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@, ermi Features of the EGRET gamma-ray sky
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’ Space Telescope

EGRET all-sky (galactic coordinates) E>100 MeV

diffuse extra-galactic background (flux ~ 1.5x10° cm=2s-1sr1)

high latitude (extra-galactic) point sources (typical flux from EGRET sources O(10°7 - 10%) cm=2s1)

An essential characteristic: VARIABILITY In time!
Field of view important for study of transients.




/ Fermi Science:

;g‘*m Very high energy phenomena in the Universe
Space Telescope

A very broad menu that includes:

Systems with supermassive black holes (Active Galactic Nuclel)
Gamma-ray bursts (GRBS)

Pulsars

Supernova remnants (SNRs), PWNe, Origin of Cosmic Rays
Diffuse emissions

Solar physics

Probing the era of galaxy formation, optical-UV background light
Solving the mystery of the high-energy unidentified sources

Discovery! New source classes. Particle Dark Matter? Other relics
from the Big Bang? Other fundamental physics checks.

Coooo0oo0oo

Huge increment in capabilities needed to address these

Draws the interest of both the High Energy Particle Physics and
High Energy Astrophysics communities.
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Large AreaTelescope (LAT)
20 MeV - >300 GeV

Gamma-ray Burst Monitor (GBM)
NaI and BGO Detectors
8 keV - 30 MeV

KEY FEATURES
* Huge field of view
—LAT: 20% of the sky at any
Instant; in sky survey mode,
expose all parts of sky for
~30 minutes every 3 hours.

GBM: whole unocculted sky
at any time.

* Huge energy range, including

I largely unexplored band 10 GeV -

100 GeV.
Total of >7 enerqy decades!

§i..| - Large leap in all key capabilities.

Great discovery potential.
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Comemarar The Accelerator

’ Space Telescope
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d Launch from Cape Canaveral
Air Station 11 June 2008 at
12:05PM EDT

O Circular orbit, 565 km altitude
(96 min period), 25.6 deg
inclination.




A A moment later...




... and then ...
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e Fermi in orbit

Space Telescope

GLAST Lafthede = 5 2538 2).58 Longitude ="A 08 05 30,58 Alhode = 555.32 km

.ﬂ__#*

http://observatory.tamu.edu:8Q80/Trakker --
_http:/iwww.nasa.gov/mission paqes/GLASTlﬁw

- .
-

August 26 2008, after completion of
successful observatory and instrument
checkout, NASA renames GLAST to Fermi



http://observatory.tamu.edu:8080/Trakker
http://www.nasa.gov/mission_pages/GLAST/news/glast_online.html

s, ey Operating modes

O Primary observing mode is Sky

Survey

100 Sec

Full sky every 2 orbits (3 hours)

Uniform exposure, with each
region viewed for ~30 minutes
every 2 orbits

Best serves majority of science, 1 Onbi
facilitates multiwavelength
observation planning

Exposure intervals
commensurate with typical
Instrument integration times for
sources

EGRET sensitivity reached in
days
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1 Day

1 Year

Flux > 100 MeV ( phot cmi? s1)
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» Pointed observations when appropriate (selected by peer review in later
years) with automatic earth avoidance selectable. Target of Opportunity

pointing.
* Autonomous repoints for onboard GRB detections in any mode.
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@, ermi Overview of the Large Area Telescope

Gam‘na—r:lr
Space Telescope

Overall modular design:

v’ 4x4 array of identical towers - each one including a Tracker, a Calorimeter and an
Electronics Module

v Surrounded by an Anti-Coincidence shield (not shown in the picture)
v'3ton — 650watts




@, ermi Overview of the Large Area Telescope

Gamma-ray
Space Tele'srop-e

Tracker/Converter (TKR):
v" Silicon strip detectors

v Self-veto @ high energy limited. P i 3 (single sided, each layer is

: - T _ rotated by 90 degrees with
v 0.9997 detection efficiency (overall). e respect to the previous

oy one).
- v W conversion foils.
—h v/ ~80 m?2 of silicon (total).
_ OSSP * v’ ~106 electronics chans.
: w4 High precision tracking,
. small dead time.

Anti-Coincidence (ACD):
v’ Segmented (89 tiles).

2 Calorimeter (CAL):
v'1536 Csl crystals.
v' 8.5 radiation lengths.
‘; v Hodoscopic.
\_ v Shower profile
reconstruction (leakage
correction)
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/<., _LAT Collaboration — an AP-HEP partnership

0 France
— CNRS/IN2P3, CEA/Saclay
Q lItaly
— INFN, ASI, INAF
0 Japan
— Hiroshima University
— ISAS/IJAXA
— RIKEN
— Tokyo Institute of Technology
0 Sweden
— Royal Institute of Technology (KTH)
— Stockholm University
O United States

Pl. Peter Michelson
(Stanford)
~390 Scientific Members (including

96 Affiliated Scientists, plus 68
Postdocs and 105 Students)

Cooperation between NASA
and DOE, with key
international contributions
from France, Italy, Japan and
Sweden.

Managed at SLAC.

— Stanford University (SLAC and HEPL/Physics)
— University of California, Santa Cruz - Santa Cruz Institute for Particle

Physics
— Goddard Space Flight Center
— Naval Research Laboratory
— Sonoma State University
— The Ohio State University
— University of Washington




R — Year 1 Science Operations Timeline Plan

Start Year 1 Start Year 2

LAT, “first light" Science Ops Science Ops
GBM whole sky Observatory
spacecraft turn-on { renaming
turn-on checkout ng ok X pointed + sky Sky survey + ~weekly GRB
£¥3  survey tuning repoints + extraordinary TOOs
week | week week | week month «— 12 months ——*
LAUNCH L+60 days 2nd
Symposium
@%al Tuning/calibraTMin—depfh instrument sfudies> 2-5 Nov.
Thus far: T
100 6m6 alerss oy 1 I —
GBM and LAT GRB Alert
>100 GRB alerts (GCN) gl =

continuous
‘. release of new
T photon data

LAT Year 1 photon
data release PLUS
LAT Year 1 Catalog
and Diffuse Model

GI Cycle1— <.>
Funds Release ':., WLy
L
GI Cycle 2
Fellows Year 1 T Pr'oszals
Start LAT 6-month
high-confidence
source release, 6SSC

science tools advance
release

<A> <A>

v
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@s,ermi From Simulation to reconstruction and science analysis

'C-ar"mn ray

’ Space Telescope
d Accurate detector model

— >45k volumes
O Physical interactions modeled with Geant4

O MC validation
— ground test with CR muons on the full LAT

— beam test on a calibration unit
— 100M evts of y, e, p, e+, C, Xe between 50MeV and 300GeV

collected at CERN and GSI in 2006
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’ Space Telescope

O Full subsystems reconstruction (clusters, tracks, energy)
O Quality knobs on event direction and energy reconstrution

O Subsystem specific vetoes for background events + classification trees
to optimize selection and provide probabilities for the event to be a

photon
— ACD
— hermeticity, veto tiles struck by tracks, veto large pulse height from
heavies, veto low PH in corners
— TKR
— dE/dx (layer-or), preshower image (distribution of clusters around
tracks)
— CAL

— shower shape (EM vs had), veto back and side entering evts
O Event classes definition based on overall background rate
O Major on-going developments

— Charged particles branch

— ACD vetoed events go to a particlelD analysis branch to tag
candidate e, p, heavies by means of shower shape (TKR+CAL)

— TKR-only events to enhance response to transients (GRB)
— CAL-only events considered to enhance photon acceptance
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26T
2471
22T
20T
1871

£

Hz)

Entries 204
¥ Mean: 2576.1

Y Rms: 774.35

v Overall trigger rate: ~few KHz

v Huge variations due to orbital
effects.

T 304
¥ Mean : "
YRms: 11465

v Downlink rate: ~400—500 Hz
v’ ~90% from GAMMA filter
v’ ~20—30 Hz from DGN filter
v’ ~5 Hz from HIP filter

Entries 204
¥ Mean : 10466
|{|Fms : 0.329650

v’ Rate of photons after the standard
background rejection cuts for source
study: ~1 Hz

0.6
0.4
0z
0.0 |
350
Aug 27, 2008

I
t
440

I
T
450

v Most of the downlinked events are
in fact background, final ~ 1000:1
rejection is done in ground processing.
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Lamma-ray

/ S pace | elescope

The green crosses show the detected positions of the charged particles, the blue lines show the
reconstructed track trajectories, and the yellow line shows the candidate gamma-ray estimated
direction. The red crosses show the detected energy depositions in the calorimeter.
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@, crmi Tracker performance and calibration
Gamma-ray
/ Spa‘i‘P?:I::ar.\p
Tower rotational constants
T
(1T — —— _._++ _._—.—
= s = ———— —— oy e — -—
:=[L99‘5 — +_-_:._-—_-_ —I—=.=++ el -g A rotx
E ‘-g : Ir.;::ar regression for rotx
0.99 __ ‘_‘g ™ Linear regression for roty
E Flight Data "% i : rL?rizear regression for rotz
0-985 =g Ground Data °
0.98 :
C | F{Fl.tqmrelment | | |
l:!_II 2 4 IIBIIIB-III'1I:IIII'12III'1-4III1E
Tower

0 No evidence of a reduction in hit
efficiency (well above 99% on average)
O No significant change in the
alignment constants (intra and inter-
tower) after the launch (the LAT
underwent up to 4 g acceleration +
vibration)

U No evidence of any increase in the
overall noise level (~1 noise hit per
event for the full LAT).

Noise Occupancy

Y
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30June 10 July 22 July
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" Space Telescope

ACD MIP peak position (MIPs)

CAL LACG threshold (MeV)

Stability of CAL and ACD
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2.2 T T T T T T T T T T T

PY YT I O PP Pr T VRRTIPRITTTIPIR I FreTTeny
PR PP PPRTRPIreT] prgs gy bidd obh dbid u sy bkl

M2

lp
E
3
3
3
3
E
3
3

. | ) . . | ) ) . | . ) ) | . ) . | .
Sep 20 2008 Oct 20 2008 MNov 19 2008 Dec 19 2008 Jan 18 2009
Time UTC

CAL average zero-suppression threshold — 1% drift over 4 months
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e (previously known as GLAST) mm‘\‘-
i

5|_:-.u_-- Telescope

L 4

Milky Way Center g
| N
B ————————. /
Vela Pulsar :‘H/
f‘
Blazar 3C454.3

LAT Data

First-Light Sky map: initial 4 days of sky survey
has already achieved EGRET 1 yr source sensitivity

B O = ' B += = see http://www.nasa.gov/mission_pages/GLAST/news/glast_findings_media.html for the full press release information




~
@, ermi Big Questions From EGRET Era

G-EI'-_lTIE-'E}'

/ Space Telescope
0 How and where do pulsars emit gamma rays? How common are
radio-quiet pulsars?
— necessary clue to magnetic field configurations and dynamics
O What are the EGRET Unidentified Sources?
— most of the EGRET detected sources are a mystery

O What are the energy budgets of gamma-ray bursts? What are the
temporal characteristics of the high-energy emission?

— not well characterized yet, key tests of models, beaming
O What are the origins of the diffuse emissions?

— galactic: cosmic-ray and matter distributions; sources

— extragalactic: populations

— new sources (Dark Matter annihilations, clusters, ...)

O How do the supermassive black hole systems of AGN work? Why
do the jets shine so brightly in gamma rays?

— temporal and spectral variability over different timescales
O What remains to be discovered with great new capabilities??

— EGRET showed us the tip of the iceberg. New sources and
probes for new physics.
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/ Space Telescope

Some answers at Moriond 2009

Resolving the gamma-ray sky
— Bright source list (Ballet, mon)
— Performance studies (Germani, fri)
— Solar system gamma-ray astronomy (Brigida, fri)
Pulsar physics and populations
— Giordano (mon), Parent, Guillemot, Kerr, Razzano (fri)
Galactic sources
— Smith (wed), Grondin (thu), Hill (thu)
Gamma-ray bursts phenomenology and emission models
— Baldini, Pelassa, Granot, Preece (mon)
Diffuse emission
— GeV excess (Johannesson, mon)
Active galactic nuclei
— Population studies (Lott, thu)
— Multiwavelength (Sanchez, thu)
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/ Space Telescope

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

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

et al) o

160}

P~317 ms
Pdot ~ 3.6E+

140+

Number of counts
= (=]
[=)] [e2] (=] N
(=] o [=] [=)
T T T T

P
o
T

N
o

B0

0.5 1.0

Pulse Phase

1.5

* Spin-down luminosity ~1036 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)

2.0

DECLINATION (J2000)

11°L

74°

10°}-

72°
9 o

Discovery of First Gamma-ray-only Pulsar

Supernova Remnant CTA1

! | J ! T —

—

/ 1" —~—
Abdo et al., Sc’z’ience Express, 16 Oct. 2008 |

! .'
/

TR 4 V
T Y k-

.
3EG J0010+730

_—

95% error BoX———_]

RX J 0007o+7?02

Fermi LAT 95% error box |

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

— 1 . z 1 I ]

119° 50" 118°

RIGHT ASCENSION (J2000)
Age ~(0.5 — 1)x10% years
Distance ~ 1.4 kpc
Diameter ~ 1.5°

o® 20™ 120°
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’ Space Telescope
100

o Co
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Relative Count Rate
N
o

20

First Fermi view of the Vela Pulsar

20

ap

o

60

0.12  0.14

gl b By
Y 08 098 1

60

054 (.56

Remarkably
sharp peaks;
features to
~0.3ms.

Turns nearly
completely off
between the
double pulses.

*<2.8% of phase-
averaged pulsed
emission, 95%
confidence

livetime

«Stringent limits or
measurement will be
available with more



The Pulsing Sky

CT% Dragonfly o s
@ecﬁdgoo@go@‘é% ¢ ;&

0.

Pulses at

© New pulsars discovered in a blind search 1/ 1Oth true rate
Fe rmi PUIS ar Detections @ Millisecond radio pulsars

@ Young radio pulsars
© Confirmed pulsars seen by Compton Observatory EGRET instrument
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Particle Flux vs. Kinetic Energy

Kinetic Energy (MeV)

1 Pre-launch simulation Proton
10° _ Positron
_ ] !‘; i Alpha
ﬁ 5 K *i P iﬁ LS *s
% " 3 EE P ifi -;
% ﬁiLIT TLI I !Hf
£ oL P I,
5 "% ﬁ}ﬁf l L 4
L 1§ h_ Il ‘1 1 ] ] ..
: | " il
10-1f_l IIIIIII| | IIIIIII| Jlllllll | IIIIII| | Illllllllllllllllll
102 10° 104 10° 10°

107

O Pre-launch accurate model of
Incoming backgrounds to train
rejection analysis and OBF
tuning

— Overall rejection power up
to 1:10° (trigger + On-
Board-Filter + ground
rejection)

O On-going validation with LAT
measurements

— Unparalleled CR statistics

0 On-going CR measurements
with the LAT

— High energy electrons —
stay tuned!
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Gamma-ray
’ Space Telescope

0 CRrate is a steep function of earth magnetic field

O Fraction of off-time particles in the detector which leave ghost
signal in coincidence with gammas

— Between 2% and 15% depending on magnetic latitude
O Ghost effect

— confuse/slow tracking and pattern recognition (- CAL-
seeded track recon)

— Alter event topology and fake bkg rejection topological cuts

| =

__4_
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/ Space Telescope

O Simulations enriched with ghosts from real periodic trigger
events indicate

— Larger effect at low energies

— Maximum of 40% lower efficiency at 100MeV on-axis wrt
pre-launch simulations

— Rapidly decreasing with energy - negligible above 10GeV
Maximum effect on flux (over all spectrum) = 30% bias

— Maximum effect on spectral parameters (for E2 power law)
- 0.1 bias

O Very close to early papers assessment of systematics

— Much reduced systematics when corrected for!

0 On-going work for corrections
— Correct IRFs for difference using simulations with ghosts
— Filter ghost events before recon

— Retrain event selection after addition of ghost in simulation +
recon-filtering > release post-launch IRFs for public data

PRELIMINARY
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The Fermi voice — alerts and publications

Rapid Publications from Fermi LAT: GCN and ATEL

Astronomer’s Telegrams (ATEL):

date  number

200940122 1905
20090119 1902
20090112 1895
20090109 1897

20090103 1594
20090104 1355
20081217 1877

2005-1 206 1564
2005-11-21 1850
2005-10417 1785
2005-10-15 1784
2005-1008 1771

2005810403 1759

20050926 174

20050926 174

20050903 170

20050905 1701

20050505 165

20050724 162

=

A L}

L]

T4
[a3]

title
Fermi-LAT detection of renewed activitvfrom the blazar PES 1502 +106
Fermi LAT detection of a high garma-+ay state from high+edshift blazar 0917 +449
Fermi LAT detection of increasing damma-+ay activity of blazar PES 0454-234
Fermi-LAT detection of another rapid Ge'flarefrom the blazar PES 1510089

Fermi-LAT detection of a Ge'Wflare from a source positionallyv consistent with PRS
1244255

Fermi-LAT and Swift detection of a large Gel'and optical flare from J1 239394044409

Fermi LAT detection of a gamma+ay source positionally consistent with Q50
BO133+47

Fermi LAT detections of increasing gamma ray activity of blazar 3C 279

Fermi LAT Observations of the Cvgnus Begion

Fermi LAT Detection of a Mew Gamma+ay Tranzient in the Galactic Plane: J0910-5041
Fermi/LAT detection of strong activity on short timescales of the blazar A0 0235 +164

Post-launch Papers
d 1 published

The Fermi Gamma-Ray Space Telescope Discovers
the Pulsar in the Young Galactic Supernova
Remnant CTA1

A A Abdo, ef al.

AYAAAS Science 322, 1218 (2008);

Fermi LAT Detection of Btightening of the Galactic Plane Source SEG JO0903-53531

Fermi LAT detections of gamma ray activity in three blazars: 3C 664, PRS 0205512,
PES 0557441

Fermi LAT strong detection of blazar A0 0235 +164 during outburst at Optical-
to-Radio Wavelengths

Fermi LAT observations of the PES 1510059 outhurst

Fermi LAT detection of 3C 273 inflaring state

Fetmi LAT detection of a possible new gqamma+ayflaring blazar: PES 1454-354
GLAST LAT detection of a possible new garmma+ayflaring blazar: PES 1502 +106
GLAST-LAT detection of extraordinaty garmma-+ay activity in 3C 454.3

Gamma-ray Burst Coordination Metwork {GCHN) circulars:

date  number

20081225 5723
2009-1219 5654
2005-10-25 5407
20050916 §246
20050905 5183

title
GREOS1224: Fermi GEM Detection & LAT Localization
GREOS12154 Fermi-LAT observations
Fermi-LAT observation of GRE 0510246
GREOS0916C: Fermi Lat Observations
GREOS0E2SC: Fermi-LAT observations

DOl: 10.1126/5cience. 1165572

O 1 accepted
O 5 submitted
1 15 hot or close to submission
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0 The Fermi observatory is well off into its adventure
— Instruments performing as expected and very stable
— Very smooth commissioning and nominal operations
— LAT performance well understood
— Post-launch performance tuning on-going

O Many exciting science results are coming up every day
— Rapid confirmation of many EGRET results
— Many alerts for transients (AGN flares GRBS)

O A strong and broad program of physics is coming together
— Particle acceleration in cosmic machines
— Fundamental physics

Enjoy the many Fermi talks at Moriond and stay tuned

» http://lwww.nasa.gov/fermi
» Guest Investigator Cycle 2 proposals DUE March 6, 2009,
see http://fermi.gsfc.nasa.gov/ssc/proposals/cycle2/

» November 2-5 2009 International Fermi Symposium in Washington, DC
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