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International Gamma-Ray Astrophysics Laboratory

JEIVI-X

¢ was launched at a high apogee orbit
by PROTON on October 17, 2002
(~25 months before the launch of
SWIFT)

¢ has 4 instruments on board
(no GRB monitors but IBIS, SPTI and
sometimes JEM-X are capable to
detect GRBs)

¢ observes the sky ~85% of the whole
time during already ~17 years.



IBIS (Imager on Board the INTEGRAL Satellite)

®* Two position-sensitive detector layers:
>ISGRI (16384 CdTe elements of
4x4x2 mm’ with total area 2600 cm?)

> PICSIT (4096 CsI elements 9x9x30
mm?® with total area 2890 cm?)

® Energy band 15 keV - 10 MeV
* Field of view 29°x 29°
® Angular resolution 12 arcmin




SPI (SPectrometer for INTEGRAL)

® 19 Ge detectors

® Area 500 cm?

Energy band 20 keV - 8 MeV

Field of view 32° (hexagonal)

Angular resolution 2.5°

Anticoincidence shield (ACS - 91 BGO crystals

each with a volume of 790 cm’)




IBAS (INTEGRAL Burst Alert System)

was developed to detect and locate in real time GRBs serendipitously observed
by INTEGRAL (Mereghetty 2013)

runs automatically at the INTEGRAL Science Data Centre (ISDC), where the
satellite data are received with a delay of only a few seconds

distributes the sky coordinates of GRBs occurring in the IBIS FOV via Internet
in real time (Thanks to IBAS, INTEGRAL has been the first mission to
distribute in real time the positions of GRBs with arcminute accuracy !)

has localized currently 131 GRBs

also provides the light curves for GRBs detected with SPI/ACS



JEM-X has detected only few GRBs because of
INTEGRAL GRBS its narrow FOV but the obtained information was
; ; ; g ; ; - valuable (from Minaev et al. 2012)
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Our search for GRBs in the IBIS/ISGRI archival data

® Two GRBs have been serendipitously detected by us in the IBIS/ISGRI FOV but
omitted by IBAS - GRB 060428C (Grebenev, Chelovekov 2006) and GRB 070912
(Minaev et al. 2012)

® These findings stimulated our global search for GRBs in the IBIS/ISGRT archival
data obtained in Feb 2003 - Jan 2018.

® We used an experience obtained by us during the search for type I X-ray bursts in
the archival data of IBIS/ISGRI and JEM-X (Chelovekov et al. 2006; 2011; 2017).

® First, we analyzed the IBIS/ISGRT detector 30-100 and 100-500 keV light curves
with B-s time bins collecting all excesses exceeding the local level of mean count rate
by >3 c.



Our search for GRBs in the IBIS/ISGRI archival data
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Our search for GRBs in the IBIS/ISGRI archival data

® Second, we have tried to reconsruct the sky images within the IBIS/ISGRI FOV for
all the detected events and found their probable sources.

® |ocalized events have been cross-checked with the IBAS GRBs catalogue and
catalogues of GRBs detected by INTEGRAL SPI (within its FOV) and PICsIT.

There were 7 new GRBs found and 4 previously known GRBs localized.

® Nonlocalized events have been cross-checked with the catalogues of SPI/ACS and
PICSIT events and the combined GRBs catalog (IPN master lists by K. Hurley).

There were ~890 previously known GRBs confirmed, 110 of them were detected in only
one experiment before IBIS/ISGRI.



New GRBs found within IBIS FOV
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Benneck Ty It | T | Gp© S/N*& F3 Koopannarn”
(nara) (UTC) LC | IM R.A. Decl.
hh:mm:ss | ¢ C ¢ |orcu/c| & o | oTcu. | Trpaj. rpajJl.
GRB 041106 X 01:06:08 1 23 1 39 212 2.3 | 87| 2496 | 304.749 | 37.295
GRBO8S0408C | X 18:33:04 1 21 19 669 104 | 11.5 | 5331 | 253.382 | -6.694
GRB 111130 X 18:42:15 1 21 A4 165 9.9 | 11.5 | 3721 | 345.757 | 48.929
G 18:42:20 1 19 40 259 6.3 — | 1604
GRB 131107 X 07:53:57 1 14 42 248 7.2 1 11.3 | 1794 | 123378 | -16.632
GRB 150803 X 08:32:28 1 12 19 344 93| 7.6 | 1776 | 254.050 | 27.121
G 08:32:28 1 6 9 158 1.9 — 202
GRB 1604188 | X 04:20:43 a2 | 214 | 179 75 3.8 7.8 1204 | 291.830 | -44.660
GRB 161209 X 02:07:42 1 17 15 | 1193 17.3 | 26.6 | 9474 | 193.437 3.072
G 02:07:48 1 15 25 289 11 — | 1878




New GRBs found within IBIS FOV
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New GRBs found within IBIS FOV
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New GRBs found within IBIS FOV
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New GRBs found within IBIS FOV
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400 &~ 80-100 keV

Detection of GRBs in the el AL by i
hard 100-500 keV band Mmﬂ%ﬂﬂ ----- Wﬁb!#

GRB 111130 and GRB 161209 are just
very bright, but GRB 150803 is
extremely hard




X-ray spectra
of 7 new GRBs
found within

IBIS FOV
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Localization of previously known GRBs

Beneck | AE® Tp” IR Tyt | CGA §/N® F& Koopaunate® | Muccus®
(naTa) (UTC) C| IM RA. Decl.
hh:mm:ss | ¢ ¢ |orcu/c| o o | orcu. | rpai rpajl.
GRBO70912 | X | 07:32:21 | 27 | 41 816 | 19 | 145 | 11238 | 264.608 | -28.706 | ASIJKF
(s 07:32:21 | 13 | 36 290 10 — 2328()
GRB130109 | X | 04:56:25 | 7 9 2987 | 35 | 195 | 9770 8180 | 19.085 | K
(s 04:56:25 | 9 17 7126 9 — 2751
GRB150704 | X | 02:44:09 | 9 | 34 | 1231 | 21 | 142 | 6815 | 311.343 | 37927 | K
(s 02:14:09 | & 15 198 9 — 2126
GRB1&80108 | X 10:15:37 | 31 | 52 73 11| 84| 9240 | 58711 | -46.267 | K
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GRBs found within IBIS FOV

7 new GRBs and 4 known but newly
localized GRBs add 10% to the GRBs
found by IBAS within IBIS/ISGRI FOV

HBAS
B New

Localized

110



GRBs found by IBIS/ISGRI

1010 GRBs in total (121 in FOV
and 889 outside FOV)

B Off-axis/ACS . - |
s oraivacespicer | There is a significant fraction of

Off-axis/PICSIT off-axis ISGRI GRBs (~90) not
= Oftaxisionly ISGRI - detected by SPI/ACS.

H In-FOV
In-FOV/also PICsIT




GRBs found by IBIS/ISGRI

787

W SPIFACS
B SPIACS+ISGRI

Fraction of of f-axis ISGRI
events among GRBs detected by

SPI/ACS
(1369 ACS selected events
with T >1's, S/N>3,Cp>100)



Some GRBs
correlations
(all 1010

IBIS/ISGRI
events)

Hardness (100-500 keV/30-100 keV)

10%

104

100

10®

g




N(=C,)

10

10

I1I11|

1

11r|r]

IJI

1 1 i | 1 1 | | I

A0-100 keV

100-500 keV

102

1o
Peak flux (C_), counts/s

N{=F)

10%

1o

— 30-100 keV

— 10 -500 keV

1 Lasaal 1 Ll o

109

I 108
Fluenes (Fl, counts



Number of bursts
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Observing off-axis GRBs by IBIS/ISGRI
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CONCLUSIONS - 1

11 new well localized (<2 arcmin) GRBs were detected that is 10% of all IBAS
events (7 completely new and 4 newly localized ones)

Large amount (~890) of GRBs were detected outside IBIS FOV, they were
previously observed by at least one other mission (110 bursts - by only one
mission, mainly SPT/ACS or KONUS/Wind)

This amount (890) is of about 2/3 of SPI/ACS GRB events (1369) detected in
the same time interval, that shows a very high sensitivity of IBIS/ISGRI to off-
axis bursts.

90 bursts of 890 were indeed not registered by SPI/ACS, that shows
importance of styding the GRB population detected by IBIS/ISGRI



CONCLUSIONS - 2

The total catalogue of GRBs detected by IBIS/ISGRTI is compiled, it has 1100
events and located at http://hea.iki.rssi.ru/integral/ibisgrbs

Note that there is still a huge amount of IBIS/ISGRI events that does not
coincide with any known GRB and were not in the IBIS FOV

It is necessary to monitor IBIS/ISGRI in real time for of f-axis events.

This may provide us with some GRBs not detected by SPI/ACS (and with
spectral information on all GRBs !)

Comparing the catalogue with that of Fermi/GBM we selected a sample of the
events seen by both the missions and calibrated the flux of GRBs detected by
IBIS/ISGRI strongly off-axis (outside its FOV). This calibration dependence
can be used to estimate the flux from X-ray/gamma-ray counterparts of the
LIGO/VIRGO GW events.


http://hea.iki.rssi.ru/integral/ibisgrbs

Thank you
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