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Abstract. We summarize our model for long-duration gamma ray bursRRE) that fits the redshifz] distributions mea-
sured with Swift and missions before Swift, and the pre-8®RB jet opening-angle distribution inferred from achraima
breaks in the optical light curves. We find that the comovimig density of GRB sources exhibits positive evolutioa tp3

— 5, whereas the star formation rate inferred from measurtrad the blue and UV luminosity density peakszat 1 — 3.
The mean intrinsic beaming factor of GRBs is found toxh84 — 42, and we predict that the mean GRB optical jet opening
half-angle measured with Swift s 10°. We estimate the number of GRBs per year that GLAST is exge¢otebserve based
on ratios of BATSE and EGRET GRB fluences.
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INTRODUCTION

With the launch of th&wift satellite [1], rapid follow-up studies of GRBs triggeredthg Burst Alert Telescope (BAT)
on Swift became possible. A fainter and more distant population oB&Ean found with the pr&wift satellites
CGRO-BATSE, BeppoSAX, INTEGRAL, and HETE-2 is detected [Phe mean redshift of 41 préwift GRBs that
also have measured optical afterglow beaming bregks [8)is- 1.5, while 16 GRBs discovered bgwift have
(zy = 2.72 |4]. The null hypothesis that the redshift distributiaiSwift and preSwift GRBs are the same is rejected
in several statistical tests at the 97% confidence level [5].

In recent work|[5], we considered whether the differenceaben the preSwift andSwift redshift distributions can
be explained with a physical model for GRBs that takes intmant the different flux thresholds of GRB detectors,
where we assume the detector thresholdSeift and preSwift GRBs to be~ 108 and~ 107 ergs cm? s 1,
respectivelyl[6], corresponding to the minimum peak fluxeGBBs with redshifts measured by Swift and missions
before Swift. We summarize|[6] and make an independent agtinf the number of GRBs that GLAST should detect.

RESULTS

We parameterize the distribution of GRB jet opening angli#ls afunction of the formdN/dy; O (1 — y;)°, where
arccogy;) is the jet half-angle, and find best fit values for fheay energy releass, for different functional forms

of the comoving rate density of GRBs (see Fig. 1, left paWg® simplify the analysis with a flat GRBF, spectrum,
and assume that the properties of GRBs do not change with Adwpting the uniform jet model where the energy
per solid angle is roughly constant throughout the GRB jed, @king a mean intrinsic duration of 10 seconds, we
obtain best-fit values with a corrected emitjecay energys, = 4 x 10°! ergs, jet opening angles in the rangé®-

0.7 radians, and wit~ —1.25.

Our analysis shows that good fits to the [@®ft and Swift redshift and opening angle data require a GRB rate
history that rises faster than the star formation rate (SERP at high redshifts (SFR5 and SFR6; see Fig. 1, left
panel). The results of our fitting indicate that GRB activitgs greater in the past and is not simply proportional
to the bulk of the star formation as traced by the blue and UXihosity density of the universe. Furthermore, our
model predicts the mean intrinsic beaming factor of GRBegkttutflows contributing to the optical breaks to be in
the range fronx 34— 42. The analysis also indicates that the average jet opérailtigangle of GRBs detected with
Swift is (6;) ~ 10°, compared to the pr8uift average of 7 [6]. Thus we expect to detect more faint low-redshift,
large opening angle GRBs that pBeift satellites could not detect (see also [8]).

We also estimate the number of GRBs per year GLAST will obsesing the fluence ratios of BATSE: 0 keV
— 2 MeV) and EGRET (100 MeV - 5 GeV) for the 5 BATSE bursts alstected in the EGRET spark chamber [9].
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FIGURE 1. Left panel: star formation rate (SFR) functions used in our GRB study Jdlid line (SFR1) is a constant comoving
density; SFR2 and SFR4 are low and high ranges for the SFR3 &&recent fit [7] to the data; SFR5 and SFR6 are GRB rate
histories that give a good fit to tH&wift and preSwift redshift distribution and the pre-Swift opening angle rifisttion [6]. Right
panel: Estimate of the number of GRBs per year GLAST will observeghaon measured EGRET/BATSE fluence ratios.

We find that the average BATSE/EGRET fluence ratieri8%, though with large scatter and not taking into account
Earth occultation (e.g., for GRB 940217)[11], deadtimeet [9], and anomalous GRBs like GRB 941017 [10]. Our
estimate uses the BATSE 4B fluence distribution, a Band fanetith Bandf = —2.5 added to a 30 MeV spectral
componentwith a2 photon index in the EGRET/GLAST range [12], and power-lgpraximations for the EGRET
and GLAST effective areas [13].

Fig.1, right panel, gives the resulting estimate of the nenaf GRBs GLAST should observe per year full-sky for
a fluence ratio of 10%, for different integral photon numbemd energies. We find that there will be350 (= 25)
GRBsl/yr full-sky from which the GLAST LAT would detect 5 photons with energig > 30 MeV (> 1 GeV), and
~ 25 (~ 8) GRBsl/yr full-sky with> 1 photon withE > 5 GeV (> 10 GeV). A similar conclusion [14], obtained by
extrapolating BATSE results fitted with the Band functiorl#®T energies, gives an estimate of 50-70 GRBs/yr with
> 5 photons wittE > 30 MeV. Our analysis also shows that GRBs give very little 1% ) contribution to the diffuse
extragalactig/-ray background.
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