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Telescope	  Array	  Experiment	

FD	  (HiRes) 

SD	   

• Desert	  in	  Utah,	  US	  (1400m	  a.s.l.)	  
• 507	  Surface	  Detectors	  (SDs)	  

• 1.2km	  spacing	  
• Two	  layer	  of	  plas?c	  scin?llator,	  
3m2,	  1.2cm	  thickness	  

• 3	  Fluorescence	  Detectors	  (FDs)	  
• Middle	  Drum	  (MD)	  sta?on	  is	  
transferred	  from	  HiRes.	  
• Black	  Rock	  (BR)	  and	  Long	  
Ridge(LR)	  sta?ons	  are	  newly	  built.	  

• FD	  observa?on	  :	  from	  Nov/2007	  
• SD	  observa?on	  :	  from	  Mar/2008	  

FD	   



Fluorescence	  Detector	  sta?on	  at	  BR/LR	  site	
BR/LR	  site：new	  telescopes	  for	  TA	  

F.O.V	  of	  sta?on:	  
• Eleva?on:3~33o	  
• Azimuth:	  108o	



Fluorescence	  Detector	  sta?on	  at	  MD	  site	

Transferred	  from	  HiRes	  
• 	  14	  cameras/sta?on	  
• 	  256	  PMTs/camera	  
• 	  3o-‐31o	  eleva?on	  with	  1o	  pixel	  
• 	  114o	  in	  azimuth	  
• 	  5.2m2	  mirror	  
• 	  	  S/H	  electronics	



Surface	  Detector	  array	  	

•  Two	  layers	  of	  the	  3m2	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  plas?c	  scin?llators	  



Shower	  Analysis	



Shower	  Analysis	  
-‐	  FD	  Monocular	  -‐	

Data	  set	  for	  MD	  monocular	  analysis:	  
• 16/Dec/2007	  –	  16/Dec/2010	  (3	  years)	  
• ~1/3	  of	  HiRes-‐1	  observa?on	  

MD	  sta?on:	  Transferred	  from	  HiRes-‐I	  
•  Data	  analysis:	  Iden?cal	  to	  HiRes-‐I	  monocular	  analysis	  
•  Differences:	  Loca?on,	  Direc?on,	  Trigger	  threshold…	  	  

Mirror	  View	  

Profile	  Fit	  

Data/MC	  comparison	  with	  Coriska,	  Proton	  

1018.0eV	  
~	  

1018.5eV	

1018.5eV	  
~	  

1019.0eV	

1019.0eV	  
~	  

1020.5eV	
0	 50	Rp	  [km]	 0	 90	Zenith	  [deg.]	



Shower	  Analysis	  
-‐	  Hybrid	  -‐	

Data	  set	  for	  BR/LR	  Hybrid	  analysis:	  
• 27/May/2008	  –	  07/Sep/2010	  (~2.3	  years)	  

Geometry:	  FD+SD,	  Profile:	  FD	  	  
•  Geometry:	  Tradi?onal	  reconstruc?on	  

of	  FD	  with	  ?ming	  of	  one	  SD	  (~0.9	  deg.)	  
•  Profile:	  Inverse	  Monte	  Carlo	  (~8%)	  

Shower	  axis	

LR	   BR	  

Fluorescence	
Scalered	  Cherenkov	

Profile	  Fit	  
logE=19.5	  
Xmax=740g/cm2	  

χ2/NDF=1.8	  

Mirror	  view	  
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Xmax	
Data/MC	  

comparison	  
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Proton	  
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Shower	  Analysis	  
-‐	  SD	  -‐	

Data	  set	  for	  SD	  analysis:	  
• 11/May/2008	  –	  01/May/2011	  (3	  years)	  

Lateral	  distribu?on	  at	  the	  ground	  	  
•  Geometry:	  Time	  fit	  (~1.5deg.)	  
•  Energy	  ESD(MC):	  Primary	  es?mated	  by	  S(800)	  

and	  Zenith	  angle	  by	  using	  MC	  (~20%)	  

Event	  Display	  
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Energy	  table	  
Constructed	  from	  MC	  
(Corsika,	  Proton)	  

	  

Data/MC	  comparison	  
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FD-‐SD	  Energy	  Scale	  

Preliminary 
Source	 ΔE/E	

Fluorescence	  
	  yield	 11%	  

Detector	 10%	  

Atmosphere	 11%	  

Reconstruc?on	 10%	

Total	 21%	

Systema?c	  uncertain?es	  	  
for	  FD	  energy	  determina?on	

"   Energy	  scales	  from	  MD	  and	  BR/LR	  are	  consistent	  

"   We	  use	  the	  MD	  +	  BR/LR	  as	  a	  calorimetrically	  	  determined	  energy	  by	  FD	  

"   By	  using	  well-‐reconstructed	  events	  from	  all	  3	  FDs	  and	  SD,	  we	  obtained	  

ESD	  =	  1.27	  x	  EFD	  
"   Set	  SD	  energy	  scale	  to	  FD	  energy	  scale	  with	  27%	  renormaliza?on.	  

Log10	  (	  ESD(MC)/1.27	  	  /eV)	
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Energy	  Spectra	



Energy	  spectra	  from	  TA	

Preliminary 

Three	  energy	  spectra	  from	  TA,	  	  
MD	  monocular,	  BR/LR	  hybrid,	  and	  SD	  are	  in	  good	  agreement.	



Broken	  Power	  Low	  Fit	

3	  years	  data,	  
10,997	  events	  

Preliminary 



GZK	  Feature	
Significance	  of	  GZK	  suppression	  
Comparison	  with	  the	  expecta?on	  from	  
the	  extended	  power	  low	  fit	  beyond	  
the	  break	  point	  and	  data:	  	  

•  #	  of	  expected	  events:	  54.9	  
•  #	  of	  observed	  events:	  28	  
Poisson(µ = 54.9;i)

i=0

28

∑ = 4.75×10−5

Integral	  Flux	  E1/2	  
•  Berezinsky	  et	  al.	  	  
	  	  	  	  	  	  	  	  	  	  	  predict	  1019.72eV	  
•  TASD:	  E1/2	  =	  1019.69eV	  

3.9σ	  

Preliminary 

Preliminary 



AGASA,	  HiRes,	  Auger,	  TA	

Preliminary 

TA	  spectra	  are	  consistent	  with	  HiRes.	  (-‐20%	  AGASA,	  +20%	  Auger)	  	



Mass	  Composi?on	



Stereo	  analysis	  on	  BR/LR	  
•  Axis:	  Intersec?on	  of	  two	  

Shower-‐Detector	  Plane	  	  
•  Profile:	  Inverse	  Monte	  Carlo	  

•  Xmax	  resolu?on:	  ~22g/cm2	  

Xmax	  analysis	

Data/MC	  comparison	  
(Corsika,	  QGSJET-‐II)	  	  

Red:	  Proton,	  Blue:	  Iron	  

Expected	  <Xmax>	  
(w/	  observa?on	  &	  
reconstruc?on	  bias)	  

Shower	  longitudinal	  development	  
depends	  on	  primary	  par?cles	  

•  Xmax	  is	  the	  most	  efficient	  	  parameter	  
•  <Xmax>	  and	  that’s	  distribu?on	  are	  

compared	  with	  Model	  predic?on.	  

Proton	

Iron	
Iron	

Proton	

0	 35	Rp	  [km]	 0	 90	Zenith	  [deg.]	



Energy	  -‐	  <Xmax>	

29	 66	 68	
49	 33	

23	
8	

3	

1	

Data	  set	  :	  2007/Nov	  –	  2010/Sep	  

HiRes	

Auger	

	  	  	  	  PRL.104.161101	  (2010)	

	  	  	  	  PRL.104.091101	  (2010)	



Distribu?on	  of	  Xmax	  ,	  KS	  Test	 1018.4eV	  	  

	  
1018.6eV	  

1018.8eV	  	  

	  
1019.0eV	  

1019.2eV	  	  

	  
1019.4eV	  

95%	  C.L.	

Compa?ble	  with	  
Proton	  only	

Sta?s?cs	  
	  	  	  not	  enough…	

KS	  Test	  

Iron	

Proton	



Anisotropy	



Event	  map	TA Event Map

δ α

Galactic 
Coord.

(E > 10EeV) (E > 10EeV)

•Looks isotropic 
in (α, δ) 
       (E > 10EeV)

AGN

SD event, 
> 57EeV
(3.1o radii)

Okuda/Tkachev 
Oral 1311

•  Consistent	  w/	  Isotropic	  distribu?on	  in	  (δ,	  α)	  (854	  events,	  E>10	  EeV)	  

Declina?on	  

Right	  Ascension	  

AGN	  and	  SD	  events	  (20	  events,	  >57	  EeV,	  3.1	  radii)	  



AGN	  correla?on	
Binominal Correlation of event energy > 57EeV, 

 with Veron AGN 12th. Zmax=0.018, within 3.1deg. 

Expectation comes from Auger 69% (=9/13) 
which is converted to northern sky 73%. 
The background chance probability is 25% 

Expecta?on	  from	  PAO	  	  
(Science	  2007)	

Binomial	  correla?on	  of	  SD	  events	  (>57EeV)	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  with	  VC	  catalog	  (Z<0.018,	  3.1deg.)	  	

8	  of	  20	  correlated	  
(4.8	  for	  isotropic)	  

TASD	  data	  is	  consistent	  with	  Isotropic	  distribu?on	  



Search for Large-Scale Anisotropy
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Large-‐Scale	  Anisotropy	
2MASS	  catalog	  (5-‐250Mpc)	  
&	  uniform	  intensity	  (>250Mpc)	

Proton	  (E-‐2.2)	  
Interac?ons/redshi{	  

Smearing	  angle:	  Free	  parameter	  
GC	  region	  excluded	  	  
	  	  	  	  	  	  	  	  (|b|	  <	  10deg,	  |l|<90deg)	  
	  

E	  >	  10	  EeV	  	   E	  >	  40	  EeV	  	   E	  >	  57	  EeV	  	  

Smearing	



TASD	  and	  LSS	  	  	  -‐	  KS	  Test	  -‐	TA Events & LSS: KS Test
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•Compatible with isotropy for all energy regions
•Also compatible with the structure hypothesis at 40/57 EeV w/ or w/o GMF
•Not compatible with LSS for E > 10EeV, without strong/extended halo field

Smearing angle 0 ~ 25o

95% C.L.

•  Compa?ble	  with	  isotropy	  for	  all	  energy	  regions	  
•  Compa?ble	  with	  the	  LSS	  hypothesis	  at	  40/57	  EeV	  w/	  or	  w/o	  GMF	  
•  NOT	  compa?ble	  with	  LSS	  for	  E>10	  EeV,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  w/o	  strong/extended	  halo	  field	  



Conclusion	
"   Three	  years	  TA	  full	  opera?on	  

"   Energy	  Spectrum:	  
"   Consistent	  with	  HiRes	  

"   SD/FD	  energy	  scale	  difference	  
"   Break	  points:	  Ankle:	  1018.69eV,	  GZK:	  1019.68eV	  
"   Suppression:	  3.9	  σ	  away	  from	  con?nued	  spectrum	  

"   Composi?on:	  Proton	  dominant	  up	  to	  GZK	  break	  point	  

"   Anisotropy:	  Compa?ble	  with	  both	  isotropy	  and	  AGN/LSS	  
correla?on	  hypothesis	  
"   Need	  more	  sta?s?cs	  

"   Observa?on/Analysis	  in	  TA	  are	  s?ll	  on-‐going.	  

"   Future	  Plan:	  presenta?on	  by	  Pierre	  Sokolsky	  in	  this	  session	  


