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Ultra	
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  Energy	
  Cosmic	
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  Ray	
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Telescope	
  Array	
  Experiment	
 



Telescope	
  Array	
 

  Hybrid	
  detector	
  for	
  UHECRs	
  
  Western	
  desert	
  in	
  Utah,	
  USA	
  

  Surface	
  detector	
  
  507	
  plas?c	
  scin?lla?on	
  counter	
  (AGASA	
  type)	
  
  1.2	
  km	
  spacing,	
  678	
  km2	
  	
  
  Par?cle	
  density	
  

  Fluorescence	
  detector	
  
  Three	
  FD	
  sta?ons	
  
  Northern	
  site	
  was	
  transferred	
  from	
  HiRes-­‐I	
  
  Longitudinal	
  development	
  

  FD	
  obs.	
  started	
  :	
  Oct,	
  2007	
  

  SD	
  obs.	
  started	
  :	
  May,	
  2008	
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Scin>llator	
  
　３ｍ２　1.2cm　2layers	
  
WLSF	
  
　1.0mmφ　２ｃｍ	
  spacing	
  
Output	
  
　2	
  PMTs	
  (Electrontubes	
  9124SA)	
  
Stainless	
  steal	
  box	
  	
  
　230x170x10(cm3)	
  
	
  	
  	
  （	
  thickness	
  1.2mm、1.5	
  mm厚）	
 

Scin>llator	
  
	
  3m2x1.2cmx2layers	
  
WLSF	
  	
  
1.0mmf	
  2cm	
  spacing	
  
2	
  PMTs	
  	
  
	
  	
  (Electrontubes	
  9124SA)	
  

GPS	
  antenna	
  	
  

Solar	
  panel	
  
120W	
  	
  

Stainless	
  box	
  	
  

Wireless	
  LAN	
  antenna	
  
	
  2.4GHz	
  

FADC	
  12bit	
  50MHz	
  
GPS	
  
LAN-­‐MODEM	
  
Charge	
  Controller	
  
BaWery	
  

Surface	
  Detector	
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SD	
  Event	
 

Mar.	
  28,	
  2009	
  04:36:08	
 

Lateral	
  distribu?on	
 

waveform	
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Fluorescence	
  detector	
 
Newly	
  developed	
  fluorescence	
  detectors	
 

Middle	
  Drum	
  site	
 

12	
  telescopes	
  /	
  st.	
  
3m	
  mirror	
  (6.8m2)	
  
256	
  PMTs	
  /	
  camera	
  

FOV	
  :	
  15o	
  x	
  18o	
  

10MHz	
  FADC	
  	
  

Transferred	
  from	
  HiRes-­‐I	
  
14	
  telescopes	
  /	
  st.	
  

5.2m2	
  mirror	
  	
  
256	
  PMTs	
  /	
  camera	
 
Sample-­‐and-­‐Hold	
  

electronics:	
  5.6	
  μs	
  gate	
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FD	
  Event	
 

zenith	
 azimuth	
 core	
  (km)	
 energy	
 Xmax	
 

44.35°	
 -­‐3.05°	
   -­‐3.05,　	
  14.24	
   5.11	
  x	
  1019eV	
   894.3	
  	
  g/cm2	
  

BRM	
 

LR	
 



TA	
  results	
  (Preliminary)	
 

  Energy	
  Spectrum	
  
  MD	
  

  FD-­‐SD	
  Hybrid	
  

  Photon	
  Limit	
  

  Mass	
  Composi?on	
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High	
  energy	
  aperture	
  (>1019eV)	
  ≈1/2	
  HiRes-­‐1	
  
•  Two	
  ring	
  configura?on	
  gives	
  larger	
  aperture	
  than	
  1/3	
  HiRes-­‐1	
  
•  One	
  year	
  of	
  running:	
  ≈1/10	
  of	
  HiRes-­‐1exposure	
  @	
  1019eV	
  
•  HiRes-­‐1	
  exposure	
  ≈5	
  AGASA	
  
One	
  year	
  of	
  TA-­‐MD	
  ≈1/2	
  AGASA	
  
This	
  data	
  set	
  is	
  not	
  quite	
  big	
  enough	
  for	
  GZK	
  test!	
  

	
  12/16/2007	
  -­‐12/07/2008:	
  ~	
  13500(=964	
  hrs	
  =	
  11%)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  good	
  weather:	
  ~	
  11000(=786	
  hrs	
  =	
  9%)	
  

(ICRC2009)	
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Impact	
  parameter	
  (Rp)	
 Zenith	
  angle	
 

Photoelectrons	
  per	
  Good	
  PMT	
  

Example	
  of	
  Data	
  MC	
  comparison	
  	
  
	
  @	
  1018-­‐18.5eV	
  

(ICRC2009)	
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  :	
  Energy	
  Spectrum	
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(ICRC2009)	
 



TA-­‐FD	
  &	
  SD	
  Hybrid	
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TA	
  Hybrid	
  analysis	
  
•  Using	
  signal	
  arrival	
  ?ming	
  of	
  FD	
  and	
  SD	
  

•  Angular	
  resolu?on	
  ~	
  1.1deg	
  (mono	
  :	
  ~4.7deg)	
  

Using	
  SD	
  aperture	
  	
  

	
  Constant	
  above	
  1019eV	
  	
  

Data	
  set:	
  BR	
  +	
  LR	
  

	
  	
  	
  	
  May/27/2008	
  –	
  Sep/28/2009	
  (~1.5	
  years)	
  

MC:	
  	
  Shower	
  simula?on	
  :	
  COSMOS	
  

	
  	
  	
  SD	
  detector	
  response	
  :	
  GEANT4	
  
rcore 

tcore 

Shower 
axis 

tSD 

rSD 

FD 

Primary	
  energy	
 1018eV	
  ~	
  1020.5eV	
  with	
  E-­‐3.1	


Zenith	
  angle	
 cosθ=0.65	
  (≒50degree)	
  ~	
  1	


Primary	
  par?cle	
 Proton	


Thinning	
  ra?o	
 10-­‐4	
  (≤1020eV),	
  10-­‐5(>	
  1020eV)	


Interac?on	
  model	

QGSJET	
  II	
  (>	
  80GeV)	
  
DPMJET	
  III	
  (<80GeV)	


Cut	
  threshold	
 100keV	


Arrival	
  direc?on	
  
Peak:	
  	
  0.7	
  degree	
  
Resolu?on(68%):	
  	
  

	
  1.1	
  deg	
 

Preliminary	
 Preliminary	
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TA-­‐Hybrid:	
  Data	
  MC	
  Comparison	
 

#	
  of	
  selected	
  PMT	
 #	
  of	
  clustered	
  SD	
 ψ	
 

Rp	
 χ2	
  of	
  geom.	
  fit	
 -­‐Log(L)	
 

Preliminary	
 Preliminary	
 

Preliminary	
 Preliminary	
 

Preliminary	
 

Preliminary	
 



TA-­‐Hybrid	
  :	
  Energy	
  Spectrum	
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Preliminary	
 



TA-­‐SD	
  :	
  Photon	
  Search	
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Event	
  by	
  event	
  method	
  
Using	
  shower	
  front	
  curvature	
  which	
  is	
  observable	
  
Monte	
  Carlo	
  

	
  CORSIKA	
  with	
  QGSJET-­‐II,	
  FLUKA	
  and	
  EGS4	
  
	
  PRESHOWER	
  for	
  geomagne?c	
  field	
  cascade	
  
	
  Detector	
  response	
  :	
  GEANT	
  4	
  
	
  E	
  ∈	
  [1018.4,	
  1020.5]	
  eV,	
  θ∈	
  [0,	
  60]	
  

shower	
  front	
  curvature	
 

Fr
on

t	
  D
el
ay
	
  [1

20
0m

]	
 

Core	
  distance	
  [1200m]	
 



TA-­‐SD	
  Photon	
  Limit	
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Data	
  set:	
  	
  2008-­‐05-­‐11	
  to	
  2009-­‐10-­‐08	
  
F	
  <	
  3.3	
  ・10−2	
  km−2sr−1yr−1	
  (95%	
  CL)	
  /PRELIMINARY/	
  



TA-­‐FD	
  stereo	
  :	
  Data	
  MC	
  Comparison	
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CORSIKA:	
  QGSjet-­‐II,	
  QGSjet-­‐01,	
  SIBYLL	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Proton,	
  Iron	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  thinning	
  factor	
  :	
  10-­‐4	
  	
  
Data	
  set:	
  FD	
  stereo	
  Nov/2007	
  –	
  Oct/2008	
  
Selec?on 	
  	
  

	
  Energy	
  above	
  1018.6	
  eV	
  
	
  zenith	
  angle	
  <	
  56deg	
  
	
  core	
  loca?on	
  :	
  within	
  9.6km	
  
	
  Xmax	
  within	
  the	
  FOV	
  

Psi	
 Rp	
 

zenith	
 

Preliminary	
 Preliminary	
 

Preliminary	
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TA-­‐FD	
  stereo	
  :	
  Reconstructed	
  Xmax	
  distribution	
 

●：P	
  
●：Fe	
 

Preliminary	
  	
 

Preliminary	
  	
 

Preliminary	
  	
 

QGSJET-­‐II	
 QGSJET-­‐01	
 SIBYLL	
 

P	
 1.44	
   1.046	
   1.63	
  

Fe	
 55.54	
   56.67	
   85.71	
  

Chi2	
  /	
  dof	
 



TA-­‐FD	
  stereo	
  :	
  Mass	
  Composition	
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Preliminary	
  	
 

32	
 
9	
 13	
 

HiRes	
 

Auger	
 



Search	
  for	
  AGN	
  Correlation	
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  Auger	
  found	
  correla?ons	
  with	
  
AGN’s	
  with	
  (57	
  EeV,	
  3.1°,0.018).	
  
14	
  events	
  scanned	
  +	
  13	
  event	
  
test	
  sample	
  appeared	
  in	
  Science	
  
ar?cle.	
  

  Later	
  Auger	
  data	
  (42	
  events)	
  
show	
  no	
  significant	
  correla?ons.	
  

  HiRes	
  data	
  (13	
  events)	
  show	
  no	
  
significant	
  correla?ons.	
  

  TA	
  data	
  (13	
  events)	
  has	
  3	
  
correlated	
  events,	
  3.0	
  expected	
  
by	
  chance.	
  

  	
  	
  	
  	
  	
  	
  	
  No	
  Effect.	
  

1σ	
 

2σ	
 



Summary	
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  Telescope	
  Array:	
  	
  
  Nov	
  2007	
  FD	
  stereo	
  observa?on	
  started	
  
  May	
  2008	
  SD	
  observa?on	
  started	
  
  Detector	
  performance	
  are	
  well	
  understood	
  by	
  MC	
  

  	
  Results	
  (preliminary)	
  
  MD,	
  Hybrid	
  Energy	
  spectrum	
  	
  

	
   	
  MD:	
  Dec/16/2007	
  -­‐Dec/07/2008	
  
	
   	
  Hybrid:	
  May/27/2008	
  -­‐	
  Sep/28/2009	
  

  SD	
  photon	
  limit	
  	
  
	
   	
  	
  F	
  <	
  3.3	
  ・10−2	
  km−2sr−1yr−1	
  (95%	
  CL)	
  /PRELIMINARY/	
  

  FD-­‐stereo	
  Mass	
  composi?on	
  
	
  consistent	
  with	
  Proton	
  model	
  @1018.6-­‐19.3eV	
  

  AGN	
  Correla?on	
  	
  
	
  No	
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Merci.	
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LINAC  

Electron beam 
Energy:         40±１% MeV 
Intensity:      109 e- (0.16nC) 
Pulse width: 1μsec (300m)  
Frequency:   1　Hz = 1pps 

Beam testing at KEK 

100m away:  
          40MeVx109~1016eV 
10km away: 
          ~1020eV 

100m 



Event	
  sample	
  (May	
  31,	
  2008)	
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Event example: 
Triple FD-SD hybrid 
(2008-05-31)	
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Geometrical	
  reconstruction	
 

Mono reconstruction (FD) 

Hybrid reconstruction (FD+SD) 

Stereo reconstruction (2FD) 

rcore 
tcore 

Shower 
axis 

tSD FD 



Shower	
  profile	
  reconstruction	
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Gaisser-Hillas formula 
• Atmosphere:	
  Radiosonde	
  
• Mie	
  sca^ering:	
  LIDAR	
  typical	
  	
  

• A^enua?on	
  length:	
  29.4km	
  
• Scale	
  height:	
  1km	
  

• Fluorescence	
  model:	
  Kakimoto	
  +	
  FLASH	
  



Xmax	
  analysis	
  for	
  Mass	
  composition	
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HiRes	
 

Auger	
 

大気深さ[g/cm2]	
 

電
子
数
　
	
 

shower	
  development	
 

Xmax	
 
Phys.	
  Rev.	
  Le^.,	
  2010,	
  104,	
  091101	
 



Bias	
  of	
  Rec.	
  Xmax	
 

10.7.20	
 Result	
  from	
  Telescope	
  Array	
  Experiment	
  @	
  TeV	
  Par>cle	
  Astrophysics	
  2010,	
  Paris	
 

39	
 

Corsika	
 



Bias	
  of	
  rec.	
  Xmax	
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Biased	
  	
 


