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HAWUOC 1s composed of 300 water Cherenkov

Detectors, each with 4 photomultipliers tubes

Light-blocking Purified
dome water
Particle path
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Zenith Angle [degrees]

HAWC observes ~2sr of the sky instantaneously. Covers 2/3rd of the sky daily.
High duty cycle (>90%)
HAWC 15 sensitive to gamma rays with energy between ~100GeV and 1001eV
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T'he core ot the shower 1s found by using the
deposited charge information 1n each tank
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Use timing information ot the profile of the shower to
find direction ot the primary gamma-ray
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(Gamma-like event 1s found by looking at the compactness
and smoothness of the shower pattern on the array
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Data analysis: data set divide 1n 9 size bins.

Size 1s defined as the fraction of active PM'Is that participated in the reconstruction.
Proxy for energy. Below are the number of events around the Crab Nebula.
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Sources are found by using a likelithood procedure.
Likelihood 1s also used to find spectral parameters of the source.

Detector Response

Source Model

v

Simulation
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1017 days ot data.
2HWC catalog (ApJ 843, 40 (2017)) was 507 days, with 39 sources of which 10

WCECIC INCW.

HAWC SkyMap
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1017 days ot data.
2HWC catalog (ApJ 843, 40 (2017)) was 507 days, with 39 sources of which 10

WCECIC INCW.

HAWC SkyMap
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1017 days ot data.

2HWC catalog (ApJ 843, 40 (2017)) was 507 days, with 39 sources of which 10

HAWC SkyMap
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HAWC SkyMap: 1017 days of data.

2HWC catalog (ApJ 843, 40 (2017)) sources marked with white circles.
Other catalogs marked with black circles.
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2HWC J1953+294 1s a new TeV source. Archival study from VERITAS
confirmed it. Joint collaboration paper in progress. See arXiv: 1708.05744
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New source: 2HWGC J1928+177. Associated with energetic PSR J1928+1746 and
possible extended source. Not seen by VERITANS.
2HWC J1930+188 corresponds to SNR G054.1+00.3 found by VERITAS
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leV Halos: Observations from Geminga-Monogem presented in Science, 2017.

Positron excess iterpretation ditters between HAWC and Hooper et al.
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Expected more Geminga-like pulsars as predicted by Linden et al, PRD 2017.
Detection ot HAWC J0543+233 associated with PSR B0540.

Linden et al., PRD 96, 103016 (2017)
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HAWC detection of TeV emission near PSR B0540+23

ATel #10941; Colas Riviere (University of Maryland), Henrike Fleischhack (Michigan
Technological University), Andres Sandoval (Universidad Nacional Autonoma de Mexico) on
hehalf of the HAWC collaboration
on9 Nov 2017; 23:11 UT
Credential Certification: Colas Riviere (riviere@umd.edu )

Subjects: Gamma Ray, TeV, VHE, Pulsar

3 oot [ 9 pecommena

The High Altitude Water Cherenkov (HAWC) collaboration reports the discovery of a new TeV
gamma-ray source HAWC JO543+233. It was discovered in a search for extended sources of radius
5% in a dataset of 911 days (ranging from November 2014 to August 2017) with a test statistic
value of 36 (60 pre-trials), following the method presented in Abcysekara et al. 2017, Apl, 843, 40,
The measured J2000.0 equatorial position 1s RA=85.78°, Dec=23.40° with a statistical uncertainty
of 0.2°. HAWC J0543+233 was close to passing the selection criteria of the 2HWC catalog
|(A heysekara et al. 2017, ApJ, 843, 40, see HAWC J0543+233 in 2HWC map), which it now fulfills
with the additional data.

HAWC J0543+4233 is positionally coincident with the pulsar PSR B0540+23 (Edot = 4.1¢+34 erg s-

1, dist = 1.56 kpc, age = 253 kyr). It is the third low Edot, middle-aged pulsar announced to be
etected with a TeV halo, along with Geminga and B0656+14. Tt was predicted to be one of the next
uch detection by HAWC by Linden et al ., 2017, arXiv:1703 .09704.

Jsing a simple source model consisting of a disk of radius 0.5°, the measured spectral index is -2.3

0.2 and the differential flux at 7 TeV 18 (7.9 £ 2.3) x 10715 TeV-1 cm-2 s-1. The errors are
tatistical only. IFurther morphological and spectral analysis as well as studies of the systematic
neertainty are ongoing.
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Observations from the galactic microquasar 5SS 433 below

MGRO1908.
HAWC observes '1eV emission coincident with the lobes ot the jets.
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Publication was just accepted 1n Nature. Be alert for when 1t gets published.

It going to 'TeVPA, look for Chang Rho

19



Searches for hadronic accelerators: high-energy maps above 56 'leV. Livetime 1s
911.3 days. Using new energy estimator under development.

It you go to '1eVPA, look tor Kelly Malone.
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Searches for extended, diffuse emission have led to upper limits for the flux ot the
Fermi Bubbles and limits on dark matter annihilation cross-section and decay

lifetime

bb annihilation limits

tr 1T~ annihilation limits
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VTS [o]

Other dark matter searches presented in Albert et al
Ap]J. 853 (2018) tor dSph dwart galaxies

3 - YY =T ~T*
T
v
m
=
-
A
>
o)
Vv 4
104 5 |
I Ho —— VERITAS Combined
1 Bl Ho 95% Containment MAGIC Seguel
1027 - Ho 68% Containment __ ?::rsmsael%;ﬁl
-==: Bootesl Hercules == Sextans : —— HAWC Combined
=3 -=-=+ CanesVenaticil - Leol = -« Triangulumll . = FEN Conmiined
—.— CanesVenaticill ---- Leoll UrsaMajorl 10 100 ' '1(')1 — '102
4 — ComaB ~==: LeolV = UrsaMajorll o TTaV
- Draco —— Seguel —-— UrsaMinor x [TeV]
1.0 10.0 100.0

22



HAWOGC monitors the sky tor transient phenomena.

HAWUGC can follow-up events and send alerts

e Gravitational Wave events (LIGO-Virgo, et al. Ap]

2017)

GW151226

GW170104

e Monitoring AGN flares: Atel #8922, #9137, #9936,

#9946, #11077, #11194.
e Daily Monitoring (ApJ 841, 100(2017))
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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

Public data can be found 1n data.hawc-observatory.org
2HWUC survey 1s available online. Public can use 1t for analyses, see for example

Hooper and Linden 2018, arXiv: 1803:0408

-
AWC

High Altitude Water Cherenkon

HAWC Observatory Publications Public Datasets Resources
» Intro
o Z2HWC Survey znwc survey
¢ Geminga Paper . : . .
Details Catalog View Coordinate View
o Lightcurves
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0.5 Deg Extended (2.0 Index) ¥
RA (J2000 - Decimal): Dec (J2000 - Decimal):

Submit
276.46 -13.4014
Significance 27.853617 [sgrt(TS))
Flux 6.264694e-14 [cm’ -2 s7-1
TeV*-1]
Flux Upper 6.868564e~-14 [cmA—Z st
TeV*-1]
Flux Lower 5.661l662e~-14 [cmA-Z sl
TeV™ =1]

Read the Details Tab for explanation of these numbers.
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Millisecond Pulsars, TeV Halos, and
Implications For The Galactic Center
Gamma-Ray Excess

Dan Hooper™”¢ and Tim Linden’

*Iermi National Accelerator Laboratory, Center for Particle Astrophysics, Batavia, IL 60510
*University of Chicago, Department of Astronomy and Astrophysics, Chicago, IL 60637

“University of Chicago, Kavli Institute for Cosmological Physics, Chicago, IL 60637

¢Ohio State University, Center for Cosmology and AstroParticle Physics (CCAPP), Colum-
bus, OII 43210

E-mail: dhooper@fnal.gov, linden.70@osu.edu

Abstract. Observations by HAWC indicate that many young pulsars (including Geminga
and Monogem) are surrounded by spatially extended, mulii-TeV emitting regions. 11 is not,
currently known, however, whether eV emission is also produced by recyeled, millisecond
pulsars (MSPs). In this study, we perform a stacked analysis of 24 MSPs within HAWC’s
ficld-of-view, finding between 2.6-3.2¢0 cvidence that these sources are, in fact, surrounded
by TeV halos. The efliciency with which these MSPs produce 'TeV halos is similar to that
exhibited by yonng pulsars. This result suggests thal several dozen MSPs will ultimately be
detectable by HAWC, including many “invisible” pulsars without radio beams oriented in
our direction. The TeV halos of unresolved MSPs could also dominate the TeV-scale diffuse
emission observed at high galactic latitudes. We also discuss the possibility that TeV and
radio observations could be used to constrain the population of MSPs that is present in the
inner Milky Way, thereby providing us with a new way to test the hypothesis that MSPs are
responsible for the Galactic Center GeV excess.



http://data.hawc-observatory.org

HAWUC 1s surveying the high-energy gamma-
ray sky

Discovery new type of TeV sources: TeV Halos
Observation of TeV lobes from SS 433.

Observation of high-energy gamma rays >356TeV

Contribution to Multimessenger Astrophysics: follow-ups
and issuing alerts g3
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Back-up



HAWC SkyMap: 1017 days of data.
2HWUC catalog (Ap] 2017) was 507 days, with 39 sources of which 10 were new.
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