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Intro.
What can TA contribute for the solution of 
UHECR’s origin ?
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TA is confirming the shape of 
spectrum. 

The rest of important topics is 
mass composition and arrival 
direction study.
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Mass composition of UHECRs

Nucleus ? ̶ (P, He, CNO, Fe or mixed ?) 

Bottom up model 

Gamma ray, Neutrino ? 

Top down model
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Approaches to Mass composition of 
UHECRs

• Nucleus ? 

• Xmax analysis with fluorescence detectors. 

• Gamma ray ? 

• Shower curvature analysis with surface detectors. 

• Xmax analysis with FD. 

• Neutrino ? 

• Shower age analysis with SD. 

• Up-going shower search with FD.
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Telescope Array
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Black rock FD stationLong Ridge FD station

SDFD (MD)

35km

507 plastic scintillation 
over 680 km2

12 telescopes12 telescopes

14 telescopes from HiRes-I
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Xmax analysis with  
TA FD
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FD Shower measurement

 8

Mono measurement

Shower Detector Plane(SDP)

�2 =
X

i

wi(n · ki)2
n: vector of SDP 
ki: direction vector of ith PMT

example of air shower

Determination of shower axis on SDP

ti�

ri�

ti+1�
ri+1� FD�

Ψ� αi�
rcore�

accuracy : 7.4 degree
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FD Shower measurement
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Hybrid measurementStereo measurement

Shower axis is determined as 
an intersection of SDPs

accuracy : 1.8 degree

s = n1 ⇥ n2

using arrival timing on SD

accuracy：0.9 degree

ni: vector of SDP
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Xmax analysis
Xmax is still one of the best parameter to determine 
the mass composition. 

Comparison b/w Data and MC. 

FD measurement is suffered from acceptance 
bias which should be taken into account. 

Shower simulation by CORSIKA 

Detector simulation 

Check how does our detector simulation 
reproduce data well. 

Bias estimation (Acceptance, Reconstruction) 

This analysis is based on the hadronic interaction 
model which is extrapolated from lower energy.

 10

log(E/eV)
18 18.2 18.4 18.6 18.8 19 19.2 19.4 19.6 19.8 20

>
m
ax

<X

600

650

700

750

800

850

900

log(E/eV)
18 18.2 18.4 18.6 18.8 19 19.2 19.4 19.6 19.8 20

>
m
ax

<X

600

650

700

750

800

850

900

 w/ TA rec. & acceptance biases

<Xmax>

<Xmax> stereo analysis

Thrown Xmax by Corsika

•Proton 
•Fe

..... SIBYLL 
- - QGSJET II 03 
--- QGSJET 01

TA FD Stereo



MACROS Nov.27 2013 @ Institut d'Astrophysique de Paris “TA composition measurements” Y.Tameda

Various parameters Comparison  
b/w data and MC (TA FD stereo analysis)
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Xmax distribution (TA FD stereo)
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Xmax distribution (TA FD stereo)
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TA FD stereo: Xmax vs logE

 14

 1e-20

 1e-15

 1e-10

 1e-05

 1

 18  18.5  19  19.5  20

P-
Va

lu
e

log(E/eV)

P QGSJET-II
P QGSJET-01

P SIBYLL
Fe QGSJET-II

Fe QGSJET-01
Fe SIBYLL

log(E/eV)
18 18.2 18.4 18.6 18.8 19 19.2 19.4 19.6 19.8 20

>
m
ax

<X
600

650

700

750

800

850

900

24 59
61 51

45 24
11

7

•Proton 
•Fe

18 20

preliminary

preliminary

log(E/eV)19

95%C.L.

P 
Va
lu
e

K.S. test for Xmax distribution Averaged Xmax

..... SIBYLL 
- - QGSJET II 03 
--- QGSJET 01

K.S. test 
 K.S. test applies to Xmax distribution of each energy region. 
 Fe model can be rejected with 95 % C.L. 
Averaged Xmax 
 FD stereo data is consistent with QGSJET - proton model.

Y.Tameda ICRC 2013
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MD/SD Hybrid 
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M. Allen, ICRC2013

QGSJET II 03
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TA FD mono
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7.6. STUDY OF SYSTEMATIC UNCERTAINTY 143

energies estimated from MC simulations as shown in Fig. 6.1.2. The correction
factor is estimated as 7% at 1019.5 eV.

As shown in section 7.2 of Data/MC comparisons, the shapes of lateral den-
sity distributions are slightly difference for observed showers and MC simulated
showers based on the NKG function. Thus, we reconstruct the observed data
without lateral density distributions, and compare the reconstructed energies
without lateral density distributions with energies considering lateral density
distribution based on the NKG function. The contribution on the systematic
error on energy estimations is 3% with our reconstruction software.

As discussed in section 6.1.2 of accuracies on Xmax estimated from MC
simulations, there are systematic differences between thrown Xmax values and
reconstructed ones in the monocular analysis. The averaged systematic bias is
10 g/cm2 estimated from MC simulations shown in Fig. 6.6. Since the recon-
structed Xmax values are not corrected in the monocular analysis, hence we use
10 g/cm2 attributed to systematic uncertainty on Xmax.

7.6.6 Total Systematic Uncertainty

Table 7.2 shows the systematic uncertainties attributed to several sources.
The total systematic uncertainties on energies and Xmax are summarized in
this table. As the result, we conclude that the total systematic uncertainty on
energy and Xmax are 21% and 19 g/cm2, respectively. The energy systematic
error is almost same as the other experiments (AGASA: 18%, HiRes: 17%,
Auger: 22%).

item Energy Xmax

Fluorescence Yield 11% 5 g/cm2

Atmosphere 11% 12 g/cm2

Calibration 10% 5 g/cm2

Detector Geometry 4% 9 g/cm2

Reconstruction 10% 10 g/cm2

Total 21% 19 g/cm2

Table 7.2: The total systematic uncertainty of energy and Xmax.
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T. Fujii, TAUP2013

QGSJET II 03
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Gamma ray, neutrino search 
with TA SD

 17
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Gamma search
• Deep shower maximum and shortage of muons.  

• ̶>  curved front. 
• using Linsley’s shower front curvature parameter “a ”.
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Proton-induced EAS

Gamma-induced EAS

Photon flux limits

/PRELIMINARY/

Grigory I. Rubtsov for the Telescope Array collaboration Photon and neutrino search 14

Photon flux limits

G. Rubtsov, ICRC 2013
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Neutrino search
• Neutrino produces very inclined young shower. 
• Counting wave form peak per detector layer.
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Neutrino search strategy

I Neutrino produces very inclined young shower

young shower, ✓ = 19.5�

long, indented waveforms

old shower, 78.3�

one peak
Grigory I. Rubtsov for the Telescope Array collaboration Photon and neutrino search 16
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old shower, 78.3�
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Grigory I. Rubtsov for the Telescope Array collaboration Photon and neutrino search 16

Conclusions

I Photon flux limits are obtained above 1019 eV.

/PRELIMINARY/

I No down-going neutrino candidates, E & 1018 eV.
I First TA neutrino flux limit at 1020 eV

E

2�⌫
e

< 5⇥ 10�5 GeV cm�2s�1sr�1 /PRELIMINARY/

Grigory I. Rubtsov for the Telescope Array collaboration Photon and neutrino search 21

Neutrino flux limits

G. Rubtsov, ICRC 2013

No neutrino candidate.



MACROS Nov.27 2013 @ Institut d'Astrophysique de Paris “TA composition measurements” Y.Tameda

Mass composition of UHECRs

Nucleus ? ̶ (P, He, CNO, Fe or mixed ?) 

Proton favor mass composition. (>1018.3eV) 

Gamma ray, Neutrino ? 

These don’t seem to be dominant 
component.
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Next Step

 21
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How do we understand 
the differences of various experiments

 22

Antoine Letessier Selvon (CNRS/UPMC) Auger highlights ICRC 2013 Rio de Janeiro

MASS COMPOSITION I

19

Kuempel (669), 
Ahn (690), 
Garcia-Gamez (694), 
Pieroni (697), 
de Souza (751), 
Hanlon (964)

<Xmax> and σ(Xmax) data

Extensive cross checks 
and verifications
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Both p/Fe expectation and data are 
affected by the selection bias.
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HiRes, PRL.104.161101 (2010)

Averaged Xmax looks different. 
Un-biased (Auger) or biased analysis (TA, HiRes) 
Hadronic interaction model uncertainty
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How do we understand 
the differences of various experiments
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Common calibration source?Analysis approach

:LOOLDP�)��+DQORQ����UG�,&5&��5LR�GH�-DQHLUR��%UD]LO����-XO\�����

:H�QRZ�KDYH�D�WHVWDEOH�
K\SRWKHVLV��7$�FODLPV�LW�VHHV�D�
OLJKW�FRPSRVLWLRQ�DV�HQHUJ\�
LQFUHDVHV��$XJHU�FODLPV�WR�VHH�
FRPSRVLWLRQ�LQFUHDVLQJ�LQ�PDVV�
DV�HQHUJ\�LQFUHDVHV��7$�FDQ�
UHFRQVWUXFW�SXUH�SURWRQ��
KHOLXP��QLWURJHQ��HWF��DQG�WHVW��
LQFOXGLQJ�DOO�GHWHFWRU�UHVROXWLRQ�
HIIHFWV�DQG�ELDVHV��GRHV�7$�
VHH�ZKDW�$XJHU�VHHV"�

7RWDO�ELDV�7$�VHHV�LQ�
UHFRQVWUXFWLQJ�SXUH�SURWRQV�LV�
���J�FP����1RWH�WKLV�ELDV�LV�
FDOFXODWHG�DJDLQVW�XQELDVHG�
WKURZQ�SURWRQ�GLVWULEXWLRQ��

7$�UHFRQVWUXFWHG��;PD[!�IRU�WKH�$XJHU�FRPSRVLWLRQ�PL[�GRHV�QRW�ORRN�OLNH�7$�
UHFRQVWUXFWHG��;PD[!�IRU�SXUH�SURWRQV�

W. Hanlon, ICRC2013

Auger’s 4 composition model is 
tested with TA simulation.

H, He, N, Fe model 
with TA FD bias

TA analysis has enough resolution to 
distinguish Auger’s 4 comp. model.

We flied Auger octocopter light 
source at TA site. 
The light source is for the energy 
scale calibration, mainly. 
FD geometry (sensitive to Xmax 
observation) might be calibrated.

with Auger members 
at TA site

Auger octocopter  
with LED flasher Reconstructed <Xmax>
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How do we understand 
the differences of various experiments
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Common calibration source?Analysis approach

:LOOLDP�)��+DQORQ����UG�,&5&��5LR�GH�-DQHLUR��%UD]LO����-XO\�����

:H�QRZ�KDYH�D�WHVWDEOH�
K\SRWKHVLV��7$�FODLPV�LW�VHHV�D�
OLJKW�FRPSRVLWLRQ�DV�HQHUJ\�
LQFUHDVHV��$XJHU�FODLPV�WR�VHH�
FRPSRVLWLRQ�LQFUHDVLQJ�LQ�PDVV�
DV�HQHUJ\�LQFUHDVHV��7$�FDQ�
UHFRQVWUXFW�SXUH�SURWRQ��
KHOLXP��QLWURJHQ��HWF��DQG�WHVW��
LQFOXGLQJ�DOO�GHWHFWRU�UHVROXWLRQ�
HIIHFWV�DQG�ELDVHV��GRHV�7$�
VHH�ZKDW�$XJHU�VHHV"�

7RWDO�ELDV�7$�VHHV�LQ�
UHFRQVWUXFWLQJ�SXUH�SURWRQV�LV�
���J�FP����1RWH�WKLV�ELDV�LV�
FDOFXODWHG�DJDLQVW�XQELDVHG�
WKURZQ�SURWRQ�GLVWULEXWLRQ��

7$�UHFRQVWUXFWHG��;PD[!�IRU�WKH�$XJHU�FRPSRVLWLRQ�PL[�GRHV�QRW�ORRN�OLNH�7$�
UHFRQVWUXFWHG��;PD[!�IRU�SXUH�SURWRQV�

W. Hanlon, ICRC2013

Auger’s 4 composition model is 
tested with TA simulation.

H, He, N, Fe model 
with TA FD bias

TA analysis has enough resolution to 
distinguish Auger’s 4 comp. model.

We flied Auger octocopter light 
source at TA site. 
The light source is for the energy 
scale calibration, mainly. 
FD geometry (sensitive to Xmax 
observation) might be calibrated.

with Auger members 
at TA site

We need to work together  
to understand the detector and analysis 

procedure, each other.
Auger octocopter  
with LED flasher 
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TA extensions
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TA Low-energy Extension (TALE) 
Physics @ 1016.5-19eV 

Galactic to Extra-galactic 
transition (2nd knee and ankle, 
acceleration limit) 
Source evolution 
Hadron interaction model 

Additionally install 10 FD telescopes 
and 105 SDs. 

Construction of FDs complete. 
All telescopes are operational.  
35 SDs are deployed. 

TARA (TA Radar) 
NICHE (Non-imaging CHErenkov array)

Higher elevation FD.
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Summary
• TA composition 

• FD data is consistent with QGSJET-Proton model at least 10
18.3

eV. 

• Gamma-ray and neutrino flux limit is estimated by SD data. 

• UHECR composition is still not concluded. 

• Fundamentally, UHECR composition study has a uncertainty of the 
hadronic interaction model. 

• Differences of various experiments. 

• We have a pipe to contact each other to solve this topic. 

• TA Extensions 

• TALE, TARA, NICHE, … 

• TA Extensions will help to understand the hadronic interaction model.
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