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Telescope Array Experiment

\ h“{f;l«g *Desert in Utah, US (1400m a.s.l.)

R e *507 Surface Detectors (SDs)
*1.2km spacing
*Two layers of plastic scintillator,
3m?2, 1.2cm thickness

*3 Fluorescence Detectors (FDs)

*Middle Drum (MD) station is
transferred from HiRes.
*Black Rock (BR) and Long
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ﬁgfﬁ 0000t ———— Ridge(LR) stations are newly built.
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Fluorescence Detector station at BR/LR site
BR/LR site: new telescopes for TA
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Fluorescence Detector station at MD site
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Transferred from HiRes

* 14 cameras/station

* 256 PMTs/camera

» 30-31° elevation with 1° pixel
* 114° in azimuth

* 5.2m? mirror

* S/H electronics




X, Measurement in TA

Atmosphere

X .0 depth of the shower maximum,
is the composition-sensitive parameter

Neutrino(D.P.S.)

Middle Drum
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* Multiple X ., measurements
for the systematic cross check
* Here three results are shown:
* Stereo
* BR/LR Hybrid
e MD Hybrid
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BR/LR/MD

stereoscopic observation:

Shower geometry:

Crossing line of two Shower-Detector Planes

Station |

e Xmax resolution: ~19g/cm?
1160 events (logk > 18.4)

Data and predictions (18.4 < Iogm(E/eV) <21.0)
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Data and predictions Data and predictions

19.0<logE<=19.2

18.4<logE<=18.6

X max (g/om?)
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Elongation plot from
stereoscopic observation

Elongation rate

Data event

— Data
—— Proton (recon.)

— Iron (recon.)
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/ Air Shower
Cosmic Ray. , -
- Fluorescence Light

Fluorescence

B8,/ ox g hybrid analysis

(" Hybrid reconstruction ) \ e

. . 140[- .

ey 1siny —sing, S E
i core . core 100 B
¢ sin(y +a,) G E

" ™ iron

ZLcore = tSD + ; (rcore v rSD) Cosw ) 40;

-

P T T

L L1 (-
20 40 60 80

- Lo
100

120 140 160

Y [degree]
FD monocular reconstruction S A AL A A

AL T , “ Core (West-East) ﬁ

+ timing information of SD ol 1 e
120} . 140; ]
w1oo; f 120? E
* Xmax resolution: ~20g/cm? e« 1 1
B 805 .
e 2211 events (logE > 18.2) sof- 1 . ]
sof- 1 o E
20 ] 20; -
-2;)U = ‘270 -2;‘ ‘-‘Z‘OH-‘1|5|H-I1|6HI-15‘ - ‘(‘)‘ = ‘5“ = ‘10 15 20 é5

-5 0 5 0
core X [km] core Y [km]
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Elongation plot from
BR/LR hybrid analysis

Data

QGSJet 11-03 proton
QGSJet 11-04 proton
QGSJet lI-03 iron
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< o) | chi? per DOF * Data Data
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Xmax distribution in MD hybrid

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

Overall

CVM p-value * Data Data
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Elongation plot from MD hybrid

Middle Drum Hybrid
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Comparison with QGSJET-11-03

 Comparison with QGSJET-I1-03 model
* (data-iron) / (proton-iron)

= | * Three measurements are consistent
L 141 * “Light” composition
'c i * Interaction model dependent
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Statistical test

Check the distribution shape agreement with shifting the MC distribution
Plot A<Xmax> required to maximize the data/MC agreement
Color bands : shift range required for QGSJET-01c, QGSJET-11-03 and 04, Sibyll 2.1, EPOS p/Fe
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Meta analysis: Composition WG

e Report from the composition working group in UHECR conference
* TA data cannot distinguish between mix and QGSJET-II-03 protons at
this level of systematic uncertainty
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conclusion

O Three results of the Xmax measurements are presented in detail
Stereo
BR/LR Hybrid
MD Hybrid

O Three results are in agreement within the systematic error

O “Light” composition

Statistical test: pure iron and nitrogen are incompatible with data
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Backup

19



g 10
5 E
= L
é ||
2 =
N
1 A=50.47 = 6.26 [stat.] g/cm?
| IR NN TN W N TN W N U N NN U TN W N U N U W N U W Y U NN N U WO A WO N U WM N OO OO AN
600 650 700 750 800 850 900 950 1000
Xmax (g/cm ")
800 .
B ) 0, . (inelast.) @ 95TeV of VS
B Baltrusaitis et. al. 1999 P
7000 Honda et. al. 1999 IS 567.0+70.5[Stat.]
B knurenko et. al. 1999
N +25,-29 ] mb
L knurenko et. al. 2013 ( > )[SYS ]
600k Aiellie et. al. 2009 [
N Mielke et. al. 1994 11
— 7 Siohan et. al. 1978 - J [~
_500F ¥ Aglietta et. al. 2009 L4 l-o
'g ~ O Abreuet. al. 2012 T L.
C [0 Belov et. al. 2007
400+ @ ThisWork .
300_— ......... —— QGSJETII-4
| 2= 4 T e Sibyll2.1
== ) -- QGSJETO1
- = EPOS-LHC
—l 1 llllll L1l 1 llllll 11 lllllll 11 lllllll L1l 1 llllll 11 lllllll 11 lllllll L1 1 llllll L L L 11l
200 107 10° 10" 10°  10° 107  10® 10"

10°
Energy(eV)

p-alr
cross section

Using deeply penetrating particles :

the tail of Xmax distribution

N=KA, . =K(14.45m /o, ;)
K: Model dependent factor

m Systematic [mb]

Model +- 17
20% He +18
Gamma< 1% -23
Total (+25, -29)
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Fluorescence technique

Fluorescence Light

Shower geometry reconstruction:
Fliiciaseanes e Stereo : crossing of two shower-detector planes
pras el e Monocular : timing information of each PMT
o ' e Hybrid : monocular + SD timing

Longitudinal development reconstruction:
e Inverse MC method
e Generate MC event with GH function and
compare with data.
e Search best GH parameters.
e E_,:Integrate obtained GH function

: 7 v L Ny
~ Surfa6e DeteGors ™ =,
Z Z e

Resolutions: : o ® Epimary COrrect the missing energy (neutrino) to E_,
~1degrees of arrival direction
~7% of energy
~ 20g/cm?2 for Xmax of Points: Data
::: Histogram:
Air shower Atmospheric é’- 25;_ + Fitted by IMC
A B> fluorescence transparency - 200 t

Scattering in atmosphere 900 400 500 600 700 800 900 1000 1100 1200

slant depth [g/cm?]

photons obstruction LT 15
i y :




Resolutions:

Sh ower An d |ySiS Of F D ~1 degrees of arrival direction
~7% of energy
| 23/Dec/2008, 4:44 | T S e et far Xma

Cosmic Ray

201 Fluorescence Light

e Shower geometry reconstruction:
- BNt | o Stereo crossing of two shower-
detector planes
e Monocular : timing information
of each PMT
e Hybrid : monocular + SD timing

Timing Fit
for geometry

Profile Fit
by Inverse Monte Carlo

50]

Red points:(Data
Blue line:

Fitted Fungtion

401

* LogE: 19.5
: Xmax: 740 g/c

|

w

=1
I

time [us]

1 Zenith: 44.7
1 Azimuth: 13
Core: (12.9

elevation angle [deg.]
®
T

slant depth [g/cm?]
e e Fluorescence
azimuthal angle clockwise fro ort.rl[— g.] alpha [deg.] Scattered Cherenkov 23




Photon fraction
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