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As a high-energy expansion of existing Telescope Array (TA) experiment, TAx4 SDs have been
deployed and operated from Apr.2019. Network communication for inter-site and each detector
also have been expanded to longer distance. Communication towers are located in off-grid. Those
are operated by solar panel and batteries. In this report we describe hardware configuration and
installation as well as operation status after the installation. We measure reception signals at com-
munication towers and each detector sites. The reception depends on condition of terrain. There
are several models and tools those are used for predicting received power considering elevation
model. For future ground experiment of air shower observation, it is useful if attenuation of signal
strength and communication quality could be estimated quantitatively. In this report, we present
observed signal strength and its comparison with available attenuation models also.
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1. Introduction

TAx4 experiment is an expansion to increase statistics at high energy side of energy range
of existing Telescope Array (TA) experiment[1, 2]. To obtain 4 times larger statistics of 5 years
observation of TA experiment at energy of E ~ 10!*7eV, this expansion add ~ 250 surface de-
tectors (SD) at north side of existing array with 2.08 km spacing and another 250 SDs at south
side as well. As well as TA experiment, TAx4 surface array is associated with fluorescence tele-
scopes (FD) to enable hybrid observation which observe same air shower event with both types of
detectors. Figure.l shows project area includes TAx4, TA and TALE (TA Low energy Expansion
)[3] experiment over wrapped with field of view of FDs for TAx4. A battery of FDs have been
constructed at Middle Drum (39.473N, 113.994W) which observe sky at north robe and another
battery have constructed at Black Rock Mesa (39.188N,112.712W) for south robe [4].

The project area is approximately 100 km from north to south and 50 km from west to east. Figure.1
shows detector those actually deployed before Apr.2019 and communication towers for SDs.
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2. Configuration of TAx4 north and south array

Selection and adjustment of positions of towers and SDs have done based on field work. Tower
sites and detector positions to request permission of land use were decided. There are three of tower
sites at north array and south array respectively. Figure.2 shows the tower locations at north array
with areas where line of sight from the towers cover. Figure.3 shows same at south array. Three
towers at north array are at North edge of Smelter knoll hill (SNCT), Keg mountain (KMCT) and
Desert Mountain (DMCT). At south array, one of the communication tower uses structure of Black
Rock FD building (BRFD). There are other two towers at South cricket mountain (SCCT) and Sand
ridge (SRCT). As it is shown, with the detectors and tower locations, it is possible to have a line of
sight from all detectors to one or more of the three communication towers. Also, towers in same
array are able to be linked each other from any other two towers via long distance network.

2.1 Distance and received signal strength(RSSI) at SD electronics

The tower accommodates as data acquisition(DAQ) system for each sub-array. Each DAQ
center which installed is consisted with transmitter (Air-AP1572EAC, Cisco make) which commer-
cially used as Access point(AP) of WIFI system and a single board computer for data acquisition
PC. The system currently employed is same setup with the one used in TALE[3] experiment. We
use SGHz band for tower-tower and 2.4GHz band for tower-detector.

Before the tower site is decided, maximum distance can be covered with the AP have been
made sure using detector located more than 18 km away. At the test operation, tower at TALE
site (39.4331N,112.975W) and SDs at TA was used. At the test SDs have ~ —85dBm of RSSI
was able to be used for data acquisition. The error rate at the SDs for 24 hour operation was
0.27 %[5]. Assuming DAQ system try recovery communication at next cycle of every failure of
communication, this error rate is affordable even with single retry.

Estimated radio transmittance power for TAx4 SDs are obtained by two types of simulation
such as "Radio Mobile"(RM) [6] and "link planner"(LP)[7] those consider obstruction by terrain
(LP,RM) and reflection (RM).

Figure.4 shows observed RSSI at surveyed detectors those located with good line of sight and
model attenuation curve. Here the model attenuation curve is a formulae which added extra loss on
free space propagation loss (fspl) model[8].

As it is shown in Figure.5, simulations suggests approximately ~ 17dBm(LP) ~ 12dBm(RM)
of systematic discrepancy between expected power and evaluated at detector electronics. Here, 35
dBm of equivalent isotropic radiated power(EIRP) at transmitting point was assumed. This loss
was taken into account at estimation of received power for TAx4 SDs to be sure.

2.2 Link lines and estimated loss

Figure.6 shows all inter tower links in TA-TALE-TAx4 site. Link displayed in solid line used
for data acquisition for TAx4. dashed line shows link used for general purpose also. Longest
distance to be reached is 37 km between SNCT to DMCT.

Considering power loss at propagation and required received power, the transmitter and re-
ceiver require 20 dBm of radio emitting power and relatively large receiving gain ~ 30 dBi at



TA x4 network T. Nonaka

(=) EroTTT TTTT TTTT TTTT TTTT ‘ TT 1T ‘ TTTT ‘ TT 1]
= TTT TTT TTT TTT TTT T 2 6
cEn L RSS! and simulated receptions 5 - % RSS! read offset
ke —#®— Good Line of Sight = )
S [ R S R S Fital S r “ Link Planner - RSSI
g T ! E gl %
- —#— Confirmed L 0 Radio Movile - RSS!
£ Z T 4 ™
8_40 . —— Radio Mobile r : : ]
-02_, —®— Link Planner ) I S——— 7 - i |
o | ' : : : L ' i
2 : :
i i F | ]
R \ ' r NN ?2 ' ]
il 1 3l N % :
%) L : N %7 |
= N 7, —
o L 3 : L N Z -
I8 i \ 2 ]
L B N\ / ]
~80p 2 7 ]
F L 7 ]
|- L // a
B e e 1 ]
L | | | | : | | | | 4 0 % [ R
ool e e b Lo b Lo b L 0 25 30 35
0 2 4 6 8 10 12 14 16 18 20 Expect - Observed RSSI(dBm)

Distance (km)

Figure 5: Difference between simulated received

poser and observed RSSI. Evaluation were with de-

tector where line of sight to TALE tower is very
ood.

Figure 4: Observed RSSI and simulations of re-
ceived power. Error bars on data from TALE SDs
are for convenience, set as 3dBm for all data point.

antenna.

Figure.7 summarize estimated power loss between possible pair of link calculated by consid-
ering distance and terrain between two towers. Solid line in the figure indicates fspl for reference.

2.3 Capacity of inter tower link

The function of communication tower is to enable continuous DAQ such as inter tower trigger,
data transfer and misc operation. That require enough capacity of data flow through long distance
link. Following items are the summary of required capacity to flow each type of data.

e Daily data transfer from DAQ center PCs to Observatory in town.
Expected and current data amount at each DAQ center is summarized in table. 1

Table 1: Data amount transmitted through each line

Link Data Data amount(MB/h)
MDFD-SNCT KMCT,SNCT,DMCT 26MB
SNCT-KMCT KMCT, 7MB
SNCT-DMCT DMCT, 4MB
SNCT-(Delta) | TAx4(North), TALE, TASD, Misc for FD | 69MB=(26+18+25)MB +FD
BRFD-SCCT SCCT, 8MB(expect)
BRFD-SRCT SRCT, 8SMB
BRFD-(Delta) TAx4(South), TASD, Misc for FDs 87TMB=(25+62)MB +FD
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Figure 6: Entire long distance link between sites in TA- 4ip.

TALE-TAx4 experiment.

e Sending trigger information between tower.
There are two types of data in the inter-tower trigger. One is the time information of the signal
from the detector in the border area of each sub array, and it is used to form an air shower
trigger. The another is to send Air shower trigger information between towers. The amount
of data sent to other towers is estimated based on the maximum SD number of each tower.
The maximum amount of data sent to any line is estimated to be approximately 60kB /sec. (

= 3(tower) X 1OO(SD) X O~2(kB/sec-SD) ) !

e Control of DAQ host and access point.
Usual operation at DAQ PC at tower is done via text terminal. Except for occasional main-
tenance for instruments those have web based interface for setting, capacity required for
control DAQ PC and access point is negligible.

3. Installation and operation status of towers

The tower consists of a tower mast and a power supply module. A total of six towers were built
in March 2019. Four tower masts were assembled in Holden (south east of Delta City). Fourteen
power modules were manufactured at observatory in Delta City. Each power module consists of
solar panels and batteries, and the container for storing them also accommodates a single board PC
and network equipments for data acquisition.

They were transported from the Delta city to near the location of the tower by trailers and
lifted from there by helicopters. For the South Cricket Tower, the tower site is located at the top

IThe actual system currently under development sends information from two towers to one of the three towers
at center. Therefore, the amount of trigger information sent to one transmission path will be much smaller than the
above-mentioned estimated maximum value.
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of the hill, so instead of a huge tower mast, we installed an 8 m long high-tension pole. The pole
is equipped with a winch system to be able to be pulled up and down, so that installation and
maintenance of network devices can be done without climbing.

3.1 Tower hardware

Figure.8 shows a tower mast built for the communications tower. The tower (KT5SM-2AE,
Creative Design make) is 12 meters high and has two elevator ports for mounting network devices
such as antennas. The tower is supported by 3 pair of guy wires connected to anchor point on
the ground rock. It’s vertical is made sure approximately within 0.5 deg at installation and small
adjustment can be done by tuning turn buckles at lower part of guy wires.

Three solar panel-battery unit each equipped with three solar panels (DS-135, Dasol make) enclose
network instruments and batteries(DCS100 C&D technologies make) are shown in same photo. In

Figure 8: One of the constructed tower (SNCT).

12m mast and three power modules on the Figure 9: One of the constructed tower (SCCT).
ground can be seen. Total power consumption This tower is located on the top of a hill about 60
of this tower is 89W/h m high above surrounding ground level.

this DAQ system, the estimated power consumption is up to 25W. The power consumed by each
antenna for long distance network is 17W. The power module contain seven batteries. The output
of solar panel and battery are combined between power modules to be connected to a charge con-
troller (TS-MPPT-60, manufactured by MorningStar). Each tower has two or three power modules,
depending on power consumption. Table2 shows the total power consumption of each tower and
the number of modules.

Table 2: Number of power sources and es- Table 3: Frequency and transmitting power (dBm) at in-
timated power consumption at each com- stalled long distance link
munication site.

Site name Module Power(W) Frequency  EIRP  Capacity
KMCT 2 55 Link (km) (MHz) (dBm)  (Mbps)
DMCT 2 55 MDFD-SNCT 13 5700 30 ~343

SNCT 3 89 SNCT-KMCT 27 5240 49  ~38.3
SCCT 2 55 SNCT-DMCT 37 5800 50 ~372
BFCT 2 77 BRFD-SCCT 32 5240 49  ~579
SRCT 2 55 BRFD-SRCT 30 5800 56  ~383
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3.2 Inter tower link

Data link between tower to tower is achieved by high power point-to-point network modules
(AF-5x, Ubiquiti network make) which have maximum 26 dBm of Transmitting power equipped
with 30 dBi gain antenna. Condition of each link is summarized in Table.3.

3.3 Link stability

After installation of tower components and network system, those towers have been operated
for commissioning detectors and DAQ scheme. Data transfer is regularly done up to observatory.
Figure.10 and Table.11 shows stability of each new line. There still room to improve alignment at
one line but enough stability to do operation and sending information to other towers.

oM hM O ®D ON B O ®OON B O ® O
T T T T T T T T T

o N A ® OO N KD ® O
T T T T T T

e
SN-MD |

loss rate(%)
loss rate(%)

1 S— 1 S Site name (%)
: g T SN-KMCT < 0.01
1 3 1 SN-DMCT < 0.34

L i | it L SN-MDFD < 0.01

1 T | o BF-SRCT < 0.30

BF-SCCT < 0.04

loss rate(%)

P ——— Figure 11: Average packet loss rate.
LR AR T A
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4. Summary and future

TAx4 SDs and communication towers were deployed and constructed. Major construction
have finished at end of March 2019. For this project, network communication for inter-site and
each detector have been expanded to longer distance. In this report, preparation of hardware and
operation status after the installation was described. Locations of tower and detector have been
chosen to have coverage of line of sight from all detector. Data acquisition at longer distance was
tested to make sure that the larger array size is practically achievable. Most of all deployed detectors
for TAx4 are communicated from tower fine. Observed RSSI tend to be larger than expectation
based on measurement at TALE site about same amount we estimated conservatively. We would
summarize observed RSSI data. Now all SDs are under commissioning to finalize preparation
for scientific data acquisition. Still this is only few month of operation, however, communication
towers and inter site link is working stably with enough capacity for later trigger scheme.
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