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TA and TA Low Energy extension (TALE) Detectors.

Aerosols Measurements using the CLF.

Effect of Aerosols on Shower Energy and Xmax reconstruction.
Effect of Aerosols on Data Rates (TALE)

Summary.



Telescope Array Experiment

Cosmic Ray Spectra of Various Experiments

* The Telescope Array (TA)

experiment was originally designed = 10* v
for the study of ultra high energy 8 102 Vet areune sy
(above ~1x10*® V) cosmic rays. g 1o e ooy
E AGASA - ground array

* TA Low Energy extension (TALE) X o A
built to lower the energy threshold N S
of the experiment to well below 107 —
10" eV.

» TALE FD threshold ~ 107 eV
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TA Fluorescence Detectors

Refurbished Middle Drum
from HiRes

14 cameras/station
256 PMTs/camera

Observation
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TORQE map printed on 07/12/04
11.3°03, OO W

ffomn "Skakelen4-01.8p0™ and "Untitled tpg”

i
[ | .| 1
z LA &
- ¥ 1-.
: | ES
-

% -

'

3 I
Ge 24,000 N

~30 =g New FDs
2 It *-,v;,[{“";-r- g 256 PMTs/camera
O i ‘|  HAMAMATSU R9508
Observation . $iisits y FOV~15x18deg
started Nov. 3l 12| 12 cameras/station
2007 {10 o *‘*X N
s s : ._n“:ff-z'?,{?' "= Black Rock Mesa

. Observation
| started Jun.
2007




Elevation, degrees

=lu)

BD

o

#0

S50

40

30

20

(=]

B
B e e e e e

P I A i A
280 300 324 340 38

P N1
280
Azimuth, degrees north of east

0



Example Air
Fluorescence event
seen by TALE FD

Threshold ~1el17 eV

Mostly close by (Rp
< 10 km)

Aerosols attenuation
correction expected
to be small due to

smaller Rp but should

be qualitatively
similar to other TA
FDs.
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Detector Signal vs. Depth

Shower Profile
m; 1 Signal
e = Scintillation
C Rayleigh Scatter
Ao == ferosaol Scatter
o e Diract Cerenkov
ToE = Total Signal Fit
s0E-
S0
A0
T
20
10f-
a- " !

aslant depth (gicrm §

TALE event data
Event Starting: 7: 0:0.685370

Energy: 0.530 EeV
Shower max size:  1.565e+08 particles

Shower max depth: 631.247 glem?®
Profile Fit y¥ndf: 1.2395

Rp Magnitude: 5.839 km
yr angle: 55.1 degrees

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




Example Cherenkov
event seen by TALE

Threshold ~1el15 eV

Very close by (Rp <
3km)

“Fully develops
above the ground
aerosols layer?”

Aerosols attenuation
correction expected
to be small.
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Event Starting: 0: 0:0.139663747441801
Energy: 9.241 PeV

Shower max depth: 605.810 glcm®
Profile Fit x2/ndf:  0.7362

Rp Magnitude: 0.912 km
v angle: 106.9 degrees

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

Shower max size:  6.143e+06 particles
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TA FD's located at three
sites:

Black Rock (BR)
Long Ridge (LR)
Middle Drum (MD)

Central Laser Facility

equidistant to all three at
(20.85 km)

Note: TALE FD located
at MD site.




CLF laser 1s operated nightly; data taken every 30
minutes.

Multiple Analyses are carried out to measure Aerosols
distributions on an hourly basis . ...

I will show results from one.

An average Aerosols distribution 1s used in the cosmic
rays data analyses.

This average 1s characterized by a single number:
Vertical Aerosols Optical Depth (VAOD)

Or, two numbers for use 1n simulation/reconstruction codes.



A UofU Graduate Student, Jihee Kim, working with
Prof. Gordon Thomson measured the Vertical
Acrosols Optical Depth (VAOD) using data from
three FD sites.

Started with data from BR and LR sites.
Extended study to MD.

Calculated yearly averages.
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VAOD measurement for 6 yrs

Mean BR VAQD distribution

|= -
£ 100

| Mean LR VAQD distribution |

hmean2012
Entries 801
Mean  0.09007
RMS 0.11486
hmean2010

Entries 529

Mean  0.03659

RMS 0.02973

hmean2011

hmean2014

Entries 236
Mean 0.03475

Entries 461
Mean 0.03365

0.3

g [
£ 100
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Mean VAOD every half hour
hmean2012
Entries 591

Mean 0.09713
RMS 0.1204

hmean2010
Entries 4

Mean 0.04062
RMS 0.02951

hmean2011

hmean2014

Entries 212
Mean  0.03935

Entries 416
Mean 0.03347

0.3
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Mean VAOD every half hour

Mean VAOD

BR LR
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JiHee Kim  University of Utah

Many wild fires



Remove Hazy Nights (6 yrs)

MEHT BR VAOD di:strihutinn with GL.IT 1.1.1 — :::::m M;;; P ut a C ut VA O D < 0 . 1

Mean 0.04041
hmean2010wCUT

RMS  0.02565 Mean VAOD
M::Es n.n?m BR LR

AMS  0.02565
hmean2011wCUT | hmean2014wCUT
Entries 235 | Entries 441
Mean  0.03447 | 11can 0.0283
RMS  0.01853 ) ams 002165
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Mean VAOD every half hour
hmean2012wCUT
Entries 455

Mean 0.04298
RMS D.02722

hmean2010wCUT

............................ e 57
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............................ HME UI0251E
hmean2011wCUT | hmean2014wCUT
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E— u'z — 'fa' — 1 JiHee Kim  University of Utah

Mean ’I-'ADI:'I every half hour




VAOD difference when 3 stations
are present (2010)
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Influence on Cosmic Rays
Measurements
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Aerosols distributions, and therefore light attenuation due to
aerosols can change on time scales of days or even hours.

Yet we use an average Aerosols model in our data analyses.

Two questions regarding reconstructed shower energies and
Xmax:

What 1s the effect of using an average vs hourly correction?
What is the effect of using the wrong average?
Also, how dependent are the effects on cosmic rays energies:

TAFD: ~3 EeV and higher
TALE: ~3 PeV and higher

15



MD Hybrid Data

MD Hybrid data Set used
for composition
measurement. (ref.)

Mean VAOD = 0.04
Unrealistic, but ...

Remove aerosols scattering
from reconstruction:

= E lower by 16 %
= Xmax smaller by 19 g/cm?2
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MD Hybrid Data - Energy Pull (Mean VAOD vs No Aerosols)
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MD Hybrid Data

MD Hybrid Data - Energy Pull (Mean VAOD vs Mean = 0.06) MD Hybrid Data - Energy Pull (Mean VAOD vs Mean = 0.02)

Entries 1018
Mean  -0.087
RMS 0.04302

= MD Hybrid data Set .

Entries 1020
Mean 0.08275
RMS 0.03813

= Reconstructed with
Mean VAOD = 0.04 0

= Change Mean VAOD to
0.02 or 0.06 1n T R B 0 or e
reconstruction:
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(y MD Hybrid Data - Xmax difference (Mean VAOD vs Mean = 0.06) MD Hybrid Data - Xmax difference (Mean VAOD vs Mean = 0.02)
= E range +/- 8.5 %
C . - Entries 1020
Entl'leS 1 01 8 70— Mean 9.328
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-
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Xmax - Xmax2 [g/em?] Xmax - Xmax2 [g/cm?]
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MD for high energy E >= 3 EeV, E <= 100 EeV
TALE for low energy E >= 3 PeV, E <= 100 PeV

Use “Random” Aerosols model parameters sampled
from HiRes Atmospheric Database ... (For
convenience, already built in sitmulation code).

Reconstruct events using either same model
parameters as in simulation or using mean values

Compare results.

18



HiRes Aerosols Data Base

= Aerosols modeling:
= Mixing Layer height above ground: h
= Scale height: h,
= Horizontal extinction length (@ 334 nm): L
=VAOD = (h,_+h)) /L
= In practice,we seth_=0
= Avg. Aerosols: h,=1 km, L =25 km.

= DB Aerosols: h, and L are extracted from atmospheric

monitoring data

HiRes DB: Horizontal Extinction Length [mean VAOD = 0.04]

htemp

Entries 2346
Mean 54.56
RMS 103.4

L [km]

Entries

VAOD ( ho /L)
200 B Entries 3480
. My 0.07695
180 HiRes Aerosols DB (by M. Seman) |pus  oo7183
& Overflow 4
160 g :
140 Select: © < 0.095 for < T > =10.04
120
100
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60
40
20—
0 BN £ o |1 s s e IO T: I
0 005 01 015 02 025 03 035 04 045 05
hy /L
HiRes DB: Vertical Scale Height [mean VAOD = 0.04]
_ htemp
L Entries 2346
250 — Mean 1.462
r RMS 1.376
2001
150/l
1001}
| H N H_‘
o LI Lol H HHHHHHHHHHHHHHH mmﬂHHlﬂHHﬂmnﬂ L
1 2 3 4 5

h, [km]
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MD MC - Energy Pull (Mean VAOD vs True VAOD)

MD FD Simulation set. Enties 10394

250~ 3 EeV <= E <= 100 EeV Mean 0.03872
RMS 0.1335
Constant 192.8
Mean 0.04138
Sigma 0.1229

Mono energetic showers

150

Sampled DB Aerosols Parameters.

Recon with Mean VAOD = 0.04
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50
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Recon with same VAOD as thrown e

MD MC - Xmax difference (Mean VAOD vs True VAOD)

Minimal QC’s for event selection _
Entries 10394

400

? Mean 6.071

Compare Recon results: e RMS 1696
300 Constant  289.5

E Mean 6.398

Energy: sigma 12% F

200[—

Sigma 13.34

150

Xmax: sigma 13 g/ cm?

100

-l 1 | - 111 | - PO P bal
-100 -80 -60 -40 -20 0 20 40 60 80 100
Xmax - Xmax2 [g/cm?]



TALE FD Simulation set.
Mono energetic showers
Sampled DB Aerosols Parameters.
Recon with Mean VAOD = 0.04
Recon with same VAOD as thrown
Minimal QC’s for event selection
Compare Recon results:

Energy: sigma 3%

Xmax: sigma 3.5 g / cm?

TALE MC - Energy Pull (Mean VAOD vs True VAQOD)

C Entries 14284
12005 3 PeV <= E <= 100 PeV Mean 0004909
C RMS 0.03934
1000— Constant 1151
C Mean 0.005287
800 — Sigma 0.02791
600—
400—
200—
L. L s | L
%% 0.4 02 0 0.2 0.4 06
2'(E-E2)/ (E+E2)
TALE MC - Xmax difference (Mean VAOD vs True VAOD)
2400 Entries 14284
2200 = Mean 0.8634
2000~ RMS 11.37
1800 Constant 1300
1600 Mean 0.6667
B Sigma 3.507
1400 ;
1200
1000
800
600
400
200
ST R N L [P DU BT
Y0 @0 - 40 -20 0 20 40 60 80 100

Xmax - Xmax2 [g/cm?]
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Flux measurement depends on assumed
atmospheric transparency

Event rates: Number of reconstructed events in
some predefined time window.

Rates are energy dependent; a first approximation 1s
to look at a wide energy range and use an
average. ... Avg. calculated by a fit (pol0)

In the following we used an energy range of 15.3 <
loglO(E [eV]) < 17.3
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TALE MC 1s generated per data part.

2X set; E”-2.92 spectrum, normalized to Kaskade-
Grande at log(E) = 16.2

The Atmosphere (GDAS) / Detector calibration are
chosen according to actual run conditions.

Exceptions:

MC run with average Aerosols

MC run with nominal sky-noise background levels
Minimal effect after filtering, reconstruction and QCs

In the following plots, we count #events passing
quality cuts (used for the spectrum calculation)
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Good weather

selection based
on cloud cover
already applied

Total of ~&873 hrs
in 2733 data
parts.

A typical data
part 1s 20 minutes
long.

140

120

100

[ = o 2]
= = = =
DIII|III|III|III|III|III|III|

=

TALE event rate (15.3 <log(E) < 17.3)

htemp

Entries 2733
Mean 7.383
RMS 1.854

2733 data parts
rate: #passing events / minute

rate
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TALE events vs.
Moditied Julian
day

First mjd with data

corresponds to
06/24/2014

Last entry 1s
10/16/2015
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Data Rates (MC vs Real)

T ALE events vs rate:mjd {(rate<12)&&(ontime>5)}

Modified Julian day -

First mjd with data

corresponds to
06/24/2014

Last entry 1s
10/16/2015

Red points: MC

0 ] ] ] |

| | | | | | | | | | | | | | | | | | |
56900 57000 57100 57200 57300

prediction.

26



Data/ MC Events arc ratio (TALE event rate / 2X MC set)
histogrammed.

140

2733 TALE data parts (~20 min. each)
rate of recon. events after quality cuts
shower energy: 15.3 <log_ (E) <17.3

Histograms divided
and fit to polO 10

. htemp
function to calculate = Erires 2733
Mean 0.3458
. RMS 0.09175
ratio. 60 22 1 ndf 37.35/ 37
Constant 1545+ 4.1
40 Mean 0.3617 + 0.0022
Sigma 0.06457 + 0.00175

MC at E < 10156 1s 20
over-weighted! This o
makes the mean

value of the ratio
smaller than

expected.

| | | | | |
0.2 0.4 0.6 0.8 1
ratio

=



Ideally, red line 1n the plot ratio:rate {(rate<12)&&(ontime>5)}

should be flat. R -
Expect the difference to  Soob
be due to the use of - E

average aerosols in the
simulation.

Points were the rate 1s less
than 4.5 mostly come
from a few nights with
more haze than typical.

rate (data)

These nights are removed
from the data set (~34
hrs)
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Average VAOD measurement using the TA Central
shows a mean of ~ 0.034 over a number of years.

The nightly variation of VAOD around the mean 1s
examined for its effect on reconstructed shower
parameters (Energy and Xmax)

First by looking at data from site
Next by looking at simulations of & TALE FD’s

TALE event rates, 1.¢. predicted flux has some
dependence (not yet fully quantified) on Aerosols.
But overall effect should be small once “hazy”

nights are removed from the analysis. 2




30



rate:mjd {(rate<12)&&(ontime>5)}
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e CLF shots seen in M.

and TALE (ring 3)

e Xenon flashers were

run for most of TALE

operating period;
located at a few km's
from site.

and MD (ring 1 & 2)

sites used for Aerosols

measurements.

Data from BR and LR

—~60
2 [ MD/TALE event
2 CLF laser (vertical) @ 21 km
S50—
i
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=
>
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0 _I 11 1 I I
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o[ ev i
50| & ent {(
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How to measure VAOD

Look at events with no clouds visible
=>» height = 4.3 km above CLF

Observe Npe by FD and know Eiaser[MmJ] at CLF

Npe/Easer (N) = f - e -VAOD(1+sec(®)) - e -VROD(I+sec(8))

/ N\

effect of aerosol scattering gg:;;ﬁLgRaylelgh

Find Rayleigh nights, for which VAOD =0

JiHee Kim  University of Utah



Quality Cuts

1.

laser energy between 1 mJ and 10 mJ

2. To get rid of events with clouds, mushroom

cut*; scattered by clouds

*group: 6 tubes (ex. Green or Blue)
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2010 Data: NPE/mJ histogram

NPE/mJ histogram using group 4 in BR 2010 w/ east & west clear htemp
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400 1000 1200 0 A, /1600 1800
NPE/mJ

Largest signal for Rayleigh
nights

JiHee Kim  University of Utah



2010 Data: NPE/mJ vs Time

NPE/mJ distribution using group 4 in BR 2010 w/ east & west clear
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