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Telescope Array (TA) is the largest detector for Extremely High Energy Cosmic Ray
(EHECR) in the northern hemisphere. Its effective area is larger than 900km?sr and
TA observe from 10'%eV to 10?'eV EHECR using its huge effective area.

In this thesis, trigger and DAQ system of TA, calibration method for surface
detector (SD) using muon, and analysis result of observation data are presented.

For SD array, the communication and the power supply by the cable are not
possible because of its huge detection area. So wireless communication system and
solar power supply are required. And all detectors must work stand alone. To
fill those request, we developed the trigger and DAQ system for SD array using
IEEES802.11 and operation system for each SD.

We developed DAQ system for the background muon spectrum and developed
the new calibration method using muon. In this calibration, we calculated the cali-
bration constant from ADC count to energy deposition unit (MeV). We reduced the
systematic error of calibration constant until 3%. The background muon spectrum
shape, peak position and flux are consistent to Monte-Carlo simulation.

Historically, the calibration constant for SD is MIP (Minimum Ionization Par-
ticle) or VEM (Vertical Equivalent Muon). But particle composition in air shower
depends the distance from shower core and incident angle, so those kind of unit
cannot explain the detector response. Especially 800m distance from shower core,
gamma ray dominates composition. So using MIP or VEM for detector response is
not appropriate. Using new calibration constant from ADC count to energy deposi-
tion (MeV), We could reduce the systematic error of energy determination coming
from detector calibration.

The background muon spectrum is corrected from all detectors per 10 minutes,
so real-time calibration become possible and temperature correction of calibration
constant is not required. As a result, the calibration accuracy becomes better.

TA SD started data taking from March. 2008, and started observation from
May 2008 after 2 month commissioning. We analyzed the observation data from
May. 2008 to Sep. 2010, and calculated the energy spectrum of EHECR. We
reconstructed the events using new air shower model function, which has rotational
angle dependence from shower axis and energy dependence in addition to impact
parameter dependence and incident angle dependence.

As a result of the analysis, continues spectrum hypothesis, in other words, cutoff
absence hypothesis dismissed by more than 3 sigma significant level.
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R1-R10 @ 470 kQ(£5 % 1/8 W)™

P R11,R12: 2 MR(£5 %, 1/4 W)

R13 : 10 kQ(£5 %, 1/8 W)
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2 hiow R16 D240 Q0.5 %, 1/10 W)
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C9,C10 : 10 uF (35 V)
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CABLE : AWG24(19/0. 127)S-FREXV*?

038 pMTOOOOOOOO

3.3.3 U0
gogd

1. 0000000000 UtahODOO0OODOODOODOO.O0O0D0ODODOOO
gbbobooodgbbbooodoobbo. b, obobbboooobbb
gboobooggbooog.

2.FDOO0ODOO0ODOODOO0ODO0ObOODOObLOODO FDOOODOODO
gobo0b 1oonsdgdbbobbuoogooboboogao. ggg,bob
OoOo0ob0oOo0o 3odkmOdbO0O0,00boooboob0bOoO,0bbo0on
OoOOoO0obO.oo0ooboog,boo0oooo GpSOO0O0OOoODOO
gbooboogoooboobo.

J.0tuggbuoobbuogboboooboobbuoobbooob.bodgoo
OO0O0000bD40MHzOOO. OOO,3000000000000000 FADC
O,40MHzO00000000O00DOOD0O0DOOOO0ObOobOO,b0b00n
gbooog.

4. PMTO DCOOOOOO0OOO,00000000000000O0.DbCOHOO AC
goboboboooooobbobboooa,gb,bbbuoooobboon
goboo,bbooggobobogogoobobbo,buooooboboob
oooooooo. pPMTOOOODOOOOOOOOOOOOOOO,0000



3.3 0gogobooo 21

Oo0ooOoobooOo,00b0 ACOO000DOO. oboooooboooooo
g,0bbobboduogoobbobbouoooobbb,boooooobob
Oo0O0oOoOo0oO0,ACO00bOOo0bOOo0oo0oooooboooboOoooDo
o0ooooboooooobooobooooboOobD.bog, TAODDOO
obooboobOo,bobb0obooobooobooboobo pMTODOO
gb,boogdbbobuoooobbbdoooobbbooobbbooad.

gbobogoboo,gbbugobbugobuogbobboooboooobn
O00000. 0000000 (pMTOODO)DOD0OODOO,00000000O
gbbodgbboodbbodo. bboogbbuoobb,obbooobb,
gooooooooobogbo. pMTODODODODODO, 000000000
gbob2smUb00gdooooobooodbobuago.ooodg,boggbn
gboodgboodgbouodgo,gbgoboobogbuogbagob.ogo,on
O0,000b0o0boboobobooo,boo2smbgoooobog PMT
gboobog.

6. PMTOOUOOOO, 000000000 DOO0bOO0o0obDbOooboOonDDOg

ooooo,pPMTOOOOOOODOODOODOOOOO.

7. FDOb000b0O00booooobOo,bogbboobboobboobg 7skwd

googob.bgobooobooobooboboobbuoonoboobn
goo.

TAODOOOOOOOODOODOOoOooOOooooOoboobobobooooo.

SDF

)

pMTODOOODOO

Signal Digitizer and Finderd 0 0 SDF, 000 00000000000000
0o)

Track Finder(OO TF, 00 00000000O0O)

Central Trigger Distributor(0 0 CTD, 00000000000, 00000
00)

VMEOOOOOOOO (OO SBS model 620-3, OO bit3)
0000000000 (HVPS, High Voltage Power Supply and Distributor)
pPCO

TF, CTDO OUO VMEOOODOOODO,0D0000000DO00D00DbDOO

64bit-VME bus OO 0O 0O, KEK9U VME bus 0O O0OOOOO0OOOOO0ODOO.
Ooooo0deuUu VMEOOOODOODO Jo,J30000000000. JoO 6U VME
gboogJnJj2000bogooooo, £3.3v,-83vibuogouoooooooon
0.J3g Jj2000b000obog,bgoboooobooooboo.Jo,J3oooobon
o000 VMEOOO TTLOODODO,LvDSOOoDOoODO.



22 CHAPTER 3. 000O0OO0ODOOOOOO
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O00. 00000 PIOOOO 1.4MBps(Mega Byte per second), non-block DMA
OO0 ™MBpsOQOOGOGQ4.

HVPSO VMEQU DO ODOODOOOOODOOO,VMEOOOODODOOO. ODODO
OO0obo0ovVMEODOOOOOODOOOOODO. ODooooooob pMTOODO HVO
oo, gbbooboooboob. ggbbogoob-1400v, 0000000 1V
O00,LANOOOCOO0ODO pCOODOOO.

g390,00bbbouooooboon.

™~
IE 5100 L~

gain:8x104 Sload Pre AMP
= gain:5.17=

semi—differential line(100Q)

Slow Run
shaping AMP Control Control
2 pole LPF PC PC
receiver TC 50ns 40MHz 12bit \ /
™ — N
L FADC -~ Network .
:  Shared 3
-.Memory -
) 512bin x Bevent / \
10MHz 14bit _
(4] Memory Mirror Storage
| Block PC [ Tcr/P | PC
Signal A SDF A
Finder toBid
Track
Finder write
| enable/
- disable
TFnlggler intterupt

039 rDOO0OOODOOODOOODOOODOO0



3.3 0gogobooo 23

goboo
rboboodbooobooboob,bboobboooboo.

. PMTOODOOO, PMTOOOOODOOOO2CO00000000000
0,1300000 [15]. FDO 100000000000000O00O,0000
gbooboobo2o0b00booboobobob.ooobo,pPpMTODOO
000008x10‘00000.0000,7000000 1300000000
goobod.

2.00gobooobooobuoobboobboobboobbo.obobo
gbobbbooooobobbbbuooooobbbbooo. bbooodoon
gbobbooggsouggn

3. TAOUODO,000C0CO000DOO000DOO0O0O0 ooobbooooDoo
g.0bobuoooobbobuoogobobouoooobobuoooon.

4. 000000000000 ObO 1100000 ooobo,booooooobDoboD
100ns OO0 ooogoon.

00000000 FDOOODODOOODOOOO. O03.100FDODDOOODOOODOO
OO00. PMTOOODOOOODOOObBI0QO0000000000,00000000
O00.000000000517000000D00OCO0O. 0000000 ADS057
OO00000. d0000oooooooooooooooooooooooon
0(00000000000)00000000000ODO. boooooooOoOOd
0000000 2m0O 100000000000 0000000O0DOO0DOO0OOODO0O
0. 000000000000 SDFOOO (Signal Digitizer and Finder) D O O . O
000000 SbFODOODOO0ODOODO0O0OOO,16000000000000 10
OO00000DoO0oOOd00oo0ooooo,00000oooooooooooooa.
O0000bO0o00O0obO00ooO0ooD0ooOoOooOoooOo,pPMTODODOODODOO
00 V00, 00000000000000000O0.

SODFO000D0 1600000000000000DO0O0O0O0. OD0O000OD0OD0OOd
0000000000000 00000000000O000O0OO0obOoDbOOoDOo. O
O0000000000,0000000 (WFSA, Wave Form Shaping Amplifier [
0)00000O0000(00000)00D00D0. 000000000000 R(t)
0

R(t) = <~ (3.2)

guooobooo.bbd bbb ooooboob. nuuobbbooooobon
000000000103 0000000,5ns00000000. 000000 16
O00000000000000000 16001000. 000 WFSAOOOOO
0 3.8VO000000O, FADC(Flash Analog Digital Converter) 000000 2V
O000000000. WFSADOODOO2vOOODOoooooooooooooo
00000000000 000000D00D00. 0000 WFSADO 1000000
1000000000000000 WFSADODODODODOOOOoOO. ODooO WESA
gl1oobooo200bbbbobbooddoooooobobobobo,ooooon



24 CHAPTER 3. 000O0OO0ODOOOOOO

1pF
—
2400 | 1kQ

L Patch

5100 a Ig{QDO< Panel
Pre AMP

Semi-differential line

receiver WFSA

10kQ

2.2k
‘gfﬂm KO c ‘LEDF

N 10kQ 5k T

{ N 1000

im ‘11.1ku’f2fu/ impr § [FADC
Pooka| ssn

Ilu’:

mksl

160kQ  10kQ 1K@
EDF

| 10kQ 5k0 T
: e A 1000 FADC
: 5100 I Z é
Sum AMP

0 3.10: FDODOODOOODOO

gboogooboo,bbodgbbodgboooboobo.buooboobbogboo
0000 WFSAOOOOODOOOOOO,0000 WFSAOOOO 1/160000
O0. 00000000, WFSADOODOOOOODOODODOODOO AD8os7O OO
goo.

WFSA, 0000000000000 FADC(AD9224) 0000, 0000000
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O. 00000, 00 16x16bit0 HITOODOO 5x6bit 00000, DOOO 50
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OOO0oO0oOoboOoiwehitD0D0O000O0O Memory BlockOOOUOD. ODOODOOODOO
gobboooobboooobobb,og,buoggobobogdo.bbboo
oo10000,1PMTOOO 1IkByteU OO, 100000 TFOOODOOODOOO
0000 257kByte0 0 0O .
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attenueation curve [urb. units]
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