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® HAWC y-ray
Observatory

* 300 closely spaced isolated water
Cherenkov detectors (WCDs)

* Launched into full operations since
March 2015

* >95%duty cycle

* Instantaneous FOV ~ 2sr and can
observe 2/3 of sky everyday

* ~5billion triggers to date (~ 7 Pb of
data)

* Optimized for energies 100 GeV -
100 TeV

Astronomy and Astrophysics Division
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(V(/ C/ Mapping the Northern Sky in High-Energy Gamma Rays

High Altitude Water Cherenkov
Gamma-Ray Observatory

Water Cherenkov tank

~ HAWC comprises an array of 300 tanks that record the
Observatory particles created in gamma-ray and cosmic-ray showers.

and night, providing
the observation air shower
Jamm S —— . —— particle

200000Lof \
purified water

Puebla, 1 Cherenkov
Mexico 2

photomultiplier
tube (PMT)

Particles inside the shower produce
Cherenkov radiation that is detected
by the PMTs.

Gamma rays Vs cOSmic rays

HAWC selects gamma rays from among a much more
abundant background of cosmic rays.

gamma-ray shower cosmic-ray shower
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HAWC is located at 4,100 m
above sea level, covering
an area of 20,000 m?.

“hot” spots concentrate “hot” spots are more
around the core dispersed
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Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers,

ELSEVIER Detectors and Associated Equipment
Volume ].USE_,JUH.,-‘ 2023, 168253

Full Length Article

The High-Altitude Water Cherenkov (HAWC)
observatory in México: The primary detector

A.U. Abeysekara ! A. Albert ?, R. Alfaro 3, C. Alvarez *, ).D. Alvarez °, M. Araya 5,
J.C. Arteaga-Veldzquez °, K.P. Arunbabu ’ 8, D. Avila Rojas ?, H.A. Ayala Solares °, R. Babu 1°,
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® HAWC y-ray TeV Sky (2090 Days)

Markarians

Crab Nebula

Galactic plane Geminga & Monogem
halo

Preliminary
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Astronomy and Astrophysics Division
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® HAWC y-ray TeV Sky Survey (2090 Days)

Preliminary

Astronomy and Astrophysics Division

REEXRERFE

<8>



® Pass 5 - Improved Reconstruction:

* Improved background rejection for large events
* Improved angular resolution - does not degrade for high zenith angles
* Wider FOV increases from 45°to 60°
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Angular resolution
for events with core reconstructed on the array
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® Pass 5 - Improved Reconstruction:

Differential Sensitivity E? dN/dE TeV/(cm? s)
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HAWC Quarter-Decade-Binned Point Source Sensitivity
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° Comparlson Pass 4 (1523 days) to Pass 5 (2090 days)

A. Albert et al 2020 ApJ 905 76

o 6 9 12 15 18 21 24
Astronomy and Astrophysics Division \/ﬁ
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® HAWC's TeV Sky—Galactic Plane (2090 days)
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® HAWC's TeV Sky—Galactic Plane (2090 days)
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Preliminary Preliminary
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® HAWC's TeV Sky— Off Galacitc Plane (2090 days)
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® TeV Halos
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Science 2017 Vol 358, Issue 6365 pp. 911-914
DOI: 10.1126/science.aan4880

Astronomy and Astrophysics Division
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https://doi.org/10.1126/science.aan4880

® SS433 Microquasar

 HAWC detects TeV emission from microquasar
SS433

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

* First evidence of TeV y-ray emission coming from

the lobes
* TeV emission can provide information about the
nature of SS433
Pre-trial significance, o
Nature volume 562, pages 82-85 (2018)
https://doi.org/10.1038/s41586-018-0565
Astronomy and Astrophysics Division -2 <16 >
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https://www.nature.com/
https://doi.org/10.1038/s41586-018-0565-5
https://doi.org/10.1038/s41586-018-0565-5
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® Cocoon Region
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* First observations of y-rays emission at energies1 < *| c
1 o ORI J2030%40

—100 TeV : sl o ()
* These y-rays are likely emitted from freshly -

accelerated cosmic-rays with 10 TeV—1 PeV "

2HWC J201 9+'

* Cygnus cocoon bubble coinciding with star *1 _ o
forma‘tion region Cyg OBZ 85 84 83 82 81 80 79 78 77 76 75 74 85 84 83 82 81 80 79 78 77 76 75 74
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Nature, volume 5, pages 465-471 (2021)
https://doi.org/10.1038/s41550-021-01318-y

Astronomy and Astrophysics Division
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https://www.nature.com/natastron
https://doi.org/10.1038/s41550-021-01318-y

A d R T

«/ TSUNG-DAO LEE INSTITUTE

® HAWC's Sky > 56 TeV (2400 days)

0 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9

83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51 5
1[°]

2’! lv() 1'2 1‘4
significance [g]

o Budor s o O
PRELIMINARY

54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 1 €
"]

83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55

8 10 12 14
significance [o]

* Pass 5: 25 sources > 56 TeV
* Compared to 9 in Pass 4 (A. U. Abeysekara et al. Phys. Rev. Lett. 124, 021102)

* Most high energy sources appear to be extended

Astronomy and Astrophysics Division <18 >
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® HAWC's Sky > 56 TeV Off Plane (2400 days)
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Crab “on fire” - emission

Crab from TeV J0543+234 Geminga Boomerang
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© HAWC’s Sky > 100 TeV (2400 days) D) buign
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* Pass 5: 18 sources > 100 TeV (compared to 3 in Pass 4) °
* Most high energy sources appear to be extended 21
* Crab appears point-like .
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® HAWC's Sky > 177 TeV (2400 days)
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PRELIMINARY
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* Pass 5: 4 sources > 177 TeV (compared to 0 in Pass 4)
* Possible detection for PeVatrons
* Most high energy sources appear to be extended

Astronomy and Astrophysics Division

R ERAEFE <21>
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-- high energy shower

Expected to increase sensitivity by 4 times

-
* Outrigger array upgrade fully operational since 2018
Increase detection area up 100, 000 m?

* Sparsely spaced OR array of 345 smaller WCDs

SOOI
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SIS SN
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® HAWC Outrigger Array
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Essential for detection of TeV halos & PeVatrons

Astronomy and Astrophysics Division
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