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Cosmic-Ray Anisotropy 
•  Cosmic rays < 10 PV are well confined within our 

Galaxy by ~ μG magnetic fields. They scatter many 
times before reaching Earth. 

•  The cause likely involves the inhomogeneous source 
distribution in our Galaxy and local magnetic fields. 
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Cosmic-Ray Anisotropy 

2015, July Daniel Fiorino 3 

A.	  Abdo	  et	  al.,	  PRL	  
101:221101,	  2008	  
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Significant small-scale ( < 60° ) features, at ~10-3-10-4 level, remain 
after removal of large-scale structure. 
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High-Altitude Water Cherenkov 



HAWC-111 Data Set 
•  Construction phase  

•  June 2013 to July 2014 

•  181 days (4332.1 hr) 

•  85.6 billion events 
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•  Moon Shadow confirms simulated values: 

•  2 TeV median energy (0.9° offset) 

 
•  1.2° angular resolution (1.2° width) 
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Large-scale removed  
Small-scale features (< 60°) remain 
Smoothing applied (10°) 
86 billion events in 181 days 

3 significant excesses 
   A – strongest, harder than bkg 
   B – most extended 
   C – confirms ARGO-YBJ observation 

HAWC Small-scale Anisotropy 



Comparing Previous Results 
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ARGO-YBJ to HAWC (same smoothing) 



Comparing Previous Results 
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ARGO-YBJ to HAWC (same smoothing) 



Comparing Previous Results 
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ARGO-YBJ to HAWC (same smoothing) 



HAWC Smoothed by PSF 
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Region	  D?	   Region	  C	   Region	  B	  
Crab	  Nebula	  

Region	  A	  

GalacGc	  Plane	  



HAWC - Region A 
•  Relative intensity in 10° circle for 7 “energy” bins 

•  “Hardening” of spectrum in Region A, compared to off-source regions: 
                  4.3σ effect 
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3	   5.6	  

4	   8.4	  

5	   9.8	  

6	   14.1	  

7	   19.2	  
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Region A - Energy Dependence  
HAWC–ARGO Comparison 
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Milagro	  Hot	  Spot	  	  

1.7	  +6.6/-‐1.3	  TeV	   3.2	  +10.9/-‐2.4	  TeV	   5.6	  +14.2/-‐3.9	  TeV	   14.1	  +28.7/-‐9.9	  TeV	  
0.66	  TeV	   1.4	  TeV	   3.5	  TeV	   7.3	  TeV	  

R.	  Bartoli	  et	  al.,	  Phys	  Rev	  D88:082001,	  2013	  
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Perform spectral fit on each pixel in sky.    Red : Harder spectrum than background. 
Only Region A is significantly harder. (Error not shown.) 

Region	  A:	  
changes	  
shape	  

Energy Dependence of Whole Sky 



Conclusions 
•  Cosmic-ray anisotropy is a Galactic probe and an unexplained phenomena. 

•  Full HAWC detector turned on in March, amassing a large data set 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 energy &  
       composition response of the cosmic-ray anisotropy  
       to constrain possible causes. 
 
 
 
 

	  	  	  HAWC	  PublicaGon	  
	  	  	  	  A.	  Abeysekara	  et	  al.,	  ApJ	  796:108,	  2014	  

  

HAWC Highlights  J. Pretz 

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

Geminga   J. Wood 
GRBs    D. Lennarz 
SNRs & PWN   M. Hui 

 

  

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 
Lorentz Invariance  L. Nellen 
PBHs    T. Ukwatta 
Pulsed VHE   C. Alvarez 
Solar Physics   O. Enriquez/A. Lara 
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HAWC – Chemical Abundances 
•  Weighted by 

CREAM spectrum 

•  Gamma, H, He, 
C, O, Ne, Mg, Si, 
Fe 

•  Incident on 
HAWC detector 

16 



HAWC - Region A 
•  Relative intensity in 10° circle for 7 energy proxy bins 

•  “Hardening” of spectrum in Region A, compared to off-source regions: 
                  4.3σ effect 
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Region B 

Region C 

HAWC Small-scale Anisotropy 
Region A 
(α0 , δ0 )  =  (58°, -9°) 
pre-trial significance 20.6 σ 
∆N / <N> =  7.9 x 10-4  

Region B 
(α0 , δ0 )  =  (125°, 46°) 
pre-trial significance 15.6 σ 
∆N / <N> =  5.3 x 10-4 

Region C 
(α0 , δ0 )  =  (206°, 24°) 
pre-trial significance 10.5 σ 
∆N / <N> =  2.8 x 10-4 
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    2 – Milagro   2008, 2009 

Experiment  1 sky map / year   

    4 – IceCube  2010, 2011, 2012 

Theory   2 papers / month 
       1 – Tibet-ASγ  2005  

    3 – ARGO-YBJ 2009, 2013 
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