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Fermi satellite

••
 

TwoTwo
 

instruments:instruments:
––

 

Large Area Telescope (LAT),  20 Large Area Telescope (LAT),  20 MeVMeV

 

--

 

>300 >300 GeVGeV
––

 

GammaGamma--ray Burst Monitor (GBM),  8 ray Burst Monitor (GBM),  8 keVkeV

 

--

 

40 40 MeVMeV

LAT

GBM
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Fermi in space

•

 

Launch

 

: June

 

11 2008
•

 

Orbit

 

: 565 km, circular
•

 

Inclination : 25.6˚
•

 

Design life : 5 years

 

(minimum)
•

 

One orbit

 

in 1.5h
•

 

The whole

 

sky

 

in 3h

South Atlantic Anomaly
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Large Area Telescope
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Event reconstruction

Determine the
incoming direction
with the tracker

Determine the energy
with the tracker
and the calorimeter

Check if there is
some signal in the
anti-coincidence detector

Reconstruction and
selection are optimized
using classification trees.
We use many variables
describing the event.
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Detailed instrument simulation with Geant4
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Ensuring the most realistic simulation

•
 

Calibrations
–

 

Using

 

muons (on ground) and protons et al. (in orbit)
–

 

Signal in ACD, tracker and calorimeter
–

 

Position calibration
–

 

Intra tower and tower to tower alignment
–

 

Stability
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Ensuring the most realistic simulation
•

 
Beam

 
tests (the last one at

 
CERN in 2006)

–

 

Calibration Unit (2.5 towers) with

 

electrons, gammas, protons, 
pions, from

 

100 MeV to 300 GeV

 

in many

 

configurations (94M evts)
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Instrument performances
YearsYears Ang. Res.Ang. Res.

(100 (100 MeVMeV))
Ang. Res. (10 Ang. Res. (10 

GeVGeV))
Eng. Eng. RngRng. . 

((GeVGeV))
AA effeff ΩΩ

(cm(cm22 srsr)) # # γγ--raysrays

EGRETEGRET 19911991––0000 5.85.8°° 0.50.5°° 0.030.03––1010 750750 1.4 1.4 ×× 101066/yr/yr

Fermi LAT 2008– 3.5° 0.1° 0.02–300 25,000 1 × 108/yr
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On orbit rates
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On orbit performance validation

•
 

Main method
 

: using
 

bright
 

pulsars (i.e. Vela)
–

 

Selecting

 

events

 

in-pulse and off-pulse
–

 

Subtracting

 

off-pulse component to get

 

a pure gamma signal
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On orbit PSF validations
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On orbit effective area validation

•

 

We discovered a pure orbit effect that must be taken into account in 
order

 

to have a realistic

 

effective area : off-time cosmic

 

rays passing 
through

 

the LAT decrease

 

the effective area (~30% at

 

200 MeV, 10% 
at

 

1 GeV, ~0 at

 

10 GeV)

•

 

Using

 

random

 

triggered

 

events, we

 

can

 

simulate

 

this

 

effect

 

and get

 

a 
good agreement between

 

selection

 

efficiency

 

in data and simulation.
•

 

Systematics

 

: 10% at

 

100 MeV, 5% at

 

600 MeV, 20% at

 

10 GeV
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Galactic diffuse at intermediate latitudes

•
 

LAT data averaged
 

over longitudes and latitudes range 
10˚<|b|<20˚

 
(no point source and background subtraction)

Only systematic uncertainty in the effective area.
Additional systematic uncertainty on the energy : 5% at 100 MeV

and 10% above 1 GeV, with energy likely overestimated.
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Galactic diffuse at intermediate latitudes

•

 

Model is

 

assumed

 

(based

 

on 
pre-Fermi data)
–

 

π˚

 

decay
–

 

Bremsstrahlung
–

 

Inverse Compton
•

 

Source and isotropic

 

(including

 
residual

 

background) component 
come from

 

fitting

 

the data with

 
model fixed

•

 

Spectral shape

 

is

 

consistent 
with

 

data but overall

 

emission

 
lower

 

for whole

 

energy

 

range
•

 

Systematic

 

uncertainty

 

comes

 
from

 

the systematic

 
uncertainty

 

in the effective 
area propagated

 

through

 

the 
source and isotropic

 

component
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High energy cosmic ray electron spectrum
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High energy cosmic ray electron spectrum
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Data/MC agreement and contamination

MC

data
and MC

•
 

Good agreement 
data/MC

•
 

Estimate
 

of the 
proton 
contamination
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Systematic uncertainty
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Systematic uncertainty
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Energy reconstruction

•
 

Energy
 

estimation at
 

high
 energy

 
relies on profile fitting

•
 

Energy
 

resolution
 

tested
 

up to 
300 GeV

 
at

 
CERN
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Detecting an ATIC-like bump
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Conclusions

•
 

Still
 

improving
 

the understanding
 

of the instrument 
(new reconstruction, new selection) : larger

 effective area (especially
 

at
 

low
 

energy) and smaller
 systematic

 
uncertainties, less

 
residual

 
background

•
 

For electrons+positrons : spectrum
 

below
 

20 GeV, 
improving

 
the reconstruction above

 
1 TeV

•
 

Diffuse emission
 

: new results
 

this
 

summer/fall
 (when

 
the data becomes

 
public), with

 
more point 

sources to be
 

subtracted


	The Fermi Gamma-ray Space Telescope :�reconstruction, systematics,�and some results about galatic diffuse and electrons
	Fermi satellite
	Fermi in space
	Large Area Telescope
	Event reconstruction
	Detailed instrument simulation with Geant4
	Ensuring the most realistic simulation
	Ensuring the most realistic simulation
	Instrument performances
	On orbit rates
	On orbit performance validation
	On orbit PSF validations
	On orbit effective area validation
	Galactic diffuse at intermediate latitudes
	Galactic diffuse at intermediate latitudes
	High energy cosmic ray electron spectrum
	High energy cosmic ray electron spectrum
	Data/MC agreement and contamination
	Systematic uncertainty
	Systematic uncertainty
	Energy reconstruction
	Detecting an ATIC-like bump
	Conclusions

