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GW170817: The Merger of Two Neutron Stars
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SUBJECT: LIGO/Virgo 5190425z: Fermi GBM Observations
19/04/25 15:35:23 GMT

Cori Fletcher at USRA/NASA <corinne.l.fletcher@nasa.gov>

C. Fletcher (USRA) reports on behalf of the Fermi-GBM Team and the
GBM-LIGO/Virgo group:

For 5190425z and using the initial BAYESTAR skymap, Fermi-GBM was
observing 55.6% of the probability region at event time.
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C. M. Hui (NASA/MSFC)

: LIGO/Virgo S5190408an: Fermi GBM Observation
19/04/08 21:00:15 GMT
C. Michelle Hui at MSFC/Fermi-GBM <c.m.hui@nasa.gov>

reports on behalf of the Fermi-GBM Team and the GBM+LIGO/Virgo Working Group:

At the time of S$190408an,

Fermi was passing through

[

the South Atlantic Anomaly from 14 minutes prior to 15 minutes after

the trigger time; therefore the GBM detectors were disabled.

—
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Gravitational wave high-energy Electromagnetic Counterpart All-sky Monitor
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Two satellites, Iaunchmg in 2020, will watch for gamma rays from the violent birth of gravitational waves.
INSTITUTE OF HIGH EN PHYSICS, CAS

New China space missions will watch for colliding
black holes, solar blasts

By Dennis Normile | Jul. 11,2018, 12:45 PM
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physicsworld.com

ing GECAM into orbit by the end of
2020,” says Xiong, adding that they
plan to deliver the assembled detec-
tors to the satellite platform by mid-
July. Once the satellites are in orbit,
they will work together with ground-
based detectors in the US, Europe
and Japan to study gamma-ray bursts
associated with gravitational waves.
[ PHysSICIS(S say that GECAM mignt |
spot several associated events each
year. “GECAM will represent one of
the first new ‘all sky’ devices that will
be able to look for associated signals,
wherever a gravitational wave event
occurs in the sky,” says Nobel laure-

ate Barry Barish, who is a former | SEgs
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LIGO director.

Under pressure (JUNO) that is being built in south-
Challenges in sight Despite COVID-19, ern China will aim to measure the
Compared to GECAM, some pro- physicists in China mass hierarchies of neutrinos when
jects are facing financial and logis- have beenworking it comes online by the end of 2021.
tical uncertainties as they navigate hard onthe Researchers expect to receive a lig-
longer timelines. Funding delays Gravitational-wave  uid scintillator purification system
have already impacted some major high-energy from Italian partners this Septem-
physics research infrastructure Electromagnetic ber, but that could now be delayed.

Physics World % GECAM %1% 35 &
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ThESSEMNSITLRNES: HER+XERA+ITEL

B, EER, THESE: EEER, FUGEES, IBaBMiEW

Fe_55
e S C 5.9 keV
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5000 20000 25000 10000 20000 30000 40000 ‘50000 £0000

5000 10000 1
Channel Channel

Figure 5. The spectra of 3Fe and !3%La radioactive sources. The energy resolutions are 95.6% at 5.9 keV,
126.6% at 5.6 keV and 24.1% at 37.4 keV.

Joumnal of Instrumentation

A low-energy sensitive compact gamma-ray detector based
on LaBr;z and SiPM for GECAM

P. V@R S L. Xiong?, X.L. Sun®?, J.G. Lv®® and Y.G. Li®
Published 16 August 2018 « © 2018 |I0P Publishing Ltd and Sissa Medialab
Journal of Instrumentation, Volume 13, August 2018
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Gamma-Ray Burst (GRB)

BURSTING OUT * Discovered in late 1960s
FORMATION OF A GAMMA-RAY BURST could begin either -
with the merger of two neutron stars or with the collapse * Rel ated SC I en Ces
,—. of a massive star. Both these events create a black hole .
TN with a disk of mate.nal around it. The hole-disk system, in zlgl;YLSé > Star, g al axy’ universe
turn, pumps out a jet of material at close to the speed of LIGHT
light. Shock waves within this material give off radiation. JET COLLIDES WITH RADIOV 1
o * Observations

sioven  (momaoc N > Afterglow: rich features
» Multi-messenger: GW, ...
Open questions
» Progenitor
\ » Central engine
, T > Jet launch
wssve i > Jet composition
» Radiation mechanism
HYPERNOVA SCENARID » Standard candle?
> ...

wave)

(external shock wave) . .
;‘\*_ l » Prompt emission: short/long
ﬁ ’

kY FASTER BLOB
BLACK HOLE BLUB—l

CENTRAL
ENGINE

www.sciam.com SCIENTIFIC AMERICAN 89
COPYRIGHT 2002 SCIENTIFIC AMERICAN, INC.
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 Early alert, even earlier than GW
* Independent confirmation

 Reduced localization area facilitating
follow-up observations

* Provide important astrophysics context
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Localization is crucial for follow-up
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 Delayed ~1.7 s after the GW

* Intrinsic weak, 3-4 order of magnitude weak than previously known GRBs
« hard component followed by a soft one (likely Black Body component)
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GECAM detection rate of BNS GWGRB

(Abbott+2018, Living Rev Relativ) (€ D
Epoch | 2015-2016 2016-2017 2018-2019 2020+ 2024+
Planned run duration 4 months 9 months 12 months ear) (per year)
LIGO 40-60 60-75 75-90 105 105
Expected burst range/Mpc Virgo — 20-40 40-50 40-70 80
KAGRA — — — — 100
LIGO 40-80 80-120 120-170 190 190
Expected BNS range/Mpc Virgo — 20-65 65-85 65-115 125
KAGRA - - - — 140
LIGO 60-80 60-100 — — —
Achieved BNS range/Mpc Virgo — 25-30 — — —
KAGRA — — — — —
Estimated BNS detections 0.05-1 02-45 1-50 4-80 11-180
Actual BNS detections 0 1 — — —
% within deg? <1 1-5 1-4 3-7 23-30
90% CR 20 deg? <1 7-14 12-21 14-22 65-73
median/deg? 460-530 230-320 120-180 110-180 9-12
s 5 deg? 4-6 15-21 20-26 23-29 62-67
Seltgen s, WY o el 14-17 33-41 42-50 44-52 | 87-90

Expected GWGRB rate from BNS in 2020

GECAM improvements over Fermi/GBM:
(1) FoV & duty cycle:

* Fermi/GBM:
e GECAM:

X 2
X ~3 (volume)

0.3-1.7/year
2-10/year

(2) Sensitivity:
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BH-BH merger BH-NS merger BH-BH merger
(GW150914) (GW190814) (GW190521)
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bn090605862, timebin=1ms
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GECAMFNZEECE

For each GECAM satellite
® 25 Gamma-ray detectors (GRD, circle)
® 8 Charged particle detectors (CPD, square)

* GRD (LaBr,+SiPM)
— Monitor x/gamma-ray from all-sky
— Temporal, spectral, localization measurement for GRB

« CPD (Plastic scintillator + SiPM)

— Monitor charged particles (e, p)

— lIdentify the GRD bursts produced by charged particles in the Earth orbit
(i.e. distinguish GRB and fake-GRB)
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Monte Carlo simulations
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GECAM vs. Fermi/GBM

GECAM/GRD
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« Sensitivity: ~10-8erg/cm?/s
* Horizon for GRB 170817A: ~100 Mpc

— Depends on:
 Offset viewing angle
 Spectral shape of the GWGRB
* Incident angle to GECAM constellation

— Working on further improvements
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Localization

« Using the flux distribution of detectors
 Using the time lag between two satellites

Flux distribution method

(e.g. Fermi/GBM)
(e.g. IPN location)

Time lag method
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