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HEEHEEFREL Vo2, KVIBARVHHEBEROT
REI S T RAB DL DDD B (FEIERE & IES),
7272, BIRERIZR W T, FEIIVER R O BRER AR 23
EZETHATRERZON, £V ERERF OO,
BA BT o TV, FEINERERHE., £ D4 D&
0. A SRR EVERROFTIZE LT
W3 L&, BEARCATZIGHIE, FEMERERHO
AE., MEOELEZESLI LD ELT, &b

DB, £ 2 T4, FMERFHOT L—L T —
7 &2 HAWT, BHCOET)PEROBRL EMEZVE
THEEZIIL O UToTe, TOMBHR, BE EISHDH
NDERIA LITRR DR, stellar polytrope 25
oA & L CRik S, BWIRZEM b - ol
EROZ LD 0T, ARIOMHTEZEL T, FEM
BEL - FEE OB OET BRI R INTZH DD,
BOEARR B 2B EIRICOWTIE, 5l &k
XENNETH D, [34, 133, 151, 153, 154, 172]

FBULEN LU XFEHTRN S HBERMMEE

A, BT DJE I, FHITEL DR
WMESRAOTENT, FORBELHEH L AEE
2T, BATAA—TVEDL D, 2D, B
D—DIHND ZDER BN Z LT, B
B TRARVERWERRD I TAZY) T &
NLZENHREEL R D, TFE. KT V—TTHN
BAV AP REFRIBRH LIZE WO BRERH Y |
FHOBENT A —F— 2 WRETDE I 2FERE L
TEEESNTWDS, BVWENV RO T TV
L. HEEHAIIZIX, shear. convergence & FRIXILHE
NV v RGO U AL LTHIL, FT, IMEEX
T—= (0 ~ 1 —4) TEBN T T ARG TE B,
LI, /NMEEECIXEIELOIERIEHER B | 8
BRI 72 B BT KD HEN U AMED T E IAHE L
TLE 9, AWFETIE, BB 5, 3IRITEE
IR DFERHER R BIER AR D LW D FEITE
B, BEOME KR 5 2IRITES L DG b
EHAMHEERBND D TRVWNEE X, convergence
field \Z#f LT, flix OFEFHEOMTHIR 2 E N,
5.2 T fffrR % ray-tracing simulation OFER & b
N KHBERET AN, EENICHREWEET, B
TV ZGOH AT AR TEDHZ L ER LT,
[35, 80, 81, 122, 130, 139, 150, 152, 170, 171]

BRI ETILIZE TR 5 —9 1\
O—HEEETILOE

Kauffmann et al.(1993) 2 EIC K> TERS T
UERRATHOSRITIZRRE 7 VI3, Bk A TR A & — /L T D4R
W OERE~DOT 7 —F F Iz Liz. Lh
L, ZOEFME, F— 2 e —OFREET MK
E&FETH. £Z T, Somerville and Kolatt(1999)
DE =T ~a—JGREEET N E D, #Rx IR 50 (5
(TR & ZRIEfRIFRRR) DT T, & — 7 ~u— TR A
KL, TOVHIREVEZHEGR TS LB L. 20
fER, BT E 2 BT H7-0IE, 1RV T
& T RFREIFRR D 10 23D 1 BREDEE AWV 2 LEHR H
LT Enghote, £, ZOEERWT, TADH
HEBEZFND &, TR 7 — L TIERER LY 2%
FERELRDT NG -T2 [111].



HEFREFREPLE, BLUF—/\0—
BEEIERBP 5 EOHERS R

BEEEG L X OMESMBEEKIL. EHEERE
RS0 2D CERAMRFEHETHY 2l b, £
DFMIT DD > TR, Fxld, EofREE N K
Ral—valrEHANnT, 1 AOMRSHBEKE X
W2 ROMRSHBEERER Tz, TOMRRE, 1 26k
RSB, 2 SRERLSMAEAKE LI, THEEY
BENRT =AY MUZHEDY I 6T, HEEHR
DA R e TWB Z B R
L7z [36, 112, 173],

T, SRTCERIH OREIEY A bE LTEE
REBEZHE LD LEEZ DN TWNWAE —7  u—0DK
BEW L XITHONWT, FOMBESAMAEREE U T
BTANRL T RAETFTVORIEZRIT- 17, EBRREEN
o Ial—yarZ2ANTHBLEREE, AT
A DRERPMEE DHERSMBEBICEEZRITIL. B
HOBRIZESWEBEDTT LV TIRERIITFHHA
TERWZ EERM LT [140], ZHUTE HICHER
REFIVOBE~DZHEHMNY LD,

AA—V T4 VRIWAAAY—AL (SDSS)
SRATD — A ERARI M D RS BRFFIE L /A T R

Fx bLEEO B TH D SDSS 1T S K DER
REREAZ a7 2ERLH L2055, FxIIZD
FHEOWEI D X v JEERERERIZST, MBI
HOWEKEHEEZHNT, IbiIc, BEEEEDLE
D SFEBEBEE OFEMARERTET AV E DLEN D,
G DNRA T ROV THRNE, FORR, Wb
@ % BHRIGRI I IR EABIGRINIZ LGRS 7 T R & )
YIZLTEY, LbAAL T RT/NR T — B
THREEIIIEER THITHAZ L RHELE
[146, 155], W7o\ —27 ~ &2 —HAEIDRE, BION
SHTERTE T L~DIRVEIR E 720 5 B & E 2TV
Do FRIWCKREL 2V ODOHDB AL T HHNTE
DI 21T o CWVWB EZATh 5,

AEVEEVEFERICBTSERBENS
AR 0ZRE S MR

PRI CEBET 5 REDALEIX, T DOREDH
HHEDT-DIEDONENDLTNTRZ D (FRGFRE
EH), RIFEEIBIZIBN T, RERBESZIRY
AATE 2 RARBEBIB OB TE 1T O 120, K
EORWHEREERHPLETH Y, xR
HESA BT FEH O REEI R A EELKHE
Thbd, BEITA L aZ - RO —FHD
REEEE NO—DEET 07 7 A VNEREKTH
5LEVWHREET HHHERGEIZ OV TN &
NWTWED, BREAITWVAVARFEEHEFVIZEBWT,
Ial—LarREDPLRENTVWBHRENRE
ETa 77 A NVOHERE L CHREWE OHEREE

1L AVIAT HIEN G

BRI E MBS EEH L, FHETT VREESR
T — AR Z TR, £72. WYRBEAL T X
PIET S Z L CHRTOEESBEZEH L, BHe
DB EITH Z & TRADHEENA T ADFED T
REMEZ IR LT, [113, 141]

INYTIFRES S aL—aVvERW=. 5—
93 —n\O0—(CETEH5O—F RA#ETEIE
RBIRERMINA T R

SR, RHR CORIK L ZOHERICHDE— 7
v X — L ORBDOBESA ORISR ELRT AT A
X, BRT — X ICE S FHBMRICBWT, HfE
TREBEOOEDOTH D, —MITA T AITFER
BIC, BERNBREEEZ O ERALN TS, b
oL, BT S A T A DR 53 A0 DAL RE S~
RIETHEBICER L, V—F R E iZn a0
MR EEEZHE > T, NV Iz —Ta itk
LEWEAR T —NDEEDOW (¥ — <5 —m—)
DI ONAEEZ CRANCFEE L7z, i, SEy
TNVAIE—NVDNEY I 2L — a2y LT,
PERDERETEIZ & B 72 9 HFTHIHIRZ M 2 bz
ZLIXFHEEED Y —F ADRITB VT RE R
HRTHD, R, AT ADHERPEZ DY —F
ANDEBIEBETXHL, F-, FUELHTY
AEF DD OTNEBENICRY oV —F 2
KEDHENDS, AT AOEKRDERIEY HE
DT xR LI, [37, 142, 147)

T—UOMICESBATEEREITAD
i PR

SRITRNIZ Z DR WE I L > TEEHRFMZE L L
DD, BxII, TDOX I RED LI (7 —7)
DTFTHEINDHE 12 72 8RB EDAAIT OV T
EATENCEHE L, 7 — 727 OBBNEBHIITK LIED
THRVMRTEME 232 L 2R Uiz, BRI, SRS
LCEFAICED b7 —7 LEBRFAIIZED L
N7 — 7 BRI AICFHATAZ EICKVEESHD
TEMEBRANCE & HE D Z & 2R Lz 38, 143,
T, SR O IEERA PR BRI E A DK & X
CELNZOFHFIIR L ED L 5 BB ong
FATz [40],

BN Lo XEREREOEROEN DR

FEEITRTITHD QSO 1EH HHETEI L VX%
ReZ T TEEBEOBREES, b OBEEE’IC
IFERTR R ORI (time delay) 23—KICA L 5,
A F TOMETIE, REOBNOZRIZTEICNAY T
NWEHER® D DI TE Tz, Fx iR DB
MO KR IAG 2D TR ER(E L, K
DB L v ARIKDEE AR ARTE LIE-



TADTZE * R N

TENDICBEWHIRZT Z ERFETHD I L%
ZHERE L7 [39, 115, 148, 156, 174],

1.3 BFHE - -SFZEXRE

r-process TR & ENFRREERE

BRI L T200 %825 K5 eBETR, FHIH
M BRI OB E LR N FH O 2 AEFT TELILT
WBDDE WD RIBEIIRTZIAMERZ 2B H STV
WV, LnL7ZRnd 6| BB R ITE OBRRHT
RWTE=Y b ' —, short dynamical timescale,
HHETFIRRIORE Y EBRT 5B TEBY, H
HEFIRRIOBEITLREROERGHTE LTHEERENT
W5, AEl, HIZHEETRBRRECRT BGOSR
FERL., MKEIZE - T dynamical timescale 2358
K 7p5wretEz i L, PHETFRREOAERIZ L -
THFNE < ArRetEZ R Lz, [41, 87)

BEIRILX—FHREOEGHR

BE T RN —FHERO BN I 0 N —#E57A LT
WEEICRADEFEE, RRNLAT v 7TV A
X o THHAHSR 20 E 0% . Monte Carlo #&E % H
WTHREELT-, fiaé LT, 10nG RE DR IS
ZRE T UL deflection angle 23 10 EA DA — 4 —
WCETREL 2B LER LK, BIED 100EeV LA
L OFHBOBRED D72 E (25 events) B E T
. FEROBIEN - & 2 B E AT s 255y
ALTWTH, Bl EHMENICEFETHDHZ LD
IRENTE, BERAFE & OFEBEIX, 1000events HL.D
BIREHAMET, fFREHHE O TA, Auger, EUSO &
EICXVBAINDTHAS VI BEL RSN,
[42, 121, 135, 144

HUoRBN—X bER=Za—FY/

H o< —RZ M. fire ball EF VEETHIE
BHIENDZL DBG% ) ELHIHATHIZ N5
NWTWBNR, ED LD 7RED fire ball #FEBL LT
WEDNEND Z L IZONTIE, PEREZITED
TV, X, fire ball DT R)LF—|{ZDOWTILH
R OHEENHRK D & LT, fire ball &7
LI LA DIBFE TR NF —, KT baryon |2 E DR
EOTXNLX—RNHEHINTNEDONEND Z EIT
DWW TITERIB 72T 0 7L<, ZMERRIK
BROEWNIBERADI =L EZLWVENREFIZLTY
5—R Lo TnB, Sl Hr<f—R MIfHEE
LTHHEND==2— Y JIZEB L, THHHE
DFEHEEZ EORBREFB-ZLTWNIDNE NS Z L2
WFBZLickoT, o~ \—X FDYEHH 72
BT RV —0NHEEHNRD Z L &R L, TITAND
72 ETOBRFTREEIC DWW TEREIT > 72, [162]

[/INR 211 DREBIE

TR, xR REBRZEOY A F & LTHERD
THEERRIEKTH DN, TR, NEH#E
DERE LY LENICEBE» >R R I
WZhH D7, HEREOYWE L IXE BRoT-HER
THREMER H D, FFICHERENZ iz, FHETERN
RREEERClX, BRIRDOFEFEED D W E /R L
TWL BB OB EFEIRIZBO T, HERRSCHRIRO K
TN —u R EHATHE, RO—REwEIC
FARRSCHR D LA ZEN - L D R X T VIR OB DTE
TED., FFO B BT RVX —E OB ) HRE
IHhTWa,

IO, TRRAZHE] EFEINTWAD, Frix
L. ZOEBRENCRABERRBICERE LInEERL
Tro ARFRIZEBWTIE, FRITHER ERR O B
HFNCER L. ZORRIENICHREOFT ¥ rL L
08D fission EBFFY T AHE ) T OEENIR
HLEEWOFEN %2, REY bt ERNZHEIC
DNWTITo Tz, ZORER, R L ORI, £
LoD TRrEBERZH L THRETH D EfERSITH
., FHEFEDOEMNMIZIL - T, NRAFHEPEETS
FEIRIE. EHERRENS PRI LY LIAN D
LW IR ARG T, (43, 82, 125, 138]

BEFDFEHNFEICED XX 2H] OM
R

FEVERZIE FELLF D 8 FE RIBINEELIZ B\ T,
FHEICZX Y F v s RHEEER oI (/RAFH) O
FENPERPRETLVENSTFEENTWDS, Fx
1. FEDOXIBRBOBR e RN, ZnbD
MHOHTRIRE COME OB 2 kM2 BEICIE X
T, QMD &V 9 DK EARE L 72V BRI D DR% T
LD/ uRaty s RET VKL DR E
FL B—RAT v 7L LT, EBRICEHR S aE® X
THRRZHEPERINGDDERRER, v 7 o R
Ay I RETANTET D L ZADRIKRRIRED
ENbRAIWERERT S Z LI+ 5 L3k, &
EY 2B AHREE, HBxOfRRIZ. DA D
BN TV BB 2 o 0L 72 b2
D OMENIN D BE DR TIL, BHERREEL L- 3R
HIZRADTFEEL TR L TRY, ZOFRMITADAA
T —HERoTEEE LTRHEST N Z L2 RN
HU7, F72. HxDY I 2 b—a U OFERITFER
DOHFEFEEIZBOTH RSP EET DI & &R
BT 5HDThHD, [44, 83, 118, 124, 126, 163, 178]

X #& Afterglow FOKIFREFEDEEM
H

y BRN— R N ORISR A S iz, Z
OBHEZHAT D012, Frxid, PLREDHKS
X B BN, REDEEKHIZI~TEREIND
SN1987TA D L5 ERAWE RO Z Licky, B



WREDIAT S Mass-loss model Z#ME L7z, FLRE
DOEEHHITBRMIC b ST Y, Supranova
model (Vietri et al. 1998) @ X 1 " BFE1EFE % &
ATRELLRVOPERRERTHDL & Fxld
ZEZ2TWD, HIZ, SR L jet D opening angle
D FHBEZBIITEUX,  Collapser model(Woosley
1993) & Mass-loss model @ ZHIARTE 5 Z & &R
M L7, [45, 117, 132, 136, 145, 161, 177]

REERGRENENMRE

[EIERAS, F) BRI B3ROV T IR I sim-
ulation Tz, fEKIE, BERmIVRELFEA%Z
FAWTEHERR SN TE 7283, AFFETIL, Shen .et
al (1098) HICk ZHEMARBOIC LT, Hio, 2D
FIFIEER L, #)0 TEAERIZ iR 2 4 5 B DL %
FB L72 Heger et al. (2001) b OfEIZEST, 5
BITRERIT. TERDFE & EMERITIT consisitent
Toh o7 (Miiller et al. 1981), Z DHFFEIL, FIHRIC
FVEALRZ T PO SNLHEAHR=a2— )
DIRFED AT = AL DEER > TND T L 2RET
ZHF5E (Shimizu et al. 2001) DIRBEZ LT HDTH
%o (93]

BHRE-—a—MY/IZBHB=a—rY/
IRED

=a— ) JIEENEFE=x— ) JIZE 2 5%
BEA RN TE LT B, RO A & LT,
BRI 2B T T M E SO OISR (=2— RV
) ARy v BOE) £V, 3HRO=2— 1Y
J IREN DB 72 AT T B, £io, HIEROWE R
HLEBL WD, £7. BHESGTHLREDIIS
T Z 57272 51X, SuperKamiokande & SNO TH#]
Hizky, K=a— Y JRIBEDIEE 6,5 DIV
WVWDOREIZWRDABZENTEBRZ EBbhoTr, &
DI, HIERZNRZ FFANCHIT 2 Z 12 LD Ami,
FRAEIV G —HRBEIVEETIRDEZ ENTE
5T Lbbnolz, [46, 47, 95, 108, 119, 137, 164]

—a—hU/ICKHEBHEARMDRERE

BHEBENRZ 57256, ==2— ) J13EEY
HEEFE R HIERICBET D, 20D, ==2— Y
J DIERIZT LB EBROFMERETDHZ &
X, I X BRI OEN Z FIEEICT A7, REHE
EThDH, MEEBREN, Tx DIRFIN TR Z 7235
4. SuperKamiokande (Z X 28HIH 5 EORE DR
ETHRZRETE 55 % Monte Carlo simulation
FPHOTCREbL T, TORKE, 9 ERETRET
DT ENooolz, [48, 120]

1L VAT HIEN G

HBHEEERT=a1— )/ ORHATEES

WEDETOEHERENOHRH S c=2— T
U /1%, diffuse 72 background ZFER L TW\5 & &
AbNTWS, ZOBHEER=a2—1FY /Ol
AlRetE R, BENR=o— N JIREIET L, B
BETNVERELTEE L, BICREOHEFED
rate & LTI, HST 72 EDBANCE SN\ ZET V%
A, BRH O background &72% event (22 TH
TR RBRET T, TORER, BIEOKRHERT
. 10 FFREDORMZ T 2V ERHBE#ETH 5
L Bbhote, [49, 127]

1.4 BIRILEF—IRRSH
BxmE (OBh) ITES<H—MNERAFERED

B

FRL T OIERERTL 58 2 B FE— MR B O S &
U CHIRF ST 2 BRFRE & 2 ORI B3 < BAL
THEANZ DOV THFFE L7 BRI DWW THIRE T 5,

RIPRMED & & Tid, BEFOBHHS— b —&
LU CEIMBTFOFENETH SILD, BED 100GeV —
1TeV OARZERE ST EITHHET 52— K72 R
HT—KTF (FV2T4) ICH LT, By IRV
BROTEEEIRWIZDITIE, ZOEREICELWY
HIBE 100TeV < m < 10°TeV 32K Z & &R LTz,

B2 o R YRR . BRI NS RBIG T
e Z H72R2WER ThH 5 F CN C (Flavor-Changing
Neutral Current) 23R ICRKEREIGTEID LT
SLTLEY, THEBTHHAIL LT, —2i%, B
DEZZZIBN TR FRME DB ) FER R 25 & 2
T VInERR B L, BEAOMT OEEIED T
RN ZEFER ASDZ L &R L, b9 i, &
KB R D 5 & AR HERRL DI EIR T TR 5 4
WRITERST ZE RN /L LT 288U G, Higgs BL T
DEXNPERPBRLHRWICEE LWMEEZ LD H D%
HWE LT,

BFE. Greisen-Zatsepin-Kuzmin v b4 7 =3V
F— (5 x 10¥%V) %z HE T RLF—DOFEHHR
DT OE BT CHSIZBRI S LTV D, T HDF
AR, Fx OHRMATIHFEICREFmD (1010 - 1022
) VKL (& 1018 - 1014GeV) BFHEL TV S
EEZUTARICHIAK D, 22T, #EFRED
B ) EH 7R O B AT RE R R FR S — VBRI
EOSWHRIZHEEL, BIhAEGRFAZEE LY
BELFEmELOIELERLE,

BRPRARE—BiimIL, YRR 2 28w L
THERBFEHTHDLEBEX LN TN D, BRI
R O RXIFRME R b OB T, ZDAR T —
NPBRERICFIET D7 /) —~<F AU (1) =¥
KIFREDIRND X r— 2 X0 BRIZE MDD
LEBIT, 74—7 - LT R U OEESCHAMOIE
BOWEEHFHT LD LT,
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FEHOAVIL—2 a3V EEZEDORIRICBAT H2ME
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LTCEZOEROZENNEIZR>TL b, ZiUux
AR L LT, fax RE0HG %%@E
fLE LTE R, %@##BFEWJELT%E®ﬁ
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ZEM D H b BRI AR YERR D 28 % BRI 3 B 5
BEMAVLEIZELND,
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DOEZEHFHEIZEI LT, RUMERE W E LRI
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T AR ERERT A Z N T, FIiZ, Rt
RERNAA 7 L—3 3 BB L, B
ARESCEER LI RO/ EERHAT, D>
DR EZHABEDETELND LI R, AT L—
T ardbLETTF AT N REDEY 254 BEE
THRBBIZBNC, 2O T L —V gy DAr—
BT — VRO AFENRERICLA2bDOTH S
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ElzoWNWT, A7 b—3 3 Ik BEZEORINE
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REARLL L COFENR R ENTWD, MAEKRED

HFGROFIE LT, ERE R Lie REUZES S FERE
F—HEPER L Cholz, FOHERE, ¥—
ﬁ & L COMAEHAOERHiE &@%@%%6#

29D Z LT, ZTOFERIT~DIEEEZZ D, SLFEA
BOBGHO—FZ OV TR RIEZ B D 2sC
TAHRZLENTE,

HEREEICE L TERTOREMEAVSHR

ITEOREHEABANL, FEFIT/DIVRETIE
RWFEHERNEET DL EZRR LTS, Z0
X R E RS SO RTREME S LT, B
FaNCERT 2@EDEROA > 7 L— g R
LREMERERBTDH LI, BRTHAICERT S
B 471 —3ay] DELREERZEY
BIRTHZ LI ;éﬁmﬁiﬁmﬁma%ﬁiﬁ%
BRLE, ZOLX D BRERIOBEDOT-DITIE, 4R
TLOFHEZ iR P OEE (5 Eﬁ)kbf%%
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DENGIXIFEAEERINBVETRIE, ~NE—
DEIZBR S 2 bt R OMAR L O R & FEL
TEDHZ LBbhol, FEix, BHE SN 1987A 1
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7. [1], [12], [48]
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SR DLFEEAIC G 2 DB i~z (4], 6], (8]
[91,[10], [13], [14], [17], [18], [21], [22], [24], [35]

M74 (ZHBL L7285 2 SN2002ap 135EIc R2o03o
TV BB HTE SN1998bw, SN1997ef & AR, +
DAY N IVHDIED AV EERR, WIHRIZ & > TR
SiFbhd, Fio, EEESHERES (10 AH
R—+t 7). SUBARU. MAGNUM {2 Lo THED
BWEL 0BT —&2 35 bz, B lZznso
BT — & (A7 by REMR) 235X 9
RHRETVEEEL, TOBREL LT, BEoX
AX—4 10 x 10°tergs, BHER 2.5 - 5M,. K&
Ob e b EDREDOIRIVEE 20— 25M, EHIR%Z D
iz, ZHUT LY. SN2002ap IFHEDNZ T RAX—D
RERBEFETH DI LBHALMC T, [7],
33]

BRI AR AR Y ML ERT e BUEETE 1997ef
DAY MV EATI2VN, 1052%erg RE DK E 72
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