T llllllll

GGRBDM 003
RB090217

GRB090531B
T GRB090902B §

GRB100414A
GRB090926

ésRBumoos GRB091031.+""
*GRBOBOSW

T llllllll

LAT Ty, (s)

] GRB080825C

T llllllII

GRB081024B
L J

T llllll||

~
1—'—LLI1-}. | | IIIIII| | | IIIIII|

T

GRB090328

GRB090626 5
GRB090323

GRB08 22t
GRB
GRB080215C

100416A

T T TTTTT

Lol =

IIIIIII| | II]IIII|

IIIIIIT‘I‘

1 10 10?
GBM T, (s)

10°

/0 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

Nicola Omoder - Fermi SymposiunﬁfO‘l‘l
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LAT Fluence (erg/cm?)

The Fantastic 4!

10-4:l_llllll T T T TTTIT T T T TTTTT T IIIIIIJ-J:
Four bursts show an exceptionally high o r f““”’"’“mmomc T
fluence (100 MeV - 10GeV) [ B GRB090926 7]
These bursts are not the closest to us % B ‘ ¢ 7]
5 GRB090510
PRELIMINARY Fall :
- , . : . . -5 C I m
F o craos I ’
L ¢ _ GRB090926 GRB080916C
L é R E L $ + $ |
L GRBO090510 q;w L f i
. (%) $
- c
................................. -6 | _
10 |- GRB090328 RBO90325 3 10 E $ E
- { { GRB100414A { t C ]
:Gnamuoz } j : $ $ :
| Fermi LAT GRB with estimated redshift Short Long
10*"0"'6'5"";‘"'1‘5'"'2""'ZJS'"‘:'3"‘5'5'"“'1"'11'5"" 10'71—||||||| Lol Ll L1 nTh
Redshift 1 10 10? 10°
GBM Duration (s)
| — B

Nicola Omode - Fermi Symposiumjﬁ"(ﬁf

10
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Summary

aaaaaaaaa

* 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)

e Common observed properties:
— Temporal extended emission (long lasting);
— Delayed onset between LAT and GBM emission;
— “Extra component”
e All numbers here are preliminary, a paper will come out soon!

- 14

Omodei talk
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What does it mean?

Source of energy

¥

Kinetic energy (jet)

3

Dissipation

¥

Radiation

Internal Shock

Collisions betw. diff.
parts of theflow

)

Fireball Model: long GRBs

External Shock

The Flow decelerating into
the surrounding medium

What do we want to know ?2?

1. Progenitor /Central engine

Basic
(GRB))
physics

2. Jet launching mechanism;
- jet composition

3. Jet dynamics, dissipation
& radiative processes

4. How are GRBs connected to
other objects ?

Stellar evolution, star formation,

host galaxies, pop-lll stars, SNe,

Binaries, GW, cosmic rays, V’s...

=

' 5. GRBs and basic physics:
Cosmology, Lorentz violation,...

Pe’er talk
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The basic questions

. Nature of the progenitor:

Jet launching mechanism:

. Why relativistic speeds ?

. Jet composition:

. Dissipation mechanism:

. Radiative processes:
-> particle acceleration

Continuous works; further constraints by higher I'

Continuous works;

Still unclear

Still unclear; many possibilities

constraints by lack of LAT detection

Pe’er talk
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* 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.

Pe’er talk
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« 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

Rate [Hz)

Detection criteria

LLE Data

$
s %
L + 3
£ Our estimated ‘\“ 3
“E background 3
s CORRECT.__ + E
a0f- ~ «k 4
30F + * + + E|
b ot 3
‘O’Pn‘eliminary‘ L 4‘ ANt
7000 800 600 400 200 00400600 800
«««««« (sec)
Prefit background
WRONG \
« Starting from:
- ALL GCN ges (and updated positions)

+ Two ways to look for detections:

— We look for GRB in LAT only data (Blind search
analysis runs continuously)

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

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

Nicola Omodei - Fermi Symposium 2011
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—en Dark Matter: Many Places to Look!

Space Telescope

Galactic Center

Satellites Good Statistics but source
Low background and good source id, confusion/diffuse background
but low statistics, in some cases Milky Way Halo

astrophysical background Large statistics but diffuse

background

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

And anomalous
charged cosmic
rays (little/no

directional
information,
trapping times,
. etc.)
Spectral Lines )
No astrophysical uncertainties, Extra-galactic
good source id, but low sensitivity Large statistics, but astrophysics, galactic

because of expected small BR diffuse background
Galaxy Clusters :
Y See summary talks by Sandick and

Low background, but low statisti : ibuti
ot DACKBToHne, DULOWSIREEE L atronico, and many contributions



P They Play Together!

Gamma-ray
Space Telescope

Direct Detection
Relic scattering RIGHT HERE at low energy. Push to Accelerators

l target mass, | back ds, directional ) ) .
saer‘r?s?:ivicirr;/g?e mass, fower backgrounds, directiona 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.
54



sz Dwarf Spheriodal (dSph) Galaxies

« Largest galactic substructures predicted (in ACDM)
 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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Tt Combining dSph Limits
/
@yl Results all channels

1 0-22

10-23

WIMP cross-section [cm? /s]

Upper limits, Combined Likelihood limits of 10 dSphs

"~ Channel

= W~ W Channel

— Thermal WIMP cross-section

—— bb Channel

Channel

— T T

PRELIMINARY

3e-26cm’/s
e-26 () 2 — J
10t 102 103
5GeV WIMP mass [GeV] 1000GeV
}Z Cnclnidev.... LUDM Maja Llena Garde
Stockholm centre el P on behalf of the Fermi-LAT collaboration
Uruver51ty UNIVERS & PARTICULES

14
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High Energy Activity from the Crab

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

ATel #2855; M. Tavani (INAF/IASF Roma), E. Striani (Univ. Tor Vergata), A. Bulgarelli
(INAF/IASF Bologna), F. Gianotti, M. Trifoglio (INAF/IASF Bologna), C. Pittori, F.
Verrecchia (ASDC), A. Argan, A. Trois, G. De Paris, V. Vittorini, F. D'Ammando, S.

Sabatini, G. Piano, E. Costa, I. Donnarumma, M. Feroci, L. Pacciani, E. Del Monte, F.
Lazzarotto, P. Soffitta, Y. Evangelista, I. Lapshov (INAF-IASF-Rm), A. Chen, A.
Giuliani(INAF-IASF-Milano), M. Marisaldi, G. Di Cocco, C. Labanti, F. Fuschino M. Galli
(INAF/IASF Bologna), P. Caraveo, S. Mereghetti, F. Perotti (INAF/IASF Milano), G.
Pucella, M. Rapisarda (ENEA-Roma), S. Vercellone (IASF-Pa), A. Pellizzoni, M. Pilia
(INAF/OA-Cagliari), G. Barbiellini, F. Longo (INFN Trieste), P. Picozza, A. Morselli (INFN
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.
Lucarelli, S. Colafrancesco (ASDC), L. Salotti (ASI)
on 22 Sep 2010; 14:45 UT
Distributed as an Instant Email Notice (Transients)

Password Certification: Marco Tavani (tavani@iasf-roma.inaf.it)

Subjects: Pulsars
Referred to by ATel #: 2856, 2858, 2861, 2866, 2867, 2868, 2872

AGILE is detecting an increased gamma-ray flux from a source positionally consistent with
the Crab Nebula.

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
coordinates (1,b) = (184.6,-6.0) +/- 0.4 (stat.) +/- 0.1 (syst.) deg, and flux F > 500 e-8
ph/cm2/sec above 100 MeV, corresponding to an excess with significance above 4.4 sigma
with respect to the average flux from the Crab nebula (F = (220 +/- 15)e-8 ph/cmA2/sec, Pittori
etal., 2009, A&A, 506, 1563).

We strongly encourage multifrequency observations of the Crab Nebula region.

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).

Fermi LAT confirmation of enhanced gamma-ray emission
from the Crab Nebula region

ATel #2861; R. Buehler (SLAC/KIPAC), F. D'Ammando (INAF-IASF Palermo), E. Hays
(NASA/GSFC) on behalf of the Fermi Large Area Telescope Collaboration
on 23 Sep 2010; 17:34 UT
Distributed as an Instant Email Notice (Transients)
Password Certification: Rolf Buehler (buehler@slac .stanford.edu)

Subjects: >GeV, Pulsars
Referred to by ATel #: 2866, 2867, 2868, 2872

Following the detection by AGILE of increasing gamma-ray activity from a source
positionally consistent with the Crab Nebula occurred from September 19 to 21 (ATel #2855),
we report on the analysis of the >100 MeV emission from this region with the Large Area
Telescope (LAT), one of the two instruments on the Fermi Gamma-ray Space Telescope.

Preliminary LAT analysis indicates that the gamma-ray emission (E >100 MeV) observed
during this time period at the location of the Crab Nebula is (606 +/- 43) x10A-8 ph/cm2/sec,
corresponding to an excess with significance >9 sigma with respect to the average flux from
the Crab nebula of (286 +/- 2) x10/-8 ph/cm2/sec, estimated over all the Fermi operation
period (only statistical errors are given). Ongoing Fermi observations indicate that the flare is
continuing.

The flaring component has a spectral index of 2.49 +/- 0.14. Its position, Ra: 83.59 Dec:
22.05 with a 68% error radius of 0.06 deg, is coincident with the Crab Nebula.

Fermi will interrupt its all-sky scanning mode between 2010-09-23 15:49:00 UT and 2010-09-
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
region.

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.
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A Variable Standard

MJD
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arXiv:1011.3855v1

Now added to monitored
source list
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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.

...also see arXiv:1010.2679
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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) x107-6
ph/cm?2/sec (statistical errors only) on Aprll 14th ThlS is the hlghest gamma ray flux on dally
scales which has been-eb 2 3
on shorter time scales, reaching flux values of >15 xlO’\ 6 ph/cm2/sec in 12 hour tlme perlods.
The average flux from the Crab is (2.9 +/- 0.1) x107-6 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

2202 Quift/RAT cnantral analucie
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Three day Crab synchcrotron curve

(Abdo et al 2011, Tavani et al 2011, Balbo et al 2011)

S0

(g L E)ézsggggg Nebula April 2011 flare

w80

© [ 2007 flare by AGILE i

; 60 j_

S o Feb. 2009 flare

S i q Sept. 2010 flare

% wf —ﬂw; Yo [

R ALY L YU T Y X
54800 55000 55200 L

Time (MJD)

The 2011 outburst

Average flux ~6 107 ph/cm*s above 100 MeV, whith three flares as extreme
persistent variability. Flux increase by ~5 during 2009 and 2010 flares.

August 2008 - April 2011 12-18 April 2011

See poster by Liz Hays

Geminga

> 100 MeV
1° smoothed

R. Buehler talk

During the flare, the Crab was the brightest source in the gamma-ray sky
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 Normalized to long-term LA
average in each band 1.0F M
* Decline in Crab flux (MJD 0.9F  1250kev
54690-55390) 0.8E
* No changes in GBM 2> 11
response or calibration ¢ 1-0§~ W
g 0.9 _ 50-100 keV 3
AT
5 09F 100-300 keV ‘
Z 0.8k ’
1.5 ]
0.5F  300-500 keV JL‘}TH :
0.0 ]

Wilson-Hodge et al 2010
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“But if the quality of the crab is
uncertain...the season hangs in
limbo.”

advertisement | your ad here

SFGate BMW of The New 2011

home of the

San Francisco Chronile Monterey BMW 328i s

Subscribe to the weekend Chronicle
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Home News Sports  Business Entertainment JEITIEM Living Travel Columns By

Restaurants | Recipes | Wine | Top 100 Restaurants | Top 100 Wines | Bargain Bites | Reservations | Inside Sc(

Is a developer’s water deal playing roulette with a precious resource? @ Find oy

Dungeness crab season opens after short delay

Kelly Zito, Chronicle Staff Writer
Wednesday, November 17, 2010

E] PRINT [> E-MAIL ¢5” SHARE ) COMMENTS (51) [ FONT | size: -]

After a brief delay, the 0
first Dungeness crab

cakes of the season 3 Tweet
should be on Bay Area

dinner tables by 1467
Thursday. £ share
Tests late Monday

confirmed that the catch is
mature and meaty enough -
allowing crab boat owners and
processors to finalize a price for

<%

Kat Wade / Special to The Chronicle

For this year's Dungeness crab season, neither the captains nor the prized crustacean. In the wee
processors would disclose their pricing deal.

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.

L
¢ .« A

# \?ﬁ\’

SR

"The crab are going to start coming in - we put 120
pots in this morning," said Larry Collins, captain of

MORE NEWS the Autumn Gale and president of the Crab Boat
" Senate to vote again on military gay
ban 11.17.10

% View All Images (31)

Owners Association of San Francisco.

Obama enlists big guns to help save
nuclear treaty 11.17.10
UCSF shuttle bus strikes, kills Pacifica and Bodega Bay kicks off on Nov. 15 each

pedestrian 11.17.10 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.

The Dungeness season in the coastal zone between

Late last week, Collins said, his organization's 40 members were trying to negotiate $2
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The two-point space-time correlation function

£9(A9) = <70<A%<—A/;gma) >,,

€01(A0, AL) = <C(A9,/?/2)A;A£5>A9,At)>
] v events

Alex Geringer-Sameth & Koushiappas [arXiv:1012.1873]

If £ #0 —> signal

Testing the formalism

0.02 - —

Alex Geringer-Sameth & Koushiappas [arXiv:1012.1873] :gc;ﬁ;rzoﬁﬁz:l“tw" funttion indicates

0)

vt

Poissondistribution
-0.01 |-

Koushiappas talk N

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]
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New Ways of Looking at the Data

Detecting unresolved sources with anisotropies

J.Siegal-Gaskins

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

Fermi Symposium, Roma, May 11,2011

Siegal-Gaskins talk

Fluctuation anisotropy energy spectrum

® consistent with no energy dependence,
although mild or localized energy
dependence not excluded

® consistent with all anisotropy contributed S
by one or more source classes
contributing same fractional intensity at all

Energy dependence of anisotropy

20°10 T
DATA X

1.5410°F DATA:CLEANED O

10107 % b

= 5010

[sr]

energies considered ) PRELIMINARY
50107 .
1 10
Energy [GeV]
Intensity anisotropy energy spectrum 107 T
— DATA X
z & DATA:CLEANED O
® consistent with that arising from a source RN 4
class with power-law energy spectrum with o ]
['=-2.40 £ 0.07 K ok ]
N ]
® implied source spectral index is good =
agreement with mean intrinsic spectral index g 107 1
of blazars inferred from detected members 3 PRELIMINARY ®
107 L

J.Siegal-Gaskins

J.Siegal-Gaskins

1 10
Energy [GeV]
Fermi Symposium, Roma, May 11,2011

Summary

at multipoles 155 < | < 504, angular power is robustly measured in the data at energies

from | 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 ~ le-5 sr

e 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 [ =-2.40 + 0.07

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

Fermi Symposium, Roma, May 11,2011
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MEASURING GLITCH PARAMETERS WITH THE LAT

READING THE PROFILE EVOLUTION PLOT

.
PSR J0835-4510 - 2010-07-31 PSR J0835-4510 - 2010-07-31 A . B e Ifl O re ta I k

80

= =
Q r o r
gt PRELIMINARY g PRELIMINARY R
< [ < [
£ T 70 £ T i
o 20 - u o 20— i
E | E [
E b ol I £ r 1 10t
% - 60 % L
Q 10; 1 || P | . 1 u I || aQ 10;
L 1 " e L
[ 50 [ I I 80
P » ! SAMPLE OF LAT-DETECTED GLITCHES IN 32 MONTHS
ol o o LAT PULSARS AND GLITCHES
r I r =60
[ j [
_10; 1 ] N =30 _10; i E=10%erg/s 10% erg/s 10%erg/s 10%erg/s
L H p | | L —40 PRELIMINARY . Timed pulsar 10% erg/s
L H l | —{20 [ 10°¥ o o o7 . Pulsar without timing solution |
L 1 L 3 & 3 5 & @  Radio selected LAT pulsar
20 1 20 10 Gamma selected LAT pulsar |1
r E r! ¢ 10 r 20 - y LAT millisecond pulsar 1 10%erg/s
o | -
AP N I PR P YO P P P 107 J
0 02040608 1 1214 1618 2 0 02040608 1 1214 1618 2 o ; ;
Phase Phase i ’ 3 L : 4’
» We get 2 distinct timing solutions: before and after the glitch (Ray et al. 2011) 5 107" 1
» We fold the event times over the two ephemerides obtained in each of the periods g 107 o e
» Pulse profile evolution for PSR J0835-4510 (Vela) around the glitch (Jul 31th 2010) o M
g A A Pulsar with LAT-detected glitch
IPP-IASF-UniPV) Fermi Symposium 10 May 2011 0 7 LAT pulsar with non-LAT-detected gh[(h’
101 + Pulsar with detected glitch
1020 s 4
w0t L oLl & . 1
. ) " 4 2 i
-22 2 M L L
o 107 107 107 10° 10! 102
PIs]
» 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

69



o ermi 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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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 Passo6.

« 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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el A Healthy Extended Mission

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

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

72



/l

“ssermi
o S e
/0
s ermi .
s, Future Surprises

 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

Liz Hays talk

Liz Hays Fermi Symposium May 9, 2011 26
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Next Huntsville GRB Symposium

Planned for Spring in 2013 (probably April)
Tentatively will be held in Nashville, Tennessee
Hosted by GBM team

Details later
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Public Lecture Tonight at 18:30!

Prof. G.F. Bignami
Da Roma all’Universo: Fermi in orbita

75



/0

ocrm? Final Thoughts

Gamma-r
" Space Tele
\/ p

sssss

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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The protagonists

Chandrasekhar, ca. 1947
Enrico Fermi, 1949

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

"Tell me, Chandra. When | die, will | come back as an
elephant?”

Chandra
Fermi/LAT

Fermi 11l Roma Overture
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Enrico Fermi and the other “ragazzi di Via Panisperna”

Discovery:

First paper:

Patent:

October 1934: discovery of
radioactivity induced by slow

Saturday 20.10.34 (%)

Monday 22.10.34

Friday 26.10.34

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

Rome - 9.5.11 - U. Amaldi

+ B. Pontecorvo = The boys of Via Panisperna

Amaldi talk
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"Ragazzi di Fermi
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# £ £ Piwmay, 2011

Graziel
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