High Altitude Water Cherenkov
Gamma-Ray Observatory
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HAWC

- HAWC 1s for High Altitude Water Cherenkov (GRO).

- HAWC i1s a multi-national collaboration.

- HAWC 1s a high altitude Extended Air Shower array
located at Sierra Negra, Puebla (19°N; 4100m altitude).

- HAWC 1s a wide field-of-view y-ray detector (almost)

continuously observing the sky as it transits over its
zenith:

- energy range ~ 0.1 - 100 TeV : optimal around 7 TeV. |

- field of view ~ 1.8 sr (15% of the sky)
— surveys ~ 8.4 sr/ s.day (2/3 of the sky).
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Sunernova: the sources of cosmic ravys?

 Energy output needed to supply cosmic rays energy
density:

UCRVgal

Lor &~ ~ 10* erg/s.

tesc

» Energy output in Galactic supernovae = 1051 erg / 10 s
= 1042 erg/s, for 1 SN / 30 years.

- Fermu first showed that shocks 1n expanding supernova
fronts can produce power-law spectra of particles.

SN1006 - CXO
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Galactlc plane V; 0.0° 1523 days
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- The Crab Nebula (Pulsar Wind
Nebula - PWN);
s LR oL Ny NN - Geminga and Mongem (PSR
" HNCNOBORRET = T i R el o B0656+14) - TeV haloes;
5} 3 - HAWC J0540+233 (PSR B0540+23)
a TeV halo (?);
- 3HWC J0634+067 (PSR J0633+0632)
a 'TeV halo (?).

« The SNR IC 443
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Electrons can produce vy rays with

energies of 100 TeV only through mverse
HAWC sky survey - Reunion Anual DPyC 2020

Compton scattering of CMB photons.




magnetic axis

Pulsar power e

a X
- High rotational power: i — radlo beam
rotation axis
dE, o , P 25 P P\’
— 4717 — = 2.6 x 10
dt s erg/s (4.2 < 1013> (33ms>
- Large magnetic field:
g g ] 1/2 ggé[:%reratlor
PP Neutron ' gap
B* = 2. 1 12 star :
8 x 107G (33 ms - 4.2 X 1013) | i Iancnceerlera’uon
: : : / - 9ap
» Particle acceleration potential: open g
B Q2R3 p o\ -3/ b 1/2 field lines : < §
by v 16 Close :I )
AP =~ 5z 1.1 x107°V (33 ms> (4.2 v 1013) : field lines c'%der
» Lifetimes of thousands of years: / ( \
. P/33ms N N
T = P/2P = 1273 years ( . / _13)
P/4.2 x 10 No hadrons needed
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Hadronic cosmic rays?
» Pulsars produce and accelerate e+, likely up to PeV energies.

Leptons can produce high-energy y-rays through inverse Compton scattering;
but ICS 1s limited by the Klein Nishina cross section (dependent on ym):

photons of energies close to 100 TeV can only be produced with the CMB;

1n winds from massive stars.

electrons above 100 TeV loose energy rapidly in magnetized environments.
High energy hadrons must be produced 1n shocks, like SN fronts or potentially

iNAQ

Neutrinos are produced together with hadrons.
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HAWC J22277+610

Associlated to SNR G106.3+2.7

Declination [ ° ]

62.0
61.5 ---- VERITAS 2009 (scaled) —— HAWC 1350 days, point source
10-11{ —— Joint proton fit (cutoff at 800 TeV) =~ & MILAGRO 2009
| e Joint proton fit (no cutoff) ¢ MILAGRO 2007
61.0 —
> N
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significance [0O] - ibo | | S 101 | | - 102
Accepted at ApJ Letters (arXiv 2005.13699) Energy [TeV]
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coectra of sources emiting above 100 Tey Hardest sources

-I A PRELIMINARY
Source p-Value E:(95%) Ec(30)
~ ecHWC J1825-134  1.000 244TeV 158 TeV
L eHWC J1907+063  0.990 218 TeV 162 TeV
: —
S - CHWC J0534+220
" (Crab Nebula) 1.000 152 TeV 104 TeV
> T e
o cHWC J2019+368  0.828 120 TeV 88 TeV
e »  Hadronic scenarios are preferred to
M i | leptonic, bounded to inverse Compton
neray (rev) scattering of CMB radiation.
PRL 124, 021102 (2020)
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[.1mits on Lorentz

Invariance Violation

Limits on ELIV for a modified dispersion
relation,

2 2
Ll —p, =—=%
with
R =

n—|—2

|an|p

—1/n
n ,

for n > 0.

PRL 124, 131101 (2020)
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Summary (and more)

HAWC has operated successfully for more than five years, gathering 1523
days of data in i1ts most recent dataset.

HAWC has detected tens of sources, mostly along the Galactic plane, mostly
PWNe, TeV haloes and SNRs.

The Cygnus OB2 star formation region 1s also a HAWC source

HAWC has detected sources above 100 TeV, pointing to likely hadronic
accelerators;

these sources provide the best current limits on potential Lorentz Invariance
Violation.

The search for coincidences with IceCube along the Galactic Plane 1s ongoing.
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