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* TAMD + TALE

* 14 lower telescopes make
up TA (Middle Drum)
Detector.

* 10 higher telescope (new
addition) make up the TA
Low Energy extension
Detector.

* TALE telescopes equipped
with (HiRes2) FADC
electronics.
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Example Fluorescence event
seen by TALE FD

Detector Signal vs. Depth

‘Shower Profile
® Signal
mmm Brintillation
Raylzigh Scatter
m Awrosal Scatter
= Direct Cerenkov
== Total Sigmal Fit

),
2

Five telescope (eight
with ring 1-2 mirrors)
event.

elevation angle [deg ]

flux (peimiideg

BE%ES

Event duration ~ few
micro-seconds

Long angular extent

slant depth {giem®)

azimuthal angle courder-clockeise from sast (deg.}

Likely to trigger
ground array

Threshold ~3el16 eV

Shower Track Timing TALE event data

Event Starting: 7: 0:0.695370

Energy: 0.530 EeV
Shower max size:  3.565e+08 particles

Shower max depth: 631,247 glem?
Profile Fit x2indf: 1.2395

Rp Magnitude: 5.83%9 km
y angle: 55.1 degrees

Shower azimuthal angle: B.2 degrees
Shower zenith angle: 48.0 degrees
Angle to Magnetic field: 80.5 degrees

viewing angle {deg)




Example
seen

Most C'kov events
are single telescope

Event duration
~100ns - ~600 ns

Short angular extent

Unlikely to trigger
surface detector

Threshold ~3el15 eV

—

Cerenkov event
by TALE FD

| Detector Signal vs. Depth |
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TALE event data
Event Starting: 0: 0:0.139663747441801

Energy: 9.241 PeV
Shower max size:  6.143e+06 particles

Shower max depth: 605.810 g/lcm?
Profile Fit y2/ndf:  0.7362

Rp Magnitude: 0.912 km
w angle: 106.9 degrees

Shower azimuthal angle: -80.1 degrees
Shower zenith angle: 35.0 degrees




Event reconstruction entails reconstructing:

Shower geometry:

Required for profile/energy reconstruction

Arrival direction of primary particle (anisotropy)
Shower profile/energy:

Primary particle energy (spectrum)

Profile xmax indicates particle type (composition)



Event reconstruction method:

TALE Cerenkov events are reconstructed as
monocular events:

Surface array data not available for vast
majority of events (energy too low, and/or
core location outside of array)

Profile constrained Geometry Fit (PCGF) method

(developed and used for HiRes-I analysis) 1s
adapted for TALE.

Event angular extent (track-length) too
short.

9



Corsika / IACT (arXiv:0808.2253 [astro-ph])
Full 3D MC shower development

Cerenkov photons production

Cerenkov photons detection (sphere surrounding
telescope mirror)

We can test our reconstruction code (and
parameterizations) against an external, “true MC”
simulation.
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Events with reconstructed
E > 4 PeV
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TALE Trigger Aperture

* Protons
penetrate deeper
and are more
likely to trigger.

= At higher
energies,
composition
dependence
becomes less
pronounced.

(TALE / no MD) trigger aperture

A (km? sr)

1 08_ 06
Iogw (E [EeV])

(TALE / no MD) ratio of iron/proton trigger aperture

)

IR | E— fe_pr_ratio e e
Entries  2.311977

e+08
Mean -1.521
.48

ratio (iron/proton
|

0.9 [
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TALE Cerenkov Reconstructible
Aperture

(TALE / no MD) pass5 (Cerenkov) aperture

* Cut on Cerenkov
fraction limits growth
of aperture at high
energies.

* Iron/Proton
reconstruction
efficiency slightly =
different. i T

0L [ T

Tuorescence 5 S
overtakes Cerenkov.
(not shown)
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Hillas Composition Model (H4a) ... (T. Gaisser 2012) |

proton

fraction

e 10" eV

T. Gaisser 1n a 2012 paper
proposed a composition
model based on 1deas of :
Hillas (2005) and based on

available CR data (CREAM
experiment and others)

0.4f

0.1f

In the second plot I assign
the intermediate nuclei to
either proton or iron
components based on their
atomic mass. ... Thisis a
temporary solution due to
lack of simulations with
these primaries. '

iron fraction
o
o

Q {
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T L T

0.6
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Most of run nights ontine sumary: s

mirid ontime hours
. mirid 16 ontime 167.8622 hours
1nC1Uded. mirid 17 ontime 130.3042 hours
mirid 18 ontime 125.0672 hours
mirid 19 ontime 169.2778 hours
mirid 20 ontime 173.4100 hours
GOOd Weather mirid 21 ontime 159.7686 hours
mirid 22 ontime 176.2797 hours

mirid 23 ontime 155.4814 hours

SeleCthn “Clear mirid 24 ontime 171.9464 hours

all mir average 158.8062 hours ( 9528.37 minutes)

29 ring3 mir average 155.4914 hours ( 9329.49 minutes)
Overhead o ring4 mir average 162.1209 hours ( 9727.25 minutes)
SOme nlghtS, Only ontime summary:

. mirid 15 ontime 130.2761 hours

mirid 16 ontime 139.2289 hours

8 Or 9 llve mirid 17 ontime 106.0219 hours

. mirid 18 ontime 102 .7808 hours

A mirid 19 ontime 138.9392 hours

mlrrors‘ Verage mirid 20 ontime 141.1650 hours

. . 10 mirid 21 ontime 130.4131 hours

mirid 22 ontime 143.1025 hours

glven IS per mirid 23 ontime 126.3481 hours

* mirid 24 ontime 138.6161 hours
MIITOTS. all mir average 129.6892 hours ( 7781.35 minutes)

ring3 mir average 127.5420 hours ( 7652.52 minutes)
ringd mir average 131.8363 hours ( 7910.18 minutes) 15

130 hours total



" Spectrum
using H4a
composition
compared to
spectra with a
pure
proton/iron
composition

Spectrum (1)

E*7(E) [GeV'7/m* /sr/z]

104

TALE Cerenkov Spectrum (composition dependence)

= pure iron

s pure proton

« mixed composition

a8 B.2
Ingm (E [GeV])
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* TALE along
with HiRes
monocular
spectrum
and the
HiRes/MIA
spectrum

EZJIE)1 0™ (eV/m /sisr)

Spectrum (2)

TALE Cerenkov + HiIRes/MIA + HiRes Monocular

*ﬁﬁ%ﬂﬁﬂ ; ﬁi
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H”*'*f‘;fiﬁ ﬁﬁ}“} |

s TALE
- s HiRes/MIA
v HiRes-11
a HiRes-1
IIIIIIIIIIIIIIIIIIIIIIIII I I III
16 16.5 17 17.5 18 18.5 19 19.5 20
log._ E (EeV)
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= TALE
spectra
calculated
using a pure
iron/proton

composition.

Spectrum (3)

TALE Cerenkov + HiRes/MIA + HiRes Monocular

EZJ(E) 0™ (eV/m/si=r)
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= TALE bluefred show limits with aperture caleulated using pure iron/proton composition
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Spectrum (4)

* TALE spectrum
compared to
measurements
from other
experiments.

TIE) [ GeV'm?sr/z]

EE

104

TALE Cerenkov + IceTop + KASCADE-Grande

e IceTop 2013
e KG 2012
s TALE

10" eV —>

1 I 1 1 1 L | L 1 1 1 |
2.5
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|
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Lastly, TALE Cerenkov
along with TALE
Fluorescence Spectrum.

Fluorescence spectrum
presented this morning
(session J&) by Z. Zundel:
“Fluoresence Detection of
Cosmic Ray Air Showers
Between 10'°° ¢V and 10"
eV with the Telescope
Array Low Energy
Extension (TALE)”

E*3JIE)m"-2* sr*1 * 5" eVh2

10

TALE Spectrum

s " H]LH"}

: éﬁfé‘}#{.{_ﬂ{'

.’:”tr

+ TALE Spectrum
1 HiRes Spectrum

+ TALE Cherenhow

Specirum

20



We developed a new event reconstruction technique
which allows us to use TALE as an Imaging Air
Cerenkov Telescope.

TALE as a Cerenkov detector can reach energies
lower than 10'° eV with very high statistics.

We performed a first calculation of the cosmic rays
energy spectrum using TALE data from the first
three months of operation.

We are just starting, a lot 1s still left to learn and do.

21
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Telescope Array Experiment

Cosmic Ray Spectra of Various Experiments

* The Telescope Array (TA)
experiment was originally
designed for the study of ultra
high energy (above ~1x10"°
eV) cosmic rays.

-
=]
Y

LEAP - satellite

Froton - satellite

-y
(=]
4

¥akustk - ground array
Haverah Park - ground array
Akeno - ground array
AGASA - ground array

Fly's Eye - air fluorescence

-
Q
-

HiRes1 mono - air fluorescence

Flux (m? sr GeV sec)’
=
ES

HiRes2 mono - air fluorescence

* TA is a follow up experiment to
AGASA/HiRes experiments
with the goal of improving on
both.

HiRes Stereo - air fluocrescence

-
Q
=]

* TA Low Energy extension
(TALE) aims to lower the
energy threshold of the
experiment to well below
10" eV.

10* 10" 10" 10" 10™ 10" 10" 10" 10" 10'"® 10" 10*
Energy (eV)
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TALE Surface Detector Infill

* Infill Array w
operates 24/7. '

* However,
when FD 1s
on, we get the
opportunity

for hybrid
observation.




TA Fluorescence Detectors

Refurbished Middle Drum

from HiRes 14 cameras/station

256 PMTs/camera

Observation
started Dec.
2007
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Cerenkov Contribution to
Detected Signal

* HiRes-II event
set.

= Most events have
less than 20%
contribution
from direct and
scattered
Cerenkov light.
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Cerenkov Contribution to
Detected Signal

* TALE Cerenkov
event set.

= Most events have
more than 90%
contribution from
direct Cerenkov
light.

Cerenkov events seen by TALE Fluorescence Detector

0=
= n PRELIMINARY TEST DATA
- — proton MC

- — ironMC
10°

| =]

-1 L1 [
10 0.4 0.3 0.6 0.7 0.8 0.9 1

direct Ckov npe / total detected npe

28



Corsika / IACT (arXiv:0808.2253 [astro-ph])
Full 3D MC shower development

Cerenkov photons production

Cerenkov photons detection (sphere surrounding
telescope mirror)

We can test our reconstruction code (and
parameterizations) against an external, “true MC”
simulation.

29



Slmulatlon OBSLEV 1.586655e5

observation level (in cm) (MD - 2Radius)

SpeCiﬁC tO MAGNET 21.95 46.40 magnetic field (TA .. Middle Drum)
T LE ATMOSPHERE 11 F ITAZ external atmos model (TA Typical)
£ & CERSIZ 5.0 ITAZ bunch size Cherenkov photons
teleSCOpeS CWAVLG 300. 420. ITAZ Cherenkov wavelength band
CSCAT 100 2.5e5 0. ITAZ scatter Cherenkov events
MD ARRANG 0.0 ITAZ rotation of array to north
TELESCOPE 1848.30 -1635.03 251.03 129.54 !'TAZ CT 1 =TALE mir 15
d' t TELESCOPE 2137.39 -1629.84 251.84 129.54 I'TAZ CT 2
coordainates TELESCOPE ~ 2576.55  -1959.19 252.47  129.54 TAZ CT 3
o e TELESCOPE 2849.93 -2053.28 253.05 129.54 I!TAZ CT 4
Ol'lgln TELESCOPE 3226.95 -2463.69 253.37 129.54 'TAZ CT 5
? TELESCOPE 3297.67 -2744.10 253.07 129.54 I!TAZ CT 6
ma neth TELESCOPE 3588.58 -3209.51 253.05 129.54 I'TAZ CT 7
g TELESCOPE 3559.09 -3497.11 252.46 129.54 I!TAZ CT 8
TELESCOPE 3673.34 -4033.99 251.83 129.54 ITAZ CT 9
ﬁled TELESCOPE 3547.29 -4294.15 251.02 129.54 !TAZ CT1e

TA ““typical” .

atmacrnhara



TALE Corsika-IACT MC

* Simulation

fully

determines:

* number of
photons

* location of
photon hits
(before mirror
Reflection)

* arrival times at
the detector 31



[Look at bias and resolution of reconstruction of
MC generated with both options.

Simulation energies: 2, 3, 5, and 10 PeV

Shown distributions are for events with
reconstructed energy greater than 4 PeV

32



s

mnf=

mnf=

nfe

s

1

EL =

Constant T87.8

7oz
-0.02554
01389
325/48

-0 03681
0.1134

protan (NN, ve. log, [E)

o
Maanx 2104
Mean y 202824
AMIx:  aiile

as)

AM3y oixa

proton x| resolutlon (Ax

Iron N__ resoluton (AN /M__}

Entries
Mean
RMS
i/ ndf

5671
-0.00325
0128
217374

Gonstant 078

Mean
Sigma

-0.01185
0.1074

iron (AN,.../N,,,,) vs. log,_[E]

proion energy resolution (AE/E]
Entries 779z
hMean 0.01811
FM2 01445

x* ¢ ndf 3587748
Constant 7259
Mean 0.002834
Sigma 0.1209

With “mine” option

protan Nm resolution (AN__/N_ )

Iron enargy resalution

Enkima s

Mam s 2080
Maan y 00332
FME = nomsrn

FMEy ol

proton (AEE) v, Inglu[E}l

8 8 5 E E § 8

E/E)

Entries 5671
Mean -0.1753
RMS 01055

o ndf 2E81.5/34
Gonstant 4.7
Mean -0.1829
Sigma 008466

e

Maan=  z1o4

EE S

mof=

mof

AR Az
leg IE |EaV]
)
Entries T7az
-9.043
41.21

¥ indf 1478773
Constant 3007

-9.483
30.37

Iron x__ resolution (dx ..}

iy Meany woistt
h R AM3:  oiiin
* A
‘ i AMIy  Dl443
1 L 1 1 1 L 1
EE o RE EE @ LB B A

proton pointing direction resolulion (A8

Entries 5671
Mean 8.403
AMS 3572
¥ /ndf 90.35/65
Constant 258.5
Meari 7635
Sigma 4.4

oAz
leg IE |EaV]

Entrias 7722

Wioan  ZEEd

RME 1247

tries 7RI
Maanx -2.104
H faany -3.043
o= r RMEX 01113
FMEY 4121
o
-

proton (Al vs. Iuglu(EJ

Eriris 7752
Maanx -2.104
Meany zzm4
RMEx 01118

RMEy 1247

L L
R
tog, I ea]

Iron painting direction resclution [AB)

Enfriz= 5871

KMe=an 2742

RAMS 1212

Waan s 2088
.......... Vamny ez
FME = possra

RMEy  iziz




protan Nm resolution (AN__/N_ )

oy Entries 5229
hMean -0.0081e
wof-
FM2 0.1488
e x* ¢ ndi 302742
Constant 555.5
e Mean -0.1118
Sigma 01212
Mo
mof=
A : as \!l L] '; 1=
proton (AN, 1 v. log (E)
1. i Az
| Meanx 210
- + 2 Mean y -ocanin
o : AM3:  oilm
e \j\‘ AM3y ol
E r——l I_‘—'_"_'_‘—"—-—-—..
A8
=
e
WL |
proton x| resolution (Ax__}
2 Entries 5a79
20| Mean 2148
1| RMS 4565
1| ¥ indi 114.7/88
e Constant 1993
. Mean -2.266
Sigma 48,53
=0,
|
40|
=
I L 1 L I
T T L R o
proton (A%} vs. log, [E)
— tries 852
i Maanx -2.106
- Faany -z2.148
1 s RMEX 01138
i RMEy 4255
|
wbo 1
i
T TUT V. ST DU T T
=] RE a4 = 2 LB LE REY A2 -
1o, IE [Esv]

“theirs”

Iron N__ resoluton (AN /M__}

F Entries 5351
- Mean -0.05357
E RME 0,127
'W_— o ndf ZBET M
Gonstant 490 8
vl
Mean -0.080E82
ol Sigma 01218
-
ql_ : DIS ; CLE : 1
iran (AN N,,,,) vs. log, ()
= Enkima =
Masnx 2008
] e LIIIEE, : ------------------------ Waan y oxar
[ ¥ : FME= oicos
T — N FMEy T
' L Il L L L 1 L 1
s =2p 24 a4 a2z @ a8 a8 A

Iron x__ resolution (dx ..}

Entries 5351
Mean 3.E5
AMS 427
o /ndf FE04/73
Constant 2025
Meari a30.81
Sigma .57

Emnas =251
Moan x -Z08s
Moany 31.2m
AMS x 01003

AMEy 427

proion energy resolution (AE/E]
Entries 5229
- hMean -0.05429
FM2 0.1557
e ¥ indt  ET5.E745
Constant 53e1
Bl
Mean -0.06255
s Sigma 0.1257
mof—
A : 4‘5 L] '; 1=
proton (AEE) ws. leg (E)
. ) p—
Meanx 210
r i Mean y -202433
by B AM3: ol
B ‘ AMIy DlmsT
of=
A8
=
as Il 1 L 'l 1 L Il
T T WE B e Az
kg € [EaV
proten pointng direction resolution (A8
Ertrias 5323
-
et 3 Maan =123
o~
- RME 1233
(51 =3
1znf-
(L1 o
-
o
o
2|
1 L |
£ ] E3 C3 3 Tin
proton (A8) ve. log (E)
L 12 tries 852
Maanx -2.106
e Maany =123
RMEX 01138
FMEY 1233
e ¥
-‘__L_L__ -
) !
Il Lo L 1 L Il
-8 RE 24 R 2 [} LE 14 A2 E
o E |Esv)

Iron enargy resalulion [AEE)

F Entries 5351
e Mean -0.2053
e RMS 04114

F o ndf 2775034
b = Gonstant E36.2
b Mlean -0.2105

3 Sigma 0.09546
af
= _—

qI : -0s ; L3 : 1
iron (AE/E) ws. log [E)
s 1o Ebinz  mal
Masnx 2008
Muany 03053
FMEx  oicos
lraEy ciia
afmr gl
T
e g
KT} L Il L L L 1 L 1
: L R T R R T RIT R B ]
g, [E[ET
iron paiming directizn resclulion [AB)
=E Entriss 5331
Eol =
wa - M=an 2057
1 :—

E RMS 1293
-
=
waf-

-
s
«f
sk
° ES * S G ;
Iren {A#) vs. Ingm(Ej
12 Emnas =251

L Moan x -Z08s
T e Meany 3057

F AMS x 01003
B AMEy 1288




Comparison (Bias)

Energy -0./-18. % -1.1-21. % 7.13. %
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Comparison (Resolution)

Energy 13./8. % 13./10. % 0./2. %
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There are still some small differences between
simulations done within the detector MC
framework and what Corsika predicts:

Proton energy/Nmax differ by ~7%
Proton xmax off by ~7 gm

Iron energy/Nmax differ by ~5%/3%

[ron xmax by ~22gm

Widths of all distributions are slightly larger with
Corsika simulations.
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No nightly detector or atmospheric calibration. We
are working on implementing such a procedure.

Only proton and iron showers have been
considered so far in the MC and analysis. We need
to include at least one more intermediate primary.

Shower missing energy correction, aperture
calculation, etc.

Reconstruction and quality cuts are still work in
progress.
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