] =

¢=ifn
e
ﬁ .
=
I
- awgy
@)
: D
; & .
o
7))
A
Q
g
D

Fermi-LAT recent results
on Gamma-Ray Bursts

Frédéric Piron

LUPM (CNRS/IN2P3, Montpellier)

On behalf of the Fermi
LAT and GBM collaborations



/I
s, eyl Content

CI-EII-_ ma-ray

’; Spacp Tele-'.mps-

* The individual and most interesting GRBs detected by the LAT in the past ~year will be
presented in dedicated talks this week

* Areview presentation on GRB theory later this morning

This review of LAT observational results is focused on recent
population studies and GRB common properties:

* What we have seen with the LAT: the first LAT GRB catalog

* What we missed with the LAT: non detections of bright GBM GRBs

F. Piron — GRB 2012 conference (05/07/2012) 2
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* First systematic study of GRB properties at high energies (above ~20 MeV)

* Covers a 3 year period starting from August 2008, including:
— Tabulated GRB parameters

» Start/ end times, duration, average and peak fluxes, time of the peak flux, temporal
decay slope, spectral evolution, fluence, energetics

* Spectral components (from GBM+LAT joint spectral fits), evolution with time

— Discussions on the unique properties of individual GRBs (presence of extra spectral
components and of high-energy spectral cutoffs)

— Details on the analysis: methodology, tools, methods and caveats

* Analysis now frozen, paper under internal review, to be submitted soon

* Selected results are highlighted in the following slides along with needed ingredients
for this analysis work

F. Piron — GRB 2012 conference (05/07/2012) 3
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Angle between

GRB 090323 and
the LAT's boresight

Angle GRB-SCZ (deg)

Background estimation
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A common method for estimating the
background is:

— Dby fitting the background before and after
the GRB trigger time and interpolating

— or by fitting the background before the
GRB trigger time and extrapolating

Wrong estimate if an autonomous repoint
request (ARR) is initiated
— An ARR causes rapid variations of source
off-axis angle and exposure

— Light curves thus can not be fitted in
detected count space!

A background-estimation tool that uses a
model of the LAT backgrounds

— described in our GRB 080825C paper

— works for any observational conditions,
~10-15% accuracy

— extensively used in the catalog's analyses:
duration estimates, maximum likelihoods,

event probabilities
4



@ ermi LAT Low-Energy (LLE) event class
o SooTaciors
* Most GRBs are detected by 30;_ GRB 090227B LLE light curve §
means of the standard event 25— STQ;nsient,, verts 100 MoV |
. “ . ” — >

selection (PG—V?’ TranS'ent ) N ~80 photons in LLE selection |
and analysis technique s F a
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0

angle (i.e. 6>70°) to be T R '0""1'T~T|2~~3....4. ]
significantly detected "To(s)

GRB 080916C LLE light curve

* Weintroduced the LLE event N ~2300 photons in LLE selection 1

class (relaxed selection criteria)

— Significantly higher effective area
at tens-of-MeV energies and at
larger off-axis angles

— Despite a higher background, it
provides the needed statistics to
study GRB temporal properties
at low energies in the LAT 0
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- Fermi GRB detection statistics
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GBM 2-year catalog
LAT 3-year catalog
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* The GBM detects ~250 GRBs / year, ~half in the LAT FoV

* The LAT detected 35 GRBs in 3 years (30 long, 5 short), including 7 “LLE-only” GRBs
— ~Half with more accurate follow-up localisations by Swift and ground-based observatories (GROND,
Gemini-S, Gemini-N, VLT)
— 9 redshift measurements, from z=0.74 (GRB 090328) to z=4.35 (GRB 080916C)

F. Piron — GRB 2012 conference (05/07/2012) 6
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* GBMTO5 vs. LLE TOS: onset of LLE
emission is compatible with GBM

1: T T I I I I l T T T | I T T T T T T T T T :l'
25 LGRB: filled circles =
~  SGRB: open circles ]
20F -
15 -
vt .
W 10 $ i =
- - ® ]
\:’ B d)90902B 7]
|_° 5 ﬁ @°8091§00926 =
B ® e i
oF W% 9051‘0 . ]
5 =
_101:—I | | | | | | | | | | | | | | | | | | | | | | I—:l-

0 2 4 6 8 10

T,; (50 keV-300 keV) [s]

F. Piron — GRB 2012 conference (05/07/2012)

10?

-
o

Ty5 (100 MeV-10 GeV) [s]

-
=

GBM TOS vs. LAT T05: LAT >100 MeV

Delayed onset of >100 MeV emission

emission is systematically delayed
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* GBM T90 vs. LAT T90: LAT >100 MeV

_ emission lasts systematically longer
e GBMT90 vs. LLE T90: duration of LLE : e
— Different component or better sensitivity of

emission is compatible with GBM the LAT detector than the GBM detector
(background dominated)?

1033— T T IIIIIII T T TTTTT T T TTTTIT T T E T T IIIIIII T IIIII[| T T IIIIIII T T T
- LGRB: filled circles . 103}~ LGRB:filled circles fososazs ]
- SGRB: open circles ° } - SGRB: open circles 2é .
10° = 0909028 odbec IE — B ® ]
- ?0?926 - 2 i Q 6 oaogéc |
B _ —_ i @ 1 1
r— 10_ T+ , * ] E 090510 -&a # +
n = x 2| Ao _|
E E :090510 ’E 210 = E
- - i ' B ]
=) —antr) 2 l i
s 1 ! ER-! ]
= 18
i 1 S 10E E
10 ER: :
N 1 A L ]
102 E
:I 11 IIIII| 1 1 IIIII| 1 1 IIIII| 1 | I_ 1£____I___L_J_1_I_|_LI| 1 1 IIIII| 1 1 IIIII| 1 1
10" 1 10 107 10" 1 10 107

Ty, (50 keV-300keV) [S] Dofine the “GBM" and b Teg (50 keV-300 keV) [s]

“LAT” time windows
F. Piron — GRB 2012 conference (05/07/2012) 8




/I

‘ws, ermi GBM fluence of LAT GRBs
o i
E | T T T | T | T T T ;aékhclatlallollglllE
30 :_ —— LAT Catalog _:
B : Fluence in GBM energy range
25— — and “GBM” time window
"2 B ] — LAT GRBs vs. entire sample in
220 - ] GBM spectral catalog (Goldstein
L=+ - - et al. 2012)
6 B ]
015 =
s ]
g = - Not surprisingly, LAT GRBs are
Z10~ _ _ among the brightest GBM GRBs
N i — Selection effects (ARRs) should
B | "—‘ i be investigated though
ST -
0_ [ ||||||| [ |||_|||| I—IJJ_| I_L ‘IAJ_L_DJ_l_l|1||T
10° 107 0° 10° 10% ,. 107
Fluence g, 210 keV-1 IaeV) [erg cm2]

F. Piron — GRB 2012 conference (05/07/2012)



~
s ey GBM vs. LAT fluences

Gamma- ray
5 pace Tela SCOE

* GBM and LAT fluences computed in “GBM” and “LAT” time windows, respectively
— Long GRBs: LAT fluence ~10% of GBM fluence

— Short GRBs: LAT fluence > GBM fluence
* Evidence of a hyper-energetic class: 080916C, 090510, 090902B, 090926A are exceptionally bright

— They do not appear bright because they are systematically closer to us
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9 GRBs with redshift
E (1 keV-10 MeV) in “GBM”

ISO

time window vs. redshift

— LAT GRBs vs. GBM (Goldstein et
al. 2012) and Swift (Butler et al.
2007) samples

LAT GRBs are among the most
energetic bursts

GRB 090510 is also one of the
most energetic short bursts

No particular trend in redshift
(small sample)
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Index of the temporal decay
* >100 MeV flux in time bins of approx. constant significance s 2 i -
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s, ermi Highest-energy detected photons
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LAT GRB rate

* Pre-launch estimates (Band et al. 2009):
— 9.3 GRBs expected / year with >10 photons above 100 MeV

* Compared with number of “predicted” photons from
likelihood fit (in “GBM” and “LAT” time windows)

— 6.3 GRBs observed / year with >10 photons above 100 MeV

All selected Burst
............ Only bursts with Beta<-2
--- LikeIihoodGBM

10 Lesmnzas g e -~-=--_Likelihood ==

Eo7on 2o e e T et bttt L

Number Of GRB/yr
|

1 [ ] [ ]
o 1 ]
(IR 2 P —rt——

10? 10°
Detected

—

10
Number Of Photons
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Suggests that the LAT detects
fewer GRBs than anticipated

— Both analyses have their
own systematic uncertainties

— Extrapolating from BATSE
energy range to the LAT
energy range is uncertain

(large lever arm, errors on
beta)

— Past estimates used simple
detection threshold and
negligible background

Extra components must be rare

|s the high-energy emission
suppressed and do we see
spectral cutoffs?

(like for GRB 090926A)

What about LAT non-detected
GRBs in LAT field of view?

14
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* ~Half of GBM GRBs happen in the LAT FoV, however only ~10% are detected >100MeV
— We investigated why we did not detect the rest 90%

« 1% step: estimated fraction of GRBs that should have been detected
— Sample: 30 GBM GRBs with >70cts/s in the BGO and AB<0.5
— Upper limits on LAT flux (0.1-10 GeV) over GBM duration were compared with predictions
from extrapolation of the GBM spectral fit
— 50% (15) have predicted flux>LAT UL (i.e. should have been detected by the LAT)

1000.00 £

PRELIMINARY

100.00

10.00

1.00F-------

Expected LAT Flux / LAT Upper Limit

0.01 . . . . 1 . . . . 1 . . . .
-3.0 -2.5 -2.0 -1.5
High Energy Spectral Index ()
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« 2" step: GBM+LAT joint spectral fits
— [3 becomes considerably softer

1 G T T T T T T T T T T T T T T | T T T | T T T T T T T

” m Band: GBM
- m Band: GBM+LAT

ar
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Expected LAT Flux (photons cm™?s™)

Explaining the absence of LAT detections (2/3)

Fraction of detectable but not
detected GRBs down to ~23%

107°

107°

B

10

E @ Bright BGO Sample - GBM+LAT Fits l
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« 3" step: repeat joint fits with modified spectral model, adding a spectral softening in the model
between BGO and LAT energy ranges
* Fitimproved for 6 GRBs (20%) — some form of spectral softening at tens of MeV is required
— The 6 GRBs have the smallest AB
— Rest 80% of the GRBs consistent with a softer 3
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< crmi Limits on the bulk Lorentz factor

* Assuming that the spectral cutoffs in these 6 GRBs are due to internal opacity effects, we can set
upper limits on the bulk Lorentz factors of their jets

— We only know the redshift for 091127 so we set I'__ (z) for the rest
— I ~150-650 assuming 100 ms variability and 1<z<5

LAT Detections I',,, 4
Spectral Cutoffs I, &

LAT Non-detections l“n:;xdr
A 090510

1400

1200

r(.ll'lmax
I
8
/\

080916C
A 090902B A

Lower limits —

®
. . E
Upper limits =

090926

Redshift

* Note: target photon field for yy absorption assumed uniform, isotropic and time-independent (but error
bar for GRB 090926A accounts for different models)
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Spectral cutoffs and the LLE event class
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of effective area below 100 MeV

The LLE event selection provides
plenty of statistics to probe GRB spectral
cutoffs in the tens-of-MeV-energy gap
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* Validation of spectral reconstruction with LLE data is ongoing

— Evaluation of systematic uncertainties in LLE effective area and PSF at various event energies,
source off-axis angles and background levels

o= o e 30 Saimciig] e - O g ToallMCINLEE ] [ o W 7o to0alMci B8] Lo o we-toe zmainchiien | s
: l :1200 N —fk Jes00 ) )
] - L. : e rom Vela data
EL 800 L ¥ : —
E v
-J600 - 600 e 'q( ]
1 10 o 10° 1 10 107 . 1 10 10° 1
Ang. sep. {Vela,Evt) Ang. sep. (Vala,Evt) Ang. sep. {Vela,Evt)
B l_fm., b e 2 __!. e ST 10 e o2 5
i E - . R O Ll 2 » 1™  MC/data (Vela 2 years) comparison
ook " 3 BN R Kl ™ b "jﬁ( = of LLE PSF in different bins of energy
ooF— 4 CRI L Sh < ** 31 EialE i 1o (all events with 8<40°, from 30 MeV to 10 GeV)
wi Rl N L el
3 ¥ T ET %i N : ¢ 1., Greenlines: 95% cont. radius of MC PSF
ol t Pl e e bl e ~ ] Blue lines: explored radius
sk Mool dm e o e

i i0° i 'y 1@ 0
Ang. sep. (Vala,Evi) Ang. sep. (Vala Ewt) Ang. sep. (Vala,Evi)

* Public release of LLE data in preparation at FSSC
— All GRBs with >40 in LLE event selection, observed within 90° of LAT z-axis
— Past GRBs with GCN notice + any new GRB (almost immediately) will be released

— Data products: data (£ 1000s around trigger time) and responses, quick look plots
F. Piron — GRB 2012 conference (05/07/2012) 20
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* The Fermi GBM and LAT have jointly detected the keV-MeV-GeV emission from a large sample of GRBs

* A comprehensive analysis of the LAT-detected GRBs in the first 3 years of operations
— 35 LAT GRBs detected by means of the standard likelihood technique (E>100 MeV)
and/or using the new LAT Low-Energy (LLE) event class

— Population studies indicate (or confirm) interesting patterns and emergent groups
* Delayed onset of LAT >100 MeV emission with respect to GBM emission
* Temporally extended LAT >100 MeV emission beyond the burst duration in GBM
* LAT GRBs among the brightest sub-population of GBM GRBs, and the most energetic ones (if z available)
* Evidence of a class of hyper-energetic GRBs (4 bursts)

— A valuable tool for future theoretical research and a useful informational resource for scientists who
wish to analyze LAT GRB data

* Fewer GRBs are detected by the LAT than would be expected by extrapolating BATSE/GBM spectra

— Need for an overall softer spectrum or for high-energy cutoffs in GRB spectra (~20% in bright BGO
sample examined) — upper limits on jet bulk Lorentz factors

— More LAT GRBs will help to understand the cutoffs and to shed light on the LAT GRB rates

— LLE data fill the gap between GBM and LAT and can also help to detect more cutoffs not detectable
with the standard LAT analysis

* Also helpful for variability studies at tens-of-MeV energies
* Public release is imminent

F. Piron — GRB 2012 conference (05/07/2012)
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More Fermi presentations this week including LAT results:

* Sylvain Guiriec
The Fermi Era: Towards a better understanding of the GRB prompt emission

* Elisabetta Bissaldi
Bright High-Energy GRBs detected with Fermi GBM

* Felix Ryde
The Photosphere in Gamma-Ray Bursts: Lessons Learned from Fermi

* Johan Bregeon
Broadband observations of GRB 110731A with Fermi, Swift, GROND and MOA

* Daniel Kocevski
Fermi-LAT Stacking Analysis of Swift-XRT Localized GRBs (P-11-29)

F. Piron — GRB 2012 conference (05/07/2012) 22
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Backup
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’r Space Telescope
* The backgrounds in the LAT for GRB studies

— Charged cosmic rays (dominant in “Transient” event class and “LLE” data)

* geomagnetic coordinates of the spacecraft
* GRB position in instrument coordinates (since the effective area varies with the off-axis angle)
* azimuthal angle of the GRB position in Earth coordinates (East-West effect)
— Galactic, extra-galactic gamma rays, sources
* GRB position in the celestial sphere
— Earth’s albedo
* GRB zenith angle (highest towards the Earth's limb)

* Backgrounds vary with time!

*  “Transient” class events — background estimator

— Use first 2+ years of data to build up the statistics needed to estimate the background in any
position of the orbit, in any position in the sky, for any time interval

— We remove the Earth's limb (cut on zenith angle)
* LLE data
— Broad PSF: can not remove the contamination from Earth's limb
— Background is modeled by a phenomenological function (poly in cos(theta(time)))
— Fit the pre-burst and post burst intervals and interpolate

F. Piron — GRB 2012 conference (05/07/2012)
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* GRB T90s (from LLE data or using “Transient” events above 100 MeV) are calculated
from the time development of the cumulative background-subtracted light curve

* In low statistics light curves, individual fluctuations can introduce uncertainties in the
choice of the plateau and can also “drive” the final TO5 / T95

E 1'4[] I T T | I I T I I I I T I I T I I T T I
T n ]
=2 L GRB 090328 i
- 120 -
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* To characterize these quctuationsE 100 :
we perform duration estimations E R W 3 -
on simulated light curves ————= 5=
= -
— Statistically compatible with the E -
actual detected light curve 2 gl i
— The final result comes from the E - —
median and +10 quantiles of the b 40— =]
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