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A Few Words About Trevor
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The HAWC Collaboration “‘

.J‘
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g J
-

United States Michigan State University
University of Maryland University of Rochester

Los Alamos National Laboratory University of California Santa Cruz
University of Wisconsin Mexico

University of Utah Instituto Nacional de Astrofisica,
Univ. of.California, Irvine . Optica y Electrénica (INAOE)
University of New Hampshire Universidad Nacional Auténoma
Pennsylvania State University de México (UNAM)

University of New Mexico
Michigan Technological University

NASA/Goddard Space Flight Center
Georgia Institute of Technology

Instituto de Fisica

Instituto de Astronomia
Instituto de Geofisica

Instituto de Ciencias Nucleares

Universidad Politécnica de Pachuca
Benemérita Universidad Autonoma de Puebla

Universidad Auténoma de Chiapas

Universidad Autonoma del Estado de Hidalgo
Universidad de Guadalajara

Universidad Michoacana de San Nicolas de Hidalgo
Centro de Investigacion y de Estudios Avanzados
Instituto Politécnico Nacional

Centro de Investigacion en Computacion - IPN

Europe

Max-Planck Institute for Nuclear Physics
IFJ-PAN, Krakow, Poland
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AV?C Complementarity of Gamma-Ray Detectors

. i "V ol .. D B

» Space-based detectors - continuous full-sky coverage in GeV
* (Ground-based detectors have TeV sensitivity

* |ACTs (pointed) excellent energy and angle resolution

« HAWC has 24-hour >1/2 sky coverage

Wide-field/Continuous Operation TeV Sensitivity

VERITAS
HESS
MAGIC

- I I " . T N - [
J. Goodman - University of Maryland - HAWC and VERITAS Summer 2017 5



AVfél Complementarity of Gamma-Ray Detectors

- IS T "V ool .. N B

* VERITAS

— Can detect a point source with 1% Crab Nebula strength within 25 hours
— Has energy range from ~100 GeV to ~10 TeV
— Has an angular resolution better than 0.1° at 1 TeV

— Sensitivity drops for sources with radius (r) > 0.1° ~r/(0.1°)

« HAWC

— Can detect a point source with ~5%-10% Crab Nebula strength over most of the
northern sky with two years of data (~5-6a/Vd)

— Has energy range from ~500 GeV to ~100 TeV, can extend spectra to high energies
— Has angular resolution that varies from ~1° at 1 TeV to better than 0.2 at 10 TeV

— Sensitivity doesn’t change appreciably for extended objects

— Observes every visible source every day

- I I " .. T N > e [
J. Goodman — Particle Astrophysics — Univ. of Maryland Summer 2017 6
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Differential Sensitivity E? dN/dE TeV/(cm? s)

5 years of HAWC operations will give similar sensitivity at 10 TeV as | TeV for ACTs
. N .l ™ ... Bl - I

HAWC Differential Sensitivity

HAWC Quarter-Decade Point Source Sensitivity

1072 ¢

- Fermi
10 Years

(-
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—

1x Crab

CASA-MIA

:

(-

o
s
N

L VERITAS - 50 Hrs
' MAGIC - 50 Hrs

-

o
it
w

lCTA - 50 Hrs

1074

101 10° 10! 107
Energy [TeV]

J. Goodman - University of Maryland - HAWC and VERITAS
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http://arxiv.org/abs/1306.5800

N What can you do with a wide-field instrument?

I e, "N -l T .. N L
 Gamma Ray Astrophysics + Particle Physics
— Galactic Gamma-Ray Sources - Survey

_ o — Dark Matter - can look for places with
» Discovery of Pulsars, PWNs, Binaries - no visible signal

especially extended sources

* Study of high energy behavior - source of ~ Primordial Black Holes

galactic cosmic rays — Violations of Lorentz Invariance
* Morphology of sources — Look for sources of positron excess
» Galactic Diffuse and Fermi Bubbles » Cosmic Ray Anisotropy

— Transients T
» Gamma Ray Bursts - high energy behavior
* AGN - Continuous monitoring
* |ceCube, LIGO multimessenger observations

.........a..........;............'.............

J. Goodman — Particle Astrophysics — Univ. of Maryland Summer 2017
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HAWC Design builds on Milagro

Milagro “15t Generation” Water Cherenkov detector
* 2650m (8600") elevation near Los Alamos, NM

» Covered pond of 4000 m?

* Operated 2000-2008

* Crab at 50 in 4-5 months

HAWC “2nd Generation” Water Cherenkov detector
* 4100m (13500") elevation near Puebla, Mexico
300 water tanks spread over 22,000 m?

* Operation 2015-19(25)

* Crab at >50 in a day

| ©Aurore Simonnet

- I I I .. " > [ I
J. Goodman - University of Maryland - HAWC and VERITAS Summer 2017 9



The HAWC Si

B 0 . "N i

Delicias / - N\
| COAHUILKA / Cofpy\soChristi
n i |
¥9j00 Parral

PN _NUEVO'LEON

Lo McAllen!|
\ o NG g
\n Brownsville

Lios Mochis | .‘Monterre
o Torreon y

- Saltillo ~ ©
% e o

\

DURANGO} '\ A" "~ &

Durango

AL . TL:.‘-{\MAULIPAS
<. Mexico - |

- 4 ) o ]
. ~ Ciudad
e Victoria

) o (AN SAN LUIS St -ciTampico

'POTOSI &
R

') Mazatlan

Puerto Vallarta Guadg_la:jara : GUA NAJU AT o}

JALISCO™S
‘rbica

Mexico City’
s A Veracruz

o o S ] _Xalép O
ReEaloRe A MICHOAC AN sl APEDE £/ 2.

Ci

) PUEBLA TABAS

La t i t u d e : 1 80 5 9 . 7’ N 2 “Fxtapa GUERRE RO T > 'Coéfzaé?alcoé" yi”a‘h;m?sa,

. O .
Chilpancingo

Longitude: 97°18.6’W

~/CHIAPAS
| Tuxtla
. Gutié[(e?..>

OAXACA

. ™. > e I
J. Goodman - University of Maryland - HAWC and VERITAS Summer 2017 10



UL

\\\\\“ \\,\

11T L

\\\\\\\\ 1117717/777/77/ 11777/ J
_ * I : |
HHTHIH :_ _
__,._ _ _ | | ‘ |
i ] ; i
| | ‘_ , .
‘ A.A
. ‘ \‘ \\_h ___\ |
\ \\f 1| y
T
] \‘ ] \ \:‘ \\\\\.\.‘\ _
\,, /| NI
\\,‘ , i1/ :
W, \\M\\\\\\\\\\\\ :

A

| (AL
_ __‘_‘_

i

___;

i

_.:__i\\ il

__‘; | |

_:__ :‘ \\\ 3.:: H




HAWC Tanks
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% Tank Construction
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Angle Reconstruction Uses Timing
e, "N -l e .. BN [

C R

O OALD LD OF 3.0
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Gamma Hadron Separation (MC)

Monte Carlo
Simulation

Protons

Summer 2017 20



HAWC-250 Data
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Gamma - Hadron Separation

-
C

)

gamma ray-like event

gamma/hadron parameter

hadronic event

£
O -
©g
=
©
-
©
Q
5 3
3 Q
= =
R =
O 10O
n|m LO
..Ql.w 5
©
-
o
11 1 ________ ] ________ | ________ ] I |
™ Ql ) — 5=
o o |
™ ~— A ()
=
[34] eb4eyo aAnosye
! I T T 6
4n
Z 1<
+
T
L
=
e —— 1
&) 5
(@] =
NE= =
I~ .mJ -
Al D o
o 4N
@) S
L= it
C -
C  aima
S m )
m = I_._ml
s O .
n O
7 -
l | | | O
o o o o o o
o o o o o
N < m N —
(ulg ,SZ'0) sIuaA3u
£
| -
)
e
£
1O ®©
) A
— @
| Q
cC el
S O
5 S
0
= =
D =
©
g o
O — =
T W - ————— b
= e e :
| _________ ________ | ________ ] HIifil | _|O
(40} (q\] O +~— -
_
= = a =
-
[34] eb1eyd aanosye

PINCness

22

Summer 2017

I I I .. BN - [
J. Goodman - University of Maryland - HAWC and VERITAS



Anqgular Resolution

68% Containment Angular Resolution
$ Measured Crab

1e6 Blin 0-9 - 4.9'100% Qf PMTs Hlit

8
Predicted Crab [
) (Syst. Errors)
|
6_ I
o
n 5f
S~
hd )
i
S |
LL]
= 3 .
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2L = }
1 3 .} {
1 G H I p : s
IEARER L PR R U P b 2 Toptt bt <0.2° PSFeg% at highest en¢rgy
) ¥ )
0.0 0.2 0.4 0.6 0.8 1.0 1 5 3 A 5 5 7 3 9
A§* [deg? ] Event Size - fHit Bin
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%&Vﬁ Photon rich sample from the Crab

=26

5 [

5251

g .

S ol With Strong Photon
a Cut

N
Qo

N
N

6

4
1 in 10* Events Kept

> 25% Efficiency for
Photons

II|IIII|I EiEiu O
81 82 83 84 85 86 87 88
Right Ascension [deg]
D I > [ I
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Potential Improved Algorithms
I e, "N ol .. N |

» Using sample of highest energy events, with our standard cuts, on the
Crab we get:

— Excess: 139.5 ev Background: 6.5 - signal/background >20 to 1

» Can reduce the background significantly using improved algorithms:
— Excess: 116.0 Background: 1.0 - signal/background >100 to 1

» Can potentially reduce the background by 5x at highest energies

- I I S .. T > e [
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High Energy View of our Galaxy
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TeV Binaries

Pulsar Wind Nebulae

L4

Relativistic jets

Companion star )

Compact object
of center

—

Ultraviolet and Accretion disk
optical emission i
E y-rays

credit: NASA / CXC / SAO /
F D. Seward,W. H.Tucker, R.A. Fesen

Cassiopia A Supernova Remnant Spitzer Space Telescope * MIPS
NASA / JPLCaltech / 0. Krause (Steward Observatory) Hubble Space Telescope * ACS

_ 65200514 Chandra X-Ray Observatory
J. Goodman - University of Maryland - HAWC and VERITA

[
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HAWC 25 Month TeV Sky Survey
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HAWC




25 Month Data Set

Mrk 501 - 210

"&ﬂ, R

el
) S .“

Mrk 421 - 360

Crab Nebula - 1300

J. Goodman - University of Maryland - HAWC and VERITAS Summer 2017 28
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Inner Galactic plane 506 day data

1

L°

80%Z-008T[SSAH
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N Published Catalog Results

O 12HJtotal fl 15 - § 5-_ 3 D
8 T O 8 F 1 O
= ./ Ilnew TeV | g | - )
o 100 Sensitivity S o LF 1 =
ks 2 ' > w 4 .
& [|--PSR p= - - D
'g | IS = _8 3 E
= 6 5 g = Z

41 S g

2t 1:—

0;-..- Ht P 0 0__1 o

= 250 200 15 100
 ——— I I .. "N > e [
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2HWC J1953+294 - 12 months of data

| ' - T — — [

. é = ©

% ' g VERITAS Skymap =

- &)

e L PRELIMINARY :

éw ‘ 8—‘ ug

2 a 305 2
3 29.5
20L....... . ! , v : . AN 29
28.5
288 28

27.5% haam heam
297 20"00 19"50
R.A. 0 [Dr]
2 -1 0 1
Preliminary
— JTS - Flux for index at Reported errors

7TeV [TeV"'em™s~']  are stat. only
* No previously known TeV source. 2HWC J1953+294 | 558 -2.76 +0.15  1l.le-14 + 4.2¢-15

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

 Possible association 3FGL J1951.6+2926 / PWN DA 495?

I I I .. BN - [
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2HWC J1953+294 - 17 months of data

g T
g VERITAS Skymap 2
O
L PRELIMINARY :
a 30.5 5
30
= 29.5
»
29
28.5
28
27 .5 A —
20700 19"50
R.A. 0 [Dr]
Preliminary
Nate /TG T Flux for index at Reported errors

7TeV [TeV"'em™s~']  are stat. only
* No previously known TeV source. 2HWC J1953+294 | 558 -2.76 +0.15  1l.le-14 + 4.2¢-15

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

 Possible association 3FGL J1951.6+2926 / PWN DA 495?
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2HWC J1953+294 - 25 months of data

D I —— m——  — [
= 6 ©
g VERITAS Skymap =
O
R PRELIMINARY :
) - — " =
a 305 2
30
—_ 2
o 29.5
29 :
28.5
2
28
aviously kno | 27 .58 -
300 20"00™ 19"50™
nalysis by VI f RA. 0 [h1]
le associatio 210 1 2 3 4 5 6 7 8 9
VTS Preliminary
Flux for index at Reported errors
Name vT'S Inde .
© 7TeV[TeVlem™%7Y  gre stat. only
2HWC J19534294 | 5.58 -2.76 4 0.15 1.1e-14 + 4.2¢-15
1IN I I e, " > e [ I
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HAWC view of the Galactic Plane

[3S] (@) NS} W= ()]

b[°]

* ~40 sources seen in first year

Association unclear
e 25% are new

Pulsar ~8kpc (26,000 ly) away

Supernova remnant with very
energetic pulsar

Moon Size to Scale ‘

- I I I .. ™ - [
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HAWC view of the Galactic Plane

e ~40 sources seen in first year
e 25% are new
e 760 day view

- I I I .. ™ - [
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2HWC J1928+177 - all thit bins

SR J1930+1852

!llliiﬁE%IH

Black contours at sqrt(TS)=5, 7, 9.
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2HWC J1928+177 - thit bins 8, 9
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Black contours at sqrt(1TS)=4, 5, ©.
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Cygnus Region

| New TeV source
*1 2HWCJ2006+340:
* >60 pre-trials

e 0.6° from unidentified source
3FGL J2004 4+3338

L - — e

e e e ——— —
-

VER J2019+368 (Aliu et al Ap) 2014)

%437.00 5 EVER - 2FGL J2015.6+3709

:‘E } F-’SRJ;I(‘);.H;%# -

+36.54 %-_- .

sqrt(TS) +36.0.
T ngaseonson oy
2HWC J2019+368 is coincident with MGRO J2019+37 and VER |2019+368
» extended emission including PSR J2021+3651 and HIl region Sh 2-104
- I I " .. B o - [ I
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HAWC-VERITAS-Fermi Paper

- IS T "V ool ... BN [ I

« HAWC catalog sixteen sources that are not unambiguously associated
with previously known TeV sources.

* We have studied twelve of these sources without known counterparts
with VERITAS and Fermi-LAT.

» \Working on a paper
 What can we learn from:

— Observations:

* Morphology, energy dependence, extended spectra
— Non observations:

» Extent, spectral hardness

- I I S .. T > e [
J. Goodman — Particle Astrophysics — Univ. of Maryland Summer 2017 40



Energy Estimation

v
42

Estimated Energy
o

-
%)

2 2.5 3 3.5 4 4.5 5 5.5 6
True Energy
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Energy Sky (>56 TeV)

Preliminary

6
significance [o]




High Energy Sky (>56 TeV)
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High Energy Sky (>56 TeV) with 1°

MGRO MGRO HESS HESS HESS
1908+06 1843-033 1825-137 1808-204

2019+371

/

B3 B2 ) 80 79 '8 17 6 D 4 43 12 41 10 39 38 37 36 15 3 33 32 31 30 29 28 27 20 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6

Preliminary

. == 0 1 2 3 4 b -
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AWC
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2 Pulsar Wind Nebulae - Geminga and PSR B0656+14

0.3 I P rrrn
/"‘*\\I
. . . . N
Geminga is closest (250 psec) known middle aged (300ky) pulsar ~od) b
* PSR B0656+14 (Mongogem) 300ps, 100ky :of R RS B
* Possible nearby cosmic ray acceleration site "5 0031  Com2008
. . Yiiksel, Kistler, Stanev AMS-01 1998
— explanation for positron excess (Yuksel et al. 2009) PRL 2009 s o1 teas 4
Golden 1993
Lol Lol Lol Lo
* Not seen by IACTs, extent maybe larger than IACT FOV 001- ! T
E [GeV]

Milagro - Point Source - Geminga

Milagro - Point Search

Dec. [deg]

98 96 94
al”]

4 3.0 36 42 48 54 6.0
sigma

4 -2 0 2 4 6 8 10 12 14

J. Goodman - University of Maryland - HAWC and VERITAS

? g
109 104 99

Summer 2017
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) Geminga and PSR B0656+14 760 day data

- IS T "V ool U ... N I

» PSR B0656+14 - similar age and o N T
distance as Geminga =

« Gamma’s above 20 TeV
— These come from 100 TeV electrons

21

19

2HWC j0635{}§-}180

— This is much bigger than the x-ray PWN =17 e k. 608
— Fitting the radial distribution will allow us ~ ~ _

to measure the diffusion coefficient at 2HWC/J0700 14355

high energies 13§

* This can tell us if these are a source -

of local positrons seen by AMS and |

others 109 107 105 103 101 99 97 95
al®]

B I - _aml
J. Goodman — Particle Astrophys



Transient Search - The Crab Nebula

Flare State
April 2011

* Crab flares, continue up to TeV?

* No activity in radio, IR, and X-rays.

* HAWC Pass 4 data from Nov 26 2014 to June 2016.
*>]1050 in 315 transits.

* Lightcurve binned in sidereal day.

Geminaa pulsar
* Consistent with constant flux.
1.5 1e—110 1 T ' I
dF/dE = Fo(E/E0)v=2.63 . .|l . DRELIMINARY i CraB U
Tﬁ | - - constant flux best fit =
i - HAWE 1-transit -5 =
lE =
& 1.0-. |1 £
5 S
< 05 b
i ‘@1 o it ﬂl :
: WWWMMI ﬂII At T ﬂ“{ 1 i 2
D 3
§ 00 s . e B L i I S L o ®
5 7
e o 1 €
57600 H 57100 57200 57300 - 57400 —2
MJD [days]
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AWC

. | B, "N . e .. BN [

10-12 Flux vs Time @ Crab

On October 3rd, 2016, AGILE (GeV) reported s

enhanced em|SS|On from the Cl‘ab NebUIa §. QU o e

(ATEL #9586) The Fermi-LAT *GeV) g P S S N RN S S RO S

confirmed the detection in ATEL #9588, with =S RS NN RN TR NS U I B

flux up to 1.8 times larger than typical. 5 o A

HAWC online monitoring shows ... ‘é 70_ ........................................................................................................ e

the Crab to be fully consistent ) v P S U SR [ S S

with its usual expectation over
the same time period in the TeV. =

)| Er . oo RS _—

J. Goodman - Uni

- Transient Search - The Crab Nebula

Integration End Date (UTC)

™ o
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Transient Search - Mrk 501

. i "V ol e .. D B

HAWC detection of increased TeV flux state for
Markarian 501

ATel #8922: Andreés Sandoval (I1F-UNAM), Robert Lauer (UNM), Joshua Wood (UMD) on '
behalf of the HAWC collaboration )
on 7 Apr 2016; 23:38 UT Astronomer’s Telegram to
immediately alert community

of activity.

AW

High Altitude Water Cherenkov

C

Mrk501, Bins 1-9, 2016-04-05 2016-04-05

11.0

40.5

Mrk501, Bins 1-9, 2016-04-06 2016-04-06

40.0

10.5

Mrk501, Bins 1-9, 2016-04-07 2016-04-07

Mrk501, Bins 1-9, 2016-04-08 2016-04-08

41.0

38.0
254

April 5, 2016
April 6, 2016

410.5

40.0

38.5
2

April 7, 2016

Monitoring all gamma-ray sources visible to HAWC every day. April 8, 2016

- I I " . T N - [
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Flux>1TeV [cm™2s™ ]

Mrk421 January 1-6, 2017

Mrk421 daily lightcurve around ATels #9936 and H9946
x10-11

- = All-time flux fit
}  Transit flux fit

J  ATel sent

Preliminary

o7 745 57 750 of 199 57760 57 765 o7 770
MJD
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Crab units
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i Multi-wavelength / Multi-messenger

- I e, "N -l e ... N
* We have follow-up agreements with:
— Swift
— Fermi-LAT HAWC-triggered:
— IACTs * New source candidates lists.

* follow-up observations by |IACTs such as VERITAS and MAGIC

* FACT from Pass | release.
* HESS * Flares from known gamma-ray sources.
 MAGIC
 VERITAS Externally triggered:
— AMON * [ceCube alert on high confidence neutrino event (highest energy
ointed astrophysical track-like).
— IceCube oo T ...)
* Fermi alerts on flaring activities.
— ANTARES - LIGO/VIRGO gravitation wave event follow-up
— LIGO/NIRGO
- I I .l = .. T N - [ I
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T LIGO Follow-up

W W e B I
Boxing Day Event

| / Estimated Source Parameters
S Quantity Value |Upper/Lower |(Unit

error estimate
Primary mass 14.2 |+8.3 -3.7 M sun
Candidate 1: Secondary mass 7.5 +2.3-2.3 M sun
) Chirp mass 8.9 +0.3 -0.3 M sun
RA: 28.628 (+01h 54m 30.63s) J2000 — 1s [reo 1o o
Dec: +1.200 (+01d 11" 591") J2000 Final mass 20.8 [+6.1-1.7 M sun
Error: +1.15 (square region, half side) Final spin 0.74 |+0.06 -0.06

. Radiated gravitational-wave energy 1.0 +0.1 -0.2 M 2
Duration: 10 seconds =— —

_ Peak luminosity 3.3 ||[+0.8-1.6 106 erg/s
Pre-trials p-value: 2.55e-07 Luminosity distance 440 ||+180 -190 Mpc
Post-trials p-value: 0.08 Source redshift z 0.09 (+0.03 -0.04

. I " .. " > [
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TR lceCube >2.6 PeV Muon Neutrino

- IS T "V ool e T—

« HAWC-111 live. Several hours out of HAWC's T
FOV. . :

. Searches: e .

1 [E IR R RS NS WA SO W

— Integrated dataset (Steady, Aug 2013-May .\ .3
2015 dataset) s\ )

— NextDay /PriorDay S
— +2 and 5 days around the event. 1be Error Cir
» All searches consistent with cosmic-ray 115 114 113 112 111 110 109 108 107 106

al”]
background. W

significance [o]

IceCube ATel: #7856
HAWC Follow-up ATel: #7868

B | I .l " ... I > e [
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- HAWC: Dark Matter

AWC
W W e B S [
* HAWC has sensitivity to indirect
detection of TeV WIMPs in: S L L L B
. . . 107 F Segue 1 Xx > W'wW
- Satellite galaxies, the Galactic 1019 GC .
Center, and galaxy clusters — 10-20 Vg0 Prelimimary
. ' ' ' ' ' _ Sommerfeld DM
Cosmologlc;al S|mulgt|ons predict “2 1021 a1 Tkt
more satellite galaxies than H
observed A
. . o
— Higher M/L galaxies have been S ;o\ £l ™ =

— HAWC will observe all M/L
galaxies in half the sky, even if

L=0 M, [TeV]

10—24; L
found by Sloan Deep Survey 5E -/

- I I I .. "N > e [ I
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Lots of Potential Targets
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G HAWC Does Well at High Masses

D e, O "N ool .. BN [
10—18 3
? ___________________________________ 10—221
10—20_ __________________
m L—"‘"‘"—_—___——_ "'—:‘E
e e R e 1 e T S T e e
g;:.:_'.s_-«....—---.n&_.;__.;_._______;__'_ —————————— e §
: IR T e o el — ) Ene % 5
g2 3 = sl
mm m """"""" M mm 10-24-5
I = :
S & :
A A
5 »T°T" 3 ;
-24 =
v 10 Ak v :
: 10—26_ XX =T T+
1 = HAWC (w/ Trill) — Leol —-= CanesVenaticill
10_26j ----- HAWC (w/o Trill) === Leoll — = Sextans
— Triangulumll -== LeolV UrsaMajorl
— Seguel Hercules — = UrsaMajorll 1 =—— HAWC (w/ Trill) —— Virgo =i HESS
Draco - == Bootesl — = UrsaMinor 1 e HAWC (w/o Trill) —-== Thermal DM Magic Seguel
: — ComaB - == CanesVenaticil 1 = M3l - == Veritas Seguel - == Fermi Combined
1028 , . , , 1028 : : , ‘
1.0 10.0 100.0 1.0 10.0 100.0
M, [TeV] M, [TeV]
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* Large scale, non-uniform structures extending
above and below the Galactic center.

* Edges line up with X-ray features.
* Correlate with microwave excess (VWMAP haze)

* Both hadronic and leptonic model fit Fermi LAT data.
Leptonic model can explain both gamma ray and microwave excess.

* First limits in TeV, hard spectrum is highly unlikely.

- Gamma-ray emissions

-~ Xrayemissions K "
. | - __ . ‘ - 50,000 lightyears .
Milky Way .. Sl

R .- % vy . ." - .
¥ S e a e - . \\

Fermi smoothed
all-sky map
(11010 GeV)

Galactic
center

Fermi residual _
all-sky map

-
»

: U8 “Fermi
£s” v N bubbles” o

‘.’o !
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- HAWC 90%CL upper limits
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-6
10 | I :IIITII | | IIITII] | | LT 1T 11T | | IIIIIT] | | IIIIIII | | lll]ll[

P 1 1
|

E2 dN/dE [GeV cm 2 s ! sr 1]

107/ B TR A TTIRITD NI .. L, SRR .. SR
| —— Hadronic Model1 ~ —— HAWC UL 95% ; T | ‘\
| - - Hadronic Model 2 —— |ceCube Hadronic Model E 3 5 | o \
, | , HAWC upper limits together with the Fermi data
—— Leptonic Model 1 ¢ Fermi 2014 Ap) 793 and gamma-ray production models from '
—— Leptonic Model 2 Ackermann et al. (2014) and Lunardini et al. (2015
10'8 1 1 L 1 11111 | | | 1 1 1111 | | L1 1 1111 1 : iJlllJ | | Jllllll | | lllJll[
10" 16° 10" 10° 10° 10° 10°
E [GeV]
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2,100,900

677,900

Outriggers

- HAWC Sparse Outrigger Array being deployed now:
Enhanced Sensitivity above 10 TeV

- Accurately determine core position for showers off
the main tank array.

- Increase effective area above 10 TeV by 3-4x
- Funded by LANL/MPIK (Heidelberg)/Mexico.
- 2500 liter tanks: 1/80t size of HAWC tanks.
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