
HAWC: A New View of the Very 
High Energy Sky

Thomas Weisgarber 
TeV Particle Astrophysics 2016 

12 September 2016



2

The HAWC Observatory



2

The HAWC Observatory
- High Altitude Water Cherenkov Observatory 

- 4,100 meters above sea level 

- 19o N latitude 

- 300 optically isolated water tanks 

- Located in the state of Puebla, Mexico 

- Wide-field VHE survey instrument 

- Sensitive to gamma rays and cosmic rays from 

100s of GeV to 100 TeV and above 

- Construction began in early 2012 

- HAWC-111 completed August 2013 

- Full detector inaugurated 20 March 2015

Pico de 
Orizaba

HAWC-111

Full Array: 22,000 m2
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The HAWC Collaboration
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HAWC Sensitivity

- Field of view ~2 sr 
- Energy range 100s GeV—100 TeV 
- PSF ranges from 1o (low energy) to 0.2o (high 

energy) 
- Full area attained at ~2 TeV
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Gamma-Hadron Separation

- Gamma ray air showers show small variance in deposited charge at fixed core distance 
- Separation becomes better than 99.9% above 10 TeV

high-confidence 
gamma event

background 
event



Dark Matter

6

HAWC Science Goals
Galactic Extragalactic

blazars

GRBs

supernova 
remnants

Cosmic Rays

pulsar 
wind 
nebulae

- Long-term blazar 
monitoring 

- Flares and acceleration 
mechanisms 

- EBL and other 
propagation studies 

- Extragalactic cosmic ray 
production & propagation 

- Neutrino follow-up 
- Mechanisms powering 

GRBs 
- GW follow up

- Spectra and maximum 
energies of PWNs 

- Monitoring PWNs for 
TeV flares 

- SNRs as cosmic ray 
accelerators 

- Physics of TeV binaries 
- Galactic diffuse 

emission 
- Extended sources 
- Fermi bubbles

- Annihilating dark matter in 
dwarf spheroidal galaxies 

- Limits on dark matter 
decay 

- Primordial black holes, Q-
balls, other exotic 
candidates

- Cosmic ray 
spectrum and 
composition 

- Large and small 
scale cosmic ray 
anisotropy 

- Solar physics

binaries

gravitational 
waves?
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14:20 in 6-2-024 — Dark matter (indirect 
detection): V 

See poster by S. Hernandez Cadena on 
Wednesday at 14:00 in 500-1-201 — Poster 
Session

gravitational 
waves?
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HAWC Sky Map

~40 sources seen in first year 
~10 of these are new!

HAWC complements HESS Galactic Plane survey

Source catalog 
currently in 
preparation

Equatorial coordinates
17 months

S. Carrigan et al., 48th Rencontres de Moriond, 2013.

Galactic 
coordinates
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Crab Nebula

339 days 
~5.5σ in 1 transit

36 Aleksić et al. / Journal of High Energy Astrophysics 5–6 (2015) 30–38

Fig. 5. On the left: The overall spectral energy distribution of the Crab Nebula from radio to γ rays. Lines are best fit results based on the model of Meyer et al. (2010) (MHZ), 
see text for details. The thin lines show individual components of the photon spectrum (see the inlay), and the thick blue line identifies the overall emission. Historical data 
(brown) are from Meyer et al. (2010), Fermi-LAT data (pink) are from Buehler et al. (2012), and the VHE data are from this work. On the right: Zoom in the γ -ray regime. (For 
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fermi-LAT data (Buehler et al., 2012). For a given magnetic field 
strength, the parameters of the electron spectra were derived from 
the fit to the synchrotron data between 4 · 10−6 eV ! ν ! 0.4 GeV, 
using a χ2 minimization implemented with the interface of MI-
NUIT (James, 1998). Subsequently, the magnetic field and the 
parameters describing the thermal dust emission were varied un-
til the IC part of the SED (E > 0.4 GeV) presented in this work 
is reproduced best. The full Klein–Nishina cross section is used to 
calculate the IC emission including synchrotron and thermal dust 
emission, and the cosmic microwave background (CMB).

Allowing for a point-wise systematic uncertainty of 8% of the 
flux (added in quadrature, Meyer et al., 2010), the synchrotron 
emission is accurately reproduced with χ2

red = 249/217 = 1.15
(Fig. 5). Above 0.4 GeV, the data is poorly described and the fit 
only converges if an ad-hoc (unrealistically large) systematic un-
certainty of 17% is assumed, resulting in χ2

red = 48.8/31 = 1.57.
The final best-fit parameters are given in Table 2. Due to the 

small fit probability and the dependence of the fit errors on the ad-
ditional ad-hoc systematic uncertainty added to the flux points, we 
neglect these uncertainties. When comparing the result of Meyer 
et al. (2010) with the one presented here, B = 143 µG, we note 
that a higher value of the B-field is preferred compared to the 
2010 paper in order to reproduce the MAGIC data around the IC 
peak. The higher quality (i.e. smaller error bars) of the Fermi-LAT 
data together with the MAGIC data shows a rather flat peak now, 
which cannot be reproduced in the model. If we would repeat 
the exact procedure from the 2010 paper and only use the up-
dated Fermi-LAT data, we would find a lower B-field and the model 
would undershoot the MAGIC data at almost all energies. We, 
therefore, conclude that the constant B-field model cannot repro-
duce the flat peak of the IC SED. For energies above the peak, the 
predicted spectrum is too soft with too little curvature as com-
pared to the new MAGIC data.

4.3. Time-dependent model

The time-dependent, leptonic spectral model for an isolated 
PWN (Martín et al., 2012; Torres et al., 2013a, 2013b) was also 
considered. Such model solves the diffusion-loss equation numeri-
cally devoid of any approximation, considering synchrotron, IC and 
Bremsstrahlung energy losses. For the IC losses, the Klein–Nishina 
cross section is used. Escaping particles due to Bohm diffusion 
are also taken into account. The injection spectrum of the wind 
electrons is a broken power law normalized using the spin-down 

Table 2
Best-fit parameters for the constant B-field model. The 
definition of the model parameters is given in Meyer et 
al. (2010).

Magnitude Crab Nebula

Magnetic field
B (µG ) 143

Dust component
ln(Ndust) −29.9
Tdust (K) 98
udust (eV cm−3) 1.2

Radio electrons
Sr 1.6
ln Nr 119.8
lnγ min

r 3.1
lnγ max

r 12

Wind electrons
S w 3.2
$S 0.6
ln Nw 78.5
lnγ min

w 12.9
1/ lnγ break

w −19.5
lnγ max

w 22.7
β 4

power of the pulsar and the magnetic fraction.14 The 1D uniform 
magnetic field is evolved by solving the magnetic field energy con-
servation, including its work on the environment (Torres et al., 
2013b). Considering the young age of the remnant, the nebula was 
treated as freely expanding. The magnetic fraction of the nebula 
(η) was assumed constant along the evolution, and it was used 
to define the time-dependent magnetic field. The model here is 
essentially the same as the one shown in Torres et al. (2013a) ex-
cept for the incorporation of a more precise dynamical evolution 
to fix the nebula radius taking into account the variation of the 
spin-down power in time. In particular, the evolution of the ra-
dius of the nebula was calculated solving numerically Eq. (25) in 
van der Swaluw et al. (2001). All other time dependent parame-
ters were left free to evolve with the PWN. The resulting electron 
population was used to compute the synchrotron, IC from CMB, far 
infrared (FIR), and near infrared (NIR) photon fields, as well as the 
synchrotron self-Compton (SSC) and bremsstrahlung spectra.

14 The magnetic fraction is the percentage of the spin down that goes into the 
magnetic field.

Aleksic et al. JHEA (2015)

~0.3σ in 
1 transit

Spectral extension to highest energies 
can be challenging for IACTs

8 years

1 year
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Geminga
- TeV discovery by Milagro; not (yet) detected by IACTs 
- Nearby (~250 pc), middle aged (~300 kyears) pulsar 
- Possible nearby cosmic ray acceleration site 
- Possible explanation of observed positron excess 
- Questions that HAWC is working to address: 

- Do the gamma rays arise from e+e- IC emission? 
- Is the leptonic population consistent with the 

measured excess? 
- What can we say about the diffusion of leptons away 

from the source?

H. Yüksel et al., PRL 
103:0511101, 2009.

M. Aguilar et al., PRL 
110:141102, 2013.
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VERITAS Confirmation of HAWC Discovery
- Likely association with DA 495 (SNR G65.7+1.2), a 

PWN counterpart 
- X-ray and Fermi-LAT source 
- Fermi-LAT emission may be associated with the 

pulsar, not the PWN 
- One example of many ongoing HAWC partnerships!

A. Karpova et al., 
MNRAS 453:2241, 2015. J. Holder et al., 6th International 

Symposium on High-Energy Gamma-
Ray Astronomy, 2016.
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Blazar Monitoring: Markarian 421

- Daily light curves are inconsistent with a constant flux 
at >6σ confidence level 

- 17 transits show a flux that is >6 x 10-11 photons cm-1 s-1 
(integrated above 1 TeV) 

- Compared to historical activity, Mrk 421 appears to 
have been in a high state for most of 2015, similar to 
Crab Nebula flux

- Unbiased monitoring of VHE blazars now possible

17 months
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Blazar Monitoring: Markarian 501

- Daily light curves are inconsistent with a constant flux 
at >6σ confidence level 

- 6 transits show a flux that is >6 x 10-11 photons cm-1 s-1 
(integrated above 1 TeV) 

- The average flux appears consistent with 30% of Crab 
Nebula flux reported in TeVCat (http://
tevcat.uchicago.edu)

- Unbiased monitoring of VHE blazars now possible

17 months

http://tevcat.uchicago.edu
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Blazar Monitoring: Markarian 421

HAWC, >1 TeV

FACT, >750 GeV

Fermi-LAT, 0.1 - 300 GeV

Swift-BAT, 15-50 keV

- Ongoing efforts to correlate HAWC observations with other instruments and 
wavelengths
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HAWC Flare Alerts
- Daily monitoring of both Markarians with 

ability to issue alerts 
- Currently preparing alerts on short time scales 

to catch very extreme, hour-scale events

Aharonian et al. 2007, ApJ 664, L71
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Following Up IceCube Un-contained Tracks
- HAWC limits time-integrated VHE emission in the region 

of IceCube ATEL 7868 
- Follow up on both time-integrated and triggered 

emission is possible and being developed 
- Possibility to help constrain redshift and/or number of 

neutrino sources 
- Other reasons for non-detection: spectrum 

extrapolation, source count, source opacity, transient

IceCube Error Circle

HAWC integrated data
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Conclusions

- The HAWC Observatory is presently operating as the world’s most 
sensitive VHE survey instrument 

- Galactic and extragalactic science with HAWC is already producing 
exciting results 

- Partnerships with other instruments with complementary capabilities, 
wavelengths, and particle types enhance HAWC science 

- HAWC’s future is bright!
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Advertisement

See poster “Boost factor analysis for dark matter annihilation in Galaxy Clusters” 

by S. Hernandez Cadena on Wednesday at 14:00 in 500-1-201 — Poster Session 

See talk “Searches for Dark Matter and Primordial Black Holes with the HAWC 

Gamma-Ray Observatory” by J. T. Linneman on Friday at 14:20 in 6-2-024 — Dark 
matter (indirect detection): V 

See talk “Measurements of Cosmic-ray Anisotropy with HAWC” by D. Fiorino on 
Friday at 14:00 in 500-1-001 — Cosmic rays: IV


