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Telescope Array(TA) Experiment

Hybrid observation: SD (507 units) + FD (3 locations: 38 units)

Fluorescence Detector (FD)

Air Shower
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Surface Detectors SDs

Plastic scintillator

The joint experiment with Japan, the United States , South Korea, Belugium and
Russia. The observation started in Apr. 2008 North American at Utah




Atmospheric monn‘or in TA
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» IR camera
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Contents -

 LIDAR observation

The atmospheric transparency model of two kinds of altitude distribution was determined.
 Influence of using LIDAR’s atmospheric transparency
for ¥D reconstruction.

fD reconstruct fluctuation was estimated by using the atmospheric model.

« CLF Observation

Correlated to the time variations was observed when compared
to the CLF and LIDAR by Optical Depth.

« IR camera Observation
* Eye-scan
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I.IDAR Sysfem &2

: sfan O Telescope & dome of TA LIDAR

Measurement : Before and After ¥D observation

Slope | Horisontal shots - high power - 500 shots a,,(h = 0km)

Klett's | Vertical shots - high/low power - 500 shots a,, (h =2 ~8km)
Incline shots - high power - 500 shots aty (h =05~ 4km)

Data condition for determination atmospheric model
Data period ~2 year (Sep.2007 ~ Oct.2009)

Using data Fine data v'Good LIDAR observation
v'Transparent atmosphere

Rayleigh Radiosonde atmosphere @ELKO




single “exponential
double exponential
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Height above ground level [knl Height above ground level [knl

Extinction coefficient at each height VAOD at each height

Double exponential Model
o, =0.019 xexp(-h/0.19)+0.021 x exp(-h/2.1)

Single exponential Model

o', =0.039 x exp(—h/1.0)



Seasonally Aerosol scattering
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Median of VAOD for different seasons Distribution of VAOD at 5km above

ground level for different seasons

+0.020

‘ Summer: 0.039 _ .

The effect of the aerosol component
in summer is 1.5 times greater than
that in winter.

+0.010

‘Winter :0.025 _; 007




fluctuation of ¥D reconstruction using
atmospheric fransparency by the LIDAR measurement.

=Method=

e MC simulation using daily atmospheric transparency to create a shower data.

e Simulated data are reconstructed using daily atmospheric transparency or model
function.

»  Estimating the impact of using a model function to compare the results with
the reconstruction of each atmospheric transparency.

* AE is evaluated by the ratio, AX,, will be evaluated by difference.
e Reconstruction using Daily atmospheric data or two atmospheric models

AE _ EModel - EDaily AX
E = E max = X max,,,,— X maxp,;,
Daily

Daily

=Simulation conditions=

* Primary energy : logE= 18.5, 19.0 and 19.5 eV

e Direction: Zenith is between 0 ~ 60 ° (the isotropic)
Azimuth is between 0 ~ 360 - (the isotropic)

e Core position : within 25 km of the CLf (center of TA ¥Ds).

* Number of event : 20 events at each energy for each of 136 good LIDAR runs.
*  Quality Cuts : Reconstructed X, in field of view of fD.




Number of Events

fFluctuations by using
the atmospheric model

Daily vs model func. @log€=19.5 eV
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(Eq(2 component)-E(daily)) / Eq(daily) [%] Xmax(2 component) - Xmax(daily) [g/cm?]

Comparison of reconstructed fluctuation in atmospheric model.

EyleV] | #eve. | Atmos. | AFu[%] | AXwax[g/cm®]
101> | 501 | lexp. | 1.7+ 6.4 4.6+7.1
502 | 2exp. | -2.4%6.3 -3.6£8.8
1079 1 917 | lexp. | 1.3+8.6 4.5+7.7
919 | 2exp. | -4.2+8.6 -5.0£8.6
10195 [ 1200 | lexp. | 1.4%11.1 4.9+9.3
1210 | 2exp. | -0.6+10.6 0.2+7.6

AE

_ EModel - EDaily

E Daily E Daily

AX max = X max,,,,,— X max,, .

The fluctuation not containing
the reconstruction bias using
atmospheric model at each

energy

Rec. AE 6%@18.5
9%@19.0
11%@19.5
Rec. AXmax : 99@18.5
99@19.0

99@19.5




CLf¥ System =

Starting CL¥ operation
:2008.Dec—

= |

CLF¥ container and power generation system and optics of CLf

Nd:YAG laser

| TA-Local Network ‘ Solar-System Generator Weather—-monitor

Antenna <( >
."..;"Z'.'.'.ZZ'.'.'.Z'.'.Z'.'.'. oy rﬁ'l GPS j

e T !
I | Rooter | | q
1 | ||| | | f
1 Control Probe E g A | Harmonic Separator | | Harmonic Separator I
| i Q) [prove | Optical diagram of the CLF
: v .
| - | CLF laser is injected into ¥D’s FOV

Block diagram of devices for CL¥ 1300 shots

:10Hz

:vertical direction
:every 30 minutes.



CL¥'s observation image =

clfnap_0_88070920_2368_7
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analysis method =
Np = NpOTRayTAS(SRay + SAS)T'Ray T'AS exp(—(aRay + aAS)Ah)(ORayaRay +GASaAS)
- NpRay = NpiOTRaySRayT'Ray

Uniform atmospheric

Np _E_ S s [T =exp(-a(h))
/VpRay B E, LasT s (1 * ARay T'=exp(—t(h)/sin0)

E 1+siné6
N% =—exp(— -2 rAS<h>)(1+S% )
Pray E, sin @ Ray __I No aerosols

h >Tkm
Np a,, =0[km™]
E ( 1+sin6 iy h)) |
= exp| -
Noww P\ ging M




VAOD (eample) & Comparison of BR &LR
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The Ratio of BRM and LR every-observation
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BRM:LR = 1.000: 0.963
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Conclusion of LIDAR

The extinction coefficient « is obtained from LIDAR observation,
then the VAOD 1 ,(h) is defined as the integration of « from the
ground to height h.
A model of «,s with altitude was found by fitting two years of
LIDAR observations.
The range of variation of the daily data from the model is
+83%/-36%.
When 10195 eV air shower is reconstructed using the model function,
the systematic uncertainty of energy is shown to be about 11%.
And the systematic uncertainty of X, . to be about 9 g/cm? by
comparing MC simulation data.

Max



Conclusion of CLFf

 VAOD was analyzed by using the CLF event of
high view camera's.

« BR and LR are consistent with a few %.

* There is a correlation VAOD measured in each of
the CLf and LIDAR.

* Using the CLF, will be able to interpolate for

the atmospheric transparency of the period
where have not been observed by LIDAR.



LIDAR@CLF SYS'l'em #ardware (general drawing)ﬁw

eBack-scatter detector is set up on top of the CLF.
eLIDAR@CLF use PMT of 20mm and 38mm in diameter.
etelescope & 20mm PMT for High altitude (1.577.0~ km)
e38mm PMT for Low altitude (T2.5km)

Solr-Systam Genersor Westhr-merior

Control
PC

Container

Cover Box

Controller

Lv HV

Oscilloscope
Oscilloscope EE 1

PC @) O——| [

|
|
|
|
|
|
| DC-Supply [| LV [ HV
|
|
|
|
|

PMT

LED

Telescope

o)

Scattered

light
X

fig. Block diagram

LIDAR@CLF

of

platform

fig. general drawing of LIDAR@CLF




Cloud monitor



TA IR camera

- Sensitive 8 ~ 14 us

320 x 236 pixels

*FOV: 25.8°x 19.5°

- Near the LIDAR dome

- Once every 50 min (~2009dJul)
or 3omin (2009Jul~)

....................
...........
........

.....

320, 25.8°

......




IR Sky Images

1. If there are clouds, the sky looks

2.

warmer.

An IR image are split into 4 “sections” |

horizontally in data analysis, because
lower elevation region looks like
warmer.

Deciding the probability of cloud in
each section and each season.
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'82040021 A()I.his!‘ ul:3
'82040021.1 hist' u 1:3
'82040021.2 hist' u 1:3
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D: Pixel Data




Examples

Total: 1.05/48.0
Clear night

Total: 47.0/48.0
Cloudy night

Total: 13.0/48.0
Sparse night

Score = 2.18/4.00




Sum of Scores of All the Directions

5 & 5 é § g 3 Sections 3&4 of Bottom layer
o | o o o e 1 exclude from analysis.

Entries

ol ,,,,,,,,,,,,,, ,,,,,,,,,,,,,, ,,,,,,,,,,,,,,, ,,,,,,,,,,,,,, | *The ratio of clear-cloudy
f E 5 f f f f nights is about 7 to 3.

SSSSS

Clear Cloudy
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Comparison

between IR

2500 ———

2000

Entries

1588 | |-

*Eye’s-Scan Code is index of
the cloud to determine in the

observer's eye to the FD
observation night.

1080 [ (-

500 [ ------o-c-beeeeoenenenee- S AEII L LTI

IR Camera Score

0 e S S S

*The code is a total of 6

,,,,,,,,, points.

*IR score and Eye-scan code is

2} 5 ie 15

20 2 ¥ consistent.

Cloudy



Comparison between IR and CL¥

40

35

30

25

20

15

Percentage [%]

10

CIe ar Cloudy count by the IR CI ou dy

*The data is extracted, when CLF

(';|earl by 'C|_|:I | -' o and IR operate within 10 minutes

Cloudy by CLF O _
*Color-coded a histogram of the
IR score by CLF’s weather
condition.

*|R score and CLF data is consistent.

A e . e e O

5 10 15 20 25 30

Examples are determined
to cloudy in CLF




Conclusions (Cloud monitor)

» About 70% of the TA observation night is Clear night

* IR score and Eye-scan code is consistent.

* IR score and CLF data is consistent.
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S —

> VAOD(h) = [ a,s(h)dh

aAS = aobs — aRayleigh

20071119 86h —+— * 208871122_81h ——

Aerosol dls’mbu’red

less Aerosol scaHerm
4 “only low helgh’r

VAOD

;;;;;;;;;;;;;;;;;;;;;;

° . : ‘ ° ° 10 ’ : Height :bove ground ].evzl [knl ° *
Height above ground [km]
Aerosol distributed Aerosol distributed
0.08 - : 1 high heigh{’ 1 .68 - ; : bth he' h
: : i : IIIIIIIlIII 111111

Height above ground level [knl Height above ground level [knl



!omparlson !e!ween man |

LR

(2009.08.26~2010.02.14)

0.2

0.15

0.1 r

0.05 |

at 10km .
Lo 3l 100 |
| l;; | 80 |
n
2 607
ks =
t W 40t
20
. ] 0 - ‘
0.15 0.2 0 0.5 1 1.5 2 2.5 3

BR /LR

*VAOD of LR is larger than 6% more BR.
*The adjustment of de-polarization was shifted slightly
in this observation term.
*The likely influence of de-polarization adjustment.
*for future, I will confirm in another observation term.



Comparson DeTween LIDAR and et

0.1 Conditions
W2009.Sep—~2009.Dec
0.08 | - BNo cloud
B{Timeer_TimectH| <1hr
0.06 | _
oc
S 004 _
0.02 | _
° 8&km |
‘ 9km
-0.02 . 1 , 10km

-0.02 0 0.02 004 006 008 01
CLF
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by atmospheric fluctuation
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Comparison of BRM and LR
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The Ratio of BRM and LR every-observation
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by atmospheric fluctuation
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Fluctuation of reconstruc

by each atmospheric

Nurdter of Ewarts

logE=19.5 eV

Energy

Nurter of Evarts

result of reconstruction by each atmospheric

(Egreci-Eo s}/ Esiy [

=1 XMax

e >

Xrueyec! - Xwo ey [ :n’]

EyleV] | #sim. | #wig. | Atmos. | #rec. | #sel. AE %) | AXya g/em®
105 | 2720 | 593 | daily | 556 | 505 | 194 =486 | 087 + 14.11
lexp. | 553 | 502 | 463+ 1005 | 561+ 179
2exp. | 553 | 502 | 028 = 9.60 | 202 + 1931
1097172720 | 1112 | daily | 1060 | 930 | 2.78 = 5.02 | 3.86 * 14.40
lexp. | 1057 | 919 [ 534+ 1194 | 836+ 17.70
2exp. | 1056 | 919 | 038+ 1101 | 062 + 1872
10755 72720 | 1543 | daily | 1459 | 1221 | 319 = 5.19 | 639 + 15.13
lexp. | 1457 | 1206 | 3.30 + 1635 | 11.33 + 20.11
2exp. | 1460 | 1224 | 158 £ 1521 | 493 + 18.96

on

AX max = Xmax,, — Xmax,

The fluctuation Including the
reconstruction bias using
atmospheric model at each

energy are
Rec. AE : 10%@18.5
12%@19.0
16%@19.5
Rec. AXmax : 199@18.5
189@19.0

109@19.5
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Temperature{K]
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Fluctuations by using
fh‘e 'M'on’fhlv average

180
160 e R e N
140 |
120 p

AE E Monthly ~— E Daily

of Events

100

Number of Events

el [ A T S EDaily EDaily

Number

60 F
40 F

20 b

AX max = X max,,,.,,— X max, .

i 1 1 i i 0 - i ol
-30 -20 -10 ] 10 20 30 -100 -50 0 50 100
(Eg{monthiy)-Eqfaally)) / Eqfaally) (%] Xmax(monthly) - Xmax{aaily) [giem®)

(e) E():]_Olg'ae\" (f) EO:lolB.Se\;

EoleV] | MiADRFIRETHITICR LAzA RV ML | AE[%] AX max[g/cm?]
10185 1171 -0.16 £ 0.89 | -2.50 = 7.78
10190 2146 -0.25+1.29 | -2.41 + 7.83

10195 2883 0.07 £1.62 | -2.29 = 8.18




@8km & 10km
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*Winter atmosphere may be clear.
*There is correlation with LIDAR.



Analysis policy of LIDA!g!!! |

Analytical result only of LIDAR@CLF Analytical result only of CLF
] o y
] | 8 X
S
12 4 6 8
Height[km]

eShape of VAOD according to height
is determined from LIDAR@CLF.

eVAOD at high altitude is determined
from the analysis of CLF.

: “ | 12
Analytical result of LIDAR@CLF and CLf




Fluctuation of ¥D reconstruction
using atmospheric transparency
by the LIDAR measurement.



Typicals of Extinction Coefficient
. Np = Np, exp(—ax) O, =0, —O

Rayleigh

less Aerosol scattering | I Aerosol distributed
| | | | - only low height -

a%@m@@ﬁ mmmmmmmmmmmmmmmmmmm o
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Typicals of VAOD

aAS = aobs -

VAOD

Aerosol distributed

VAOD

Rayleigh

0071119_86h —+—

less Aerosol scattering

;;;;;;;;;;;;;;;

o 5 10
3 Heig‘ht abpve ground [km]

high height |

0 | 5 10

Height above ground [km]

VAOD

Aerosol distributed

VAOD

—  VAOD(h) = [ a5 (h)dh

81122_01h —+—

Aerosol distributed
’ only low height

o 5 10
Height above ground [km]

hei

0 | 5 10

Height above ground [km]



FADC count

Analysis method

FD calibration

I

Np : Number of photon
on the mirror surface

By Udo—-san

e

&

Np / Power of the laser

|

[
Power of the laser

I Averaging W.F. of 1 obs. & The Average per 500m
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1.

Analysis method

To analyze all the data of basis as observations
that are passed the data of the quality cut of clouds.

W

J I I

U ‘g_

Np

—E  _ex

Np s
E.'

(_l+sin0
sinfl

r,u(m)

2. If higher than higher the atmospheric transparency, the greater the amount of light receiving at high altitude.
(Except for the scattering by clouds)

3. If you analysis by using lower atmospheric transparency for based-data,

you get a negative VAOD from higher atmospheric transparency.
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4. Using the criteria, to select 30 of candidates data in the best atmospheric transparency

at LR and BRM in each.

Select from the candidates of the same time observations of
LR and BRM, and reference data consider a temporal continuity.
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Analysis method

To analyze all the data of basis as observations

that are passed the data of the quality cut of clouds.
S P
( 1 +sinf

_E
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W %

If higher than higher the atmospheric transparency, the greater the amount of light receiving at high altitude.
(Except for the scattering by clouds)

If you analysis by using lower atmospheric transparency for based-data,
you get a negative VAOD from higher atmospheric transparency.

Using the criteria, to select 30 of candidates data in the best atmospheric transparency
at LR and BRM in each.

Determination of Cloud | 5. Select from the candidates of the same time observations of

!

LR and BRM, and reference data consider a temporal continuity.
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Simulation conditions

Primary energy : logE= 18.5, 19.0 and 19.5 eV
Direction: Zenith is between 0 ~ 60 ° (the isotropic)
Azimuth is between 0 ~ 360 ° (the isotropic)
Core position : within 25 km of the CLf (center of TA ¥Ds).
Number of event : 20 events at each energy for each of 136 good LIDAR runs.
Quality Cuts : Reconstructed X, in field of view of ¥D.

.

Reconstruction using
Daily atmospheric data or two atmospheric models




