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gbobooobooboooooooono PO

P, = (1— Pe)" (1.3)
00000,0000000 FO0O0OOOOOOOOOOOOOODOOO N(>ZE)O

(1 - Pesc)n
Pesc

[e.9]

N(ZE)O( Z(I_Pesc)m:

m=n

000.0(1.2)00 (14000000,

(1.4)

In (E/Eq) *1“(41711355 )

(1 — Page) (o) 1 (E\ ®wiva 1 (E\”
N(>F = — = — 1.5
(_ ) = Pesc Pesc EO ( )

ooo. o000,
1

_1n<1_Pesc) NPesc

In(l+a)  «

ugbb.gobouoobboobuoobbobobooboobboobooobbooog.

’)/:

1.3.2 0OO0O0OO0OO0O0OOoOOOd

00000000000000000000000000000.
00,00000000000.0010M,0000000000000,000000000
w =5x108ecm/s0000000000. 0000000000 pgm = 1 proton/cm3 ~ 10724
g/em*000000000000000000000000000=000000 Ty, 000
0000 10M, 0000000000000000000000, 0 (1.10)00 Ta = 1000 yrs
0000000000,00000000 R~3pcOO0.

4
§WR3XpBM = 10My X u (1.7)
2R = 10°® (1.8)
R = 10%cm (1.9)
R
Thn = — =~ 1000yrs (1.10)
u

0000000000000000, 0 (1L.11) 00000000, u =5 x 108 cm/s, B = 3
uG, Ty = 1000 yrs 00000 0O
mezé%ﬂjkB@ﬂky:Zx3x1m%N (1.11)
C

goo.



1.3.3 HillasOOOOOUODOODOOOOOOODOODOD

goboooboooboboooboboooobob. oobboooboooboboooobod
goo,0boboboboboboobobooooooooboooooboooog,

Epar < cZeBR (1.12)

ooo. oo, zoOo0o0ooboooboooboOo,pOb00bb0ObLOODO,ROODODOOOO
O0000.00000013000. 000000000000 HillasplotOOOOO [4]. OO0O
00,00000000 (GRB)00OO0OO0OO0O0OD0OO0DO0ODDOO0OO0OO0OO0OOOO 100¥evOOOOO
gbobgoooboobgoboooboboboobobooboooobobo. boboobooo
O0000000,00000 (AGN),J0000000 (Gamma Rray Bursts) 00 O000000O.
gbogoobooboobboobooboboobooboooobg.

e 0000DO0DOOOOD 10¥GOHOODOOOODOOODOOOO100®evOOOO0OOOOOO
OO0000 (5. 000,000000000000000000,00000000000
000000000000,0000000000000000000000000000
J0000000.000,0000000000000000000000000000
0000000000,000010°em00000000O00OO0DOOOOOOOOOO
0000000000000000000,00000000[6.0000000000,0
000000000 000000000000000,0000000000000000

e AGNODODOOOO (Active Galactic Nuclei, AGN) DO O OO0O0O0O0OO0O0O0OO0OOOODOOO
D000000000000000D00000. AGNOOODODOOO0O0DD00000 10¥9eV
00o00o0o0ooo [r,00000000000000O00oO0oOoO0ooO0.0ooo
Oo0oO0O0oO0ooooo0ooooooOooOo,00oooo0oooooo. OD AGNOO
O00OOo0bOOo0oDOOoOoodoog,AGNOO0OOO0DOOoU0oDbDOoooooboOobooDboo
ooooooooooooog.

e GRBOUUUDDDDOOO (Gamma Ray Bursts, GRB) U0 OO 0O0O0O0O0OO0O0OOOOO
ooboo,00boboooobo0oboobo0oboooob. GREBOOOOOOOODOO
000000 10%ev0000000000000,00000000000000000
0000000 8. 000,GZKO000O00O0OO0O0OO s0MpcOOOOOOOOODOO
Oo0.0go0obobo0ooob GRBUO 10000 10000000 OO0O0DOOOODOOO,
gbooobboobuooboobbooboobboobooboon.



13 + pulsars A 4 A 4
AU pc  kpc Mpc
11
g N
7 .
5 4
. . GN cores
9 3¢ GRB
8
2
14
31 rathio galaxies
SNR
—5 4 ‘
74 Galactic halo .
cluster
_g : : : : | | ] L L L

0 2 4 6 8 10 12 14 16 18 20 22
log(R/km)

013: 0000000000000000000000000O (Hillas OO OO)]9)].

14 GzZKUOOOOO

196300000000 (Cosmic Microwave Background Radiation, CMBR) OO OO OO0 0O
00, K. Greisen[10] O, G. T. Zatsepin 0 V. A. Kuzmin[11]0, 0 0000000000000
OCMBROOOOOOOOODODDODODDODODOOOO. 27KOCMBRODODDDODODODO 1074
eV~103ev0i00000000,000000000000000,0000000,0000
ooooogoi1oMevODOOooOooooyOoooooo,0obbooobbOOoOoDOO
O000000.000000 (1.13) 0000000 «~000O000ODODOO0ODOODOO,00000
gooooo.

p(00)+7(2.7K) = Afyey » p+ 7% n+ 7t (1.13)

27KOCMBRODOOOOO ngrxk ~300ecm™3,v0 0000000000000 o',y,rzl()_28
em?000 (1.13)0000000000000000 A000000 X~ 10%cm ~ 30Mpc O
O0000.00000000000000 AODO0O0O0ODOO0OOODO,0000 (1.13)0000
ubobooboboooobobooooo. oobboooboboooboboooboboooooboon
0O0000,0000000000000D0 GZKOOOOOODO.

goooooobobooboooooooboboobobooob,eMBROODOOOODOODOODOO
ubbooobooobooobobooboo,obooboooboboobooooobooaoo.



1.5 ODO000O0ooboogo

gobooooboobooboogobosgboobooboooboo,opoboobogobooooo
O0000000000000. 00000000 104ev0000000000000000
00000000000000000000000. 000,10%ev000000000000
goboooooboobooboobooobooboooobo,obo0oboboobboobooboobo
vobooboobooooboobooooboboooobob. oobo,0boooobOoboooon
000000, 000000000000000O000OC0OODODOODO (CoODoOOO)oDDoOoOO
obobooooooooooooooooooo.

1.5.1 0OO00Oooggon

gbobobooobooboob,booboobboobooobooobooboboobuooboobooo
O00.0000000000000000. 00000 (OO0 O0)ODDOODUOOO EpO,000
goboooobobooobobooobboboooobobooobbooob. obbooobbo
00 (extensive air shower, EAS)DO00O00. 000000000000 O0OOOOOODOOO
ubboobuoobbooboobooooboobooooooan.

Primary cosmic ray

%A L

€ e

Electromagnetic w Nucleonic o Elecromagnetic
cascade / cascade cascade
\
e
Electromagnetic
cascade Electromagnetic

cascade

014 0000000000



googooobon

gbooobooobouoooooboobouoaoboobooboobooobooboooboon, n
oboob0 KObooboobooboboboooooooo.«s0OOb0O0 KOODOOoooooooo
000000000, z000000,7700026x10%s00000000000 x*000.

™ =t +y, (1.14)
T —=u 4+, (1.15)
pt000220x10°%s0,
pt et + U+ (1.16)
pwoo—e +v,+v (1.17)
ooooo.
oooooo

D0 -000A'00084x107"s0200+000000.
o — 2 (1.18)

200 v0000000000,00000000.0000000000000,00000
0000000~000000. 0000000000000 00000000000000
00000000000,000000000000,0000000000000000000
00000000000000+000000000000. 000000000000000
000000000000 0000000000. 00000000 E00O00O0O00O00O
0000000000000000 —(dE/dX )prems O, Bethe-Heitler 10 [12]) 00000000
ooo.

dFE A 12
— = =N—72Ey( 4183273 + = 1.1
(dX>brcms 137T0 0( " 83 ’ + 9) ( 9)

ooo,zZz000o0ooooooboobooboobob. oo, bbb obo, NODOOOOO
oboobob Epbobobobobobo.

oo0,000 XU OOO.OOOooOooOooOoobobobobobobooboooooo
l/e0000000O0OCODO,0000000000.

1 72 1 2

— = N—72(4In1832"3 + = 1.20

Xo 137r0< " ’ +’9> (1.20)
D00D000 X,0000,0000000000000000000000 —(dE/dX )prems

ubboobuodgbbooboaa.

dE FE
— | — N — 1.21
<dX>brems XO ( )

(-dE/dX)00O0000 FOOODOOOOU,00000000000000D0DOO00OOOO
O000O0000.00,0000000000000000000 Ny, 000 AQDDOO

7 A
Opair = § (X()NA) (122)

7




00000000 (13, 00000000000 X,:x00000000000 [14].

1 Np 71

= —— X Opair = =
Xpair A patr 9X0

oo, bobooooooboboobooboobobboboobooobob. boboa
googoobooobooboboo,boobgo,boobooobooboobooboboobboboo
ub. boobooboobooboobobboboobobboobo,boobooboboo
uboboo.oboobb,obbooboooobuoobbooboobo,boo0oboobobon
0000000000,00000000000000 (dE/dX)iex DOOOO0OOO0OO [15].

dFE A m2m?2
— = 27rN=y2 1 e —2.0 1.24
(dX>m T A’”“me[“<<1—ﬁ2>3/2ﬂ<2> )} (1.24)
000 I(Z), r, me 0000000000000, 000000,0000000000,
8 =v/c000.00000001I(Z)=805eV000.00000000000000000

g, 0uoobboobbooo,boobooobbodab. boobbooboooobuoobbod
E.000,00000 E.~85 MeVODOO [16].

(1.23)

1.5.2 0OO0O0OO0O0O0O0OOOOd

gbobobuooboboobobooooboboobobobooobooa,oobobood
oboobobobooooobobgooo. bob,oboboooobobobooooobO E
gooobooboooobobooooob,boboooobobo.oboboooobooon
0000000000000 D0OO0O00000000 (longitudinal development) D00 OO, O
1.70000000000000 10%eVvOOO0O0O0O00DO0000O0OO0ODOO0O0O0OOOOOO
oboooooooooooo.



8e+08 T T T

el || Proton _ e
6e+08 - |I'OI"I il ¥

# of particle

3e+08 |
DOHOB oo

; = : | 1
0 100 200 300 400 500 600 700 800 900
depth [g/em?)

Ols 0bobobooboboobobooboboobobooboooooooo.

oooooon0 gppUboboboobobooboobobobo,0bobobobUoboDbo.

0.31 3
Ne ~ ——exp [t (1——lns>] 1.25
v . (1.25)
Ey

= In(— 1.2

v = m(3) (1.26)
3t

= 1.27
N t+ 2y ( )

000,t00000000000038g/em?00000000000000000000O0
ugboo.sbboboooobboobbooboobooobooobooobboboboo.booobooo
00oo00ooo0o0oO0o0oo0ooO0o0,0o000o000 NODODOOoOooOo,s=1000 [3].

OU0D0O00D0o00DooboOn, Gaisserd HillasODOODOOOODOOOOOODO
goo.

Xmax—XO

X — XO Xmax - X
_ _— 1.2
Xor — Xo> exp ( X ) (1.28)

000, Nmax 0000000000000, Xmax [¢/em?| 0000000, Xo [g/cm?] 000
000000000000000,A00000000000 70g/em?2000.

000000000000000 Nue 000000000,000000000000 E [eV]
00000, Naax~2x Epx10°°00000000.00,0000000000000000
0000000,00000 Xo, Xmax 000, 0000000 Xo, Xmax 00000000, O

N(X) = Npax (



gooboooboboobooboboooobobooboboboooboboboo,obon
ugbbgobodgbog,buoobbooboobboobobooboobobon.

U00,000000000000000 XnexOOOODOODOOOOO Ep, O0OODOOO
00 ADODOO0OO0O.0DO0O0OO000DOOO0000DO,00000000D0O00000DOO0O0
00000,00)2000000000000000000000D00000O0 et0 e 00O
g, dgbgbogoooobobooboboobobooobooboboobob 1oooobood
000 (0 1.700). 00 X0OOOOOOooO NX)O,

N(X)=2> (1.29)
000,000000000000 E(X)0,
EO X
E(X =273 F 1.
(X) N » Eo (1.30)

O00. pX)0O0O0O0O0O000O E.ODO00C0O0,000000000OODODODOOOODODOOO
O00.0000,FE=E.0000 N=Npax, X =Xnx000. 0 (1.30)00,

Ep
E. = 1.31
¢ Nmax ( )
EO Xmax
Npax = — =2 1.32
w o= (1.32)
ooooo,
ln(E[)/EC)
Xiax = 1.
o = A0 (1.33)
goooo.
Mean energy
per particle Distance
/2

Eo/4
Ey/8

U 1l6:0000000000000000D0O0.

O0,0000Q0OoOooooOoo00o0 EpO,0000 ADDDODODODDDODDD.OOO,O0
00000000000O0O000000. 0000ooooooO, EyADOOODDOOooooo

10



000000000000 00 ADOOUOOOO0DO0O0O0D0O0O000, Xmax D O (1.33)

0 FEy0 Epy/ADDODDOOO,

In(Ey/E.) In A
In2 ~ "In?2

000.000000000000000000000,ADOD0O0000D XnxOOOOOO,

Xnx 0OODOD0OO0O0OO00D0 ADODODDDODOOOOOO.

Ko = A (1.34)

1.5.3 UO00O0oogooooog

0000000000000 00000000000O00O0000 (DO OD0OooOooooD)
0000000. 0000000000000 0000o0oooooOD A7, 00,000000
000 Greisen DD 0000000 NKGOODOOOOOOOOOODO [3].

000000000000 ROODDOOOOOOO pe(RODOOOOOOO.

Ne R s—2.0 R s—4.5
iy = o2 (B (0 ) w
o o 4.5 —ys) (1.36)

27l (s)T'(4.5 — 2s)

oo, NO000000, RO MolierOOODOOODO. MolierDOODOOO, 000 XoO
00000000 00000000000000000, Ry~93¢g/em®*000.00,s000
gboboobogbobooboobooobooboooobg,

3t

5= T 2In(Eo/e) (1.37)

000. 000,t+00000000000038¢g/ecm?000000000000000000
OO00000,eb000000D00000O00D 84MeVODOO.
gbogbobobobooooboboboboboobooboooboboboo.bobd
00000000000000,00000000000000+/°0000000000000
gbobgobooobobobooboboboo. boboooobobobboboboobooo
0000000000 A°00000000000000000000000000,00000
000000000000000000000000000A°000000000000000
oooo0o.0oobo,b0o0obbooboo0oobooobbo0booooDbDOoO NKGDOOOOoOoboOOoo
OOo0obOOO00obO0O0bDOoO,000b0oO000Do00DO0O0D LinsleyDODOOODOOO
000 [18]. D0OO0DO0O0O0D0O0O0O0 RODOOODDOOOOD po(R)ODODDOOODDOO.

po(R) <R]’L> h (1 + ]%)—(n—a) (1.38)

000 AGASAODOOOOODOOOOOO0ODOOoOoDOoOooog.

pe(R) = C}%; <I§4> h (1 + R];) e (1.0 + <1fm>2) h (1.39)

o - I'(n—a)
27 (2 — a)l'(n — 2)
(3.97 £ 0.13) — (1.79 £ 0.62)(secd — 1), 6 = 0.6 £ 0.1 (1.41)

(1.40)

a=—-12,n

11



o0,00000000b0000b0o0b0ob0.0oboboobooobobooobooobooboo
000o0o0o0oooooooo,00oooooooD (~01lom)O0000O000. 000,000
gbobobobobooboobooooooooooboboboboboboboDobDoboOoo
000000000,000000000000000000 (~1GeV)OOOOOOODOODO.
OO0000boo0oboboOobOoO GreisenD 000000 O0ODOODOODOODOOOOODOOO

0 [19].

—« -4
pu(> EuR) = (EH,R)NRg <R%> (1.0+R%) (1.42)
Cu = 27T (2 )(Fﬁ()oz ) (143)
0.14R0-17
9(Bw ) = (50+E ) <2+E ) (1.44)
a = 075 B=25 (1.45)

o000 F,0000000000000000, N, 00000000, R 0000000000
gbooboooobooooo,bobob mbOO0O.

— 10" eV
10" eV
— 101! Eu

I

=

Particle Density [m™]

| I]IIII| T III]II|

=]
A
L

| " | ) | " | i ] A
50 100 150 200 250 300

Core distance [m]

0170000000010, 104 10%ev00000000000000DO0O00O0DOOO0OO
D0000O0O00O0,0000000 [20]

154 0O0O0OO0OOO0OO0OO0OOOOOO0OO0OO0

018booboobooogoboboo.oboobooobooboooobooboooboooboo
0000000000000 (CoDOO0O0O0D0D0D0D0OOOODOOO0OODODUOUOOODOODOOD)

12



gobooboooobo. oo, booboooboobbooboo,bobooboobbon
ugbo. bgoboobooobboooboboobboobbuooobobuooobbooobobood
ugboooo3gboooooon.

Incident Primary ——

Zenith
Angle

~1-3m
Particle Disk
Shower Front L aesl
Tangent Plane AR

Ground Level - é‘ ~

018 0000000000 [13]0

1.5.5 0O0O0O0goooood

gooobooboobooooooobobobo,0booboooobobo,oboboboo
oboobooooooo20b0b0obon.

ubboobooboobon

000000000000000000000000000000000000,000000
00000000000000000000,00000000000000000000000
0000 (01.900).

13



U119 0000000o0o0a0oog

000000000,09 %00000 (00,000,00)0010%00000000, 0
000000000000. 00000000000, AGASA O OO Telescope Array 00 00
00000000000000000000000000000, Auger0000000O0DOOO
00000000000000000. 0000000000000000000000000
0000000 10000000000000000000. 000 Telescope Array0 0000
0000000000000000 108%evO0,000 1000000 3m?2000,1.2km0O
Do0000000(02000).

000000000000, 00000000000000000000000000. 00
000000000000000000000 1.8000000,000000,0000000
00000000000000. 00000000000,00000000000000000
000000000000000.000000,000000000000,00000000
0000000000000000000000000000000000000000. 00
0,000000000000000000000,00000000000000000000
00000000000000000000000,000000000000000000, 0
000000000000000000000000000000. 00,0000000000
000000000000oooooo.

ogoogn

gboboooboboooboobooobgooboooboobo,0b0oboobobooboonoo
ugoobooa,bgoobobooobobobooooboboooobobooobobooooooboon
. 0ooo,0b0o0boooobobbooooobboooooobobboooooobob. booo
000000000 300 nm ~400 nm 00000000 (O 110)000. 0D0ooOoODODOOOO
OO0 10¥evOOO,01.1100000000000000000,00000000000
(Photomultiplier Tube, PMT) 000 0000000000000 000OOO020kmO0000
O000000000000000 [21]22). DO0O0O0OOOOOOODOOOOOOOOO,000
ubbooboobbooboobbooboooboog.

14



300 320 340 360 380 400 420
anode center wavelength (nm)

0 1.10: FLASHOOOOOOOOOOOOOOooOOoooooooooo[23.0oooooo
ugoo.

0 1.11: 000000000000000000000O0DOO00OOO0OoOO0 [21).

goooobooobooboobooboobooboobooboooboo,bo,boobd

15



vboooooboobobooooooobo,obobobooboooooobooobo,gbobooooon
gobooooobooobooo.ooboooooooobooboobooobobo0ooooooboooo
O000.00,01.120000,00000 200000000000000000000 (OO
00o0)000o0000,00000000000O00DO000O0O0DOO0bOOOOOOoOD
goooooob.obooooboobobobooobooo,ob0oboboboboooobOoDbo
obooboobooooboooooooooooooooooooooobooooD.

0000000000000 0OO0O0ooOoUoOoOD Y %00, 00000000000
ooooooooooobo,0bboo0oobo0o0ng gpOob0or2sho N.OOOOoog14e00
ooooo.

/ NedX (1.46)
rad

000 X, 0ODDODOOOO0O 38 g/em?, 0 000000000000O00 84 MeVDODO
0.00,0000000000000 (00000000 Xhx) OO,00000000000
goog.
gooog,bgbogooooooboob,0ooo0oboboboboobo,boboooooo
uboooboooboobobooboobooobooobooboooboboob.oobo,oboa
gooooobooboboo,opoob,0bob,0oboobobooboboobo,bo
boobooooooooooooooooon.

U li12.000000booooobooaoboooobooobooobooaa.
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[1 20 Telescope Arrayll TAL [

O000O0O00O0OTelescope Array, TAOODODODOOOOOOOOOOOODDOOCO,O000
D000 700km?0000000000000005070 (3m2,1.2km00)00000000
gboboob3suobooooooobooono, oo 20b00b0b0o0booboboobon
O00O0. TAODO 20080 b000000C0O0O0O0O0O0OO.

21 TAOO

TAOOO,00C0C00O0OOOO0OODOODODOOoOoOoOooooOoOoOoOOOOO (Fluorescence
Detector, FD)0,240000000,0000000000000000000O (Surface Detector,
SD)000000000000,0002000000000000000, 10¥%evOOO0O0O0O
goob0o0o0o0ooooooooooooooooooon.

Sboo0O0poOoooOooooo,00,000000b00000,00,000000,00000
0000000 DOO0oOO0oDooOooo0o0oo00bO0bO0DOO0DOOooooooDoooooood
goooooo. 0o, FrDO0O0OOOOOOOOOOODOOOODODOOODODOODODODO
0000000O0D00DOO0D000DOO0DODO0DO00O,00000000DbO0ODO00DbOO000O0
00000000000 00. 00000000000, TADDOOOOODODOODODOOOOO
0000000000 (0000 1400m, 0000 860g/cm?)00000. 000D DODOOO0
0250mm, 000 60 %0000000000,000000000000C00000000A0O.

ShbOO0O012kmO0000000O0S07 000000000000 0OOOOOOO (1O00OO
000000 3m?)00000,0000000070km?000. FDOOOOOOOOOOO
0000000000,03%km00030000000000000. TAODODOODOODOO
021000.SDO0O0O0O0OO0O FDO0ODOOOOODODO,ODD000SDOFDODOODODOO 20
goob0ooOOobOobOobooboboobo
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Battery of Particle Communications o 1 2 &
B Yelescopes ™ Detector © Tower odp CLF e ’
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14 telescopes
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EE NN NN TEEEw (8]
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el L BB B R R e —
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12 telescopes (2 an n a e miuulioliylodioi i

i L sl LN S o

DR LA AR e er 12 telescopes
J LS L N N

L

-
= .

- " =

X

™ Tow T W

021 TAOOOOOOOOOO.OOOOoOoO sbooooooooooo.oooooooo
OO012km0O00. ODOODOO FDOOODOOO,000SDOODOOODOOOCOOOOO
ooooo.rDOOOODOODOOOODOOOD FDOOODOODOODOO.

22 JUOoo0ooon

TAOOOFDOOOOOOOOOOOOOODOOOOOOOO,000PMTOO0OOOCOO
0000O0O0000. TAODOODOOOOOOOO 38U 300DODOoUooOoooooogg, oo
0 O Black Rock Mesa(BRM) 0 0 0000, Long Ridge(LR) 00 00 00O, Middle Drum(MD)
ooooooooooob. booooMbOOOOOOOOO 40000000000 400
obobooooobobobooooboboboO,0b0b HiResOODOODODODODOD
0000000000 [24. 000,BRMO0OO0OOODO LROODOOOOOO 12000000
TAOODOOOOOOOODO,000000000D0. 000000O0O0,0000000008O
000 800000000 0DOCO0.00b0DOO0U00DOOOO0DOO 08,00 3°~33°0
Oo.00000boogooooboogooooooooo,bbooooooboogn 100 ~ 200
mOO00oO0O0ooocoooa.

18



0 22: BRMOOOOOOOOO (0O0). BRMOOOOOOOOOOD (00). MDOOOODO
0ooooooo (o).

23 00000

TAODOO SDOOOODOD 12kmO000000000000O000SK07TO00000O0OO0O
00000000000,70km?0000000000.00SDOODOO,300000000
oooooooOoOo,ooooo00C0O0O0O0000OooLANOO0O0O0OOOooooooooo
O000000.000000000, Smelter Knoll(SK) O 00, Black Rock Mesa(BRM) OO O,
Long Ridge(LR) O OO OOOOO. O0O0OU0OO,00000000000000O0DOO00OOOO
o0, 00000 00000020080 11000300000000000 LANOOODO
oOooo,s0r00SbopooosSpbobodooooobooooog.
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E 20 F * B sD

=, [ SD+palabolic antenno
Middle Drumi{MD) A Connunication Tower

Smelter Knolls(Sk) * FD station
= nghs » 57 Centrol Laser
mEEEEEN

EEEEEEEEE
‘IG - E A EEEEEERN
Il-llllI.l:l.:
Ssssssassssnsns
....... aiEEE “seemnE
............. e ; . --::,',,,_. é; : ::::: : g
0F lll.llllllla’é-lllll-lll
E I EEEEEEEss,EEEEEEEEENEDN
AR EEEEEEEN RN EEE
S S EEEEEEEN .-..---.-l
EEssssnpsessEasnnn® snem n;
EEESEEEEEESEEEENEEEEEEENS
‘l.-liillIIUIEII.IIIIIII’-
I EEEEEEEEEEEEE@EEEEEEEN -

-10 -—* EE NN NN NN RN
..-...--IIII'E---..I'-II
sSsssnsEeneElannnnnmnE *
EEEEEE NN N EEEEEEN -

EEEEEN BN I_-EE.EII
Long Ridge{LR) ® 2 = % = = =" éll: : : : : Black Rock(BR)
annEiEEEE

-20 '

1 | II ] ]
-20 ~10 0 10 20

(kem)

023 TAOOSDOUOO,0000000.0000000000000A0O [25).

231 0ODO00OO0OO0OOOOOO

SbO0O,0012cm, 00 20mx1.5mO000000000000O00O (CI1O0O0O0O CIMS-G2)
g20000000000000.2000000Db000O0ODLDO0ODOODODODOODODOO
gbo,10bgd0booboboboobobooboobobbobDbo0obDuoobobbuobnbo
000000000 Ooooooo.0250SbOo0ooooooooon.

0000000000000, 0000 400000000000 (Kuraray 00 Y-11) O
000 PMT(Electron tubes 00 9124SA) 00000000000 . OOOOOO,00000,
PMTOOOODODODODOODODODODOODOODOODODOO,OD012mmO000000O0000
gobooboogoo.

PMTOOOO FADC(AD9235BRU-65) 00 0000000000000 12 bit, 50 MHzO O
0000000000000 00DO00DOO0O0DO0. ObO0o0DOOo0ODbOODoOOoDoO GpSOODO
(Motorola M12+) 0000 10000000000 (1 Pulse Per Second, 1 PPS) 000000
O00,00000000000000000 4ns00000O [26].

O00000,120W0HO00000000 (00000 KC120J)O0OOOOO (DYNASTY O
0 DCS-100L)000000,000000000000000,3650 240000000000
oo0000oooOOo.boooooooosboooOo,000oD0obDO0obO0obOobOoboooboOon
ugogo,0booboobooogogog.
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g26000000000000OO00O0OO0DOOOODODOOODOOOODOODO. DOOO
gbooboboobooooboobgooboobbobob. oboboobooobobooooboboo
gboobo,gbogoooooboooboooooooo. oo, bobogooooooooooogoon
vboooo,0boboboboboboboobooboooboobooooboobooobooooon.

|

| PMT for Lower Layei-..

O 25 TAODO SDOOOOOOOOOO 0O26 00000D0O0O00000OOODOO
oooooa Oo0o0ooU0oO0(oooooooo
0).

232 JUUdU0uooobobobobbooooo
Sboooooooooogooo2rooooo0ooooooooocooooooooo.

e PMTOOOOOODOOOOOOOODOOODO FADC. 12bit, 50 MHzOOOODOOOODO
gbobobobob2000000000000.
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00000000 FPGA(Xilinx 0O XC3S1000, DOO0O 1000). OO PMTOOOOO
oooo,pMTOODOOOOOOOOOOO,0000000O0DOOOOODOOOOO
gooo.

O000O0O0O0ODODOODOOODODODOODOODO CPLD(Xilinx OO XC2C256). OO CPUD
oo0ooooooo,FPGAODOOCOCDOOUOOOO,000000O0ODODOOOOOO.

O0000D000o0O0ooocpPU(OODDOOODODOO SHY750). 0O0DOOODO 150 MHz
goo,goooooooooobooogoooog.

ooboooooooooooog Gpes.

OO0 LANOOOOO0OO0O.

FROMO. 1
IMB(16bit)

FPGA CONT
XC351000
-AF G561

LED
I PPG
Rs-232¢ f SPLD
QLI MONI
IrDA
I
GPS
MI12

027 (0)TAOO SDOOOOOOOOO. (0)SDOOUOOOOOODOOOOOOO.
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TAOOSDODOOOOODOOOOODOOO ADC+TDCOOOO FADCOOOOOODOO,00
gboboboboboobobobooboooooooobooobobobobobOobobDon
gbooooboooo.ooooooooooooooooooooooyOoDoobobooo o,
vbobgobooooobobooboooboboboo. oboooboobobooboobobon
gooob.oo,b0bo0obobooooboobooboooobooboooobobboooobOoboooon
obobooobooboobooboboboobobooboo.

233 0O0O0O0OO0ooOO

0280000000000.000000S8DO0O0O0OOOOOOOOOOODOOOOO
0000,0000000000000,00000 (Data Acquisition, DAQ) 00000 PC, O
0000000000000000000000000000,000000000000000
0000000. 000000000000 200000000000.00,000000 SK
0000000000000000000000000000000.00000SDbO000O0
O00LANOODOOOOD. 24CGHz200000000,000000000 2.0 Mbps, DAQO
1.0Mbps00OO0DOO0O0.00,0000000000,00000S8DO000O00O0OOO0OO
00O0057GHz00000000000O.

028 LROODOOODO,000000000000000000~0.
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2.3.4 DAQUUOOO

TAODOO,0DOOO0O0DOOOCOOOO0OOSDbOOOODOOOODAQODODOOO.OOOO
gs3gogob,booobobooubob,obogl1boobo,bgb20000000.0000
0O DbAQLDOOO0O0O0OOoOoDooOoOOoOO.

gbobobOoon

goboobobobooboboooooboboboobobobooobob,0oboboobo
000000000 (Minimum Ionizing Particle, MIP) OO0 . 00000000000 OOO
uoboboooboobobooobobooooooboobo,booooobooooobooooboooa
goboobooobbooobo,gobbobooboboooobooooobobooooobooboobooo
ooooooMIpOOOOOOOOSDOOOOD. OO0,0000000COCCOOOOODDODOO
oooooobooooooooooog,osboMIPOO0OCODOOODOODOODOOO SDO
obooooooooooooo.

10

d= W & - -]

- dE/dx (MeV g lem?)
w

~a

0.1 1.0 10 100 1000 10000
By = pMc
0.1 1.0 10 100 1000
Muon momentum (GeV/d
L 1 4 IPIIJ - IIIIII L L IIFIJII 1 L I‘II!IJ 1 14 IIJ‘¢
0.1 1.0 10 100 1000
Pion momentum (GeV/g

WMMM
0.1 1.0 10 100 1000 10000
Proton momentum (CeV/c)

029 00000000000DOOO0OOOOOO0O [27).
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gobobobobgooboooboboo,gbooboboboobobobooobobooobo
gboodbog,tougboobobboboob.oobobboobobbobbooboobood
ubobooboooboboboboob. oboboboooboobooboooboboboonood
00oo00O0O0O0O00O.000o0000000DO0O0DOO8LOULUOOOD 10DOOUDO
0 =20ns)000,0000000003MIPOOOOO 15FADCOODODOOODO. DODOO
uboooooobooobogaono 256 ps, 0000000 O00O0OOOOOOOO0OOO0O0O000
00000000000 00D0. 00000 LANODOODODOOODODDOOO0OOO0OoOooDoo
ubbogobogboobboon.

oo SboOoOoOooOOoO0bOOoOoOO0O0OOObOOoODbDOO0. ODo,0000Db0O0 FPGAOO
gooooboobooboooobg.

1. 80000000 (=160ns) 0 FADCOODOODO (Sg)0 80000000 (=160ns) 00O
oooboooboog,GpSO 1PPSOD0OO 1000000 SsOOoOoooOobooOo. oo
gboogol1gobooobooboobood.

2.5s0 10000000 (=20ns)00000000O0O0O0O,Ss0000000OO00OOODOO
0000000000 (15FADCOOOO)00O0O0O0OOO,000000000000
O.00,000000000D0120ns00000000O0DO00O0OODODODOODOO
goo.

. 000o00b0b0oobUuoDbO,0bbdbe40ns0I00O 1920ns0000000OO0O
000000000 SDRAMOOODOOO. OO0O0ODO 1280ns0000 2560 ns0000
gooobogooboooboboboboboboo,0boboobooooboboboboobooo
O000C0C0O0O0O0O000000oooOooO260nsd000000.0000 SDRAMO
gobobooob,0boboobobooboboobobob,oboobo,bobon
o,0010001pPSOO0DOOODOO,00DO0OOOODO. DODODODOODOOOO
000000000000 10msO000 CPUODOOOO SDRAMO DMAOOOOO.

obob10000

O00100000000000003MIPOOOOO 150 FADCOODODODO, 000000
00000000 1280000000 (=2560ns)000. 00000000 OOODOOOO,O
gobodbboobobooboooboo1oooboooboooboboobbuoobbon
OOo.googooosSbocpevbooonooon

1. GPSO 1PPSOO0O0OODOO CPULOOODOOODO,DO00O0OO0O0DOOODD OO
O0000000 FPGAOOOOODDOO.

2. DMAOOOU0OOODO,000DCOO0ODODOOODO,DO0O0O0D0COO0O0DOOOO
O.00000,000000000000000000DO00DO usCODODO,DMAO
gboboooboobobodab,oobobuoobbooboo.goboobboobbod
O0wsOdODOOOODOO,0D000000CO0O0DODOOOOODOOOODODOSDO
gobogoopboobobooo. obboob,0obboobbooboooboobbon
00 (150 FADCOOOO)0O00OO0O0oo0o0o0oooo 1o000o00oooo.

3.us(20bit) 0D O0OODODOOOOOOO 4bit)DOODOOOO3byteDOODODODODOO
goo.
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ub1~30000 1000 1000000 oo0obboobboob,boo1boobobd
(=000 100000000)0O0O0O0OO.

oboo20000

gooooooOobooooospboooOoOol10oobooOoboOoooDoo,oboo10obDo
O8usO000O0ODOOODDO 30000 SODODOOOODOOODOO,0002000000000.
oobo20000000000O0,00020000000000DOO0SDOOO,ODOOOO
gcoooOopooOOoOobOOoShOOObOOOOODOOUOOD.DOOObOOOOoOSpOoOoOOO
goooboobooobooooooboobobob.obooboboboboobobobobg 2
ubobooobogboobooobd.

1. 000 10000boo0ooosSboooooo.gooooobo0oooOoooboooDooo
goo.

2. GPSO 1PPSOO0DOOOCO CPUNLUDOODODOOODO, 0001000000000 wus(20
bit) O SDOODODO (12bit) 000000, 00000000000000O0O00OOOO
goooobooooo. 1rpPSOO0OO0O0ODOOOOOOOODO,SDOOOOODOO
gboooboboobooboobboobooobobooobooon.

3. 000000000 0o8usb0booob0o,0bb10b0ob0os3bboboobon
ooobooOo0oOo0o0oboOooooobooOo.oo3oooosboooboi1oboooDoog
googoob,0bb2b0000b00b,o0boobooooobg.

gbo0d200000000000,000000000D00000DO0 2000000000
+64 psO0O0DOOO0ODOOOODOOODOOOOCOSDOOOOOD. OOoOoDoOobDoOoooboOooo
0,1000000SbO0O00OO0O0O0OOO0OOOO0ODOOO0 100000000 DOO0ODODOODO, O
o0200000000,0SDO0OO00OO0O0100O0OOOOOO00O0O0,0000000O0D0AO
gboboboobobooboobodgd.

235 000000

goooooooooooooooo,0bobobobobob.

e JO00ID0UODOODODOODOODODOODODO.

e 0D ODUODOODLODOODODLODODDODLODOODLODLOODDODLUDOODOD
gboooboobgad.

gbobooboooboooboboobboobboobbooobooobooboboaonod
ugboboobooboobooo,bg,0boobbooboooboobobooboooobon.
000 TAOO SDOoOoOoOooOooOoOoOooOoOoOoooooOoOoooDoooOoo 20000000
0,000000000,0000000SKO0O0OOOOOOOO [28].
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23.6 SDOOOOOOOODOO

02100 SDO00000000DO0O0O00ODOOOOO00O0ODOOI[29. 0000000, E > 108
eVOOOOoO 100%000000000.

Efficiency

-t
<
-

" PERT N I T N U RN NN N U U AN N N A
18 18.5 19 19.5 20 20.5
log, (E/eV)

0 210: 0000000 OOOOOOO [29].

23.7 ODO00OOObOOO0ObDOObDOODOO

000 100000000000000,0SbO00000DOO00O0OOO00OooOOoOooonDo
O0o0o0Oo0o.0ooooooooO0o9KBOOODOO,00D00 DAQDOOOOOODOO
goO,60000000016byted 00O DOODOO.

googooboooooooobooobooooboobo.obooboobooob,10bog,1
goob,10000000b0. gog,bgboboob 10000000 boboobob,0bo
oboboooo.oooooo9KBOOOoooooOo.

e JOOODOODOO

— 1PPSOO00OOODO (4byte). GPSOODODODOODOOOOOOOOOODO.
— GPSOOOODOOD (4byte). 0 SDOOOOODOOOODOOOOOOOOOODOODO.
— 000100000 (8byte). DOODODOUOOOOOOOOOODOOOODOODOOODO.

e 1J00ODOODODODO

- 0obobobOobOobOoboOo.oboboooobobobo,PMTOOOODOODO
gooooooooooooooo.

- oooooboo.

- 0ooo.0obooboobobobobobobobobobobobo.
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- gbooboooobo.obbooboobbooboobbooboo.
o I0OODODOOODOOODO

- 0000000000000000000000. SbO00000000000. O
0000000005 FADCOOOOOOOOOOOO0O00000000000.O
0000000000000 FADCOODOO0O00000000000000000
[FADCO /MeV]O0OOO0D00OO.

— gbooobooabboon.
— FADCOOOOOOOOoOoOOoOO.
- ODo0OOD0O0OO GpSOOO.

ocoooooboooooooo,booboo sbogoob,b0O000. booboooboooobooo
ugboboobooboonb 211000,
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oboooooooooog

O00o00o0O0OooooooO,FPGAODOC SOOCOOOOOOO FADCOOOODO 8OO
ooooooo0oOoo0obooOg,0b000 10000 0bDo0obOoobDoOoooOo. ceUOOO
bobobo1l1obobooboo,bob oobobob. o000 boobobobobon
goooOoOooOoOoOoOoO,1woOD0oOD00ODODODODODODOD. 0000 1FADCOOOO,O000O0
000 256 FADCOOOOOOOOO. OOO0O0OO0O0O0DbOOoO0DbOOo0oo0ooooooDOso
ubooboooooooooooooon.

boboooobooobooooobooobooo

00000000000 FPGAOOODOOOOODOOO,000010D00000D00OODO
OO000000.00000D0000DODO008nsO0O0O0 160ns000 240ns000O. CPU
gboboboboobi1obgobooobooo,oo0bwbooboob. bobobobobobon
00oo0ooopooooO0UoOooDoooO, 100000000 0ODODOO0. D000 1 FADCO
OO00,0000000512FADCOODOOOODOOO.

02120000000000000000DO00O00DO0DOO0ODODOOOOODODODOO
ugoog.

1x107 ——————————————— 100
Upper Pedestal ———
1x106 L. s ... LowerPedestal ——ur
X . Upper IMIP ———
100000 L. . Lower IMIP ——— 4 10
10000 |-
¥ 1 5
= 1000 L ¥
yr 2=
3 100 L} =
$ | | Jor
0.01 i i i i i i i i i i 0.001
0 50 100 150 200 250 300 350 400 450 500 550

FADC Count

0212 SDO000O0O0C0O0ODOOO0ODOOO0OOOOOOOOOOOOOOOOOOOO. OO
goboooooboobooobobooobooboobobooboobooboob,boobooo
uboobooooboboooobooboobooobboobooboooooboooob. ooobooboa
gobooboobbooboobobooboobbooobooboboooobo.
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238 U000OO0ObOOOoOoOobbOObOOOOn

SbOOOO0O0O0O0OO00DOOO0OOO000ODOOO0.0DOOO0O0ODOOO0OoDOboOoooooOg
gooobobooooobooboooobobobob.gbob,boob0oboobobooon
oooooooooOoooOooOoboOoOoOoooOoobboOooDOo,SsbhooboOooooOoooDod
000000000000 GEANT4000OO0O0O0O00O0O0O0O [30]0

0000000000000 Bethe-BlochOOOOOOO [31].

dE Zm 2me 22 E! E?

— = 27N X222 (1 © m _ 932 LU 2.1

dr Tiaa eA,82< (2) P i (2.1)
2mep?

E. = MieP (2.2)

mg + mZ 4 2me,/p* + m2

000,a=1/1370000000, N, 00000000, %, A0000000000000
00,000000.00p,E00000000000000,00000, 8=p/E,y=E/m,,
F/, 0100000000000000000000000000000, (Z)0000000
000,A=38x10"Yem00000000000,/00000000000000000
000.dE/de0000 [MeV/(g/em?)|000,00000,00000000000000 (0
00000000000)x(0000)00000000000

02130SDO000000000000000000000000 GEANT40OOO000O
0000000 ([30. 0000000000000000000000000000000000
2.00 MeV, o = 0.10 MeV, 000 2.01 MeV, 0 =0.10 MeVO DD [30]. 0000O0O0OOO, 1

OO0 =20MeVOOOOOOOOODO.
—upper
—lower

T T T 11117

P IR IR
20 25 30
EnergyDeposit[MeV]

o
)]
-y
o
—y
(3]

0213, 0000SDOOOOOO0O0O0O000000000. E=1GeV,00000,000
ooooo (30
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30 Ubutdbootdbotdbd

3.1 Udouogooboooogd

g3ligobooooooooboob. oboobobobobobooobooboa,bo,obod
gboooooobooboboobobb. obooboobooboooob,opoboobon
goboooooooobooboooob. boboobooobooboooboobooboboooboo
gbbg,bboobobooboobbodobboooboobooobooboon.

Incident Primary ——

Zenith
Angle

Shower Front
Tangent Plane

Ground Level 8 =~

031: 0000000000 [13).

3.2 SDOOUOOO0OOOOOODbOOOUObDbOOObLbOd

1gbooboboobobooboboobo32000.000 1bin=20ns000.
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100
90
80
70
60
50
40
30
20
10

FADC counts

1 1 1 1 1
20 40 60 80 100 120
# of bin(1bin = 20 ns)

(=)

032 100000000000000 10.

sbOodOooOoOoOoOooOOoO0ooOOoOobOOoOoDOoOOobDboOobooOoD,b0 3200000 SpOOO
OO000o0O00ooOoo0ooOoO00ooOooO0oooooO,Sbo00ooOO0O0ooOoOO00ooDoDoOOooDoOg
0000000000 (0000000000000 40000000). DooooDoOoOO
gbooboooboobooobo,oboboobobooboboboobobooboboaonoba
g.0oo,gboobooobobosinoo33boobuonoboobobonooobonoon,
gbbooobooboobboobooboon.

000000000000 00oo00,0000o0o0ooooDo, AugerD0gooo, 00O
gobodobbooboooboobbuoobboobooobooboboobbuoobbon
ugboogag.

0000000 AGASADODODOOOOOODOD (O (3.1),00 AGASADDOOOD)32]00
goo.booog,obobooooboboboooboboboo,03830bpuoooobo
ogoooododoooooooooooooooon,boood Tp =t —To — Thlane, OO0
O000o0ooDoDOoODoODoOO0 7o 0000,7Tp0 ROODODODOOOOOOOODOODDODO, AGASA
00000000000 20km?000000000000000000 (3300000000
ubobooboboobooboooobg.

R A
_ v B -9
Tp = 2.6 x <1 + 35 > pB x 1070 3] (3.1)

000 A=15,B=-05000.000,,000000000000000,AGASAODQOO
O00000000oooo0oo (3.2)oo0o.

—0.6
R\ L2 R \-0-12 R 12 72
p=0 <91.6m> (1 * 91.6m> bt [10001@1] ) (32)

n = 3.97—1.79 (secd — 1) (3.3)
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Iy
-
~
-
~
-~
];lane
...‘0............... ........O....
(Ri’ti’pi) (Rcore’T;)) ~

033 0000000000ODODODOOODOO0OO0. RODOOODOO SbOODOO,Ip
00000000000000, Thawed SDOOOOOOOO0OOOOOOO0OOOOOOOOO,
t,, 00oo0ooooSbooooog, p,0Sbooooooooobb,,000boo0oooDn
ubooooooad.

AGASAOOOODOOomOODOOOOOOOODOOOOOOOOO, TAOOOOD 1400 m
000000000000, 0000,0000000000000 AGASAOOO TAOOO
0000, AGASADODOO TAOOOOOOOOOODOODODOODO. 00, AGASAODOOOOO
oo0ooooOooooopooooOo, TAOO0ODODOOOCOOOOOOOOODDDOO TpOO
obobooboobooobob,oobbooboooboo,0boobobooob. bboobbo
00000000 ROODDDOOOOUODDOOOO Tp0000,TAODO SDODOOOOOO
oboooooboboooog.bob,b0obo0obob 340000000 «OODOOOODO
O0O00oooD A, pO0O0O0.0000DO,0000O0DO,000D00000O0ODDODOOO
00o0o0oo0o0oO0o0oo0Uo0U0o0oUO0O0L0 (bOooOoO0DoLOOoUDOOoUO,00oOo
000000000)0000, 0000000000000 0 T 000000 OOODOODOO
00000000 [34]. 04000 SDOODOODOOOOOOOOOOOODOOODOOOOOOO
ooooOoOo.ooo,0s000TACOSDOOOOOOOOOODODOOIYOOOODDOO.

034:00000.0000000000,00000000000000,0A0SDODO
0000.0000'000000000000000000000,0000°'000 OAO0ODO
00 «000 [34].
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40 U000 OUbootubootubotdbgtn
HEN

SbOoogOoooosbobooooodoOoooooooooO,ogoboobooooboboooon
gbooobooobobbobooboob.ooboobobooo,o0oboobobboboo
00o0o000o0o00U0oo00 (D00O0)00000. DUOoO0O0,000000000O
ubboobuoobbooboobbooboobbooboobbooobooobobon.

4.1 OO0O0O0O0O0OO0OO0OOOOO0O0OO0O0O0O0

goooboogo,sbooodobodobo0obo0oOooDooooooOobooOoobboOooDo
goooo.

4.1.1 0OO0O0O0OO0OO0OOO0OO

OSbO0DOOO0o0O0OO0ODOOOO0ODOO,00DO0O00b0DbOeEOnsOOOO 1920ns000
OO000 FADCOD 20ns00000000CO00D0OO0OO0OOOODODOOODODOOOOOODDOO
O0000,00000000C0CO000 FADCOOODODOODOOOOOODOODOOOOOooOoDO
ub,g0booobbooboobbooboooboo. obooobooooog.

1. 000000080000000 (=160ns)00 FADCOOOODODOOOOOO0OO0OO
00 (=S)00000

2.10000000 (=20ns)0000000O0 SsO00O0O,S070000000080O0O
gobobobooobooboboooooboboboboo.bobooooboboYboo
O000,000000000000000000000000DOCO0OD (DUODODDODOO
000000 05x80000000 x1.5=600000).

3. 0000000000 10000000 FADCOOOUODOOD+15x(000000O0O0OO
0 =050000000000000000000000A0.

4. 003 0000b0O0ob0OoboOo,0bobOobOobobOobobOo,oDoo.

5,003 0000000000000000000000,00000000000000
(0D4100).

6. 000000000000OD (2560ns) 00000000, 000000000ODODDOOO
gboooboboobooboobooobooboobboobooboboooog.
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goooooooooooouooooo.o41bo0booboooo.

sample of waveform
50

45

FADC count

40

35

30

25

20

15

10

S8 5 0 e s S on

.
*le
.
.
2
3

. ee “«s o C - O

IIIII CIIIIIIIlIIIIlIIII|IIII|IIIIIIIIIIIIII|IIII

| - P ISR TR SR S NS SR T SN S T R
80 100 120
FADC bin#

o2
ny
(=]
IS
=
1]
(=]

041 SDOODOOOOODOOOO.00O0O000DOO0O0OO,00bOO000O0DO0OObDOOO
ubooooboooboo. oo, 0bobooboobooobobbobooboooboboboboa
goo.

4.1.2 0OO0O00O0OO

1. 0gbooobooobooboobboboobooobooooboobo,boo0boooobooooo
0,00000000000FADCOOOOOOOD (O4.100).

2. 0000000000000 (237000000000 [FADCO /MeV])OOOO, FADC
0000000000 Mev]ODDODOOOO.

3.23800000ShO00DOO0O0OOOOUOOOOOODOOOOOOUODOODOOO
O0ooo (1IMIP=20MeV)OOOUOOOOOOOODOOOODDOOOODOOO.

4. 000O0O0oOO0oOO0obOOobOO0obO0obOobOobOobOobOobOobOoDbOo.

ocoooosSbooooooboOoOoOoooOoOobL.bDOoOoOoooOobO,0b0bo0obbOooDboo
00,00000000000000000 (bOoO0D0D0oOO0DUOoOOoUoOOs8nsO)OOO,
ooooooboo.coboooboo,SboobooooboooboooOooboooooDooon
goo.

4.2 0JO0OSDOOOO

OShOODO0O0OO0O00O0O0O0O0oOoO00ooooOSpboooo0oooOoo,0ooogoooo
uboooobgodan.

e SDOIUIDODODODOOO FADCOOOOUODODODOG600B400 (ODDODO 17)
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e SDOOUIOOODDDOOULDOODLUOODDDODOIODO (DDDO 10)
e FADCUOUUDOOODODO 10O 2000 (DOO 5)
e I 0O0OD0DOOOOOO 500Hz0O0O 1000 HzO0O (00O 740 Hz)

e 1PPSOOD0O00ODOOODOOODOOODDOODODOOODOO 100ns00

4.3 Shower Plane Fit

0420000000000000 T,0000000000000O00O00OO00O0O0O. n(b,9)
oboooboobooooobO,Reere OO0 ODOOOOOOO,Tp00000000000DO0
00000000000000000, Thae 0 7000000000000 SDOOOOOOO
00.R;,0SDODOO0OOOO,p;,;,00000:000SDOOO0ODO (0D0O0O00/3m?),
ubobooooaoo.

]Blane
(Ri’ti’pi) (Rcore’T(')) -~

042 0J0obooboobooboob T,00ooboooobooooboooooo.

00000000000000000000, Shower Plane Fit 0000, 000000000
000000000000000000000000 Th000000000 op000, Linsley
000000 (3500000000000 ¢00000000000000000000000
[36].
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TH = @xN*%M@Oﬂ+R>L;45M (4.1)

30m
_10 R\ _os
on = (7x10719q(6) (1.o+30m> p 03 3] (4.2)
3.3836 O 0.018486 (0 < 25°)
a(d) = 303 + 0% + c10 + ¢ (25° < 6 < 35°) (4.3)
exp (—3.2 x 10720 +2.0) (6 > 35°)
co = —T7.76168 x 107> (4.4)
= 299113 x 107! (4.5)
co = —8.79358 x 1073 (4.6)
c3 = 6.51127 x107° (4.7)

gooboooo,oo0n XQGDDDDDDDDDDDDDDD. goo,booboobogoood
ooooboooobog I, bo0b0e, Db o0c000DODOLOOOOUODODO o, 00DO
Reorex, Reorey D 500, Rcoc OO SDOOOOOOOODOOODOOOOOOOOOONO.

B = Zn:(ti —Jt;IT)Q n (Rcort;; Rcoa)? (4.8)
i=0 ti Rcoc
' = Ty + Tptane + T (4.9)
o1, = \/odp+od (4.10)
Reoah = ZGmU P — (a.11
i=0 \V/Pi

000, 0Reoe = 170m[36], 0osp 0 SDOOOODOOD0 20 0s000 [37. 00000000 x4
0000000000000,00000000000000000000007T,, 0006,0
00 ¢, 0000 (Reorex, Reorey) 00 0.

4.4 Lateral Distribution Fit

00,000000000000000 (00000/3m?)0,0000000 (Lateral Distri-
bution Function, LDF) 0000 00000000000000. 0000000000000,
LDFOOO0000,AGASAODDNOOODOOD [38)0000000.

—0.6
oo - R O\ 12 R\ -m®)-12) R 12 i
P m)"C<Mﬁm ' Si6m 1+ | T000m [m™7] (4.12)

n(@) = 3.97—1.79(sech — 1) (4.13)

00,000 ROOOOOOOOODODO,¢dO0D0O0,COO0DOOOODOO. DOODOOO
00 TAOOSDOOOOOOOOOODOOOOOOOoOO [36).

0 = /056017 4 6.3 x 10-3(pF1T)?2 (4.14)
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00 LDFODODOOOO0OD X 000000000000000[36. 00000000000
000 (Reorex; Reorey) 000000 CODODO.

n FIT 2 2
Pi — P Ri Rcore - RCOG
=30 o= PR | (R~ Reoo) s,
- gy, g
i=0 pi Rcoa

4.5 O000O0OO0OO0OOOO,0D000000000

gooooooooooo, 0o oooooog, 0boooooooo. ooo
Shower Plane Fit, Lateral Distribution Fit 0 000 00 ROOTO MINUITOOOOOOODOO
000 [36].

1. 0SboOooOoO0oooooooobooOoooooooon.

2.0ShO00pDOO0O00OOO0O0OOO0ODOO0ODOOOOO.O000DOOO00ODOOODOOOO
0.00,0000000SDOO0OOO0O0 T,000000000O.

3. X%DDDDDDDDDDDDDDD.DDDDDDDDDDDDDDDDDDD,TOD 100
ns, 00 0.1°00,¢0 0.1°00, Reorex J Reorey J 100 mO 0000,

4. 00000 «@) 0000000 0OOOOO XZGDDDDDDDDDDDDDDDDD.DD
O00000000000000000,Tp0 100ns, 60 0.1°00,¢0 0.1°00, a(f) O
0.100, Reorex O Reorey 0 100 m O 0000,

D. X%DDDDDDDDDDDDDDD.DDDDDDDDDDDDDDDDDDD,RcoreXD
Reorey 0 100 mO0O,CO0100000.
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50 Ubgtdbootdbotdbotgtuod

gbooboobooboboboboboboooooooobobobobobobooboooo
gbooboboobooooboobooboooooooooooo.

5.1 JUO0OO0O0ObOO0OO0OooooobboOon

5.1.1 000000

O000O00000D00OC0D TAOO SDOOOOOODOOO 20080 50 11000 20150 5
U1ngoooroooooooog,bobobob0 1448183000,

5.1.2 0O000o0oOoogo

00000000000 00000 TAOO SDOOOOOOOOOOOOOOOOOOO [36]
uboboobooooogoa.

e energy > 1EeV
e 0 < 60°

X2 /ndf < 4

® Oy < 5°

o(s800)/s800 < 0.25

# of good SD > 8
e core position > 1200 m from edge of array

O000000000000000O0O0ODO 19426000,000000 (05.1),00000 (O
5.2), 00000 (O05s3)000000.
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10 15 20

5

Distance from CLF [km]

lllllllllllllljllllllllllllllllll]lllil

| gy |

:_._u_ _
wy] 479 wolj asue

20-15-10 -5 O

_2_0

gs1l:0000000.
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800
700
600
500
400
300
200
100

# of Events

Zenith

Entries 19426
Mean 39.69
RMS 12.6

o

PR R R
30 40
zenith angle [degree]

10 20

0s52.000000.

50

60 70

600

500

400

300

# of Events

200

100

Azimuth

19426
2238
104.2

Entries
Mean
RMS

00000,0000000000000000,00000000000000000000
000.236000,TAOD0SDOOOOOODOOODOOE=108%8evO0O0O 100%000.
00000000000000000000000E=10"ev0 TAOO SDOOOOODOO
DD0000 (E<10¥00029%, E>10°00019%)00 36)00000 (0DDO0ODO :

3216).

=

l . . . 1 ., . 1,
50 -100 -50 0 50
azimuth angle [degree]

M BT R
100 150

053 000000,0000000000O00.
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—y
o
.

S Energy

- Entries 19426
B Mean 18.69
B BRMS 0.3294

—
o
[+]

# of Events
o
(3]

—
o

L 2 1 3 M P | : 5+ b . .
175 18 185 19 195 20 205 21
log(E/eV)

054:00000000,000TADDOSDOOODOOOOOOD 100%000 E=10%8eV
g,000booobobooboobbooboooboboon.

5.2 UUOU0OO0OOOLOUOObUOObLObObOOn

gboooobooobbooobooooboooboobboobobooboooboooboaa
goo.

1. 0000000 (secd), 00 |o|0O0O0DOO0.
(000000 1.0 <sech <2.00 0200, 0° < [af| <180°0 30°00)
0550 1.0 <sech < 1.2,0° < |la]| <30°000000000000000000000
0000000000000000.00000000000 A.1000.

2.000000000500m0O0 200 mO0000000O0O0ODO0OO0O0O0OO0OIp000
0,250m0000000. 0560 1.0 <secd <1.2,0° < |l <30°0 250 m0 00 Tp
0000000 (1bin=02us)000. 0000000000000 A.2000.

.20md00000000000O0DO,00000Db0O00O0O0O0DOO0ObOO0ObDbOO0.

4. 250m00000000000000,000000000.
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Delay time from Shower Plane TD [uS]

" PRI BRI PR B R R RSN EErE BEPEEEN SR R
600 800 1000 1200 1400 1600 1800 2000 2200 2400
Distance from Shower Axis R [m]

-6

055 00000000000000000000000000 (1.0 <secd < 1.2,0° < |af <
30°).
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C 1.0_0_500_750 - 1.0_0_750_1000
50— Eniries ] 100— Entries 04
- Mean 0.04629 [ Mean 0.2231
E RMS 0.04756 r RMS 0.4728
40F 80—
» F » r
8 so 2 6o
G o G r
* 20 *® 401
10 201~
G E 1 1 1 1 1 G C 1 1 1 =1 1 1
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 6
Delay time from Shower Plane TD[uS] Delay time from Shower Plane TD[uS]
E Fres 75 70F Ee T
120— Mean 0.3589 = Mean 0.6991
c RMS 0.3316 60:_ RMS 05512
1001~ E
F 50—
& s a E
D o @ 40F
S b - 30F
401 20
20 10
G E 1 1 1 1 G E 1 1 = [y =Y
-6 -4 —2 0 2 4 6 -6 -4 —2 0 2 4 6
Delay time from Shower Plane TD[uS] Delay time from Shower Plane TD[uS]
35E T T 30F e T
E Mean F Mean 1.427
30F RMS 25 RMS 08174
g 25 E_ o 20
B 200 & _F
5 E 5 15
# 15F g F
E 10
10 = E
5E-
of . N [ IS oo . A e P
-6 -4 —2 0 2 4 6 -4 —2 0 2 4 6
Delay time from Shower Plane TD[uS] Delay time from Shower Plane TD[uS]
14 E
F o = r\EA::::S 2 48;
12 RMS 1444
10
a B a
0 8— @
B o B
** 6| **
E 3
4 F 2
i3 Y [
O E 1 1 1 1 |-| |-| 0 E 1 1 1 |-| |-| 1 |-| |_
=6 —4 2 0 2 4 =6 —4 = 0 2 4 6
Delay time from Shower Plane TD[uS] Delay time from Shower Plane TD[uS]

056 0000000000250mO000 Tp000 (1.0 < secd < 1.2, 0° < [|o]| < 30°).

5.2.1 250 m0U00 7p0000000O00O0OODOOOOOOOO

0570 1.0<secl <12,0°< |off <30°0000000000O0O0O0O0OO0OOOOOO
Ubooboobo1w0m < R<2000m0O Ip000000.
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— 6 r £ v
R . 80F s — g
- . o -
5 F g
Lo Vi, 20F
z [ 2 E
5 Op~ - 15F
£ r * -
S r F
5 —2r 10 e
E [ F
z -4 51— ‘
[ = F
a -6 Co1 1 1 1 1 1 1 1 1 c C 1 n 1 1 1 |-Ll_rL| n
600 800 1000 1200 1400 1600 1800 2000 2200 2400 -6 -4 -2 0 2 4 6
Distance from Shower Axis R [m] Delay time from Shower Plane TD[uS]

057 00000000000000000000000000 (1.0 < sech < 1.2,0° < |lo]f
30°)0 1750 m < R <2000 m 0 7p000. 000000 1750 m < R<2000mO000000.

goboobooboooooooboboobobobooboboboooboboboooa
0({o0o0o0o0o00)0o0oU00o0oOoU00. 00000, 000000000 OO0OOOOO
ugboboogobgad.

1. 1bin=02uw0000000OO00OCO.

2. 000000000000000001000000000,0000000000000
0000000000000 00000 2000 bin0000000000000000
cwa00000.

3. 000 3040000, 0000000000000 0OO0ODOOUODODOO (DODODOO
00000000 1000bn0OOO0O0O0OOOOOO).

0580 1750m < RL2000m0 7Tp0O000000. O00O0ODOODODO,0D0OD0ODO £3
cUbooO,00ooboboooboobobooobgoaoo.
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25

- 1601750 2000
B Entrigs 125
- Mean 1427
20— RMS: 0.9174
[0 [~
o 15¢
m L
o —
G -
S 10—
51— : z
0_ |..|'|.|.:..|...|.|..I:.I'I
’6 _

— 2
Delay time from Shower Plane TD[uS]

0 5.8 1.0 < secd < 1.2,0° < |laf < 30°, 1750 m < R <2000 m0 7p000.000000,
000000 +304q00000000.

5.2.2 250 mUogg,gdggd,gg

uboboggoo
gbooopoooboobooooobo2s0mb0nooonooooooooobooon.
e 100 : 250 m U000 Tp 00000000

e 000U :250m000 7p000000D0DO0O0OOODD, D000 NOVNOOO
00 (ogq/VYN)OOODODOODDOO.

un

T, O0OO0O0OO0000000000000 AGASAOD (0 (3.1))000000000 (4, B)
0000000000 (63)000.00,000000000 AGASADOOOOOOOOODO
000 (3.2)0000.

R A
Tp = 2. 14+ — B 1079 1
D 6 X < + 30m> p” x 1077 [ (5.1)

000 (63000000 (sech, | ) 0000000000000000000O0000 4, B
ooo.
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5.23 ITp000o0boOooboobOn

0590 7p00 (63)000000000000O0O0O0O. OOD0O0ODOODOOOOOOODOOO
0A=1284+001,B=-0.124+001000.

4

3

|
'y

Delay time from Shower Plan eTD [uS]
-k

PR ISR S T T T NN TN TN T AN TN TN TN NN SN TN S NN T W NN TN T N TS SN S T S TN Y
600 800 1000 1200 1400 1600 1800 2000 2200 2400

Distance from Shower Axis R [m]

-2

0 5.9: 1.2 < sech < 1.4, 150° < |ja|| < 180°0 Tp 0000000 0.

0000 (secd, o)) 0000000000000 (00 A.3)000 5.10,0 51100000
0. 000000000 AGASAODODODODODOOD A=15,B=-050,000000 |la/ O
00000000 (0° < [jef <30°: 0,30° < [laf <60°: 0,60° < |laf <90°: 00, 90° <
el < 120° : O, 120° < [je]] < 150° : O, 150° < || < 180° : 0) 00,00 A. 400000
oooo.
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1.6

1.5

1.4

1.3

parameter A

1.2

1.1

IIIIIIIIIIIIIIIIIIIIIIII|IIII
e
=
a

IS B SRS B RS B PR ErE BE RS BECECErE SR i B
1 i1 12 13 14 15 16 1.7 1.8 1.9 2
sectheta

]

0 5.10: 000 O0O0ODOOOOOO0DOODOOO0 AOsecd0O000ODOOODOOOO.O00O00O
0 AGASAODOOODOOOO A=15,B=-050,000000 |«|0O0D0D0DOOOOO.

0.4
0.2
M 0:— ©0 @
ks - o b b ®
g - otﬁ’ %ﬂ? o) $
o -04 ©
-0.61-
_08:....I....I....I....I....I....I....I....I....I....
" 11 12 13 14 15 16 17 18 19 2
sectheta

O 511: 00000000 COOOCOOOO BOsechOODOOOOODOODOO.OODOOO
0 AGASAODOOOOOODO A=15,B=-050,000000 |oJCOO0O0DOOOOO.

00000000000 00oO0O0OO000000ooOCOOo00OOsecOOOOOOOOO
OO00000DOODbODO.Ob5100secf/00D00OO0£DOO00OO0OOO.
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secl A

B

1.0 < sech < 1.2 | 1.459 + 0.035
1.2 <sech < 1.4 | 1.362 £ 0.052
1.4 <sech < 1.6 | 1.305 £ 0.046
1.6 < sech < 1.8 | 1.250 £+ 0.036
1.8 < sech < 2.0 | 1.209 £ 0.030

-0.317 £ 0.049
-0.252 £ 0.063
-0.169 £ 0.087
-0.091 £ 0.085
-0.081 £ 0.012

O51: 00000 A, 00000 BOsecd0DODODODODO +£0000

051000 secd 00 00000OOOOOODODOOOOO. O 5612, 0513000000
00000000, 00000000 00o0D0D0oooooDoOoO A, BOOODOOOO A =
—0.31secl + 1.78, B=0.34secd + —0.69 00O 0.

1.6

1.5

1.4

1.3

parameter A

1.2
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A. 4

secd, |o|000000O000000O000O000O000O0OC

’ sec ‘ ||l e]] A B
10 <sech < 1.2 | 0° < |laf < 30° | 1.499 = 0.004 | -0.376 =+ 0.011
1.0 < sec < 1.2 | 30° < [laf| < 60° | 1.479 + 0.006 | -0.328 + 0.013
1.0 < sech < 1.2 | 60° < ||af < 90° | 1.494 = 0.006 | -0.381 + 0.014
1.0 < sec < 1.2 | 90° < [laf| < 120° | 1.452 + 0.006 | -0.278 + 0.013
1.0 < sec < 1.2 | 120° < [laf| < 150° | 1.404 + 0.006 | -0.257 + 0.013
1.0 < sech < 1.2 | 150° < [|oo]| < 180° | 1.424 + 0.005 | -0.280 % 0.012
1.2 <sech < 14| 0° < |jaf| < 30° | 1.408 £ 0.008 | -0.268 + 0.014
1.2 <sech < 1.4 | 30° < ||af < 60° | 1.417 £ 0.007 | -0.315 = 0.015
1.2 < secd < 1.4 | 60° < [laf| < 90° | 1.396 + 0.006 | -0.304 + 0.018
1.2 < sech < 1.4 | 90° < |jaf| < 120° | 1.396 + 0.006 | -0.304 + 0.018
1.2 < sec < 1.4 | 120° < [laf| < 150° | 1.301 % 0.007 | -0.267 + 0.017
1.2 < secf < 1.4 | 150° < [|a|| < 180° | 1.283 £ 0.007 | -0.124 =+ 0.013
1.4 <sech < 1.6| 0° < [[a]] <30° | 1.301 + 0.009 | -0.187 = 0.018
1.4 < secd < 1.6 | 30° < [la]| < 60° | 1.385 + 0.007 | -0.308 = 0.018
1.4 < secd < 1.6 | 60° < [laf| < 90° | 1.340 + 0.007 | -0.251 + 0.020
1.4 < secf < 1.6 | 90° < ||a|| < 120° | 1.245 £ 0.011 | -0.079 =+ 0.024
1.4 < sech < 1.6 | 120° < ||a]| < 150° | 1.297 + 0.006 | -0.261 + 0.021
1.4 < secd < 1.6 | 150° < ||o| < 180° | 1.265 £ 0.007 | -0.010 = 0.015
1.6 < sech < 1.8 | 0° < |jaf| < 30° | 1.329 % 0.007 | -0.261 = 0.022
1.6 < sech < 1.8 30° < ||af| < 60° 1.231 £ 0.010 | -0.010 £ 0.008
1.6 < sech < 1.8 | 60° < [|af < 90° | 1.254 + 0.008 | -0.110 % 0.026
1.6 < sec < 1.8 | 90° < [laf| < 120° | 1.229 + 0.012 | -0.057 + 0.011
1.6 < secf < 1.8 | 120° < [|a|| < 150° | 1.231 £ 0.006 | -0.110 = 0.018
1.6 < secf < 1.8 | 150° < ||| < 180° | 1.228 + 0.007 | -0.057 £ 0.020
1.8 < sech < 2.0 | 0° < |jaf| < 30° | 1.150 + 0.014 | -0.334 = 0.038
1.8 <secd < 2.0 | 30° < |lafl < 60° | 1.211 £ 0.006 | -0.010 = 0.002
1.8 < sech < 2.0 | 60° < [laf < 90° | 1.209 =+ 0.008 | -0.015 =+ 0.032
1.8 < sech < 2.0 | 90° < |laf| < 120° | 1.234 + 0.009 | -0.010 = 0.007
1.8 < secf < 2.0 | 120° < [laf| < 150° | 1.244 + 0.007 | -0.01 + 0.004
1.8 < sech < 2.0 | 150° < [|a]| < 180° | 1.205 «+ 0.007 | -0.106 =+ 0.022

0 A 41: 000000C0O0OOCOODOODOO0O A, 00000 BOO

90




