B 10Tev DL FICIBE 2> A X—U v 7
F ol ra ROy I a2 -2 g

LT RE T 2R TR e
07521203
A

February 20, 2009



Abstract

HFICHEZ TR ED TV B FHM., E 2 TEDEITHREL TOHBENITRE T &
L 755 ity ATy, 108V T T 2 VE —HIRClE AR M LR E WL
95 knee ETHINBITAPEET 5, ZOFNHBDICONTTELIT > &V & L 2 fHmIE
HTZ20A, 2ok b EODT XY — O FHBITTR 2 ORI 2NN D 5 & %
ZABNTWS, LN TZ oMz NG 2 LI FHEMORELZES FCIERICEERE
Z® D, FHRHRIWER FRo T, ElERE O 8L 27 THIFRC R 5 £ TIicik
AT/ OEHE R >TL £9, 22T, EMEEOREL T R WESRINT hYER T > <
ZERHIT 20038075 TCH L, BUE, BT ANT —DH =ik BT 222 % —R
HEL LT, HiECOMGNKGRF =L v a 7HEEIC L 5BHS 5, ZOKRGF =L v
I 7HEUC L > TR BZEZL DR X NVF —F B RIEBR RIS Tns, Ll Bl
{F knee k% I NX—F 5 L HRBAZIT> TWAERATF =V v a 7EHEHFIIFEEFEL 2, b
L. ZOMREERIC L 2BHMNEBRTCENE, 1E2U5 &5 RAKNMREET, ST XL
X —H Y MOBIHMRRC 5, 22T, RFFECIEY I 2V —Y g EHWT. Knee #
BOFRITE (B 100TeV ) ITEEZ > KT = L > 2 7 HE O LN 22 3G 2 175
2o BIZINVE—DH <z BHIT S FToRE RBHERIESBIEN A0 L BRf o
BIHRA RS B2 8 TH D, £l KBIKHRYFES ANy 77500 Kok b IEFIC N
THsb,

Z 2 CHRIIFETCIIN Yy 2752 K2 KIRCHIIRTE 5 257 UABHIZEL . KT/
SH_BEDFLUX 2ETF N LN <M les T T, BRGOUEEEIC LY Ial —
Yarvkirol, AT VABHEZIT OGS, HiEo k. HiEfio i, HiEfio k& S5
MBI OVERER KE L BT 5, 22 CHEHE oM. I XA oW, fioK&E&, &
ATDETRNY A XL TV —NT A% - L, HiEHOMREL 2 2 N DN S iKY &
WEGEIRE DR b DO TH 2% N, Fike L T, HEdio % 100m 2> 5 300m F
TINT B G. Y BOFMA N M 150% BEINT 250807k, LrL. £h
WD, Ny 775 RYHIRL . MEEHNA S o REN 2 xR o hir iz, B
AT OBEERE 3ENS 6 EEF LI BEGICE. Ny 27 I RoFHAXY k
DWME A IS V< BOEMA R b Z2 Ik 222.43% WMESE L2 &N TEZ, ZTD
MR E RELTHZ TNy 27570 RIS T 2 HEH SV EDIE > & Y L 72m) ks
RN,



Abstract

Since the discovery of cosmic rays in 1920s, the study for the cosmic rays has been much
advanced and the energy spectrum up to 10?0 eV were also measured. However the origin
of the cosmic rays is still mystery. To figure out the puzzle, it is very important to identify
the location of the acceleration. However, because the cosmic rays are charged particles,
the trajectories are easily bent by the magnetic fields in our galaxy and then it is very
difficult to identify the location with the direct observation of cosmic rays. In the location
of the acceleration, high energy gamma rays should be also generated and they can travel
straight. So, the observation of the gamma rays is much useful for the study of the origin of
the cosmic rays. At present, four high energy gamma-ray observatories with high sensitivity
are built in the world. They are Imaging Atmospheric Cherenkov Telescope(IACT) and can
observe the gamma ray up to the energy of about 10'2 eV. However, for higher energy region,
there are not telescopes with high angular resolution. In the energy spectrum of the cosmic
rays, the bend called knee is observed around 10'eV. It can be explained by the theory
for the acceleration limit of cosmic rays or also by the effects that high energy cosmic rays
cannot be confined by the magnetic fields in our galaxy. However,it is not concluded which
theory is right. If the former theory would be right, the indication of the acceleration
limitation will be observed in the energy spectrum for gamma rays from the sources outside
our Galaxy. So the observation for gamma rays around the knee is very important to study
the origin of the cosmic rays. From the above reasons, I carried out the basic design of
a IACTSs sensitive in the energies more than 50TeV, using computer simulation package
called CORSIKA. The most serious problem for high energy gamma-ray observation is that
the flux is very low and then the wide effective area is required. Moreover, it is also very
difficult to reduce the background due to protons. To figure our the problem, it is much
useful to arrange several IACTs and to carry out stereo observation. Varying the telescope
parameters such as the space between telescopes, the size of the mirrors, and the opening
angle, the performance were investigated in detail. I obtained the following results through
the computer simulation.

1 For the spacing of 300 m, the effective event becomes 1.5 times higher than for that
of 100.Because effectivearea spread by expanding the space of the telescope.

2 The performance does not much depend on the pixel size of the camera nor the radius
of the mirror. Because the angle resolution is good originally, its improvement is the limit.

3 The performance depends on the viewing angle of the telescope. For the viewing angle
of 6 deg. the performance becomes 2.2 times higher than for that of 3 deg. Because the
event which occurred far could be caught and effectivearea spread.
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HIERIC AL TR 2 —RFEEB A ZM 1.1 oL dITkKO SN TBY, T2 )VF —
ML, 100 236 1020 B L IEFICAWEIEICE > Tnbd, ZOAXZ ML, 10%eV &
109eV (ITICIFITN I V3B V. ZNZ 1 knee & ankle & KlZh T3,

IS DITNHIA VIZRD —Y OIS 5, —DoHE& L T, wifEk Fh s T¢I
895 EDT7 -7 PRIIZRANT —DPELIRBICONTRELZY (Htmicidr =
mv/qB) knee FEFED T X)X —1T72 5 & FHAAK R Mo RE» & . IMTTwh T
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7z, ZORRIT. W <MTFEE R Z 21X, KA L 5T, HTL Wil z 723 alBE
M H B Z &R Tz, £z, 1989 4FITIE Whipple Z WV —7 M3, RGN AKATF =L > a7 W



=
&
T e
—w ] #
] L ]
f\.‘m - 5 “i%’@é
mE @,
ri;'.' 10° knee &,
& .
S “on
€ B'e
G an? b
= 10 O.s
® g
2 5;.!!?%
E ‘-_.'. : ;
g 10 b
g ankle I3
£
= A p i | A ; )
10" 10" 10® 10" 10® 10® 107 0™ 10° 107

Energy of nucleus/eV

Figure 1.1: —/KFHR7 T v 7 &

EHiE > T, TeV HIRON > O FRRBHICHIO THRINL 7z, MEHERGAF =L v =
THEHRCITRICHL <L, FHRASAFICARL 2 i, KA MAFHEZ RS
LTRAETEZF =L aviezlld sz 2ic k> THIENCFHESZBHIT I b oTE
LU TH L., LURKMRENF =L v a 7HEHIT, ST VX =0 <Be LT 570
DAZ U —=Rigpiligse iz, HRPTET SNz, 2L THZEL D TeV SO > <
KRR FERL 72, (X11.21F 2007 FE TR SN ZET RIVF — KIKO ) Bumic-Firikig
WCH->T. FHA, JHTPHREPBAISEZ > TWAETRXVE —H o < HIUEKET, &
TRIE —FEHEVBESN TS EEEIIED Tl v, Tk, 48T £ T ERED
BIHEEZ T, BRIV —F 2 MU R IR Z BT 5 2 LB TH 5,

L22L . Knee HUO FHBT, BUEOMBGNF = L > a 7HEG CIEBIHRM T Ty
RS, FIT. KHSETIE. BEOMGHNF Ly avHERLI VLRI VX -2 R 5
e DTELHUBEHEFELI-0I1C, B10TeV LLEITFHEL 72K/ RF = L > a 7 HiESioF
FHC BT &Ny I a2 -2 a v &7, [1] 2]

I I

~ MAsca
~ A
-~ Ginga '
. 1000} | Foma <spanese Xores ]
8 - weennT L Sateliites
£ = Hakucho s
=] # -~ L
<4 Uhura, Compton GRO/ nt
[ L ~ Compton :
@ Fi -
2 P i '
L ]
s (X-rays), »'coss @
= B ‘1@
10 ’ s % =
4 # 4 "'d e 2007
. sasz, >
’ 8 s ® paced
1Ly 5 ¥ | 5 “’ Observation
1970 1980 1990 2000
Year

Figure 1.2: kifune 7 2w b : Ky F  flh FEH S 72 R



1.2 BIRNVF—KFORETHEE
1.2.1  HIENBUH

RTRNE —E PV E R 2l 5 e, WHPOF FIRAOELC & > THEIT A Z T 5
na (M1.3), ZORE AIIMNEEE T 50T, Ehgiz KT 5. 2 0BG % GBI
VY, FERNE QLT RNE —EHRT 2 BRI TDH 5 & [[RAC 4 /P X #i0E

EOEELRWETYLH S, HERH ORI DWW TlE, Bethe & Heitler 1T & - TIE#EZEHE
MWigEIh b, EFe e oo FRE T AET NV OER 137(h/me)(1/21/3).

R FOEBE L, o= h/E, 5L &, SUSKIR (o) 1%

7% 2 o dv
m(—3)

0(FEe,v)dv =4 e [{1 +(1—v)? - ;(1 - v)}ln(Z1 :

E.: \NJ#ET BroTx)u¥ —

v S EH <O X)X — E,. & E, O (E,/E,)
7 WHOJR &S

me : ANJEF BGroH=E

h: 79507 ERE 2r CHI-Tb D

c: JEHE

BESN 5 [3).
riffE: 22 1ICHAIL . m 2 ICIXHAPIL T, EFOTRILF =08 1/e

X0 — he é(me@)z 1 _ AB
07 4722 N\ ¢2 / In(1842-1/3) ~ Z°N

A V%R 5 5o H R
B : B
N : JHFoRERE

LIEF+RT D, TRIF —HKZ

E,
A/ Eyhl/dl/wfo

84
1)+

S(1-)

272 % k%

LM E 2, BHH AhOM T, BETORBIRINC X247 < S

4.3 x 1072n1J,
aw(Ey) = =25 z B¢ (em 357 MeV 1)
Y

E,: BNENDEH Y DT R)VF —

—F

(1.1)

(1.2)

(1.3)

(1.4)



n : BEHEA & DT FROBUERE
I.(> E,) : B, BETOTXNF—ZAXT MV OFEIME

EMT 5,

ZDORNS, HEIBE D AR MIVOXRFIZIPR FORF LEICMHEEZ L 5L 0D 2 &8N
A5, FIHENRSCHRIT 20 2 < IBEFOTRNT — LR 52 LIETERVLA, 1T
IFECBEEOZRNE —DOH < U TE s, 2F0, Hr<zdlllTsz itk
T, ZOHE AT T HHERENETE, 0L IRNR A=A LBZAT =025 2

EMTEDLEALND,

Bremsstrahlung

electron

gamma ray

+

)
00

Positively charged nucleus

Figure 1.3: HIRIHUHT



1.2.2 Farrbs UEEL

FHEL TOBEATXBR, H oy <mHELS e 3882 a7 N VHELE VW, I
IXNX —DEFMEACHRL TEFBZ XN -2 G2, HU e 585 %%
Ay UHELE WD, B0 kDI, HTFAE oI ﬁm;ﬁbfewﬁﬁﬁgkmbt
T5, ZORFOHFOTRIVE — %hya?éa\%?®ﬁ#6ﬁtt?®lxw¥ hv*l

hv = ~vhv(1 — B cos ) (1.5)

E: EIOROTRVF -
Bc: W
v B—VYYNF

eirb,

HF DT XNF =D TNEW (yhy << me?) BEIT20TUE, M AV VHELE 20,
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W7V =28 0.033 BREIT, [HEL Thb720e ZX 6N TEY., ZoOFEIBLZ 10km
Lo TnN5,

Figure 1.8: MCEEDOHNISH %7504 —

[El#RERENTL, <)L —

KEADER N SNVY —1F, P TFEONEZ AN E Ik TR ZINE -2 HTW5HD
T, [BEZEEIZN OV — 20 S, [WiET 2 V¥ — B,

E::%m2 (1.14)

I: RO MERER
QAR

b, MELTRIVE —DEEE. RENEZDT,

dE .
gy {16! 1.1
dt (1.15)

[LlHRRE QI X 1.9 O [ullizllhh & O FERE r WK E KRB R D, 2 OWZAEHE
JOCET SEREr ZATL £O &, RLEITH L TFELECAMETHLZ e TE

14



wllb, ZORORROLERE R, 1
C

Ry = 9 (1.16)
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INF -l kbbneEXONS, £/, 799 ZR—NVOVTRIIREN S, FEE B
S5V =y OB LIZLIZBHIS N 528, FHY =9 NOERDO A D= LIEH EY L <
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Figure 1.13: WHE#] NGC253[11]
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2704 BATSE Gamma-Ray Bursts

Figure 1.14: BASTE IC & 24 > < — 2 b D44

i EBTH]
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Table 1.1: FZe& Hi I B A4 > < HEH]

1.41 AIFEICKSER

CGRO #£

CGRO(Compton Gamma-Ray Observatory) &137 X U Az FH & (NASA) A% 1991 4F 4
TS BT 72 o < BRI 2 T 2001 F 6 H £ T, FKIL 72, CGRO fr&icix
BATSE,OSSE,COMPTEL,EGRET @ 4 D OMili#eni&E#k s h TH Y. FHT EGRET #Milids
TIZH 300 b D v MREPFA SNz, FRLHRITR 141 0L D120 >Tnd, [12]

[ T RIVEX — K R &
BATSE | 30keV~2MeV Nal > > F L —& — 8 2RKE=H
OSSE 50keV~10MeV | NaI(T1)-Cal(Na) ¥ > F L —%& — 41§ S A4 AR M VOHIE
COMPTEL | 0.8MeV~30MeV | Nal ¥ > F L —& — Whs v F L — & — | & KEEE
EGRET | 20MeV~30GeV | AN—=TF = N\— KPR

Table 1.2: CGRO IZEHEK S T2 Miigs
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Figure 1.15: CGRO fii2 Figure 1.16: GLAST fii &

T rIVIHYUTHKEGE
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D2 OO EBEKL T b, 7=V IKEEF —Lld. 77 — AN T A S HIBIHIRAE
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Figure 1.17: Gamma-Ray Burst Monitor Figure 1.18: Large Area Telescope

Figure 1.19: fermi K32 FHHEHIC X 57 > < KX
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Mz T RIVE — K R Hiz
LAT 30MeV~300GeV EPZA YN 2N ESREES
GBM | 8keV~1MeV 150kev~30MeV | Nal. BGO ¥ > F L — 4 — N—ZAKNE=H

Table 1.3: 7 =)V IH ¥ IR LHIEICER SN T 2SR
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1.4.2 #EToOEA
GRARF L a7 BiREE

< KRAE MEEHL TRAESESEF =L a7kl T4z 2. BENCH
THEBHT b0 THSL, FRRDIFIS Yy T—DENVE A A=V T b4, T/ A
ZEBNTHMUGNTH L, KEMT, F1.20,1.21 D & DR NE FHGEEEZ HRIL D XS
oy &N DT N 5 TE TS, (X11.20. 1.211F CANGAROO- T i) Bl
£, HRBMTEHTRINT —DF <z BHIL T15, R1423KEHoBYRF =L v
a7HEHTH 5,

TI—T B s
CANGAROO -1l | A—=AFF U7 | 10m x 4
HE.S.S FIey 12m x 4
MAGIC HFVTEE | 1Tm x 2
VERITAS 7 AV 10m x 7

Table 1.4: BUEKIFOF =L > 27 Bz

" Figure 1.21: CANGAROO-III $H$t U
Figure 1.20: CANGAROO-III HiE$i H X5

Figure 1.22: #HRDF =L > 27 WiEi
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KF L raTwHEss

KBOARZFHL T, wfERF2EE OK) 2T 58 SICRETLIF =L ravie
BHT 5, 1.23 @ Milagro MH#siE, 7 AV & AF T 2 LB HK[EMSET, AF > amh
RET T SO Y T T X7 FIUNCFEL TH 5, @)% 4100 mD EEEICRHGEL 72 900
i HAWC(High Altitude Water Cherenkov) T, 100GeV~100TeV OXF > <#i %46 X %
Z B o TnA, M 124 13RO A A=V T, S5 migE 0TI AFy 7o
B ICEFHEE R FEL T, Milagro 139 TIC. 100TeV OH ¥ I #RIEKTH 5
MGROJ1908 +06 OBHITHKINL T 5, [14]

Figure 1.23: Milagro A28

Figure 1.24: Miragro DKF =L > I 7MLZRD A A —

FRy bREF LT KRTEE

HEOFRy b BEK OE HEE (Y 8—F > B 4,300 m) CHEE BAROHEEY 1
VI heL T, TO9RF 9 IV FU—F =2 UNRNEEELHHL T 7y » 7 — 28U
LTns, (M:1.26) BIHEEEL L T, 1250 &5 05m2 DT I AF v 7o F L —
B — e HEFHGE R ARG MIZEZ 7.5m BT, BBEIRC 697 BT 5S, f
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FENRERT 1° IMER L F= L v a 7HESICHANRN TR LRV, 3~100TeV DL RI)VFE —
DI VR E LT, 24 FRIBIHIDBEL 72 > T s, Bk L T

o N=EENS O TeV T > <O
o Knee D —RFHMD T 2 IVE — 27 M)V OB
o KIZiEENE SR FHMIC L 5 T KD oZEioBEiH

IREMW® B, [1] [15]
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Figure 1.25: F\v hMAURHER

Figure 1.26: Ny MIZFE SN /228500 ¥ U —BIHIZEE
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Chapter 2

RAGTAF = L 30 BirRiE

H Y <BEERHIT 5 EIRICODIT L0, 4B B0, 100GeV 22 5 L H7emT
INEX —DH V=T, FEFIC AR D, 2oz, RIBBOFMHRE? /NS WA
THRIERGHRREICE S FZoBHITIEE 5252 LIFH L, 22T, AMfRKOKER
WMigse i FICEREL . KT =L varyke e b x5 hFE2e 5, ENF=L v avy
IR THHT 5,

21 I7I%¥0—

EIZRNVE —D—RFHEPRAQTIC AR T2 2. KAFoJi ey e MEERL ZIRM
FEAERTSE, ZoT KM FY 2. KA MAEFEHL =R, URERAICHAZTHL, &
DL, R DOMAMERHIC k> TREL 2R 27y T -2,

AT 2 —RFHEHRIT > < oG, KRR PRSIl d 5. EivtkkE
HEZ LT, et & e MTE D,

y— et +e (2.1)
61T, RSN . B BIEIBUNC & > TR Y < i e AR T 5.

et — et +4 (2.2)

e —e +7v (2.3)

CORICEEH AT —RKend, ZOEEMVIRETIL T, TPy U-—NTE5,
COREEGVETEET, ErOTRIVF—ZEALEA TN > TNE §1MeV % a5 &
SAEREV T N UREDMEMICR Y, Yy U—oRFETIEE S, FENICE. REE
HE (EZ2 10~30km 1) 25130 £9. E2E10km (T TAERSN R FORITE — 2
MR, ZORIKL T,

—Ji. AR FROBEICE. B A —R2RZ Y, 7t 7o 20 TE L, &5
Wat o idpt & p WL, 201k 2ol > <HUCHIET 5, 2 Ol > < Bk T
CRSTEBICENNA — R 2T

™ — 47 (2.4)

™ —ut + (2.5)
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T+, (2.6)

Figure 2.1: 7 ¥ v U —DOHEEX
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pt— et +r.+ 1, (2.7)
poo——e U+, (2.8)

Mh Ar—Rick > TREL 2V D LY b, Bl A7 — R TREL 7z —IRKF D 505
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WFE D 200 EREEOHEL RO 720 FxlbrazixkriLicdw, Zokd,., Ho<
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D IEREEICIR D, [5]

22 Fxzlrazi

WP EER PR n O KSUC AT 2 & Eic, Mol o W KRAHFOEEE (c/n) LV B
REVFRC BT 2T T 5, chEzF=Lravidge L5, Z0B5IT
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cosf = e 8= (2.9)
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B HARTY 10001 A —F —OHEKTHERT S5, 2oz EThH <z Bl T 5679
WIERIRINCANy 2 759 REHy ML RThE RSk, ZolkvoFiEe Ll T, 4H
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F =L a7 HEEOEIMNIIEE ., 7 Ay MEShEBWEETTETBY ., Z 0T,
Fxlryazie KL, EARmMCBE SN TV A EE FGE 2 TR SR b 5 A5
WKHET 5, (M2.14) 2oL, H5—EHANS A>TEINE A AT Lold—uc®ik
5D, HRAT FTDOA A=V, F2LyarzAReok dRAET AL b
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HicEhT 5, ¥/, RFEURLERICF =Ly a 7%, B100m BEICAN Y, Sk
DOORTI 1M BETH L7280, FAD—FOF =L v agHEIN 1L HGDONATICED SN
L, TOMBLMb T, HUy<flk->TEL B3F =L ragkof A-JFIERIcay
NI NITR B,

—1. BACEBEY vy U—DBEE. REFE L RLZEBY,. KAFoTa bk e
LT NUFURKRGAHEELZ LiIchd, ~HHBOBINY A THLGFTEIAL, B
BRETFD 2000 f5FE 0H5, LENST, ZOLIRBEVR BT YY »U—Hich 55
. Ao ARBHAEIEZ FFHbR0 TV, 200, F=Lravib MR RES
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Figure 2.9: ¥ ¥ U — DAz
T2 < RUTIRE M . HESA O AR RN EIICEP T 5720, I ATHD A
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Figure 2.10: 71 XZ D% (1TeV 7> <#)  Figure 2.11: 1 AT MD (3TeV F5 1)
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2.4 ATFTLAEA

— DO RMKE, EREOBEEETHHT A2 e % 27 VABHIE VS, (X 2.13) —HO®EE
BUC kBl Ak BRICRET 52 LI RRETCH 5, 2. MoKz ET 5
DYHHENKE KCHEL WeDITE 5L TH, ThABAELTL £9, 22T HGOEHEET
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IP & HERIKO Ao DL AN TSk bl 2 =0ICE—2%bD, /o, WElio
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IP fit

Pl L HITRD B TP 203, HELL T2 KIKD KIS K EWIFEIE A A—Y o Kiflfilaj £ o
22T RIS 0° £721F 180°ICITD K 28, FEMEREL R 5B, 22T, IP ORENE % [H
FEEBIZDITIPFIT & W) FENER SNz, IPfit &1, ROSNZ IP OV, Kl
RIPMH D LUEL T, VP HREC &> TRilR IP 2 BEL 2T HIETH L. 2 IFRD L DI
EFT B, [10]

X' = mie{zn:(ww(i) % q(i)) + (DIS;p — (DIS))?
k 7

WID(i) : 4 A—YHLE P ZAGSEMH 0T 5% pixel D width K7
q(i) : £ pixel IC A - 7o 0tHE

DIS;, : A A=V ELDS TP £ TRk

Distance : RIKZ L1ICHRE DA A=Y /8T X— % DISTANCE D-FHHl
oprs : DISTANCE o kg% {2

} (2.10)

opiIs?

295, HYy<MANRY M2 T, Width 13/N& <. Distance 1 KIKDFENTITV M 2
FFo Xk 91c, IP DAY DDAz T 2 WIRNSR D K 2 PEL . LW IP
95,

BUE KT 60° DY I 2l —Y arF—F T IPit 2{T-obDTH 5, DL I IPfit 1
KRTHE D KIRCHRTH H08, RT3 2 -y 3 LT, BT 5K
RIZTZOWL THMTH L Z L 2R THZ EETH B,

number of events

Figure 2.16: IP fit itk D 62 sk
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Chapter 3
vIab—T3av

KRFFETIE. B 10TeV DLEICEHEL 729 =L v a v SHEEo 23 BT 2 BN ey I 2
V=3 ar®iT9, 2T, YIal—YaryolRfNziiht xT,

e CORSIKA X WNWIHILZTP Y T—D Ny r—I VT N2HWS,
o MICEED lux BETNE LR IMOARY NeRESES,
o FHMNw 7SV RD Aux B2 ETNELETURN YOI Py »y U —%RESED,

o fERRL ImHEHIDS I 2L —F¥ —T., RESEEFNFhOS Y T —DF — & — %57
5,

o HHEHITIIRL o7 — &6, MR 5T 4%V 7 arl, A AV U7k
EHOT, Yy U—BknERD 5,

e Ny 7 ROTabh L T, EOBREORERETHHITE 20 %2H|5
PlEofriis, HEREoRE 2 ZHL TRV IRL TV, Bl 3G 2 5.

3.1 CORSIKA &

CORSIKA (COsmic Ray SImulations fo KAscade) [17] &1F. ST RVF —FHRB KL
MEAEHL TERT 27 Y v U — DL Rk oiisto oicishizer T ey
Ralb—=vayNyr—UTHod, RARIGUIEHTE 285, ZBREAT Y a VDT
INTVDEA, KENITRD & 52D 5.,

e 100V BEEFTCOZRXINE —DH OV Yy T Ialb—NTED
(AR FDOZINE = AR MVOELFIETHZ L b TED)
o MK FoOERE L T, o<t B BEF Taby, Zoftkkcaki 703 5
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o WA =R OMEFHET IV EL T, BZRVF - L HZRVE — 0 2HfDET V&
BHTE D

o MIERIT{F O %2 BRI 22 LN TED

o HFk Lok 4 HEZETNE LI KRAE EZRTHIEMTE S,
(EEIC LB RAEEA LS. LEENRY)

o WO DIFIRDORRIES 2 ZEH] EOIROMEICKETE 5

o I/MEWHE L TUE, ¥ U—DFEOF T, ME HICREL 23 v U — DHRBES
nsb,

KHFFETCIE. CORSIKAIC k- T, HIFETOF =Ly a s ollizEsz il 7z, 3
Mz e LT,

HFRICHEL 2 EDF =L v askoki
HIFRICHEL 12RO F = L > a 7 o viE R
HIFRICHEL RS COF = L > 2 7RIS /5T
N M EAEFL 728 6 D 7 A X > 7

Thb,
N=o3v
KHFGEC A —T 313 6.720 TH B,
AT a3y
KEFF8c HO AT 3 VT,

FTar i

QGSJET | ML ¥ —oMEFHET IV
GHEISHA | k=2 v ¥ — oM EEHETF IV
cherenkov Fxlrvagor—2%&/]

Table 3.1: CORSIKA A7 g~

TH5
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3.2 GEARFILYaOTEFRENDYIAL—4—

3.2.1 BIRNNF—IFHMEL LEiRE

YWD I 2l — 2 —2FKRT 5 LT, EDLIRGTEHTHREIDNT A— 2 2 RONITE
TRNVE —IFHEL mHER 2 S I 2V — N TCELINERT L, BRIV X —DH <%
BT % FC. —HBoRMBERII L KRFERIEFITARNZ e TH S, ZokD, +oakED
T —F =% HIIFIEFICKRERDS DN 5, 612, NI 75390 KOBENEL {15,
X 3 1ITANEINZR T <RI TH 5. DITEERRET LH < HBOM lux 2717,

-10f ¢ HEGRA (1997)
10 .

E = [0 Whipple (1997)
~ ’%g;\ ® CANGAROO
F> 10 E_ .

ﬁ E
- 121
' 10 k
o £
E L
8 181
< 10 3
E =
farey L
A |
510 E :
c .
o g %
[ch] 15[ s,
& L
= 10 3 Tk
6f -+P
10 3 I |
1(:)12 1(:)13 1014
Energy (eV)

Figure 3.1: A=8%//)L% — D5 FLUX

FIRE C R D IR ¥ <O+ BOT — & — &35 Toiid. BHla] BB
F (BRIERR) 2 2L TRhUT L, H <z il T 5720IidM 3208 51F =1 >
ATNKPMELT A N T =NV DRMPITHBEFR T UTNT R, 2oz, GRNREE <
Tt LS EEEEZ MISERT IR SR, O, 25N HERO KL L
LTR2DVREVDEN, F=b a7 WHEud 1 GEFT 5010 b BURFI R T EEHA
W51, TELRETROG &kam CHWARE ST 2 525, PndE
LT, I RBMTHERNERE 2 [T 2 72 DI HEGOBREZ LT 2 2 21 5, TV < b
Y% 7T = VORI T RNT =B KEL NI H LBEETLEMNS (M 3.3 2hZTh,
100TeV. 50TeV. 10TeV. 1TeV % $fE 725 ) DT, GZRIVE — DT <A X
MILIZSTBIHIT 2 Z 2icdhud. HoREEESioREZ LT TY, MITcHaeth
WEEND, L. Yy -2 o Min 2 AU BET 8%, vy v—ifimEcznL
THNTL 90T, ZOHEBHIT 57201213 & 0 LR EREGIC T 20 8RS 5, (X
3.4. 3.5, 3.61FTNZTN, FEIC AR 724 > IO T ¥ T —iln 5 100m,200m,300m D
HECREL ZHEFO N ATMD A A—) 61T, TN OHEEGOMN 2 ERER 1] | &
THZ LIk TOMBAEE M LSR5,
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Figure 3.2: <ML F =L v a 754 TS =)L

EC

25000

20000

15000

3050

[

Figure 3.3: FiRL EERE DO XA~ 7T I (fit:p.e/m? Ffi:m)

T o PR

Figure 3.4: ¥ ¥ 7 —1li’>5 Figure 3.5: ¥ % 7 —iliin»5 Figure 3.6: ¥ v 77—l 5
100m 200m 300m
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3.2.2 BFEEVIAL—I—DEANBETZINITVXLER

UMDY I a2 b —F =T KENITRD &L 5727V U ALTHEINTN S
f#lta
nEREE
|#zLyaokBOBARA |

LB od 3

REHENASERICER

PMTIZ &=
SDHE

KRHERE

Figure 3.7: iy I 2 U — & — RN 7 NVT U X L

BRI /13 20l FEEHOD PMTIZIZE DL S VWoXENLE DX A I 7T
ATz nd %ﬂf&)é

HHRE
FPHETHHEEDONT A= F 2 FET D, HETHHHFILTOL 50 TH 5,
o SHEI0FE G
o YHHHLOFEERE (CORSIKA JEEE 1)
o HE§IO O&
o SISO FEAUREE R E
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o [XHILL 72 B/ NS IR Gio 8

o Ut UK

o I AT DBIEPEAE

o HHETHME —ADH Y OBEE
o N FHME OR A

o YOI TIN (A 4 F — A THRE)

PIEDONRT A= 2T BHEHRT L ICRERETH 5.
HEEOHEEL., 2oy Ial—Yary TN L INFHIRICREL 72 761
F B 27V ABHNCEET 5,

Figure 3.8: SISO REE AV &

Ero, HEEOKIEL A ATEMNI T ZN X 3.9 D & 52 TTHEFICE Yy b &,
INRORIE . HETHHEEOARBIIR & rIC k> THEIMTRET 5. (2£ZL. RIZEHE
BOFEL L WA X5 OBEPE, v IZSUNELO/ NS U <I3EHE PG E Ao B
) 61T, MEB KO FHMEEICIIR 3.10 0 & D12, TR ZHICID 21T 5,

a 1 2 3 4 5 &
7 B g 10 11 12 13 14
15 16 17 18 1% 20 21 22 23
24 25 26 27 28 29 30 31 32 33
34 35 38 37 38 39 40 41 42 43 44
45 46 47 4B 49 50 51 52 53 54 55 56
57 58 59 &0 61 62 63 64 65 &6 6T &8 69
70 7L 72 F3 T4 75 T& 77T TR T9 B0 Bl
82 83 84 85 86 B7 88 89 90 91 92
93 94 95 9 97 98 9% 100 101 1032
103 104 105 106 107 108 109 110 111
112 113 114 115 116 117 118 119

120 121 122 123 124 125 126

Figure 3.9: K4, H A5 DE 7oA~k Figure 3.10: N, EETFHEED D
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3.3 ARVMNELID I3V

SEDY I 2V =y ary TIRRICOIRNIE 50, 7THOYEHIC L5 AT L A B Z E
LTWa, 22T, ANV E2IETHH5MFEL T, DLT® & 972 Local Trigger £ Global
Trigger % /EF%L . Global Trigger /=T oD% A X~ & L Gl T 5.

Local Trigger & I3 {EEFN TN Z N2 T RXERMET, Global Trigger &%, #HEG
DOYHESIDAE T % f - 7= Trigger TH 5,

Z D& D7 Trigger R FETHZ LIk o FEOBHITIEIN-RN 7 =7 OEMET
HLIEEDONy VTSI RNy NTHZ e agEe b,

3.3.1 Local Trigger
SHES W2 T RNERMFL LT

o T 5 3480 PMT A[ARHCH L FoEZ2 AL 721545,
e PMT £k TH HELI FoXEEZRRAL 1255,

RIEFKT D, (EL. ThZhoRiid. HEEOREIC k> Tk %)

1 /O ORI, FICHEERET LD DOFIETH 5, #OotE, WBWETIE, PMT 1K
(0.17deg DIHFE) T, BEZ 2~3p.e B, SRJAID X SRHLWGTY 4pe BETH 5,
o, ARV DNDOBETIE, YAV NERZRY, $eEoTy bToH22iTE
ncthHs,

2WHDORIHE, T bk dNy I TS50 ReBETLEODORETH DL, H <o
ARV MIFT XY —ThHhE. L LV 5, coZeZ2AHLT. -7y |k
DIZRXNVE —HIRL VNS ARV N EBTHZ LIk ST, [AFFICKEOT B N ik D
Ny 2759 Rb¥$ETES,

Figure 3.11: Local Trigger &fF
3.3.2 Global Trigger

HER ek T T RERKFL L T
o —DDANY MINTL T, [6KIC 2 GLLET Local Trigger &fF% W79
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®IEFRT 5,

COFRFITEY, "—=FRT=7MNCE., Sa—FLDARVNERETLZZENTES, £
DI a—FVIFHERTT, F=Lyazeunds-oic, Ia—FrickdF=
Voaz sy rZid, Ar<fc ks Zn iV b/NE b, 20780, HG CEIFHBH
THEVIRMENTEEPRYVDIa—F VARV NERET L e ufEL 25, [21]

QA QA

N QDL
N D

Figure 3.12: Global Trigger F&fF

3.4 FIRAEDRE

YUHEHOY I a b= oI IINDEH U <MARY NNy 2757 R ARV b OHER
M6 TNEHIRITE D Global Trigger KRfFZ iz A XY N2 RIBOZL ., A A=V VT
He IP fit E HOTHEBRAMZHRET S, L. Global Trigger &fF% i/ THESIN =5
PlE® 572858, M3.13D 02390 1 —HiIL<2 5 & 7% 2 GRIBA THERGMERD 5,
073 90- M HIEL R BIFE REKEITELL 5,

DEC
\
IP
) .

Figure 3.13: D DED7% I fE

F 72, BIHIKFIC DWW Cid, CORSIKA ISR o MEEA 720 (MEFHL T b D% A
IVTHERIH D) DT, AU IMARY NNy 2T TR AR NDENTNDEBED
FLUX 6. BUHIKR. MOFE. VAAAHE0 DAY NESHEL . ERENT 5, Ho <
ARV RNERY I TSIV RARY MDD T Ty 7 Z2DRFTNEN 31, 32T 5, K
WFIFECIEBIHIRE 2 50 RRIC[EET 5,
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diff lux = AE~2?
diff lux = BE~27

E: A= RV —
A BER
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Chapter 4

Ialb—Y a3 R

4.1 CrabZE®FNVICLEXRED I aL—Y 3V
4.1.1 ZEFREBNSA—FICEDYIalL—>aYy

9, KEL R LFEQHER COME L IRT, HELRDENT A—-FIFK 41117, &
ZL. AT Ay <#IILToY Ialb—Y g T, KIAAE?S . 50TeV 600TeV D#i
FONCEELZET N E L2 FLUX & L., BHIERNT 50 Kl & 95,

RGN T A— ¥ i

Yl T o Mk 100 m

YD D 10.4 m

T D 40 cm (127 K0

/ISR [ 0.7

T AT B 3.0 degree

PMT —AR D Bl 0.17 degree (217 pixcel)
PMT o & 74l 0.25

Table 4.1: HEFEDOIEARZTE

95, £/, 3-3 TEDT= Local Trigger FRfF DA%z kD 5 7=01C, HE FHHEEICAS
KB Hi% FTz, Local Trigger FtED 1 8L 2L/ THODHRIZN 4.1 DL HIC
oTnb, ZOMEY Local Trigger &fFD 3&H%Z 1200p.e &35, 7212L. ZDOFRMC
Ko T3EBEOH L MAR LAY FLTLE D, ThPMORECODWTY, [k
Why MRtFEEDDHZ L 2T 5,

EBIT, HUYMARY N ENRY 2 TS5 R ARy N D IP-fit BD 02 MiEFhZFh
M 4.2, 43DEDITR>T05,

0.01° LTEH VY <MARY N EBNT N MARY NDODNy 2T TR ARy
MR 2 MEHNAERERIZ LI FoROMRITR 5,

H <ALy N 64.34 event
Ny 27537/ RDAXRY M 122.09 event
WA AR 5.82 o

Table 4.2: HEHDOIEARZL
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2 1

s I I 1 [, 0l
200 400 608 800 000 00 1400 1600 1500 2000

Figure 4.1: Ny 7759V K ARV M kBEE (il : X2 N Rl : tR)

o 1000

500 |-

N ???wdmw

0 L L I T ey going Py gl B o 0 L L L Lo =L i
0 005 a1 015 0z 025 03 0% 04 045 05 o 005 0l oI5 02 025 03 035 04 045 05

Figure 4.2: 5 > <% 62 Figure 4.3: Ny 7 757K 42

RRULNy 275 RIS T HHEHNERERE S oI Tok icBZ bl
T 5,

(4.1)

Nop: ¥V <HD A R M
Noff:/“\y 2T RDANY ]\ﬁ

DTov 7y arTCldh ATOE 7 VERE, H AT B, HiEo 082 Zs /i
BORHREIRT,
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4.1.2 LREEREHASREFOE

HFEHOMIFE%Z 100m. 200m. 300m ® 3V ICONWTC, ¥ Ialb—Yar Lk, HEHoMW
fxli T 5z eic ko, BHHESHML AMARY N BINT 5L 526056, 20
IV, BT, h AT OHEFEEE 3°, 4°, 5°, 6° DHEHIC 2PN TEL Yy Ialb—Y gy
T5, TOEPOFEIIODNTUL, EROFETYIalb—vareBIid, MRzl
DRITIRT, 72120, ARV MEIEKE, 100m OBEITHT 50 2 <hiA Xk oK T
H5b,

HREER 30
Hindio ks 100m  200m 300m
H <A M 64.34  78.73 96.15
Ny P75 R AR N 122.09 343.95 218.27
N SR =N3 5.820 4.240 6.510
AR~ DK 100%  122.36% 149.44%
Table 4.3: 48 3° (Local Trigger 3 = 1200p.e)
BEER 4°
HiE o Bk 100m  200m 300m
H <A M 89.06  106.19 130.30
Ny P75 R AR N 103.09 218.27 165.38
WEtNAEERE 8770  7.180 7470
AR~ oK 100%  119.23%  146.30%
Table 4.4: 4 4° (Local Trigger 3 = 1200p.e)
REFFR 5°
Ao Mk 100m  200m 300m
H <A M 111.31 143.41 172.99
Ny 2757 RAXRY N 104.94 38495  275.60
WEtNEEE 10.870¢ 7.310 10.420
ARy~ DR 100%  128.88% 155.38%

Table 4.5: 48 5° (Local Trigger 3 = 1400p.e)
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HEFHER 6°

Hindio ks 100m 200m 300m
H <A M 142.41  173.80 213.87
Ny 2759 R AXY N 10451 373.51 132.29
WEtINAEERE 1393 ¢ 9.00 o 12.670
AR~ DK 100% 122.04% 150.17 %

Table 4.6: FUFF£#€ 6° (Local Trigger 3 = 1400p.e)

REBFRDOEHMIC L BH Y IBRANY b DENENE (REFR 3deg DHE%E 100% £T B)

B % SO 100m 200m 300m

3deg 100 % 100% 100%

4deg 140.61 % 134.88 % 135.52 %
5deg 173.0 % 182.15%  179.92 %
6deg 221.34%  220.61% 22243 %

Table 4.7: S FROEIMC LB <A Xy b FHEK

; /
H // //. —+—100m
/——./ —a—200,

Figure 4.4: 71 X5 ¥ & HatMATERL (b - A0 Kih : 5 X 5 6T

YO FilES 100m~300m £ T, P52 LIk o TBEZ 150% 1FE H > <o)
ARV NERMERDLZ N TE, L. ZRLILEICERRC ANy 7275 7 > KA |
WatNE o TR sk 57z, ZoMbie L, HEgizmsIzsick >,
—EDHEMEDINY 7T T R AR NRI2T2DIC, Ny 2757 RAEMARY
KRR 2D TR B2 6D,

N AT B R T 2 HEICOWTRLIM 4406 b5 Kk D10, B AT OHEF-ERE R
Fohrezhice bliaoT, MEMEVEDE EL Thd, ZOREPRD & 5 RFEh %4
b5, — DI E T 52 i k> THEL TRAEL 72 (B ST ASL T
B) ANV REIIZ LM TCEL L ICRDED. HYIMOBRNA XY MIWE 579
THs, (F) ZheEC, EDONLIHORIIEL Rz, Ny 27502 KoHER)
ARy MIZRFE WML e B2 605,
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N \
10 ~ "
T~ < » deg
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6 e —i—Sdeg
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4
2
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Figure 4.5: SHmFEfl]kE & Heat-ATERE (Helh : AR fiih « k)

4.1.3 CAMERA pixcel DE1L

N XD OBEERE 30 ICEEL . SOLEFIAE O HF-EE% 0.06°. 0.085°. 0.17° & &1L
I¥TIal—yarli, ZOEFPOECEHL T, EAXELHEBETHSL, IR
PHRTILICL ST, W ATHTTOMGMEEIHICZR Y, RERENEE 2615, Hie
DIToFL o7,

PMT B (pixcel 1) 0.06° (1801 AX)  0.085° (919 &)  0.17° (212 7K)
H <A M 53.36 53.31 64.34
Ny 2753 KAV MY 75.35 87.66 122.09
N SR =N}3 6.150 5.690 5.820

Table 4.8: PMT S#f~£5 0.06° 0.085° 0.17° (Local Trigger 3 = 1200p.e)

100m

0.06deg 0.085deg 0.17deg

Figure 4.6: pixcel size & #Cat0AREL (ftlh : AEE Bl : pixcel size)

T AT B EEZTITHATE 72V 22U THENMREED M) b2 R 208, Sluloy
Ral—yarTikb e b e ARNMRRED ROKTIAMO KEOB IOV Ty Ial—Yv g
VL Zzlh, HEHERE o m FITidd b >z, KIAAMPSAO RIS 2L T,
¥ DRSNS BB HRR 2 WERD 5,
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4.1.4 TELESCOPE RADIUS OZ1t

SHEio 0%, 10.4m. 16.0m. 20.0m DHFHFITONWT, ¥ Ialb—Yarlik, IHIIH
BEiconT, WEdlolkEY 100m. 200m. 300m DG Y Iab—Yar Lz, S
DOORERKELTHZ LICk T, NETHAENINT 5720, £ A—=INXT X—F Dk
N L. RERENRI R EZOND, . KX NXF—DAXRV N LIETE
L5595, Zx VX —Bi% T 51388 TH 50, ST 2 LY —D
ARV MEIHY RLTLEI LD, ZXNVX —AL vy arR—)VRZ NP TOEKIRW, Z
DIFDDOZLEICHL CUIHEALEL A TH S,

O& 10.4m
HiE o [k 100m  200m 300m
H <A M 64.34  78.73 96.15
Ny P75 R AR M 122.09 343.95 218.27
WeEHIN AR 5.820 4.42 0 6.51 ¢
AR~ oK 100%  122.36% 149.44%

Table 4.9: 10.4m (Local Trigger 3 = 1200p.e)

O& 16.0m
SHinsi o kR 100m  200m 300m
HY AN MY 65.41  83.61 101.17
Ny 2750 RARY N 13229 220.92 189.40
WeEHN AR 5.600 5.630 7.39 o
AR N xR 100%  127.82% 154.67%

Table 4.10: 0% 16.0 (Local Trigger 3 = 2100p.e)

O& 20.0m
Himdio ks 100m  200m 300m
H <A M 60.81  84.61 108.58
Ny 2757 RAXRY N 156.10 262.37  167.56
MEHN AR 4860 5.440 8.390
AR b DIER 100%  139.14% 178.56%

Table 4.11: %8¢ 20.0m (Local Trigger 3 = 3000p.e)

UWiEO OB Z T A FhiCe boT, Ny 2759 Ry KBICHA TL TR
WML 7 ARV NDKEN 2NN 275 REeebllhy b5 8->l Es, 7
DD, BIINLE—ICLIE s =BG kOMuc k a2 SN Eom i vwe &
ALY 9 YIRS el
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Figure 4.7: HEHiD NE & HaHNARERE (ftlh « AR Kl © 0#)
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Chapter 5

FEH

AL TR, ¥ Ialb—ya ik >T10TeV LI LD > < MU % 1 - N F =
LUy avHERO BN HEHC DWW TE Sz, 2o/ > TEed s

o WiHHOMFEZ 100m~300m ¥ T, BLEE¥LZ LIk TATUVABIHNC L 5H%)
MR [N 5 2 & ik Tz, ZORET <O BFRA XY ME, 150% 1F& ) E
L7zh8, ZhiCe v, Ny 2759 R b RIBICHA 72728, #atNR S0 Eomn
R s 572,

o WIHEDO N AS BT ZWT 52 LIk T—E—GOMLEMAREEZILT 52 & 2idAR
oo T ORI E 3°~6° £ T, ZLIR LI LT, Ny TV IR ARV B
DOWME MR ILM STV RPANRY N % 220% 1FE ARSI LH 2 ITRIIL . IREMNIC
Ty AR N OEER N FESRDLZENTEE,

e NATE R NEZHPLT I LTk o THENMRREZ M) L3¥ 52 L 2R MN, 1T &
D &L 72tBED ) Fidid s hied o7z, SullE KTAAMPS DK LS5y Ialb —
VarvERiToki. AEMERENIEEICR L. Zhll tomn Hidnine Bbh 3,

o UYWHHONEEZKELTBHZLICL>TIETLERZMRCTZ L 2R 208, [6lFF
WSy 2 7o R KBICHIIL TLEW., 1IFEACHy LTI R Ry, #
DD, AEOHMND EHCEZRXVE —ICLIE S 28HIZ T2 B8 a e idnz
RN,

Plltoz s, BTrVE —oH v <& 2R Wi e B2y 51213, h x5
BHE LT 22 e DIEEICHENTCH D e 8bhr oz, LML, EileEt2RET 5720
12lE. HEEOBFEZ 300m LLERT RBEONy 2750 ROFMAXY s oZEbco
WCHIDPLELRENRS D, T, WEHOKREGNE LU 2851, £ oREkRED
M EINEHD 500 FRDVERHH 5,
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o i

£9. KIFFRCH -0 T ZIFICh 7z 0 SHREL TTHE £ L 2 8aE— e B v = L
F9, FERNP S 3ED DR, Z OEMSAHENTER OB EN - RELCHIsEEE 2 ST
W= Z LI KR 9,

F o K% i CREBMENT 22 o 7oA. PR eAc Ok 0 vz L
7,

CANGAROO Z' )V —7 ¥R EEL =L £9, FRSARIER A, HiEesidftk. &%
JIFEFES A, KEMEAIKIE Y — AT oA, Bl KREBHERICR Y i ST/
PEXL I,

WHIR S A, BT SA. BRENRSA. BREESAISOE DL 9, FHC%
HIFR S A, BitfhalSAlB»NEL TUL, BIELFH7ZRANAL 22 W&, WEb eV F
ZUNTCTAE EL 7z, B0 G)IHEFS A, EFBEK—SA. BHES AT, IR D5
FEA IR THRT T2 & RERHL CEd, Wiz S A, HPEHESA, E—H
Sh. AFEDORIREMTEIIEHL £7., AR IADBNT TEL Wl ERR2ELZ &
MTEFEL =,

RRICEIF AT 2 22 TN M\BUCBE & Wz L £7,
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Appendix A
ARXA=IIINTA—4H

A A=Y /85 X — %13 Hillas & Whipple Z V=71 &> THRIBEN T, A A= > F @M
WIS HWBNDG K91k olz, RiSCTHOWZERILI TOWMY TH 5, i HHO PMT O H
AT MTOIEGEE (z;,y; & LTz & (BAUTRE), i BHO PMT BRATNREZ 5, 2558,

i Si%i i Sili
() = ma (y) = 722' 35 (A1)
(o) = ELE gy S By ST ()
g2 ey g3 g3

ZO kT, TNENOFEHENEETE S, (2), () EA A—VOENEETH L, =
NoDEEHNTZNZh ORI ERD 5,

0,2 = (%) — (x)?, Oy = (zy) — (2)(y), ap = (%) = (y)° (A.4)
s = (%) = 3(2%)(z) + 2()’ o = (y°) = 3(y") (y) +2(y)° (A.5)

052y = (%) — Awy)(z) — (@) {y) +2(x)*(y)
T = (ay®) = 2(zy)(y) — (@) (y°) + 2(z)(y)*
ZLTZhZHNT

d=0u, — 0,2, z=/d*+ 402, (A.7)

ZIEFTSHL. WIDTH & LENGTH &

WIDTH = ,/W (A.8)
LENGTH = ,/W (A.9)
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F 7z DISTANCE U (24, y5) 1< 5 YV — 206 O Wil % 9§ DT, DISTANCE X7 h v

D = (D,, D)%
5 = (JIS - <«T>7ys - <y>)
THINH,
DISTANCE = /(s — (€))% + (ys — (4))?
LB,

MMITAL 7z R Rl O BALR 7 MV i@ = (uy,u,) EITO & 51CFHT 5,

U = _z—d sign(oszy) _z+d
a 2z’ g\ Ty 2z

L7z > T ALPHA LI T L SITKRO 6N 5,

ALPHA = cos™! <uxDx + uyDy)

DISTANCE
¥72. ASYMMETRY &

loal
LENGTH
A.-D
DISTANCE - LENGTH - cos(ALPHA)

ASYMMETRY = sign(A-D)

/T = (xmya) = —0aU

1
o4 = (03cos®p + 3ax2ycosqusin¢ + 30,2 cosdsin’d + oys sin®¢)3

(A.10)

(A.11)

(A.12)

(A.13)

(A.14)

(A.15)

(A.16)

(A.17)

THY., QIERNT MV @D 2B TH5HETH 5, KIS, CONCENTRATION 1%

O KER DD PMTE5% S1. S &Lz &

S1+ 5o

CONCENTRATION = ==

LIEFREN D,

o1

(A.18)
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ZDLED PRI B2D LI5S,
02 A 62 1%
0° = 07 + 0,

(B.1)

TERINTNS, 200213, F# /02 + 02 DM DIfiFE 7 THI -2 b DITFL W, D
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Appendix C

CORSIKAEATY = a7

TP %= Ial—4%— CORSIKA DEANGHREH T L5, B REL
DI ver6.720 2352 L THBY, 32bit U LINUX BIEADEAZAEL T b

C.1 CORSIKA D AF

CORSIKA I HCT R AN NED, FFuf SN/ IP 7R LV ADS CRITNESF 7 a—K
FTHZ LI TERY, FZ2C. ETEFIN-HERZHAZL 20Tk o vy, SR
MR H LI T 2 HICEY B THNZ IP TRV ZFPHCERL THLHDT, TTITHED
T EMTE L,

e olympus

e kseyfert

FCEHu 2B I3 ToOE b A=V 7R LV RHEHL 20WEEEo R A N 4%
Eo T LTHLH 9,

e tanguy.pierog@ik.fzk.de
e dieter.heck@ik.fzk.de

BB A=)V K- LGEITITH R ERSE T OGN 5, SHHEBVHETEZ6, D
Tofh Tty ra—Rd5, KR -BA/IT LD TROOWIFHNTH 5,

$ ftp ftp-ik.fzk.de

Trying 141.52.67.78
Connected to ftp-ik.fzk.de.
220 ftp-ik FTP server (Version [number & date]) ready.

Name (ftp-ik.fzk.de:username): anonymous [or ftp]



331 Guest login ok, send your complete e-mail address as password.

Password: your_mail_address < EFROHND XA—)IVTRL A% A/]

230- Welcome to ftp-ik.fzk.de, the

230- *kkkkx T NF 0O and S O F T Server s kkkxx

230- Forschungszentrum Karlsruhe, Institut fuer Kernphysik
230- KASCADE Collaboration Karlsruhe

230-

230- current directory: / local time: [date & timel

230- You are user number # out of a possible total of 10 in our domain class
230- All transfers to and from ftp-ik.fzk.de are logged. If you don’t like this
230- then disconnect now!

230-

230 Guest login ok, access restrictions apply.

Remote system type is UNIX.

Using binary mode to transfer files.

ftp > cd /pub/corsika/v670

250 CWD command successful.

ftp > mget *

mget corsika-6735.tar.gz? y

ftp > quit

221-You have transferred # bytes in # files.

95



221-Total traffic for this session was # bytes in # transfers.
221-Thank you for using the FTP service on ftp-ik.

221 Goodbye.

C.2 AVAbM—=)

CORSIKA 1K (corsika-6720.tar.gz) ¥ 7> H—R C&LH AV A=V L VT 4L 7
MicigE y o ra—KLiz7 7 AV ERBEIL .

$ tar zxvf corsika-6720.tar.gz

CHATLT, T ANVEIERTS, BT L corsika-6720 L W3H) T 4 L7 M UMRTE,
ZDHITH B corsika-install EWVND T 2 VEFATTHE AV AN —IUDMEE D, AV A -V
THEIC. HNIZIEE T O DAT L g v RIBIRZ LICRLEZDTHHMPED  doc T4
VNV HNDOI =27 Ve nArERT 547> a2l TBL, UToA4 A2k —ray
TP TOA T g v #EATNHS,

L4 QGSJET 01C (%I*}I/i@-—{ﬁuo)/\]\“EI?/?I\—HEVFFH:E?}I/)

e Cherenkov version for rectangular detector grid (CPio#HERIC & > Thar
L7zF =V v arksme i)

e apply atm. absorption, mirror reflectivity & quantum eff ()

AVAN =)oy

$ ./corsika-install
Compile CORSIKA in lib/Linux/ and copy executable in run/

checking whether to enable maintainer-specific portions of Makefiles... no
checking build system type... i686-pc-linux

checking host system type... i686-pc-linux

checking for a BSD-compatible install... /usr/bin/install -c

checking whether build environment is sane... yes

checking for gawk... gawk

checking whether make sets $(MAKE)... yes

checking for pgf77... no

checking for g77... g77

Following environment variables will be used ...

LIBS = -L/home/otake/corsika/inst_test/corsika-6720/1ib/Linux/1ib
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LDFLAGS
cc
CFLAGS
CXX

CXXFLAGS =

CPP

I
|
(o]

CPPFLAGS =

F77
FFLAGS

gr7
-fbounds-check -g

Fortran optimization : -00

checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking
checking

for cc... cc

for C compiler default output... a.out

whether the C compiler works... yes

whether we are cross compiling... no

for suffix of executables...

for suffix of object files... o

whether we are using the GNU C compiler... yes
whether cc accepts -g... yes

for cc option to accept ANSI C... none needed
for style of include used by make... GNU
dependency style of cc... gcc3

for g++... g++

whether we are using the GNU C++ compiler... yes
whether g++ accepts -g... yes

dependency style of g++... gcc3

for 1d used by GCC... /usr/bin/1d

if the linker (/usr/bin/1d) is GNU 1ld... yes

for /usr/bin/ld option to reload object files... -r
for BSD-compatible nm... /usr/bin/nm -B

for a sed that does not truncate output... /bin/sed
whether 1n -s works... yes

how to recognise dependent libraries... pass_all
command to parse /usr/bin/nm -B output... ok
how to run the C preprocessor... cc -E

for egrep... grep -E

for ANSI C header files... yes

for sys/types.h... yes

for sys/stat.h... yes

for stdlib.h... yes

for string.h... yes

for memory.h... yes

for strings.h... yes

for inttypes.h... yes

for stdint.h... yes

for unistd.h... yes

dlfcn.h usability... yes

dlfcn.h presence... yes

for dlfcn.h... yes
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checking for ranlib... ranlib

checking for strip... strip

checking for objdir... .libs

checking for cc option to produce PIC... -fPIC

checking if cc PIC flag -fPIC works... yes

checking if cc static flag -static works... yes

checking if cc supports -c -o file.o... yes

checking if cc supports -c -o file.lo... yes

checking if cc supports -fno-rtti -fno-exceptions... yes

checking whether the linker (/usr/bin/ld) supports shared libraries... yes
checking how to hardcode library paths into programs... immediate
checking whether stripping libraries is possible... yes

checking dynamic linker characteristics... GNU/Linux 1ld.so
checking if libtool supports shared libraries... yes

checking whether to build shared libraries... yes

checking whether to build static libraries... yes

checking whether -1lc should be explicitly linked in... no
creating libtool

Welcome to the CORSIKA extraction macro

create an executable of a specific CORSIKA version

Please read the documentation for a detailed description
of the options and how to use it.

Note : press Enter (blank line) to select an option followed by "(default)"

Which high energy hadronic interaction model do you want to use 7
1 - DPMJET 2.55

- NEXUS 3

- QGSJET 01C (default)

- QGSJET II

- SIBYLL 2.1

- VENUS 4.12

- EPOS

~N O O W N
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r - restart make

X — exit make

(only one choice possible)
3

select QGSJET QGSJETOLD
It will use program gqgsjetOlc.f (with enlarged commons) for linking
checking for /home/otake/corsika/inst_test/corsika-6720/src/qgsjetOlc.f... yes

presently selected options are

UNIX BYTERECL QGSJET QGSJETOLD

Which low energy hadronic interaction model do you want to use 7
1 - FLUKA 2005/2006
2 - GHEISHA 2002d (default)
3 UrQMD 1.3cr

r - restart make

X - exit make

(only one choice possible)
2

select GHEISHA

It will use program gheisha_2002d.f (double precision) for linking
checking for /home/otake/corsika/inst_test/corsika-6720/src/gheisha_2002d.f... y es

presently selected options are
UNIX BYTERECL QGSJET QGSJETOLD GHEISHA

which routine for date and time 7
1 - new date_and_time routine (default)

2 - o0ld date routine

3 - timerc routine

4 - date and time for IBM risc

5 - old date routine for pgf77 or HP-UX
r - restart make

X — exit make
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(only one choice possible)

select new date_and_time routine

presently selected options are

UNIX BYTERECL QGSJET QGSJETOLD GHEISHA

which detector geometry do you have 7
1 - horizontal flat detector array (default)
2 - non-flat (volume) detector geometry
3 - vertical string detector geometry

r - restart make

X — exit make
(only one choice possible)

select flat detector (default)
presently selected options are
UNIX BYTERECL QGSJET QGSJETOLD GHEISHA

Which program version do you like 7
0 - standard version (flat detector) : reset options

1 - Cherenkov version for rectangular detector grid
2 - Cherenkov version for telescope system (using bernlohr C-routines)
3 - apply atm. absorption, mirror reflectivity & quantum eff.
4 - external atmosphere functions (table interpolation)
(using bernlohr C-routines)
5 - THINning version
6 - NEUTRINO version

7 - shower PLOT version (PLOTSH) (only for single events)

72 - shower PLOT version 2 (PLOTSH2) (only for single events)

8 - interaction test version (only for 1st interaction)

9 - SLANT depth instead of vertical depth for longi-distribution
a - CURVED atmosphere version
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- UPWARD particles version

- view-cone version

- ANAlysis HISTos & THIN (instead of particle file)

- Auger-info file instead of dbase file

Auger-histo file & THIN

- Auger Cherenkov longitudinal distribution

- PRESHOWER version for EeV gammas

- STACEE experiment output Cherenkov photons
(includes: CERENKOV CEFFIC THIN)

- COMPACT particle output file

- annitest cross-section version (obsolete)

LPM-effect without thinning

- STACK INput of secondaries, no primary particle

- primary neutrino version with HERWIG

- ROOT particle OUTput file

H PR H O &0 o
[

o B B H K«
|

o - FINISH SELECTION (default)

r - restart make

t - test version

X - exit make

(combinations of options are possible)

select CERENKOV
not compatible with: INTTEST ANAHIST AUGERHIST AUGCERLONG
not compatible with: COMPACT VOLUMECORR

presently selected options are

UNIX BYTERECL QGSJET QGSJETOLD GHEISHA CERENKOV

Which program version do you like 7
0 - standard version (flat detector) : reset options

- Cherenkov version for rectangular detector grid
- Cherenkov version for telescope system (using bernlohr C-routines)
apply atm. absorption, mirror reflectivity & quantum eff.
- external atmosphere functions (table interpolation)
(using bernlohr C-routines)
5 - THINning version
6 - NEUTRINO version
7 - shower PLOT version (PLOTSH) (only for single events)
72 - shower PLOT version 2 (PLOTSH2) (only for single events)

Sw NN e
|
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- interaction test version (only for 1st interaction)

— SLANT depth instead of vertical depth for longi-distribution

- CURVED atmosphere version

- UPWARD particles version

- view-cone version

ANAlysis HISTos & THIN (instead of particle file)

- Auger-info file instead of dbase file

- Auger-histo file & THIN

- Auger Cherenkov longitudinal distribution

- PRESHOWER version for EeV gammas

- STACEE experiment output Cherenkov photons
(includes: CERENKOV CEFFIC THIN)

- COMPACT particle output file

- annitest cross-section version (obsolete)

LPM-effect without thinning

- STACK INput of secondaries, no primary particle

H B 0B H O Q& 0 T P ©
|

- primary neutrino version with HERWIG
- ROOT particle OUTput file

T B B KR«
|

FINISH SELECTION (default)

(]
|

r - restart make

t - test version

X - exit make

(combinations of options are possible)

select atmos. absorption, mirror reflectivity & quantum eff.
not compatible with: INTTEST CURVED AUGCERLONG

presently selected options are
UNIX BYTERECL QGSJET QGSJETOLD GHEISHA CERENKOV CEFFIC

Which program version do you like 7
0 - standard version (flat detector) : reset options

1 - Cherenkov version for rectangular detector grid
2 - Cherenkov version for telescope system (using bernlohr C-routines)
3 - apply atm. absorption, mirror reflectivity & quantum eff.
4 - external atmosphere functions (table interpolation)
(using bernlohr C-routines)
5 - THINning version
6 - NEUTRINO version
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7 - shower PLOT version (PLOTSH) (only for single events)
72 - shower PLOT version 2 (PLOTSH2) (only for single events)
8 - interaction test version (only for 1st interaction)
9 - SLANT depth instead of vertical depth for longi-distribution
- CURVED atmosphere version
- UPWARD particles version
- view-cone version
- ANAlysis HISTos & THIN (instead of particle file)
Auger-info file instead of dbase file
- Auger-histo file & THIN
- Auger Cherenkov longitudinal distribution
- PRESHOWER version for EeV gammas
- STACEE experiment output Cherenkov photons
(includes: CERENKOV CEFFIC THIN)
- COMPACT particle output file
- annitest cross-section version (obsolete)
LPM-effect without thinning
- STACK INput of secondaries, no primary particle
- primary neutrino version with HERWIG
- ROOT particle OUTput file

H B0 H 0 Q& 0 T WP
|

T B B KR«
|

o — FINISH SELECTION (default)

r - restart make

t - test version

X — exit make

(combinations of options are possible)

selection finished

Cherenkov light vertical (longitudinal) distribution option:
1 - photons counted only in the step where emitted (default)
2 - photons counted in every step down to the observation

level (compatible with old versions but inefficient)
3 - no Cherenkov light distribution at all

r - restart make

X — exit make
(only one choice possible)

Cherenkov light emission angle wavelength dependence
1 - emission angle is wavelength independent (default)
2 - emission angle depending on wavelength
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r - restart make
X — exit make
(only one choice possible)

finally selected options are

UNIX BYTERECL QGSJET QGSJETOLD GHEISHA CERENKOV CEFFIC

Make corsika6720 executable file 7

yes - make source and compile (default)
no - do not compile now but make source to compile later ...

r - restart make
X — exit make

checking for cpp... cpp —-traditional-cpp
checking for /etc/issue... yes

Do you want to save the "src/corsika6720_QGSJET_gheisha_compilefile.f" 7
y - yes, save it for special uses
n - no, I don’t need it (default)

y

configure: creating ./config.status

config.status: creating Makefile

config.status: creating bernlohr/Makefile
config.status: creating coast/Makefile
config.status: creating coast/Corsikalntern/Makefile
config.status: creating coast/CorsikaFileI0/Makefile
config.status: creating coast/CorsikaR00T/Makefile
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config.status: creating coast/CorsikaToRO0T/Makefile
config.status: creating coast/rootout/Makefile
config.status: creating dpmjet/Makefile
config.status: creating epos/Makefile
config.status: creating herwig/Makefile
config.status: creating nexus/Makefile
config.status: creating urqmd/Makefile
config.status: creating src/Makefile
config.status: creating run/Makefile
config.status: creating doc/Makefile
config.status: creating lib/Makefile
config.status: creating include/config.h
config.status: executing depfiles commands

corsika6720_QGSJET_gheisha_compilefile.f saved in src/
run "make install" in 1lib/Linux/

Making install in src

make [1]: Entering directory ‘/home/otake/corsika/inst_test/corsika-6720/1ib/Linu

cpp -traditional-cpp -DHAVE_CONFIG_H -I. -I../../../src -I../include VAR

g77 -00 -fbounds-check -g -c -o corsika-compilefile.o ‘test -f ’compilefile.

if cc -DHAVE_CONFIG_H -I. -I../../../src -I../include -g
-c -o trapfpe.o ‘test -f ’../../../src/trapfpe.c’ || echo ’../../../sxrc/>‘../.

then mv ".deps/trapfpe.Tpo" ".deps/trapfpe.Po"; \

else rm -f ".deps/trapfpe.Tpo"; exit 1; \

fi

g77 -00 -fbounds-check -g -c -o corsika-qgsjetOlc.o ‘test -f ’qgsjetOlc.f’ |
g77 -00 -fbounds-check -g -c -o corsika-gheisha_2002d.o0 ‘test -f ’gheisha_20
/bin/sh ../libtool --mode=link g77 -fbounds-check -g -0 corsika corsika-com
mkdir .libs

g77 -fbounds-check -g -o corsika corsika-compilefile.o corsika-qgsjetOlc.o corsi
g77 -fbounds-check -g -c -o corsikaread.o ‘test -f ’../../../src/corsikaread.f
/bin/sh ../libtool --mode=link g77 -fbounds-check -g -o corsikaread corsika
g77 -fbounds-check -g -o corsikaread corsikaread.o -L/home/otake/corsika/inst_t

g77 -fbounds-check -g -c -o corsikaread_thin.o ‘test -f ’../../../src/corsikar
/bin/sh ../libtool --mode=link g77 -fbounds-check -g -o corsikaread_thin co
g77 -fbounds-check -g -o corsikaread_thin corsikaread_thin.o -L/home/otake/cors

make [2] : Entering directory ‘/home/otake/corsika/inst_test/corsika-6720/1ib/Linu
/bin/sh ../../../config/mkinstalldirs /home/otake/corsika/inst_test/corsika-6720
/bin/sh ../libtool --mode=install /usr/bin/install -c corsika /home/otake/cors
/usr/bin/install -c corsika /home/otake/corsika/inst_test/corsika-6720/run/corsi
/bin/sh ../libtool --mode=install /usr/bin/install -c corsikaread /home/otake/
/usr/bin/install -c corsikaread /home/otake/corsika/inst_test/corsika-6720/run/c
/bin/sh ../libtool --mode=install /usr/bin/install -c corsikaread_thin /home/o
/usr/bin/install -c corsikaread_thin /home/otake/corsika/inst_test/corsika-6720/
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-MT trapfpe.o -MD -

x/src’

./src/corsika
£’ || echo ’.
MP -MF ".deps,
./../src/trap:

| echo ’../..,
02d.f’ || echs
pilefile.o co:

ka-gheisha_20(
> || echo ..,
read.o -L/hor
est/corsika-6
ead_thin.f’ |
rsikaread_thi:
ika/inst_test,
x/src’

/run
ika/inst_test,
ka
corsika/inst_:
orsikaread
take/corsika/:
run/corsikare:



make [2]

: ‘install-data-am’ XL TITHOREEHIH Y FHA,

make [2] : Leaving directory ¢/home/otake/corsika/inst_test/corsika-6720/1ib/Linux /src’
make [1]: Leaving directory ‘/home/otake/corsika/inst_test/corsika-6720/1lib/Linux /src’
Making install in .
make [1]: Entering directory ‘/home/otake/corsika/inst_test/corsika-6720/1ib/Linu x’
make [2] : Entering directory ‘/home/otake/corsika/inst_test/corsika-6720/1ib/Linu x’
make install-exec-hook
make [3] : Entering directory ‘/home/otake/corsika/inst_test/corsika-6720/1ib/Linu x’

--> "corsika6720Linux_(QGSJET_gheisha" successfully installed in :
/home/otake/corsika/inst_test/corsika-6720/run/

--> You can run CORSIKA in /home/otake/corsika/inst_test/corsika-6720/run/ using
./corsika6720Linux_QGSJET _gheisha < all-inputs > output.txt

make[3] :
make [2] :
make[2] :
make[1]:

Leaving directory ‘/home/otake/corsika/inst_test/corsika-6720/1ib/Linux
‘install-data-am’ IZXfL TITONRESHIH Y FHA,

Leaving directory ‘/home/otake/corsika/inst_test/corsika-6720/1ib/Linux
Leaving directory ¢/home/otake/corsika/inst_test/corsika-6720/1ib/Linux

C.3 MBERFITH

AVAN=NVMTET LS, runT AV 7 MUNICFEATT 7 AVIMESEND, FITT7 7 ANV
WFIBAREA T a ik > TELT S, 77 ANVEFRITTHICUE TXTIEADORET 7 A V&
AP AERDVEDND B, RET 7 AINVDOARTE IV IC input.com & T5& ., LITo kDI
FITT7 7 AN ERETNE I 2L -2 a U WihE b, FRIET 7 ANVOHE DI TITRT,

$ ./corsika6720Linux_QGSJET_gheisha < input.com

RUNNR
EVTNR
NSHOW
SEED
SEED
SEED
PRMPAR
ERANGE
ESLOPE
THETAP
PHIP
ATMOD

1
1
1
1 0 O
2 0 0
3 0 O
1

1000.0 1000.0
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MAGNET 20.40 43.23
LONGI F 20.0F F
MAXPRT 1

DIRECT ./

PAROUT T T

CERARY 1 1 500.0 500.0 100000.0 100000.0
DATBAS T

CWAVLG 300.0 450.0
CERFIL T

CERSIZ 10

CERQEF F T F

OBSLEV 11000.0

exit

FFELINRTG A2 DOBBLZORBRIILI TOL B TH L, Ui/ XT A—2)3
HUY, BRL 24T a ks THIRMNH 20D D THBOT =2 7 IV G NE
Moo, Tz, MEL RPN T A—=F1ETF 4 74— )V MV BHEN S, Fl2, FE8S
LT CORSIKAZ., /177 AN bEEEZLRVWDT, @54V 27~ VICE—DH&RD
Ty ANBHDLHETIal—varyTbILIETERN,

RUNNR

WHT7 7 ANMICEZXRAENDLTVF 2 N—, 0~999999 ¥ TIETX 5,

EVTNR
RO AR NDF > N—, 0~999999 ¥ TIHETE 5,

NSHOW

VIal—hTEBVY ARV, MRLDOT =% S0 T ORFEE K
&<L7T5%,

SEED

ZhZnAARa i, EGS4. F =L v aziao ok,

PRMPAR

ol roH, FORTITY <R 1B Thod. BEL oM BHEINTHS, F#L L
I 7D 82, 83 X—UEBIHTLI &,

ERANGE

V3al =Y arIBRKFOTRLE — (GeV) D, LORITIE 1 FL 2T/ T,
1TeVICHEEL T3,
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ESLOPE

Uy TR EBESE. B TOZINE IR ZEEIC. TRAUF -2 ML
ERLIEBORZEZIFETE S, fIZIZZol®-2712L T, TXLVX —DlEE 1TeV~
100TeVICT5E . E2TICOEREZMIREE, fER > T INVF -2 RET LI LI
b, 2L, ZOXREDECHG > BOK FREZ BSOS ERTI RSNz LIcERET
5, R ARETIIREL T ABREBEED 2R 0ITRN T2 VF — 2T MUk -5
TL %9,

THETAP. PHIP

PR T OITHIAL 0 fime . ¢ FiMZIEETE S, Thih, #HizEETE, ZoMTo
VHERLZESSELNS, FOMTIHREASNCL T, EofFRE. 0 < THETAP < 70.
—360 < PHIP< 360 £ 72 - T\ 5,

ATMOD

RADEEZIC L H[TEOEARE ZHHETE 5, CORSIKA 2%, HEEZHD WL 2Dk
[ETIUBHEBEINTEY., EofTld US STANDARD O KAQAET NV ZMHEHL Tnvd, F
2. BATKRG[ETNRRETHZ L bulfEC. ZOBRAITINLONIBNDINS X — 7 15E
MRETH DL, FHLAIR=ZaTPLD55X—V AL, 2. KGRETINVDOFEL W3
X, =27 VD 112 X—=Y DicEI N TS,

MAGNET

HEKICH T WS R IEE T E 5, &ogEud. mdthmoims <, 2 &Ho GBI EE
HEOREGE OS2 > Tnd, WL uT

LONGI

T U—OMTRORECET LTy AV RIS S, LofITiRE/jEETuan,

MAXPRT
W] A N> b T 202 RIE.

DIRECT

T ANOEIIRDF 4V 7 NV RIETE L, LofITIEFETT 7 ANV EIL BN
INb,

PAROUT

KTFIERD 7 7 ANVE B )IT 2R ETE S, 5ETSHE DAT000*E DAT000*.tab £ V™D
Ty ANV IEN 5,

CERARY

RETLHMEBOWE RESZ/ETE S, 1. 2BHOHIRUL. X J5H. Y HEICAERD M
theso B (FEo H R, XxY HoMihaz 3ET 52 2122 5), 3. 4 BHOBIBUIMIE
DX, YHHORETH DL, FEOFTIE—2L»HEL THRVDT, HHEND, 5. 65
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HonlBux., MiliEE—20 X, Y AHOAEE (em) TH S, LoFITIE L km WHDOMITIE
REEL T b, F£72. CORSIKA TlE ASPR IR JHAUC i > T AL TL 5, F=
LVyagddy a vy BEEL TOWRVWEMHEHTE R,

DATBAS
VIal =Y arEiTolN"TG A= INEIPNLET -2 —R—=2T7 s A NV EH)ITE S,

CWAVLG

RETLF =L yargHoRELZBIRTES, FOITIET 4 74—V MEICZR > TS,
100nm < CWAV LG > 900nm fH T, §ETE S, Folbvarvd 7y ar2HEL T
MW HTER,

CERFIL

F2lrargrzyrANERIT0EEET S, F=Lrargd sy arz2FEL Than
CHHTERY,

CERSIZ

COfEIE, FeL YA INYFORETIRZFEL TS, KEPLELRE L TUIE OFREEH
B BAERZ R Ih2EETE S, NSTNE NS OWEIE#ZY I 2V —v g vidhkbd
N, BHHE., 7y ANVEREDOFERGVDBIDLETH D,

CERQEF

BAOHIRUE, HETFHEEOR FUEREY BRI 20 EHEEL Thd, 2B HITRUC L BTk
R BRTHIVEIREL Tnd, 3IHHIFBUCOSUNEEZFEEL Thb,

OBSLEV
WitdRE FET 2 EEEHFETE 5, (g/cm?)

C4 wHH7—4

VI3alb =y arPRbbLen KO0 T 7y ANVMBTEHN > THEN, Folbvarys—
B GFGATNDET 7 A)E CERO0*E VNS T 7 ANVTHD, ZDT7 ANVEINAFYU—T7
ANIZDT, HIFERLZ 2IFTERY, ZZ2C. run 74V Z M YMITH B corsikaread
WSV T 5T CERO00* DT — ¥ % txt NUICL T, th/19 %, corsikaread % f§ 5
72®ITlE CER000* 7 7 AIVEENAETCEN AV Ty N T 7 ANVBRETH D, 1~
7y N7 7 ANVDEGETE input-read £ T2 & LITO & IFATTIUI RV ([RIFRC i i
J1% read-log £ B2 7 7 A M H/JL T %) 728, corsikaread 1 FORTRAN &1 TH
0. corsika —6720/src/ MWIZY —AB3HLHDT, FHGIBET S L R,

$ ./corsikaread < input-read > read-log
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input-read @ H &

/home/otake/corsika/inst_test/corsika-6720/run/CER000001 #H DRI HH
TELZ e

corsikaread DEITIED B L fort.8 E WD txt 77 ANV TEHMND, ZDT 7 A )VDHh
HITHWDORERDE > Tnb, WEOBIKILITOHY THb, 72720 . corsikaread 1.
BRRDARY N TF— 2 — 25BN ->TH 2077 AITHEREE O TH/ILTL £ 5.,
ARV KT EITF =7 —%BIL G EITEY =27 7 ANV BEZ 20808 H 5,

e 1 word : J&i (p.e)

e 2 word : BUHIFFIRIC O X L (cm)

e 3 word : BUHIPFIITO Y JEEE (cm)

e 4 word : X Wi/7Tal FlalAi

e 5 word : Y Wli/5 T4

e 6 word : IANCTMALEFHL TS DF £ IV 7 (nsec)
o 7word : FAEL ZEE (cm)

Z O ERE SIS TRITT 5V 7 MIZBETHET b0 5, BEETIC. K
e CHEHL ZYHiESRD Y I 2 L — % —% olympus D

/artemis/otake/CORSIKA_ANA_SRC/iact_sim.c

WICEWTBL, 2o7/ay I MIYEEHDONT X—F %2 FEL C. corsikaread 26 /]
SNhdtxt 77 ANVEAAEE DL, GEio ID. PMT @ ID, Y&, AN EFEHL
oI AIVIE2NTIT5H, ETELIHHIZMITOHEY THSL, 72720 . CORSIKA
KETHRIC—Do D ERZMRILEREZ BOEEEDOT — 2 2ir A2 L 2RUEL Tn5,

o HET HHEEO O

e CORSIKA HE FTCOEEFOZET 5 (x,y,2) HEE (cm)
o YHHHIDHILIKDAEE (cm)

o YHHFID/NMED T4 (cm)

o FESUERAE (cm)

o FiO T

o 1 AT DPFE (degree)

o NETFIMEE AR HHFEE (degree)

o NEFHTE OB 1K

o WSO BT AT~ (o, 5,7)

70



Bibliography

1] TFXy MIBT SETxVF — POt IR ARV E2EE 2002 Vol57

no7
2] http://icrhp9.icrr.u-tokyo.ac.jp/
(3] TFEMAIEEE NE Fe. PUkT B MH W e, WIEETE (1983)
4] TRXpAofdrF)  WADER  (2001)
5] TFHET VX —K oY) KAHE (2004)
[6) TFHEWEY) BE RBIIGEE HEEE (1978)
[7] TGamma-ray Astronomy| V.PoLLA
[8] TCosmic X-ray Astronomy] ADAMS
o] THATEZFHOMR, FABR  (2004)
10] SEZET Lkt
[11] http://apod.gsfc.nasa.gov/apod/ap990121.html
[12] http://heasarc.gsfc.nasa.gov/docs/cgro/index.html
[13] http://fermi.gsfc.nasa.gov/
[14] http://hawc.umd.edu/index.php
[15] http://www.icrr.u-tokyo.ac.jp/em/index-j.html
[16] Timage parameter %ZfE5] IARER
[17] CORSIKA http://www-ik.fzk.de/corsika

[18] Extensive Air Shoer Simulation with CORSIKA:A User’s Guide (Version 6.7) D.Heck
T.pierog (2007)

[19] http://www.icrr.u-tokyo.ac.jp/ morim/index-j.html

[20] o U =X BKDOKRLHE 17 {TRNVF -1 HE — Wb B @Gl &
KA AFZ (2008)

21] A M2 SIS LR

71



[22] FHAIE ZThEENLD AL (1985)

(23] T RVF —FHEYEEAM HHAW (2007)

[24] TCHRRAIEE S ARITTESE  (2002)

[25] FHERR NG WEES HEEA (1988)
[26]

26] W ~MTRLFH TAREAN (1988)

72



