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�� 2008,  2008,  JuneJune 1111

Cape CanaveralCape Canaveral

�� LAT: 20 MeVLAT: 20 MeV--300 GeV300 GeV

LAT vs EGRETLAT vs EGRET
� Effective area: 6 times better

� Sensitivity: 50 times higher
� Angular resolution: 3 times  better

� Much better energetic resolution
� Observed sources: 2233 vs 271

� Observed pulsars: >80 vs 7

FERMI SPACECRAFTFERMI SPACECRAFT



FERMI PULSARSFERMI PULSARS

�� GammaGamma--raysrays efficiencyefficiency: 10 %: 10 %

�� Radio efficiency: 10Radio efficiency: 10--77--1010--66

�� 2 populations of non2 populations of non--recycled rotationrecycled rotation--powered powered 
pulsars: radiopulsars: radio--loud and loud and radioradio--quietquiet

�� Spectral shape: power law + exp. Spectral shape: power law + exp. CutoffCutoff

�� CutoffCutoff energyenergy: 1: 1--5 5 GeVGeV

�� GammaGamma--rays emission rays emission fromfrom the the outerouter magnetospheremagnetosphere



MODEL:

- Physics

- Geometry

EMISSION 

PATTERNS

OBSERVABLES:

# of peaks

Light curve shape

Phase lag

#RL vs #RQ

spectral shape

phase-resolved spectroscopy

…

OBSERVATIONS

OBSERVATIONAL CONSTRAINTSOBSERVATIONAL CONSTRAINTS



DATA SETDATA SET

2008, 2008, AugAug 4 4 –– 2010, Aug 152010, Aug 15

100 MeV 100 MeV –– 300 GeV300 GeV



PERFORMED ANALYSISPERFORMED ANALYSIS

�� StudyStudy of the light curve in of the light curve in differentdifferent energyenergy
rangesranges

�� PhasePhase--averagedaveraged spectralspectral analysisanalysis

�� PhasePhase--resolvedresolved spectralspectral analysisanalysis

�� Search Search forfor a pulsar a pulsar windwind nebulanebula (PWN)(PWN)



LIGHT CURVELIGHT CURVE
Energy dependent PSF      θ≤max{1.3, 1.6 – 3 log (Energy(GeV))} 

off-peak

peak 2

bridge

peak 1

Bin: 0.01

∆φ=0.495±0.002

LAT: 141104 counts

EGRET: 53000 counts



PEAKS ASIMMETRYPEAKS ASIMMETRY

�� Best Best fitfit functionsfunctions: : 
asymmetric Lorentzian

PEAK 1PEAK 1

XX00=0=0.1378.1378±±0.00080.0008

HWHMHWHMll=0.036=0.036±±0.0010.001

HWHMHWHMrr=0.027=0.027±±0.0010.001

PEAK 2PEAK 2

XX00=0=0.6329.6329±±0.00090.0009

HWHMHWHMll=0.029=0.029±±0.0020.002

HWHMHWHMrr=0.042=0.042±±0.0020.002



LC EVOLUTION WITH ENERGYLC EVOLUTION WITH ENERGY

peak 1 peak 2
bridgeoff-peak



LC EVOLUTION WITH ENERGYLC EVOLUTION WITH ENERGY

peak 2

peak 1

bridge

off-peak

1 20

■ 100 MeV – 300 MeV 
■ 300 MeV – 1 GeV   
■ 1 GeV – 3 GeV        
■ 3 GeV – 300 GeV 

each light curve 
renormalized to
100000 counts

and background 
subtracted

P1/P2 increases
with energy



SPECTRAL ANALYSISSPECTRAL ANALYSIS

�� 1010°° regionregion of interest (ROI)of interest (ROI)

�� 2020°° source source regionregion

�� NonNon--pulsar sources: power lawpulsar sources: power law

�� Pulsar sources: power law + exp cutoffPulsar sources: power law + exp cutoff

�� Spectral parameters fixed except normalizations           Spectral parameters fixed except normalizations           
(1FGL, 1(1FGL, 1stst psr psr cataloguecatalogue))

�� MaximumMaximum likelihoodlikelihood methodmethod

�� Different models tested for Geminga:Different models tested for Geminga:
-- Power lawPower law

-- Power law + exponential cutoffPower law + exponential cutoff

-- Power law + super exponential Power law + super exponential cutoffcutoff



PHASEPHASE--AVERAGED AVERAGED 
SPECTROSCOPYSPECTROSCOPY



CONSTRAINTS ON EMISSION MODELCONSTRAINTS ON EMISSION MODEL

�� AbsenceAbsence of radio of radio emissionemission

�� GeometricalGeometrical constraintsconstraints

from the Xfrom the X--rays       rays       

�� r r ≥≥ ((εεmax max BB12 12 /1.76/1.76 GeVGeV))2/7 2/7 PP--1/7 1/7 RR**

εεmaxmax~18 ~18 GeV             GeV             rrmin min ≥≥ 2.7 R2.7 R**

LLγγ = 4= 4ππ ffΩΩ FFobs obs DD22

D D ~~250 250 pc, pc, FFobsobs~ ~ 4.14.1··1010--9 9 erg serg s--11cmcm--22

ffΩΩ~0.1~0.1--0.150.15 (OG model)(OG model)

LLγγ = 4.6 = 4.6 ··101033 33 erg serg s--11

EMISSION FROM EMISSION FROM 
THE OUTER THE OUTER 

MAGNETOSPHEREMAGNETOSPHERE



�� 35 35 binsbins, 4031 , 4031 countscounts eacheach

�� Power law + exp cutoffPower law + exp cutoff

�� Emission from the pulsar in each binEmission from the pulsar in each bin

�� Big variations of the Big variations of the spectralspectral parametersparameters
through the through the periodperiod

PHASEPHASE--RESOLVED RESOLVED 
SPECTROSCOPYSPECTROSCOPY



SPECTRAL INDEXSPECTRAL INDEX
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CUTOFF ENERGYCUTOFF ENERGY
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PWN SEARCHPWN SEARCH

�� PSR: PSR: plpl + + expexp cutoffcutoff

�� PWN: power lawPWN: power law

1.1. Analysis of the offAnalysis of the off--peak peak emissionemission
-- 100 100 MeVMeV < E < 300 < E < 300 GeVGeV
-- 0.36 < 0.36 < φφ < 0.47< 0.47

2.2. Analysis of the emission over the Analysis of the emission over the cutoffcutoff
-- 2.5 2.5 GeVGeV < E < 300 < E < 300 GeVGeV
-- 0 < 0 < φφ < 1< 1



1) OFF1) OFF--PEAK EMISSIONPEAK EMISSION

TSTScutoffcutoff = 151= 151

PwnPwn rejectedrejected at 12.3 at 12.3 σσ



1) OFF1) OFF--PEAK EMISSIONPEAK EMISSION



2) EMISSION OVER THE CUTOFF2) EMISSION OVER THE CUTOFF

TSTScutoffcutoff = 164= 164

PwnPwn rejectedrejected at 12.8 at 12.8 σσ


