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UHECR	
  Composi2on	
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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	
  layers	
  of	
  plas2c	
  scin2llator,	
  
3m2,	
  1.2cm	
  thickness	
  

• 3	
  Fluorescence	
  Detectors	
  (FDs)	
  
• Middle	
  Drum	
  (MD)	
  sta2on	
  is	
  
transferred	
  from	
  HiRes.	
  
• Black	
  Rock	
  (BR)	
  and	
  Long	
  
Ridge(LR)	
  sta2ons	
  are	
  newly	
  built.	
  

• FD	
  observa2on	
  :	
  from	
  Nov/2007	
  
• SD	
  observa2on	
  :	
  from	
  Mar/2008	
  

FD	
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Fluorescence	
  Detector	
  sta2on	
  at	
  BR/LR	
  site	

BR/LR	
  site：new	
  telescopes	
  for	
  TA	
  

Field	
  of	
  View:	
  
• Elevaton:3~33o	
  
• Horizontal:	
  108o	
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Fluorescence	
  Detector	
  sta2on	
  at	
  MD	
  site	


Transferred	
  from	
  HiRes	
  
• 	
  14	
  cameras/sta2on	
  
• 	
  256	
  PMTs/camera	
  
• 	
  3o-­‐31o	
  eleva2on	
  with	
  1o	
  pixel	
  
• 	
  114o	
  in	
  azimuth	
  
• 	
  5.2m2	
  mirror	
  
• 	
  	
  S/H	
  electronics	
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Xmax	
  measurement	
  in	
  TA	


•  Mul2ple	
  Xmax	
  measurements	
  
for	
  the	
  systema2c	
  cross	
  check	
  

•  Here	
  three	
  results	
  are	
  shown:	
  
•  Stereo	
  
•  BR/LR	
  Hybrid	
  
•  MD	
  Hybrid	
  

Xmax,	
  depth	
  of	
  the	
  shower	
  maximum,	
  
	
  is	
  the	
  composi2on-­‐sensi2ve	
  parameter	
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Core	
  (east-­‐west)	


SDP	
  angle	


Impact	
  
parameter	


•  Xmax	
  resolu2on:	
  ~19g/cm2	
  

•  1160	
  events	
  (logE	
  >	
  18.4)	


Shower	
  geometry:	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Crossing	
  line	
  of	
  two	
  Shower-­‐Detector	
  Planes	


BR/LR/MD	
  	
  
stereoscopic	
  observa2on	
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Xmax	
  
distribu2on	
  
in	
  stereo	
  
analysis	


18.4<logE<=18.6	


18.6<logE<=18.8	


18.8<logE<=19.0	


19.0<logE<=19.2	


19.2<logE<=19.4	


19.6<logE<=20.0	


MC:	
  QGSJET-­‐II-­‐03	
  p/Fe	
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Elonga2on	
  plot	
  from	
  
stereoscopic	
  observa2on	
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BR/LR-­‐SD	
  	
  
hybrid	
  analysis	
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•  Xmax	
  resolu2on:	
  	
  ~	
  20g/cm2	
  

•  2211	
  events	
  (logE	
  >	
  18.2)	


Ψ	
 Rｐ	


Core	
  (West-­‐East)	
 Core	
  (South-­‐North)	

FD	
  monocular	
  reconstruc2on	
  
	
  	
  	
  	
  +	
  2ming	
  informa2on	
  of	
  SD	


proton	


iron	
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Xmax	
  
distribu2on	
  
in	
  BR/LR	
  
hybrid	


QGSJET-­‐II-­‐03	

QGSJET-­‐II-­‐04	


logE<=18.2	
 18.2<logE<=18.6	


19.0<=logE	
18.6<logE<=19.0	


logE<=18.2	
 18.2<logE<=18.6	


19.0<=logE	
18.6<logE<=19.0	
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Elonga2on	
  plot	
  from	
  	
  
BR/LR	
  hybrid	
  analysis	
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MD-­‐SD	
  hybrid	
  analysis	


•  Xmax	
  resolu2on:	
  ~20g/cm2	
  

•  613	
  events	
  (logE	
  >	
  18.4)	


Ψ	


Rp	


Φ	


•  Main	
  procedure	
  is	
  
same	
  as	
  BR/LR	
  
hybrid.	
  

•  Applied	
  the	
  cuts	
  
based	
  on	
  the	
  
pajern	
  recogni2on	
  
technique	
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Xmax	
  distribu2on	
  in	
  MD	
  hybrid	

18.4<logE<=18.6	
 18.6<logE<=18.8	


18.8<logE<=19.0	
 19.0<logE<=19.2	
 19.2<logE	


Overall	
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Elonga2on	
  plot	
  from	
  MD	
  hybrid	
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Comparison	
  with	
  QGSJET-­‐II-­‐03	

•  Comparison	
  with	
  QGSJET-­‐II-­‐03	
  model	
  
•  (data-­‐iron)	
  /	
  (proton-­‐iron)	
  
•  Three	
  measurements	
  are	
  consistent	
  
•  “Light”	
  composi2on	
  
•  Interac2on	
  model	
  dependent	
  

Fe	


P	


He	


N	
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Sta2s2cal	
  test	
“shi1	
  plot”	
  
•  Check	
  the	
  distribu2on	
  shape	
  agreement	
  with	
  shioing	
  the	
  MC	
  distribu2on	
  
•  Plot	
  Δ<Xmax>	
  required	
  to	
  maximize	
  the	
  data/MC	
  agreement	
  
•  Color	
  bands	
  :	
  shio	
  range	
  required	
  for	
  QGSJET-­‐01c,	
  QGSJET-­‐II-­‐03	
  and	
  04,	
  Sibyll	
  2.1,	
  EPOS	
  p/Fe	


CVM	
  test	


•  Proton	
  is	
  compa2ble	
  with	
  data	
  
•  Iron	
  shape	
  with	
  ~60g/cm2	
  shio	
  is	
  s2ll	
  incompa2ble	
  with	
  data	
  
•  Pure	
  nitrogen	
  is	
  disfavored	
  as	
  well	


Uncertain2es	
  	
  
from	
  int.	
  model	


CVM	
  test	
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Meta	
  analysis:	
  Composi2on	
  WG	

•  Report	
  from	
  the	
  composi2on	
  working	
  group	
  in	
  UHECR	
  conference	
  
•  TA	
  data	
  cannot	
  dis2nguish	
  between	
  mix	
  and	
  QGSJET-­‐II-­‐03	
  protons	
  at	
  

this	
  level	
  of	
  systema2c	
  uncertainty	
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conclusion	

"   Three	
  results	
  of	
  the	
  Xmax	
  measurements	
  are	
  presented	
  in	
  detail	
  

"   Stereo	
  
"   BR/LR	
  Hybrid	
  
"   MD	
  Hybrid	
  

"   Three	
  results	
  are	
  in	
  agreement	
  within	
  the	
  systema2c	
  error	
  

"   “Light”	
  composi2on	
  
"   Sta2s2cal	
  test:	
  pure	
  iron	
  and	
  nitrogen	
  are	
  incompa2ble	
  with	
  data	
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Backup	
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p-­‐air	
  	
  
cross	
  sec2on	


σp-­‐air(inelast.)	
  @	
  95TeV	
  of	
  √S	
  
is	
  567.0±70.5[Stat.]	
  	
  
(+25,-­‐29)[Sys.]	
  mb	
  

Λ=	
  50.47	
  ±	
  6.26	
  [stat.]	
  g/cm2	
  	
  

sources	
 Systema=c	
  [mb]	


Model	
 +-­‐	
  17	


20%	
  He	
 +18	


Gamma	
  <	
  1%	
 -­‐23	


Total	
 (+25,	
  -­‐29)	


Λ	
  =	
  KΛp-­‐air	
  	
  =	
  K(14.45	
  mp/σp-­‐air)	
  
K:	
  Model	
  dependent	
  factor	


Using	
  deeply	
  penetra2ng	
  par2cles	
  :	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  the	
  tail	
  of	
  Xmax	
  distribu2on	
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Telescope	
  Array	
  Collabora2on	
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Fluorescence	
  technique	

Shower	
  geometry	
  reconstruc2on:	
  
•  Stereo	
  :	
  crossing	
  of	
  two	
  shower-­‐detector	
  planes	
  
•  Monocular	
  :	
  2ming	
  informa2on	
  of	
  each	
  PMT	
  
•  Hybrid	
  :	
  monocular	
  +	
  SD	
  2ming	


Longitudinal	
  development	
  reconstruc2on:	
  
•  Inverse	
  MC	
  method	
  

•  Generate	
  MC	
  event	
  with	
  GH	
  func2on	
  and	
  
compare	
  with	
  data.	
  	
  

•  Search	
  best	
  GH	
  parameters.	
  
•  Ecal	
  :	
  Integrate	
  obtained	
  GH	
  func2on	
  
•  Eprimary:	
  Correct	
  the	
  missing	
  energy	
  (neutrino)	
  to	
  Ecal	
  	
  

Points:	
  Data	

Histogram:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  Fijed	
  by	
  IMC	


Resolu2ons:	
  
	
  ~1degrees	
  of	
  arrival	
  direc2on	
  
	
  ~7%	
  of	
  energy	
  
	
  ~	
  20g/cm2	
  for	
  Xmax	




23	


Shower	
  Analysis	
  of	
  FD	


Shower	


LR	
   BR	
  

Fluorescence	

Scajered	
  Cherenkov	


Profile	
  Fit	
  
by	
  Inverse	
  Monte	
  Carlo	
  

Mirror	
  view	
  

23/Dec/2008,	
  4:44	
  

Red	
  points:	
  Data	

Blue	
  line:	
  
	
  	
  FiEed	
  Func=on	
  	


Timing	
  Fit	
  
for	
  geometry	
  

Zenith:	
  44.7deg	
  
Azimuth:	
  139.8deg	
  
Core:	
  (12.96,	
  -­‐7.94)km	


LogE:	
  19.5	
  
Xmax:	
  740	
  g/cm2	
  

Resolu2ons:	
  
	
  ~1	
  degrees	
  of	
  arrival	
  direc2on	
  
	
  ~7%	
  of	
  energy	
  
	
  ~	
  20g/cm2	
  for	
  Xmax	


Shower	
  geometry	
  reconstruc2on:	
  
•  Stereo	
  :	
  crossing	
  of	
  two	
  shower-­‐

detector	
  planes	
  
•  Monocular	
  :	
  2ming	
  informa2on	
  

of	
  each	
  PMT	
  
•  Hybrid	
  :	
  monocular	
  +	
  SD	
  2ming	
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UHECR	
  photon	


TA	
  FD	
  (Hybrid)	


TA	
  SD	


Using	
  Xmax	
  measured	
  by	
  the	
  TA	
  FD	
  

•  Young	
  shower	
  
•  Less	
  muons	
  
→	
  front	
  coverture,	
  Area-­‐over-­‐peak,	
  
number	
  of	
  	
  peaks	
  in	
  FADC,	
  χ2	



