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Mission

* First space-based collaboration
between astrophysics and particle
physics communities

* Launched June 11, 2008
* First year All-sky Survey followed by...
* Competitive Guest Observer Program
* Expected duration 5-10 years
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Gamma-ray
Space Telescope

Before launch

* Large Area Telescope

e GLAST Burst Monitor
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e P| Charles Meegan (NASA/MSFC) \\ ’
* US-German secondary instrument

e 12 sodium iodide scintillators
— 10 keV to 1 MeV
— Burst triggers and locations

* 2 bismuth germanate detectors

— 150 keV to 30 MeV

— Overlap with LAT
http://[gammaray.msfc.nasa.govigbm/
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* Pl Peter Michelson (Stanford)

* [nternational Collaboration: USA NASA
and DoE, France, Iltaly, Japan, Sweden

*LATiIsad x4
array of towers

* Each tower Is a
pair conversion
telescope with
calorimeter

* http://glast.stanford.edu
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Gamma-ray

LAT Schematic

T j incoming gamma ray

* Tiled '

Anticoincidence
Detectors

* Silicon strip
detectors
Interleaved with
Tungsten
converter

* Cesium lodide
hodoscopic =
calorimeter electron-positron pair




Grid Structure

LAT Hardware
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16 Towers

Calorimeters
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Anticoincidence Detectors Integrated LAT with radiators
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Launched!

e June 11, 2008

* Delta Il Heavy (9
solid rocket
boosters)

* Mass is 4300 kg

* 555 km circular orbit
* 1500 W total power

* 40 Mb/sec downlink




] e, . e / ﬂn Wy o
> ETmL

Cl:'llﬂl]ld-.’d‘__-'

Mission Data Relay

e

— a-ray Detectors:
-“ LAT & GBM

" TDRSS Relay
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LAT
Operations Center
SLAC

GLAST Mission GLAST Science

Operations Center Support Center
GSFC GSFC

*_> Operations Center

MSFC




green = charged
particles

blue = reconstructed
track
= gamma-ray
estimated direction
red = energy

depositions Iin the
calorimeter
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First Light Press Conference

* Results were announced yesterday!

Gamma-ray

/ Space Telescope
\

Enrico Fermi

1901-1954
Nobel in 1938



http://en.wikipedia.org/wiki/Image:Enrico_Fermi_1943-49.jpg

* About one burst per day
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Typical strong GRB seen by GBM

GLAST Burst Monitor — 2008, Jul 23, 25:37:42 UT
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* No joint LAT-GBM bursts yet
* Several GBM bursts also seen by Swift




Milky Way Center Geminga
Pulsar \
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Vela Pulsar Pulsar

Blazar 3C454.3

95 hours of LAT data = about 1 year of EGRET sensitivity
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Orthographic projection
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Cikon Vela pulsar

* LAT has detected all 7 EGRET pulsars
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EGRET vs. Fermi LAT
Energy Range 20 MeV - 30 GeV 20 MeV - 300 GeV
Energy Resolution 10% <10%

Effective Area 1500 cm? > 8000 cm?

Field of View 0.5 sr > 2 sr

Angular Resolution 5.8°@ 100 MeV < 3.5° @ 100 MeV
<0.15°> 10 GeV
Sensitivity ~ 107 cm=? st <6 X 10° cm=? st
Source Location 5-30 arcmin < 0.5 arcmin
Lifetime 1991 - 1997 2008 — 2013+
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EGRET’s Legacy

* Established blazars as largest class of
extra-galactic y-ray emitters

* Observed many blazar flares, some <1 day
* >60% of ~270 sources are unidentified

* Measured extra-galactic y-ray background
* Discovered gamma-rays from 4 pulsars

* Showed E<10%eV cosmic rays are galactic

* Detected solar flares and some y-ray bursts
at E>1 GeV




EGRET All-Sky Map Above 100 MeV
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Third EGRET Catalog T
E > 100 MeV s————7| N
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e LAT should detect thousands of
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Unidentified Sources

170 of the 270 sources in the 3" EGRET
catalog have no counterparts at longer
wavelengths

Variable sources appear at both low and high
galactic latitudes

High-latitude sources appear to be both
extra-galactic and galactic

Steady medium latitude sources may be
associated with Gould’s belt (star forming
region)
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Possible Unidentified Sources

* Radio-quiet pulsars: Geminga-like objects
can be found with direct pulsation searches

* Previously unknown blazars: flaring objects
will have good positions, helping IDs

* Binary systems: shocked winds between
companions will show time variability

* Microguasars: time variability, X/y correlation

* Clusters of galaxies: steady, high-latitude
sources should show shock spectra
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e 3C279is

DHightest AGN ™" { ........ :
at h|gh %I::EZ a2 EGRET
energies b ii ¢ :

* Multi-wavelen JE:. TIPS .:
gth coverage | IR AR A ~aaat e
essential to RXTE
understand : § %
flare 838y 3¢ § ¢
mechanism .
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Blazar questions/LAT Answers

* \Where are the acceleration and emission
sites in blazar jets? Multi-wavelength
campaigns from radio to TeV

* Are radio galaxies also HE y-ray sources?
Seyferts? Increased sensitivity by 10°

e How do blazars evolve? Detect 10° sources

* |s extra-galactic y-ray background truly
diffuse? Detect >10° sources

* |s AGN cutoff intrinsic or due to EBL? Study
AGN spectra above 10 GeV




Supernovae and Cosmic Rays

* Galactic CR are most likely accelerated in SNR
shocks

* EGRET detected 1 bump at 68 MeV - direct
evidence of nucleon-nucleon interactions

* EGRET detected y-rays from LMC but not SMC
- CR production varies

* Some EGRET sources could be SNRs, but
poor resolution prevented confirmation

* X-ray and TeV observations of SN1006 show
shocked electrons accelerated to CR-energies
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LAT studies Supernova Remnants

EGRET Data (£ > 1 GeV) GLAST Simulation

-ray Source
SNR Shell . - £ pulsar

(ralactic Latitude

cck—Accelerated CRs
Interacting with IS

79 78° 77° 79° 78° 77°
(Galactic Longitude
* EGRET observations could not distinguish between pulsar
(X-ray source) and shocked regions - LAT should provide

first resolved GR images!
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LAT studies SNR and CRs
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Spatial separation of shocked acceleration
regions from pulsar component

Detect 1° bump in SNR spectra from accelerated
nuclel (on top of electron acceleration signatures
— Inverse Compton and bremsstrahlung)

Determine relative number densities of electrons
and nucleons in CRs

Study CR production in other galaxies

Improve H, measurements by mapping y-rays of
galactic plane
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EGRET pulsars

CRAB PSR B1508-68 YELA PSR B1706-44 PSR B1851432 GEMINGA PSR B1055-52
‘ RADIO ' 1 h
OPTICAL
1 i “.I
‘ X-AAY ' ‘ ‘ I ﬂ
GAMMA-RAY

P~33mSEC P~150mSEC P~89mSEC P~102 mSEC P~38m3EC P~ 237 mSEC P ~ 187 mSEC
TIME IN FRACTIONS OF A PULSE PERIOD
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* Where are particles
accelerated?

* How is particle beam
energy converted into
photons?

* What is shape of
pulsar beam?

* How many pulsars
are there? Birth rate?

* Where i1s most of the
energy?

Light
Cylinder

outer gap
beam

T4

Outer gap vs. polar cap models'

B
A

4

‘| polar cap

beam
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Up to 250 pulsars
will be detectable,
with half previously
unknown in radio
(like Geminga)
LAT will discover
pulsars in gamma
rays (first!)

EA4 nd?) (ergcm?s™)

LAT studies pulsars

High-Energy Pulsar Observability
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S pulsars

High quality phase-resolved spectra for 102 pulsars
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=+ EGRET data

Polar cap model, 1 yr. GLAST survey

Outer gap model, 1 yr. GLAST sorvey

_High energy

photons
essential!
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Searching for dark matter

* The lightest supersymmetric particle X is a
eading candidate for non-baryonic CDM

* |tis neutral (hence neutralino) and stable (if
R-parity is not violated)

* |t self-annihilates in two ways:
" XX =2 VY wWhere Ey= My ¢
" X X 2 £y where Ey = Mx c(1-M;/4M?)

* Gamma-ray lines possible: 30 GeV - 10 TeV




Galactic halo WIMP detectability

2 years of simulated data — detectable galactic center
halo from Kuhlen, Diamand and Madau 2007
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First year timeline

Start Year 1 Start Year 2
A “first light” Science Ops Science Ops
EBM whole sky  Observatory
Epcu:ecruff turn-an renaming
heck :
turn-on checkout ous pointed + sky sky _survey + ~weekly GRB
survey tuning repoints + extracrdinary TOOs
' week | week week | week month 4+—12 months —®
LAauncH L+60 days 2nd GLAST

@nl tuninggFall h“KiWnih instrument .rrudiﬂ> Hroposii
[] [ lese g s Montorea sore T~
K B e
&
& amuad kx
&0 B '

Fellows Year 1 T EEQE;;!,TSE LAT Year 1 photon
Start LAT & data release PLUS
=manth
0 high-confidence LAT Year 1 Catalog
source release, 6550 and Diffuse Model
science tools advance

release
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Conclusions

* |Injust a few days, Fermi has reached the
sensitivity of EGRET and is starting to discover
new sources of high-energy gamma rays

* Fermi Is opening wide a new window on the
Universe — which may show us connections
between the infinite and the infinitesimal

e Stay tuned — the best is yet to come!

* For more info: http://www.nasa.gov/glast (soon
to be http://www.nasa.gov/fermi )
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Backups Follow
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Probe history
of star
formation to
Z ~4 by
determining
spectral
cutoff in
AGN due to
EBL

Integral Flux (counts)
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Effect of Extragalactic Background Light
1000
100 unabsorbed AGN
spectrum
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F AGMatz =2
[ AGN at
1 E z=05
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Photon Energy (GeV)
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LAT vs. Ground-based HE Arrays

10_6 E T TTTTH LI ||||||| LI ||||||| LI ||||||| I 1T TTTTI LI ||||_
- Sensitivity of Present =
| and Future Detectors |
= F NN, - EGRET .
2 108 - Typical differential 3
1 - =
E n o BT / source flux o. E2 3
2 3 E
o = .. 3
S - ' ]
2 10710 —-—— - =
x E Whipple E
= L CELESTE, STACEE . MILAGRO—
=] = -, =
fg: - f ]
€ 10712 —
= : VERITAS SR
E VERITAS ¥’ E
- (large zenith angle) -
10_14 11 11111 11 ||||||| 11 ||||||| 11 ||||||| 11 ||||||| L1 1111l
1071 10! 103 10°
é:_39782A80 Photon Energy (GeV)




	Exploring the Extreme Universe with GLAST
	Mission
	Before launch
	GLAST Burst Monitor (GBM)
	Large Area Telescope (LAT)
	Pair Conversion Telescope
	LAT Schematic
	LAT Hardware
	Slide 9
	Launched!
	Mission Data Relay
	LAT Single GR Event Displays
	First Light Press Conference
	GBM Bursts in first month
	Typical strong GRB seen by GBM
	First Light LAT Skymap
	Orthographic projection
	Vela pulsar
	EGRET vs. Fermi LAT
	EGRET’s Legacy
	EGRET All-Sky Map
	3rd EGRET Catalog
	LAT Log N vs. Log S
	Unidentified Sources
	Possible Unidentified Sources
	EGRET Blazars
	Blazar questions/LAT Answers
	Supernovae and Cosmic Rays
	LAT studies Supernova Remnants
	LAT studies SNR and CRs
	EGRET pulsars
	Outer gap vs. polar cap models
	LAT studies pulsars
	Slide 34
	Searching for dark matter
	Galactic halo WIMP detectability
	First year timeline
	Conclusions
	Backups Follow
	LAT studies EBL cutoff
	LAT vs. Ground-based HE Arrays

