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• HAWC is located on the flanks of the 
Sierra Negra volcano near Puebla

• HAWC altitude : 4100 meters above 
the sea level
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Inaugurated March 2015.

Instantaneous FOV 2sr

Daily FOV 8sr (66% of the 
sky)

Energy range:  100s GeV to 
100s TeV
 
Observing >95% of the time

Angular resolution 0.2o – 1o

345 outriggers since 2018



     HAWC Water Cherenkov detector  
             and detection technique

Steel frame 
construction

3900 Water trucks 
filling the tanks

Large plastic 
bag container

8-inch  
10-inch  
PMTs

WCDs with 200,000 l 
of purified water.  
Particles from the  
shower induce 
Cherenkov light in 
water, detected by  4 
PMTs. 
Measure: time and 
light  level in each 
PMT 
Reconstruct: core, 
energy, direction and 
background rejection 



Pass 5 sensitivity

Improved background rejection 

Better angular resolution 

Improved sensitivty at hundred GeVs

https://arxiv.org/pdf/2405.06050 
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The Galactic Plane from TeV to subPeV energies  
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1543 days of data Pass 4 

65 sources of which 56 can be associated to 
pulsars 

(HAWC Coll ApJ 2021)

  3HWC Catalog  



The Galaxy above 56 TeV 
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MGRO 2019+371 MGRO 1908+06
HESS J1825+137 
HESS J1826-130

but

HAWC Collaboration+20



The Galaxy above 100 TeV: Spectra 
HAWC Collaboration+20
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2800 day maps > 56 TeV 

pointlike

0.5 deg 

 most sources are extended 

K. Malone



   2800 day maps > 100 TeV
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pointlike

0.5 deg 
K. Malone

  most of which extended 



   2800 day maps > 177 TeV
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4HWC catalogue in preparation

pointlike

0.5 deg 
K. Malone



HAWC Observations of Variable Sources 
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X. Wang

HAWC monitors variable sources 
and discovers new transients  



SS433 Lobes Binary observed in radio-X-rays 

Supergiant > 10  and 8 compact object, BH or NS 

Accretion believed to be super Eddington

Barion loaded SS433 jet  : 1039-40 erg/s   

SS433 jet speed roughly c/4 

Most powerful jets in the Galaxy terminate at 40 pc 
distance in W50 nebula and produce western and eastern 
X-ray lobes 

Particle acceleration & GeV-TeV radiation predicted at the 
lobes

𝑀∘ 𝑀∘ 

Hegra 2005 



SS 433 field after subtracting MGRO J1908+06   

Nature, HAWC Coll 2018

  SS-433 lobes with HAWC
SS433 field after subtracting the lobes too  

Raw Map



HAWC May 2022

  SS-433 lobes with HAWC

17

• The first micro-quasar HAWC detected  
•  1017 days of HAWC observations  
•  Post-trial 5.4 σ  
• Emission coincident with e1 and w1 
•  HAWC emission shows that powerful 

jets accelerate particles beyond 100 
TeV

•  Combining γ and X-rays B~16 𝜇G

Nature, HAWC Coll 2018

Energy Budget : 

~0.5% of jet power into electron 
acceleration 

~100% of jet energy over 30000 years 
lifetime of SS 433 into accelerating 
protons of at least 250 TeV with 
spectral index -2. if n=0.1 cm-3 But do 
we really know the ambient gas 
density ?

Nature, HAWC Coll 2018



Spectrum of the west lobe

West lobe

• 1922 days of data 

• Better Reconstruction 

• Blind search of the region yields 
results compatible with 2018 
analysis 

1910 days of data  
• Increased significance 

• Individual analysis and spectra of 
the lobes 

Chang Dong Rho



•  Transient X-ray binary first detected flares in 
1999 – X-ray flux reached 12.2 Crab in 8 hr 

• Arcsec radio jets inclined < 16o  (VLA)  
• Black-hole  6.4 M⊙ (MacDonald+2014)
• B-star companion  2.9  M⊙  
• Orbital period 2.8 d, distance 6.2  kpc
• Super-Eddington accretion
• Superluminal jets - apparent expansion speed 

9.5c 

MAXI LONG TERM 
OBSERVATIONS

VHE Photons 
coincident  
with V4641 Sgr



  VHE Photons coincident with V4641 Sgr

• 2400 days obs 26.11.2014 till 27.06.2022 – on-array events – 3 deg ROI
• High zenith angle for HAWC   - 45o off zenith
• 8.8σ above 1 TeV and  5.2σ above 100 TeV
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HAWC Collaboration, Nature 2024

PRELIMINARY
PRELIMINARY

558 | Nature | Vol 634 | 17 October 2024

Article

a Gaussian spatial template to the data around each source over the 
entire energy range. For comparison, the HAWC point-spread function 
at the declination of the source is 0.2° at energies greater than 30 TeV. 
The angular separations between the binary and the northern and 
southern gamma-ray sources are 0.23° and 0.46°, which correspond 
to about 30 pc and about 55 pc, respectively, when assuming a source 
distance of 6.6 kpc (ref. 4). When adopting a single-source model, we 
find that a point-like source template is disfavoured at 8.3σ with respect 
to an asymmetric extended-source template. The extension of the 

asymmetric source is found to be 0.54°, corresponding to about 70 pc. 
This is much larger than the size of the binary system, implying that 
the gamma-ray emission comes from a region more extended than 
the central binary.

Under the model with two point sources from a physically grounded 
perspective, the excess spectrum extends up to 217 TeV without any 
observable indication of a cut-off (for the best-fit results of the model 
with a single asymmetric extended source, see Methods). The spectrum 
above 1 TeV is best described by a power law, dN/dE = N0(E/E0)α, in which 
E0 = 47 TeV is selected to minimize the correlation between parameters 
owing to the choice of the spectral model. Table 1 lists the best-fit val-
ues of N0 and α for the northern and southern sources. We note that 
the exceptionally hard spectrum, α = −2.2, makes V4641 Sgr one of the 
hardest ultra-high-energy sources ever measured. Figure 2 compares 
the spectra of the two sources. Despite being 0.69 ± 0.04° (about 80 pc) 
away from each other, the two sources present almost identical flux 
amplitudes and spectral indices, hinting that they probably share a 
common origin. Considering that no other plausible multiwavelength 
counterparts can be identified and that the two point-like sources 
present remarkably similar spectra while being physically distant, 
the origin of the HAWC excess is probably connected to V4641 Sgr and 
could be because of persistent large-scale outflows from the system, 
each of which we refer to as a bubble.

Interaction of large-scale jets with the interstellar medium (ISM) may 
induce high-energy radiation. So far, SS 433 is the only microquasar with 
very-high-energy (VHE; 0.1–100 TeV) gamma-ray emission observed 
from the lobes1,2. At a distance of 6.6 kpc for V4641 Sgr, the physical 
separation between each of the two sources and the central object is 
on the order of tens of parsecs. Our observation implies that V4641 Sgr 
could be closely analogous to SS 433 (ref. 1), which has long been pro-
posed, based on optical and X-ray observations of the flares11–13. The 
ratio of the TeV gamma-ray power and the Eddington luminosity of this 
source is an order of magnitude higher than that of SS 433, suggesting 
that large-scale outflows from microquasars may carry high kinetic 
power and be efficient particle accelerators.

Persistent VHE gamma-ray emission from microquasars can be 
expected from accelerated electrons inverse Compton scattering off 
low-energy photons (leptonic scenario) and/or from the decay of neu-
tral pions, which are produced by the interaction of protons and nuclei 
(hadronic scenario)14,15.

A leptonic scenario is challenging for the following reasons. First, a 
fast outflow is needed to accelerate electrons to 200 TeV and above. 
The acceleration time, tacc ≈ 10DB(Ee)/vsh

2, needs to be shorter than the 
cooling time owing to synchrotron radiation in a magnetic field B, 
tcooling ≈ 600(Ee/200 TeV)−1(B/10 µG)−2 years, yielding a shock velocity, 
vsh/c > 0.02(Ee/200 TeV)(B/10 µG)1/2. Here DB(Ee) = RLc/3 is the Bohm dif-
fusion coefficient and RL is the Larmor radius of the particle. Second, 
electrons at such high energies cool so quickly that they can barely travel 
over 100 pc. The cooling time is much shorter than the diffusion time, 
R2/(2D) ≈ 1,000/η years, in which R ≈ 100 pc, D(200 TeV) ≈ η1030 cm2 s−1 
and η ≪ 1. For these evaluations, we have used a magnetic field strength 
comparable with that in the jets of SS 433 (ref. 1). Future X-ray observa-
tions of the VHE emission site are needed to constrain the field strength.

In the hadronic scenario, protons are accelerated to PeV energies 
and interact with the ambient gas, producing neutral pions that quickly 
decay into gamma rays. Extended Data Fig. 3 shows the gas distribution 
near the gamma-ray excess detected by HAWC. To account for both 
the southern and northern HAWC sources, we require a total proton 
energy Wp ≈ 1 × 1050 erg for these two sources. The protons could be 
accelerated at the termination shock, at which the jets interact with 
the ISM, or along the jets and subsequently transported to the HAWC 
sources. We assume that each HAWC source has a radius of 20 pc, which 
corresponds to the upper limit on the source radius of 0.2° at the 95% 
confidence level, and consider escape owing to diffusion for two cases: 
diffusion as inferred at GeV energies from the cosmic-ray secondaries 
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Fig. 1 | Significance map around the V4641 Sgr region. a, For events with 
measured energy greater than 1 TeV. The value TS refers to the likelihood  
ratio test statistic described in equation (1). The green contours indicating 
significance are mapped to TS  values ranging from 4.5 to 8.5, increasing 
inwards at intervals of one from the outermost contour to the innermost. The 
crosses represent the best-fit locations from the model with two point sources. 
b, Significance map (of the same region) including only events with measured 
energy greater than 100 TeV. The white circle represents the angular resolution 
at a radius corresponding to 68% event containment (0.17°) at this energy 
range. The V4641 Sgr location is taken from ref. 4. These significance maps are 
made by assuming a point-source hypothesis and a power-law spectrum with 
the best-fit index α = −2.2.
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   Spectra and morphology of the lobes
HAWC Collaboration, Nature 2024

•Morphology:  two sources or a  
roughly 70 pc extended one  

•Highest energy measured: 220 TeV

•No time flux variations using  
selected time intervals

Do micro-quasars provide PeV particles?

To obtain a realistic estimate of the gas density in the region of 
V4641 Sgr, we need to integrate the gas survey cubes over the range 
of velocities corresponding to the distance of V4641 Sgr and then divide 
by the velocity interval. The V4641 Sgr distance of 6.6 kpc roughly 
corresponds to a velocity of 90–100 km s−1 according to the galactic 
rotation velocity curve66. Integrating the HI spectra over a range of 
velocities between 70 km s−1 and 120 km s−1 (this spread in velocities 
includes, for instance, possible internal turbulent motions of the gas), 
the first momenta yield NH = 7.4 × 1019 cm−2 and NH = 3.9 × 1019 cm−2 for 
the southern and northern lobes, respectively. We also examined the 
molecular gas distribution at the locations of the two HAWC lobes 
by integrating the molecular hydrogen cubes over the velocity range 
70–120 km s−1 (refs. 61,62). As far as the molecular hydrogen is con-
cerned, the maps contain high levels of background fluctuation noise 
such that we cannot confirm the presence of any emission from hadrons 
colliding off molecular hydrogen targets.

Assuming a radius of approximately 20 pc for each lobe from an 
upper limit of 0.2° at the 95% confidence level for the Gaussian width 
of the sources, the gas density, n, is 1 cm−3 and 0.5 cm−3 for the south 
and north lobes, respectively.

VHE emission owing to hadronic interactions
In the hadronic scenario, the interaction of high-energy protons with 
the surrounding gas in the source leads to the production of gamma 
rays through the decay process π0 → γγ. The acceleration of protons can 
occur at the termination shock, at which the jets collide with the ISM, or 
along the jet itself, allowing them to be transported to the lobe region. 
An upper limit on the diameter of the two lobes in the two-source model, 
l ≈ 40 pc, is used to calculate the escape time. If we account for particle 
escape, the energy budget channelled in the accelerated proton popula-
tion depends on the ratio between the particle (pp) cooling time and the 
escape time from the two lobes, tpp/tesc. The pp cooling time is defined 
as tpp = 1/(nσppc) ≈ 1.6 × 1015(n/1 cm−3)−1 s, in which σpp is the cross-section 
for pp interactions67. The escape time, tesc ≈ l2/(2D(E)), in which l is the 
source size, depends on the transport regime, D(E). If we assume the 
diffusion at 1 PeV proceeds as inferred at GeV energies from the galactic 
secondary ratio, with D(1 PeV) = ηD0 ≈ η (3 × 1030) cm2 s−1, then the escape 
time may be described as tesc ≈ 3 × 109/η/(D0/(3 × 1030) cm2 s−1) s. Under 
this scenario, the energy budget required in accelerated protons above 
1 PeV (1-PeV protons produce roughly 100–200-TeV photons) would be 
around 100% of the Eddington luminosity,
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in which n is the ambient gas density and Lγ = 9.13–9.50 × 1033 erg s−1 
for the north and south lobes, respectively. Transport could pro-
ceed in a slower (η < 1) or faster (η > 1) way with respect to the galactic 
diffusion, D0, derived from the cosmic-ray secondary ratio at GeV 
energies. Cosmic-ray transport in acceleration sites might also pro-
ceed much more slowly—in the extreme Bohm diffusion regime, tesc ≃  
4 × 103(E/1 PeV)−1 years, in which the energy needed to be channelled 
into protons would be a small fraction of the Eddington luminosity.

VHE emission owing to leptonic interactions
In the leptonic scenario, when assuming that the continuously accel-
erated electrons follow a differential-power-law spectrum extending 
up to at least 200 TeV, the northern and southern gamma-ray sources 
may be produced by electrons with an energy budget of 7 × 1046 erg 
above 20 TeV in total. The fraction of the energy of electrons released 
in inverse Compton scattering and not lost to synchrotron cooling is 
determined by the ratio of the energy density of the magnetic field 
(proportional to B2) to the energy density of target photons, such that 

the expected luminosity in hard X-rays from the HAWC lobes should 
be ( ) ( )L L(>few keV) ≈ (>1 TeV) ≈ (3 − 4) × 10 erg sX

B
G

B
GTeV 3 µ

2
34

3 µ

2
−1. We  

note that this estimation assumes that the energy density of target 
photons is dominated by the cosmic microwave background, although 
the assumption may not be true in a small region close to the binary. 
Also, electron cooling may affect the electron spectrum and hence the 
expected X-ray luminosity.

Data availability
The datasets analysed during this study are available at a public 
repository maintained by the HAWC Collaboration (https://data.hawc- 
observatory.org).

Code availability
The study was carried out using the Multi-Mission Maximum Likelihood 
(3ML) HAWC Accelerated Likelihood (HAL) framework developed by 
the HAWC Collaboration. The software is open source and publicly 
available on Github at https://github.com/threeML/hawc_hal. The code 
distribution includes instructions on installation and use.
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What about the 
gas density ?

HI from HI4PI

H2 from Dame+2001 

HAWC Collaboration, Nature 2024



Galactic Diffuse Emission 
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HAWC, ApJ 2023

Source-subtracted map



   Diffuse Emission from the CMZ

24

•2456 days observations 

• GC at 48o  zenith 

•6.5 σ detection in Pass 5 

•Best-fit model : point-like source 
with a simple power law spectrum 
up to at least 100 TeV

HAWC Collaboration, ApJL 2024

HAWC emission after subtracting HESS J1745-290  
(Sgr A*) and HESS J1746-285 (Radio Arc) 

5.7 sigma detection 

Remaining flux extends to UHE and reveals a  
PeVatron at the GC as first suggested by HESS



 HAWC View of the Galactic Centre Ridge

25HAWC Collaboration, ApJL 2024

• HAWC and HESS fluxes compatible

• No spectral cutoff

• Maximum γ energy detected in HAWC 

     1 sigma: 69.57 TeV 

     2 sigma: 50.17 TeV 

     3 sigma: 34.24 TeV 

The cosmic-ray energy density estimated with HAWC 
gamma-ray luminosity suggests constantly accelerated 
0.1-1 PeV protons in the GC region.  
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   Extreme accelerators in HAWC sky

Boomerang SNR
Geminga

Microquasars

Gal Centre

The Sun

Boomerang, ApJ 2020

Cygnus Bubble

ApJ 2023

Diffuse Emission

Nat Astr 2021

Nature 2018

Science 2017

Molecular Cloud –
LHAASO 2108

Apj 2023

ApjL 2020

Nature 2024

ApjL 2024



The future of Wide-Field-of-View Gamma 
Observatories: SWGO

27

3

Ground-based Gamma-ray 
Astronomy Network

HAWC

VERITAS
MAGIC

HESS

— SWGO | Gamma2024 in Milan —  

3

Slide by  Barres de Almeida
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!  SWGO partners 
→15 countries, over 90 institutes  
→+ supporting scientists 

Argentina 
Brazil 
Chile 
China 
Croatia 
Czech Republic 
France 
Germany

Italy 
Mexico 
Peru 
Portugal 
South Korea 
United Kingdom 
United States

Member Institutes

Supporting Scientists

SWGO Collaboration

— SWGO | Gamma2024 in Milan —  Microquasars
Microquasars

Microquasars

Microquasars
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Ruben Conceição

Science Drivers

9

White paper in planning
Observational Panorama 

3 

� Cherenkov Atmospheric 
Telescopes 
o  20% duty-cycle 
o  Pointing (few degrees FoV) 
o  Energy threshold down to 10s GeV 
o  Good energy and angular resolution 

� Particle Detector Arrays 
→ 100% duty-cycle 
→ Wide-field of View (~ steradian) 
→ Energy range 100s GeV up to 100s TeV 
→ Continual view and accurate 

background determination 
LHAASO

HESS

MAGIC

VERITAS

— SWGO | Gamma2024 in Milan —  

Science tools compatible with gammapy

Site Selection

22— SWGO | Gamma2024 in Milan —  

!  Preferred and back-up site announced on 12th August 

!  Pampa La Bola, Atacama Astronomical Park (Chile) 

→ Vast plateau at 4,770 m a.s.l. 
→ 23º South, 68º West 
→ Available area superior to 1 km2 

→ At the international road Chile-Argentina 

✓ Few km from ALMA 

✓ 40 min from San Pedro de Atacama 

✓ 2 hours from Calama (airport)

• Site Decision made - Atacama Chile

• Design Decision expected within 2025

• Preparatory phase 

• Detailed construction planning

• Engineering array in 2026

• Construction Phase from 2027

Plans

Ruben Conceição

Expected Sensitivity
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Observational Panorama 

3 

� Cherenkov Atmospheric 
Telescopes 
o  20% duty-cycle 
o  Pointing (few degrees FoV) 
o  Energy threshold down to 10s GeV 
o  Good energy and angular resolution 

� Particle Detector Arrays 
→ 100% duty-cycle 
→ Wide-field of View (~ steradian) 
→ Energy range 100s GeV up to 100s TeV 
→ Continual view and accurate 

background determination 
LHAASO

HESS

MAGIC

VERITAS

Huge rejection power (400! At 50% gamma effic) - already at 2 TeV

D1A1

Size range A à D looks promising

Preli
mina

ry

At 4,700 m a.s.l.

80%

— SWGO | Gamma2024 in Milan —  



Conclusions and Outlook

Since 2015 HAWC has shown that the Galaxy is full of VHE-UHE sources   
• Survey of the Galaxy in the TeV- hundred TeV domain

• Monitor and serendipitous discovery of transient sources up to hundred TeVs

• Diffuse emission from the GP and CMZ – Confirmation of GC PeVatron 

•  TeV photons from the Sun

• Star Formation regions

• New source class : TeV halos.

• Boomerang region : SNR as PeVatrons 

Plans for Future 
• Analysis of multiple year data from the outrigger array in Pass6

• HAWC plans to continue operation waiting for SWGO
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     Back-up Slides

31



VHE AND UHE Photons 
from SFRs and the 
origin of Galactic CRs



  
Cyg OB2 in IR, GeV and TeV 
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HAWC significance map  
of the Cygnus Cocoon 

Fermi detected hard and extended emission from 
Cygnus X, between OB2 and Gamma Cygni SNR

HAWC Coll, NatAstr 2021 

First superbubble up to 100 TeV energies



Cosmic Ray Acceleration in SFRs

34

CRs up to PeV energies accelerated within a region the SFR 

CR energy density > 10 TeV higher than local CR energy density

1/r profile - a continous injection.  Constant profile - a recent burst event happened less than 0.1 
Myr 

10000 CygOB2 would be required for CRs Galactic population

Nat Astr, HAWC 2021Hadronic Model

Constant Injection

Recent burst



   TeV-PeV pulsar Wind Nebulae and halos 



Geminga - PWN

Geminga is one of the brightest GeV sources in the northern sky

It’s a middle-aged 340kyr, pulsar T=0.237s

It’s close to earth -  pc

X-Ray PWN seen to be very small

First seen in TeV by Milagro at 40 TeV in 2009

HAWC also sees energies above 25TeV

Very extended in the TeV - ~5 degrees across

Geminga and Monogem, similar in age and distance, 

were suggested as contributors of the positron fraction 

(Aharonian+1995).

250+250
−62
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Extended TeV emission around  the 
pulsars Geminga and Monogem

Geminga and Monogem : about 5 deg ext

• Assuming emission from electrons diffusing in the ISM, then extension is a direct 
measurement of particle diffusion θ(20TeV)   α √ [D(100TeV)]

• D(100 TeV) = (4.5 ± 1.2) 1027 cm2/s, roughly 100 times smaller than diffusion from 
B/C ratio 37

HAWC, Science 2017 



HAWC Spring 2022

Geminga and Monogem in Pass 5
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Erice Summer School 2022 - J Goodman

PWN Halos - PSR J0359+5414
2321 day map

PSR J0359+5414 - Newly discovered TeV Halo

Outer galaxy, isolated, radio quiet

Age = 75kyr

High Spin-down power: 1036 ergs/s

39

ApJ 2023



40

Looking for TeV photons from the Sun



The rise of the TeV Sun.

Fermi sees the sun up to ~100 GeV

Correlated to solar cycle. Higher flux at Solar 
Min

Emission mechanism thought to be from CR 
hadrons interacting with the atmosphere of 
the sun

Not necessarily in the limb

41

ApJ 2023

Anticorrelation with solar activity 

In HAWC PL index 3.62 

6.1 yr of data 

6,3 sigmas 

HAWC, ApJ 2022



Erice Summer School 2022 - J Goodman

42

PreliminaryPreliminary

Preliminary Preliminary

Max Min

Solar Max and Solar Min 

 
HAWC, ApJ 2022
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 Observations of SNRs 
and PeVatron candidates



SNR G106.3+2.7: Galactic PeVatron ?
44

• SNR G106.3+2.7 is a 10kyr comet-shaped 
radio source at 0.8 kpc  

• PSR J2229+6114, seen in radio, X-rays, and 
gamma rays 

• Boomerang Nebula is contained in the 
remnant 

• VERITAS source (energy range 900 GeV – 16 
TeV)

• HAWC emission pointlike, morphology 
compatible with VERITAS source and 
coincident with a region of high gas density
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Gamma PL  : 2.29,   Lower limit on gamma Ecut = 120 TeV 

Proton PL :  2.35,    Lower limit on proton Ecut = 800 TeV,   

Wp = 1048 (n/50)-1 erg 

G106.3+2.7 : a Galactic PeVatron?

VERITAS index = -2.29 
HAWC index = -2.25

 Joint VERITAS-HAWC PL  from 800 GeV to 180 TeV
 

HAWC Collaboration, ApJL 2020



HAWC J2227+ 610 (Boomerang 
region)  
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     HAWC 
        J1908 +063 

47

l= 40o  b= -0.79o

Crestan+ 2021
VERITAS, 2017



 HAWC J1908 +063 
            

48

HAWC 2022



HAWC J1908+06 as neutrino 
source?

49

Some HAWC PeV candidates are 
promising neutrino sources 

Neutrinos seen in coincidence with a 
PeVatron candidate would 
unambiguously indicate hadronic origin 

J1908+06 one of best p-values in 
IceCube point source searches, although 
still consistent with background-only 
hypothesiss
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Complex morphology , 0.3-0.4 deg 

Maximum energy in HAWC > 100 TeV 

Study ongoing 

eHWC J1842-035 



HESS J1809 -1917

51



eHWC J1825-134

52

          HAWC                        LHAASO



Multiple Sources

53

Above 177 TeV 



HAWC J1825-134 and LHAASO 
J1825-136 above 200 TeV 

54

HAWC Coll 2021



J Goodman — Particle Astrophysics – Univ. of Maryland Erice 2022 

LHAASO J1826-1256 & J1825-1345(>25 
TeV)

55

TS=214.08 TS=393.73

LHAASO J1825-1345 LHAASO J1826-1256 



J Goodman — Particle Astrophysics – Univ. of Maryland Erice 2022 
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TS=100.95   

LHAASO J1825-1326

LHAASO J1826-1256 LHAASO J1825-1345

TS=164.88

LHAASO J1826-1256 & J1825-1345 
(>100 TeV)



New Source Discovery

WCDA has 
accumulated data 
for 16 months

KM2A for 12 
months

LHAASO catalog 
Ver-1 will be 
published soon 
with many new 
VHE/UHE 
sources 
discovered



        LS5039 
• Either microquasar with relativistiv jet formation through 

matter accretion onto the compact object or acceleration 
resulting from the interaction between pulsar and star winds  

• Distance = 3.5 kpc , O6.5V star and compact object with a 
mildly eccentric 3.9 day orbit. Mass companion star 23 Mo, 
mass compact object = 3.7 Mo  

• From radio to TeV energies. Flux and spectral modulation as a 
function of its orbital period. 



LS5039 region with Pass 5 
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Dezhi Huang, ICRC 2023
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• 1910 days of data 

• Simultaneously likelihood fit performed inside the region of 
interest  

• Model includes diffuse background emission and all background 
sources 

• About 8 σ 

• Pure powerlaw  preferred 

• HAWC spectrum is located in between of H.E.S.S. Inferior 
conjunction (INFC) and Superior conjunction (SUPC)  

 

        LS5039 with HAWC 

Dezhi Huang, ICRC 2023


