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The Fermi Spacecraft

Launched June 11th, 2008

Triggering began Aug 7, 2008

Fermi Gamma-ray Burst Monitor (GBM)

» Scintillation detectors

» 12 Nal: 8 keV - 1 MeV

» 2 BGO: 200 keV - 40 MeV

Fermi Large Area Telescope (LAT) I 107 100 100 100 10 16 10 10°
Photon Energy (MeV)

= Pair conversion telescope

» Energy coverage: 0.1 to >300 GeV
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3 Month Sky Map - Top 10

NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky
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Credit: NASA/DOE/Fermi LAT Collaboration
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Fermi GRB Detections

291 GBM GRBs

10 LAT GRBs

In Field—of—view of LAT {154)

Out of Field—of—view of LAT (137)

291 GBM detections » 11 LAT detections

= Rate ~ 0.7 bursts/day = Rate ~ O bursts/year
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LAT Field of View (FOV)

» Detector Fields of View

(>20 MeV)
IN

» GBM: Full unocculted sky
x | AT: ~2.4 Sr

cted LAT counts
N

Expe

» | AT does not see all bursts
x Bursts in the LAT FOV
® < 065° from the LAT Boresight

Expected counts vs. boresight angle

» Sensitivity decreased rapidly above this
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Burst Demographics

= GBM Detections
= 291 events
x GBM Events in LAT FOV:
x 154 events (52%)
= | AT Detections
= 10 events was ~3.4% © @ @ 00 20 140

LAT Zenith Angle

®x 10 events now ~ 6.4% Angle of GRB to the LAT boresight at GBM trigger

Daniel Kocevski - Venice, September 14th 2009




Alerts and Data Flow

100s 10%s 10%s

3k S | |

Alerts to Repoint Spacecraft Slew to Regular Scheduled

Trigger -
99 GBM -> LAT GCN Requests keep GRB in FOV Data Downlinks

Onboard processing: location, intensity, hardness ratio, classification...

LAT ground processing (5-12 hours): Updated location, high energy
spectrum, flux, afterglow search results

Final ground processing (24-48 hours): Joint LAT-GBM model fits, fluence,
raw GBM data online
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Automated Repoint Request

GRBDOS0O902B
Fermni LAT

= Red cross = GRB 09092B = Blue lines = Earth avoidance angle

= Dark region = Occulted Earth = White points = LAT transient events

x  White Line = LAT field of view
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Automated Repoint Request

GRBD9Q90ZB
Fermi LAT

= Red cross = GRB 09092B = Blue lines = Earth avoidance angle

= Dark region = Occulted Earth = White points = LAT transient events

x  White Line = LAT field of view
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Summary of LAT Bursts
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GRB 080825C

First LAT GRB detection!

GBM Nal, + Nal,,
(8 keV-260 keV)

Fluence = 2.4x10° erg cm™

LAT Zenith Angle = 60°

i
; GBM BGO, + GBM BGO,
| (260 keV-5 Mev)

Counts/sec

= Near edge of FOV
12 LAT Counts > 100 MeV

Energy [MeV]

No known redshift

Evidence of long lived HE

Delayed onset of LAT emission

Kocevski - ACKS, June 18th 2009




GRB 080916C

Fluence ~ 2.4 x 10 erg cm

thot P 42

Eiso ~ 8.8 x 10 ergs

145 LAT Counts > 100 MeV

Emax = 13.22 GeV

Delayed onset

= Spectrum hardens, then softens

= Opacity? Proton acceleration?

Kocevski - ACKS, June 18th 2009
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(> 100 MeV)

Abdo et al. 2009




GRB 080916C

Count Spectrum vF, Spectrum
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Abdo et al. 2009

= No additional spectral components needed

x  NoO evidence for curvature due to YY or EBL attenuation
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LAl Long Lived HE Emission

» GRB 080916C ® >300 MeV

O 50-300 keV

S ©
LA w

x  Break in 50-300 keV emission

Flux (ph cm=2 s-1
o
=)

x No break in > 300 MeV emission

x» GRB 090232/090328

—E_ +
—+3+ -+ [
o] 102

»  Several kiloseconds in duration 3

= Similar long lived HE emission

Photon Index

T-T, [s]

HE emission from GRB 080916C
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Long Lived HE EmiIssion

FEBRUARY 17, 1994 BURST
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Hurley et al. 1994
= EGRET detected very long lived emission
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Minimum Lorentz Factor

No spectral rollover
® Emax = 13.22 GeV
x NO yy - attenuation
x At ~ 2 sec ( ~ R/c)
® Zphot ~ 4.2

n Tw(Emax,Z, At, F, B)<1

Abdo et al. 2009
n Fmin = 870
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Quantum Gravity Limits

GBM Nal, + Nal, £1500

= | orentz invariance violations R

5
3 500
o
5 10 B
Time since trigger (s)

= Frequency dependent C

GBM BGO,
(260 kev-5 Mev) ' 1 !
|

= Delayed arrival time of ys

(T+n) (EP-E) (7 (1+ z/)"
2Ho (Mg n€®)" Jo 1+ 2)3+Qp

Ellis et al. 2003 c (> 100 MeV)

x Fh=13.22GeVand 0< At < 16.54 s

At = dz’ .

x Mae> 1.3 x 108 GeV/c?
» Mplanck: 1 22 X 1019 Ge\//C2

Abdo et al. 2009

Assumes the LAT emission wasn’t emitted before to!
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GRB 090510

Short GRB ( T90 ~ 2 sec)

GBM Nals 1
1

Counts/bin

Zphot ~ 0.903
Emax = 31 GeV

Counts/bin

Fmin = 1200

c Q
e &
3 ;
g c

3
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MQG/ Mplanok > 568

Counts/bin

Delayed LAT emission

= > 100 MeV begins TO + 0.63 s

Energy [GeV]  Counts/sec

Counts/bin

0.5 1 1.5

Extended I_AT em|SS|On h Time since GBM trigger (263607781.97) (sec)
Abdo et al. Nature 2009

x (0.1 GeV detected to TO+200s
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Extra Component in 090510

Spectral Evolution

Band + Power Law

vF, (erg/lcm?/s)

Time-integrated photon spectrum (0.5's.- 1.0s)

= > 5 o fit Improvement
= Delayed onset

Eok ~ 3.9 = 0.3 MeV

= Highest Recordead

PL Photon Index = -1.62

10"
Energy (keV)

No evidence of power law Abdo et al. Nature 2009
at low energies!

Raises all kinds of questions!
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GRB 0909028

Extremely bright long GRB

Delayed LAT emission
x > 100 MeV begins TO + 10 s
Extended LAT emission

x (0.1 GeV detected to TO+200s

photon flux {em™s™)

®x Flux ~t7°

Extra spectral component
= Band + Power Law

= Photon Index = -1.9

Abdo et al. 2009
Kocevski - ACKS, June 18th 2009




Extra Components in 0909028

Abdo et al. 2009 Abdo et al. 2009

Nal 0
Nal 1
Nal 2
Nal 9
Nal 10
BGO 0
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LAT front
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Extra component at low and high energy!

Low energy component consistent with extrapolation of HE power law

Power law component = 24% of the total fluence
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Summary of LAT Bursts
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GRB 081215A

x GBM light curve:

x \ery hard, narrow pulse on top of
broad emission episode

x [90 ~ 7.7 secC
» | AT Light curve
x  Narrow, similar T90

x No delay in high energy emission!

2 25
Time since GRE trigger
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GRB 090217

x  No delay in HE emission
= > 100 MeV events detected from trigger

»  Band model with no spectral evolution
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x  No extended emission

ENERGY [MeV]

Delayed HE and extended
emission trends to not extend to
all LAT detected events!

10° 10°
Energy (keV)
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LAT Upper Limits

What are the upper limits to the
0.1-300 GeV flux for GBM only
bursts?

Can we rule out high energy
emission for these events?

How do these upper limits compare
to the expected flux?

Could point to interesting physics LAT Count Map of hypothetical GRB Position
» |ntrinsic spectral breaks?

» EBL or y-y absorption?

Daniel Kocevski - Venice, September 14th 2009




LAT Upper Limits (Year 1)

GBM events in LAT FOV:
= 121 events (47 %)

—_
(&)

Events with flux upper limits

—_
o

= 104 events (40%)

Number of events

x Assume beta = -2.2

Median flux limit (0.1 to 300 GeV)

-4.5 -4.0
Log LAT Flux Limit (photons cm-2 s-1)

x ~ 2.6x10° photons cm=s™

®x Over T90 duration

Implications for extra components”?
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Extra Components

x SSC & pion decay components
x  No obvious evidence
» Unless significantly delayed

Synchrotron

x |mplications of flux limits
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x vy >> 100, Epkssc >> 10 GeV 100 KeV 100 GeV
» EBL attenuation?

x No evidence for EBL in any LAT event
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GBM Extrapolation

» Bright BGO Sample F e

x GBM events with > 70 BGO cts

p

» But no LAT detections
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®x /9 events

= 33 in LAT FOV

x Performed spec fits with rmfit

x 15 events in “Gold” sample

« Median beta ~ -2.3 B

GRB 090620.400
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GRB 080925.775

LAT Flux Limit = 4.4x10° |
Expected LAT Flux = 7.9x10°

|| PRELIMINARY RESULTS |
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— Epk=141.0 +/- 6.24
Alpha = -0.95 +/- 0.03
Beta = -2.27 +/- 0.09
. | | .
10% 10*
[Energy (keV)]

= Spectral cutoff required to explain LAT non-detection!
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Current Problems

= Power law index to GeV energies with no evidence of SSC
x Y<1, e8> ¢&
x Y>> 100, Epkssc >> 10 GeV
= Delayed onset of high energy emission
» |nternal shocks with varying physical conditions?
» Somewhat ad hoc

» 7y - attenuation due to compactness?

= No evidence for spectral cutoff in bursts seen with LAT
= Proton synchrotron or photo-meson cascade?

= Requires a very high energy budget
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Current Problems (continued)

= | ong lived high energy emission
» Angle dependent scattering effects?
= Synchrotron self-Compton from the forward shock?
= Photo-meson cascade?
» Extra spectral component at high energies
»  Synchrotron self-Compton emission
» Hard to produce delay unless microphysical parameters vary rapidly
= Hadronic component (proton synchrotron or photo-meson processes)?

= Proton synchrotron requires much higher energy budget!

Daniel Kocevski - Venice, September 14th 2009




Current Problems (continued)

= Extra spectral component at high & low energies
»  Cannot be synchrotron self-Compton emission
= Proton synchrotron or photo-meson with secondary pairs at low energies
= [axing the overall energy budget of the system!
= Photospheric model (thermal & non-thermal emission)
= [its show no improvement over Band + Power Law
= Evidence for spectral cutoffs in some GBM only bursts
» |[ower end of the Lorentz distribution?

= |5 the Lorentz distribution continuous, bimodal?
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Conclusions

291 GBM detections, 11 LAT detections

Power law index to GeV energies with no evidence of SSC in at least one burst
Very high Lorentz factors in all LAT detected bursts

Strong limits on the effects of quantum gravity in several burst

Delayed onset of high energy emission in some bursts while not in others

Long lived high energy emission in most LAT burst

Extra spectral component at high & low energies in 1 burst

Evidence for spectral cutoff on some GBM only events

Lots of interesting problems in need of clever ideas!
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