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GAMMA-RAY BURSTS WITHOUT MEASURED
REDSHIFTS I: ENERGY ESTIMATE
AND LAT BORESIGHT ANGLE DISTRIBUTION

Abstract. Context. With this short note we start a series of communications dedicated to the study of gamma-
ray bursts (GRBs) without measured redshifts.

Aims. We make an attempt to estimate energy of GRBs without measured distances based on population of
bursts with measured redshift.

Methods. We assume that there is indeed universal bimodal distribution on duration which is followed by all the
events. Using data on best-fit spectral parameters from GBM GRB Catalog we calculate energy for each burst given
mean redshift values for short/long distribution. Additionally, we cross-correlate GBM GRB Catalog with general
GBM Trigger Catalog in order to retrieve information on LAT boresight angle at the moment of event detection.

Results. We obtained estimate energy for each burst and built a distribution plot which follows the idea of
bimodal distribution. A scatter plot for LAT boresight angles of short GRBs was obtained.

Conclusions. The energy-based histogram follows a general pattern for short/long distribution having distinct
peaks. On the other hand, LAT boresight angles for short events shows quite uniform distribution, and being an
instrumental feature, therefore cannot implicitly point to some intrinsic mechanisms responsible for high-energy
photons generation.
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1. Introduction.

There is essential quantitative information one can calculate knowing the distance to the astrophysical
object. Among these values isotropic-equivalent energy is the starting point for inferences in any
theoretical model. An estimate of injected energy is crucial information for numerical simulations,
especially for modelling the most energetic phenomenon of the universe such as gamma-ray burst (GRB).

The Fermi Gamma-Ray Space Observatory (previously GLAST) has detected over two thousand”
unique Gamma-Ray Burst (GRB) events during the first decade of operation [1]. Only ~10% of these
bursts have measured redshifts therefore making possible a reliable physical interpretation of the processes
onsite. Consequently the rest of GRBs do not offer the latter possibility in full though containing spectral
information.

The statistics to the date of July 20™ 2018 is the following (see Table 1): Fermi-GBM telescope
detected 2367 gamma-ray bursts (100%) among which there are 398 short (16.8%) and 1969 long (83.2%)
duration GRBs, both are with and without measured redshift values; out of this total number of bursts the
Fermi-LAT telescope detected 169 bursts (7.1%) among which there are 14 short and 155 long duration
GRBs, both are with and without measured redshift values [2].

* https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html
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Table 1 - GRB detection statistics for all-sky Fermi-GBM (8 keV—40 MeV) and Fermi-LAT
(20 MeV-100 GeV) since the beginning of operational era in July 2008. The first and the last rows
correspond to the first [2] and the second [4] LAT catalogs. Percentages in parentheses are related to the
total number of bursts by GBM. Numbers were retrieved from online Fermi-GBM Burst Catalog and
Fermi-LAT Burst list.

End time GBM Too<2s Too>2s LAT Too<2s Too>2s
July 2011 733 122 (16.6%) 611 (83.4%) 35 (4.8%) 5 30
July 2018 | 2367 | 398(16.8%) | 1969(832%) | 169(7.1%) | 14 155

Within a decade of the Fermi operational era there were reported around 30 short GRBs with redshifts
measured, among them there is only one GRB 090510 with both measured redshift and GeV photons
detected [2]. This means a number of >350 short bursts does not have redshift and roughly same number
without GeV photons were observed. As for the long bursts there are more than 200 events with known
distances [3].

2. Methods.

In order to estimate energy for GRBs without redshift we take an average value of those short and
long bursts with measured redshift. The secure median value for the redshift of short GRBs is around
unity, while the median redshift value of long bursts is around two [5].

Fixing the redshift at unity (short) and two (long) values we calculate Eis, given a spectral model. For
every GRB its Flnc_Best Fitting Model parameter from GBM catalog indicates the model best fitting the
data for a spectrum accumulated over Ty duration of the burst [1]. The models used to fit each spectrum
are: simple power law (plaw or PL), cutoff power law (comp or CPL), smoothly broken power law
(SBPL) and Band function. Depending on model we will have various parameters to consider. The best-fit
model is automatically selected by comparison of the values of the likelihood-based Castor C-Statistic
(C-STAT). The C-STAT is a modified log-likelihood statistic based on Cash statistic, see [6], and it is
used for fitting a model to data set through minimization. The isotropic energy equation has the form:

4nd%
Eiso = ES(El'EZvZ)a (D

where d; is the luminosity distance and S(E1, E», z) is the fluence accumulated between minimum £; and
maximum £, energy. It is defined by following expression:

S(E1, Ey, z) = Ty fEZ/(HZ)

o J1rey EN(E)AE. 2)

Here N(E) defines the best-fit model of the prompt phase spectrum and the integration is done over
GBM working energy band. Since GRBs are the cosmological objects then above mentioned luminosity
distance will be defined, assuming a flat universe ACDM model with Qx=0.692, Q=0.308,
Hy=67.8 km s Mpc™ and ¢=2.998¢+10 cm s™, by following equation [7]:

dy(z,Qp Q) = (1 + Z)Hiofozm - 3)

As can be seen the redshift stays as only unknown parameter. The calculated values of Eis,” ' and
Eiso” 2 are shown on Figure 1 and listed in Table 2 of the next section.

Another issue to consider for future studies is a boresight angle of the LAT instrument at the moment
of GBM trigger. This angle defines the sensitivity of LAT and simply represents itself a viewing angle
outside of which no observation is possible. Given orientation coordinates two instruments can calculate
mutual directions and when burst location defined by GBM the LAT normal angle is calculated with
respect to that pointing and stored in GBM Trigger Catalog. We scan throughout (in order of priority) the
Fermi LAT Second GRB Catalog,” the Fermi GBM Trigger Catalog* and GCN archive® looking for the
LAT boresight angle with regard to the best location of every burst.

T https://heasarc.gsfc.nasa.gov/W3Browse/all/fermilgrb.html
¥ https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigtrig.html
§ https://gen.gsfe.nasa.gov/
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3. Results. We obtained estimate energy for each burst and built a distribution plot which follows the
idea of bimodal distribution.

Table 2 lists all short GRBs observed within a decade of GBM operation and columns indicate: burst
full name, duration (in seconds), rest-frame spectral peak energy calculated at z=1.0 (in keV), isotropic-
equivalent energy calculated at z=1.0 (in erg, rest-frame by definition), and LAT boresight angle at the
GBM trigger (in degrees). Although not listed here, a similar table is obtained for long (79 >2 s) duration
GRBs, and both tables in full are available upon request.

Table 2 - List 0of 398 short (790 <2 s) GRBs within August 2008—July 2018 detected by Fermi-GBM
with estimated isotropic-equivalent energy Eiso when given z=1.0 as an average redshift for short bursts. Since the table
is large in size we show here only the first and the last three rows. Full table is available upon request

GRB name Too (s) Epea™! (keV) Eiss™! (erg) 0 (degrees)
080723913 0.192 641.679 6.70615¢+50 —
080725541 0.96 2965.18 4.87635e+51 —
080802386 0.576 1244.78 4.81246e+51 —
180703949 1.536 273.749 4.60329¢+52 32
180715741 1.664 1121.59 8.24943e+51 79
180715755 0.704 1804.56 8.58977e+51 75

We built an energy-based histogram for two populations of 1800 long and 363 short GRBs on
figure 1. The median values are 2.16e+51 erg (short) and 4.61e+52 erg (long), and two distinct peaks are
easily observed.

Regarding the LAT boresight angles there are 363 short GRBs with known 6 at the trigger
(for 35S-GRB there is no angle information, see table 3), of which 210 bursts were detected at § <75
degrees, number of 6 short GRBs were triggered at & =75 degrees and events in amount of 147 were
detected at 6 >75 degrees.

Table 3 - Distribution of short GRBs with regard to LAT boresight angle.

Total S-GRBs 6<75 degrees =75 degrees 6>75 degrees no 6
398 210 6 147 35

A scatter plot for LAT boresight angles of short GRBs was obtained on figure 2. Labeled red points
indicate S-GRBs from the Second LAT Catalog [2]. Note that a large offset of S-GRB 170127067 still had
high-energy emission at late repointing. The histogram shows the same distribution stacked in 30 bins.
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Figure 1 - Histogram of isotropic-equivalent energy for 363 short and 1800 long GRBs for a decade of Fermi mission.
The values of energy are calculated by assuming average redshifts for short (z=1.0, solid blue) and long (z=2.0, solid red) bursts.
Dashed black line indicates Eiso=1€52 erg energy. Dashed blue and red lines indicate median energy values
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Figure 2 - Distribution of 363 short GRBs by LAT boresight angle and isotropic-equivalent energy calculated
under assumption of common z=1. Vertical dashed lines indicates 6 =75 degrees threshold angle for LAT instrument,
horizontal dashed line indicates Eiso=1¢52 erg energy

4. Discussion. The energy-based histogram follows a general pattern for short/long distribution
having distinct peaks. These two populations when put on Epca-Eiso plane stays in accordance with spectral
energy correlation for short [9] and long [10] GRBs. The prospect of further detailed study is possible due
to the presence of redshift measured bursts [Aimuratov et al. (2020) in Proceedings of the Fifteenth
Marcel Grossmann Meeting, submitted].

On the other hand, LAT boresight angles for short events shows quite uniform distribution, and being
an instrumental feature, therefore, it cannot implicitly point to some intrinsic mechanisms responsible for
high-energy photons generation. An outlier GRB 170127C detected ~300 s after GBM trigger [8] is one of
the clear examples for prolonged GeV emission of still unknown nature. This implies
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E. K. Ajimypartos
B. T'. ®ecenkoB aTeiHAarbl aCTpOdH3UKa HHCTUTYTHI, AnMathl, Kazakcran

KbI3bLJI BITBICYBI OJIIEHBEI'EH TAMMA-COVYJIEJIEHY KAPKBIJIJIAPBI I:
OHEPI'USIHBI BAFAJIAY )KOHE LAT KOPY BYPBIIITAPBIHBIH YJECTIPIMI

Annorauusi. Moumomini. OCBl KpICKaIra xabapiamMaMmeH 0i3 KbI3bUI BIFBICYHI OIIICHOETEH TaMMa-CoyJIeIIeHY
xapkpuraapsina (I'CXK) apHanran 3epTreysep Typajibl MaKaJlanap CEpHsChIH OacTaiiMbI3.

Maxcamul. Bi3 KbI3bUI BIFBICYBI OJIIICHTEH JKaPKbULIAP KUBIHTBIFBIHA CYHEHIN, KalbIKThIFbI ommenoeren I'CK
MOMNYJISIIMSICHIHBIH SHEPTHs OJIIIeMIH OaraiayFa OpeKeT jKacaiMbI3.

Odici. bi3 GapibIK OKUFaIap pachkiHaa oMOeban OMMOJANIBIK YIIeCTipiMiHe cail 6osaael nen Heriaeimiz. GBM
GRB kaTanorsiHaarsl op OKUFara ©H JKaKChl COMKEC KEJIETIH CIEKTPIIIK MmapaMeTpiiep Typasibl MOJIIMETTEPl JKOHE
KbI3bUI BIFBICYBI OJIIIEHI'€H KbICKa/y3aK yaKbITThl OKUFaJIap YILUiH OeplireH opTaiia MOHAEp/l KoJiaHa OTBIpHII, 013
SHeprusiHbl ecenrteiimis. CoHbIMEH Karap 013 okuranapnsl aHblkTaraH catre LAT mHCTpyMeHTiHIH Kepy OypbImIibl
Typansl akmapar amry ymiH GBM GRB karamorsin GRB  Trigger Catalog skammsl KaranorsiMeH e3apa
CaJIBICTBIPAMBI3.

Homuowcenepi. biz op T'CX-HbIH SHEprusCHIH ecenTen ANIBIK JKOHE HOTIDKECIHIE OMMOIANABI YIecTipiM
UIESChIHA COMKeC KeJIeTiH alaHbH anablK. Kpicka yakpeITThl okuranapaslH LAT kepy OypeImTaps! YIIiH MIamisIpay
CIOJKETI aJIbIHIbL.

Kopuvimuinovicel. DHeprusra Heri3enared TMCTorpaMma HaKThI HMIBIHIAPhI OapbIH KOPCETE OTHIPHII, KbICKA/Y3aK
YaKbITThI OKUFANIAPAbIH YJIECTIpIMiHE cail Kbl YATICIH ycTaHa bl EKIHIII KaFbIHAH, KbICKA OKUFalapFa apHajFaH
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LAT kepy OypbliiTapbl OipKeJKi Tapaiyabl KOpceTe/l )KoHe HHCTPYMEHTAJ/IbI CUIIAT OOJIBIN TaObUIAbI, COHIBIKTaH
KOFapbl SHEPrHsIbl (QOTOHIAPABIH Naia OoyiyblHA jkayan OepeTiH Keldip ilIKi MeXaHU3MIEepZl HAKThl Kepcere
aJMamIbl.

Tyiiin ce3mep: raMmma-coyIieaeHy KapKbUIbl, KbI3bUI bIFBICYBI; LAT Kepy OyphIIIIbI;, JepeKTep/Ii Tanmay.

E. K. Ajimypartos
Actpodusnueckuii uacTHTYT UMeHH B. I'. @ecenkoBa, Anmater, Kazaxcran

IFAMMA-BCIIVIECKH BE3 U3MEPEHHBIX KPACHBIX CMEIIEHUM I:
OLEHKA SHEPI'MU U PACIIPEJEJIEHUE YTJIOB IPULTEJIMBAHUS LAT

Annorauusi. Koumexcm. C 3TOH KOPOTKOW 3aMETKHM MBI HAYMHAEM CEPHI0 COOOIICHHH, ITOCBSIIECHHBIX
n3ydeHuIo raMmma-BeIuieckoB (I'B) 6e3 n3MepeHHBIX KpaCHBIX CMEIICHHH.

ILenu. Mbl npeAnpuHUMAaeM IIONBITKY OLIEHHTh 3Hepruto ['B 6e3 HM3MepeHHBIX pacCTOSHHI Ha OCHOBE
COBOKYITHOCTH BCIUIECKOB C U3MEPEHHBIM KPACHBIM CMEIICHUEM.

Memoowsl. Mbl peanonaraem, 4ro, JeUCTBUTENBHO, CYLIECTBYET YHUBEPCAIbHOE OMMOJAIIHOE pacIipe/ieieHHe
M0 MPOAOJDKUTEIBHOCTH, KOTOPOMY CIIEAYIOT Bce COObITHs. VCmonb3ys NaHHBIE O CIIEKTPAIBHBIX Mapamerpax U3
kataora GBM GRB ans HanbGoiiee mOAXOASIINX MOJEINEH, Mbl BBIYUCISIEM M30TPOIHYIO SHEPTHIO Ul KaXJIOro
BCIUIECKA, YUWTHIBas CPEAHUE 3HAUEHHS KPACHOTO CMELICHUS JUIs PAclpelesieHus] KOPOTKHX/IUIMHHBIX COOBITHH.
Kpome Toro, Mel nmpousBoauM B3anMHyto kKoppessinuio karanora GBM GRB ¢ o6 karamorom GBM Trigger
Catalog mns momyueHus nHpopManuu o6 yrie nputennBadust LAT B MOMEHT 0OHapyKeHHUS COOBITHSI.

Pe3yromamer. MBI IOTYYIHIN OIEHKY SHEPTHU IS KAXKIIOTO BCIUIECKAa W TOCTPOWUIH TpaHK pacrpeneneHus,
KOTOPBIH cliexyeT maee OMMoIanpHOTO pacrpeneneHus. [lomydeH rpaduk pacnpenencHHs YTIOB MPHIIETHBAHUSL
LAT nns xopotkux GRB.

3axnmiouenus. T'ucrorpamma no sueprusim ['B cienyer oOuieli cxeme pacrpenesieHus Mo KOPOTKHUM/ITTHHHBIM
COOBITHSIM, TIOKA3bIBasl [BAa OTUETIMBHIX muka. C apyroi croponsl, yriel npunenuBanus LAT mis koporkux ['B
MOKa3bIBAIOT JOBOJBHO PAaBHOMEPHOE pacIHperesieHue, U, SBIAACh MHCTPYMEHTAIbHOM OCOOEHHOCTBIO, HE MOTYT
HCABHO YKa3bIBaTb Ha KaKI/Ie-HI/l60 BHYTPEHHUC MCXAaHWU3MbI, OTBECTCTBCHHBLIC 3a O6pa30BaHI/Ie (l)OTOHOB BBICOKHUX
SHEpruil.

Ki1ioueBble cj10Ba: raMMa-BCIUIECK; KpacHOE CMelleHne; yroa npuuenusanus LAT; ananu3 1aHHBIX.
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