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Fusion of Massive Systems and Superheavy Elements
Kouichi Hagino and Yoshihiro Aritomo

abstract: On August 12, 2012, the anticipated event for the element
113 (with the atomic number 113 and the mass number 278) was de-
tected in the fusion reaction between "°Zn and **Bi by the experimen-
tal group led by Dr. Kosuke Morita at RIKEN. The potential energy
between two colliding nuclei consists of a short range nuclear attraction
and the long range Coulomb repulsion, and the potential barrier, which
is referred to as the Coulomb barrier, appears due to the strong cancel-
lation between the two interactions. For relatively light systems, such
as '°0+?"Bi, fusion takes place once the Coulomb barrier is over-
come. In contrast, for massive systems, such as "°Zn +>*Bi used in the
experiment by Morita, et al., the quasi-fission process, in which the
two nuclei reseparate after the Coulomb barrier is overcome, becomes
increasingly dominant, and the fusion cross sections are hindered ac-
cordingly. Moreover, even if the fusion is succeeded, the compound
nucleus quickly decays by the (ordinary) fission. In this article, we
first discuss how it is rare to synthesize a new element by heavy-ion
fusion reactions and discuss a significance of the experimental result of
Dr. Morita, et al. We also discuss a comparison between the so called
hot fusion and cold fusion reactions, a transition of fusion dynamics
from light systems to heavy systems, and the role of nuclear structure

such as nuclear deformation on fusion of massive systems.
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Particle and Flavor Nuclear Physics

Principle: |Experientia ac ratione

QCD: quarks + glions
Confinement SU_(3)
Strong coupling ggep ~ 1
Lattice QCD: flux-tubes/strings

Flavor SU(3}-symmetry
Spontaneous \SB

BB-interaction
models

BT Y R & o8 o > 2RO RLE N T

(Chnstiaan Huggens 1629-1695)

Experiments:

NN-scattering

YN- & YY-scattering
Nuclei & Hypernuclei
Nuclear- & Hyperonic matter

Neutron-star matter
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Triple Pomeron-exchange.
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abstract: Hyper-nuclear physics activities, relevance, and scope in
particle-, nuclear- and astro-physics are reviewed. The topic is the de-
velopment of the nuclear and its generalization the baryonic force start-
ing from the Yukawa-theory since 1934. It is stated that the develop-
ment could be achieved by mutual relation between studies of baryon-

baryon interactions and nuclear/hypernuclear structures.
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eV (1 EeV) % Hi 2 2 FHAITRHOE S = 2OV F —FH iR
(UltraHigh Energy Cosmic Rays; UHECRs) & FEIZ/L, T
ETITF10"eVERRA L &) BELVIZED/HT L
ME=DbDV EFTENHRENTVDE. M 20 L) 45
WIANF—IZE TR FENETE L A=A LEINT
TIZHISNTHE ST, UHECRs DEJFIZAR A S LT
R, TEFNERI#% (Active Galactic Nuclei; AGN) 24 >
JEN—A M, FHICBIT 25 S WA RIS LB
HLTWAETHAH) EFEZLNT VA,
ZELICTIOMENS L. FHIEHENIZ AV
F—DEFHBIIN L TIEBEHTIE R, #IERTZ o &
IBRDOPERENDE Z LITRIIEZIZLVDTH S,
1965 £ O F 5 15 = it (Cosmic Microwave Background ra-
diation; CMB it8) ®FR2 513 & 7% < LT, HIERTHEIN]
ENBZFHMO T AN F— 1L ERAH 13T L) F
SN &Nz Y CMB I RBER CTRILIZ 107 eV i
JED T RN AN F = DNFTH DD, @ T R F—
OFHRP L EE T ANVFT DT V<R Z 5. FEll7%

FHEREANES IR INTBY TN, S0 k) RIGh, SitEES
HETIHORE 2 IUHEZ B ITED, ROFEDONIES R
EVI B> TB Y T

1GeV: 10 TRV . 1FBTHRIL ME16x107 "1 TH 5.

BHENT.ONES TIE Y e 2 @O 4 )V F—1%, CERN @ LHC

I2&27x10%eV QOISHEICEETE). ZBINE CIHAINL

FTH TR ZANVF—DENLDIET A1) 1 D Fly's Eye FZERIC L 5

32%x10°eVThH 5.

Bpty=pt EVIRIEEE R L. ERERTOFHRIO 4 0B
% (E,P), ZREFEMERST S CMBYEFO4TEIRE (6, —¢)
ETh e, EUO4ERROKRE S1E (E+e)?— (P—e)*~m)+4Ee
Thb. 4TEFROKE SIEIAT T —ThHh-> TEDHEERTRTD
[ UEA S 25, BLHREYEZIUIZOMDS (my+mp)* THDH I &
37272512 bh A, my=938 MeV, mo=135MeV, e=10"eV Z{UA
ToE, E~68x10"eVH7z0) D810 F VERAHE B 2 Ehb e
5. FTHIFRE CMBYCTOMME S 2 A 2@y, F 7 CMB HUH
DT 70 FHZE TRV E—F A VO FOEHE) 7 &b #E
ETAE, L)DURGT A F—=2 530 F P ERITEZ 5.

*
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FIEICE B &, FHHROZ ANV T =D E=4~6%x10"eV %
2% ECMBET & OMEMFH Tk FAERIZE S %
WEF—BRANEEZ 5 L9122 ), FHEHBITEHBICFEEEZE
DAL ZENTERL D (KD, bLELDYF )+
AIELFIUE, B SN FHBR T E=4~6x10" eV fif
TR REORDSEND L s D, ZNAEH
% GZKIB S % 7213 GZK & v b 4 7 (Greisen-Zatsepin-
Kuzmin cut-off) D PS5 Tdh 5.

2. ChETOHEAER

UHECRs D% R4 5 2 &, GZK 1 v b F 7 HMEE
T5ZERBRMICHIT 22 L I3EEL . 100 eV 0T
HIROBPRBEE L, By NE TR hholze LTHHM
100 km* (Z4ERD 1 FEECTH 5. L 724> T UHECRs % {8
W 2121, KERHBIERE Y A3 5 sk TR OB
ATHOREN D 5.
COIANVF—FEEICBTHO THEINICE L -7
BOBN T — % ZHEDE7-DITHAD AGASA 2% (Akeno
Giant Air Shower Array, 1991-2004) T & - 7. AGASA %
IHIFER 100 km® OFEEK (LTFHRZE D < SV OmFREIZAEY)
WKINBOY Y FL—va aitigsridE L7 TR

10,000, BT R \n*ﬁ%iﬁﬁ
\

1000 X

TR —AAEROBE

100

10

TRILE—R%IERE L, [Mpcl

1010 1019 1020 1021
FEHROIRILF— [eV]

K1 FRR B T) O A F—31IEEHE Ly = cE/E. 2 2 CTEXFHHARD
YRR H 72 ) O T2V ¥ — LR T, T3V F—BIRME (Bt
TR ZEACHIRIICEIETE .Y DAV F =D E=4~6%10" eV
B2 A FHMOBE I ANV F—BEBORKE Vbl TAEKDW S - T
La VRN S L 2 Y, PR EVCEEZ AfEY E2 2 A TE R
Kb, RBET AN F T Ly AS0 Tl 7 { —EfHIZED < DIEFH
FaRIC & 2B D720 Th 5.
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J(E) x E¥10%* [eV2 m2 s sr1]

; +-I-A SD —=— HiRes x
- —a— Auger (E x 1.2)
1 +TAFD . acasa (E x 0.75)
10—
18 18.5 19.5 I2|() — I20.5

19
Iogw(E/eV)

X2 UHECRs DT )VFE— A7 M. filifld o fovE—, #3578
DFRIE [FHARE /T OV ¥ —/ R/ BRI SR W ER 2 T b o,
HHRDO AN PVIKIFIZIE) ~E P TETIENTELDT, EJE) BT
FF L AT D VOMII R REE R 7 5 FERFER O SR D b ) 9L %
5. @ (AL (X TAHIEMIER T L A (SD) 12X ZH55H, 1Y * (FRAD) X TA
KREHOCLEEE (FD) 12X 25558 1Y BRI SD D2 <7 b V% 2 0T
A Y 45O 3 A D power-law T7 4 v b L72b DTH 5. AGASA,?
HiRes, ¥ Auger'™ % 7V — 712 L A5 RIZAKE DO~ —H —TERELTH
L BRBSEICIANVFEF AT VOEVESHDL L EEL,
AGASA I3 —25%, AugerlZ+20% 723 ZAVF—%L 7 b LT3, (7
VAT — RSB,

M7 LA BFERT, FHRICE o TRAPTHET
AR x T = MIEINDIEFRI 2 —F » h EOf
TR T A EEE L VTR S 2 5 2 L I2 & o TR E
ML Cwa, FHBOT AV E -3, HFEICHET H2Y
Ky —RTOBEFRRLZLICL>TIRETE L. 13
HRIZB LA AGASA I X 2EITIE, PHEICKLT
10°eV 2254 XY MANFIFER S Y

AGASA [ZVEis 2 M TS & £F o 72 TRl o &
LT, DLENTT 2 5T E - 72D 7)Y High-Resolution
Fly's Eye (HiRes, 1997-2006) T& %. HiRes 7 )V — 775
WD, ZER Y v T = REHEE L 7oL JICRES
NBHEEHID 2 5 [ RKEDEHHE] TH 5. 20k
TlE, REKFOLOFRERITY v 7 —hofiEki o f v
F—HERICIHIT 2 2 & 2RI L CRERO A )L F—
RRETHIEHNTED. HiRes 7V — 7%, GZK RO
FEBOVDOIANVF—IZH Y b THRHYZH L)
HWE201ETHNORELLIZ LS, 2008412 1ED VI
GZK /1y M 7% FER L2 W RS RE2RREL Y
W7 NV—=TICE BT R F— 27 MVHIER R EZX 212
R WL 107 VL FIZBWTEZFDORIRD—F L

AT AVE - OFHBEPKRLAN O EMEER L, KEOk 15
L 7o TR 1 CBIS.

*5 AGASA & HiRes [Z1d [T AV F— 247 — V] OEVHDH ), AGASA
13 HiRes (2L L T AV F — % @O I IE L T 2 A H 515
728, ZZTIZAGASA DT IV F—%25% FIFC7Hy L Tw5.
N2 DDFEBROTFOE NS DT ANF—ORWEAIZL D
LOERIRENT VS, AGASA D L) ZHhERIBIE T L 112X B
T, HRLAVICERES 2 Y v —RiTFoOBIBEI AL FE -0
FHfRE KA OF L OMAFR & v, BAIZIERAIDO = A0
F—E COYHAPERL TV 720, TARIVF—PEOREITRE
WeEZ SRS, IS L HiRes D & 9 A2 K&HEDEIEIC & 2 TR
DI ANV F =PI, KRREHOFAEEN Y ¥ 7 —hORER 7O =
PVF—BERZTTCREL L) a2 MY (ARG OFEE) T
HoH70, FIEHEERRY v 7 —BHEOEMEH T EAHsh
BT EVI RS H 5.

REDHEDLS e AV F — I O BiE
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South-North [km]
o

dis s s T asmnEEEiEn

>
W

-10

/A e e e e
M am A EE s EEE .
LI IR RN RN T

e
R R R i R SR

-15

R R R P T
 pmmammm i mEmEEEEEEEE
I-IIIIIIIIII\IIIIIII\

IIII\II\IIII‘lII:I:\T’II\'I\IIIIIII\IIII

20 -15 -10 =57 0., 5 10 15 20
West-East [km]

X3 TA O HRECE. PUf N RHEE (SD) %, 3 7 AT =M Al
FD (KR&HOLEER) A7 —v 3 v 2K, JFD OB o507
M108° (KNP FRD22AF—>av) L1200 (P EDATF =3 D) O
BIETERENTWA. XITIEFD A5 25 km O#IFHZ HES & L 720185 TH
WCH DA, KECBOFTHE 2 #PT FHRO = AV F— k7 5. (7
VT — RS,

TWb5L500, TN EOTANF—-TIEH & 50REN
NHY, REhimfrdbzblL7/z. GZKI vy b+ 713dH
DDMIRNAD?

3. FLAOA=TF7LA :NAT)y NRE&

HiRes DA HUI TR THALE D O b D TH %75, AGASA
EV) HIOBHFIR S L, EBLPRELVWREE S
WZHIDOHEERIC X ARGEEE R E 5 280w, 22 THO 5
N7z RBIPHARERI 70 ¥ = 7 b A%, KD O Pierre
Auger 5 (Auger, 2004-) &, ¢ FAXEFHEIZL 571 A
— 77 L 1 % (Telescope Array; TA, 2008-)" T 5.

EH 5 DFERD, AGASATHDOHZARIERT L 1 (Surface
Detector; SD), HiRes ! & K& 81 E # H #5 (Fluorescence
Detector; FD) Ol J5 & i 272 N4 77 v NEE] TH 5
CENEHTH D, Auger TIETIVE Y F v O FFHITIC
SD & LTL600BD/KT = L > a7 #H4%%% k3,000
km? DFEEK A, 248D FD 2 F DO 0 IZJERT 5. TA
TIEKE 2 & ORI O W ALK 700 km? 12 SD & L T 507
BOY Y FL—a YRR Y 20023 A
DFDAT—Ya vyEERLTENENLRAE, 125, 14
BORKECEEEEREBE LY (K3). 713 —F501F
BEEWMICINHT 2HETH L. 2HFIOAT—varks
REDOLRFHE TA O7-DITHRICHERE N2 DTH S
A, FED 1 BT 1413 D FD |3 HiRes B O M 28 D%
HAFATH Y, TAILZAGASA & HiRes D FIE ) DEHET
HoHEFoTEWw, FFDEINIBW T RKEEDOF
R L KRG IEDEETH 525, TA 21X Electron Light
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Source (ELS) £\ L > TBEXORENH 2. 'Y iz A
7= a v ORI 100 m OALE 2 5 _EZE @A - T 10°
fHOETE—24 0MeV) 2 HHT2LDT, AL F—
Dbholzyx T —%EHSTEYVHT L) ZREEEZ
W&, BLSHHIZ & b 74 ) RXEDEEET 52 & T,
B T ORKHOEE, KKOFE, W, Z L Thth
WML EEHBITEZHEETIT) 2 LD TE,
End-To-End DHRIEAAIREE 70 5. DUFIZFEIZ TA OFERIZ
DNTHRRE 9.

4. TAOFER : TRILX—ZANXT MV

TAD SD, FD 12 X 2 T4 )V F— 27 +IVORERER %
21279, "2 FD & SDIC L B A7 MLz L vw—8%x
AL, % O HiRes DR LT ANV F— 247 — )b, JBIR
EDH—HLTnDBZeDbhb. WERIASIEIROZ LS
25,

B, FHBOZANVF— AT F UL 108070y
H72) TV ZAMHERR LR 5. JEBRINIZZ DA
N7 M VORGE ankle & FEDY, YT 2N F TORTOEER
HRICZOBEPRONDL Z s, ZOMFEIRBIINIC
W7 L7z, 7272 L2 ORJFIZARBTH Y, 1) ankle 512
R AV F —TIEIM N Z B & 3 2 FHMrESETH 5
7%, ankle AL OFH BTN H5EDR L Tw T, #5H
&L TRIRC AT M VOTBIRD R 7 5, 2) SR %
FCIR & 9 2 FHARDS CMB YT L AHEER L TEF AR
ERILIANVT-ERS R E LTAZA (dip) 777
ZTCW5h, vl 2@irahfHshTng, s

21, TAOFERIEIT AV F—E=57%x10"eV TI A
WF—ART MUVOMHEDNZUIR > TBY, AGASA LD
IZHiRes D v NF T D& AH AT FUIZiHEnE W) Tk
THhoH. Fifhrsy fiELL Eo 3L F— ol £ X2 b
Bix26T, AT Ml 2 Ll FDE E
IANVFE—MNZ LTV D ERE L 7255 ORI IZ
68T 5. ™ AW S X2k o TR DL ) &

E:é%%%ﬁ?yyﬁﬁfﬁﬁﬁét4sxm 'THY,

H o AR E A I EEE (significance) 5.70 &\ 9 H7K
Hecdhp, *° 2 13 Auger |12 X 2 ERFTORRLRLTH
20, ZHE58HESMICANRY MIVIZRICARD LV

TAIZBWTD, SDIEFFDICHENTZANVF-F2ECFMHLTLE D
(+27%) £\, AGASA & HiRes |2 B\ TH S 1720 L [AlkE O
DEBEE N CHERRTREHETH L. BT I TIESDDA
N7 MUVEIFDIZE A0 A M) ZEHLTI127 728V F—
HAT—=NVLTWh.,

REOEKRT, NORBIZHA TS, ThE) T A LF—DEw

10%°eVH 2D IZBINIB Y BB D LN TEY), bbbk

knee (U ) LFRENS.

BTAERKIZ10% eV < SV S ) iR 275, BTOERIRV

SOIFHRO LAV F— BRI S L, b EROBAD XD %

SRS E TIRES .

* ERELZ 1 logio E>19.8 (E>6.3%107eV) @4«\/ b;& I AL F—
AT PViLAlogg E=0.1 DIED LAV F— ¥ 2372 A b7 T
LAPBPUELTEY, IhE 714y LT f_x/\ﬁ M VoA
) Vii& logio Es=19.74 13 logio E=19.7~19.8 (E= (5~6.3) X 10" eV) ®

VICEENS.

*

S
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ERELZ->TWD. L7zh > T, AGASA LIT% @ HiRes,
Auger, TA ® 3 D DFEERIZ L - T, UHECRs O T )b F —
AR M IVZIZ R R RS % m 3 i ViSO 2SfEAE S
5 2 EDBIAINIHENL L 72 S5 Tl

LI AE =AY PV 255 505 &
Wo T, 72EBIZGZK Ay M7, O F ) FHBRATE
A EET 2P Cohi FAERICE ) TRV F—% Ko
t%%f%é&%%?é:k@f%&w(ﬂKﬁvbﬁ
TTHHIERMRT A2, Dl &bt F

HAROAHRK (1 - @?ﬁ@nm>%ﬁﬂm IRET B,
%2 By A7 OMEOBNME L, FHEROMKA S
TSN LNEIETIETH L, &M03) 7y b+ 7L E
DI AN F — OFHARORPRIF AT, & D DIFRE %
BHEPRRSNS, &aw*ﬁ;ﬁ%@m&a

M1 OFHRRO IR TAEFEDMA TH 5 H & v ) FHR O
UL, THBRORFEEHICAENICERTH 5. 1K,
UHECRs (ZBAAMEIRCTH D, 2O EG T THD L
EZONTELY M EBRWHELENBZESL N TWE DT
Ev, FEHEPALICE T TH DR 5130 v b 7O
B (4~6) x10¥ eV THRIFIE R S VDS, o LEHW
JRFRTHIULH v M4 7 ONEITERED7 724D -
TLBL* ZOTANVF—=LIFTL, CMBYETR7R
WF- & DY EARHIC & > TEIRT L £ 9 BEFHN
A5THHIH. TAILBITLINE TOREMTIE, EKT v
T — ORGP TOFEOHMZTIRZ Z &2k, =4
F— 10" V(I T FHMO ERDEIHE T TH D L)
ERIESNT VS W 7275 L Auger 7 )V — FIEEVFHF
B EINTOLABEN 2L TB Y, Zhiiow

Tld Auger-TA DT —F 7 7 ) — 7T & 5K L TRk
ICHL D ATV 5.

F 7 FHAROMHEIZ AL S 20 ERRAYH Y, UHECR 1
ARSIz & SNEBHIIT IS ) 2 FF o 72 AT M Vi
HoTWnhEW)ZLHbEZOLN, ZOHH @ﬁﬂ@#b
DHiEIX GZK 71 v b+ 7 OBEE O FHRIMEIE VA B4
v, IS EWEET 20052 TH 5.

31, GZK Ay VA T THAHLHIE, TnielR b
IV F — OFHAROFEJFE R AR IHER D LRI FE (&
of%ﬁﬂb«MMm@x7—wff%5ﬁ“>K&Tﬂ
X7 oz, ZNLOEPSIIERET AT LIFTERNE W

O FECBWCAL [H LV HRERWELEE, $7MbRIO
X2 DT — 5 OMEHNERMNECTH 5. Fhi Y22 R P2
BT, 7= DMBROEYTH 5 FRHIELRHT0.3% LU (HE
EL: LT3l b)) Twve, 95 LTHVTELZ W, &5
CIRRIEAZLTHHRZ5DRMHERL00FSO 1R, HEE
2L CSo L EOFEHNEREESRE L S, REYIEEEO B
iow’c KEYWNE [FA»] LD ET-72b 00, 77— 5 OEBR
LEBITHATITo 72 t V) BIIIRZR I & F 3,
FHRA NS 2720121, FHREZPALADO TELOOKREL
”Etzﬁtf’ﬁwrwlm@f(m SRS Td B (TREMFTldZwv). F72
UHECRs 25 LI FR,THhH o728 LTh, SRIMRIZER 2 585 51
12 CMBYEFR IRV ET & OMEAERIC & o TN, HIERTIHER
FLELTEMESN 2O TIE ARV LW Tl ST X7,
2R3 IC BT m,—>Am, & L TH L.

*

HARYIEISAZ35E Vol. 68, No. 10, 2013



S BEBEARIBE A S8 AN 5. 2 OFHT 12 100 Mpe LL R o> A
=V TR—EATE 20, S, Ay b F 7T A
V¥ — & FEOFHRO BRI, LT O KAk -
BHENHE ML 72852 RTEEZONLDOTH S,
ROFITIE TA N & B FSTHEOBRIFERIC OV TR L 9 .

5. TADIER : FHIROEAH
FHAROELTRARIA AT LV R D K & 2 BENE, TR
MERT-TH Y, BIMNB L ORI OREIZ X > TED
HaziFonTLlEH vy 2 eildbb. TN THTH
RO T A F =A@ SEEE S SO T, RIFEK
EOHMDOERE 73R - 72 % THIBRICFBR L T b &%
Z5N5. 2007412 Auger 7V — 7E, FNE TIEAIS
NTWAEZ R F—57%x10" eV L EOFHA XY b
IBEDB%IZDOVT, ZOEIRFHD S 31°DMHNIC
AGNE R OB LM TELEREL, ['THREOLER
2 b —kbvt—Tarvkhor'¥ ZZCIETADS
ERTEIIE N7 — 7 ZH, FHEBEOEFERIAE LT
AR E T 2 EBERI (AGN) O3 & OAHRE % 31
NAERIZOVTHRNRS
MA4ICTATINE TICBHEN TV L T AV F— 57X
107 eVELED A XY FOFBR %, AGNOAE L &b
WRT. IhZ2RNEb25 L) I AGN O RIZE S
TlE7wh 5, 3 L AGNHYUHECRs Dt s L C&H5 L
TWb%5, WEDHBIIIHES RSN 5139Th
B, TADA XY MIDWT Auger & [A LRIk ¥ a7 %
T L /RS Th 5.7 CheRBE, Th
FTICEHNMEINZ0214 X2 D) B, AGN EHEIL Tw
HENCRZBEBDIF1TAXY T (40%) THDH. »olF
I FHIO BRI MDA T, HIRIC AGN O F5m)
E—H L TR A2 MEHEIZ 10 24%) TH Y, BT —%
FHEHRIGBEOMHEL D 1Z2 s, BRI L <
LA ONINTAGN EMHBIL T b L ETEE A%
WL 2 B Auger 7V — T O F OBOBINT— ¥ OEBRE &
EBIZ2007ED & Z IR T AGN & ORI O /L 2 2 iR
RS- THY, BUETIZTA L EFEE OB %2 > Tw
58 FRTAANRY DI FGAYY 7 (L RV P ED
LML E ) 2) 2 RTh, FHNRGEICHE
R Z HLLEORMERTIRRE L Th ik, 17
UHECRs OER S0 A I % BT % e BN
HBODELRETHAI D 1 OOMHN, FHIZEE O,
BEBADPEELCWAE(F/ Ty A) Ih b REWE
W) A[REMTd 5. UHECRs 255 Cld e < AN 7 A F 72
FEVEVEFRTH ), WhHHTOMS ) BREND
FHFROBR S5 10) & FIFERAD 710 & OB Z > T b
ATREMED 22 < E vy, F 720 72 255, UHECRs @

I3 A 10 DFRAHEEIID & K12 & o TR 17 BB S 1 5 ek
1X15% CTH Y, ZIUE—R/NS W E 7236120 mpd, Hatica
B2 R0

REDHEDLS e AV F — I O BiE
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AGNEABH—ET B4R MY

X4 TATEME /2T 400 F—57x10" eV DL EOFHHROFIKIT M5
1 (@) & AGN DS D5AG (O). $RMEEE TR SN T D, RIITHEW
IR % 7 LT\ 275, SRYAT RS & (3 RT3 g 8 L 72 T8RN C
DOFFFE ARG 2 [8RF%] &, SR 2 S - 72T 2 [HREE] 1L -

THFHONMERTHETH D, ZORIZB W THLEE KT O
IR, S F DIRME=0%, ZOMMS FAME G FAMICHNSIZ
SRR S B G O T A R T SIS o CROR ST
0,90 72 E ORI AL L, Kofhlks & OEOMER =00, 360° 1381
WHLDOBETHL, b LFHMOLEASRMANIC S UL, 20 L) i
TRRAZSRAIAEN, > F ) KSR R 3 21337 Ch 275, BUIKS
RiZZ0 L) 12ld o Twiv, 34 b b IREICTZET 5 Kk
SEPRLCWD EEZ LD, FEOERIIE TA OIS (MFTE R Cbfk
39°) D7z IZEIIREFIC A B & & DS WIHTEIK TH 5 .

45
40 IXILF—57x lO‘%VJ—XJ:U)?%‘ﬁ'f’\“/ MOEEI SN Z VI 1 RBMNT %,
351 TOIRY FOHRSEOED 3T LAICAGN HHIFHEE 1 P,
30 )
25 (100%t8E9)
20
15 Y'Yy o000
TA (2008-2013) ¢ ¢ ®®
..... _________________________
o®0000°®
0 e PN P
cossnnset® EANRIBEOHEE
-
0 5 10 15 20 25 30 35 40 45

BRI SKRESNICRBARY b

5 FHEREPRITM & AGN & OFHB. AlliE S E TIZTA THRI S
7T ANV F—57%10" eV L EOTHREA N2 ML TAD A X b DSl
& AGN OJF D —ET D HERIZBED & 25 40% (424 X h17 4 X
VM) THhDH. FHEAROEPRTAN M ET, MIRIZ AGN DAL —
L TWB 72T OHEEOHIRHEIX24% TH 5.

IR RARDO D AEENEREL L ) T EHEZ LN,
b L UHECRs OEER KK D L 2 iy, #h 2
BB NLIZTENSTH L. HHWIE, HIIIhE
TODTA X Auger DB T — & TIXHEIESE D W72
b Lhawn, 20BSESTLTEICLLT— 5 O
MTb, FHIROBRTMEOES R Z22H 5D Tldk
W) EERANEFEICA T TV A, UHECRs O #2571
% R LR ORLIR 2 fifiH L 72 1T, faidE kS
LB REZYIDHR 121X, TA/Auger D & 5 12 10 fEFLE
DHULDFERZIT ) B D5 ) .

6. ¥hi)(Z
ARGFERE > & 54E % £ L 72 TA DS HRIC O W TR
T &72. UHECRs ® AX%7 FViZid5.7% 10" ev IZHrLih
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ROHHY, TNLLEDO TRV F — TSR A2 D
LTWwa I EPMERENT, TEARY P Lofndhs
DIGZK A Y VAT THLI L ERETLLDTIEH S
A%, HARRICR L CRBR TN I3 A 5 A B B S ¢
W, AL IRV HEEIE R v L)
7z

V. Hess |2 & 5 FHROFER 25, 2012 4T 100 F 53¢

L7 10048 - CTh T HREMIHTX TW iV on,

L Hess B HIZRG N0 LIt v2s, Z & UHECRs
WCBHL T, ZORPRBEEOLS Ll S L O
IR THSLIEOCOMTIELH 2 L9, HAhlFRo Lk
LWV A, DI, UHECRs 2N L TR 2 — 4 L F—
R EPUE L, BAMEERHGER L CRIRE RIH 2 80l &

FREMALLZZDITHY, BAFLLAIANLTHA.

20124E2 HIZ Y 2 & — 7@ CERN T{7H 1172 UHECR2012
EEY v BV AT, ZORHTHIDTTA, Auger & \»
IR Z CHEBINC E D5 ER Y — X 77— T8
ks, 7= 7T OFLERLEROLE, ZonToS
BRI DOV THEL 220 A A i e S 7. 2 fif
BRI & 2 KXY # < A KB E R 52
BAEIT) 7200 BBHUIRE o T 5. 512D TA DK
R ZLTCIONHOEMIIFERL CWizZE/w,
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Observation of Ultra-High Energy Cosmic Rays by
Telescope Array

Yoshiki Tsunesada, Shoichi Ogio and Hiroyuki Sagawa

abstract: The results from the Telescope Array experiment after the
first five year observation are reviewed. We measured the energy spec-
trum of ultra-high energy cosmic rays (UHECRs) by two different
types of detectors, the surface detector array (SD) and the fluorescence
detectors (FDs). The energy spectrum by TA is fully consistent with
the result from the HiRes experiment in the energy scale and the shape.
We found a steepening in the energy spectrum at 5.4 X 10" eV, which
is also consistent with the claim firstly reported by HiRes, and later by
Auger. The analysis of longitudinal development of air showers in the
atmosphere shows that the UHECR mass composition is dominated by
protons around the steepening. This is a supporting evidence of the
Greisen-Zatsepin-Kuzmin cutoff, which may be formed as a result of
UHECR energy losses via interaction with the cosmic microwave back-
ground photons in the inter-galactic space. However, we found no sta-
tistically significant anisotropy in the arrival directions of the current
TA data, which is expected if UHECRs from nearby sources are prefer-
ably observed in the energy region beyond the steepening. The inter-

pretation of the results and the future prospects are discussed.
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MPO(Micro-Pole-Optics)
AFERE RS

HEAP 2

Einstein Probe (X-ray ASM)

EX2R

GPS

VHF 775

% : 60° X 60°
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