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GECAM (Huairou-1)
Gravitational wave high-energy Electromagnetic Counterpart All-sky Monitor

⚫ Composed of two identical microsatellites (GECAM-A/B)

– Launched on Dec. 10, 2020

– GECAM-B works for ~11 hours/day since Jan. 14, 2021

⚫ Monitor gamma-ray transients in all-sky

– GRBs, especially associated with GW, FRB, HEN, etc.

– Magnetars, XRBs, Pulsars, 

– Solar Flares, Terrestrial Gamma-ray Flashes 

⚫ Characteristics of GECAM-B

– FOV： ~60% all-sky

– Energy band： 15 keV – 5 MeV

– Sensitivity： ~1E-8 erg/cm2/s

– Localization： ~2 deg (1-σ stat., 1E-5 erg/cm2)

⚫ Near Real-time alerts

– Time latency:  ~1 minute

– Content:  Trigger time, localization, duration, spectrum, etc.

GECAM 
satellite

Detectors:
25 GRD (gamma-ray) 
8 CPD (e-, proton)
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Launched on Dec 10, 2020GECAM science cases



GECAM Timeline
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The first Mission of Opportunity in the Strategic Priority Program 
on Space Science (SPPSS-II), Chinese Academy of Sciences (CAS)



Direct Detection of Gravitational Wave (2015-2016)

2017 Nobel Prize
“for decisive contributions to the LIGO detector and the observation of gravitational waves”
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LIGO
(Laser Interferometer Gravitational Wave Observatory)

GW150914



GWGRB played an important role in the MM/MW obs.

• 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

GRB170817A
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GWGRB: very rare, short & weak, difficult to catch 

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

– 2020： 0.3-1.7/year
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LVC, Fermi GBM, INTEGRAL, 2017, ApJL, 848, L13



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:  ~ minutes

Spacecraft

GECAM-A GECAM-B

GECAM satellite
(~160 kg for each)

Payload Dome

Orbit:
600 km, 29°
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GECAM Payload

• 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 bursts in GRD produced by charged particles 
in the Earth orbit (i.e. distinguish GRB and particle burst)

⚫ Detectors for each GECAM satellite

⚫ 25 Gamma-ray Detectors (GRD, circle)

⚫ 8 Charged Particle Detectors (CPD, square)
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GRD

CPD

• Low energy threshold

• Wide energy range

• Light weight

• Without high voltage

• Insensitive to magnetic field

• Low power consumption

Dome

See more details in Dali Zhang talk



SiPM firstly used in the Insight-HXMT mission
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PMT

NaI/CsICollimator

AGC

PCB
MPPC

Tagged alpha source

AGC (Automatic 
Gain Calibration 
detector)

(Launched on 2017.6.15)

MPPC S10362-33-050C



Total receiving area of GRDs and CPDs
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Effective Area

Effective area  vs. Energy and incident angle
GECAM vs. Fermi/GBM, Swift/BAT
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Advantages in Low energy band



Advantages in low energy band

12GECAM In-flight trigger Fermi/GBM (no in-flight trigger)



Energy threshold goes up as SiPM dark current increases

13See more details in Dali Zhang talk

GRD threshold vs SiPM array dark current
Dali Zhang et al. RDTM volume 6, pages 35–42 (2022)

SiPM current increasement (-15℃/low count rate)



Main Characteristics of GECAM-B

Items Value Comments

Orbit 600 km, 29 deg -

Launch and lifetime Dec 2020，3yrs 5 yrs (goal)

Gamma-ray energy range 15 keV – 5 MeV -

Gamma-ray FOV ~60% all-sky GECAM-B

Burst sensitivity ~ 1E-8 erg/cm2/s (20 s, 10-1000 keV) Band medium spectrum

Burst location error ~ 2 deg (1-σ, stat. error) 1E-6 erg/cm2/s, 10s

Electron energy range 300 keV - 5 MeV CPD

Dead time 4 µs (normal event) GRD and CPD

Absolute time accuracy < 10 μs GNSS system

Relative time accuracy ~ 0.1 μs GRD and CPD detectors

In-flight alert time latency ~1 minute (BeiDou Navigation System) In-flight performance

14



GECAM observations

• Sources
– GRB (>70 bursts)

• GRB 210126A，GRB 210121A，GRB 210120A

– SGR (>100 bursts)
• SGR 1935+2154, SGR 1555.2, SGR 1830

– X-ray Binary
• 4U 0614+09

– X-ray sources by Earth occultation
• Sco X-1, Crab

– X-ray pulsars
• Crab

– Solar Flares
• >80 bursts

• Joint observations
– Swift, Fermi, Insight-HXMT, FAST, LHAASO, 

MASTER, GWFUNC, etc.

– Routinely report observation results through GCNs
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GECAM GCNs



GECAM Alerts

• In-flight alerts

– Content: Trigger time, location, duration, 
spectrum, etc

– Latency:  ~1 minutes

• Ground automatic alerts

– Content:  refined location, duration, 
refined trigger classification, etc.

– Latency: ~10 minutes

• Final alerts

– Content:  final results of GECAM

– Latency:   ~hours
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BeiDou Navigation System (BDS)

short message service

GECAM alerts have been sent to collaborators,

Working on the connection to GCN server of GSFC In-flight light curve
Automatic localization



GECAM localization of bursts

17
http://www.ioffe.ru/LEA/GRBs/GRB210511_T41201/IPN/ Joint localization with multiple missions



GECAM GRB rate: ~70/year
GRB Name

Fermi/GBM 
detection

GRB 210119A Yes
GRB 210120A Yes
GRB 210121A Yes
GRB 210126A Yes
GRB 210131A No
GRB 210204A Yes
GRB 210207B No
GRB 210228A Yes
GRB 210307A No
GRB 210307B No
GRB 210317A Yes
GRB 210328A Yes
GRB 210330A No
GRB 210401A Yes
GRB 210409A No
GRB 210413A No
GRB 210421B Yes
GRB 210421A No
GRB 210425A No

18

GRB Name
Fermi/GBM 
detection

GRB 210511B Yes
GRB 210520A Yes

GRB 210522A No
GRB 210529A Yes

GECAM and Fermi/GBM complementary to each other



GECAM detection of SGR J1935+2134

19Co-ordinate observation with FAST, etc.

In-flight Location

Light curve

(real-time alerts)



Detection of the new magnetar 
Swift SGR J1555.2-5402

• Sub-threshold detection by on-ground targeted search

• Spectrum is generally consistent with Swift/BAT
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More weak bursts found by ground search 

21

Location is generally consistent with SGR J1935



GECAM detection of Type I burst from NS X-ray Binaries

22PSD confirmation of 4U 0614+09 



B2.1 class flare

GECAM detection of Solar Flares

GECAM

GOES

GECAM

GECAM



GECAM detection of Terrestrial Gamma-ray Flash (TGF)
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Summary
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⚫GECAM dedicated for GWGRB, launched on Dec 10, 2020 (during COVID-19)

➢Two microsatellites:  GECAM-A,  GECAM-B (~11 hours/day)

⚫Detectors performance good while SiPMs showed complicated behaviors

➢GRD (LaBr3 + SiPM) and CPD (PS + SiPM)

⚫Many detections of GRBs, SGRs, XRBs, SFLs, TGFs…

➢ Data and software will be released when the commissioning is finished

⚫Near real-time alert system based on BeiDou Navigation System (BDS)

➢Latency ~ 1 minute, testing GCN notices pipeline (working with GCN server) 

Collaboration is OPNE!

Contact:  Shaolin XIONG (xiongsl@ihep.ac.cn)


