= e gl =~ . g ? ] ;,.~

The developm’ent of the HAWC
_y-ray observator,‘ n-Mexico

-_“.—_Li; ——‘A‘, > ..-LI)..IL:—, VY ,AA._.:—_._.;@—.LL — i e A A e e A.__A_‘_m~!,k N

Ibrahim Torres, Alberto Carramlnana
Instituto Nacional de Astrof1s1ca, Optica y Electronica
Luis Enrique Erro 1, Tonantzintla, Puebla, México

A ; ; C Wide FOV Southern TeV Observatory,

R ey ooy Puebla, 11 November 2016
-..- ..i CONACYT Southern - 11 November 2016 |



v — é .
..'.“.'E CONACYT Southern - 11 November2016 }"XW'Q 2
..‘: ................................................................ LAY




E i ] IR
i- = 1 ' I ' -

2 N\ Instituto Nacional de Astrofisica Optica y Electrénica

//(’/{-? i\\é\\\\\\w“ . p - s

M Reunion de la colaboracion HAWC e
maoe Complejo Cultural Universitario BUAP del 27 al 29 de octubre de 2014 =i

£5% CONACYT e



WCO betore HAWC

Haverah Park Water Cherenkov England 1967 - 1987 ;Very hlg.h chetey
g g g . cosmic rays

Ultra high
energy CRs

Pierre Auger WC & fluorescence

observatory (hybrid) Argentina 2004 -

New Mexico
(2100m)
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Cygnus array Scintillator & WC 1986 - CRs (and y-rays)

Scintillation Yangbajing,
counters - Tibet (4300m) |

New Mexico

(2600m) 1999 - 2008 y-rays
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Before
Milagro

November 21, 1984

Dr. Louis Rosen
MP Division
Los Alamos National Laboratory

Los Alamos, NM 87545

Dear Louis:

This is to support very strongly the proposal b{ Darragh Nagle
to search for gamma-ray showers in the energy range of 10 4 ev coming

from stellar sources.

This seems to me an extremely interesting problem. How do these
binary stars make gamma rays of such enormous energy? Los Alamos is
particularly qualified to investigate this problem, (a) because of the
high altitude of the Laboratory, and (b) because you have great experience
in making veto counters to exclude the presence of muons in the shower.

I don't believe any other laboratory is similarly qualified. Darragh seems

to have analyzed the experiment very well,

It seems to me fully justified to spend money of MP Division

for this purpose even if the project is not a nuclear physics problem.
It is such a spectacular phenomenon, and it could be most important for
astrophysics. The money requirement is moderate, and the results could

be spectacular,
With best regards,
Yours sincerely,
ki,

Hans A. Bethe
HAB:vhr

cc: Darragh Nagle
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Pair production telescopes

0.1 - 100 GeV
Space based: small effective area

Extensive air-shower arrays

100 GeV - 100 TeV
Good background rejection

St Background free Large f.0.v. and high duty cycle
Large f.o.v. and high duty cycle
Partial sky survey & monitoring
All sky survey & monitoring Extended sources
Transients (AGN, GRB) Transients (AGN, GRB)
Diffuse emission Highest energies
FoV Atmospherlc Cherenkov Telescopes
| 50 GeV - 100 TeV
Large effective areca
Excellent background rejection
De o Small f.0.v. and low duty cycle
Detailed study of known sources
Deep surveys of limited regions
E High resolution spectra
GeV TeV
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« Q The HAWC proposal - Jan 2006

7 77/ i\ A Water
(/A Cherenkov
Qutline: .
. Whatis ~ HAWC experimment
. Design Parameters
. Sensitivity
. Design/Construction/Operation Consideratioily e u Y
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Gran Telescopio Milimetrico Alfonso Serrano

The Large Millimeter Telescope R S S ~—— s R i e
Alfonso Serrano (LMT/GTM). | B o A ! |

Twenty year collaboration between
INAOE and UMASS, Ambherst, to
build and operate the largest single
dish mm telescope 1n the world.

A 50m diameter antenna for
observations in the 0.8-4.0mm band.

Installed at Sierra Negra top at an
altitude of 4593m. Infrastructure
developed since 1998.

Operational since May 2013 with a
functional aperture of 32m.
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HAWC @ Mexico - presentation - Mérida - 7 Sept 2007

ldeal location

Latitude: +18°59° 41 Longitude: 97°18" 28" W

— Crab culminates at 3°

from zenith — Synchronous with
— Cygnus culminates at 20° US, Mexican and
— 4 (5) Galactic plane Latin American
HESS sources within 36° :
(41°) observatories
— Galactic centre
" o ]
culminates at 48 — eventual overlap with

* increased sky coverage
— 15% more sky compared to

New Mexico

HAWC-South (GC)?

Qqurvey = 4 cos(lat) sin(B,,,)

HESS J1834-087 HESS J1825-137 HESS J1813-178 HESS J1804-216 GC/HESS J1745-290
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Sensitivity & Field of View

BN 'NTD, DARK
Bl Star Faormimg Reguon, Sat. Var, Globular Cluster, Massive Star Coster

F - 1 B 2L IBL, FSRQ, FII, AGN (unknown type). LGL
- R I' Gamma RIN, XR3, P58
Ry AN g = T -'.::-.

Shel, SNR/Molec. Cloud

Starburst /” -3 e

HAWC scans 2/3 of
the celestial sphere

every sidereal day to
a depth of 1 Crab:

———
-

-
'/
-

= transient events

. . “ .:ﬁ..l.g;._;._..j.f;_f..;;._:u. gl Galachic
= extended diffuse ZH5N
| | | |
Sources 10-1%7 1012 10-1-5
HAWC-300 1-year sensitivity F(>2 TeV) [cm ™= s
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4600m (15,000 ft
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yulm 2100300m

HAWC design Array of 300 individual

WCDs with 3+1 PMTs
o each = 1,200 PMTs.

200 HAWC covers 22,500 m?,
of which 12,000 m? are
detector area.

100 Modular design:

= Better environmentally

engineering, data, early

1100 1200 1300 science operations
Xxutm—677000m
o g oNAaT Southern - 11 November 2016 X -



Water Cherenkov Detectors

 Metal tank with plastic bladder.

» Each individual WCD holds 180,000
liters of purified water.

- 3+]1 PMTs at the bottom of each WCD.
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Vamos Tank 7 first data 30 April 2011

(ST Ty S
g,

50
ﬁ 1700 V on all PMTs
a5 double counting at low thresholds
- due to reflection of signal because
10 - of impedance mismatch
5 - kk
T30 ——\T7P1
2 . ~=\T7P2
e |
& 25 A= \T7P3
5 —4=\T7P4
v 20
[ == \T7PS
15 - ~0=\T7P6
_ TP
10 -
5
a ]
50 100 150 200 250
Threshold (mV)
@ CONAC _" “ ,__ - Southern - 11 November 2016 : }\f‘? 25



VAMOS Sky RUNs 190-1650: Smoolh 10 degrees

VAMOS Skymap - October 1-7

RC

190-1650: Smooth b degrees
T g

200x200 pix

20 pix,

o' . -

on (180, 0)

sigma

g 5

Abeysekara et al.
(Astrop. Phys 62, 125, 2015;
arxiv 1408.3477)

108 Significance Histogram
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3 DigitalGlobe

25 —— C >

118°59'41.26" N 97°18'26.99" W elev 4098 m  eye alt 473 km ()
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HAWC-100
Sept 2013

HAWC Utility Building
- Water filtration
- Bladder testing
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Counting house
- DAQ & laser calibration

HAWC Utility Building
- Water filtration
- Bladder testing
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wWCD Water
Tanks Storage
34 7

HAWC Frogress Tracking

Water
Filled
185

19

_ Depth
Sensor
128

. Survey —-
257

HV
Cable
173

<3

PMTs
Tot(HQE)

3

PMTs
Verified

523 (129) 512 (123)
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HAWC-111 v-ray skyma

HAWC-111 - August 2013 to June 2014
B |

-5 -2.5 0 2.5 5 7.5 10 12.5 15
significance [o]
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Water Depth . HV PMTs , PMTs
Filled ° Sensor'* SUVY —>Capje 3 TotHag) %

wWCD Water
Tanks Storage .Bladder Verified
293 T 93 293 175 300 250 1002 (251) 966 (238)

18 19

{

- N W S 00 O N 00 W

19 January 2015
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WCD Water

Tanks Storage
293 7
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Water Depth . - H
.Bladaer Filled " Sensor % SUNeY “Gable
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The HAWC timeline

Jan 2006 HAWC proposed to MX institutions by Milagro
Jul 2007 HAWC collaboration formed
May 2009 HAWC environmental permits cleared
2010-2011 LMT road, electricity and optical fiber extended to
Feb 2011 Start of project funding (DoE)
Sep 2011 VAMOS test array deployed and verified
Dic 2011 HAWC platform prepared
March 2012 Start of array installation
Sep 2012 HAWC 30 deployed and verified - start of data
Aug 2013 Start of science operations with HAWC 111
Jan 2015 HAWC 300 tank installation complete
March 2015 HAWC inauguration
March 2025 End of operation phase in site permit
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