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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 ofthe 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 ofthe 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 20th 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 TO< 2 s TO>2 s LAT TO<2s TO>2s
July 2011 733 122 (16.6%) 611 (83.4%) 35 (4.8%) 5 30
July 2018 2367 398 (16.8%) 1969 (83.2%) 169 (7.1%) 14 155

Within a decade ofthe 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 Eiso given a spectral model. For
every GRB its FInc_Best_Fitting_Model parameter from GBM catalog indicates the model best fitting the
data for a spectrum accumulated over Too 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:

Fieo = ~"~S(ELE2 2), (1)

where dt is the luminosity distance and S(E1, E2, z) is the fluence accumulated between minimum E1 and
maximum E2energy. Itis defined by following expression:

B2/(1+ z

S(ELE2 7) —TQOJB”(HZ)) EN(E)dE. )

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 JICDM model with Qa=0.692, Qm=0.308,
#0=67.8 km s-1 Mpc-Land c=2.998e+10 cm s-1, by following equation [7]:

dzr
HQM(1+z")3+QA

As can be seen the redshift stays as only unknown parameter. The calculated values of Eisoz=l and
Z:Zare shown on Figure 1 and listed in Table 2 ofthe next section.

Another issue to consider for future studies is a boresight angle ofthe 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 CatalogJ the Fermi GBM Trigger Catalog*and GCN archive§ looking for the
LAT boresight angle with regard to the best location of every burst.

dL(z,Mn,Am) = (1+ z2)j;-J® (3)

Ei

t https://heasarc.gsfc.nasa.gov/W3Browse/all/fermilgrb.html
*https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigtrig.html
8https://gcn.gsfc.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 (T9>2 s) duration
GRBs, and both tables in full are available upon request.

Table 2 - List of 398 short (T0<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 To0(s) Boeakz=1(keV) Bisoz=1 (erg) B (degrees)
080723913 0.192 641.679 6.70615e+50 -
080725541 0.96 2965.18 4.87635e+51 -
080802386 0.576 1244.78 4.81246e+51 -
180703949 1.536 273.749 4.60329e+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 B at the trigger
(for 35S-GRB there is no angle information, see table 3), of which 210 bursts were detected at B <75
degrees, number of 6 short GRBs were triggered at B =75 degrees and events in amount of 147 were
detected at B >75 degrees.

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

Total S-GRBs B<75 degrees B=75 degrees B>75 degrees no B
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.

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=1e52 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 B =75 degrees threshold angle for LAT instrument,
horizontal dashed line indicates Eiso=1e52 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 Epeak-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 GrossmannMeeting, 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. AlimypaTtoB
B. I'. ®eceHKOB aTbliHAarbl acTPoMU3MKa UHCTUTYTbI, AnMaTbl, KasakcTaH

KbI3blJ1 bIFbICYbI ONNWUEHBENEH TAMMA-C3YJTENNTEHY XXAPKbLIJIOAPHI I:
OHEPINAHBI BATANAY XX3HE LAT KOPY B¥PbIWTAPbBIHbL, YAECTIPIMI

AHHOTaumMA. MaHMaTT. Ocbl KbicKawa xabapriamaMeH 6iS Kbi3bll bIrbICYbl efllleHOereH ramMmma-cayseneHy
apkbingapbiHa (MTCXK) apHanraH 3epTTeyniep Typasibl Makananap CepUsICbIH 6acTanmbl3.

MaucaTbl. Bi3 Kbi3bln bIFbICYbl eNLLIEHIeH XapKbiNap XUbIHTbIbIHa CYVIeHin, KalbIKTbIrbl efweH6ereH MCXK
NonyNAUMACBIHBLL, 3HEPTMA efeMLl 6aranayra apekeT acaliMbl3.

ddici. Bi3 6apnblk okuranap pacbiHga ambeban 6umogangbiK YNecTipimiHe cail 60nagbl fen Herizgeimis. GBM
GRB KaTanorblHAarbl 3p OKMrara e, Xakcbl Ca/iKec KeneTLll CNeKTP/hK napameTpriep Typaibl M3niMeTTepdi XaHe
KbI3bl/T bIbICYbl efllUeHreH KbiCKa/y3aK yaKbITTbl OKMranap YLWiH 6eplureH opTawa MaHAepAi KongaHa oTbipbin, 613
3HeprusHbl ecenTeimis. CoHbIMeH KaTap 613 okuranapgbl aHblKTaraH catre LAT MHCTPyMeHTLIW, Kepy OypbiLlbl
Typanbl aknapaT aiy YuwiH GBM GRB katanorbiH GRB Trigger Catalog »annbl KatanorbiMeH e3sapa
CaNbICTbIPaMbI3.

HaTwuxkenepi. bi3 ap [CXK-HbIL 3HEPrusAcbiH ecenTen aidblK X3He HITMXeciHAe 6umogangbl YrecTipiMm
NAeACbIHa CaMKec KeneTiH anaubiH anfblK. Kbicka yaKbITTbl okuranapgbiy, LAT Kepy 6OypbiwiTapbl YLiH LWallbipay
CloXen anbIHapl.

KppbITbTabICl. DHEPruara Herisfie/ireH rmcrorpamma HakThbl LWblLgapbl 6apbiH KepceTe OTbIPbIM, KbicKaly3ak
YyaKbITTbl OKUranapabliy, YecTipiMmiHe caid >kainbl YriciH ycTaHagbl. EKiHLI XarblHaH, KbiCKa OK/ranapra apHairaH
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LAT kepy OypbiwiTapbl 6ipKenkKi Tapanyabl KepceTeai XaHe NHCTpyMeHTanabl cunat 60bin Tabblnagel, COHAbIKTaH
orapbl 3Heprusabl (GoToHAapAbIL, Maiga 60nyblHa Xayan 6epeTiH Kenbip iWkKi mexaHU3MAEpAi HakTbl KepceTe
anvangpl.

TywH ce3fep: ramma-cayneneHy apKbifbl; Kbi3bli birbicybl; LAT Kepy 6ypblllbl; AepeKTepi Tanjay.

E. K. AlimypaTtoB
AcTpodhn3nyecknii MHCTUTYT MMeHun B. I'. deceHkoBa, Anmatbl, KasaxcTtaH

FTAMMA-BCM/ECKMW BE3 UBMEPEHHbIX KPACHbIX CMELLEHWN I
OLIEHKA 3HEPIUN N PACMPEAENEHWME YT NOB MPULENVNBAHUSA LAT

AHHOTaumsa. KoHTekcT. C 3TOli KOPOTKOM 3aMeTKM Mbl HauMHaeM Cepuio COOOLLEHWIA, MOCBALLEHHBbIX
M3y4YeHUto ramma-BecnieckoB (MB) 6e3 n3MepeHHbIX KPacHbIX CMELLLEHWIA.

Llean. Mbl npeanpvHUMaeM MOMbITKY OLEHWUTb 3Hepruto B 6e3 M3MepeHHbIX PacCTOSHWIA Ha OCHOBe
COBOKYMHOCTU BCMJIECKOB C N3MEPEHHbIM KPaCHbIM CMEeLLEHNEM.

MeTogbl. Mbl Npeanonaraem, 4To, AeiCTBMTE/IbHO, CYLLLECTBYET YHUBEPCA/IbHOE 6UMOAA/IbHOE pacnpeaeneHme
Nno NPOAO/KMUTENBHOCTU, KOTOPOMY C/efytoT Bce Co6bITUA. cnonb3ya faHHble 0 CMeKTpa/bHbIX napameTpax U3
kaTanora GBM GRB pgna Hanbonee noaxogswmx Mogesiei, Mbl BbIHUC/ISEM M30TPOMHYK0 3HEPTUI0 A1 KaXKAOro
BCM/IECKa, Y4YMTbIBasA CpeAHUe 3HaYeHWs KPacHOro CMELLEHMS ANS pacnpefenieHns KOPOTKUX/O/INHHBLIX COBbITUIA.
Kpome TOro, Mbl Npou3BOAMM B3aMMHYK Koppensumto katanora GBM GRB ¢ obwum katanorom GBM Trigger
Catalog gnsa nonyyeHus nHgpopmaumm o6 yrne npuuenusaHua LAT B MOMEHT 06HapyXeHUS cobbITuUS.

PesynbTaTbl. Mbl NOAYy4YUNU OLEHKY 3HEPrUU AN KaXA0ro Bernecka v NOCTPOWIN rpauk pacrnpegeneHus,
KOTOpbI cnepyeT npee 6umoganbHOro pacnpegeneHus. Mony4veH rpaduk pacnpeaeneHns yrjioB npuLenBaHns
LAT gna kopoTknx GRB.

3aknyeHus. Muctorpamma no sHepruam B criegyeT o6ueli cxeme pacnpefesieHns Mo KOPOTKUM/LMNHHBLIM
COObITUSIM, MOKasbiBasA ABa OTYETNMBbLIX NuKa. C ApYroi CTOpoHbI, Yr/ibl npuuennBaHna LAT ans kopoTkux B
MoKasblBalT [OBO/IbHO PaBHOMEPHOe pacrnpefesieHne, W, SBAAACbL WHCTPYMEHTasIbHOM 0COBEHHOCTbIO, He MOryT
HesIBHO YKa3blBaTb Ha Kakue-nnmbo BHYTPeHHUE MeXaHW3Mbl, OTBETCTBEHHbIe 3a 06pa3oBaHue (HOTOHOB BbICOKUX
SHEprum.

KntoueBble cfoBa: raMMa-BCMNecK; KpacHoe CMeLLeHue; yron npuuenmeandma LAT; aHasin3 faHHbIX.
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