- |CRC

LS S N —
Sl LN -

Energy Spectrum and Mass Composition of Ultra-High Energy
Cosmic Rays Measured with the Telescope Array Fluorescence  *
Detector Using a Monocular Analysis p OS(ICRCCRZ'OI%)Z%

Toshihiro Fujii for the Telescope Array Collaboration, e-mail: fujii@kicp.uchicago.edu
Institute for Cosmic Ray Research, University of Tokyo, Kavli Institute for Cosmological Physics, University of Chicago
TFull author list: http://www.telescopearray.org/images/papers/ICRC2015-authorlist.pdf

Telescope Array Fluorescence Detectors Energy Spectrum Measurement

» Largest cosmic ray detector in the northern hemisphere. 507 surface detectors
covering an effective area of about 700 km2, overlooked by 38 fluorescence detectors
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Energy spectrum in the first seven years Comparison with other results
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21% systematic uncertainty on energy scale; fluorescence (11%), atmosphere (11%),
calibration (10%), geometry (4%) and reconstruction (10%).

New fluorescence
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simulation and reconstruction.
Mass Composition Measurement
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* The fiducial FoV cuts are defined to reduce detection bias on Xmax.
* The identical cuts are applied in analysis of both observed data and MC simulation.
Xstart(E) = 45.8 x 1og(E)-215.8, Xena = 20.8 x log(E) + 501 .4

Resolution of monocular analysis: 1.4 km on impact parameter (R)),
7.7 degree on angle on SDP (1), 17% on Energy, 72 g/cm? on Xmax

Aperture calculation by Monte Carlo simulation Average Xmax Comparison with other results
e Aperture of FD, AQ, is estimated The broken exponential function 900 900
. . . _ F — QGSJetll-03 —e— Data (Jan/2008-Dec/2014) [ —e— TA (this work)
by MC simulation as a function of log AQ = p1 (1 —exp (_l()gE—pz)) ,E<E, 8"‘: 444444 o QGSJet01 119 g/em? sys. uncert. 850i Auger PRD’14
primary energy, E, ps F 23;232;4 Proton : [ —«— HiRes PRL’10
logE — ps € 800 S 800 . |
- 1—exp|-———22)||,E> E 800 EPOS-LHC g 800F
A-Q(E) = AQgen ) Nreco(E)/Nthrown(E) P ( p( Ds ) ﬂ ) r 'y at 34 D#D [‘j*:ﬁ I *
. . 4 : & 750F LI
where AQen is the generated where Ey is the energy of the break and g E [ _." %
aperture region of MC simulation. 1 —exp (- (log E, — p2) /p3) i ¥ 00-
. . = I F
* The obtained aperture is fitted by a [ exp (- (log E, — p4) / ps) o ol
broken exponential function. - L. Telescopedrray ICRCIS Preliminary TR TelescopeArmay ICRCIS Preliminary
. F 18 185 19 195 20 18 185 19 195 20
¢ The aperture assuming proton 103; - log, (E (eV) log, (E (eV))
fraction is calculated b B r : i . . .
Y, t 10°E // Aperture assuming Systematic uncertainty on Average Xmax is 19 g/cm?; fluorescence (5 g/cm?), atmosphere
= E . 3 3 . . .
AQ = AQY (R+ f-(1-R)) g 10f ra different proton fraction (12 g/cm?), calibration (5 g/cm?), geometry (9 g/cm?), reconstruction (10 g/cm?).
. 3 A E E A e Proton
* Ris relative difference of aperture z ) e Irem Xmax Distribution in each energy bin (MC: QGSJetII-03)
between proton and iron, ’ — HiRes/MIA s E s M: iy ok of . —
L/ of— e i - — . - —
R = AQF¢/AQP Wy s s s 19 15 20 205 |, 0 || i o - ey b s L i Nissd
logm(E (eV)) ‘E E J j:ﬁﬂ g 150F - e § J\ "f ‘%ﬂ
. = w-; : } ; 4 — 5] £ : 54 = (:" ’Lb'l, -
Observed Data Analysis o H,}j BT o e pa— A M s
| ,_| ‘_“_'I—\_| s Pata(Jan/2008-Dec/2014) 0;&% Ll—,;%'l L. é-g’ﬁ"‘ . EE Esiwt 71L;” =N
. 10 500 600 700 800 900 1000 1100 900 600 700 800 900 1000 1100 900 600 700 800 900 1000 1100
e Data perlod: J anuary 2008 - é = 1 Reconstructed Xmax [g/cm?] Reconstructed Xmax [g/cm?] Reconstructed Xmax [g/em?]
> | L,
December 2014 (7 years) s w T g = : P uf 1 =
¢ Newly constructed FD stations at 5 [ E L 4 AT L‘ - 1 3 i i
. » | | Mixed 2 ,,'LL“_‘ =22 Mixed. g e " 1 ed
two locations. 5 105 : ; : £ ow (e £ i £ DLl
g wE et 5 B R T T, 5 T T acomnaivs
* 28869 events above 107 eV Energy distribution J‘L‘ﬁy LR ) | r*ﬂ ‘1—%1‘1 N2 ) E ﬁj j ki L{ P
* Exposure: 650 (km? sr yr) at 1019 eV 1t gy s ] =ty s R T EAEATT LR
17 17.5 18 18.5 19 19.5 20 20.5 500 600 700 800 900 1000 1100 500 600 700 800 900 1000 1100 500 600 700 0 900 1000 1100
log (E (eV)) Reconstructed Xmax [ycmzl Reconstructed Xmax [g/cmz] Reconstructed Xmax [g/cmZ]

Conclusions: we report on a measurement of the cosmic ray spectrum covering a broad range of energies above 10172 eV analyzed by the newly constructed fluorescence detectors of
the Telescope Array experiment using the monocular analysis during the first seven years. The obtained spectrum has an obvious broken structure at energy of log(Eankie) = 18.62 + 0.04.
The structure is in good agreement with the spectra reported using the TA surface detector, and by the HiRes-II. We report the mass composition using the fiducial FoV cuts to reduce
observation bias on Xmax. The obtained average Xmax and its distribution shows proton-dominated composition at this energy range which is consistent with already reported results within
the systematic uncertainty.
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