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OutlineOutline

• Overview of GLAST observatory
• Status of the construction
• Illustrations of performance:

– All sky monitoring
– Time variability
– Energy range

• A few Science topics
– Source catalog and diffuse emission
– Particle acceleration
– Dark Matter search

– Check out the TeV symposium during September LAT collaboration meeting :
 http://www-glast.slac.stanford.edu/GLAST_CollaborationSEP04/GLAST_TeV_Symposium.htm

– A “Multiwavelength Observation” planning team has been created :
  http://glast.gsfc.nasa.gov/science/multi/

http://www-glast.slac.stanford.edu/GLAST_CollaborationSEP04/GLAST_TeV_Symposium.htm
http://glast.gsfc.nasa.gov/science/multi/
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GLAST Mission SummaryGLAST Mission Summary

• Launch in August 2007
• Circular orbit, 565 km altitude, 28.5° inclination
• Mission lifetime: 5 years, with a goal of 10 years
• Sky survey + pointed observing programs
• Autonomous targeted repointing capability, 

with rapid slew speed:                                                  
                     75° in <10 minutes (5 minutes goal)

Large Area TelescopeLarge Area Telescope 

(LAT)(LAT) 
~20 MeV to 300+  GeV.~20 MeV to 300+  GeV.  

No other telescope No other telescope 
current ly covers this range.current ly covers this range.
  

 GLAST Burst MonitorGLAST Burst Monitor  
(GBM)(GBM)  

correlat ive observat ions correlat ive observat ions 
of t ransient  eventsof t ransient events
10 keV – 25 MeV10 keV – 25 MeV..
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Overview of the LATOverview of the LAT

• Precision Si-strip Tracker (TKR)Precision Si-strip Tracker (TKR) 
– ~80 m2 Si, 18 XY tracking planes
– Single-sided silicon strip 

detectors (228 um pitch)
– Measure the photon direction; 

gamma ID.

• Hodoscopic CsI Calorimeter (CAL)Hodoscopic CsI Calorimeter (CAL)    
– Array of 1536 CsI(Tl) crystals in 8 

layers.  
– Measure the photon energy; 

image the shower.

• Segmented Anticoincidence Detector Segmented Anticoincidence Detector 
(ACD)(ACD)  

– 89 plastic scintillator tiles. 
– Reject background of charged 

cosmic rays;  
– segmentation removes self-veto 

effects at high energy.

e+ e–

γ

Calorimeter

Tracker

ACD
Grid
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GLAST Burst Monitor - GBMGLAST Burst Monitor - GBM
Provides:Provides:
• spectra for bursts from 10 keV to spectra for bursts from 10 keV to 

30 MeV, connecting frontier LAT 30 MeV, connecting frontier LAT 
high-energy measurements with high-energy measurements with 
more familiar energy domain;more familiar energy domain;

• wide sky coverage (8 sr) --  enables wide sky coverage (8 sr) --  enables 
autonomous repoint requests for autonomous repoint requests for 
exceptionally bright bursts that exceptionally bright bursts that 
occur outside LAT FOV for high-occur outside LAT FOV for high-
energy afterglow studiesenergy afterglow studies

• burst alerts to the ground. burst alerts to the ground. 

Simulated burst based on GRB 940217Simulated burst based on GRB 940217

GBM LAT

LAT FoV

GBM FoV

12 NaI :~10 keV to ~1 MeV
2 BGO : ~150 keV to ~30MeV
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Status of LAT AssemblyStatus of LAT Assembly

• 7 TKRs at SLAC
• All 16 CAL. at SLAC
• ACD: end of month

6 towers integrated to grid  

A Gamma ray candidate   

ACDACD
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PerformancePerformance

Expect updates soon!

http://www-glast.slac.stanford.edu/software/IS/glast_lat_performance.htm
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Point Source SensitivityPoint Source Sensitivity

• 5σ sensitivity for E>E0 

• 1/E2 spectrum source at high latitude.

• Oneyear (livetime) allsky survey

• diffuse background flux 1.5x105 /cm2/s/sr (E>100 
MeV), spectral index 2.1

• 5σ , high latitude source

Nucl. Phys. B85(2000)

Monoenergetic beam
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GLAST ScienceGLAST Science

• High Energy Sky Survey : 

– EGRET unidentified sources

– Catalog + Population Studies : AGN, Pulsar, SNR

– Galactic and Extra-Galactic Diffuse emission

– Mechanisms of particle acceleration : 

• formation of jets, 

• extraction of rotational energy from spinning neutron stars, 

• dynamics of shocks in SNRs.

• High-energy behavior of transients :

– Gamma Ray Burst

– Solar Flare 

• Discovery Window :

– New astrophysical objects?

– Dark Matter and Exotic Physics. 

3 Key Strengths :3 Key Strengths :
• All-sky monitoring
• Broad range of time scales
• Energy range 
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Performance : Performance : All Sky Monitoring (I)All Sky Monitoring (I)

GLAST 1 yearGLAST 1 year
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100 sec

1 orbit

1 day

EGRET Fluxes

-  GRB 940217 (100sec)
-  PKS 1622- 287 flare
-  3C279 flare
-  Vela Pulsar
-  Crab Pulsar
-  3EG 2020+ 40 (SNR γ Cygni?) 

-  3EG 1835+ 59
-  3C279 lowest 5σ detection
-  3EG  1911- 2000 (AGN)
-  Mrk 421
-  Weakest 5σ EGRET source

During the allsky survey, GLAST will have 
sufficient sensitivity after O(1) day to detect 

(5σ) the weakest EGRET sources.

Performance : Performance : all sky monitoring (II)all sky monitoring (II)
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Performance : Performance : Time VariabilityTime Variability

• GLAST sky monitoring will be sensitive to very different time 
scales : from ~30µs to the mission lifetime

• “continuous” baseline in GeV for IACTs
• An illustration from Aharonian et al. (astro-ph/0506593) :

Blazar PKS 2155304
3rd EGRET catalog

High -ray state (Verstrand et al. 1995)

                          GeVTeV campaigns will be key   GeVTeV campaigns will be key   
          to GLAST science!          to GLAST science!

                          Multiwavelength planning           Multiwavelength planning           
          started, see :          started, see :

http://glast.gsfc.nasa.gov/science/multi/http://glast.gsfc.nasa.gov/science/multi/

http://glast.gsfc.nasa.gov/science/multi/
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Performance : Performance : Energy CoverageEnergy Coverage

• Energy Coverage of GLAST- LAT: 20MeV- 300GeV
– Discovery Domain
– Optimum to differentiate between   pp→π0 and e+/− +  CMB/ IR→ γ

       Hadronic component in cosmic ray acceleration sites?

  ( ) +  ( )HESS 04 color ASCA contours

Reimer & Pohl (2002)
A 2nd  exemple where multiwavelength A 2nd  exemple where multiwavelength 

campaigns will pay off!campaigns will pay off!
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• Many more point sources
• Sharper definition of the diffuse background
• accurate modeling essential

EGRETEGRET

GLASTGLAST

Diffuse Gamma Ray SkyDiffuse Gamma Ray Sky
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Diffuse Emission Model: Diffuse Emission Model: pppp Interaction Interaction
  . , , ,   . , , , Kamae et al 05 Kamae Karlsson Mizuno et al 05 Kamae Karlsson - ,Cohen Tanugi    .  .Mizuno et al In prep

Old models
- Constant  inelastic -cross section
-  Feynman scaling

-  No diffraction dissociation 

New model
- Rising -cross sections
-  Scaling violation:  +  Pythia CDF TuneA

- .Diff  dissociation:  CDF Goulianos 

-e    from neutron decay
Old 
Model

 EGRET DATA

“  ” > %  GeV Excess 50 explained?

New Model
positron

electron

“  ”  Positron excess predicted

         See also Talk by Tijana Prodanovic in Parallel session 2
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Origin of Extragalactic Diffuse RadiationOrigin of Extragalactic Diffuse Radiation

Discovery Region for GLAST!
– blazars
– normal galaxies
– cluster mergers
– primordial diffuse
– new physics 

Elsässer & Mannheim (2005)
Strong, Moskalenko, Reimer  (2004)

Original EGRET spectrum

Reanalysis : slight mod. of e-
spectrum wrt LIS
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Dark Matter Search:Dark Matter Search: The EGRET Excess The EGRET Excess

de Boer, astro-ph/0412620 (2004) “EGRET data show an intriguing hint of DM annihilation” 

• Beware the diffuse model adopted!
• GLAST will investigate this excess with much better accuracy

For illustration, one DM scenario to try to explain the GeV Excess :
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Halo Dark Matter Search with GLASTHalo Dark Matter Search with GLAST

• Wimp Annihilations in halo Clumps (b >|10| deg):
– gamma continuum from pions @ ~100 MeV
– lines (2 γ,  γΖ)
– Depends on models of clumps
– Parallel Session 1 on Friday

• IC from secondary electrons (Baltz & Wai 04)
– >GeV IC from e + starlight
– near galactic plane  < 30 deg (trapping by B field)

• KK DM Scenario – electron “line” (20% Br) smeared 
into a sharp edge via mainly IC

– >500 GeV: ~ 100e±/year edge height (Baltz & Hooper 
05) 

– all-sky signature!
– See talk by Tim Tait tomorrow
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GLAST Sensitivity to DM signalsGLAST Sensitivity to DM signals
• From Hooper & Wang (2004)
• Very dependent on clump 

density profile
• See e.g. Ted Baltz's talk 

tomorrow

  Predictions are quite uncertain!

continuum

γγ

γZ
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Operation PhasesOperation Phases

• After the initial on-orbit checkout, verification, and calibrations, 
the first year of science operations will be an all-sky survey.
– first year data used for detailed instrument characterization, 

refinement of the alignment, and key projects (source 
catalog, diffuse background models, etc.) needed by the 
community.

– data on transients will be released, with caveats.
– repoints for bright bursts and burst alerts enabled.
– extraordinary Targets of Opportunities supported.
– limited first-year guest observer program   
– workshops for guest observers on science tools and mission 

characteristics for proposal preparation
• Observing plan in subsequent years driven by guest observer 

proposal selections by peer review. All data released through 
the science support center (GSSC).
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The  Look AheadThe  Look Ahead

•    The GLAST mission is 
– completing the fabrication phase and 
– is well into integration.

•    LAT, GBM, and spacecraft assembly 
– complete by early 2006.

•    Delivery of the LAT and GBM instruments 
– for observatory integration in spring 2006.

•    Observatory integration and test 
– spring 2006 through summer CY07.

•    Major scientific conference, 
– the First GLAST Symposium, being planned for early 2007.

200720062005

Fabrication
Instrument & Spacecraft I&T Observatory I&T Launch

Launch Scheduled Launch Scheduled 
August 2007!August 2007!
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Backup SlidesBackup Slides
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GBM SpecificationsGBM Specifications
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Performance : Performance : LAT/EGRETLAT/EGRET

30 MeV -  30 GeV

1500 cm²

0.5 sr

~ 10 - 7 γ cm - 2 s- 1

15 ’

100 ms

Energy

Peak effect ive area

Field of view

Sensit ivity (1yr)

Localizat ion (bright source)

Deadtime

Large area
Low instrumental background
No consumable

3rd   EGRET Catalog

 >  E 100 MeV

 LAT Simulation

 >  E 100 MeV

1991- 1999 2007 -  ?
5 yr operation
requirement

10 yr operation
 goal

EGRET LAT
Point ing All sky  

20 MeV -  300 GeV  

>  8000 cm² >  5

>  2.0 sr >  4

<  6 10 - 9 γ cm - 2 s- 1 >  20

<  0.5 ’ >  30

<  30 µs >  1000

Improvement
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Particle Acceleration :Particle Acceleration :  Site for UHE protons?Site for UHE protons?

   (~ ):  .  >  Large scale shock 1Mpc Slow accel over 1Gy ⇒  Only p 
 reaches UHE 

  Plane of
“  ”Great Wall

  Prediction for
 COMA cluster

GLAST

e−/+ γ-ray

CMBCMB

proton

Synchrotron
 Cluster

( )A3667

 Shock front

Proton
Emax
1019eV
   ⇓
Cutoff


