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INTEGRAL has unique capabilities for e.m.
searches of GW and neutrino events

2.7 days orbit (since Jan 2015) with
85% useful observing time above
radiation belts

Only very small fraction of sky occulted
by Earth

All data transmitted to ground in real
time and analysed by IBAS within few
seconds

Very good sensitivity with imaging in the
e FOV

+

Continuous all-sky coverage (4m)
without imaging




INTEGRAL SPI /ACS

(von Kienlin+ 2003)

Anti Coincidence Shield (ACS)
(512 kg, 91 BGO blocks)

f 3 =i The ACS s also used as an
i -,! | omni-directional GRB detector
’,|== (E> 75 keV)
??"e'.'S'{ pE
;E{jﬁ__ Provides:
3} | i|' VB e No direction information
i * No energy information
;l e light curve in 50 ms bins

e \Very stable BKG
~3000/6000 cts/bin



Omnidirectional sky coverage with
complementary detectors in hard X-/y-ray
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Relative sensitivity as a function of zenith angle
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Relative sensitivity as a function of zenith angle

15° -15°

75° -75°

.......
.......

e
----

120° . ‘::":... .

I SPI-ACS
| IBISVeto | e

I ISGRI f f

B PICSIT

-135°

-"
ot
.....
' -ty . annt
.........
................

165° o, 165

Savchenko+ 2017

Long burst

8 sec
a=-1 P=-2.5 Ep=300 keV
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LTV 151012
Complementary use of several (quasi)-
ominidirectional instruments on board INTEGRAL
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LTV 151012

Complementary use of several (quasi)-
ominidirectional instruments on board INTEGRAL

Total INTEGRAL sensitivity

Upper limits
on fluence (1s)

<2 108%erg/cm?
in field of view

<4107 erg/cm?
in worst directions



INTEGRAL OBSERVATIONS

LVT151012 -
Partially in FoV -

GW151226
NO DATA
(in Radiation Belts)

GW170814 -
Pointed b —

follow-up



GW 150914
SPI-ACS light curve (>75 keV) around GW150914 trigger time
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GW 150914
SPI-ACS 30 upper limit in 1 second

Foc 000 <(1.2—1.7) 107 erg/cm? for 95% of error region
¥ /-

30°
-15°
-30°
~ X = POINTING DIRECTION
750 (RA=271, DEC=-31)
| B
1.5 10 "ergem s’ 15.0

for a =-0.5, p=-2.5, E,=1.5 MeV



flux [counts/s]

Connaughton et al 2016

GBM detectors at 150914 09:50:45.797 +1.024s

5600

5400

5200

5000

4800

4600

4400

4200

]
fy L
BRI

relative time [s]

GW 150914
COMPARISON WITH Fermi/GBM results

Greiner et al. 2016

PL Amplitude at 100 keV, keV~' cm™?
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Significance in INTEGRAL/SPI-ACS
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PL Photon Index
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GW 150914
COMPARISON WITH Fermi/GBM results

Veres+ 2016
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Distribution of parameters
allowed by observations,
as found in Montecarlo
simulations

Most spectra are hard and

should have been seen by
SPI/ACS

10”7

Intercalibration work
ongoing
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GW 170104

31.2 +19.4 > 48.7 M,
d=880Mpc 2=0.18
FAR< 1.4105 yrt

Savchenko+ 2017b
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GW 170104

INTEGRAL 3-sigma upper |imit during GW170104 (short-hard burst)
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GW 170104

INTEGRAL 3-sigma upper limit during GW170104 (/long-soft burst)
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GW 170104

Interesting event in AGILE/MCAL 0.46 s before T,
(Verrecchia+ 2017)
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GW 170104

SPI/ACS ul on possible AGILE event
(for PL spectrum with slope -2)

INTEGRAL 90% upper bound on AGILE-GW170104-E2

i

Only within red
contours u.l.
compatible with
AGILE event
fluence

Savchenko+ 2017b

1 10 Bergem™2, 400 - 40000 keV 15



GW 170814

Frequency [Hz]

Whitened Strain [10°21]

046 048 0350 052 054 056 046 048 050 052 054 0%
Time [s]

046 048 050 052 054 05
Time [s] Time [s]

INTEGRAL pointed follow-up
92% of LIGO/Virgo localization region covered

From To+47 hr  Duration 1.3days -2 ~ 100 ks net exposure

NO NEW SOURCES U.L. few mCrabs
- exact value depends on energy range
(see GCN 21695)



INTEGRAL LIMITS ON EY/EGW

- 150914 151226 170104 170814

36 +5 4
29 +/-4
62 +/- 4

3 +/-0.5
410 +160 -180

0.09

<~(0.1-3.4)
x10”/

14.2 +8.3 -3.7
75 +/-2.3
20.8 +6.1 -1.7

1.0 +0.1-0.2
440 +180 -190

0.09

No data
(perigee)

31.2 +8.4-6.0
19.4 +5.3 -5.9
48.7 +5.7 -4.6

2 +0.6 -0.7
880 +450 -390

0.18

<(5—9 ) x10°
(short burst)

<(1—3) x10~
(long burst)

30.5+5.7 -3.0
25.3+2.8 4.2

53.2 +3.2
-2.5

2.7 +0.4 -0.3

540 +130
-210

0.11



CONCLUSIONS

INTEGRAL great capabilities for multi-messenger follow-up

— High duty cycle, uninterrupted >~2-day long observations in
stable background

— Whole sky coverage
— Real time data

— Highly competitive all-sky sensitivity, down to 107 erg cm™2 s
(75 - 2000 keV) with complementary role of every instrument

— Sensitivity for broad and narrow gamma-ray lines



