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Summary 

Outline 

Physics by highest energy cosmic rays 

TA experiment 

Results from TA 
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Massive black hole 
& jets 

Bottom-up scenarios 
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Strongest magnetic field Strongest explosion 

Gamma Ray Busrstト 

Cluster of galaxies 

Maximum gravity constraint object 

Active Galactic Nuclei 
AGN 



UHECRs 
(mainly gamma rays, neutrinos) 

GUT particle 
（１０２５eV） 

Cosmic 
String 

BIG BANG 

• Super heavy particle  
 

• GUT particle from COSMIC STRING decay 

Remnant of  
Initial Univere 

Z burst 

Top down scenario 
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Interaction of an UHE neutrino 
with a CMB neutrino 

CMB 
Neutrino 

Ultra-high energy 
Cosmic neutrino 
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Air shower     

Fluorescence  
Detector 

Surface          
Detector 

Energy 

Composition 
from shower max. depth  
(p, Fe, nucleus, γ, ν?) 

Arrival direction 
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~140 researchers 

29 universities/institutes 
(Japan, USA, Korea, Russia, Belgium) 
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Telescope Array site 
Utah  in USA 

39.3oN, 112.9oW 
Altitude ~1400 m 

 
The largest cosmic ray (CR) 

observatory  
in northern hemisphere 



Surface Detector 
(SD) 

507(1.2 km spacing)  
700 km2  

Fluorescence Detector 
(FD) 

3 stations  

Telescope Array 
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3 com. towers 
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14 telescopes 

12 telescopes 
12 telescopes 
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12 telescopes 



Fluorescence Detector stations 

12 2013/4/25 H. Sagawa All three stations: observation since Nov., 2007 

Field Of View 
3 – 33o in zenith 

108o     in azimuth 

Observation 
Moonless, clear night 

Duty cycle  ~10% 



FD: Mirrors & cameras 
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256PMTs 

Hexiagonal PMT 

~1o FOV/PMT 

1160mm 
1010mm 

camera 

FOV 

mirror 

FOV 

camera 

camera 

Signal digitizer 

14 bit, 100 ns resolution 
Record length: 51.2µs 



FD as an absorption calorimeter 
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Mirror 
reflectance 

Filter 
transmittance 

PMT 
QE 



Example 

Fluorescence 

Scattered  
Cherenkov 

Data 

(hybrid events) 
Energy resolution:   7% 
Angular resolution: 0.9o  

E : 3.2 x 1019eV 
 



Surface Detector 

•  2 layers of  
     plastic scintillator 

– 3 m2 /layer 
– 1.2 cm thick/layer 

• WLS fibers 
– 1 mm φ  
– ~100 fibers/layer 

• 1 PMT for 1 layer 
– 1-inch φ  

• 50 MHz FADC readout 
2013/4/25 H. Sagawa 16 

WLS fibers 
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~100% duty cycle 
→ More statistics than FD 
 
The full array in operation  
since March , 2008 
 
Hybrid observation with FD 
for ~5 years 
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Data communication  
to a com. tower by  
wireless LAN (2.4 GHz) 

Power supply  
for ~5 W  
by Solar system 

Scintillator box 

GPS 
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An example of an air shower observed 
with surface detectors 

Side view 

Top view 

X (West – East) 

X (West – East) 

Y(N
orth - South) 

H
ig

ht
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Circle center：SD position 
 
Circle size： 
  Larger signal for larger size 
 
Color：arrival time 
  green：early 
  red：late 
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An example of an air shower observed 
with surface detectors 
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Top view 
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Image 

20 

Circle center：SD position 
 
Circle size： 
  Larger signal for larger size 
 
Color：arrival time 
  green：early 
  red：late 
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Main electromagnetic 
components 

5 µs 



SD Analysis: 
Lateral Density Fit 

• Fit with empirical LDF 
• Charge density at 800 m (S800) 

 
 

 

 
 

 

r = 800m 

S800 
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First estimation of SD energy 
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sec(θ) 

lo
g 1

0(
S8

00
) 

Monte Carlo  Energy table 
E’SD = E’SD(S800, θ)  

SD energy resolution 
20% (E > 1019 eV) 
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SD energy scale 
• For hybrid events 

– E’SD: energy table from MC 

 

• Rescale SD energy 
 

 

 

 
 

EFD  

ESD  

' 1.27SD

FD hyb

E
E

=

1 '
'

1 '
1.27SD

SD

FD hyb

SD SDE
E
E

E E= =
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FD Energy uncertainty 

Calibration 10% 

Fluorescence yield 11% 

Atmosphere 11% 

reconstruction 10% 

Total 21% 

(rescaled SD energy) 



Energy spectrum 

2013/4/25 H. Sagawa 25 



Energy spectrum 
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Significance of 
Suppression 

5.5 sigma 

Above 5.4x1019 eV 
   21 events observed 
   58.6 events 

5.4x1019 eV 

4.6x1018 eV 



Energy spectrum 
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Significance of 
Suppression 

5.5 sigma 

Above 5.4x1019 eV 
   21 events observed 
   58.6 events 

Consistent with 
GZK suppression 

p + γ(2.7K) 
→ p + e+ + e- 

p + γ(2.7K) 
→ ∆ → p + π 



Mass composition 
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<X
m

ax
> TA data 

proton 

Fe A
ve

ra
ge

 X
m

ax
 

deep 

shallow 

Longitudinal shower profile 

Xmax 

TA data: consistent with proton 



Mass composition 
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<X
m

ax
> TA data 

proton 

Fe A
ve

ra
ge

 X
m

ax
 

deep 

shallow 

Longitudinal shower profile 

Xmax 

Atmosphere : superb calorimeter for 
                          highest energy CRs! 



Correlations with AGNs 

TA SD 25 events (E > 5.7x1019 eV)   (● + ○) 

          11 events within 3.1o                           (●)  
 
 
 
 
 
 
 

Isotropy model expectation: 5.9 events 
–  Chance probability to observe 11 events: 2% 
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Galactic coordinates 

Galactic center 

TA FOV AGN  ( ・) 
VCV catalog  

z<0.018 (75 Mpc) 



Correlations with AGNs 

TA SD 25 events (E > 5.7x1019 eV)   (● + ○) 

          11 events within 3.1o                           (●)  
 
 
 
 
 
 
 

Isotropy model expectation: 5.9 events 
–  Chance probability to observe 11 events: 2% 
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Galactic coordinates 

Galactic center 

TA FOV AGN  ( ・) 
VCV catalog  

z<0.018 (75 Mpc) 

Hint of anisotropy? 



Summary 

• TA: the largest CR detector in the northern 
hemisphere 

• The SDs and FDs: operating stably for ~5 years 

• Measured energy spectrum, Xmax and arrival 
directions of UHECRs 
– Consistent with proton model with GZK suppression 

2013/4/25 32 H. Sagawa 



backup 
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Electronics 

• Main board 
– FADC 

• 20 MHz sampling 

• 12 bit 

• Charge controller 

• WLAN modem 
– Under main board 

2013/4/25 H. Sagawa 35 



Calibration 

• Background monitor 
– Each distribution update per 10 min. 
– Temperature coefficient of gain: ~ -0.8%/oC 
– Temperature meas. per 1 min. 
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PED 

1 MIP 



Trigger rate 

• Level-0 trigger (>0.3 MIPs):          ~700 Hz 

• Level-1 trigger (>3 MIPs):             ~20 Hz 

• Level-2 trigger (shower trigger): ~600/day 
– >3 MIPs 

– neighboring 3 detectors 

– <8 µsec window 
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Linearity measurement by LED 

• 2 LEDs per layer 
– F(x1): only LED1 is ON 
– F(x2): only LED2 is ON 
– F(x1+x2): both LED1 and 

LED2 are ON 

• This case 
– We know F(x1) and F(x2) 

are not saturated 
– But F(x1+x2) is saturated. 

2013/4/25 H. Sagawa 38 



Linearity measurement by data 
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Arrival directions 
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Correlations with Large Scale structure (LSS) 

E > 5.7x1019 eV 



First light in 
September, 2010  

Electron Light Source (ELS) 
Source of electron beam = end-to-end energy calibration of FD 

ビーム射出方向 

Output power=40 MeV×109e-/pulse×0.1-0.5 Hz, pulse width: 1µsec 

ELS@KEK 

41 

Beam direction 80 kW genertor 

Control room 

20 kW cooling system 

. 

2013/01/16 
H.Sagawa@ICRR Review Committee 

Meeting 
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