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I detector
- Design performance study
= status of construction of detectors

« Test output from TA Lead Burger.

- Summary -Future
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Telescope Arra Exerlment

Middle Drum FD

AR o .‘"ntl’f,'t- 1350-1500m asl
g f" i OFD station (X 3station)
5 | Surface Array (507 SD)

-~ A Communication tower

% | @1.2 km grid SD (3m2)
1 @ 3 sub array :
+cross boundary trigger
—>Total 507 SD
e Total detection area ~700km
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TA Surface Detector

S0
Tyvek _
Scintillator -2 S

Stainless steel plate

TASD:

Signal from 1.2cm scintillator .
-> Low threshold
-> sensitive to em component.

12mm plastic scintillator

1mm SUS 2 independent layer
12mm plastic scintillator

Arb unit(MeV)

WLS Fiber (475nm ) x5m - PMT ETL9124SA

101%V Proton shower (stacked energy deposit

;— Simulation 1000m — 1250m
-
- V-
= h -
= ]
Dl;:_r ! anln : '”L'__'I%!g;”ﬁ_'"' 1500 '%
(1p sec) time (tmeeeng
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Motivation
]

Sgoo—Energy table by MC Esp/Erp = 1.27

log, , (S800)

R T T T Y T T S T

. Current status : SD

-- Energy calibration with FD.
TASD E_.,./Efd =1.27

2> ?
-- Auger SD Np ~1.8x(Np MC)

- suggest possibility of modification of Hadron Interaction model .. )

0 246 33.6 39.7 444 438.2
O(deg) SD, log, (EleV)

.
<OWe are not understand the cause of this 27% yet.

<>Muon enhancement reported by Auger group + FD energy scale can explain the 27%?
<{Need study about what parts of shower are different from MC.
(Not only the muon but EM component also) : Target Energy > ~1018-5eV.
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TA Surface Detector

/PMT for Lower-1
. PMT for Upper

S0
Tyvek _
Scintillator -2 S

Stainless steel plate

12mm plastic scintillator

1mm SUS 2 independent layer
12mm plastic scintillator

TASD: WLS fiber (475nm ) x5m = PMT ETL9124SA

Signal from 1.2cm scintillator .

19 .
> Low threshold 101%V Proton shower (stacked energy deposit)

- em component sensitive. = Simulation 1000m — 1250m

S:

\ J g — Y --

IS, | S = h -

1 cC —

1 Concept: T

Iy . . o - il

| Using different thickness of detectors, | F - ]

I observe response to shower particles. : ol S 2

e e e e - (14 sec) time (Asec)
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Lead Burger Detector (AGASA)

(we know a example existed in AGASA experiment.)
{Measure EM component + Muon component separately by classify waveform

E-like , G-like , M-like signal. Ototal area 12m with segment size 1m
AGASA(Akeno Giant Air Shower
Array)  «y F7 <1cm Lead between up and lower layer

Y, Y ) ) ;
< Measure arrival time structure and fraction

of each component of particles
< Installed in AGASA experiment

Phys. Rev. D 56, 3833 (1997) ..

EETaF
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Detector and estimation of performance

e
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Detector

~ (Concrete shield) - - -=--=------

! Y

il Concrete(1.2m) [

I

I

I

I

I

I I
I .|
I

I

TASD /=

- (Water Tank) - = === - - - < Concrete shield detector

ew Measure high energy muon
Auger North SD & Lead inserted detector
SD for R(E:Apli\;llTC)lolorado Measure low energy muon and Em component

1
|
|
1
|
: + Auger North,(south) detector (new)

: Compare response to same shower with TASD, N,
1

|

|

1

|

|

1

Concrete(1.2m)  600MeV ~100% mu
Lead (25mm) (70MeV) Sensitive to EM ,u
----------------- WT(120cm)(new) (~300MeV) Sensitive to y (Em)
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TA Muon Detector site

Central Laser facility (CLF) Site -
—L0Ng distance network CLFsite (center of TA FDs)
& 395 % E&w"l‘ﬁ#ﬂiﬁﬁf _
= o DAQ - Trigger :
3 Madobrm ST e TASD Level-2 air shower trigger.
D >~ ((Central trigger process) = CLF)
O 394 | (23.9km)
E [Delta City]
e . Same trigger will be provided to Auger Tanks
e (2a34m) Observatory
39.3 | :
(20.3km,1.6km) 'l; C L F SI te
7em ’ i L W ;“' ? - i wtg;w’ Km 3
oz _(4 ;: ) L“-;'”Q Ridoe (27.2km) Biack I}pékts ki) S P S k ‘i.
39.1 |-

1
-113
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Concrete shileld detector

e e Scintillator Box x8 24munit

wee g
A

lon o B L

Bmmmﬂ}

8 segment x 3m

__— Scintilaltor(inside)

ob i -
TOP # BRI .
\L, ..... ‘-

concrete
SIDE . — . .
I 1IN | | |

| | E.J.‘:.:..:..:.{:.;‘t!l E‘ '.a."-:.".El’.c’;.’j%.{.{.{.{.r.".r.'.riIE "f';.'ﬂ*.«:'.'fﬁ[jr ASD (2|ayer Of SC'ntl)

UHECR2014 (Springdale Utah) T.Nonaka 10



Muons observed under shield
RN

Muon energy distribution (E19.0Proton)

g 1 Number of muon fraction comes under
o000 over concrete Concrete shield
25000% upper hit [ num of  under concrete / over concrete E19.0Proton |
20000 upper and lower hit o E
- ® 08~ +
15000 — - +
= 0.7 + oL
10000 — E_ + + =+ + + +
3 o6~ T T4 Loe F
000 | 05t
00 1600 2060 3600 40‘00 5600 60‘00 7000 8000 9000 10000 0'4:_
,T‘ Energy [MeV] 0.3 =
 Muon that have over 600 MeV 02|+  upperhit uover concrete
_ - —+ upper and lower hit p/over concrete
can reach SD (R=1500m) 01 ! !
— 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
(about 55%-~ of all muon MC) % 500 1000 1500 2000 2500 3000

distance [m]

density:2.4g/cm3
Z average:12.26
A average:24.59

e
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Muon counting

Thrown vs count

@

with simulation.
“Thrown” is number of muon thrown in 3m segment

Count by the coincidence of
rising edge in waveform

'-g 50
0 45
o
40
35
30
25
20
15
10
5

%

50(
I45(

—40(
—35(
—30(
-251
E = —20(
= 15(
o
% 10(
thrown
I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|-0
5 10 15 20 25 30 35 40 45 50
thrown

Good accuracy while small number of
muon.

@

study of counting accuracy

Count by charge output

+« 50

5
045
(3]
40
35
30
25
20
15
10
5

thrown 50

I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
00 5 10 15 20 25 30 35 40 45 50

thrown

Linearity up to large number or muon.
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Lead detector 51TA Lead Burgerz

Upper view |

Solar panel
((150 X 67 X 6cm) X 2 parts)

Segmented SD Box
(100 x 110 X 6.5cm):

Steel base

| 4 segments : 1set

Segmented palette + lead

Lower view

<1 unit = 4 segments
<Box of 1segment is 100 x110 x 6.5cm
<This can be disassembled by 2-3 of person
and possible to move to other places.
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L ead detector (TA Lead Burger

Cmmmmmmmmmnoes SDbox I |
R s I
<{ Lead (25mm) : TASD TALB I
B < ,\ I :
- Scintillator (12mm) : I
— - Count coincidence (U/L layer) _ _ l :
waveform 1215 1/10 - 2 upper I I
s ‘ | ! !
I E I I
| - : ! :
I = Threshqld ! : ,
I T T v ey : , 0.75m*
I 100 200 300 400 500 600 700 800 900 1000 -— o - —-— e ol
| TR time[bin/20ns] | r—- Time constant 1/3 ----
! : ! : — _ !
I = | : 3 = |
| = l i == |
| = . : T !
| > o ——sdo do———rdo——sba———wdo—tooo | | :E_FI Jj"h }\ﬁi\ |
L time[bin/20ns] | : Bt gy :
. . [Lwavetorm 1675 upper | I
- 25mm Lead between Upper/Lower scinti : faE = I
- Count p-like signal by rising edge of FADC I 2 = :
- “Segmented SD” 1segment o0.75ni > : JLUSNJL 'W I
- Shaper output time width x1/3 > | 2108 | :
UHECR2014 (Springdale Utah) T.Nonaka 14



Estimate NII with H-Iike signal

E19.0 Proton shower

; thrown:the number of muon, input to Geant4 )
e 10 =« % Throwny countl :the number of the coincidence of rising
E ol w g edge in waveform
3 - y B Count1 y count2:number of the case succeeded to count
2 1 " O Count2 \_the muon. )
c = = L .
ﬁﬂ,g ". Nu-like /thrown <20%
10_@ " . Purity >80% accuracy
; . log,, 4 division + shaper time 1/3
107 = o
(Energy/eV) Proton Iron
10%5-~""500 4000 1500 2000 2500 [0 3500 177 300 300
ratio (thrown and each count) sanee
o 160 18.0 1000 1000
® 14l 18.4 1000 1000
1'2;“ """""" '@'.-_,{. """ i#{- 18.7 1200 1200
1— | " I o
. : 19.0 1200 1200
0.8---------------- e RRGEETETS
b 19.4 1400 1400
04F " countithrown Avg . ~10% over count constantly.
. § count fimingfhrown || e can count muon in 20% accuracy at
o 500 1000 4800 2000 2500 3000 3800 core distance above.

distance[m]
I
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30m?2 X 2Year Observation

< Simple estimation of average muon lateral count E> 101°%eV

[ s rrovorrmro—rror—
€ g
3 .r :\
O 2 X
< 10° .
= -\%é- X
10 = o WE%’? )
- oG
1= o) O
107
102 —>
Y N
10 500

% thrown

Hl countave

Geometry: vertical shower, 40event

count_timing ave

‘| O count

) .| 3 count_timing

Energy=101°%eV
b Events in 3km

Note: In real event analysis, energy and Geometry

o K

n—

0

I IS I ERE R BRI R
1000 1500 2000 2500 3000

distance[m]

is given by FD+SD obs

Assuming 30m Detector and 2year
Observation.

Integrate the counted number

in lateral direction.

30m? Nu(E19.0Proton No division) concrete1.2

L 10°

thrown

thrown2

Evaluate uncertainty from collected Muon

count ave

number

count_timing ave

count

count_timing GNU/ N Y
®OXK K S 2
Lo Lead (30m) UG (concrete)
| [N E [eV] Fe |P Fe P
10187 9.5% | 11.6% | 14.5% | 15.2%
10190 9.6% | 11.7% | 14.4% | 18.2%

PRI
500

Il Il ‘ Il Il
1000

Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il I
1500 2000 2500 3000

k
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Detector assembly (TA Lead Burger)

e
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One segment of lead detector

95cm 6.5cm

110cm

95cm

Odifferent fiber layout

- (table)
<OPMTis on top of scinti.
<O(small, easy to handle.)

110cm

Inside of
§ Lead detector
Segment
Misc value
TASD Lead SD
surface 3m? 0.75m?
Length of fiver | 5m X 104 3.4m X 26

Fyber layout

1 fibe read 1 straight grove.
Readout at both end

1fiber read 2 stragit grove.
Readout at both end

PMT Side of scinch On the scintillator
(ETL9124SA) (ETL9124SA)
Box 2 layer in one box 2layer in separate box.

UHECR2014 (Springdale Utah) T.Nonaka
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Detector reseonce

- Uniformity: measure 1MIP in 35 points using 15cm X 15cm probe

IMIP=66.07=%=3.27FADCcount
(£4.97%)
current SD:5~10%

100¢m

0 58
0 10 20 30 40 50 60 70
X[cm]

- Light output from scintillator + fiber — e

h-l
[

g
5

100 150 200

““““““““ W ‘5', / “,w,w lp-e-: 3.62+0.02 FADC count
boeomw 1MIP= 66.07FADC ~ 18.25 p.e /MIP
triggered waveform:590/1664421 * average of current SD 24p.e.

- "IeS
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Summarx of construction status

2013

2014

~Mar = Simulation study for counting accuracy->decide design

—_

Aug - Lead det. 12 segment (9m) Assembly
- SD (TASD)x 8 (24m) Assembly
Oct-Nov  Shipment 2 PMT assembly @site Check. -

Dec - 1st Lead Detector deploy
Start observation i Taelec) —

< (winter + wait for permission )
Permission of land use (2014/06)
(Arrival of Auger SD x 8)

= Start construction of Concrete structure (2014/08/16-)

Auger tank assembly is planned (2014/10/17-)
We hope to learn how to operate/maintain detector.
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Test detector operation (Lead @ CLF

B Telescopes ™ Detector @ Tower o CLF iilii]
Fpott— g T W e I A E———" 120

Battery of Particle Communications e A o Ru n n i n g ti m e

: running time

Ave. 97. 49

O
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s> W wwww
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i
LN RN R NN e :'h"r: LR T
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100 P N : e
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an bl
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N -'rrrrrr.'rrrr-ﬂ
T

Live time/Run time

ook P L S L L o L o

! 2013/12 — 2014/05 _
12/23 01/11 01/25 02/08 02422 03708 03722 04/05 04/13 05403
13 14 14 14 14 14 14 14 14 14

Count rate: Count rate ratio.
800 = 100
*

80
70
60
50
40

600

R I B e g S

* * * ok
iRl ST S ol S

DET2420
DET1216
DET1217 30
* DET1316 20
* DET1317 10

500

*

40 Rate Lead/SD = 71.57%+0.74%

*

300

LvO Count rate[Hz] _

»*

MC , 83.14%0.24%
200

Trigger rate ratio [%]

100

. | | \ \ |
12/09 12116 12/23 12/30 0 12/09 12/16 12/23 12/30
date E— date
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Muon Detector event sample
.,

mPeriod: (0.5Yr)
13/12/05-14/05/10

m zenith < 55

m R<3km (E>1018eV)
total : 102 Event

Detector hit 18 event ™

2014/01/24 04:26:03

10°
s I @ LB Top layer signal
'-'>J B | @ Average of 2layer
aQ

10

Raxis (m)

i T ) ¥ ¥ T
(&) b i i i i i [
QO T e At e e oo
2 ] i i i i i F
Z st Rt e e ool
) ] i ; i i i F
e
] i a a a a 3
ad JE T A T
aoF * i i i ]
e proe by

] i ... ™ i
L S S— H— oo

3000 -2000 1000 1] 1000 2000 3000

Zaxis (m)

Wave form of TA Lead Burger

Largest energy event in test period
E=17EeV

Zenith angle 37°

Distance to shower axis 1550m

(left top) lateral distribution
(left botm) Arrival timing.

Nu-like : (by Wf count) 1 ptcl
(by charge) 2.01VEM

I
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Muon Detector event sample

e
2014/01/24 04:26:03 Wave form of TA Lead Burger

® LB Top layer signal
@ Average of 2layer

500 1000 1500 2000 2500 3000

R.is (M) : :
Smallest energy event in period
80 Ty E = 2EeV
O NS S S —— Zenith angle 32°
&0 ---------- ----------- ---------- -------- Distance to shower axis 1264m
“ """"" """""" """"" """" (left top) lateral distribution
sofp e e g (left botm) Arrival timing.

Trel (|JS€C)

o Ny-like : (by Wf count) 1 ptcl
So00 2000  -1000 0 mnuz 2-um1(r;;ou (by Charge) 117 VEM

I
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Auger South SD
(3PMT)

Auger North SD

SD for RDA In Colorado
(1PMT)

5 “M-M" i

e 1550 ';Sﬁl"ﬁc‘:ﬁf i s .mr-_., PR
T Comms and GPS
Antennas
Solar pancls - j_ P Electromnic box
Phototube /" T- : .ﬂ. T W Ravale Ll
\x . Batteries
o X
12 o of water___- -
(b} L ~ | HECR2014 (Springdale Utah) 24
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Deployment 1: CLF

Observe the same shower with TA muon detectors
e 1 South SD and 1 North SD

----I —= “ e - - ?.—:_.,—-'— -
A oy A
36m -"'#_:.. - — = "1.: r’ .’-g CLF o
- 4% ~ R ¥
PR 1m 3%, #hﬁ?;‘.; ’
k..:g:.t Aty {;} 12720
‘-l' 4 '-,‘ M -
'Ajf'. L ﬁ:i':l:.?- -
B :
t-" 1:3' '-l
B0 0
¥ i rr - - —
h .-3.;' R '- l:;ﬁ:“?.‘:
Ll - " "
By RO 2 7
a -dl - . - o g
:E’}; . W \ : -.f'l ,-.-.Jr' ~

€ s R A B, - :;‘-_;1,‘, , _1'.”'.%2;‘.3'1
i-l e A 7 : ¢
t - l%.ﬂ.- ’ 2 :“.."" ‘ a’ :
__J.rf“l,ii‘ ., - _ -r!__iE!':' 0 g
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Deployment 2:
Proposal of ‘Auger SDs in the field

IS SRS W

. Observe the same shower by Auger SDs
6 North SDs near TA SDS wrth array confrguratron

v : , -I. IrFl e i & L --P - - \ "" 1'

b - : 7 T = p2:11 [ -
S R il p Ll S T
() 7 "2l N 3;2“*3'“—’ { Ryl

) . ( -.;;- v @ A J | N -

e W AR201138 ‘ﬂ o4

¢ -’
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Summary

< Motivation: Need study about what aspect of shower is different from MC.
(Not only the muon but EM component also)

OWe designed Concrete shield muon detector and TA Lead Burger.
—>Estimated performance was reported.

{Construction is just started. (a lot effort by Utah staffs)

Looked signal from shower taken by 15t Lead Burger detector. (very small)
-Analyzing p-like signal and Em component development upper between lower
~hopefully, we compare data with MC with more statistics.

Current work )
2"d deployment of Muon Detector is starting.
24m (Shield detector)
om( TA Lead Burger)
+ with Auger SDs
2 tanks will be put same place with TA-Muons

6 tanks are proposed to be deployed near by
TASD in array.
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Back up

e
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