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ABSTRACT

Aims. We analyze the emission in the30- 30 GeV energy range of gamma-ray bursts detected witkaghei Gamma-ray Space
Telescope. We concentrate on bursts that were previously only deteitieitie Gamma-Ray Burst Monitor in the keV energy range.
These bursts will then be compared to the bursts that were individuallgtddteith the Large Area Telescope at higher energies.
Methods. To estimate the emission of faint GRBs we used nonstandard analysisdsetitsum over many GRBs to find an average
signal that is significantly above background level. We used a subsah®8 GRBs listed in the Burst Catalog from the first two
years of observation.

Results. Although most are not individually detectable, the bursts not detectedebydtge Area Telescope on average emit a
significant flux in the energy range from30GeV to 30 GeV, but their cumulative energy fluence is only 8% of thatldBBs.
Likewise, the GeV-to-MeV flux ratio is less and the GeV-band spectra gitersWe confirm that the GeV-band emission lasts
much longer than the emission found in the keV energy range. Thegavattsky energy flux from GRBs in the GeV band is
6.4- 10 ergcnt?yr! or only ~ 4% of the energy flux of cosmic rays above the ankle 4t¢16V.

Key words. Gamma-ray burst: general - Methods: statistical - Surveys

1. Introduction emission of GRBs. Therefore, we placed the focus on burats th
do not show any significant signal in the GeV range when an-
Since its launch in June 2008 tifeermi Gamma-ray Space alyzed individually. A subsample of 99 GRBs has been defined
Telescope has broadened our understanding of gamma-1stg buthat were in principle detectable wiffermi-LAT and occurred
(GRBs). The two main instruments on board of the sateh regions of low background emission coming from other gala
lite are the Gamma-Ray Burst Monitor (GBM, Meegan €t afic and cosmic sources. For each burst the spectrum of esghect
(2009)) and the Large Area Telescope (LAT, Atwood et abackground photons and afiective area is estimated. Together

(2009)). Together they are capable of observing GRBs ow@lth the spectrum of observed photons, we thus determine the
seven decades of energy. Especially the LAT that covers tihgence from these bursts.

high-energy region from 30 MeV to 300 GeV has the poten-
tial to provide new insight into the underlying physics of BR
However, only a small fraction of the GRBs detected with thé. Framework

GBM have been individually detected with the LAT (Gehrelﬁﬂost of the GRBSs detected by the GBM do not trigger the LAT.

et al12008). Therefore it is expected that most of the GRBs do not show
Whereas the keV-MeV emission may well be quasi-thermahy significant signal above the background. The bursts that

emission, i.e. of photospheric origin (Eichler & Levinso®0B; did not trigger the LAT will be referred to as GBM-detected

Ryde & Pe’er 2009; Pe’Er et al. 2012), the GeV-band emissi®rsts. We determine their emission by counting LAT-detect

is indicative of particle acceleration to very high enesgiand it photons within a certain time interval and a certain soligla

can potentially probe whether GRBs are powerful enoughde prelement, henceforth referred to as the area of integrafian)(

vide a significant part of ultrahigh-energy cosmic rays @€at The choice of the time window of observation and the AOI is

& Olinto 2011;Eichler & Pohl 2011). Recently, the GeV-bandmportant, because GeV emission can be delayed (Abdo et al.

energy output of GRBs was estimated on the basis of the ref@10a) and the GRB position is typically not well determibgd

tively few GRBs, which are individually detected with Fermithe GBM. For long observation times and a large AOI, the sig-

LAT, and found smaller than the source power needed to Swgi might not be distinguished from the background, while fo

tain cosmic rays above the ankle in the spectrum, &t°16V  short observations and a small AOI the emission could simply

(Eichler et all 2010). One source of uncertainty in thisest@nt pe missed. A few general considerations are therefore ierord
is the unknown level of high-energy photon output of the many

GRBs not individually detected with LAT (Waxman 2010).

Here we re-analyze data of theermi-LAT detector with
a view to inferring the GeV-band high-energy emission frorin general the LAT is designed to detect photons in an energy
GRBs. In earlier studies the focus was placed on studying eaange of 30 MeV to 300 GeV (Rando 2009). The analysis could
burst individually (e.g. Abdo et al. 2011; Ackermann et ain principle be performed for the entire energy range, bet th
2012c; Zheng et al. 2012a,b). However, by analyzing mawsgnsitivity of the detector varies with energy. THkeetive area
GRBs together, one is able to obtain more precise resulthéor of the LAT has been derived through Monte Carlo simulations

2.1. Energy intervals
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and verified with flight data (Ackermann et al. 2012a), and it iTherefore the radius of the AOI will be the statistical emdded

is very low for energies around 100 MeV in comparison to Gew quadrature with 2(PSF, 68% containment for 300 MeV) and
energies. Thus at low energies the number of detected phot8n (systematic error). If GRB localization was provided also b
is low, but they represent a large portion of the flux becahbse tother detectors, not only the GBM, then the systematic uncer
actual photon flux is normally a decreasing function of the etminty was set toQ As a figure of merit roughly two thirds of all
ergy (Ackermann et al. 2012b). Additionally, the reconstian observed GeV photons of the GBM-detected bursts are expecte
of the photon arrival direction is less precise for lowerrgies, to lie within the angular radius

which further reduces the signal-to-background ratio. Assalt
the detection significance for energies belev800 MeV should _ 2 2 2

be very low and the flux determination uncertain. We theefor ' ~ ‘/UStatJr TsysT Tpsr- @)
only analyze the energy interval from 300 MeV to 30 GeV.

As we sum the number of gamma-ray events over many GRBs,
the global photon-detectionffigiency is approximately two
2.2. Time intervals thirds.

Recent studies of the GeV-band emission from GRBs suggest a

significant production of highly energetic photons longathe 3. Sample definition

prompt emission at keV-MeV energies (e.g. Abdo et al. 2009; .

Rubtsov et al. 2012), mandating that the GRBs be monitoned fg0 the analysis we used a sample of GRBs detected by the
long time intervals after the prompt emission phase. Tha-du BM from the beginning of the normal science operation of the

tion of GRBs is characterized Byo, the mid time in which 90% Fermi satellite on August 4, 2008, until July 9, 2010, as listed in

of the fluence is observed in the BATSE energy range (50 k&l@aciesas et al. (2012). In this time interval, 472 bursggered

to 300 keV). The duration of the GBM emission phase and t!ﬂéle %BdM' 5?.”‘? oLth]Es% G]BB.’S have to tf>ehexcluded because
LAT emission phase is likely to be correlated, so it is reasof'€Y did not lie in the field of view (FoV) of the LAT or were

able to choose time intervals as multiplesTaf rather than as "0t observed during the normal science operatioReofi. It is
absolute time periods. also useful to exclude certain GRBs that are expected to dave

low signal-to-background ratio. After applying all cuts I9@rsts
remain. Fourteen of them have been previously detectedeby th
2.3. Area of integration LAT.

From the GBM and other observatories the position of every
burst is known with a precision of up t6,while data from other 3.1. LAT field of view

observatories or a combined analysis may permit a localizat . L
; ; At The GBM can detect GRBs in almost every direction. On the
in the arcsecond range. A comparison of such localizations i

d P ther hand, the LAT has an FoV ef 2.4 sr at 1 GeV after all

dicates a systematic error in the positioning of the GRB$ wif vsi for back d reiection h b q

GBM. The best fit for the systematic error is the combinatibn GnalySis cuts for background rejection have been made @wo
two Gaussians with dispersion62 with 72% weight and 1@° et al..2009). This means ;hat only some of the GRBs detected
with 28% weight, to be added in quadrature to the statistioak by the GBM are actually in the FoV of the LAT and therefore

(Paciesas et al. 2012). The expected distribution of GBNtbufietectable by it. The sensitivity in terms of theetive area is
localization errors are shown in FIg. 1. For all other lozaion & decreasing function of the angléetween the photon arrival
sources we neglect systematic errors. direction and the LAT boresight. Photons arrivingfag> 75°

likely escape detection. It is therefore useful to con@atonly
on GRBs where the angle between the GRB position and the

0.25———————————————————————————  LAT boresight during the observation was7(’.
]
0-20; ‘\\ ] 3.2. Data quality
N A 1 Some GRBs have to be rejected because of the quality of the
= 0150 1 dataevenifthey are in the FoV of the LAT. As recommended b
\ Y y
%‘ RN 1 the LAT team,Fermi is required to be outside the South Atlantic
§ 010F 1 Anomaly (SAA) and in normal science data-taking mode dur-
o i N 1 ing the observation time. Additionally, an Earth-relataenith-
0.05l 1 angle cut of 100is imposed to prevent the spill-in of emission
e from the Earth’s limb. All bursts are required to fulfill thisi-
; terion at least in a time interval of 10 Tqg starting from the
ool beginning of theTgg time.
0 5 10 15 20 25 30
Angle[°]

3.3. Background emission
Fig. 1. The expected GBM localization accuracy fér(tlashed),
5° (fine dashed) and 2Qcontinous) statistical error radius. A
normal distribution is assumed for the statistical error.

To avoid a large number of background photons it is reasenabl
to exclude certain regions of sky that are known to have a par-
ticularly high background intensity in the high-energy ioeg
The dominant background sources arudie emission from the
The imperfect angular reconstruction of the LAT, charagalactic plane, as well as bright gamma-ray sources likegosl
terized by the point-spread function (PSF), may lead to a lokt has been found that the photon intensity at GeV energies in
of events, even if the actual GRB was located within the AOtreases by roughly two orders of magnitude when observimg th
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galactic plane (Ackermann etial. 2012b). Regions with aajigla 4.2. Analysis of the emission phase

latitudeb of |b] < 5° + aao Will be excluded, whereao, is the . .
radius of the AOI specified in equatibh 1. It is also usefulte e | '€ P7SOURCE_V6 class is also used for the analysis of the
ganission phase. The number of expected background phatons i

clude regions around very bright gamma-ray sources. Thé m ] )
Iuminoug ones are the Blgzar%CA?54.3, the \%ela Pulsar, thle Cpalculated by computing an exposure map for the ACI. In this

Pulsar, the Geminga Pulsar, and the pulsars PSR J1709-ad2952S€ the exposure map describes how each source at the sky
PSR J20214026. The angular separation to these sources is fentributes to the observed photon counts inside the AGs. It
quired to be at least aa,. Except for the blazar 3C454.3, allt€fined as

these sources lie within the galactic plane and have alrbe€dy

excluded. e(E. p) = o dt dPobs R(E, P, Pobs) - 2)
whereE is the energyp‘and poys the true and observed direc-
tion, andR the response derived from the IRFs. This can be
Finally it is also useful to exclude GRBs with a high localizaused to estimate the background photons inside the AOI from
tion error because a large AOI with correspondingly higlaltotthe background model. Energy dispersion has been negliected
background would have to be considered. By requiring that tthis step. To get an estimate of the fluence of the GRB, the ex-
statistical error radius be smaller thah e number of sam- posure has to be estimated. The possible GRB positionssre di
ples is decreased by a factor ©f 2/3. There is a correlation tributed throughout the AOI. The best estimate for the eup®s
between the statistical error radius and the fluence. Towexef of the GRB is the integral of the exposure convolved with the
mostly faint bursts are rejected by applying this cut on there distribution function¢ of the expected localization errors (see
angle. for example FiglL).

3.4. Localization error

_ PN . J )
4. Method e(E) = SI(ydpe(E, p)m ®3)

4.1. Modeling the background In this way the error of the burst localization and the faettth

The Fermi Science Tools are used for the analysis of the bursg®me GRBs actually lie outside the AOI is automatically take
Although the background emission is almost negligible far t INto account.
duration of a single GRB, it becomes crucial when summing
over many GRBs. The main sources of background radiatign
are the galactic and extragalacti¢tdse emission, misclassified™
events, and individual sources like pulsars. It is useful to first look at the raw photon counts in compariso
Using binned likelihood analysis we construct a model ab the number of expected photons for GRBs not detected by the
instrumental background and the gamma-ray sky by fitting datAT. The results are shown in Tallé 1. As we can see there is
obtained in a time interval of 8 10° s until one hour before the significant emission in the time interval from zero to tendan
trigger time of each burst. The pointing history of the spaalt the Tqg time. In this timed = 14.97 photons are expected and
during the emission phase of the GRB then permits a predictin = 39 observed. The chance probability for a background fluc-
of the expected background for each burst. The event files aodtion is 17 x 10°7, based on Poisson statistics
the spacecraft files are available at ff@mi mission website
[. The LAT has diferent instrument response functions (|RFS}5 o AN
The IRFs difer especially in theféiciency in terms of theféec- P (N = Nobs, 4) = Z we (4)
tive area, the PSF, and the energy dispersion. As recommdende M=Nobs
by the LAT team the P7TSOURCE_V6 class is used with thfe.n
corresponding galactic filuse model (gal_2yearp7v6_vO0) andC
isotropic spectral template (iso_p7v6source).flers very high
data quality with low background from misclassified photo
and a fairly large ffective area.

Results

is is a significant signal when summed over all GRBs but
learly not significant for a single burst for which the numbe

f observed counts is typically smaller than one and the num-
er of observed photons mostly zero or one. For the 11 obderve
short burstsTgo < 2 s) there was one observed photon a0

The region of interest (ROI) for modeling the backgroun@xpected background photons, which is too low a signal fiencla
emission is a circle around the burst location with a radius 8ny detection. For the remaining 74 long burdig (> 2 s) there
22; the energy range is 300 MeV to 30 GeV. Only time intetvere 38 observed photons and9¥4expected from background.
vals are used for the analysis during which the LAT was not fefore the GRB trigger we observe 5 events and expect 5.25.
the SAA, in normal science-operation mode and in the normieter than 23 ¢, after trigger, we observe 10 events and expect
range of rocking angles of not more tharf 5&dditionally, the 715, indicating that there is little, if any, emission aattitate
ROl is required to not overlap with the Earth's limb. The foinstage, and no evidence of any activity before the GBM trigger
and extended sources are listed infleemi LAT Second Source
Catalog, which is based on two years of observations (Nol_g[‘i' Detection significance
et al|2012). As recommended by the LAT team, ten energy bins
per decade and angular pixels of siz2 @egrees are used. A firstOne can search for significant signals of single GRBs in these
fit is performed with the DRMNGB optimizer, and the result islata. For this purpose the number of observed and predicted
then used for a second fit with the NEWMINUIT optimizer tgphotons are compared for the four time intervals betweea zer

get more precise results. to tenTgo, as well as the total time interval. As a cross-check the
LAT-detected bursts will also be tested with the same method
1 http://heasarc.gsfc.nasa.gov/ 99 bursts are tested for 5ffrent time intervals, and therefore
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Table 1. Number of observed photons,f,s) and the expected 300 MeV and 30 GeV, we assume the emission follows a power
background {) for the GBM-detected bursts for thefidirent law with an index of-2.3. As we see below, this index is appro-
time intervals. priate for LAT-detected GRBs, whereas the average emisgion
GBM-detected bursts is better described with a power-lalgxn

TsarfToo]  TsofTool GRBS nops 4 of -3, in which case the photon fluence would be underestimated
-5 -25 75 4 235 by about 10%. The 68%-confidence statistical uncertainthieof
-25 0 79 1 290 fluence has been calculated using an incomplete gamma func-
0 25 85 13 353 tion, i.e. the Bayesian inversion of a Poisson distribufiona
25 5 85 7 368 uniform prior, and is considerably larger than the systémat-
5 75 85 8 383 certainty in estimating the fluence. The analysis has bear do
75 10 85 11 33 for the GBM- and LAT-detec_:ted bu_rsts sepa}rate_ly. The rasult
10 125 79 5 206 shown in Tabl€3 and graphically displayed in Figure 2.
125 15 76 5 29
15 175 76 6 302 Table 3. Photon fluences for fferent time intervals around the
175 20 73 3 292 start of theTgg time interval.
20 225 71 8 236
225 25 67 4 217 Time [Too] Fluence § cm2]
25 275 64 3 192 GBM LAT
275 30 64 5 188
20 305 63 1 178 (-5)-(-25) 093112x10° 064347 x10°
325 35 61 1 157 (-25)-0  -1029738x10° 5347555 % 10°°
0 10 85 39 147 0-25 486'182x 10°  66.03%412x 10
Notes. The times are given in multiples of thig, time of each burst 25-5 167iﬁ‘1* x10° 9'63125 x 107
and relative to the start of thBy, time interval. For times outside the 5-75 207718 % 10°° 575115 x 107
0-10Tg time interval some GRBs have to be excluded on account of
cuts th?aot were originally only applied during this time interval. 7:5-10 347117, % 10°° 15347535 x 10°°
10-125 092'117% 105  3364'8%Ix 10°°
1.19 5 6.44 5
we have at most 495 trials, because the time intervals are not 125-15 10813, % 10 1800760 % 10°
all independent. Therefore the probability that the backgd 15-175 160'333x10° 13717855 10°
emissi:)][?,/l, reaches cr)]r eﬁ:%edls the f?bsg.?ll)ed emissigy, byI 175—-20 00599 x 10°5 1175237 % 10°°
normal fluctuations should be less tharm1fbr a 5% post-tria j :
chance probability. All 14 bursts previously detecteél) by LHIAT 20-225 3187 10° 144285 % 10°°
show a significant signal in at least one time interval. Thisat 225-25 109738x 10° 1649730 x 10°°
surprising because these bursts actually triggered the arkT 25 _ 275 0671%x 105 19632 x 10
also have high-precision localizations either by the LADtrer 138 5 320 5
observatories. However there were two other bursts withifsig 27.5-30 195755 x 107 1.957;3 % 10°
cant emission: GRB 100207B and GRB 081009A. The latter has 30-325 -5.008%x10°  4.48312x10°
also been reported as a candidate for a LAT-detected butfst wi 325_35 _3.77898 5 10 2 06335 % 105

-6.60 —-2.46

the same method but with a wider energy range-(100 MeV)
and longer observations timegg = 1500 s) [(Rubtsov et al. Notes, The GBM fluence is the weighted average fluence of the 85
2012). However, it has not been added to the LAT Burst catal@grsts not detected by the LAT. The LAT fluence is the weighted aver-
so far. The results of this analysis are shown in Table 2. age fluence of the 14 bursts detected by the LAT, which are individually

listed in Tabld¥. The LAT fluence is dominated by the three exception-

ally bright bursts GRB 080916C, GRB 090902B and GRB 090926A.
Table 2. Results for the two GRBs not listed in the LAT Burst
catalog that show significant emission in the analysis.

Both GBM- and LAT-detected bursts show GeV-band emis-
sion long after the bulk of emission in the BATSE energy range

GRB Time I_Tgo] Nobs A P(n > Nops, /1) - 3 ) X
081009A 5_ 7 3 00366  793x 10° (50 keV to 300 keV), which arises during tfigy time. Whereas
1002078 0—% 2 Q0123 7'54X 10°5 the high-energy photon fluence in tigo time interval from

the GBM-detected bursts is38'133 x 10° y cm?, we find

an average photon fluence from the GBM-detected GRBs of
19,9833 % 107 y cm? for the time interval from 0 to 25 times
Tgo. Given that there could still be emission at later times,olhi

is just too low to be detected, the observed fluence duringdhe
time is at most 1015879 of the total GeV-band emission. One
has to keep in mind that this is the average fluence weighted
with the dfective area of each burst. Since thermi satellite
The average photon fluence of GRBs can be calculated by sepeasionally reorients for a very bright burst, our methaaym
arately summing the exposure and the observed photon dabr bright bursts, especially for later times.

expected background counts in every energy bin. To estimate The photon fluence has also been separately calculated and
the cumulative exposure over the entire energy range batwdisted in Tabld % for all LAT-detected bursts using the datarf

Notes. As before,ngs is the number of observed photons ahdhe
expected number of photons from background.

5.2. Photon fluence
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8r—— T T T — 1 5.3. Average flux from GRBs
L ] We now determine the average emission from GRBs in the en-
6 7 ergy range from 300 MeV to 30 GeV. GRBs not detected by
& | the LAT contribute with a fluence of 13’ x 103 y cm,
E 4 | whereas LAT-detected GRBs account for a fluence of 12&
S0 | 103 y cm™. The total observed fluence in the range from
g Ll 1 300 MeV to 30 GeV is therefore 13%3 x 1073 y cm™2. Since
= i 1 50% of the observed fluence comes from only two GRBs (GRB
L —l—' ""._L 1 090902B and GRB 090926A), the statistical error on this esti
0=t [ I 21| mate should be roughly.®/ V2 ~ 35%.
I ,_I_ To estimate the average allsky flux of GRB-produced GeV-
ol band gamma rays one has to consider all cuts applied in te ana

0 10 20 30 Ysis. First, some bursts were discarded on account of data qu
, ity as discussed in secti¢n B8.2. Thifexted 27% of all avail-
Time [Teol able bursts giving a weight factor of37. Then, the Scut on
Fig. 2. Average fluences for fierent time intervals in units of the statistical error radius of the burst location was camspéed

Teo. Shown in black (gray) are the average fluences for tff@” by an additional factor. The bursts excluded in this step
GBM-detected (LAT-detected) bursts. The fluences for th& LAFount for 3% of the overall fluence observed in the GBM energy

detected bursts were scaled by a factor o010 fit on the same ange. This gives a factor of(3, assuming that the fluences in
plot. the GBM energy range and in the LAT energy range are propor-

tional. (We find less GeV emission than that, therefore the tr

correction factor is somewhere between 1 afi8)l. Finally, the

limitation to bursts that occurred in the LAT FoV € 70°) and
zero to ten times th&gg time interval. The results thus derivedwere not too close to the galactic plane and the Blazar 3@G454.
are comparable to those previously found with standard methias compensated for with a factor o48. We combined the
ods. The Burst Catalog (Paciesas €t al. 2012) can be usedhtee correction factors to derive the totdi@ency factor as
compare the fluence in the high-energy region from 300 MeV #38 = 3.46- 1.03- 1.37. The total high-energy fluence over the
30 GeV to the one in the BATSE range from 50 keV to 300 ke¥ntire sky should therefore be 68+2.37)x107% y cm 2. The ef-
obtained with the GBM. To be noted from Talble 4 is that thfective observation time from August 4, 2008, until July 918,
bursts not detected by the LAT are fainter in the high-eneegy was 5083x 10’ s, so that the total averaged flux from all bursts
gion than the LAT-detected GRBs when normalized to the saroeer the entire sky in the energy range from 300 MeV to 30 GeV
keV-band fluence. is(132+4.7)x 10°%ycm?s,

We have also determined the energy fluence from GRBs.

GRBs not detected by the LAT contribute with a fluence of
Table 4. Comparison of the fluences from several LAT-detecteflg7 x 10-% erg cn12, whereas LAT-detected GRBs account for
bursts and the average fluence for the 85 GBM-detected burgtuence of 193 x 10 erg cnt2. The average photon energies

with the fluences in the BATSE range. are~ 1 GeV for LAT-detected GRBs and 0.6 GeV for GBM-
detected bursts, estimated as the ratio of the energy fluamnte
GRB Fearsely €M™2]  Fizo0 mevi3o cevi[y €2 the photon fluence. If the emission spectra were power |88, t
080825C 112402 181190 % 1073 the spectral indices;, would bes ar ~ 2.3 andgGBM ~ 3.

The average allsky energy flux is about.46-
080916C ®3+0.2 2227535 10°° 10 ergcnt?yrt, slightly larger than the estimate of
0810248 016+ 0.03 12937750 x 107 Eichler et g\. (2010), but still compatible with it consideg the
090217 4801 212719 % 10°3 uncertainties.

090328 78+0.2 359129 x 103 _ ,
6. Summary and discussion
090510 11+ 005 1199188 x 10° e study of hiah sion from GRES in th
136 3 In this study of high-energy emission from s in the range
090626 1903 219705 ¥ 10 from 300 MeV to 30 GeV the focus has been placed on GRBs
0909028 2%+ 03 3587:351x 10°° not individually detected by the LAT and referred to @GBM
090926A 401+ 04 2664324 x 1073 dette(ited. ;/Xe ?ef:]r]ek(]j a Satl)”nple Of(?SdGRIIBS Iiséeq&itg Lh(ze C;BM
catalog, 74 of which can be regarded as long buf s
091003 171+03 9997565 x 107 while t%e remaining 11 GRBs gre shoffigf < gZ s) bursts. We
091031 31+02 255718 x 1073 find significant emission above the background for the cotaple
100225A 19401 095110 5 10-3 sample. For the long bursts the emission is clearly visibléle
-0.96 . . . .

553 4 the results are statistically inconclusive for the shorstaialone.
100325A 26+01 43974, x 10 Moreover, the GeV-band emission lasts considerably lotiger
100414A 101 + 0.4 6.83323x 1073 the Tyo time of the keV-MeV energy range, in fact at least up to

All GBM Bursts 238+ 0.01 1998492 x 10°5 ten timesTgo. A similar conclusion sas previously been reported

for individual GRBs, such as GRB 080916C (Abdo et al. 2009),
Notes. The fluxes in the keV-MeV band are taken from the GRESRB 081024B/(Abdo et l. 2010b) or GRB 940217 (Hurley et al.
Catalog [(Paciesas efl al. 2012) and derived from a fit to a Band fud94). Altogether only (12 7)% of the total photon fluence in
tion. the range from 300 MeV to 30 GeV is emitted durifg. Since
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this extended emission was observed when summing over many
GRBs, we cannot distinguish between continous emissioraand
sequence of flares. Given that the number of GRBs in the sample
is larger than the number of observed photons, it is alsceancl
whether this delayed emission is a general feature or thaupto

of a subset of GRBs.

The ratio of the fluence in the high-energy region to the flu-
ence in the BATSE energy region is lower {8°) for the bursts
not detected by the LAT than for LAT-detected burst3 (2074).

The estimated spectra in the GeV band are softer for GBM-
detected bursts (with equivalent photon index 3) than for
LAT-detected bursts (equivalent photon index: 2.3). There

is no indication that GRBs produce particle spectra with-typ
cal indicess ~ 2 that are often assumed in source models of
ultra-high-energy cosmic rays. Likewise, there is no engdeof

a population of GRBs thatéciently accelerate particles to high
energies but individually emit too weakly in the GeV banddor
detection withFermi-LAT.

Altogether, the bursts not detected by the LAT contribute
roughly 14% of all GRB-produced photons, and 8% of the emit-
ted energy, in the energy range from 300 MeV to 30 GeV.
Finally, we find that the average allsky gamma-ray flux com-
ing from GRBs in this energy range is (18 + 4.65) x
10° y cm2 s, The average allsky energy flux from GRBs in
the GeV band is only 4% of the energy flux of cosmic rays
above the ankle at 18° eV.
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