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Abstract

The new and extreme population of GRBs detected by Fermi-LAT shows several
new features in high energy gamma-rays that are providing interesting and
unexpected clues into GRB prompt and afterglow emission mechanisms. Over
the last 6 years, it has been Swift that has provided the robust data set of UV/
optical and X-ray afterglow observations that opened many windows into
ccomponents of GRB emission structure. The relationship between the LAT GRBs
and the well studied, fainter, less energetic GRBs detected by Swift-BAT is only
beginning to be explored by multi-wavelength studies. We explore the large
sample of GRBs detected by BAT only, BAT and Fermi-GBM, and GBM and LAT,
focusing on these samples separately in order to search for statistically significant
differences between the populations, using only those GRBs with measured
redshifts in order to physically characterize these objects. We disentangle which
differences are instrumental selection effects versus intrinsic properties, in order
to better understand the nature of the special characteristics of the LAT bursts.

Motivation

Using the large X-ray and optical afterglow data sets from the Swift GRB
observations (XRT - Racusin et al. 2009, UVOT - Oates et al. 2009) from
2004-2009, we survey the populations of the BAT, GBM, and LAT detected GRBS
with measured redshifts. Using both prompt emission and afterglow observations
of these samples, we study the differences between their intrinsic properties and
instrumental selection effects.

GRB Samples

The BAT sample are those GRBSs originally discovered by Swift-BAT and not
detected by Fermi-GBM or LAT. Many of these bursts occurred prior to the Fermi
launch (June 2008).

The GBM sample are those GRBs detected by both GBM and BAT. Follow-up
observations are not possible for GBM-only bursts due to the large position errors
from GBM (~few deg). Therefore, all GBM bursts in this study were also
observed by BAT.

The LAT sample are those GRBs detected by LAT and GBM, and in the case of
GRB 090510, all three instruments. Ten of the 20 detected LAT GRBs have had
sufficient statistics to provide ~arcmin error circles for Swift follow-up at times >
12 hours. Of those 10, 8 were detected by XRT, and 7 by UVOT, including the
'one simultaneous trigger (GRB 090510). All 8 led to redshift determinations by
ground-based telescopes. Observations of LAT emission were not simultaneous
with the lower energy afterglow observations (except for GRB 090510).

The number of GRBs in each sample after making cuts on data usability are
listed in Table 1.
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Luminosity

Using the X-ray (0.3-10 keV) and u-band normalized light curves, and redshift
information, we create rest frame light curves for the BAT, GBM, and LAT
samples (Figure 1 & 2). We compare these luminosities at times of 11 hours and
1 day, and find that in both the X-ray and optical, the LAT and GBM bursts are
more clustered than the BAT bursts but well within the normal BAT sample
distributions, and are slightly above the median luminosity.

Figur 1: Xray (0310 ko) ot fame sty g curves moasurod| by SwitXRT for
the BAT, GBM, and LAT sampies. The top panels show the long (if}) and short (ight) burst
ght cuves. T lower s show Ntoprams o the tumincsiionat 11 hours and 1 48y (est
rame) for the long (lower lef) and short (ower ight) bursts
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Figure 2: u-band normaized lightcurves (using method of Oates et & 2009) rest frame
luminosity light curves measured by Swift-UVOT for the BAT, GBM, and LAT samples. The
top panels show the long (lft) and short (right) burst ight curves. The lower plots show
histograms of the luminosites at 11 hours and 1 day (rest frame) for the long (lower left) and
short (lower righ) bursts.

Redshift

All 174 GRBs in this study have had either measured spectroscopic or accurate
photometric redshifts (Figure 3). The Swift GRBs have a different redshift
distribution than pre-Swift samples (Jakabssnn et al. 2006), therefore it should
follow that other GRB i with different g

instruments, could have different redshift distributions. Yet we find thal there are
no statistical differences between our samples (when splitting long and short
bursts). The GBM sample is a subset of the BAT sample, and there are only 8
LAT GRBs, therefore, this may not be entirely unexpected.

Figure 3: Cumulacive redshifcdistribution for the BAT,
‘GBM,and LAT long GRB samples, as wellas the short BAT
‘GRB sample. A K-S test shows that there are no signficant
diffrences becween the long burst distributions, and there:
are insuffcien statstics to compare the short GBM an
LAT distributions.
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Energetics
We use the prompt emission spectral information and the redshift
measurements to calculate the isotropic equivalent gamma-ray energy output
(Eyi0). We use the method described in Racusin et al. (2009) to estimate E, o
for bursts with only BAT observations of their prompt emission.
The LAT long duration GRBs have systematically high E; o values than the BAT
or GBM samples (Figure 4). The LAT bursts are among the most energetic GRBS
ever observed. The high values of Epeak in the LAT bursts, which in turn leads to a

more likely detection in the LAT band, and high E. values qualitatively follow the
expectations of the empirical Epeai-E;so relation (Amati et al. 2002).
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We search for jet breaks in the X-ray light curves using the methods of Racusin
et al. 2009 for each of the bursts in our samples. We do not find any indications
of jet breaks in the X-ray or optical afterglows of the LAT bursts using only the
Swift data. Therefore, we can only put lower limits on the jet breaks times and
therefore also the jet opening angles (#;) and collimation corrected energies (Ey).
In Figure 5, we show these distributions, and that the LAT bursts have extreme
energetics in some cases in excess of 102 ergs.

Radiative Efficiency

To learn about the physical differences between the samples, we used the
observed quantities to calculate parameters such as the kinetic energy and
radiative efficiency. The kinetic energy can be inferred from the X-ray afterglow
during the normal forward shock phase using the method described by Zhang et
al. 2007. In Figure 6, we show the kinetic energy (Ex) versus the isotropic
equivalent gamma-ray energy (Es) and derive the radiative efficiency (the
efficiency at turing the kinetic energy of the shock wave into gamma-ray photons).

The BAT and GBM burst samples behave similarly to the small sample of Swift
detected GRBS and XRFs analyzed in Zhang et al. 2007. However, the LAT bursts
have on average higher radiative efficiencies, which fits into the picture that they
have extreme energetics, but normal afterglows. The (in some cases) > 90%
efficiency seems unrealistic, and may be an indication of a more complicated
physical process than the simple synchrotron fireball model, or extreme conditions
like Poynting flux dominated jets.

Figure 6: Kinolc Eneray (E) versus the isotropic
ecivalont gamma.ray eneroy (E,u) for he BAT,
(GBM, and LAT bursts for which we have enough
information to calulate these parameters. The
diagonal lines indicate different values of the
raciative officioncy (n). On average, the LAT
burst sample have lrger radiaiv effcencies.

Bulk Lorentz Factors

Another fundamental difference between the LAT GRB sample and typical Swift
era bursts are the high bulk Lorentz factors (). However, there are several
different and often contradictory methods for determining . In Figure 7, we plot
4 different methods and their detections, upper, or lower limits for individual
bursts in each sample. The methods are the yy pair production attenuation limits.
(Lithwick & Sari 2001, Abdo et al. 2009), the forward shock peak estimation from
the optical light curves (Sari & Piran 1999, Molinari et al. 2007),the limit on
forward shock contribution to the sub-MeV prompt emission (Zou & Piran 2010),
and the 2-zone yy pair production attenuation method assuming the sub-MeV
and GeV photon come from physical regions (Zou et al. 2010).

Although the different methods cannot be applied to every bursts, if we believe
that all methods are valid, the general trend is that the LAT bursts have I" of order
a factor of ~2 larger than the BAT or GBM bursts.

Figure 7: Limits on the bulk L ) for
indicualburst inthe BAT, GBM, and LAY
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Conclusions

We survey the observational properties and derive theoretical implications of
the BAT, GBM, and LAT ions in order to distinguish physical dif

between them, and to put the extreme LAT bursts in the context of the well
studied Swift sample collected over the last 6 years.

In addition to the new high energy components observed in the LAT GRBS, they
have some of the most energetic prompt emissions ever observed, yet they have.
very typical afterglow properties. Using a combination of the observed prompt
emission properties and the jet opening angle limits from the afterglows, we put
lower limits on the total gamma-ray energy of the LAT bursts and their energetics
lower limits remain at the extreme of the distribution. The LAT GRB sample also
appears to have higher radiative efficiencies and bulk Lorentz factors that their
less energetic counterparts in the BAT and GBM samples.

The exciting population of LAT detected GRBS have several different underlying
properties that other GRB populations, which appear to not entirely be
instrumental selection effects. How the production of high energy (GeV) gamma-
rays in a GRB are somehow related to the high radiative efficiency and bulk
Lorentz factors remains unclear. More broadband observations of these objects
will help to shed light onto this subject.
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ABSTRACT

The mow and extreme popuhuion of GREs detected by Feorma-LAT shows soveral new Seatures in
high energy gamma-rays that are providing imteresting and wnexpected clucs into GRB prompt and
afterglow emission mochanisms. Ower the lnst 6 yoars, it has boen Swift that has provided the robust

datn st of UV/optical and X-ray nfterglow obscowtions that o

many windows into components
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of the LAT bursts.
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INTRODUCTION

The fleld of gnmma-ray bumsts (GRBs) is undergo-
ing dramatic changes for & second time within the past
decade, ns & new chserwtional window has opemed up
with the lnanch and succcss of NASA's Fermi gamma-ray
space tcmcopc While both NASA's Suwiff gamma-ray
barst explorer mission (Gehrels ot al. 2004) and Ferms
are opernting simultancoasly, wo have the ahility to po-
teatinlly dotoct hundrods of gnmma-ry barsts per year
(~ 1/3 of which are triggered by Swsft). This allows
prompt chserwtions in the 15— 150 keV hard X-ray band
with the Burst Alert Telescope (BAT, Bartholmy ot al.
(2005)) and rapid follow-up iz the 0.3 — 10 keV soft X-
ray band with the X-Ray Telescope (XRT, Burrows ot al.
(2105)) nnd the UV fopticnl band by the Ultravicket Op-
tical Telescope (UVOT, Roming ot al. (2006)) on-board
Susft. There is ~ 40% owverlap between BAT triggers and
triggees from Fermi’s Gamma-ray Burst Montor (GBM,
Moogan ct al. 2009) ALovrng for coverage froe 10 keV to
30 MeV, and a specinl sabsct dotocted up to 108 of GeV
with Formi's Area Te LAT, Atwood et al.
2009). This ‘Ejzgfmhmodb:opcpocu(d window is broad-
cood farther by ground based optical, NIR, and radio
follow-up checrvations.

In the lnst 2 yoars, the addition of the 30 McV to 100
GoV window from Fm&LAT hns lead to another the-
orctical crisis, as we attempt to undenstand the origin
and relationship betwoon these new observational compo-
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nants and the ones traditionally observed from GRBs in
the keV-McV band. Just as Swift challenged our theorot-
ienl models by demonstratmg that GRBs have complex
behavior in the first fow hours after the trigger (Nousck
et nl 2006), FermiLAT is regularly obsorving o mow
sct of high cnergy OO OIS m n small very encrgetic
submot of bunsts (Ahdo ot al 2009b.c, 2010; Ackermaznn
ot nl. 2010; Abdo ot al. 20092). The relationship botween
the = 100 McV cmission and the woll studied keV-McV
componemts remains unclear (GhiselEni ot al. 2010; Cors:

. 2009 b Kumar & Barniol Durnn 201(; Piran &
Nakar 201(; Wang ot al 201(; Toma ct al. 2010 Rax-
zaque ot al 2009).

The complicated Forma-LAT prompt emission spectrn
do not sgg; simply the cnc:u.onwo o‘:lho .owrs-g:crpw
Band function (Band ct al. 1993), bat rather the joint
GBM-LAT : rnl fits can also show the nee of
an additional hard power-law that ean be detected both
nbowe and below the Band fanetion (Abdo ot al. 2008
Ackermann et al. 2010). There ware carlier indications
of this ndditicnnl spectral component in the EGRET deo-
tected GRE 91017 (Gonadlez ot nl 2003). Howewver, the
rarity of EGRET GRB detections loft it unclear whether
this wns o common high energy feature, oc i specinl eir-
cumstances in that CR.B wure responshle. This com-
poemt 3 too shallow to be duwe to Qynchrotm: sali-
Comnpton (SSC) as had boen predictod extensively %o.
Fermi (Zhnng & Mdésziros 2001; Guetta & Granot 2003
Galli & Guetta 2008; Racusin ot al. N08; Band ot al
2009). The spectral hehavior of the LAT barsts
to ruk out the thoory that the soft -rays nre ca byn
SSC or nnothor Inverse Compton (IC) component (Ando
et al. 2008; Piran ot al. 2009).

FermiLAT s = 100 MeV temporal behavior = different
thazn the lower-cmergy counterparts observed from thou-
sands of GRBs. The LAT emisgon often starts & fow soc-
onds lnter than the Jower-cnergy prompt emassion, and
sometimes lnsts substantially longer (up to thousands of
scconds; Ackermann ot al 2010; Abdo et al. 2008, Abdo
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Abstract

The new and extreme population of GRBs detected by Fermi-LAT shows several
new features in high energy gamma-rays that are providing interesting and
unexpected clues into GRB prompt and afterglow emission mechanisms. Over
the last 6 years, it has been Swift that has provided the robust data set of UV/
optical and X-ray afterglow observations that opened many windows into
ccomponents of GRB emission structure. The relationship between the LAT GRBs
and the well studied, fainter, less energetic GRBs detected by Swift-BAT is only
beginning to be explored by multi-wavelength studies. We explore the large
sample of GRBs detected by BAT only, BAT and Fermi-GBM, and GBM and LAT,
focusing on these samples separately in order to search for statistically significant
differences between the populations, using only those GRBs with measured
redshifts in order to physically characterize these objects. We disentangle which
differences are instrumental selection effects versus intrinsic properties, in order
to better understand the nature of the special characteristics of the LAT bursts.

Motivation

Using the large X-ray and optical afterglow dat:
observations (XRT - Racusin et al. 2009, UVO"
2004-2009, we survey the populations of the B
with measured redshifts. Using both prompt er
of these samples, we study the differences bet
instrumental selection effects.

GRB Sample:

The BAT sample are those GRBSs originally discovered by Swift-BAT and not
detected by Fermi-GBM or LAT. Many of these bursts occurred prior to the Fermi
launch (June 2008).

The GBM sample are those GRBs detected by both GBM and BAT. Follow-up
observations are not possible for GBM-only bursts due to the large position errors
from GBM (~few deg). Therefore, all GBM bursts in this study were also
observed by BAT.

The LAT sample are those GRBs detected by LAT and GBM, and in the case of
GRB 090510, all three instruments. Ten of the 20 detected LAT GRBs have had
sufficient statistics to provide ~arcmin error circles for Swift follow-up at times >
12 hours. Of those 10, 8 were detected by XRT, and 7 by UVOT, including the
'one simultaneous trigger (GRB 090510). All 8 led to redshift determinations by
ground-based telescopes. Observations of LAT emission were not simultaneous
with the lower energy afterglow observations (except for GRB 090510).

The number of GRBs in each sample after making cuts on data usability are
listed in Table 1.
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Luminosity

Using the X-ray (0.3-10 keV) and u-band normalized light curves, and redshift
information, we create rest frame light curves for the BAT, GBM, and LAT
samples (Figure 1 & 2). We compare these luminosities at times of 11 hours and
1 day, and find that in both the X-ray and optical, the LAT and GBM bursts are
more clustered than the BAT bursts but well within the normal BAT sample
distributions, and are slightly above the median luminosity.

Figuro 1: Xray (03-10 ) ost rame \umlnusny lightcurves moasurod by St XAT or

the BAT, GBM, and LAT sampies. The top panels show the long (if}) and short (ight) burst
ght curves. T lower plots show Nitoprams o the tumincsiionat 11 hours and 1 48y (est
rame) for the long (lower lef) and short (ower ight) bursts
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Figure 2: u-band normaized lightcurves (using method of Oates et & 2009) rest frame
luminosity light curves measured by Swift-UVOT for the BAT, GBM, and LAT samples. The
top panels show the long (lft) and short (right) burst ight curves. The lower plots show
histograms of the luminosites at 11 hours and 1 day (rest frame) for the long (lower left) and
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Figure 3: Cumulacive redshifcdistribution for the BAT,
‘GBM,and LAT long GRB samples, as wellas the short BAT
‘GRB sample. A K-S test shows that there are no signficant
diffrences becween the long burst distributions, and there:
are insuffcien statstics to compare the short GBM an
LAT distributions.
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Energetics
We use the prompt emission spectral information and the redshift
measurements to calculate the isotropic equivalent gamma-ray energy output
(Eyi0). We use the method described in Racusin et al. (2009) to estimate E, o
for bursts with only BAT observations of their prompt emission.
The LAT long duration GRBs have systematically high E; o values than the BAT
or GBM samples (Figure 4). The LAT bursts are among the most energetic GRBS
ever observed. The high values of Epeak in the LAT bursts, which in turn leads to a

more likely detection in the LAT band, and high E. values qualitatively follow the
expectations of the empirical Epeai-E;so relation (Amati et al. 2002).

Long

a

Figure 4: E,so distributions for the BAT, GBM, and LAT
samples splitinto long and short GRBs. The LATlong =
bursts are on average more energeic than the other

samples.
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We search for jet breaks in the X-ray light curves using the methods of Racusin
et al. 2009 for each of the bursts in our samples. We do not find any indications
of jet breaks in the X-ray or optical afterglows of the LAT bursts using only the
Swift data. Therefore, we can only put lower limits on the jet breaks times and
therefore also the jet opening angles (#;) and collimation corrected energies (Ey).
In Figure 5, we show these distributions, and that the LAT bursts have extreme
energetics in some cases in excess of 102 ergs.

P. Rosmngt

Radiative Efficiency

To learn about the physical differences between the samples, we used the
observed quantities to calculate parameters such as the kinetic energy and
radiative efficiency. The kinetic energy can be inferred from the X-ray afterglow
during the normal forward shock phase using the method described by Zhang et
al. 2007. In Figure 6, we show the kinetic energy (Ex) versus the isotropic
equivalent gamma-ray energy (Es) and derive the radiative efficiency (the
efficiency at turing the kinetic energy of the shock wave into gamma-ray photons).

S

The BAT and GBM burst samples behave similarly to the small sample of Swift
detected GRBS and XRFs analyzed in Zhang et al. 2007. However, the LAT bursts
have on average higher radiative efficiencies, which fits into the picture that they
have extreme energetics, but normal afterglows. The (in some cases) > 90%
efficiency seems unrealistic, and may be an indication of a more complicated
physical process than the simple synchrotron fireball model, or extreme conditions
like Poynting flux dominated jets.
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different and often contradictory methods for determining . In Figure 7, we plot
4 different methods and their detections, upper, or lower limits for individual
bursts in each sample. The methods are the yy pair production attenuation limits.
(Lithwick & Sari 2001, Abdo et al. 2009), the forward shock peak estimation from
the optical light curves (Sari & Piran 1999, Molinari et al. 2007),the limit on
forward shock contribution to the sub-MeV prompt emission (Zou & Piran 2010),
and the 2-zone vy pair production attenuation method assuming the sub-MeV/
and GeV photon come from physical regions (Zou et al. 2010).

Although the different methods cannot be applied to every bursts, if we believe
that all methods are valid, the general trend is that the LAT bursts have I" of order
a factor of ~2 larger than the BAT or GBM bursts.

Figure 7: Limits on the bulk L ) for
indicualburst inthe BAT, GBM, and LAY
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Conclusions

We survey the observational properties and derive theoretical implications of
the BAT, GBM, and LAT ions in order to distinguish physical dif
between them, and to put the extreme LAT bursts in the context of the well
studied Swift sample collected over the last 6 years.

In addition to the new high energy components observed in the LAT GRBS, they
have some of the most energetic prompt emissions ever observed, yet they have.
very typical afterglow properties. Using a combination of the observed prompt
emission properties and the jet opening angle limits from the afterglows, we put
lower limits on the total gamma-ray energy of the LAT bursts and their energetics
lower limits remain at the extreme of the distribution. The LAT GRB sample also
appears to have higher radiative efficiencies and bulk Lorentz factors that their
less energetic counterparts in the BAT and GBM samples.

The exciting population of LAT detected GRBS have several different underlying
properties that other GRB populations, which appear to not entirely be
instrumental selection effects. How the production of high energy (GeV) gamma-
rays in a GRB are somehow related to the high radiative efficiency and bulk
Lorentz factors remains unclear. More broadband observations of these objects
will help to shed light onto this subject.
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are opernting simultancoasly, we have the ahility to po-
teatinlly dotoct hundrods of gnmma-ry barsts per year
(~ 1/3 of which are triggered by Swsft). This allows
prompt chserwtions in the 15— 150 keV hard X-ray band
with the Burst Alert Telescope (BAT, Bartholmy ot al.
(2005)) and rapid follow-up iz the 0.3 — 10 keV soft X-
ray band with the X-Ray Telescope (XRT, Burrows ot al.
(2105)) nnd the UV fopticnl band by the Ultravicket Op-
tical Telescope (UVOT, Roming ot al. (2006)) on-board
Susft. There is ~ 40% owverlap between BAT triggers and
triggees from Fermi’s Gamma-ray Burst Montor (GBM,
Moogan ct al. 2009) ALO“IIE for coverage froe 10 keV to
30 MeV, and a specinl sabsct dotocted up to 108 of GeV
with Formi's Area Te LAT, Atwood et al.
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uly observed from GRBs in
fwift challenged our theoret-
g that GRBs have complex
rs after the trigger (Nousck
regularly oheserving a mow
ts i n small very encrgetic
surst or oumts (Anao ot ar 008b.c, 010; Ackermann
ot nl. 2010; Abdo ot al. 20092). The relationship botween
the > 100 McV cmission and the well studied keV-McV
componemts remains unclear (GhiselEni ot al. 2010; Cors:

. 2009 b Kumar & Barniol Durnn 201(; Piran &
Nakar 201(; Wang ot al 201(; Toma ct al. 2010 Rax-
zaque ot al 2009).

The complicated Ferma-LAT prompt emission spectrn
do not show simply the extemsion of the lower<mergy
Band function (Band ct al. 1993), bat rather the joint
GBM-LAT » rl fits can also show the nee of
an additional hard power-law that ean be detected both
nbowe and below the Band fanetion (Abdo ot al. 2008
Ackermann et al. 2010)). There were carlier indications
of this ndditicnnl spectral component in the EGRET deo-
tected GRE 91017 (Gonadlez ot nl 2003). Howewver, the
rarity of EGRET GRB detections loft it unclear tbmhcr
this wns o common high energy feature, oc i specinl eir-
cumstances in that GR.B wure responshlie. This com-
poemt 3 too shallow to be duwe to qym:hx't:nm:: scL’l
Comnpton (SSC) as had boen predictod extensively
Fermi (Zhang & Mésziros 2001; Guettn & Granot 2 3.
Galli & Guetta 2008; Racusin ot al. N08; Band ot al

L The spectral behavior of the LAT buarsts
to ruke out the thoory that the soft -rays are cax byn
SSC or nnothor Inverse Compton (IC) component (Ando
et al. 2008; Piran ot al. 2009).

FermiLAT s = 100 MeV temporal behavior = different
thazn the lower-cmergy counterparts observed from thou-
sands of GRBs. The LAT emisgon often starts & fow soc-
onds lnter than the lowercnergy prompt emission, and
sometimes lnsts substantially longer (up to thousands of
scconds; Ackermann ot al 2010; Abdo et al. 2008, Abdo

2
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o —_— Swift-Fermi Synergy

nma-ray

10 of 20 GRBs have had small enough LAT error circles to initiate
Swift follow-up (1 sun constrained) (Pelassa talk)

 Observations began at 12-24 hours

* 8 detected by XRT

e 7 detected by UVOT

e All 8 led to ground based redshift measurements (1 photometric)

e 1 triggered by both LAT/GBM/BAT (GRB 09051 0)

e GRBs observed by both ermi GRBs as of 10040¢€
Swift & Form e
— cover as much as 9 e, O R T g TR R
orders of magnitude in ¢! " T U L as RS Ll
energy T S i e T 1, R
— cover 7 orders of g g e B Gt LR T
magnitude in time (R T P W
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— Only GRBs with redshifts Sample Statistics

— Temporal/spectral properties XRT UVOT

— Luminosity BAT 147 49

— Energetics GBM/BAT |19 11
 Results will appear soon in LAT/GBM |8 5

A

A Population Studies
Gamma-ray

« XRT Swift afterglow sample

— Sample and characterization techniques from Racusin et al. (2009,
ApJ, 698, 43) and Racusin PhD Thesis

— Light curves/spectra from UL Repository (Evans et al. 2007, 2009)
 UVOT Swift afterglow sample

— Sample and normalization technique from Oates et al., 2009
(MNRAS, 395, 490) and Oates PhD Thesis (Oates Talk)

— Light curves from UVOT GRB catalog (Roming et al., 2011, in-prep)

+ SEDs (only XRT & UVOT)

— Techniques from Schady et al. 2007, 2010

e Compare Swift follow-up of LAT GRBs to large well studied BAT GRB

sample in order to learn about special properties of LAT bursts

Racusin et al. 2011, in-prep
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A Redshift

Gamma-ray
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« BAT, GBM, & LAT redshift
distributions of long bursts

are consistent (via KS-test) 1 o——————r—
* Not enough short bursts to = _
compute statistics 0.8 2 :
 Long bursts: ‘
— BAT (147 bursts) o6p - 7 :
*0.03 <2< 6.70 R St :
— GBM (19 bursts) Ny, ;
*0.48 <z <8.26 o2l i/ it long) ——— -
— LAT (8 bursts) 1) oy long) ---ooeen
¢ 0.73<z<4.35 00LL o oo '

0 2 4 6 8 10
Z

e See also Wanderman and
Virgili talks




~ A LAT/GBM/BAT GRB Afterglows

Swift-XRT

1051 S S T

10%° | Al LAT GRB080916C -
P LAT GRB090323
» 10 LAT GRB090328A
g 10 LAT GRB090510
~—~ LAT GRB090926A
> 10% LAT GRB091003
2 10"F &+ BAT G#
= 1045 - Wy := &RBs
§ 102_ —t—pt 4 44 \ : i ".’ —_
> 10%}k : -
o 42 - J
>|< 10™ |- : t‘f++f_ -

1041 - +++ -

10’ 10° 10° 10° 10° 10° 10’
Time since trigger (s) / (1+2)
Racusin et al., 2011, in-prep
UV/optical also clustered,

tending toward bright (except
SHB)

UVOT afterglows analyzed in methods
described in Oates et al. (2009)

u Luminosity (ergs™)

10%
1 042

1 041
10%

10’

X-ray afterglows clustered in
Luminosity (except SHB
GRB 090510)

XRT afterglows analyzed in methods
described in Racusin et al. (2009)

Swift-UVOT

MAAL | M A A A | o vveeg rorrvreeyy A A A A A ) |

LAT GRB090328A _|
LAT GRB090510

LAT GRB090926A

LAT GRB091003
BAT GRBs
GBM GRBs

10° 10° 10° 10°
Time since trigger (s) / (1+2)



X-ray Luminosity (erg s™")

LAT/GBM/BAT X-ray Afterglows

Long

ryyeT LEENL e A g M | ey

LAT GRB080916C
LAT GRB090323
LAT GRB090328A

LAT GRB090926A
LAT GRB091003

" BAT GRBs
o "'+GBM GRBs

X-ray Luminosity (erg s™")
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u Luminosity (ergs™)

LAT/GBM/BAT Optical Afterglows

ey v—r=wyrriy T

LAT GRB090328A

LAT GRB0S0926A

LAT GRB091003
BAT GRBs
GBM GRBs
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= A—_— LAT/GBM/BAT Optical Afterglows

u Luminosity (ergs™)

ryrrirr T

LAT GP8090020A

LAT GRBOQP'QQBA

LAT GRB091003
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GBM GRBs
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Tlme smce tngger / (1+2)
20 ) Y
1 day Long W1 day BAT %
15F X-ray " Optical GBM %
LAT
z 10} h
5F h
28 : '
11 hour 5 11 hour
15F X-ray Optical -
z 10} :
5F
0 2 r
40 42 44 46 48 W 42 44 464 48

logL (ergs™)

Wglog L (erg “v

u Luminosity (ergs™)

1 050
10%

10%*
1 047
10%
10%
10*
10%
10%

1 041
10%

10° 1o2 103

~”. ~.

Short

LAT GRB090510
BAT GRBs
GBM GRBs

40

1 day Short
X-ray

11 hour
4F X-ray
3

y
F Optlcal

e l
v

11 hour
Optical

42 44 46
log L (ergs™)




/”

“s.ermi

Gar"ma ray

/ " Space Telescope
* On average LAT Eiso > GBM Eiso > BAT Eiso

— see also Swenson et al. (2010, ApJ, 717, 14), McBreen et al. (2010, A&A, 516, 71), Cenko et al. (2010,

arXiv:1004.2900), Cenko talk

30

20F

10F

Long BAT

Short

i i

50 52 54
|Og Ey.iso. 10 keV-10 GeV (erg)

56

* No jet breaks in X-ray or optical afterglows

Energetics

- need deep late time observations
e LAT GRB collimation corrected energies

210°2 ergs!

157

Long

Measurements BAT

10

Lower Limits

47 48 49 50 51 52 53
E
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 Ex estimated from X-ray
afterglow during normal
forward shock phase
— Zhang et al., 2007, ApJ, 655, 989
e Assumes single values of
microphysical parameters BAT
10} LAT -

— electric and magnetic field
contribution (€.=0.1, €g=0.01) L
— density (n=1 cm-3)

* LAT GRBs have high radiative =
efficiency 0=l AT A _
— efficiency at converting

kinetic energy into gamma- r S tonge
rays - '_1.1_-.-0.01_._‘..-0.oss.._.--o.lzﬁ_..-oj§_..-o..z_5-o.9 1~"""0'99. | ort %

10% 16‘0 1652 10™ ‘ 10°
— non-Sychrontron processes E,, (erg)

(thermal)?
e See also Cenko talk
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10* |-

E, (erg)
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Bulk Lorentz Factors
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 Several methods for estimating or puttin '
limitson I

— vy pair production opacity

1 zone (MeV & GeV co-spatial, Lithwick & Sari
2001)

e 2 zone (different emitting regions, Zhao et al.
2010, Zou et al. 2010)

— Peak of optical forward shock (Sari & Piran
1999, Molinari et al. 2007)

— Limits on keV forward shock during prompt
emission (Zou & Piran 2010)

 Mostly provides limits, but LAT bursts appear
to have higher I'~1000 (see also Piran &
Kocevski talks)

e Imply jet structure?

—e.g. two-component jet (Liu & Wang, 2010,
arXiv: 1009.1289)

 Lower/higher B-fields, jet composition (Zhang
Talk) "

GBM
LAT
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Gamma ay >
Space T elescope T ———

y <
 Even with very small number statistics (7-8 LAT GRBs), quantifiable
similarities and differences between the LAT/GBM/BAT GRBs
— LAT GRBs - brightest end of luminosity function, or a different
population?
 LAT has detected some of the most energetic prompt emission of
GRBs over the last 20 years
— Where are these GRBs in the Swift sample?
e Larger fraction are bright in X-ray/optical for LAT than BAT
— Due to simply larger initial energies?
— Related to > 100 MeV extended emission?

 LAT bursts appear to have larger radiative efficiencies than Swift or
GBM bursts

— Not simply synchrotron processes? (Photospheric component,
Ryde et al. 2010, ApJ, 709, 172, Pe’er et al. 2010, arXiv:1007:2228,
Zhang talk, Guirec talk, Daigne talk, Pe’er talk, Toma talk)

 Only works in select 1-2 cases (Zhang, B.B., et al. 2010)
— Differences in densities, €g, or €.?




