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1.1:

Fluxes of Cosmic Rays

A 4+—— (1 particle per m2-second)
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(1 particle per m2-year)
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(1 particle per kmZ-year)
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1 AFE = aoF
n FE,
E, = Ey(1+a)" (1.1)
B E
_ In(E/Ep)
T In(l+a) (1.2)
1 Pege n
(1 — Pee)™ E
o m (1 - Pesc)n
N(=F 1—Py) =——F7%—""— 1.3
@E) CX (- Pa) e (13)
(12)  (1.3)
E -
N(> E) — (1.4)
esc EO
In [71 }
— (1= Pesc) — Pesc
7T TIn@+a) o (1.5)
knee
D u D/u
10 M — 5 < 10% cm/sec
1 proton/cm? T, [I000yrs
5 pc
1
dE aoF
- = 1.6
dt Tcycle ( )
Tcycle 1 a
(1.6) Frmax
J = —DAN + uN. (1.7)
uy
dz



N (2) = perexp (—zu1/D1)

Ul Dy Pcr
PerD1 /ul
per /4

(Pchl/Ul) (pcr 0/4)_1 = 4D1/ (ulc) .

4Dy / (cuz2) [5]

4 (Dy Dy
Teycle = - <Ul + u2)

AD

(1.12)

"L= 7B

e Z p B
Dmin

rLC FEc
Din = ——
3 EjgjzeB

ug =ui/4 Dy = Dy = Dpn

3
Emax = 7EZ6B (ulTA)
20 ¢

10M — 5x 10%cm/sec T, [ZI000yrs

Eoax < Z % 3 x 1013V

1015 eV
knee
3uG

eV rr, OB pc

ankle 2

(1.9)

(1.10)

(1.11)

(1.12)

(1.13)
Ernax

(1.14)
3uG

(1.15)
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ankle

1.2

1.2.1 GZK
1963

CMBR
eV)

1.2

eV

GzZK

py - pete”

ankle
ankle
10175 eV “2nd knee”
1.1 1020 ev

(Cosmic Microwave Background Radiation CMBR)
Greisen Zatsepin  Kuzmin
[4] 27K CMBR(L[I073
100MeV

v(CTHOMeV) +p( ) - A(1232) - p+ 7' n+xt (1.16)
(yp - peteT)
1020 eV 50 Mpc
10?0 eV 50 Mpc
1020 eV
2x10%
CMBR photo-disintegration 1 Mpc
20 Mpc
10?0 eV (GZK
1.3
5x 10 eV



1.3:
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1.2.2 AGASA

AGASA(Akeno Giant Air Shower Array)

900 m)
2.2m?
(super-GZK )
AGASA
AGASA
[15]
1020 ev
10
1.6
[15]
59
2 3
1.6°
10196 ev 59
1.5
1.6
50
1.2.3

1991 2004
111 100 km?
1020 eV

11

2
super-GZK
AGASA
super-GZK 11 GZK
AGASA GzK 400
1.5 AGASA 10196 ev

[16]
doublet/triplet 6

doublet/triplet

2 1.6
5 doublet 1 triplet

13
1 km

14

GzZK
AGASA

2.5°
AGASA
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1.6: 10196 ev

* AGN

[7]

Density [arbitrary unit)

59

(a)>4x 1690\1:

19 )
() > 10 oV

10 0 0

10 2 ao

Separation Angle [deg]

2
[17]
Frax < veZBR
Z
1.7 10?0 eV
(GRB) )

10 G

[6]

(Active Galactic Nuclei, AGN)

10

(1.17)

[20]

1020 eV

109 cm

[9]



Magnetic Field Strength

10%G
6
10G
LHC |k
TEVATRON
SppS

1G

Cluster

1km 106ka 1pc lkpc 1Mpc 1Gpc
Yo Size

1.7: (Hillas ) [20]
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AGN

1019 eV [10]
. AGN
100 kpc
[9] (radio hot-spot)
[11]
hot-spot AGN
M87(
18 Mpc) M87
NGC315 100 Mpc
GzZK
 GRB (Gamma Ray Bursts, GRB)
GRB
[8] GzK 50Mpc
GRB 100 1
GRB
. u G 500kpc
( 117) [12] 10%%eVv
GzK
AGASA
(Topological Defect) (Super

Heavy Relic Particles)
[24]
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GZK GZK

cold dark matter

GZK
e Z
ZO
[25]
° GZK
AT [26] Y
1011
GzZK
1.3
1.1 E™3 109 eV [10%0
eV 10% 101 eV
1014 eV
( )
1.3.1
)
Obrems. BethE'Heltler

47272 dv 2 AP
5 U[(1+(1—v)2—3(1—v)> In (1842 s)+§(1 v)} (1.18)

Obrems. (E, U)dv =
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v=nhv/E Z Te

(dE/dX)brems.
dE E
— = 1.19
<dX> brems. XO ( )
Xo 1/e
1 AZ%r2 N 1
— = € —1In (1847 3 1.20
X, 137 A" ( ") (1.20)
N A Xo
38 g/cm? Opp
47%? 5 2 _1 1
o v, w)du = = du [<u2 -0’ =50 v)> In (1842 s) +5@- u)] (1.21)
u=FE/hw E
interaction length
dE 7T FE
— =——— 1.22
<dX > pair 9 XO ( )
interaction length
2
1
84 MeV
T K
T 70 (8.4x10717sec) 2
7t 1 =260 % 10 %sec
™ o uF oy, (1.23)
u*t 7 =2.20x10%sec
pt s ety + (1.24)
poo- ety (1.25)
T p
10 25
1.8
1.3.2
E, ( E, = 84 MeV)
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(longitudinal
development)

Eyp
N, (1) Iil;& exp [t <1 - g In s>] (1.26)
Y
_ Eqy
y=In <-Ec> (1.27)
3t
5= 2 (1.28)
t (38g,/cm?)
S
Ne( )
s=1
Gaisser  Hillas
X—Xy \ 5 X X
_ - AQ A max
Ne (X) = Nmax (Xmax — X0> exp (}\ > (1.29)
Nmax Xmax [g/ch] XO
[g/cm?] A attenuation length ~ 70g/cm?
Nmax Nmax monlo_g(
Ey eV)
X() Xmax XO Xmax
Xmax CID(E/A)(A )
1.9
1.3.3
(lateral distribution)
p(r)
Nishimura-Kamata-Greisen(NKG)
r s—2 r s—4.5
f(r,s)=C(s) () ( + 1) (1.30)
M M
N.f(r,s
p(rs) = el 09 (L31)
M
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1.3.4
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Lateral Distribulion Funciion

Log(density(m™))

“o 025 05 0.75 1 1.25 1.5 1.75_ 2 225 25
Log(core distance(m))

1.10:
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80 MeV 1
4
2x10%  ( 1020 ev
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Xrad

(B2} - X2IIY)

(= )
2
( 1.11)
1
i.
(1.29) N.(X)
90 %
N.(X) (1.32)
Ey
By = -2 / N, (X)dX (1.32)
Xrad
38.0g/cm? ¢ 84 MeV
( Xmax)
(1073 s )
X
300 400 nm

Nj first negative (IN) band system
Ny second positive (2P) band system(C?I1} - B11})
3
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Cosmic Ray

Station | Station Il

1.11:

1.1 1.12 [21] [22]
300 nm 400 nm

1.3.5

1.13  akeno - AGASA HiRes(High Resolution Fly’s Eye)l - HiResll Auger (Pierre
Auger Observatory) Yakutsk [14] [15]
[18] [19] 1.1
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1.1: N
[21]

(nm) | band system @Y (WY | Ey(x1072)
297.7 2P 2 0 0.016
311.7 2P 3 2 0.005
313.6 2P 2 1 0.029
315.9 2P 1 0 0.050
328.5 2P 3 3 0.015
330.9 2P 2 2 0.002
333.9 2P 1 1 0.004
337.1 2P 0 0 0.082
346.9 2P 3 4 0.006
350.0 2P 2 3 0.004
353.7 2P 1 2 0.029
357.7 2P 0 1 0.062
367.2 2P 3 5 0.005
371.1 2P 2 4 0.010
375.6 2P 1 3 0.027
380.5 2P 0 2 0,021
389.4 2P 3 6 0.003
391.4 IN 0 0 0.330
394.3 2P 2 5 0.006
399.8 2P 1 4 0.016
405.9 2P 0 3 0.007

Ey 300 [4d0nm
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E3 1019%V

AGASA AGASA
HiRes GzZK
Auger
Auger HiRes GzZK
Auger AGASA
[27]

AGASA Auger AGASA

AGASA 18 % HiRes 22% Auger 22 %
GzZK
AGASA doublet/triplet
Auger 2007 71 Mpc AGN
[13] 1.14 Auger
71 Mpc AGN
3.2
Auger
AGN
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1.14: Auger

71 Mpc
AGN

12

57 EeV
[13]
the catalog of quasars and active nuclei [23]
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2.1
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2.1.2

UHE

10%0 ev
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2.2

MBR 10 eV

MBR

MBR

1.8 m
(1]

2.3
AMBER

MBR

MBR

2.4

(C )

(Molecular Bremsstrahlung Radiation, MBR)

MBR
MBR

anglar geometry
range geomertry

front tin MBR tin
1 ty, 10 ns

4 GHz
many S
AMBER
[1]
MBR 4GHz
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3.1
3.1.1
LNB(Low Noise Block)
PC
3.1
3.1.2
LNB ”dish”
« BS 110° CS
CBS45AST (LNBF )
e C
J-ANTENNA JANRI120PAC
LNB
)
5GHz LNB 4 GHz LNB 1 GHz
”down-convert”
CBS45AST R120PAC

11.7 - 12.75 [GHz] | 3.4 - 4.2 [GHZ]

33.8 - 34.2 [dBi] | 31.64 - 33.48 [dB]

45 [cm] 120 [cm]

25 - 50 [mm] 76 [mm]

3.1:
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3.1:
CBS45AST( ) ZCF-D21B
11.7 - 12.75 [GHZz] 3.4 - 4.2 [GHz]
1032 - 2072 [MHZ] 950 - 1750 [MHZz]
10.678 [GHZz] 5.15 [GHz]
53 [dB] 65 [dB]
—30 - +50 [C °] —40 - +60 [C °]
110 [mA] 150 [mA]
15 [V] 115-14.2 [V], 15.8 - 19.0 [V]
3.2: LNBF
e C LNBF
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A B C | D
0-+24[V] | 0-—-24[V] 0-+8
10 [mV] 1 [mV]
0-+15[A] | 0-—15IA] 0-+2[A]
1 [mA]
3.3:
SP 3 - 12000 [MHZz]
TG 3 - 4000 [MHZz]
SPAN 0 - 12 [GHz] (500 [MHZ] , 500 [MHZz] 500 [MHz]
SG 3 - 4000 [MHZz]
0 [dBm] (CW) , +10 [dBm] (Peak)
1 [kHZ]
AD 12 [bit]
PC USB , 1 [Mbps]
usB , 5 [V], 240 [mA]
3.4:
LNB
. (2]

e GigaSt GigaSt v5

e KEITHLEY 2000

PC
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3.1.3
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