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Volcán	
  Sierra	
  Negra,	
  central	
  Mexico	
  
la@tude	
  19o	
  North	
  	
  4,100	
  m	
  al@tude	
  

detec@ng	
  air	
  showers	
  from	
  high	
  
energy	
  cosmic	
  and	
  gamma-­‐rays	
  	
  
(100	
  GeV	
  –	
  100s	
  TeVs)	
  

High	
  Al(tude	
  Water	
  Cherenkov	
  Detector	
  



Make	
  sky	
  maps	
  in	
  	
  
γ rays	
  day	
  by	
  day	
  for	
  10	
  years



HAWC	
  Design	
  

180	
  meters	
  

300	
  close	
  packed	
  water	
  tanks	
  (7.3m	
  dia	
  x	
  4.5	
  m	
  deep	
  of	
  200,000	
  liters)	
  each	
  
with	
  4	
  upward	
  facing	
  	
  photomul@plier	
  tubes	
  at	
  the	
  boYom	
  



Signals	
  of	
  the	
  1,200	
  detectors	
  are	
  
digi@zed	
  in	
  100	
  picosecond	
  @me	
  bins	
  

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the 
red x still appears, you may have to delete the image and then insert it again.
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Event	
  rate	
  vrs	
  mul@plicity	
  

20	
  MB/s	
  

560	
  MB/s	
  



Compu@ng	
  Strategy	
  
•  Two	
  analysis	
  and	
  data	
  centers	
  

–  Ins@tuto	
  de	
  Ciencias	
  Nucleares,	
  UNAM	
  
– University	
  of	
  Maryland	
  

•  Full	
  replica@on	
  of	
  raw-­‐	
  simmulated	
  and	
  
analyzed	
  data	
  
– 1	
  PB	
  per	
  year	
  at	
  each	
  site	
  

•  Data	
  storage	
  on	
  disks	
  
•  Compu@ng	
  farms	
  on	
  commodity	
  processors	
  
•  Able	
  to	
  process	
  1	
  year	
  of	
  data	
  in	
  1	
  month	
  



Compu@ng	
  strategy	
  
•  Opera@ng	
  system	
  Linux	
  Centos	
  
•  languages	
  C++,	
  Python	
  
•  databases	
  mysql	
  
•  packages:	
  CORSICA,	
  ROOT,	
  GEANT,	
  HEALpix	
  
•  wiki	
  /	
  SVN	
  /	
  TracBrowser	
  /	
  Doxygen/	
  	
  
•  SeeVough	
  for	
  conferencing	
  	
  



UMD	
  Jan	
  2015	
  
Disks:	
  (Gluster)	
  
•  	
  /data/archive	
  -­‐	
  625TB	
  (597TB	
  used)	
  

– Contains	
  all	
  data	
  up	
  to	
  6/2014	
  +	
  Milagro	
  

•  	
  /data/archive2	
  -­‐	
  397TB	
  (182	
  TB	
  used)	
  
– Contains	
  data	
  from	
  7/2014…	
  

•  /data/scratch	
  -­‐	
  49TB	
  
•  	
  Computers:	
  13x48	
  core	
  +	
  2x32	
  core	
  =	
  688	
  cores	
  



UMD	
  April	
  2015	
  
Disks:	
  (Lustre)	
  	
  1.76	
  PB	
  	
  -­‐>	
  	
  2	
  PB	
  this	
  summer	
  
•  	
  /hawc01:	
  	
  675TB	
  -­‐>	
  1	
  PB	
  this	
  summer	
  
•  /hawc0:	
  640TB	
  	
  
•  /archive2:	
  397	
  TB	
  
•  /data/scratch	
  -­‐	
  49TB	
  
•  	
  Computers:	
  19x48	
  core	
  +	
  2x32	
  core	
  =	
  976	
  cores	
  
	
  



ICN	
  	
  
Lustre	
  file	
  system	
  
January	
  2015	
  
•  495	
  TB	
  disk	
  
•  4	
  x	
  48	
  cores	
  
May	
  2015	
  
•  1.36	
  TB	
  
•  12	
  x	
  48	
  cores	
  =	
  576	
  cores	
  



Some	
  hardware	
  at	
  UMD	
  and	
  ICN	
  



Purchased	
  November	
  2014,	
  to	
  
be	
  delivered	
  May	
  2015	
  

	
  
•  	
  2x	
  MDS	
  (1x	
  E5-­‐2680v3,	
  64GB	
  Memory,	
  1x	
  120GB	
  	
  	
  	
  	
  	
  	
  
SSD)	
  mirrored	
  storage	
  servers	
  

•  	
  8x	
  Compute	
  Nodes	
  (2x	
  E5-­‐2690v3,	
  128GB	
  
Memory,	
  2x	
  1TB	
  SATA	
  HDD)	
  having	
  384	
  cores	
  

•  6x	
  JBOD	
  (24x	
  6TB	
  SAS	
  HDD)	
  864	
  TB	
  disk	
  storage	
  
•  108	
  Port	
  Mellanox	
  FDR	
  Switch	
  	
  
•  6x	
  OSS	
  (1x	
  E5-­‐2680v3,	
  128GB	
  Memory,	
  1x	
  120GB	
  
SSD)	
  	
  

•  Parts	
  (Switch,	
  Cables,	
  Drives)	
  	
  
•  1x	
  JBOD	
  (JBOD	
  Kit	
  and	
  12x	
  600GB	
  SAS	
  HDD)	
   	
  	
  



Data	
  movement	
  

HAWC	
  Site	
  

SITIO	
  	
  	
  	
  UMD	
  Data	
  transfer	
  
1	
  GB/s	
  network	
  SITIO	
  

ICN	
  

Data	
  acquisi@on	
  ~20MB/s	
  
Copy	
  to	
  portable	
  disk	
  arrays	
  
(80	
  MB/s)	
  
Erase	
  copied	
  and	
  verified	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  data	
  

copied	
  to	
  permanent	
  	
  
storage	
  
transfer	
  to	
  UMD	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  (1	
  -­‐	
  2	
  MB/s)	
  

copied	
  to	
  
permanent	
  storage	
  

verify	
  copy	
  



UNAM	
  –	
  San	
  Antonio	
  



San	
  Antonio	
  -­‐	
  Houston	
  



Houston	
  -­‐	
  Maryland	
  



Data	
  transfer	
  	
  
UNAM-­‐San	
  Antonio	
  



HAWC-250 Data 

Hadron Shower 
(off source) 

Likely Gamma Shower 
(Crab event) 

Data 



HAWC Science 
•  Gamma Ray Astrophysics 

–  Galactic Gamma-Ray Sources  
•  Pulsars, PWNs, Binaries  
•  Galactic Diffuse and Fermi Bubbles  

–  Extragalactic Gamma-Ray Sources 
•  Gamma-ray bursts 
•  Active Galactic Nuclei 

•  Particle Physics 
–  Dark Matter 
–  Primordial Black Holes 
–  Violations of Lorentz Invariance 
–  Q-balls 

•  Cosmic Ray Anisotropy 
•  Solar Physics 

–  CMEs 
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Mrk 421 HAWC-111 

Mrk 421 Time Dependence 



Event	
  reconstruc@on	
  is	
  done	
  
centrally	
  	
  



Standard	
  reconstruc@on	
  



Event	
  simula@on	
  is	
  done	
  centrally	
  
in	
  Deep	
  Thought	
  2	
  at	
  UMD	
  

8,000	
  cores	
  
1	
  PB	
  storage	
  
10	
  GB/s	
  link	
  



Huge	
  effort	
  to	
  simulate	
  and	
  
reconstruct	
  shower	
  events	
  



Event	
  analysis	
  is	
  done	
  
individually	
  



Over	
  100	
  users	
  will	
  be	
  doing	
  
analysis	
  



Using!HAWC<95!and!HAWC<111!

June!2013!–!February!2014!
114!full!sidereal!days!

!50!billion!events,!
!1.2°!median!ang.!res.,!
!1.8!TeV!median!energy! 2013"August""~"HAWC:111 ""

Simulation Data 
HAWC-111 Moon Shadow 

Cosmic	
  Ray	
  anisotropy	
  

Observa(on	
  of	
  Small-­‐scale	
  Anisotropy	
  in	
  the	
  Arrival	
  Direc(on	
  Distribu(on	
  of	
  TeV	
  Cosmic	
  
Rays	
  with	
  HAWC	
  	
  arXiv:1408.4805	
  [astro-­‐ph.HE]	
  



HEALpix! ! ! ! ! !“Direct!integraWon”! ! !!!!!!!PolSpice!

Binned!data ! ! ! !!!Data!&!reference!map ! ! !!!Power!Spectrum!
! ! ! ! ! !!!!!relaWve!intensity!!!!

HEALpix   (K.M.!Gorski!et!al.,!Astrophys.!J.,!2005,!622,!759)!
! !Equal8area!binning!of!the!sphere!

“Direct!Integra(on” !!(R.Atkins!et!al.,!Astrophys.!J.,!2003,!595,!803.!)!
! !Method!to!esWmate!background!using!the!data!themselves!

PolSpice ! !(I.!Szapudi!et!al.!!2001,!Astrophys.!J.,!548,!L115)!
! !Socware!to!compute!power!spectrum!with!parWal!sky!coverage!



HAWC	
  will	
  be	
  in	
  the	
  Big	
  Data	
  	
  
Big	
  Network	
  game	
  for	
  the	
  

foreseeable	
  future	
  



HAWC	
  funding	
  


