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HAWC Science Goals

TeV Astrophysics
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And more: Solar Physics
ExoticParticles
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HAWC Science Goals

ExtraGalactic TeV Astrophysics

Galaq;[‘i_c,’ Dark matter
acceleratos, annihilation/
Tey ML el decajil

Active Galactic [| Gammaray
Nuclei bursts

°
h GRB 130427A

Need for wide FoV:

- Many source candidates

- Highly variable fluxes

- Correlation search with weakly
localized neutrinos, grav. waves

Sources of ultrehigh energy cosmic ray®

Absorption measurements of integalactic fields

Fundamental photorphysics:
axiontlike particles, Lorentz invariance violation,...
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HAWCScience TeV Blazars
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Physics from Active Galactic Nuclei (AGN) Monitoring

AGN studies with | Flaring duty cycle [bacceleration mechanism
ggi:)alfsed ev Orphan flare search M f SLWN2yA0 dad KI RNRBYAO
Flare alerts [btrigger multiwavelengthfollow-ups

Multi-messengersearch ™ Y Sdzi NAY 2 YR O2&aYAO N
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features and “

fundamental .

physicsillumi-
nated by bright . Extragalactic Background Liglstudies
flare emission
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~ Axionrlike dark mattersearches

Inter-galactic magnetic fielaneasurement

} . Lorentz invariance violation and quantum gravitgsts
A
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GammaRay Detection
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The HAWC Observatory
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Air Shower Reconstruction
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Discrimination of Gamma Rays
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HAWC

sensitivity

10-10

HAWC Quarter-Decade Point Source Sensitivity

68% Containment Angular Resolution
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HAWC First 17 months of data from completed HAWC

Mrk 501 Mrk 421

sqrt(TS)
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HAWC First 17 months of data from completed HAWC

Scan with 2 disc
smoothing reveals
Geminga and new
extended source
2HWCJ0658+152

Forthcoming HAWC
catalog paper with

various new sources
(one already confirrged

by VERITAS) '\

‘\w
Galactic Coordinates

PRELIMINARY

~ 4 times more sources than in
g YT § vt HAWG111 catalog
Abeysekara et al.

S % Astrophys. 817 1, 3 (2016)
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L] -
BN UNID, DARK
BB Star Forming Region, Cat. Var, Globular Cluster, Massive Star Cluster
EEN HEL, IBL, FSRQ, FRI, AGN (unknown type), LBL

Binary, XRB, PSR
W Shell, SNR/Molec. Cloud
B Starburst

2 sr instantaneous FoV:
Monitoring 2/3 of the sky each day

Maximum transit time: ~6 hours
for sources with peak elevation near zenith
(e.g. the Crab)

Equatorial

|

107‘12.5 10‘712 107‘11.5
HAWC-300 1-year sensitivity F(>2 TeV) [em™ s7!]

Red:Te\femitting AGNgTeVCat)

+ HAWC is continuously monitoring the sky
oo~ - =" Dbetween declinations25 and +65
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3-day interval starting 2015/ 08/ 01

PRELIMINARY

3 4
significance [o]
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Crab Nebula: Daily Flux Light Curve Lauer et al. (Gamma201

arXiv 1610.0568¢
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Data from 472 transits:2700 hours MJD [days] Individual errors: 1" statistical

A likelihood test shows that theata is consistent with a constant flu¢p-value 0.29).

No increased TeV activity detected during latest MeV flaeported by Fermi for 12 days in
December2015 / January 2016 (Buehler et al., ATEL 8519)
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Markarian 421: Daily Flux Light Curve Lauer et al. (Gamma203

arXiv 1610.0568¢
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Flux >1 TeV [Crab Units]

Flux =1 TeV [phcm 2?5 1]

57000
Data from 47 Xransits: -2650hours

Likelihood variability: Inconsistentwith constant flux, pvalue <10
per-transit flux changes byp to factor 4 within 1 sidereal day
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Markarian 421: Daily Flux Light Curve

Lauer et al. (Gamma201
arXiv 1610.0568"

Flux >1 TeV [Crab Units]

le—10
12T dF/dE = Fy- (E/E0) "¢ ®/%,7=2.20,E,=5.0TeV poes MAENARY.- o] S Y s Mrkazl s
1.0 —— Bayesian blocks
[ e | 1-transit HAWC flux |{s
T: 0.8}
R e SR L Ll . e N R 4
€
Sooep b Ml by o I3
g
EOA-_,,, r : . BT T L ‘ ‘2
N
o 0.2 |l e e iiomitiis : } A |\||‘ HH } } 1
: H I P I
0.0t LA BHAE U LA il - e @ I | il AT ITEAT o
g | L= | Mﬁ
P ISR BN N S - I u ’ 1 INov 26, 14; pt 20} 'o 2
57000 57100 ‘ 57400
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Bayesian Blocks: 19 distinct flux state5% false positive probability)
Scargle et al. (2013) Mwide spreadno dominating low flux state
TeV Duty Cycle: Exceeding archival baseline upper liniuczykont et al2013)
by 3" for ~70%of time
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Markarian 501: Daily Flux Light Curve Lauer et al. (Gamma203
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Markarian 501: Daily Flux Light Curve Lauer et al. (Gamma203

arXiv 1610.0568¢
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Multi-Wavelength Analysis

keV

Swift VERITAS
NuStar AGILE HESS

MAXI INTEGRAL MAGIC

FACT S
€e l’/;
Towarddstruely joint analysis: 3ML software framework: .’ P Oste,- ’
. Used already in e.g. Fermi, HAWC - 3 M L
further development in progress The Multi-Mission Maximum Likelihood framework
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Unbiased and Regular Monitoring

HAWC joins
monitoring
iInstruments
that provide
regular daily
fluxes.

Unbiased
continuous
correlation
studies
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http://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc
http://swift.gsfc.nasa.gov/results/transients

First Joint Light Curve Study between FACT and HAWC

Mrk 501
daily light curve

Dorner, Lauer, et al.,
Proc. of Gamma 2016
arXiv:1610.06627

Comparison of daily fluxes between FACT and HAWC.:
Expand continuous observation from ~6 to 12 houesstudy intranight variability

: Study spectral changes ovextended energy rangé~750 GeV vs.-2 TeV threshold)
}ﬁwc
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