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Cosmic-Ray Amsotropy

Galactlc TeV Sources

. Cosmlc rays < 10 PV are well confined within our
Gal aX)ED %/ uG magnetlc fields. They scatter many
times before reaching Earth.

« The cause likely involves the inhomogeneous source
distribution in our Galaxy and local magnetic fields.

courtesy Kazuoki Munakata
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Cosmic-Ray Anisotropy
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Significant small-scale ( < 60° ) features, at ~103-10-4level, remain
after removal of large-scale structure.

ARGO-YBJ -

R. Bartoli et al.,
Phys Rev D88:082001, 2013
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High-Altitude Water Cherenkov

Water Cherenkov tank

. HAWC comprises an array of 300 tanks that record the
O bservatory particles createq in gamma-ray and cosmic-ray showers.
|

y and night, providing
v the observation

air shower
y gamma rays. h f

particle

200,000Lof \
purified water
Cherenkov
. light photomultiplier
73m tube (PMT)

Particles inside the shower produce
Cherenkov radiation that is detected
by the PMTs.

amma rays vs COSmic rays

HAWC selects gamma rays from among a much more
abundant background of cosmic rays.

gamma-ray shower

cosmic-ray shower

i

HAWC is located at 4,100 m
above sea level, covering
an area of 20,000 m?.

“hot” spots concentrate “hot" spots are more
around the core dispersed
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HAWC-111 Data Set

N  Construction phase

- "@ﬁi&?“’;’\ S5 June 2013 to July 2014
AT . 181 days (4332.1 hn)

« 85.6 billion events

-

« Moon Shadow confirms simulated values:

« 2 TeV median energy (0.9° offset)

o] 'E -
=162 (1)

1.2° angular resolution (1.2° width)
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HAWC Small-scale Anisotropy

Large-scale removed 3 significant excesses
Small-scale features (< 60°) remain A - strongest, harder than bkg

Smoothing applied (10°) B — most extended

86 billion events in 181 d G- confirms ARGO-YBJ observation
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Comparing Previous Results
ARGO-YBJ to HAWC (same smoothing)

R. Bartoli et al., Phys Rev D88:082001, 2013
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Comparing Previous Results
ARGO-YBJ to HAWC (same smoothing)

R. Bartoli et al., Phys Rev D88:082001, 2013



Comparing Previous Results
ARGO-YBJ to HAWC (same smoot
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HAWC Smoothed by PSF

Region D? Region C Region B

Crab Nebula
Galactic Plane
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relative intensity [x 107*]

HAWC - Region A

Relative intensity in 10° circle for 7 “energy” bins

“Hardening” of spectrum In Reglon A, compared to off-source regions:
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HAWC - Region A

 Relative intensity in 10° circle for 7 energy proxy bins

«  "Hardening” of spectrum in Region A, compared to off-source regions:
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Region A - Energy Dependence
N .  HAWC-ARGO Comparison

Milagro Hot Spot
: t 0‘ <

1.7 6613 TeV 3.2 1109724 TeV 5.6 +14.2/39 TeV

o

0.66 TeV 1.4 TeV 3.5TeV

.........................................................

R. Bartoli et al., Phys Rev D88:082001, 2013




Energy Dependence of Whole Sky

Perform spectral fit on each pixel in sky. Red : Harder spectrum than background.
Only Region A is significantly harder. (Error not shown.)

spectral slope [arb. units] 14



Conclusions

*  Cosmic-ray anisotropy is a and an unexplained phenomena.

«  Full HAWC detector turned on in March, amassing a of TeV cosmic rays.

*  We understand the energy and angular response of the HAWC detector to cosmic rays.

*  The entire field is beginning to understand the & HAWC Publication

response of the cosmic-ray anisotropy A. Abeysekara et al., ApJ 796:108, 2014
to constrain possible causes.

. |

HAWC Highlights J. Pretz All-sky GRB search J. Wood
Blazar Alerts T. Weisgarber
Dark Matter P. Harding
e+/e- Study S. BenZvi
Gamma/Hadron Sep.  Z. Hampel, T. Capistran
HAWC Design/Ops A. Smith, M.Duvernois, A.Sandoval
Geminga J. Wood Lorentz Invariance L. Nellen
GRBs D. Lennarz PBHs T. Ukwatta
SNRs & PWN M. Hui Pulsed VHE C. Alvarez
Solar Physics O. Enriquez/A. Lara

Blazars R. Lauer
Crab Nebula P. Salesa
Dark Matter Limits M. Longo-Proper
Fermi Bubbles H. Ayala
Galactic Plane H. Zhou

»n O
= O
~
O O
=0
<L =
T %

HAWC Posters
at ICRC-2015




HAWC - Chemical Abundances

Relative Abundances

1
= « Weighted by
101 CREAM spectrum
) « Gamma, H, He,
10—25_ C, O, Ne, Mg, SII
- Fe
1073 =
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HAWC - Region A

Relative intensity in 10° circle for 7 energy proxy bins
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HAWC Small-scale Anisotropy

Region C Region B Region A
(g, 00) = (206°, 24°) (g,09) = (125° 46°) (xy,05) = (58°-99
pre-trial significance 10.5 o re-trial significance pre-trial significance 20.6 o

AN/ <N>= 2.8 | AN/ <N>= 53x10* <N>= 7.9x10%
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Experiment 1 sky map / year Theory 2 papers / month

Diffusi ation of cosmic ravs
from Anomalous Anisotropies of Cosmic Rays from Turbulent Magnetic Fields

Understanding TeV foe=d < S |
The Milagro anticenter hot spots:
cosmic rays from the Geminga supernova ?
(Research Note)
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Global Anisotropies in TeV Cosmic Rays Related to the Sun’s Local
Galactic Environment from IBEX
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