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Four VHE pulsars detected by IACTs
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Geminga pulsar

Crab pulsar

Vela pulsar

PSR B1706-44Credit: http://tevcat.uchicago.edu/



Observation of the Pulsed γ-Rays of Crab pulsar
(Teraelectronvolt pulsed emission from the Crab Pulsar detected by MAGIC)
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pulse profile SED MAGIC Coll. A&A, 585 (2016) A133

Index = 3.2

Index = 2.9

https://www.aanda.org/articles/aa/abs/2016/01/aa26853-15/aa26853-15.html


Observation of the Pulsed γ-Rays of Vela pulsar
(Discovery of a radiation component from the Vela pulsar reaching 20 teraelectronvolts)
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pulse profile SEDHESS Coll. Nat Astron 7, 1341–1350 (2023)

Index = 1.4

Index = 5.05

https://www.nature.com/articles/s41550-023-02052-3


Observation of the Pulsed γ-Rays of Geminga pulsar and PSR B1706-44
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MAGIC Coll. A&A, 643 (2020) L14
Spir-Jacob et al.,
arxiv: 1908.06464

Index = 5.62
Index = 3.76

https://www.aanda.org/articles/aa/abs/2020/11/aa39131-20/aa39131-20.html
http://arxiv.org/abs/1908.06464
http://arxiv.org/abs/1908.06464


Sketch of the pulsar's magnetosphere, 
particle acceleration and gamma-ray emission
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MAGIC Coll. DOI: 10.1126/science.1164718 HESS Coll. DOI: 10.1038/s41550-023-02052-3

https://doi.org/10.1126/science.1164718
https://www.nature.com/articles/s41550-023-02052-3
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Field of view of LHAASO and SWGO
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Crab pulsar,

Geminga pulsar

in FoV of LHAASO

Vela pulsar,

PSR B1706-44

in FoV of SWGO

Credit : https://www.swgo.org/Credit : https://ihep.cas.cn/lhaaso/

SWGO 
Latitude : 23°S
FoV: ~60 °

LHAASO
Latitude : 30°N
FoV: ~50 °



Sensitivity of LHAASO and SWGO for 
point source
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LHAASO Coll. DOI: 10.1016/j.chinastron.2019.11.001

SWGO Coll. arxiv: 1907.07737

https://doi.org/10.1016/j.chinastron.2019.11.001
https://arxiv.org/abs/1907.07737


Method for sensitivity of the pulse signal
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Cosmic ray background events 
in the on-pulse region of pulsar

Gamma-ray events from nebula 
in the on-pulse region of pulsar

The number of pulse signal events 
in the on-pulse region

point source sensitivity:

pulse signal  
sensitivity:



Cosmic ray background
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Spectrum of the high-energy cosmic rays

(from ICRC 2019 -- Cosmic Ray Indirect Rapport)

Angular resolution and survival fraction of LHAASO and SWGO 



Extension and spectrum of crab nebula
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HESS Coll. DOI: 10.1038/s41550-019-0910-0

LHAASO Coll. DOI: 10.1126/science.abg5137 

Extension = 52 arcseconds

log-parabola spectrum



Extension and spectrum of Vela X nebula
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Extension = 0.51 degree

Power-law with 
cutoff spectrum

Index = 1.36 
Ecut = 13.9 TeV

HESS Coll. DOI: 10.1051/0004-6361/201219919



Extension and spectrum of Geminga
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HWAC Coll. DOI: 10.1126/science.aan4880

Power-Law spectrum
index = 2.34



Extension and spectrum of PSR B1706-44
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HESS Coll. DOI: 10.1051/0004-6361/201015381
Extension = 0.29 degree

Power-law spectrum
index = 2.0
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Sensitivity of LHAASO and SWGO for pulsar
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Sensitivity 
for pulsars

Sensitivity for 
point source

Time(yr)



Expected significance of pulsars
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Fraction of the on-pulse interval(α)
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The fraction of the on-pulse interval, α, has been shown to decrease with increasing energy. This 
makes the on-pulse emission from the pulsar more easily detectable in the very-high-energy band.

MAGIC Coll. doi:10.1088/0004-637X/742/1/43



Summary
➢We presented the prospects of detecting four gamma-ray pulsars in the VHE range using LHAASO 
and SWGO.

➢The sensitivity was calculated for the four potential TeV pulsar sources, assuming that the pulsed 
emission has no HE cutoff and that the energy spectrum can be described by a single power law.

➢LHAASO-WCDA is expected to require less than 6 yr to observe the pulsed emission from the 
Crab pulsar in the VHE range, while Vela’s pulsed emission can be observed by SWGO in one year.

➢In the absence of an ICS contribution, Crab pulsar are expected to be detectable by LHAASO 
within a few years. For Geminga pulsar and B1706-44, their predicted flux may be challenging to 
be observed in 10 yrs.

➢LHAASO and SWGO have the advantages of high duty cycles and large field of view, enabling 
continuous monitoring of pulsars at very-high-energy. Observations of these pulsars at energies 
above 1 TeV will help us to unravel the mechanism of the TeV component.
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backup
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PSR B1706-44Geminga 
pulsar

Crab pulsar Vela pulsar

Harding et al., https://doi.org/10.3847/1538-4357/ac3084


