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 HAWC Science Goals
 HAWC Observatory Design
 HAWC Results Highlights
 Summary/Outlook

 300 close-packed optically isolated water Cherenkov detectors
 Construction began early 2012. Full detector inaugurated March 2015
 Funding from a combination of US and Mexican agencies
 High energy extension: Outrigger array, since summer 2018
 Detector weight (300 tanks water only) 51,600 tons 181 km of cables

 Wide field (~2 sr), covers 2/3rd of the sky daily.
 Duty cycle > 90%.
 Sensitive to point sources and extended sources.
 Large exposure provides high energy reach.
 Sensitive from 100s of GeV to >100 TeV.
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HAWC Observatory – Science Goals (Broadly)

TeV Gamma Ray Sky

Cosmic Ray & Solar Physics Studies

Multi-messenger Astrophysics

Searches &  “Exotica”
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LIV limit

Dark Matter 
Decay  limit

The Third HAWC Catalog 

https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8/pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.043034
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.124.131101
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HAWC Observatory - Design Principles

Atmosphere “converts” 
particle into an extensive 

air shower (EAS).

Water Cerenkov Detector 
Samples Extensive Air Shower 
particles by measuring their 

Cerenkov light emitted in water 
tank.

PMT
Converts Cerenkov light into 

electrical signal.
Based upon Milagro Experiment

The HAWC Observatory-Main Detector: NIM A1052 (2023) 168253
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The High-Altitude Water Cherenkov (HAWC) Observatory in México: The Primary Detector
HAWC Collaboration: A.U. Abeysekara et al. 2023, NIM A1052 (2023), 168253.

https://arxiv.org/abs/2304.00730
https://arxiv.org/abs/2304.00730
https://doi.org/10.1016/j.nima.2023.168253
https://doi.org/10.1016/j.nima.2023.168253
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Shower Reconstruction : Core Location , Arrival Direction,  Lateral Distribution.

Charge vs x vs y

Time vs x vs y
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Observation of the Crab Nebula with the HAWC Gamma-Ray Observatory
HAWC Collaboration: A.U. Abeysekara et al., ApJ 843 (2017), 39.

https://arxiv.org/abs/1701.01778
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D39
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D39
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D39
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TeV Sky Results- HAWC point source TeV Sky Map 3HWC Catalog 

Geminga 
0.8 kly

Mrk 421
130 Mpc
430 Mly

Mrk501
140 Mpc
456 Mly

Crab Nebula
2.2  kpc
8.0 kly

Milky 
Way
Galactic 
Plane

Wide Field of View
Continuous Operation

 1523 day exposure
 65 sources detected
 8 new sources discovered
 identified as PWN

Sources of positron excess????
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(Point-source hypothesis)

3hwc: The third HAWC catalog of very-high-energy gamma-ray sources
HAWC Collaboration: A. Albert et al. 2020, ApJ 905 (2020) , 76.

G a l a c t i c  a n d  e x t r a g a l a c t i c  sources:
• Pulsar wind nebulae, TeV Halos
• Supernova remnants
• Microquasar
• AGN, Blazars
• ???? (GRB, if you are lucky LHAASO GRB 221009A)

https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8/pdf
https://arxiv.org/abs/2007.08582
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8
https://www.science.org/doi/10.1126/science.adg9328


Point Source Map— 1523d livetime
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3hwc: The third HAWC catalog of very-high-energy gamma-ray sources
HAWC Collaboration: A. Albert et al. 2020, ApJ 905 (2020) , 76.

 Declination Dependent Sensitivity
 Example Point Source Hypothesis Significance Maps 

for Inner Galactic Plane Region 

3HWC sensitivity for point source search as a function of declination.

https://arxiv.org/abs/2007.08582
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8


Crab & Geminga Region 
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 Point Source vs 10 extended source Hypothesis

Point Source Hypothesis Significance Map 10 extended source Hypothesis Significance  Map

3hwc: The third HAWC catalog of very-high-energy gamma-ray sources
HAWC Collaboration: A. Albert et al. 2020, ApJ 905 (2020) , 76.

https://arxiv.org/abs/2007.08582
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8


New Sources: 2HWC J1953+294
• 2HWC J1953+294: No previously known TeV sources.
• Tentative association 3FGL J1951.6+2926 / PWN DA 495 
• Shared privately with Imaging Atmospheric Cherenkov 

Telescopes
• New observations plus archival data by VERITAS: source 

confirmed.
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VERITAS and Fermi-LAT Observations of TeV Gamma-Ray Sources Discovered by HAWC in the 2HWC Catalog 
VERITAS Collaboration:  Fermi-LAT Collaboration:.; HAWC Collaboration: ApJ 866 (2018), 24.

The 2HWC HAWC Observatory Gamma-Ray Catalog
HAWC Collaboration: A.U. Abeysekara et al., ApJ 843 (2017), 40.

https://arxiv.org/abs/1808.10423
https://iopscience.iop.org/article/10.3847/1538-4357/aade4e
https://iopscience.iop.org/article/10.3847/1538-4357/aade4e
https://iopscience.iop.org/article/10.3847/1538-4357/aade4e
https://arxiv.org/abs/1702.02992
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D40
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D40
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D40
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TeV halo around PSR J0359+5414 
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HAWC Detection of a TeV Halo Candidate Surrounding a Radio-quiet Pulsar
HAWC Collaboration: A. Albert et al. 2023, ApJL 944 (2023), L29 .

https://arxiv.org/abs/2301.04646
https://doi.org/10.3847/2041-8213/acb5ee
https://doi.org/10.3847/2041-8213/acb5ee
https://doi.org/10.3847/2041-8213/acb5ee
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Microquasar SS-433 – Lobes Detection

 HAWC observation of SS433 is the first direct evidence of particle acceleration 
to ~PeV in jets 

– Jets are observed edge-on so the gamma rays are not Doppler 
boosted to higher energies or higher luminosities 

– Hadronic acceleration disfavored due to extreme energetics 
required 

– Acceleration does not happen at the black hole because the 
cooling time of the electrons is too short to make the 
observed gamma-rays 

L e p t o n i c m o d e l

m a x i m u m   
h a d r o n i c   

c o n t r i bu t i o n
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Very high energy particle acceleration powered by the jets of the microquasar SS 433
HAWC Collaboration: A.U. Abeysekara et al., Nature 562 (2018), 82-85.

First detection of lobes in TeV, 

6σ after subtracting J1908+06

SS 433:

Binary system: supermassive star (~30 M⊙), 

        compact object (~10 M⊙)

Powerful jets: ~1039 erg s−1, speed ~c/4 — c/3

Termination shocks in W50 nebula

https://arxiv.org/abs/1810.01892
https://www.nature.com/articles/s41586-018-0565-5
https://www.nature.com/articles/s41586-018-0565-5
https://www.nature.com/articles/s41586-018-0565-5
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Pushing to Higher Energies: (Ereco > 56 TeV,)

 About 30 sources above 50 TeV
 Nine sources > 56 TeV
 Three sources > 100 TeV.
 PeVatron candidates?
 Lower limits on Lorentz Invariance Violation in the 1030 

eV range (linear term)
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Multiple Galactic Sources with Emission Above 56 TeV Detected by HAWC
HAWC Collaboration: A.U. Abeysekara et al., PRL 124,021102(2020) .

Significance Map Ereco > 56 TeV 

Significance Map  Ereco  > 100 TeV 

Energy Spectra

https://arxiv.org/abs/1909.08609
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.021102
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.021102


Pushing to even higher energies (Ereco > 200 TeV)
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Evidence of 200 TeV photons from HAWC j1825-134
HAWC Collaboration: A. Albert et al. 2021, ApJL 907 (2021), L30.

J1825-138 Spectral Energy DistributionJ1825-138 Significance map

 Source coincident with Giant Molecular Cloud
 Pevatron? 
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https://arxiv.org/abs/2012.15275
https://iopscience.iop.org/article/10.3847/2041-8213/abd77b
https://iopscience.iop.org/article/10.3847/2041-8213/abd77b
https://iopscience.iop.org/article/10.3847/2041-8213/abd77b


Pevatron Cosmic Ray Accelerators?
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Sprectral Energy Density 
from HAWC dataSignificance map

Modeling Leptonic & 
Hadronic Components

HAWC Study of the Ultra-High-Energy Spectrum of MGRO J1908+06
HAWC Collaboration: A. Albert et al. 2022, ApJ 928 (2022), 116.

 Galactic Gamma-Ray sources may be 
PeVatrons – sources of cosmic rays

 Spectrum of Gamma Rays may be of 
hadronic origin

https://arxiv.org/abs/2112.00674
https://doi.org/10.3847/1538-4357/ac56e5
https://doi.org/10.3847/1538-4357/ac56e5
https://doi.org/10.3847/1538-4357/ac56e5


Galactic Center Pevatron?
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HAWC Significance map using NN 

HAWC Significance map using NN 
with H.E.S.S. sources subtracted 

HAWC Spectral Energy Distribution 
with H.E.S.S. sources subtracted 

HAWC Spectral Energy Distribution

Observation of the Galactic Center PeVatron Beyond 100 TeV with HAWC
HAWC Collaboration, A. Albert et al 2024 ApJL 973 L34

 Hot off the press. Published last 
week

 HAWC J1746-2856 98 events 
observed with energies above 100 
TeV

 First detection of gamma rays above 
100 TeV from the galactic center.

 2546 days of HAWC data
maximum significance of 6.5σ above 

the background
 https://cerncourier.com/a/a-

pevatron-at-the-galactic-centre/

https://iopscience.iop.org/article/10.3847/2041-8213/ad772e
https://iopscience.iop.org/article/10.3847/2041-8213/ad772e
https://cerncourier.com/a/a-pevatron-at-the-galactic-centre/
https://cerncourier.com/a/a-pevatron-at-the-galactic-centre/
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Monitoring of flaring sources MKN 421, MKN 501 and Crab

• Monitoring AGN flares:
– ATel #8922, #9137, #9936, #9946, 

#11077,  #11194.
– Many notifications under MoU.

• Monitoring few hundreds sources 
on multiple time scales (seconds to 
days).
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Daily monitoring of TeV gamma-ray emission from Mrk 421, Mrk 501, and the Crab Nebula with HAWC 
HAWC Collaboration: A.U. Abeysekara et al., ApJ 841 (2017), 100.

http://www.astronomerstelegram.org/?read=8922
http://www.astronomerstelegram.org/?read=9137
http://www.astronomerstelegram.org/?read=9936
http://www.astronomerstelegram.org/?read=9946
http://www.astronomerstelegram.org/?read=11077
http://www.astronomerstelegram.org/?read=11077
https://arxiv.org/abs/1703.06968
http://stacks.iop.org/0004-637X/841/i%3D2/a%3D100
http://stacks.iop.org/0004-637X/841/i%3D2/a%3D100
http://stacks.iop.org/0004-637X/841/i%3D2/a%3D100
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Short GRB searches
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Constraints on the very high energy gamma-ray emission from short GRBs with HAWC
HAWC Collaboration: A. Albert et al. 2022, ApJ 936 (2022), 2.

 HAWC searches for GRBs.
 EBL, High Energy Threshold & Bad Luck…

https://arxiv.org/abs/2208.01075
https://doi.org/10.3847/1538-4357/ac880e
https://doi.org/10.3847/1538-4357/ac880e
https://doi.org/10.3847/1538-4357/ac880e


Origin of Galactic Cosmic Rays?
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Significance map of the Cocoon region before (left) and after(right) subtraction of the known 
sources at the region.
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Hawc observations of the acceleration of very-high-energy cosmic rays in the cygnus cocoon
HAWC Collaboration: A. Albert et al. 2021, Nature Astron (2021).

 Observations of 1-100 TeV γ rays coming from the 
‘Cygnus Cocoon’ 

 These γ rays are likely produced by 10-1000 TeV 
freshly accelerated CRs originating from the enclosed 
star forming region Cygnus OB2

 The measured flux is likely originated by hadronic 
interactions. 

 The spectral shape and the emission profile of the Cocoon 
changes from GeV to TeV energies, which reveals the 
transport of cosmic particles and historical activity in the 
superbubble.

Leptonic modelling at the Cocoon region. Multi-wavelength observations of the Cygnus Cocoon constrain the 
Synchrotron and Bremsstrahlung radiation of relativistic electrons. The light grey curves correspond to a 
“minimum leptonic model”, where only γ-rays above 1 TeV are explained by electron emission. Observations 
between 0.1–100 GeV are explained by hadronic interaction (black dashed curve). The red points are the 
GeV flux points by Fermi-LAT and the blue circles are the HAWC flux points  The sum of the emission above 
∼0.3 GeV is indicated by the black solid curve. I

https://arxiv.org/abs/2103.06820
https://doi.org/10.1038/s41550-021-01318-y
https://doi.org/10.1038/s41550-021-01318-y


Cosmic Ray Studies – All-particle Energy Spectrum

18

Where do high-energy cosmic ray originate?https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.122001

All-particle cosmic ray energy spectrum measured by the HAWC experiment from 
10 to 500 TeV HAWC Collaboration: R. Alfaro et al., Phys. Rev. D 96 (2017), 122001
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.122001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.122001
https://arxiv.org/abs/1710.00890
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.122001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.122001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.122001


Cosmic Ray Spectrum of Protons Plus Helium
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 Φ(E): Energy Spectrum: Intensity as a function 

of Energy
 N(E):  Number of selected events in energy bin 

with mean energy E. Sum = 7.2x1010 EAS events
 ∆E: width of energy bin with mean energy E
 ∆t: exposure time = 3.74 years
 ∆Ω: solid angle = 1.14 sr
 Aeff(E): Effective Area as a function of Energy

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.063021

Cosmic ray spectrum of protons plus helium nuclei between 6 and 158 TeV from 
HAWC data HAWC Collaboration: A. Albert et al. 2022, PRD 105 (2022), 063021
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.063021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.063021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.063021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.063021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.063021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.063021


Cosmic Ray Spectrum of Protons Plus Helium:
Shower Age to inform composition
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Cosmic Ray Anisotropy – All Sky (Combined HAWC & IceCube)
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All-Sky Measurement of the Anisotropy of Cosmic Rays at 10 TeV and Mapping of the Local 
Interstellar Magnetic Field HAWC Collaboration: A.U. Abeysekara et al., and IceCube 
Collaboration, M.G. Aartsen et al., ApJ871(2019), 096.

Small-Scale AnisotropyLarge-Scale Anisotropy

“Hot” spots

https://arxiv.org/abs/1812.05682
https://arxiv.org/abs/1812.05682
https://iopscience.iop.org/article/10.3847/1538-4357/aaf5cc/meta


Dark matter searches
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• Large sky coverage → variety of targets to 
look for annihilation or decay signal: 
– Dwarf Spheroidal Galaxies 
– Galactic Halo 
– Andromeda Galaxy 
– All sky search
– Sun Virgo cluster
– Etc.

M31, 3° across
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Dark Matter Searches
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Constraints on Spin-Dependent Dark Matter Scattering with Long-Lived Mediators from 
TeV Observations of the Sun with HAWC
HAWC Collaboration: A. Albert et al., PRD 98 (2018), 123012.

Dark Matter Limits from Dwarf Spheroidal Galaxies with the HAWC Gamma-Ray Observatory
HAWC Collaboration: A. Albert et al., ApJ 853 (2018), 154.

https://arxiv.org/abs/1808.05624
https://arxiv.org/abs/1808.05624
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.123012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.123012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.123012
https://arxiv.org/abs/1706.01277
https://doi.org/10.3847/1538-4357/aaa6d8
https://doi.org/10.3847/1538-4357/aaa6d8
https://doi.org/10.3847/1538-4357/aaa6d8


 A significant fraction of the astronomical community 
is an author on the LIGO Binary Neutron Star 
Merger paper…

 HAWC has a plethora of MOUs with many 
observatories to facilitate multi-wavelength 
(messenger) studies of astrophysical phenomenon.

HAWC field of view at time of LIGO Virgo  binary neutron 
star merger event GW170817. The star indicates the 

merger location indicated by the Fermi GBM data.
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Multi-messenger Observations of a Binary Neutron Star Merger
LIGO Collaboration, Virgo Collaboration, HAWC Collaboration, etc., ApJ 848 (2017), L12

Multi-messenger Observations of a Binary Neutron Star Merger

Search for very-high-energy gamma-ray counterparts of gravitational waves with HAWC
Presented at the 36th International Cosmic Ray Conference (ICRC 2019)

https://arxiv.org/abs/1710.05833
http://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta
http://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta
http://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta
https://arxiv.org/abs/1908.06122
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Multi-messenger observations of a flaring blazar coincident with high-energy neutrino IceCube-170922A 
The IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC Collaborations, etc., Science 361 (2018), 146-155

Multi-messenger observations of a flaring  blazar coincident with high-
energy neutrino IceCube-170922A 

https://arxiv.org/abs/1807.08816
http://science.sciencemag.org/content/361/6398/eaat1378
http://science.sciencemag.org/content/361/6398/eaat1378
http://science.sciencemag.org/content/361/6398/eaat1378


Constraints on Lorentz Invariance Violation from HAWC 
Observations of Gamma Rays above 100 TeV

• Lorentz Invariance Violations (LIV)
– Higher-energy photon observation constrains 

the energy scale of LIV because photon decay 
is allowed

– Also, constrained by distant, fast transients 
(e.g. gamma-ray bursts, and blazar flares)

Constraints on Lorentz Invariance Violation from HAWC Observations of Gamma Rays above 100 TeV
HAWC Collaboration: A. Albert et al., PRL 124,021102(2020) .
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https://arxiv.org/abs/1911.08070
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.131101
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.131101


Characterization of the background for a neutrino search with the HAWC observatory
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Characterization of the background for a neutrino search with the HAWC observatory
HAWC Collaboration: A. Albert et al. 2022, Astroparticle Physics 137 (2022), 102670.

Scattered 
Muon

Fake Muon 
coming 
through 
Volcano

https://arxiv.org/abs/2108.07767
https://www.sciencedirect.com/science/article/abs/pii/S0927650521001018?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0927650521001018?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0927650521001018?via%3Dihub


Exploring the Coronal Magnetic Field with Galactic Cosmic Rays:
The Sun Shadow Observed by HAWC
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Exploring the coronal magnetic field with galactic cosmic rays
HAWC Collaboration: R. Alfaro et al. 2024, ApJ 966 67

The relative intensity of the 
cosmic rays passing through 
the heliosphere is related to 
solar magnetic fields.

https://private.hawc-observatory.org/wiki/index.php/Exploring_the_Coronal_magnetic_%EF%AC%81eld_with_Cosmic_Rays
https://private.hawc-observatory.org/wiki/index.php/Exploring_the_Coronal_magnetic_%EF%AC%81eld_with_Cosmic_Rays
https://iopscience.iop.org/article/10.3847/1538-4357/ad3208


Discovery of Gamma Rays from the Quiescent Sun with HAWC
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Discovery of Gamma Rays from the Quiescent Sun with HAWC
HAWC Collaboration: A. Albert et al. 2023, Phys. Rev. Lett. 131 (2023), 051201 .

Spectrum of the solar disk

 TeV Gamma Ray flux measured at 6.3 sigma significance
 6.1 years exposure
 The 0.5–2.6 TeV spectrum is well fit by

 Flux anti=correlated with solar activity.
 Seemingly due to hadronic Galactic cosmic rays 

https://arxiv.org/abs/2212.00815
https://doi.org/10.1103/PhysRevLett.131.051201
https://doi.org/10.1103/PhysRevLett.131.051201
https://doi.org/10.1103/PhysRevLett.131.051201
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The HAWC Collaboration

USA:
Pennsylvania State University
University of Maryland
Los Alamos National Laboratory
University of Wisconsin
University of Utah
Univ. of California, Irvine
University of New Hampshire
University of New Mexico
Michigan Technological University
NASA/Goddard Space Flight Center
Georgia Institute of Technology
Colorado State University
Michigan State University
University of Rochester
University of California Santa Cruz 
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HAWC public website and Data Access
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For a (nearly) complete list of publications including Theses)
See https://www.hawc-observatory.org/publications/

https://www.hawc-observatory.org/
https://www.hawc-observatory.org/publications/
https://www.hawc-observatory.org/publications/
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 HAWC has produced many Results
 As of Sept 19, 2024 
 At least 55 published journal articles
 3 articles accepted but not yet in print
 5 articles in journal review

 HAWC continues producing Results
 As of Sept 19, 2024 
 11 articles in collaboration review
 7 paper drafts in preparation

 Near Future
 Outrigger Array Repair  Higher Energies
 Improved Reconstruction Techniques  Lower 

Energies
 Support Multi-messenger observations
 Continue various analyses

 Transition to SWGO
 Ramp-down HAWC operations
 Possibly re-use PMTs in SWGO-A
 See talk by Ulisses Barres (Wed at 9 AM)
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=collaboration%3AHAWC&doc_type=article&doc_type=published
https://agenda.infn.it/event/35353/contributions/235442/
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Drone Overflight of HAWC observatory
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HAWC Publications
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https://www.hawc-observatory.org/publications/

https://www.hawc-observatory.org/publications/
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Paper Title Status
Ultra High Energy Gamma-ray Bubble around Microquasar V4641 Sgr (accepted by Nature)
Precise measurements of TeV Halos around Geminga and Monogem pulsars with HAWC (accepted by ApJ) 
Ubiquitous TeV halos around isolated middle-aged pulsars (In Collaboration Review)
Multiwavelength Investigation of MGRO J1908+06 emission (accepted by ApJ) arXiv
Search for joint multimessenger signals from potential Galactic PeVatrons with HAWC and IceCube (In Journal Review) arXiv
Understanding the Emission and Morphology of the Unidentified Gamma-Ray Source TeV J2032+4130 (In Journal Review)arXiv
Exploring Molecular Clouds in the Vicinity of SNR G106.3+2.7 and How they Relate to HAWC’s Very-High- Energy Gamma-Ray Emission (accepted by A&A) arXiv
Spectral study of very high energy gamma rays from SS 433 with HAWC (In Journal Review)
Observation of the Galactic Center PeVatron Beyond 100 TeV with HAWC (In Journal Review) arXiv

An Absence of TeV halos around Millisecond Pulsars (In Collaboration Review)
A measurement of the all-particle energy spectrum of cosmic rays from 1013 to 1015 eV using HAWC (In Journal Review) arXiv
TeV Radio Galaxies (In Collaboration Review)
HAWC, VERITAS and XMM Newton follow-up observations of LHAASO J2108+5157 (In Collaboration Review)
A measurement of the intensity spectrum of cosmic rays from 1e13 to 1e15 eV using HAWC (In Collaboration Review)
TeV halo search (In Collaboration Review)
An Abscence of TeV Halos around MSPs (In Collaboration Review)
LS5039 (In Collaboration Review)
Sensitivity of HAWC to the Crab-like pulsars, above 300 GeV (In Collaboration Review)
Limits on Diffuse Dark Matter with HAWC (In Collaboration Review)
Glory Duck Multi-Experiment Dark Matter Search (In Collaboration Review)
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https://private.hawc-observatory.org/wiki/index.php/V4641_Sgr_Paper_2022
https://private.hawc-observatory.org/wiki/index.php/V4641_Sgr_Paper_2022
https://private.hawc-observatory.org/wiki/index.php/Geminga_Template_Analysis
https://private.hawc-observatory.org/wiki/index.php/Geminga_Template_Analysis
https://private.hawc-observatory.org/wiki/index.php/TeV_halo_search
https://private.hawc-observatory.org/wiki/index.php/TeV_halo_search
https://arxiv.org/abs/2408.01625
https://arxiv.org/abs/2408.01625
https://arxiv.org/abs/2405.03817
https://arxiv.org/abs/2405.03817
https://arxiv.org/abs/2407.02879
https://arxiv.org/abs/2407.02879
https://arxiv.org/abs/2407.10729
https://arxiv.org/abs/2407.10729
https://arxiv.org/abs/2407.03682
https://arxiv.org/abs/2407.03682
https://arxiv.org/abs/2208.14245
https://arxiv.org/abs/2208.14245
https://private.hawc-observatory.org/wiki/index.php/TeV_Radio_Galaxies
https://private.hawc-observatory.org/wiki/index.php/J2108_Joint_Paper_2022
https://private.hawc-observatory.org/wiki/index.php/All_particle_CR_energy_spectrum_upto1PeV_paper
https://private.hawc-observatory.org/wiki/index.php/TeV_halo_search
https://private.hawc-observatory.org/wiki/index.php/TeV_halo_MSP
https://private.hawc-observatory.org/wiki/index.php/LS5039_paper_page
https://private.hawc-observatory.org/wiki/index.php/Pulsar_sensitivity_study_with_HAWC
https://private.hawc-observatory.org/wiki/index.php/Limits_on_Diffuse_Dark_Matter_with_HAWC
https://private.hawc-observatory.org/wiki/index.php/Glory_Duck_Multi-Experiment_Dark_Matter_Search
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4HWC Catalog First draft in preparation 

VHE emission as possible interaction of the kilonova with the reverse shock First draft in preparation 

Model Background Paper First draft in preparation 

Fermi Bubble Paper 2 First draft in preparation 

41 Month GRB Paper 1st draft complete. Editorial board not yet formed. 

Outriggers First draft in preparation 

GRBs alike GRB 170817A as GW counterparts working technical note 
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https://private.hawc-observatory.org/wiki/index.php/4HWC_Catalog
https://private.hawc-observatory.org/wiki/index.php/VHE_emission_as_possible_interaction_of_the_kilonova_with_the_reverse_shock
https://private.hawc-observatory.org/wiki/index.php/Model_Background_paper
https://private.hawc-observatory.org/wiki/index.php/Fermi_Bubble_paper_2
https://private.hawc-observatory.org/wiki/index.php/GRB_limits_paper
https://private.hawc-observatory.org/wiki/index.php/HAWC_upgrade_with_an_outrigger_array
https://private.hawc-observatory.org/wiki/index.php/Search_for_late_emission_from_GRB_170817A_with_the_HAWC_Observatory
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Galactic
Observation of the Galactic Center PeVatron Beyond 100 TeV with HAWC
HAWC Collaboration, A. Albert et al 2024 ApJL 973 L34

Galactic Gamma-Ray Diffuse Emission at TeV Energies with HAWC Data
HAWC Collaboration: R. Alfaro et al. 2024, ApJ 961 (2024), 104 .

HAWC Study of the Very-high-energy γ-Ray Spectrum of HAWC J1844−034
HAWC Collaboration: A. Albert et al. 2023, ApJ 954 (2023), 205 .

HAWC Detection of a TeV Halo Candidate Surrounding a Radio-quiet Pulsar
HAWC Collaboration: A. Albert et al. 2023, ApJL 944 (2023), L29 .

Detailed Analysis of the TeV Gamma-Ray Sources 3HWC J1928+178, 3HWC J1930+188, and 
the New Source HAWC J1932+192
HAWC Collaboration: A. Albert et al. 2023, ApJ 942 (2023), 96.

Gamma-Ray Emission from Classical Nova V392 Per: Measurements from Fermi and HAWC
HAWC Collaboration: A. Albert et al. 2022, ApJ 940 (2022), 141.

HAWC Study of the Ultra-High-Energy Spectrum of MGRO J1908+06
HAWC Collaboration: A. Albert et al. 2022, ApJ 928 (2022), 116.

TeV Emission of Galactic Plane Sources with HAWC and H.E.S.S.
H.E.S.S. and HAWC Collaborations 2021, ApJ 917 (2021), 6.

HAWC Search for High-mass Microquasars
HAWC Collaboration: A. Albert et al. 2021, ApJL 912 (2021), L4.

Spectrum and Morphology of the Very-High-Energy Source HAWC J2019+368
HAWC Collaboration: A. Albert et al. 2021, ApJ 911 (2021), 143.

Hawc observations of the acceleration of very-high-energy cosmic rays in the cygnus cocoon
HAWC Collaboration: A. Albert et al. 2021, Nature Astron (2021).

Evidence that Ultra-high-energy Gamma Rays Are a Universal Feature near Powerful Pulsars
HAWC Collaboration: A. Albert et al. 2021, ApJL 911 (2021), L27.

Evidence of 200 TeV photons from HAWC j1825-134
HAWC Collaboration: A. Albert et al. 2021, ApJL 907 (2021), L30.
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Galactic
3hwc: The third HAWC catalog of very-high-energy gamma-ray sources
HAWC Collaboration: A. Albert et al. 2020, ApJ 905 (2020), 76.

HAWC and Fermi-LAT Detection of Extended Emission from the Unidentified Source 
2HWC J2006+341 HAWC Collaboration: A. Albert et al. 2020, ApJL 903 (2020), L14.

HAWC J2227+610 and Its Association with G106.3+2.7, a New Potential Galactic PeVatron
HAWC Collaboration: A. Albert et al. 2020, ApJL 896 (2020), L29.

Multiple Galactic Sources with Emission Above 56 TeV Detected by HAWC
HAWC Collaboration: A.U. Abeysekara et al., PRL 124,021102(2020) .

Measurement of the Crab Nebula Spectrum past 100 TeV with HAWC
HAWC Collaboration: A.U. Abeysekara et al., ApJ881(2019) , 134.

Very high energy particle acceleration powered by the jets of the microquasar SS 433
HAWC Collaboration: A.U. Abeysekara et al., Nature 562 (2018), 82-85.

VERITAS and Fermi-LAT Observations of TeV Gamma-Ray Sources Discovered by 
HAWC in the 2HWC Catalog VERITAS Collaboration: A.U. Abeysekara et al.; Fermi-LAT 
Collaboration: S. Abdollahi et al.; HAWC Collaboration: R. Alfaro et al., ApJ 866 (2018), 24.

Extended gamma-ray sources around pulsars constrain the origin of the positron flux at 
Earth HAWC Collaboration: A.U. Abeysekara et al., Science 6365 (2017), 911-914.

The 2HWC HAWC Observatory Gamma-Ray Catalog
HAWC Collaboration: A.U. Abeysekara et al., ApJ 843 (2017), 40.

Observation of the Crab Nebula with the HAWC Gamma-Ray Observatory
HAWC Collaboration: A.U. Abeysekara et al., ApJ 843 (2017), 39.

Search for Very High Energy Gamma Rays from the Northern Fermi Bubble Region with 
HAWC HAWC Collaboration: A.U. Abeysekara et al., ApJ 842 (2017), 85.

Search for TeV Emission from Point-like Sources in the Galactic Plane with a Partial 
Configuration of the HAWC Observatory
HAWC Collaboration: A.U. Abeysekara et al., Astrophys. J. 817 (2016), 3.

https://iopscience.iop.org/article/10.3847/2041-8213/ad772e
https://iopscience.iop.org/article/10.3847/2041-8213/ad772e
https://arxiv.org/abs/2310.09117
https://doi.org/10.3847/1538-4357/ad00b6
https://doi.org/10.3847/1538-4357/ad00b6
https://doi.org/10.3847/1538-4357/ad00b6
https://arxiv.org/abs/2309.04079
https://doi.org/10.3847/1538-4357/ace967
https://doi.org/10.3847/1538-4357/ace967
https://doi.org/10.3847/1538-4357/ace967
https://arxiv.org/abs/2301.04646
https://doi.org/10.3847/2041-8213/acb5ee
https://doi.org/10.3847/2041-8213/acb5ee
https://doi.org/10.3847/2041-8213/acb5ee
https://iopscience.iop.org/article/10.3847/1538-4357/ac8de3
https://iopscience.iop.org/article/10.3847/1538-4357/ac8de3
https://doi.org/10.3847/1538-4357/ac8de3
https://doi.org/10.3847/1538-4357/ac8de3
https://doi.org/10.3847/1538-4357/ac8de3
https://arxiv.org/abs/2201.10644
https://doi.org/10.3847/1538-4357/ac966a
https://doi.org/10.3847/1538-4357/ac966a
https://doi.org/10.3847/1538-4357/ac966a
https://arxiv.org/abs/2112.00674
https://doi.org/10.3847/1538-4357/ac56e5
https://doi.org/10.3847/1538-4357/ac56e5
https://doi.org/10.3847/1538-4357/ac56e5
https://arxiv.org/abs/2107.01425
https://iopscience.iop.org/article/10.3847/1538-4357/abf64b
https://iopscience.iop.org/article/10.3847/1538-4357/abf64b
https://iopscience.iop.org/article/10.3847/1538-4357/abf64b
https://arxiv.org/abs/2101.08945
https://iopscience.iop.org/article/10.3847/2041-8213/abf35a
https://iopscience.iop.org/article/10.3847/2041-8213/abf35a
https://iopscience.iop.org/article/10.3847/2041-8213/abf35a
https://arxiv.org/abs/2101.01649
https://iopscience.iop.org/article/10.3847/1538-4357/abecda
https://iopscience.iop.org/article/10.3847/1538-4357/abecda
https://iopscience.iop.org/article/10.3847/1538-4357/abecda
https://arxiv.org/abs/2103.06820
https://doi.org/10.1038/s41550-021-01318-y
https://doi.org/10.1038/s41550-021-01318-y
https://arxiv.org/abs/2101.07895
https://iopscience.iop.org/article/10.3847/2041-8213/abf4dc
https://iopscience.iop.org/article/10.3847/2041-8213/abf4dc
https://iopscience.iop.org/article/10.3847/2041-8213/abf4dc
https://arxiv.org/abs/2012.15275
https://iopscience.iop.org/article/10.3847/2041-8213/abd77b
https://iopscience.iop.org/article/10.3847/2041-8213/abd77b
https://iopscience.iop.org/article/10.3847/2041-8213/abd77b
https://arxiv.org/abs/2007.08582
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8
https://arxiv.org/abs/2010.06670
https://iopscience.iop.org/article/10.3847/2041-8213/abbfae
https://iopscience.iop.org/article/10.3847/2041-8213/abbfae
https://iopscience.iop.org/article/10.3847/2041-8213/abbfae
https://arxiv.org/abs/2005.13699
https://iopscience.iop.org/article/10.3847/2041-8213/ab96cc
https://iopscience.iop.org/article/10.3847/2041-8213/ab96cc
https://iopscience.iop.org/article/10.3847/2041-8213/ab96cc
https://arxiv.org/abs/1909.08609
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.021102
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.021102
https://arxiv.org/abs/1905.12518
https://iopscience.iop.org/article/10.3847/1538-4357/ab2f7d
https://arxiv.org/abs/1810.01892
https://www.nature.com/articles/s41586-018-0565-5
https://www.nature.com/articles/s41586-018-0565-5
https://www.nature.com/articles/s41586-018-0565-5
https://arxiv.org/abs/1808.10423
https://iopscience.iop.org/article/10.3847/1538-4357/aade4e
https://iopscience.iop.org/article/10.3847/1538-4357/aade4e
https://iopscience.iop.org/article/10.3847/1538-4357/aade4e
https://arxiv.org/abs/1711.06223
http://science.sciencemag.org/content/358/6365/911
http://science.sciencemag.org/content/358/6365/911
http://science.sciencemag.org/content/358/6365/911
https://arxiv.org/abs/1702.02992
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D40
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D40
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D40
https://arxiv.org/abs/1701.01778
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D39
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D39
http://stacks.iop.org/0004-637X/843/i%3D1/a%3D39
https://arxiv.org/abs/1703.01344
http://iopscience.iop.org/article/10.3847/1538-4357/aa751a/meta#apjaa751as3-1
http://iopscience.iop.org/article/10.3847/1538-4357/aa751a/meta#apjaa751as3-1
http://iopscience.iop.org/article/10.3847/1538-4357/aa751a/meta#apjaa751as3-1
http://arxiv.org/abs/1509.05401
http://arxiv.org/abs/1509.05401
http://iopscience.iop.org/article/10.3847/0004-637X/817/1/3/meta
http://iopscience.iop.org/article/10.3847/0004-637X/817/1/3/meta
http://iopscience.iop.org/article/10.3847/0004-637X/817/1/3/meta
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Extra-Galactic

Probing the extragalactic mid-infrared background with HAWC
HAWC Collaboration: A. Albert et al. 2022, ApJ 933 (2022), 223..

Long-term spectra of the blazars mrk 421 and mrk 501 at TeV energies seen by HAWC
HAWC Collaboration: A. Albert et al. 2022, ApJ 929 (2022), 125.

A survey of active galaxies at TeV photon energies with the HAWC gamma-ray observatory
HAWC Collaboration: A. Albert et al. 2021, ApJ 907 (2021), 67.

Constraints on the Emission of Gamma-Rays from M31 with HAWC
HAWC Collaboration: A. Albert et al. 2020, ApJ 893 (2020), 16.

Constraints on the very high energy gamma-ray emission from short GRBs with HAWC
HAWC Collaboration: A. Albert et al. 2022, ApJ 936 (2022), 2.

The HAWC real-time flare monitor for rapid detection of transient events
HAWC Collaboration: A.U. Abeysekara et al., ApJ 843 (2017), 116.

Search for very-high-energy emission from Gamma-ray Bursts using the first 18 months of 
data from the HAWC Gamma-ray Observatory
HAWC Collaboration: R. Alfaro et al., ApJ 843 (2017), 88.

Daily monitoring of TeV gamma-ray emission from Mrk 421, Mrk 501, and the Crab Nebula 
with HAWC HAWC Collaboration: A.U. Abeysekara et al., ApJ 841 (2017), 100.

On the Sensitivity of the HAWC Observatory to Gamma-Ray Bursts
HAWC Collaboration: A. U. Abeysekara et al., Astropart. Phys. 35 (2012) 641-650.
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TeV Gamma-Ray Sky – Extra-Galactic (all published results)

https://arxiv.org/abs/2204.12166
https://doi.org/10.3847/1538-4357/ac7714
https://doi.org/10.3847/1538-4357/ac7714
https://doi.org/10.3847/1538-4357/ac7714
https://arxiv.org/abs/2106.03946
https://doi.org/10.3847/1538-4357/ac58f6
https://doi.org/10.3847/1538-4357/ac58f6
https://doi.org/10.3847/1538-4357/ac58f6
https://arxiv.org/abs/2009.09039
https://iopscience.iop.org/article/10.3847/1538-4357/abca9a
https://iopscience.iop.org/article/10.3847/1538-4357/abca9a
https://iopscience.iop.org/article/10.3847/1538-4357/abca9a
https://arxiv.org/abs/2001.04065
https://iopscience.iop.org/article/10.3847/1538-4357/ab7999
https://iopscience.iop.org/article/10.3847/1538-4357/ab7999
https://iopscience.iop.org/article/10.3847/1538-4357/ab7999
https://arxiv.org/abs/2208.01075
https://doi.org/10.3847/1538-4357/ac880e
https://doi.org/10.3847/1538-4357/ac880e
https://doi.org/10.3847/1538-4357/ac880e
https://arxiv.org/abs/1704.07411
http://stacks.iop.org/0004-637X/843/i%3D2/a%3D116
http://stacks.iop.org/0004-637X/843/i%3D2/a%3D116
http://stacks.iop.org/0004-637X/843/i%3D2/a%3D116
https://arxiv.org/abs/1705.01551
https://arxiv.org/abs/1705.01551
http://stacks.iop.org/0004-637X/843/i%3D2/a%3D88
http://stacks.iop.org/0004-637X/843/i%3D2/a%3D88
http://stacks.iop.org/0004-637X/843/i%3D2/a%3D88
https://arxiv.org/abs/1703.06968
http://stacks.iop.org/0004-637X/841/i%3D2/a%3D100
http://stacks.iop.org/0004-637X/841/i%3D2/a%3D100
http://stacks.iop.org/0004-637X/841/i%3D2/a%3D100
http://arxiv.org/abs/1108.6034
http://dx.doi.org/10.1016/j.astropartphys.2012.02.001
http://dx.doi.org/10.1016/j.astropartphys.2012.02.001
http://dx.doi.org/10.1016/j.astropartphys.2012.02.001
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Cosmic Ray Studies

High Altitude characterization of the Hunga Pressure Wave with Cosmic Rays by the HAWC 
Observatory
HAWC Collaboration: R. Alfaro et al. 2024, Advances in Space Research 73 (2024), 1.

Cosmic ray spectrum of protons plus helium nuclei between 6 and 158 TeV from HAWC data
HAWC Collaboration: A. Albert et al. 2022, PRD 105 (2022), 063021

Probing the Sea of Cosmic Rays by Measuring Gamma-Ray Emission from Passive Giant 
Molecular Clouds with HAWC
HAWC Collaboration: A. Albert et al. 2021, ApJ 914 (2021), 106.

Hawc observations of the acceleration of very-high-energy cosmic rays in the cygnus cocoon
HAWC Collaboration: A. Albert et al. 2021, Nature Astron (2021).

All-Sky Measurement of the Anisotropy of Cosmic Rays at 10 TeV and Mapping of the Local 
Interstellar Magnetic Field HAWC Collaboration: A.U. Abeysekara et al., and IceCube 
Collaboration, M.G. Aartsen et al., ApJ871(2019), 096.

Constraining the p/p Ratio in TeV Cosmic Rays with Observations of the Moon Shadow by 
HAWC HAWC Collaboration: A.U. Abeysekara et al., Phys. Rev. D 97, 102005 (2018).

Very high energy particle acceleration powered by the jets of the microquasar SS 433
HAWC Collaboration: A.U. Abeysekara et al., Nature 562 (2018), 82-85.

Observation of Anisotropy of TeV Cosmic Rays with Two Years of HAWC
HAWC Collaboration: A.U. Abeysekara et al., ApJ 865 (2018), 57-71.

All-particle cosmic ray energy spectrum measured by the HAWC experiment from 10 to 500 
TeV HAWC Collaboration: R. Alfaro et al., Phys. Rev. D 96 (2017), 122001
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Cosmic Ray Studies– (all published results)

https://arxiv.org/abs/2209.15110
https://doi.org/10.1016/j.asr.2023.09.049
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.063021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.063021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.063021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.063021
https://arxiv.org/abs/2101.08748
https://arxiv.org/abs/2101.08748
https://iopscience.iop.org/article/10.3847/1538-4357/abfc47
https://iopscience.iop.org/article/10.3847/1538-4357/abfc47
https://iopscience.iop.org/article/10.3847/1538-4357/abfc47
https://arxiv.org/abs/2103.06820
https://doi.org/10.1038/s41550-021-01318-y
https://doi.org/10.1038/s41550-021-01318-y
https://arxiv.org/abs/1812.05682
https://arxiv.org/abs/1812.05682
https://iopscience.iop.org/article/10.3847/1538-4357/aaf5cc/meta
https://arxiv.org/abs/1802.08913
https://arxiv.org/abs/1802.08913
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.102005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.102005
https://arxiv.org/abs/1810.01892
https://www.nature.com/articles/s41586-018-0565-5
https://www.nature.com/articles/s41586-018-0565-5
https://www.nature.com/articles/s41586-018-0565-5
https://arxiv.org/abs/1805.01847
http://iopscience.iop.org/article/10.3847/1538-4357/aad90c/meta
http://iopscience.iop.org/article/10.3847/1538-4357/aad90c/meta
http://iopscience.iop.org/article/10.3847/1538-4357/aad90c/meta
https://arxiv.org/abs/1710.00890
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.122001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.122001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.122001
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Dark Matter Searches
Search for decaying dark matter in the Virgo cluster of galaxies with HAWC
HAWC Collaboration: A. Albert et al. 2024, Phys. Rev. D 109 (2024), 043034.

An optimized search for dark matter in the galactic halo with HAWC
HAWC Collaboration: A. Albert et al. 2023, JCAP 12 (2023), 038 .

Searching for TeV Dark Matter in Irregular Dwarf Galaxies with HAWC Observatory
HAWC Collaboration: R. Alfaro et al. 2023, ApJ 945 (2023), 25.

Searching for Dark Matter Sub-structure with HAWC
HAWC Collaboration: A.U. Abeysekara et al., , JCAP07 (2019), 22.

Search for Dark Matter Gamma-ray Emission from the Andromeda Galaxy with the High-
Altitude Water Cherenkov Observatory
HAWC Collaboration: A.U. Albert et al., JCAP 1806 (2018), 043.

A Search for Dark Matter in the Galactic Halo with HAWC
HAWC Collaboration: A.U. Abeysekara et al., JCAP 02 (2018), 049.

Constraints on Spin-Dependent Dark Matter Scattering with Long-Lived Mediators from 
TeV Observations of the Sun with HAWCHAWC Collaboration: A. Albert et al., PRD 98 (2018) 
, 123012.

Dark Matter Limits from Dwarf Spheroidal Galaxies with the HAWC Gamma-Ray Observatory
HAWC Collaboration: A. Albert et al., ApJ 853 (2018), 154.
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Dark Matter Searches– (all published results)

https://arxiv.org/abs/2309.03973
https://doi.org/10.1103/PhysRevD.109.043034
https://doi.org/10.1103/PhysRevD.109.043034
https://doi.org/10.1103/PhysRevD.109.043034
https://arxiv.org/abs/2305.09861
https://doi.org/10.1088/1475-7516/2023/12/038
https://doi.org/10.1088/1475-7516/2023/12/038
https://doi.org/10.1088/1475-7516/2023/12/038
https://arxiv.org/abs/2302.07929
https://doi.org/10.3847/1538-4357/acb5f1
https://doi.org/10.3847/1538-4357/acb5f1
https://doi.org/10.3847/1538-4357/acb5f1
https://arxiv.org/abs/1811.11732
https://iopscience.iop.org/article/10.1088/1475-7516/2019/07/022
https://iopscience.iop.org/article/10.1088/1475-7516/2019/07/022
https://arxiv.org/abs/1804.00628
https://arxiv.org/abs/1804.00628
https://arxiv.org/abs/1804.00628
http://iopscience.iop.org/article/10.1088/1475-7516/2018/06/043/meta
https://arxiv.org/abs/1710.10288
http://iopscience.iop.org/article/10.1088/1475-7516/2018/02/049/meta
http://iopscience.iop.org/article/10.1088/1475-7516/2018/02/049/meta
http://iopscience.iop.org/article/10.1088/1475-7516/2018/02/049/meta
https://arxiv.org/abs/1808.05624
https://arxiv.org/abs/1808.05624
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.123012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.123012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.123012
https://arxiv.org/abs/1706.01277
https://doi.org/10.3847/1538-4357/aaa6d8
https://doi.org/10.3847/1538-4357/aaa6d8
https://doi.org/10.3847/1538-4357/aaa6d8
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Multi-Messenger Studies
Search for Gamma-Ray and Neutrino Coincidences Using HAWC and ANTARES Data
H. A. Ayala Solares et al. 2023, ApJ 944 (2023), 166.

Multi-messenger observations of a flaring blazar coincident with high-energy neutrino
IceCube-170922A The IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC Collaborations, 
etc., Science 361 (2018), 146-155

Multi-messenger Observations of a Binary Neutron Star Merger
LIGO Collaboration, Virgo Collaboration, HAWC Collaboration, etc., ApJ 848 (2017), L12.

Multiwavelength follow-up of a rare IceCube neutrino multiplet
HAWC, IceCube, Fermi-LAT Collaboration: M.G. Aartsen et al., A&A 607 (2017), A115.

Multi-Messenger Studies– (all published results)

https://arxiv.org/abs/2209.13462
https://doi.org/10.3847/1538-4357/acafdd
https://doi.org/10.3847/1538-4357/acafdd
https://doi.org/10.3847/1538-4357/acafdd
https://arxiv.org/abs/1807.08816
http://science.sciencemag.org/content/361/6398/eaat1378
http://science.sciencemag.org/content/361/6398/eaat1378
http://science.sciencemag.org/content/361/6398/eaat1378
https://arxiv.org/abs/1710.05833
http://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta
http://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta
http://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta
https://arxiv.org/abs/1702.06131
https://www.aanda.org/articles/aa/abs/2017/11/aa30620-17/aa30620-17.html
https://www.aanda.org/articles/aa/abs/2017/11/aa30620-17/aa30620-17.html
https://www.aanda.org/articles/aa/abs/2017/11/aa30620-17/aa30620-17.html


“Exotica” Studies– (all published results)
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Exotica

Characterization of the background for a neutrino search with the HAWC observatory
HAWC Collaboration: A. Albert et al. 2022, Astroparticle Physics 137 (2022), 102670.

Constraining the local burst rate density of primordial black holes with HAWC
HAWC Collaboration: A. Albert et al. 2020, JCAP 04 (2020), 26.

Constraints on Lorentz Invariance Violation from HAWC Observations of Gamma Rays above 
100 TeV
HAWC Collaboration: A. Albert et al., PRL 124,021102(2020) .

https://arxiv.org/abs/2108.07767
https://www.sciencedirect.com/science/article/abs/pii/S0927650521001018?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0927650521001018?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0927650521001018?via%3Dihub
https://arxiv.org/abs/1911.04356
https://iopscience.iop.org/article/10.1088/1475-7516/2020/04/026
https://iopscience.iop.org/article/10.1088/1475-7516/2020/04/026
https://iopscience.iop.org/article/10.1088/1475-7516/2020/04/026
https://arxiv.org/abs/1911.08070
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.131101
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.131101


Solar Physics Studies– (all published results)
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Solar Physics

Exploring the coronal magnetic field with galactic cosmic rays
HAWC Collaboration: R. Alfaro et al. 2024, ApJ 966 67

Discovery of Gamma Rays from the Quiescent Sun with HAWC
HAWC Collaboration: A. Albert et al. 2023, Phys. Rev. Lett. 131 (2023), 051201 .

HAWC as a Ground-Based Space-Weather Observatory
HAWC Collaboration: C. Alvarez et al. 2021, Solar Physics 296 (2021), 89

Interplanetary magnetic flux rope observed at ground level by HAWC
HAWC Collaboration: A. Albert et al. 2020, ApJ 905 (2020), 73.

First HAWC Observations of the Sun Constrain Steady TeV Gamma-Ray Emission
HAWC Collaboration: A. Albert et al., PRD 98 (2018), 123011.

https://private.hawc-observatory.org/wiki/index.php/Exploring_the_Coronal_magnetic_%EF%AC%81eld_with_Cosmic_Rays
https://private.hawc-observatory.org/wiki/index.php/Exploring_the_Coronal_magnetic_%EF%AC%81eld_with_Cosmic_Rays
https://iopscience.iop.org/article/10.3847/1538-4357/ad3208
https://arxiv.org/abs/2212.00815
https://doi.org/10.1103/PhysRevLett.131.051201
https://doi.org/10.1103/PhysRevLett.131.051201
https://doi.org/10.1103/PhysRevLett.131.051201
https://link.springer.com/article/10.1007/s11207-021-01827-z
https://link.springer.com/article/10.1007/s11207-021-01827-z
https://link.springer.com/article/10.1007/s11207-021-01827-z
https://link.springer.com/article/10.1007/s11207-021-01827-z
https://arxiv.org/abs/2101.03243
https://iopscience.iop.org/article/10.3847/1538-4357/abc344
https://iopscience.iop.org/article/10.3847/1538-4357/abc344
https://iopscience.iop.org/article/10.3847/1538-4357/abc344
https://arxiv.org/abs/1808.05620
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.123011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.123011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.123011
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Backup Slides
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Source search and Energy Spectrum Determination – Crab Nebula
C
ra

b 
N

eb
ul

a

Likelihood framework

Detector response
& 
Source model

PSF: ~1°

PSF: <0.2°

Arrival direction maps for fHit bins

Energy Spectrum
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HAWC Observatory –Science Goals

 TeV Gamma Ray Sky
 Galactic Sources

 Supernova Remnants
 Pulsar Wind Nebula
 Extended Sources 
 High Energy (>50TeV) 
 ...

 Extra-galactic sources
 Active Galactic Nuclei, Blazars
 Gamma-Ray Burst searches
 …

 Monitoring of Transient/Variable Sources

 Cosmic Ray Studies (1 TeV-1 PeV)
 Anisotropies of Arrival Directions
 All-particle Energy Spectrum
 Composition Studies
 Sources of Galactic Cosmic Rays
 …

 Multi-messenger Astrophysics
 TeV Gamma and Neutrino Coincidence
 TeV Gamma and Gravitational Wave Coincidence
 Multiwavelength (Fermi,Swift,…)
 …

 Searches and Exotica
 Searches for Dark Matter
 Search for Lorentz Invariance
 Primordial Black Hole Burst Searches
 Neutrino searches
 …

 Solar Physics
 Coronal Magnetic Fields
 TeV Gamma-ray Emission
 Magnetic Flux loops/Forbush Decrease
 …
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Another middle age PWN 
similar to Geminga and B0656+14
E ̇ = 4.1 × 1034 erg s−1, 
d = 1.56 kpc, τ = 253 kyr

Can test if all are Geminga-like

161σ Crab

50 sources above 5σ are detected

TeV halos : New discoveries – some hiding in plain sight!

 More discoveries:
 HAWC J0543+233 (ATel #10941),
 HAWC J0635+070 (ATel #12013)

 Probe diffusion in various locations in the 
Galaxy and near various objects.

 + “invisible pulsars”?
 HAWC uniquely suited to study halos.
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HAWC detection of TeV emission near PSR B0540+23
Colas Riviere (University of Maryland), Henrike Fleischhack (Michigan Technological University), 
Andres Sandoval (Universidad Nacional Autonoma de Mexico) on behalf of the HAWC Collaboration 
(ATel #10941 on 9 Nov 2017; 23:11 UT).

http://www.astronomerstelegram.org/?read=10941
http://www.astronomerstelegram.org/?read=12013
http://www.astronomerstelegram.org/?read=10941


 HAWC observations prove that these sources are indeed 
accelerating electrons and positrons to ~100 TeV producing 
25 TeV gamma-rays by inverse Compton scattering of CMB.

 HAWC observations measure the total energy released in 
electrons and positrons which is much of their measured 
spin down energy.

 HAWC observations of the angular extent of these TeV 
nebula measures the diffusion coefficient of their 
propagation in the interstellar medium.

 HAWC observations show that Geminga and Monogem do 
NOT contribute significantly to the AMS measured positron 
excess assuming a simple diffusion model.

Distance to PSR 
B0656+14 is ~288 pc
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Extended gamma-ray sources around pulsars constrain the 
origin of the positron flux at Earth 

Extended gamma-ray sources around pulsars constrain the origin of the positron flux at Earth 
HAWC Collaboration: A.U. Abeysekara et al., Science 6365 (2017), 911-914.

Where/how do the excess 
positrons observed by AMS 
originate?

Estimated positron energy flux at Earth from Geminga (blue solid line), 
compared with AMS-02 experimental measurements (green dots).

Surface brightness of the tera-electron volt gamma-ray emission. Surface brightness is shown 
as a function of the distance from the Geminga pulsar (A) and PSR B0656+14 (B). 

Distance to Geminga
is ~250 pc
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https://arxiv.org/abs/1711.06223
http://science.sciencemag.org/content/358/6365/911
http://science.sciencemag.org/content/358/6365/911
http://science.sciencemag.org/content/358/6365/911
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Pushing to Higher Energies: (Ereco > 56 TeV,)  point source hypothesis

STATUS AND RESULTS OF THE HIGH-ALTITUDE WATER CHERENKOV (HAWC) OBSERVATORY

ICRC 2023

Significance Map Ereco > 56 TeV point source

Significance Map  Ereco  > 100 TeV  point source

Significance Map  Ereco  > 177 TeV point source 
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Pushing to Higher Energies: (Ereco > 56 TeV,) 0.5 deg extended  source hypothesis

STATUS AND RESULTS OF THE HIGH-ALTITUDE WATER CHERENKOV (HAWC) OBSERVATORY

ICRC 2023

Significance Map Ereco > 56 TeV 0.5 deg extended 

Significance Map  Ereco  > 100 TeV 0.5 deg extended 

Significance Map  Ereco  > 177 TeV 0.5 deg extended 
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Galactic Diffuse Emission (+unresolved sources)
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Galactic Gamma-Ray Diffuse Emission at TeV Energies with HAWC Data
HAWC Collaboration: R. Alfaro et al. 2024, ApJ 961 (2024), 104 .

https://arxiv.org/abs/2310.09117
https://doi.org/10.3847/1538-4357/ad00b6
https://doi.org/10.3847/1538-4357/ad00b6
https://doi.org/10.3847/1538-4357/ad00b6
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Search for Very High Energy γ-rays from Fermi Bubbles

HAWC upper limits together with the Fermi data and gamma-ray production

NASA / DOE / Fermi LAT / D. Finkbeiner & others
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Search for Very High Energy Gamma Rays from the Northern Fermi Bubble Region with HAWC 
HAWC Collaboration: A.U. Abeysekara et al., ApJ 842 (2017), 85.

 HAWC saw no evidence for very high energy emission from 
Northern Fermi Bubble using a 290 day exposure

Sky map showing Northern Fermi Bubble Region (in Black)

https://arxiv.org/abs/1703.01344
http://iopscience.iop.org/article/10.3847/1538-4357/aa751a/meta#apjaa751as3-1
http://iopscience.iop.org/article/10.3847/1538-4357/aa751a/meta#apjaa751as3-1
http://iopscience.iop.org/article/10.3847/1538-4357/aa751a/meta#apjaa751as3-1


Pevatron Cosmic Ray Accelerators?

53

 Galactic Gamma-Ray sources may be 
PeVatrons – sources of cosmic rays

 Spectrum of Gamma Rays may be of 
hadronic origin

 Multimessenger observations of 
neutrinos from these objects may be 
possible with future upgrades
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HAWC J2227+610 and Its Association with G106.3+2.7, a New Potential Galactic PeVatron
HAWC Collaboration: A. Albert et al. 2020, ApJL 896 (2020), L29.

https://iopscience.iop.org/article/10.3847/2041-8213/ab96cc
https://arxiv.org/abs/2005.13699
https://iopscience.iop.org/article/10.3847/2041-8213/ab96cc
https://iopscience.iop.org/article/10.3847/2041-8213/ab96cc
https://iopscience.iop.org/article/10.3847/2041-8213/ab96cc
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Extragalactic Background Light
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Probing the extragalactic mid-infrared background with HAWC
HAWC Collaboration: A. Albert et al. 2022, ApJ 933 (2022), 223..

 Indirectly set limits on the EBL by studying the effects of 
gamma-ray absorption in the very high energy (VHE: 
>100 GeV) spectra of distant blazars.

https://arxiv.org/abs/2204.12166
https://doi.org/10.3847/1538-4357/ac7714
https://doi.org/10.3847/1538-4357/ac7714
https://doi.org/10.3847/1538-4357/ac7714
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On the Sensitivity of the HAWC Observatory to Gamma-Ray Bursts
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On the Sensitivity of the HAWC Observatory to Gamma-Ray Bursts
HAWC Collaboration: A. U. Abeysekara et al., Astropart. Phys. 35 (2012) 641-650.

http://arxiv.org/abs/1108.6034
http://dx.doi.org/10.1016/j.astropartphys.2012.02.001
http://dx.doi.org/10.1016/j.astropartphys.2012.02.001
http://dx.doi.org/10.1016/j.astropartphys.2012.02.001


Cosmic Ray Anisotropy – All Sky
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All-Sky Measurement of the Anisotropy of Cosmic Rays at 10 TeV and Mapping of the Local Interstellar Magnetic Field  
HAWC Collaboration: A.U. Abeysekara et al., and IceCube Collaboration, M.G. Aartsen et al., ApJ871(2019), 096.
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https://arxiv.org/abs/1812.05682
https://arxiv.org/abs/1812.05682
https://iopscience.iop.org/article/10.3847/1538-4357/aaf5cc/meta
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HAWC Observatory –  Results

HAWC/IceCube Joint Fit  to the Cosmic Ray Anisotropy

Combined HAWC/Icecube Cosmic Ray Large Scale Anisotropy Measurementhttps://arxiv.org/pdf/1812.05682.pdf
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https://arxiv.org/pdf/1812.05682.pdf


HAWC sensitivity - with outriggers

58

Planned improvements in 
HAWC reconstruction and 
analysis algorithms (which are 
about to be implemented 
retroactively with Pass 5) will 
increase sensitivity even more.

HAWC 2018

HAWC 2023
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March 2015

LMT/GTMHAWC

Pico di Orizaba

59Results From The High-Altitude Water Cherenkov (HAWC) Observatory – Chengdu April 2019

HAWC Site Location

 Sierra Negra, Mexico (180 59’ 41”N, 
970 18’ 28” W)

 Altitude 4100 m a.s.l.

HAWC

HAWC

Merida



Outriggers Array: High Energy Extension

60

➤ 350 small tanks 
in addition to the 
300 large tanks.

➤ Improve core 
localization for 
showers near the 
main array.

➤ x4 effective area 
at high energy.

➤ Lightning strike 
& fire damaged 
significant 
fraction…repairs 
are underway
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61Results From The High-Altitude Water Cherenkov (HAWC) Observatory – Chengdu April 2019

HAWC Observatory Characteristics – Shower Reconstruction



62Results From The High-Altitude Water Cherenkov (HAWC) Observatory – Chengdu April 2019

HAWC Observatory – Physical  Characteristics

HAWC 7.3m diameter

4.
5m

 d
ep

th

Tank

Bladder

Water (lots of it!!)
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Shower Reconstruction - Photon / Hadron Separation

Likely Gamma-Ray EventLikely Cosmic-Ray Event
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Water Cherenkov DetectorsShower Reconstruction - Energy

Energy Estimators
 Shower “size” bin B 

(fhit=Nhit/Ntot )
 Ground Parameter
 Neural Net

Shower “size” Ground Parameter Neural Net
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