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MTED, cDZEIZEHST “Mono” (BER) BRERKLYEREMNKLLES,

5 1 siny — singq;
Xgeo — M ti — (teore +M sin(y + a;) Teore)

i
- Use SD time information that minimizes
fitting Xgeo

shower axis

F.O.V.

r

~N

\Vlono reconstruction

Hybrid reconstruction

H Si sin 3

ﬁcﬁm

n sin(y

H
n Tsp) 8@
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TALE /N1 TY) v &

time [us]
ARVEHS (BER@XRTTK) o
< - 1.2
g 50—
g —
S - 1
| 2018/11/07 09:11:48.965272 | R
time [us 2 0.8
21 [us] & 30—
- c —
- — recon 4.5 2 = °°
C TALE-FD 5 20—
20 3 - 0.4
- 4 w -
N * 10— 0.2
1 -
wu 3.5 ol L T N R TS RS RS 0
N O 100 120 140 160 180 200 220
C g o ; i Azimuth angle [degree]
18— g0 g 3 | _shower profile recon. |
- u m] O O O =
~— - O m] ° o O 7 ) I Fluorescence
m aNllD 0O o 3| [m} 25 - W I Direct Cherenkov
-m- - o O oo ) mH| / 15 [ Rayleigh Cherenkov
C o o - (f/ I Mie Cherenkov
L 5 m] o o 2 mu| T
16— d 5 — F °
C o o O S a o
- O 15 = - A 4 % 10—
- [m] m m £
15[ o e % w.
C : 1 - c
- : 2 5
14 o 05 &
.—w]____ 1111 _________m_________ | 1111l ° c||_____._...._...._...._...._....__-_______ 0
) -8 7 6 5 4 3 2 ] -10 0 10 20 30 40 50 60 70 0 200 400 600 800 1000
[km] Angle in SDP [deg] slant depth[g/cm?]
preliminary result

zenith[deg] | azimuth[deg] | core X[k Energyl[eV]
SD 46.7 -165.2 -95.35 18.39
FD—mono 52.9 -105.7 -5.52 18.48 660 101823

Hybrid 47.2 ~163.9 ~5.42 18.41 661 101749
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TA/TALE/TAx4 Array
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TAx4 @IS

KEG MOUNTAIN

R P XL

1:|II|I

Desert

FISH RANGE e p
ST ” &) bmeT O New m_ﬁm\baa_do:m_ Install

— New Network Line

BISEREERED

120 \

Horse Valley Little
Valley

Done..

T 100 °
pont . :
Whirlwind Valley m. 40 . °
SWASE MOUNTAIN © 20
. A%\o_\a _m\omo\oa 19/02/24 19/03/16 19/04/05 19/04/25 19/05/15
H g G
M Long | B AN zmww,\ ruo/ AN \A
o5« LRFD 5 BRFD® 1 ¢ BRFD02/06-02/23
’ /, i N\ N MDFD 02/12-03/06
’ \ palye w3 P4 VAT ~ SNCT 03/13-03/17
: o o o - R RS S - KMCT 03/18-03/19
i+, THEH . V2 DMCT 03/19-03/20
casdesae o | “\ SRCT 03/21-03/22
sceT o ~ SCCT 03/07, 04/28,29

CrRICKET DANGE

2019/12/13 ICRR 2019 Kyoudou Riyou 29



TAx4 BIEIE FERL

TAMILAR—4

RYNT =D —TNEXZD
Y—5—\RIx6  HLITLV

INYT1)—x14
REMRBRRT>TT

2019/12/13 ICRR 2019 Kyoudou Riyou 30



2 ) —E&RM DENHE

Delta ™A B TIANEFEL LTS / AYaTE2—TER

-

2019/12/13 ICRR 2019 Kyoudou Riyou 31



-

A —|z

AREDGRIIVORIZHES,
ARNIILDAE, MEZHRHAILTEE
23 E-=GIE( <1 in) ITEEAT,

mﬁ

X

BREROEENDALIEL 05FERE

BEHSIHRYMRHT

2019/12/13

ICRR 2019 Kyoudou Riyou

32



ERENANG WSRO EERS

FEfIZ8HS SCCT (IBFVED EMRFZEMELELEOTWNNS, CcDT=HFT—DIEE
&#F\Awmrﬂﬂo

R—ILIEDO1 o FHFE&ES= L N -.
(fHZETRELENS,
MR T IRY =Y AT
FTUORTHERIZIK, D1
FEiZOET,

For tilt down, extra length of
PoE cable will be needed,
Release this spool to give
enough length.
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- BIEE:QV=FTUTT

- SD:FERIET7UTTFOAMUALESDRE
- B EERICOHTHiENSDREFEOFSER/IEIZEHE
 Crew helicopterCH# BT 53 F—LTHE

¢ 03/25 £TIZ 2208 2EEDSDIZDW\THESET
« 068 RYMDISZIBEDSDIZDOINTATVZALT HABREERET

1km ~20km"
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TAx4 EEx xR EEs ZFEIK

- 11/29 £T
TAx4 all time (2019 5/12-) | . me dllé\ﬂxq Num/ QVQIWN S%W.ﬂ__mfyuam
dashed lines : deployed SDs F\—“E&.NW&I@D%Q—“%%*_&@
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m ead (Rpi /" BFCT dead ' PoE connector at %\.&:Ca%ﬂﬂ\ﬁm/ RAM Nu:\.ucmwa_mx
p SRCT —_ o 21— S R
r DMCT dead (PoE) (PoE connector) (already fepaired) _(U_Hl.ﬂlmvw.ulmﬂ_fme mw_wxwmo
2 1004 KMCT dead (Rpi)
: Replacing USB . s ~ = ey
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— o TR I e e
- DERERIMERSNT-aARIZ—D
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« 12/07 B Q0% DBRHB/EALNTT—RINE
DAQX &S DEHIRIE £910%



EREEG: /N1
FAAEER: BESK., SRS

poey
lower SD7e0e
SD750;
SD7e0e
s07708 |
w
07808
SOT70
SO7Ta09
s -10 5 [ 5 0

[ TA4XMDFD: 180616 074411.875382 |

28 30 32

2019/12/13

Time, [us]

o eeee oL

anen O 20

M:m ......................... 25.¢

Fi o\

: . P ERAAAIAN UL 4

under construction IRIIX XKD 3

34 36 38 40 42 44
Azimuth [Degree]

ICRR 2019 Kyoudou Riyou

w &R R B iG

BT LA TRASHINAT )R AR M|

82 33
8 158542 5421380388
ns
B
) .
T ®
= '; %53
g7 : i
~ i 1
a’™ . n.es
§ 75 i H
G BST
& 5
7
’ 4.8
)
n n.s
O i sias "
° 1 7 3 4 5 & T8 % W®MNn o2 3
X pasiticn 1D (2,08 km
Time vs Angle, TA4XMDFD-Mono T 259132
0 25.14 + 0.2488
—
R + 130.
27 . 8098 + 130.5
169.3 + 1.054
26.5 -
26|
@55
-
o
E 25
=
245

PP RPIPITS ITSPATSN APUTATS P SPAT ATAT AT APATAT AR
4 6 8 10 12 14 16 18
Angle in SDP, [ Degree ]

36



ZTDihd RED F



‘||"

A4S EEBY A P TOHERIRIALEREIC
e L“IN&HD I RV —FEHREE E14

gyax.gﬂamnm.ﬂkis\ of Single-pixel Telesc
+ AKX DERE20 cmDAEBFREEICEEHNAS
BHEREENREBINEF—I2LD
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1 m? aperture E

-y "] FOV = 30°x30° I , .‘W.m.,. AN
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- | 7% - » AL A
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+TAY A MZ3RERE

+ 56085 [ O 72 81 £7 ll % Z Ak,
DL RFEZAugerTH1 BEZHREL., HAZEH

TRLE

8 inch PMT camera Segmented primary mirror

UV band
pass filter (2x2)

FAST reconstruction (Preliminary)
Zenith Azimuth Core(X) Core(Y) Xmax Energy
-47 km 808 g/cm? 18.8 EeV

339 deg 19.3 deg 4.6 km
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T. Nonaka +TA collaboration
+ F. Saraddin , Carload School of Mine
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EREXBERE (BEEDH)

Date Site Work Manpoer
19/02/06| BR  |Deploy Solar panel stand Shimodaira Sekino,50S, Nonaka
19/02/13] BR  |Adjust level (horizontal), Install power system Nonaka
19/02/16 MD |Deploy Solar panel stand Sekino,Nonaka
19/02/17| MD  |Bring back trailer from MD Nonaka
19/02/19] MD |Install Solar panel stand @West of MDFD <-- Car accident SA team Okuda,Nonaka
19/02/21f MD |Install power system Nonaka
19/02/23] BR Install Access point. Nonaka
19/03/02] MD |Re position of Solar Panel stand Gary
19/03/06] MD |Install long distance antenna , Install network instruments Nonaka
19/03/07| SC  |Lift up materials (Battery +solar panel stand +antenna pole (8m) ) with helicopter Nonaka Okuda Jordan+1
19/03/13| SN  |Lift up materials (by heavy equipment) rain+wind left equipment @SNCT site Nonaka Okuda Tim+4
19/03/14] SN Add mmow-jom loader OOBU_ﬂm installation of hardware @SNCT start full function @ 17thAM, Equipment are Nonaka Okuda Tirm4

left at Millard county gravel pit
19/03/15|KM+DM |Lift up materials (by helicopter) unable to access KMCT via SA34 Equipment was left at KMCT Nonaka Okuda Tim+4 Bob
Installation of power system+networks instruments almost complete, accident to break PoE power supply b
19/03/16 SN reverse connection of power cable. 24V Power supply and Hub <qm5 gone. (Recovered on ow\_ozv e Nonaka Okuda
19/03/17| SN SNCT start work Nonaka Okuda
19/03/18] KM [Start construction, Hardware install complete Nonaka Okuda Tim+4
19/03/19| KM+DM | (AM)Install networks and misc hardware @ KMCT#&) (Okuda san left to SLC) Start construction DMCT Nonaka Okuda Tim+4
(Nonaka)AM Preparation for SRCT deployment PM finish remaining works @DMCT start operation.
19/03/20) DM+SC |31y Anchoring @SCCT install Antorma pole (8m) : " Nonaka
19/03/21] SR Deploy materials for mmo._w with helicopter Finish construction tower. Installation of power system was N ——
postponed due to heavy rain.
19/03/22] SR |Installation of power system there was no serious rain at tower site. Complete. Nonaka
19/03/23] BR |Antenna for BRFD-SRCT was installed @BRFD established the link (no fine adjustment of frequency) Nonaka
19/03/24 -- (AM )Fly back to Japan Nonaka
19/03/28] --  |(SNCT 03/28 MD-SN stop communicate) € photo
19/04/26 -- PM arrive SLCE (04/26 UTC 00h26 TALE AP problem)
19/04/27| SN+DM |[SNCT-MDCT adjustment of antenna, SNCT-DMCT Adjustment of frequency 5800MHz Nonaka
19/04/28 SC |Install power system. Install of AP complete, but not powered on. Nonaka
Power on SCCT, Install network system start long distance radio to BRFD
19704729 S CHSR SRCT change frequency of long distance radio. Start communication with 5800MHz Nonaka
19/04/30| BR+SC |Adjust frequency @SCCT (5240MHz) SCCT was able to login to DAQ LAN from close load. Nonaka
19/05/01] DM |Reinforce turnbuckle (Communication tower for TAx4 complete) Go to SLC> Japan Nonaka
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Scintillator (TA, TAx4 )

Light output of sampled slab

--—ﬂdq—-‘d-ﬂdu-—u-—-uu—u-d—-d-—--—-u

1

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

c_gunt

p

Illlllllllllllll

Relative mi

- 15%

,.;_Bm:m_o: 250x1500x12mm
Grooves with span 20mm 1.5m
(p-terphenyl 1.5% popop 0.5%

'{lllllllllillllillllil&l—ll'

R/
ko : . . Scintillation spectrum(Cl) —— _ 0 7sEs. __*__,r_* _
e osh TA V N S— A - | "0 200 400 600 800 1000 1200 1400 1600 1800
m 0.6 mO_D_”___m_”Oﬁ ” ” - . o Scintillator Lot .ZO.
? osl (ClindustyGofidy i\ | O Weuse plastic scintillators 12mm thickness
$ oob oo/ o C ] O Made with extrusion method.
of - _ _ ._ ________________ _ _____________________ o _ ____________ 1 O Wavelength match with Y11 fiber.
T amEEmyy—— ] O Stability of light output quality is ~ = 15%
' (B2 absorb) — . . . . .
£ 0sp " esaeso) —— 1 (O Slow variation along with serial No exist
g sl . /.. Kuralay |
Ny ~ Y11 WLSF | Scintillators produced at closer
200 50 40 450 500 50 600 650 period are used for a SD.
Wavelength~(nm)
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Wave length shifting fiber

- TAx4 uses WLSFiber , Kuraray Y-11(200). (D=1.2mm L=6.1m A_, ~3.7m)

same as TA except length of a fiber
- Fiber layout and number are changed to reduce assembly time and cost.

|_|> mU |_|>XA. mD 1.0m
PMT for Upper Layer e
z l 150cm WLSF / A/,./lw V\ w.
l.\a\h /’ PMT for Lower Layer
PMT for Lower-Layer D rr( |
. PMT for Upper Layer > _Hv //l/f \\ ./&
e ,Nhuiw . \ O/ | » YML!’M-I““.;
/ ~aa \\\ s::w_u Tybek Sheet N o o /\A/\\vl'ﬂ“\'m'mwwv
A SSRGS
/ e Stainless mﬁ& plate b / : ”M%M S
._.<<m_A Sheet ™S\ Scintillator < ,‘M“a‘
Scintillator - : SM/
. m
Stainless steel plate ~N
5m fiber m; m f Uhmﬁ
Spacing 2cm pacing cm o |
1 fiber route on scintillator 2 time.

— Non uniformity is smaller than < 15% at measurement with test assembly.
— Less number of fiber to assemble gives shorter assemble time.  R&D by K.Saito

— Total length of fiber is < ~1/3 . It gives cost reduction. (ICRR)
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Photomultiplier (TAx4)

35

(R8619 Hamamatsu) Typical QE curve
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" _QE (~19%@500nm) (Ask = 2.3 , AQE+-2 %)
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0.1
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PMT assembly

- Fibers are bundled with epoxy glue with this holder.
R8619 H t
A amamatsu) - Holder is made of (polyoxymethylene ) POM.
- After epoxy become solid (~8hr), end of fiber are polished,
to make the end to be flat and smooth.

- Attach with PMT as shown in left bottom picture.
- Vibration test to check effect of long term transportation.
No problem in mechanically and also in responce found.

4x @3 thread (depth 3mm) ™. Optical grease

TA fiber TAXx4 fiber
buneies ‘ bundle \4 Seems
w s \Y « Increase
3 Photo
electron

acrylic —polyoxymethylene (POM)

Probably due to transparency of holder
Observed increase of observed photon
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Assembly of detector (2)

We transmitted our recipe about fabrication
of detector (including work flow) to a

comBapgrson for assembling a SD
(Make 2 team for assembly)
- Work start ~08:30 end <17:30
- Average 5SDs are produced in a
day.
- 100 SDs in one month.

Assembly 25.Jan - 22.Feb Isezakijapan

) L) L L]
: : : |SD ———
,_do T ——— ................................. Onmm ..................... -

100 p-

I frereresmssssos s senen ST N Assembly/Day —— J

23.Jan 30.Jan 06.Feb 13.Feb 20.Feb 27.Feb

23. — 27. Feb
Jan UHEAP 2016 @ Universitv of Chicaqo

Assembly/Day
o N ~ (o] 0] o o
L]
H




Assembly of detector (3):.

—-—--—-q—--—--—qqq—-qq—--—-q—-

L}
4

fe> : ]

- Result from assembled actual TAx4 SD. m S E
N, /1mip= 23.3 +- 2.3 (photo-electron) 3"
_ :@j._“ m_Qm _U_O_”m mjo<<m OO_‘.—.m_m._“_OD FO e 1o] SN, SN S S ST SO * .......................... IM
scintillator serial # and SD. 09 s
Good quality of work 08 ]
(K.Sekino,E.kido,K.Saito, and Meisei Electronics Co.Itd ) : E

Number ot Layer

oum .ﬁ-..*........-..—.-.m.n..vJ.J.J..—.-._.-..*.n.\.ﬂ.h....._....h._.—.N.F.ﬂ.ﬂg.h...-.-lqll.

0 200 400 600 800 1000 1200 1400 1600 1800

Entries 200

Mean 23.32

rrrryrrrrjprriria LI rrrrprrrerrynri pa—
! ! ! ! ! _ RMS 2.384 S
O
Underflow 0 )
Q
Overflow 0 M
200
o
Q.
0 0 20 40 60 80 100
Npe Assembled SD number

UHEAP 2016 @ University of Chicaago

Scintillator Lot No.




SD assembly in Japan, Korea, US

This summer — Autumn

30 SDs SKKU (Korea) 2 PhD. Students+ 1 engineer
for 1.5 months Aug - Oct Assembly SDs in Oct.

o

Transport
scinti. boxes

Kido, Sekino, Shimodaira
Korean 2 students
(hopefully)

+ 4 part—time workers

~ 1 month
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Auger North SD

SD for RDA in Colorado
:mu_,\_._.v

2019/12/13

Measure high energy muon
< Lead inserted detector
Measure low energy muon and Em component
+ Auger North,(south) detector (new)
Compare response to same shower with TASD, N_,

I N

Concrete(1.2m) 600MeV
Lead (25mm) (70MeV)

WT(120cm)(new)  (T300MeV)
ICRR 2019 Kyoudou Riyou

“100% mu
Sensitive to EM , u
Sensitive to ¢ (Em)
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4 com—towers have 12m tower mast

SNCT DMCT
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KMGT
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SCCT

Since SCCT is located on top of hill, We do not construct tower. (enough high)

For tilt down, extra length of
PoE cable will be needed,
Release this spool to give
enough length.
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