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}AX% Outline

" High Energy Gamma Ray Observatorles
= The HAWC Observatory.

- Development

- Performance
Scientific Achievements

- 1 year survey

- Extended Sources

- Flaring Events
- Multi-Messenger Multi-Frequency

- Dark Matter Limits

= Future
- HAWC “Outriggers” expansion for higher energies
- A South array ?
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Wide Field of View,
Continuous Operations

TeV Sensitivity

Extensive Air Shower (EAS) Arrays Imaging Atmospheric

B Cherenkov Telescopes (IACTs)

g

HAWC

ARGO
Milagro VERITAS
Tibet HESS
MAGIC
FACT
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HAWC Collaboration

> 100 Scientists

18 USA Institutions

‘
5

Recently 2 UE Institutions
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14 Mexican Institutions



Sierra Negra
4640m

/'ﬁ:co de Orizaba b ""’
H g = R - HAWC Site
4100m




200,000 L of
purified water

Cherenkov
light

photomultiplier
tube (PMT)
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Counting house
- Data acquisitions
- Laser calibration system

. 34N
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s

™ 0 ' ;-;‘-.

X
174
J .

.......

o S
HAWC Utility Building
- Water filtration
- Bladder tests
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HAWC registers 20,000 cosmic ravs per second

Ve e T et en SN IR
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HAWC got funded ,Febuary 2012
- HAWC array construction started February 2013

PRI (v L SR T R REAERESR 0 T

1AWC-30: Engineering Test of full detector April 2013
(HAWC- 111: Operations Begins: August 2013 (283 days)
IHAWC-250: November, 2014 (~150Days) § R
HAWC-300: March 2015 — Present : >95% uptlme

HAWC Inauguratlon HAWC 300' March 2015

_HAWC- 300 B




Event reconstruction
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gamma/hadron identification

55.7, Cmptness= 10.7

Run 2118, TS 45004, Ev# 41, CXPE40:

21.2, Cmptness= 28.3

Run 2054, TS 584212, Ev# 226, CXPE40:
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Galactic Plane

multi wavelength analysis in progress.
- Several sources have no known TeV

counterpart.
- Preliminary catalog shared with 8
MoU partners in Aprll

sqrt(TS)
GG, e S P
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Dec. ,, [deg]
Significance [ o]

1951.6+2926 .. |

BEGL )T
N
©
[®)

28.5

28

-2 -1 0 1 2 3 4 5 6 7 8 9
sqrt(TS)

| 2759
: ; ; ; 20"00"™ 19"50™
300 299 298 297 296 RA. 000 [1]
al’]
Flux for index at
Name ‘ VTS Index

7 TeV [TeV~lem 2571
2HWC J1953+-294 ‘ 5.58 -2.76 £ 0.15 1.1e-14 £ 4.2e-15

. Preliminary. Reported errors are stat. only
- No previously known TeV source.

- New analysis by VERITAS, archival plus new data, source confirmed.

- Tentative association 3FGL J1951.6+2926 /| PWN DA 495?

e o . —— Sl S e~ T Sl ==
-‘,‘__c’.m |

Ruben Alfaro 17



}ﬁfé HAWC search for extended sources

403 days index =-2.0 2° flat top

extended

significance [o]
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}Wﬁ Gemlnga and I\/Ionogem

* both are nearby, middle aged pulsars

* both have very hard gamma ray spectra
* what is their morphology and flux?

* can we determine from the y spectrum an e*e-
diffusion coefficient?

e can the e*, e reach the Earth and contribute to
the positron excess?

a - g N, —— e - ~
- VRSt . . - - LT el (NS
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Flaring events

!
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Integrated flux >1.0 TeV [ph cm—2s-1]

A likelihood test shows that the data is consistent with a constant flux.
Coincident observations with Fermi-LAT reported Crab flare at lower gamma-ray
energies (>100 MeV) show no TeV variability 95% C.L. upper limit on 13-day
averaged flux >1 TeV: 1.01 x avg. Crab flux (2.34 ph cm-2s-1)

dF/dE=FoJ(E/E),7=263 | meersmamnany T creb IR
- - constant flux best fit
——J-transit running -average |15
= HAWC 1-transit
................................................................................................................................................................................................................................................................ 4
43
u il bk gl il
iy g by
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ULl i L I i S G L i i
.................. | | | | - R
s - S 5
57000 57200 57300 57400 2
MJD [days]

Integrated flux >1.0 TeV [Crab Units]

- VRSt . . - - LT el (NS
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Markarian 421 light curve

—
- Mrkd421 e

- - - constant flux best fit

oo pe—=-7-transit-running -average 1>
= HAWC 1-transit

41]

=
o

Integrated flux >1.0 TeV [ph cm—2s
o o
o wn

Integrated flux >1.0 TeV [Crab Units]

57000 57100 57200
MJD [days]

Variability: Inconsistent with constant flux, p-value <10-10

Nov 26, 2014 — Feb 12, 2015

Individual errors: 1o statistical Overall scaling: 35% systematic uncertainty

High States: - A large number of high states, year-averaged flux about equal to the Crab

flux - wide distribution of intermediate flux states

- 10 transits show a flux > 3 ¢ above the fitted average (~3 CU)constant flux is rejected with

a p-value < 1010,

B = o T anak R —
e R e e, " T RO =
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N Markarian 501 light curve

1.5 fe=1o , ' ‘
dF/dE = Fy-(E/E,) " -e */, 4=1.70, E,=5.0 TeV  DPRELIMINARY. ... o , o , o T Mrk501

-- constant flux best fit
1.0l {-. HAWC 1-transit

05r e T

:E»E“

p
0.0 55

Integrated flux >1.0 TeV [ph cm~2s-!]

Wihing i

ul. 2015

1u

57000 57200

MJD [days]
Likelihood variability: Inconsistent with constant flux, p-value < 1010

High States: 19 transits show a flux 3 o above the fitted average (~2.5 CU)

Integrated flux >1.0 TeV [Crab Units]

(" First HAWC-triggered blazar flare alert:

1111

HAWC detection of increased TeV flux statefor "
Markarian 501 5 Aprll

ATel #8922; Andrés Sandoval (TF-UNAM), Robert Lauer (UNM), Joshua Wood [ UMDY on ~2 Crab UnItS elevated ﬂUX fOI" 2 days

behalf of the HAWC collaboration
\ on 7 Apr2006; 23:38 UT

6 Abrll 7‘a-pr|i ‘




N Multi-frecuency

o

Follow-up on 2" Gravitational Wave Alert

LIGO GW150914: Outside HAWC field of view

LIGO GW151226, 2015-12-26 03:38:53 UTC:
Large part of the localization
Contour within HAWC field
of view at time of

coincidence _ '/ Most significant"candidate with _
: p-value 0.08: : e
1 consistent with background-only
15 : 2 ours
hypothesis
0 : Oh __4’. '8"
A GRB-optimized
search within £10 s 15

shows no significant
excesses, see:

GCN CIRCULAR #19156 -45
LIGO/Virgo G211117: HAWC follow-up of

Nl ass e P

. HAWC field "of view at time| of
“coincidence :

northern sky -60
E
7 - VRN e cn.. . - - LT T bRl (NS
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% Search for Dark I\/Iatter

* Decay or annlhllatlon of DM partlcles in the
regions of enhanced DM density to SM particles
eventually leads to y rays. If mg,, is 1 TeV-100 TeV
HAWC could detect them indirectly.

Virgo Cluster
M31

Galactic Center : ” ‘
dwarf spheroidals 7 caf "

ovEne 3.4 Seqh€9T -
gevene.2 : ercules \ %85%53@ eol /

isces Il A &g
‘ 3 teolv e A
N \
N 3\

riangulum 11

- VRSt . . - - LT el (NS
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DM limits for a stacked analysis
of 14 dwarf spheroidal galaxies

1020 :

102 | i
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107 107%°F — HAWC dSph Combined Fermi-LAT Dwarf Galaxy (Stacked) [3
— HAWC =« Ferms-LAT & ph Combine ermi warf Galaxy (Stacke:
— HAWC ¢ -+ Fermi-LAT = + = Virgo Cluster Veritas Seguel
10.27 HAWC 4w Fermi-LAT v o 10_27 | Virgo Cluster (boosted) —— HESS Dwarf Galaxy (Stacked)
{ HAWC W 1 Ferma-LAT W w I M31 = = Thermal DM
— HAWC ¢t M31 (boosted)
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}ﬁ?@ The Future

&

There is things we can improve

Energy resolution,
Specially at the low
_ end.

Andres Sandoval 28



future

=

TATC _The

s

There is things we can improve

Low energy showers with the core
Low energy shower inside the array cannot be

distinguished from high-energy

showers with the core outside

High energy shower

Andres Sandoval 29



¢ Outrigger” extension project

©

* We can increase the sensitivity to the highest energy events by
determining the core position for showers that fall off the array.

* The 350 small WCD outrigger detectors cover an area 4x HAWC
and will increase by 3-4x the sensitivity at 50 TeV.

Run 100, TS 0, Ev# 64637, CXPE40= 220, RA= 327.5, Dec=11.1

+2.1008e6 F Lot lsso
= T LI —{500

oW

hit time [ns]

. L0 . Lt % e
o ., ®s Lot e . 300
N -8..‘ . ....-

: i .. ., ;,- ‘.~._... Lo

- ®d 0
...|....|....|....'.F.:!.|®.."...|....|....|....|. 250
-150 -100 -50 Q.. 50° 100 150 200 250

x [m]

100 200 N\ T ; Simulated event

Layout
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}m?c The Future

* The success of HAWC and it’s complementarity to
other IACTs and CTA make us think that there

should be a next generation Water Cherenkov
Detector in the Southern Hemisphere.

Workshop
“Wide Field of View Southern Hemisphere TeV Gamma ray
observatory”,
in Puebla México on Thursday November 10 and Friday November 11
with a site visit to the HAWC Observatory on Saturday November 12

- VRSt . . - - LT el (NS
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KWC( http://events.icecube.wisc.edu/conferenceDisplay.py?confld=81

Workshop on a wide field-of-view Southern Hemisphere TeV
gamma ray observatory

10-12 November 2016 Puebla, Mexico

US/Central timezone

Overview

Scientific Programme
Registration

i. Registration Form
Call for Abstracts

L. View my abstracts
L. Submit a new abstract

Timetable

Contribution List

Author index

We wish to invite the broader gamma-ray community to a discussion of a future wide field-of-view TeV
Book of abstracts observatory for the Southern Hemisphere. The HAWC collaboration will host this meeting on the 10th and

11th of November followed by a visit to the high-altitude HAWC site a couple of hours from Puebla on the
Travel 12th. Transport up the mountain and lunch will be provided.
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