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GWGRB is a special component of GWEM

• BNS merger: Short GRB, well known for decades
– X/gamma-ray, Epeak~keV to MeV

– Possible with the Extended Emission component

• Provide early alerts for follow-up obs. in other EM bands
– Soft X-ray  (Swift/XRT), Optical, IR, UV, Radio, etc.

• Short time delay with respect to the GW
– Easier to associate with GW than long delay EM components

– Fundamental physics, e.g. constrain the speed of GW

• Could be (very) bright
– Easy to detect with wide-FoV gamma-ray monitor (easy and cheap)

• Short duration
– Hard to detect with narrow-FoV telescopes, no time for slew!

• Likely dim and soft
– require monitor with high sensitivity in soft energy band
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GWGRB played a critical role in the synergy observation

• Early alert, even earlier than GW

• Independent confirmation

• Reduced localization area facilitating 
follow-up observations

• Provide important astrophysics context
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GWGRB trigger and localization 
are crucial for GW verification and EM follow-up

GRB170817A
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GWGRB rich physics

• 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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Can all kinds of GW produce GRB?
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NS-NS merger
(GW170817)

BH-BH merger 
(GW150914)

GRB

GW

GW150914-GBM candidate

BH-NS merger
(GW190814)

GRB Candidate GRB confirmed No GRB candidate yet



GWGRB very rare, challenging to current GRB monitors

• Fermi/GBM+LVC @2020
– 2018-2019： 0.1-1.4/year

– 2020： 0.3-1.7/year
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Current GRB monitors:
• Field Of View (FOV)

• Duty cycle

• Sensitivity and localization
LVC, Fermi GBM, INTEGRAL, 2017, ApJL, 848, L13
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GECAM Timeline
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The first Mission of Opportunity (MoO)
in the Strategic Priority Program on Space Science (SPPSS-II), 

Chinese Academy of Sciences (CAS)



GECAM Requirements for GWGRB 

• FOV 100% all-sky, like LIGO/Virgo

• Energy coverage lower energy 

• Sensitivity more sensitive

• Localization more accurate
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Demonstrated by the GRB170817A obs.

GBM

SPI-ACS



• Launch by 2020 for joint 
observation with LIGO with 
design sensitivity

– Tight constraints on the budget 
and technology readiness both 
for spacecraft and payload

– As cheaper/simple as possible 
with improved capability than 
existing GRB monitors

Extra requirements for GECAM

• Reject non-GRB trigger caused 
by charged particles

Abbott+2018, Living Rev Relativ.

GW150914-GBM candidate



通讯舱

姿控舱

推进舱

综合电子舱

载荷电子学舱

载荷探测器

GECAM
Gravitational wave high-energy Electromagnetic Counterpart All-sky Monitor

⚫ Characteristics
– FOV： 100% all-sky

– Energy band： 6 keV – 5 MeV

– Sensitivity： <2E-8 erg/cm2/s

– Localization： <1 deg (1-σ stat., 1E-5 erg/cm2)

• Real-time alerts
– Trigger time, localization, duration, spectrum, etc

– Latency:  2-10 minutes

Detectors

Payload
electronics

Spacecraft

Spacecraft
electronics

Attitude
control

Telemetry

GECAM-A GECAM-B

GECAM satellite
(150 kg)

Dome

Orbit:
600 km, 29°

truly ALL-TIME ALL-SKY Monitor



Current and future gamma-ray monitors
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Detector configuration

• GRD  (LaBr3+SiPM)
– Monitor x/gamma-ray from all-sky

– Temporal, spectral, localization measurement for GRB 

• CPD  (Plastic scintillator + SiPM)
– Monitor charged particles (e, p)

– Identify the GRD bursts produced by charged particles in the Earth orbit 
(i.e. distinguish GRB and fake-GRB)
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For each GECAM satellite

⚫ 25 Gamma-ray detectors (GRD, circle)

⚫ 8 Charged particle detectors (CPD, square)



GRD: LaBr3+SiPM
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⚫ Novel technology

➢ LaBr3 very bright, insensitive to Temp.

➢ SiPM very compact, robust, HV-free

➢ Low energy threshold & Wide energy 

➢ Could stay on during SAA passage

➢ Gain stabilization by SiPM temp-voltage bias feedback

Traditional design
Based on PMT

New design
Based on SiPM



Field of View (FOV)
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100% all-sky monitoring with
~40% GRBs detected by both satellites

GECAM-A
GECAM-B

Overlapping
region

Overlapping
region



Energy range and Effective Area

18

⚫ Lower energy coverage down to ~6 keV

→ Very suitable for detecting GRB170817A-like GWGRB

15 keV



In-flight Background 
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Background increase during and after SAA passages Characteristic lines for in-flight gain calibration

orbital modulation

Background spectrum Background light curve



Sensitivity

• Sensitivity:  ~10-8 erg/cm2/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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Soft

Medium

Hard
Band α β Epeak (keV)

Soft -1.9 -3.7 70

Medium -1.0 -2.3 230

Hard 0.0 -1.5 1000



Localization

21

GRB GRB

GECAM-A
GECAM-B

• Using the flux distribution of detectors    (e.g. Fermi/GBM)

• Using the time lag between two satellites      (e.g. IPN location)

GECAM-A/B

Flux distribution method Time lag method



Simulated GECAM localization for GRB170817A
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Location region:  several deg2 (1-sigma)



smaller location error, better follow-up

23

https://master.sai.msu.ru/site/master2/observ.php?id=1087257

Fermi/GBM location

GECAM location

(time-lag)



Short GRB detection rate

•Fermi/GBM detection rate of sGRB
– Triggered:  40/yr

– Untriggered: ~20/yr (rough estimation)
• Insight-HXMT confirmed ~15 GBM untriggered sGRB in two years

• GECAM detection rate of sGRB
– FOV + duty cycle improvement over Fermi/GBM:   x 2

– Sensitivity improvement over Fermi/GBM:  x a few

→ Minimum: (40+20) x 2 ~ 120 sGRB/yr

• ~50 sGRB/yr (40%) will have time-lag localization (~ several deg2)
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GECAM sciences

• Gamma-ray emission of GW sources

• Gamma-ray emission of High Energy Neutrino (HEN)

• Gamma-ray emission of FRB

• GRBs, especially ultra-long and ultra-soft ones

• SGR/AXP

• TDE

• X-Ray Bursts

• X-Ray Binaries (long-term)

• X-ray Pulsars

• Solar flare

• Terrestrial Gamma-ray Flashes

• Terrestrial Electron Beams

• etc.

25



Monitor GWGRB from BNS merger
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GECAM detection rate of BNS GWGRB
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(Abbott+2018, Living Rev Relativ)

Expected GWGRB rate from BNS in 2020

• Fermi/GBM： 0.3-1.7/year

• GECAM: 2-10/year

GECAM improvements over Fermi/GBM:
(1) FoV & duty cycle:    x 2
(2) Sensitivity： x ~3 (volume)



GWGRB from NS-BH, BH-BH merger?
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Left: charged BH（Nathanail, Most & Rezzolla, 2017）

Right：BBH merger EM emission（
Liebling&Palenzuela 2016）

GW150914-GBM candidate

• Suggested by theory models
– BBH from one star, Loeb 2016

– Activated accretion disk, Perna+2016

– Charged BH, Zhang 2016

– …

Binary BH merger



Synergy observations with GW detectors
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GECAM lifetime:  min. 3 yrs goal 5 yrs



• Multi-messenger and Multi-wavelength
– High Energy Neutrinos (HEN): EM counterpart

– Fast Radio Bursts (FRB): potential high-energy counterpart
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Gamma-ray from HEN and FRB



• Ultra-long GRBs

• X-ray Flashes

• Magnetars

• TDE

• XRB (Earth occultation)

• Pulsars

• Solar flares (SFL)

• Terrestrial Gamma-ray Flash (TGF/TEB)
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X-ray/Gamma-ray Sources
GRB 130925A

TGF and TEB Magnetar burst seen by Fermi/GBM



Ultra-long GRB
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GRB 130925A

GECAM-A GECAM-B
GECAM

A&B



GECAM Qualification and Engineering Model (QEM) 

Vibration Test

GRD SiPM (64) GRD Pre-amplifier

Data Acquisition Board Data Management Board

GRD detector

CPD Detector



2019/9/6: QEM Test Finished
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Summary

• GECAM as ALL-SKY ALL-TIME X/γ monitor 

– 100% all-sky, 6 keV - 5 MeV, localization (~ degs), very sensitive

– Real-time trigger alerts (~ several minutes)

– Provide detection or constraints for every transients/sources

• Science cases in the multi-messenger/wavelength era

– Monitor all GW events, including BNS, NS-BH and BH-BH mergers

– FRB/HEN counterpart, Ultra-long/soft GRBs, Magnetars, XRB, Pulsars, SFL, 

TGF/TEB, etc.

• Plan to launch by the end of 2020             
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Collaboration is OPEN.  Data will be OPEN. 



Backup
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Real-time alerts 
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Localization + spectrum
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prior

likelihood

posterior



Simulation of GRB170817A
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5-15 keV

15-50 keV

50-300 keV

Item Input Value GBM error GECAM error

SNR - ~6 sigma ~12 sigma

Loc. Error - 17° 11°

Epeak (keV) 128 33.3 23.3

Spec. index -0.88 0.44 0.23

Fluence
(1E-7 erg/s/cm2)

2.2 0.5 0.27

Localization map

True value, GECAM, GBM



Proposals for GWEM mission
• ~20 proposals

– BlackCAT

– BurstCube

– Moonbeam

– Nano-Gam

– Solar Neutrons

– GRID

– Camelot

– Gifts/Eirsat

– HERMES

– MERGER/Glowbug

– Sphinx

– SPHiNX

– PICSAT

– RadCube

– Skyhopper

– UVI BurstCube

– MeVCube

– Hibari

– SiriusSat1,2 42

Sep2018@Budapest, Hungary

BurstCube MERGER/Glowbug



Science cases

• Monitor for Galactic SN

• Axions?

• Dark matter?
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backup
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Gamma-Ray Burst (GRB)
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• Discovered in late 1960s

• Related Sciences

➢ star, galaxy, universe

• Observations

➢ Prompt emission: short/long

➢ Afterglow: rich features

➢ Multi-messenger: GW, …

• Open questions

➢ Progenitor

➢ Central engine

➢ Jet launch

➢ Jet composition

➢ Radiation mechanism

➢ Standard candle?

➢ …



GRB in Multi-Messenger Astronomy Era

• Gravitational Wave event (GW)
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• High Energy Neutrino (HEN)

LIGO
Virgo
KAGRA

IceCube



GW Electromagnetic counterpart (GWEM)

◼ Independent confirmation of GW event

◼ Accurate localization, host galaxy, redshift

◼ Astrophysical content of the GW source

◼ GW+EM, Cosmology, fundamental physics

Credit: LIGO/Leo Singer 

(Milky Way image: Axel Mellinger)
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