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HAWC Collaboration Outline

• HAWC Primary Detector
• TeV γ-ray Sky with HAWC
• HAWC Contributions to TeV  γ-ray Astronomy
• Pushing to Highest Energies
• Outrigger Array
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HAWC γ-ray 

Observatory

• 300 closely spaced isolated water 
Cherenkov detectors (WCDs)

• Launched into full operations since 
March 2015

• >95% duty cycle
• Instantaneous FOV ~ 2sr  and can 

observe 2/3 of sky everyday
• ~ 5 billion triggers to date (~ 7 Pb of 

data)
• Optimized for energies 100 GeV - 

100 TeV
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HAWC γ-ray Observatory

HAWC
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HAWC γ-ray Observatory

HAWC

A.U. Abeysekara, et al. NIM-A: Accelerators, Spectrometers, 
Detectors and Associated Equipment (2023)
https://doi.org/10.1016/j.nima.2023.168253
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HAWC γ-ray TeV Sky (2090 Days)

Markarians

Crab Nebula
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halo
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Preliminary
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HAWC γ-ray TeV Sky Survey (2090 Days)

Preliminary
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Pass 5 – Improved Reconstruction:

• Improved background rejection for large events
• Improved angular resolution - does not degrade for high zenith angles
• Wider FOV increases from 45˚ to 60˚
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Pass 5 – Improved Reconstruction:
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Comparison Pass 4 (1523 days) to Pass 5 (2090 days)

Pass 4

Pass 5

3HWC Catalog, 

A. Albert et al 2020 ApJ 905 76

Preliminary
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HAWC’s TeV  Sky—Galactic Plane (2090 days)

V4641 Sgr

Galactic 
Center

Preliminary Preliminary



< 13 >

HAWC’s TeV  Sky—Galactic Plane (2090 days)

Preliminary Preliminary
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HAWC’s TeV  Sky— Off Galacitc Plane (2090 days)

Preliminary Preliminary Preliminary
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TeV Halos

Science 2017 Vol 358, Issue 6365 pp. 911-914
DOI: 10.1126/science.aan4880

https://doi.org/10.1126/science.aan4880
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SS433 Microquasar

• HAWC detects TeV emission from microquasar 
SS433

• Binary system (Supergiant star)  and compact 
object (black hole or neutron star)

• First evidence of TeV γ-ray emission coming from 
the lobes

• TeV emission can provide information about the 
nature of SS433

Nature volume 562, pages 82–85 (2018) 
https://doi.org/10.1038/s41586-018-0565
-5
 

https://www.nature.com/
https://doi.org/10.1038/s41586-018-0565-5
https://doi.org/10.1038/s41586-018-0565-5
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Cocoon Region

Nature, volume 5, pages 465–471 (2021)
https://doi.org/10.1038/s41550-021-01318-y 

• First observations of γ-rays emission at energies 1
—100 TeV

• These  γ-rays are likely emitted from freshly 
accelerated cosmic-rays with 10 TeV—1 PeV

• Cygnus cocoon bubble coinciding with star 
formation region Cyg OB2

https://www.nature.com/natastron
https://doi.org/10.1038/s41550-021-01318-y
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HAWC’s Sky > 56 TeV (2400 days)

Ext 0 Deg

Ext 0.5 Deg

• Pass 5: 25 sources > 56 TeV 
• Compared to 9 in Pass 4 (A. U. Abeysekara et al. Phys. Rev. Lett. 124, 021102)
• Most high energy sources appear to be extended
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HAWC’s Sky > 56 TeV Off Plane (2400 days)

Ext 0 Deg

Ext 0.5 Deg

Geminga Boomerang
Crab “on fire” - emission 

from TeV J0543+234 Crab 
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HAWC’s Sky > 100 TeV (2400 days)

Ext 0 Deg

Ext 0.5 Deg

• Pass 5: 18 sources > 100 TeV (compared to 3 in Pass 4)
• Most high energy sources appear to be extended
• Crab appears point-like

Ext 0.5 Deg
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HAWC’s Sky > 177 TeV (2400 days)

Ext 0 Deg

Ext 0.5 Deg

• Pass 5: 4 sources > 177 TeV (compared to 0 in Pass 4)
• Possible detection for PeVatrons
• Most high energy sources appear to be extended
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• Outrigger array upgrade fully operational since 2018
• Sparsely spaced OR array of 345 smaller WCDs
• Expected to increase sensitivity by 4 times
• Increase detection area up 100, 000 m2

• Essential for detection of TeV halos & PeVatrons

HAWC Outrigger Array
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谢谢！
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