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The Mechanism of Radiocesium Contamination in Crops
and Fruit Trees

Keitaro Tanoi

abstract: Following the nuclear accident in March 2011, plenty of
radionuclides were widely spread and the agriculture field was contam-
inated by the nuclides. A large volume of data was gathered about the
agricultural products supplied to the market. However, little is known
about the mechanism of radionuclides dynamics. The Graduate School
of Agricultural and Life Sciences, the University of Tokyo has diverse
facilities available throughout Japan, including forests and meadow-
lands, where many kinds of research have been performed to clarify
the radiocaesium dynamics since the disaster. Some mechanisms of
radiocaesium dynamics have been clarified: radiocaesium translocation
from leaf or bark to edible part, potassium effect to reduce radiocaesi-

um in rice grains.
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Entanglement, Renormalization and AdS/CFT
Correspondence

Tadashi Takayanagi, Tatsuma Nishioka and Shinsei Ryu

abstract: Entanglement entropy has attracted renewed interest in the
fields of quantum field theory, quantum gravity and quantum informa-
tion theory after the discovery of the holographic formula based on the
AdS/CFT correspondence. The similarity between the formula and ten-
sor network representation of quantum many-body system implies that
holographic geometry can be interpreted as a renormalization of entan-
glement. In this article, recent progress on entanglement entropy and its

role are reviewed from various perspectives.
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TEREDERPMEFH/NENIERIE CTES
NSTEZBFR, FTLL Mo BLE AR
BDFfe. TOHERF "MoZEMT D
BRIDHEEDNKREWNC &, NEFRIFE
EYMDERENHMENT &, NEIDFEERT
Mo DLEBLEN O RE T H D T & Z R
E9D. BlC, TOEERET(F, “Mo
[CIA., DABRBERDA v ~JD A0 (F
WEA 64 BERS) DA E MO EIRFICITD
CEDNTERRDRIEHFIN TS
64 (ERIER 13 BFR) 08F 67 (SEEHA 62 BFE)
[CDVTCERREDDHDEERDEESEXD
ZEICEMTED. ZUT, EEIC, BifF
DI THONDERPUT CEEIN
EPMo 5, METEIEHEE P REHESE
MR OEZMNMEDR CERED P Tc HY

DEHRRRENERERRNDIEF(EICHIN LTz

CNFET, RAFPIIESEZANRISESN
CElc LEERARID, £THE—EEE

NEhRED S DOBRFIEF CRETED
EVSHLLITEOEMED RSN, &
ENDREDDIEWVEZHT - AEARIE,
HHDOFREDIZHRETR RI g 1Az
BREIDCENREBZDRECHD. KIE
BECEFFDD D MEEZRWNDELINT
HESNDRIE, SEHREZZM - AF&
([CRELFEBZT D EHFIND

Bromzns
INBINERZB RO S B SNZhEFICKD Mo EEER

—Keywords—

MEHEERR -
EERD D BRETHREMTTR
ZERAL, ZOBRZECRES
NOBFLIREEZFIAL
T, BEAEZETI DD
CETY. IR IFEETFRE
W% (PET) Tl&, "rFdD1k
aYoIA0F A+ J)b3
—2Z (FDG) DL OEBHD%E
BUFET.

RIS ERERS :

HEDEBEA CTRINDRIND
EIDPISZRUICEDT
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TNFY. NIChEFE—
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DIFENRFROEZFET S
ET, RIVHZESDHIENT
TFET.
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1. LIS

150 FL DL E o Ot vE AL e (RD) 1%, R, T2,
BB, W%, HESICHH SR, e o HEEEIR e
v, RIDZSIRDE K FIH EN TV L EESE T, FE
DA MBI AT LS 3% R L 72 O P R 38
i v, BESZR - B T T 5. RIS
R LRIV T 2 0~ <, A harrr~<h
X 5 TR S FUREEE O fE & K & 320 2 I 2k A oo i
HERICEBE TSN 57200 e 5 2 IERO EE
1tz FBid 5 &1, R=F#ps, PAMBEEZBIC S
BENOREID L VCGHITDONL T 5.

FAET, A, BRI E, OB RO =S KAENEIE
95 R0 RRHIE 25 O S W L AR 18 90 5 fF (TS G 4F 1 2,800 17
YR M ERTWAE T 7 2 F 7 4 99m (P™Te: ki 6
HER) (X, BOEY 7799 (PMo: K% 66 K1) @
NR—FBETHELN, Mo/ "Tc VAL —F—L LTH
mibE N TS, P AL L FHEN L DIE, PR
BN BENOWIICMEEZ TEL7204 R LTS
BERTE, LPADBMENLZET AN F— (141 keV) O

HIIBPH I ATIZE > THAFTHRNTE 5720,

ML L ORBE ORI EE 2 0 2 W24 5 h
Ll L% (125 +7) 2FbEkL LA W &
WETEXHIE, "Te Mo D TH LN L 72D —JF
"Mo#% ATT 5L 1 EMITIEAMNTE, BEOBHICHED
B TEL I E R EICL .Y

T B D 95% LU ED Mo 13, {40 5 & OWFFEH
TIRT, EikEY 9 v 235 (HEU: 55 93%) DA% 54K
JBIZE D EEINTWAS. ENS DR THORER & Mk

HEWZ, A5 (19514, 40%), * T % (1961 4E, 30%),

NIV F— (1961 4E, 10%), 75 ¥ A (1966 4E, 5%), 7
7 v A (19654, 10%) TH 5.2 Ui L, HMEEHIEI
Nd 1960 FRTH Y, GREILLTVDE I LA DI S.
BOENE, 2 TO Mo % #Eyh 2 S BB 0 2 HAREE 2
THIA L CARIRED “Mo B 1 T RE D 60% 12 i85E), 3
AMEL T A, L 22, &k, MAOFERD 70% D
Mo #BELCELAFFEFT Uy DEFIED, I
R TE L BIMICh ) EiEpv= R, #RPT
Mo AT BHENAE L2, Mo/ Te V2 F L —% —
DOHRMTEE, 5%d, FITB%OHEETHENTS L
FHERTWE LY —HT, SAOKTHIX, EE

LD 7= OB THIES VT WA 2 &, Y HEU Ofi I,

BAEBR OB 5 BRERROBLHHTH L 2 LY H 12
XV, HEU ZH\V 7w CHE TR #EZ 2 fH LT Mo
R, NRITD ) REMRT 2 HROMmE v, R
FTH#ED LN TS, FRATE S NEFF2S LT R - T,
Mo/ Te DL MR D720 DB R &2 -, Hix
RPNz,

JE TR % R L 72 Mo B35 Cld, HEU % Jv 72 PMo
BEDHEL L TWE I ED S, BAILBICER T B

O E TR TR~ T > 235 (LEU, #8562 20% L) %
Moz 8EdsiREgsh, B, 7TvEryFy, F—2 b
I 7 CTEICREMNNCRESA TN Y L2hT, #
SRR T Mo & BT 2 f, BaRAERBOF NS
Mo A3 BEE X B A5, AR, S SREE O [ 4K RIBESE
Wy & i OMESREE O WAR RIBEREW S ER S b, 207
W, TS RIDFEERLAERI OREIIE KDY % it ik
ZLEE L, BAERLERS DORTHEIERT St TO
KRINSMEEEFTbI TS, Y LEU B D ®Mo # % H
FFFEZHHT A0, REHE”»S WL Sh, LEU %
AV BERITHRIOITHK L 35650 0nEEZ 65T
W5.Y =, IR LT, PMo ik & 4l
PSET Mo BET 2 (n, ) GHHENE, FDSE {HARE T
NN ORI o574 IMTR 2 A % &
DK - #EEICHS.Y IMTRTIE, EPEOEED
20% ZBWAET AFIMTH L. Lo L, BT EN s
BTN TEY, FERLERHBIL 20 HIREL S5
7o, AUEEAE CAER % 3l L Mo % LG 5 EIRNARH
REEEPDLE L INTW5,

T FUH L7 "Mo BE Tk, Bee 2 i TR G
BHEZ OIS, 22T, RBEEMET L4720, BE
TRELZUTICHERS. BT, O "TcoMEICELT,
(a) ""Te AT O, MORERION=FFE T V<O
AR E I PTe @ 0.010% UL T T, Mo @ S 5 B 1
P 3 0.015% LLF, & LT (b) ¥"Tc DERIE S~ DR
1395% BLE, THFMZZ S 2w, Y BRI, EEHN
DI DREGEEFE R LB TINHIE Y LR HE LA
WO T AERE L, IEFAHMOBIIL PR B, —F, @
PMo (F 7213 7" Tc) OBLEICE LT, (2) ENHEDO—E
AW 2 LBICEETE s L, ROEELNTD
D, T2, (b) P"Te DI HERS BAEE K OAERI ORE O
BlE2 O, RERIOAEB RV LN L LEETH L.
F 72, @"Mo ®HALHGTHEY 72 ) OBEMIRIE, #Tc LA
NOBMLEEL OWEDORPOEETHSH. TOMT, HiL
WBLEE DS, PMo DAL O BRHEFH RI & [FMIEIZ & 2 W Id A
WCBETE LI LI, EBHRIOIFRDOY X7 28T
% & I 2 OBEE A i Z 5 2 . >

2. MEFB[BEFIAL =P Mo/”"Te K

T gs 2 v T Mo F 7213 "Te & BiE Y 5 HFE IR,
1970 FACHIBED HATb N T E /2. JLHi 7z IcRE S
bOEED, BIEEF THRE SR Tw s E2MEEzZK 11
FF. 2 B (p) REBRF (@) ZHV, Mo(p, pr) Mo,
Mo (d, p2n) Mo, Mo (p, 2n) "™ Tc UL %5 DI FED T b
N7z, P #EHA BT % Mo (p, 2n) "Te UG L, *™Tc
P36 BRI O 9 & S 72 D B R B A IR E S R B A,
20MeVEEDK I ANF -G CTHETE LD THE
MRz fTbNl. TORE F o<zl 2w
72OBWICAECTEREMNE L CTELELY RIZT P TcD

REOHELS  ANEINE D S 502 TS & 5 PMo 5B RIAEE (SIS C 371
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T mr o R®E RS He Fiei

W
100M0 H “WMO(p,Zn) H 99"‘TC

%Mo ]—[”MO(M)J—[ %Mo J
23517 H BY(ng) H 9Mo ]

HRT#
(Pb,W)

238y H UGy H 9Mo
100Mo J—[“"’MO(M)H %Mo

[il%?]_[ R ]—@—[ 100Mo H‘"“MO(nln)H %Mo ]

1 ERERENTORNESRC X 2 Mo & 5 W i3 P Te ik iko bl

B
[ T (Ta W)

FE R TE 2 AT B Mo (p, 2n) P Te K IG B T A A7,
Mo (p, 2n) "™ Te & ) 3fERE VT &, P™Te DAL -3
4 HD*Te %0 Tc DIGHERN AR D 5 % BV 2 7280 D
[ Mo DFFELX 99.5% Ll LBl b D ELEE T 52
EDS, bholz. TOk, RIZERELEINI-Z 30
o720, BAEAF Y TN —TI3E L BEEZFTo T 5.7
—77, Mo ZAEKT BB, BT AVFE—FT L EET
BRSO THEE SN T2 BE L TR 5N b2
hYEf-%, LEUIZHS U TR ZEBUE U (n, fission) Mo
BEd %1 Mo (WIS & Mo (n, y) BUBDED D 5.
F72, BTMEIBRTHOLND 30~40 MeV REDOET % ¥
V&V (Ta) SIS L CAR S A B ES % Hv, K
R T ST LR 4 2 BOIG 22U (9, fission) Mo & Mo
O FE R AL I & Bk L TR T 2 R 9 % Mo (y, n)
FUNQE <ibr: P4

—J7, HEH S, Mo IR A B O R T % FR g
L T Mo % A $ 5 JUG {'Mo (n, 2n) *Mo: L&, (n, 2n)
LWERL 25, PMo D EIEICHENTH B L RO, HL
WELE L LTHIRE L2 0Y RRTIE, T oRIERIC
W, Mo DARL & P D4 BERE B % G0 72 FE B S
AR FBE 2 Bk RUE A DO W TR 5.

3. MEBPHEFEAVE Mo EEE Mo DI
HUtEE
(n,2n) ORI, "Mo 2 mdh T2 AT L TR 2

% i % O 5% O O SO Wi iAo H1- = OV F — A&7

HTHLZZENTEL (M23HE). Wb,

i) Mo ZAMT % (n,2n) KUGKIHEIRE, 1025 18 MeV
T, ETORIBHTRRTIN=VEEH S, 14
MeV FEJE O w128 Mo BRI HE R TH 5 Z &
MBbhb. FIBHiHOK AR08, KISOR
il & BHU BRI EL, RV AL F—
HWHICZORESEFRFLTVS., 200, VY
14 MeV OEFPETICZANTF =L ) 3H > TH,

372
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(n.2n)

wE H SR

~
=2
=
<
—
T

0.01

(n,*He)

0o 5 10 15 20
- R L — (MeV)

2 "OMo 12 HIE T Z BT L 72 BRI & B 4T 0 5L T A% KU 0 W T A
(n, 2n) BUGSKIHRIAT10~18 MeV TR EREZFHD. %8B, (n,ny) (LI
PEBRGELBUE T RUSAER L2V, (1, 3n), (n,p) KO (n, *He) FUSTlE, *Mo
(F58), =4 7100 ("Nb: M 38) KOV a = 297 (zr: 150
16.9 W) AR S 5.

20
18
16
14
12
10
8
6
4
2
0

2 3 456 7 8 910
J& X (cm)
X3 40 MeV DI T & RFEEER O UG TIE S NS T2 Mo kS

WS U TR 2 Mo DFRERIR L IE S T O MBS . BT ¥ — A
HINZE L EREN TS (REFEHOES 1 0.4cm).

HAE (em)

L'n.l&cb&:'ao—\ww.hm

Mo BIBICHMHIHTE %.

i) AEZRIZAKT 2 OCORTREIE, (n,21) @ 1/500
DTFTHY, RERICHDLEINLZ EEL, PMobh
5 OMTe 2 B T & B, PETIE 14 MeV BEED 7
W, RERIERICED LR TR IEE L %<,
i 100010 SRt o T F ST RE & 72 5.

Mo D ERRE, {(n, 2n) BOSWIRRL, (#5575l
L, T o BETRERT 2 LT "Moo iR o | 0 4 THD
BTH2bN5. BT, 14 MeV L O E TR O B b
FlzonTIE, BREGrHETILMESNTw5. Fibd
5 X 91, ML T 40 MeV FEEEI#E S 72 ER 1% X
VY)Y A, REFEFOBEMICEE T2 L, WHREETFETH
% BT O RIGIC & » TFEH 14 MeV O FPET-25, &
WIEEB T — 2 0#ETHINCRI S G, FE, K312
&, RECEBT GRE) & RFEO G TIES 5 I+
7%, F%’Eﬁ%ybw)zcmf&ﬁ JES NI, FaRKEW
Mo RIS L 23 A B S5 Mo DBREE (it

i) ROV B A %, féﬁfﬂ@;&%ﬁﬂﬁtaﬁﬂﬁﬁ%ﬁiwﬂ?t
MEERLTVD, MEOEW ModS, ETE—27
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MIZE S 4emBEFT THERINTWSL 2 L, B fER
JED Mo & 3 5 IO Mo iR L F L &
Bbhs.

LEZAT, kT 5EII240MeVT53I YT U RT
(mA) OERF % FeEEIIC RS LT, 8 10° Mok
FARERT BEHAT T v ADH = — VIFGEATICH 5. 10

ZIT, TORETFIRELY D &1 Mo DA R & FHI L 72,

Z DKL, 40 MeV E & RO UGS THR S b kT
DI AN F— AL TIZERE 2 v, ok
T & 10 & o BUSBIRIFE 122 W T id JENDL-4.0 (Japanese
Evaluated Nuclear Data Library: H 41~ & 300 SO I i &
BT AT — ol T o7 —5 774 0)"W
OFFIME 7 7z, T o ST R, B Mo 3R
OAEHE I & Y PO Mo DRFEZ ZE L T2 HM & L,
1Mo TR O T A B X 100% &2 IE L7z, R E R TIOR
3.9 I, 251 gD Mo ik & VT, BRETIEAS

T7179X27 LV (TBq) O Mo TE 5 (d=2cm).

BHE D Mo DEERIZHHESI TBq TH A DT, FFiH3
WP HEET % & LT, AEOFHERDIZIT 20% A5 1
BOMELRTHRTE L. L2AHT, RAKD' Mo fE1E R
139.6% &P T, B Mo RB 2 V505, (n, 2n)
BB 3542 SIS 72 D T Te WML IZE K S e e,
ZD7, WEAEEEIL 95% FBET L w.

LZAT, PTe SHUEERAIE LTKRRBEEND 20D
B REILEE 1, T 1 I Y Y v MV (ml) %720 0.74
FHRZLIV (GBq) THAEH. D0, P Tc BHAIHICH
BIRGINDETOMOBELERL T, WX -7 —
T Y™ Te A H R IS 0B 2 RO RE R E 1 37 GBg/miI DL E T
%. HEUZ B E LTREINS Mo D Mo 1g72) »
egttesmEE (LigaE) 12, e dbE ModikB e LTEZ
NTniRWZ & &, PUDBTYET IS 2552 BN
MREAT585 N =V TEFD H B Mo 1F 6% DEETEK S
52 L, BTHFNOBPETRENH NI LD, i
370(TBq)/(g Mo) & E\». E D 72®, 37GBg/ml Ll E o
OIS I TE T B, —J, U o5
DAL CBE S D PMo DI ETREIX, #4237 GBg/ (g Mo)
L, ED XS BITEET P O BETRERLE % 37 GBq/ml
VECT 2005 ThH D, T OFEMIINT, ke

1 Mo (n, 2n) Mo JUBIZ & % Mo DA (h kT RESHIZ 2 ARD).

R = St JBUHRE (TBq)
(em) (em) (® d=1cm d=2cm d=4cm
1 2 63 5.9 4.1 22
4 126 7.7 5.5 3.1
2 2 251 8.6 7.1 5.0
4 503 12.2 10.2 7.2
3 2 565 9.8 8.5 6.7
4 1,130 14.3 12.6 9.9

Bl : RN & Mo SR O BEEE. B L Mo iRB OB JEE
Mo B DIE S REHR Mo B O &L Bk (TBq) A S D
Mo ItED R (75 X7 L VO HAL).

HFETT Mo 4K L, EEE O T & 1455 4 Ofif%E
LTI T 5.

4. Mo DR & *"Tc DO BEFERIFT

JELF- TR DA% RIS FR TR MR C, PH(d, n) *He SUR T
Bohb~14MeV O T %, "MoO; RFHIHRE L T
PMo FARL L7z, S 7 Mo # & & RIBHE % Ge iR
HWETH v <z ille L7 (K4(). PMo(181 keV)
T O™ (141 keV) D F ¥ < AR L, Mo (n, 0)”Zr X
JBTHAR SIS 77 CERMIE 16.9KER) K O Zr @ ji 3
THEREN PO = F 797 ("Nb: F-IE 1.2 B i) @
BIZ X 20 <P E N TS, TRHEAERIO
AL, BB X 912 Mo @ 0.2% (1/500) LT TH %
kB, WEHRHEE RPET OIS TIE, JENDL-4.0 12 X v
FICRFEBFEORERK L AR ST, FEEERIZBI
INThZiwn,

eI BE DRV Mo A2 & 37 GBg/ml DL b o gt e i B
RO T AT A BRI L LT, B,
ra< s 7o 7ERCREEFHREESNTE Y Zoh
THAIE, 1980 ERICH=A T Y TRNYAY =D
T, Mo (n, y) Mo FUG T 8L & 72 K I B g Rk o
Mo H 5 RS EL L 72 P Te 2 IR L 22 R & FE o A E
WM L7, 20K iEE MoOs & Te,0; D F-He i 1 A7,
T0BEL 310 L KRES B AR Z L 2HM Lk Tfbs
BRE2EELWZORMBAAY AT, Lird KRR
JECHHERE AT 2 5 HICH D 5. T, KRET
A TRRFEO TN —"T05, JEFHTHEE L 7B e EE A
14.8 GBq/ (g Mo) ® *Mo % M\, 18.5 GBg/ml ® *™Tc %
BB EIEHL TS, WY

a
( )106 .

105 —
Lot | v
S 0 WL . h
g 103 (s R
O 102 "‘WMMJ‘\ w a1

100 4

0 100 200 300 400 500 600 700 800 900 1000
y-ray Energy (keV)
(b)

100

10° 2

Z o

=

=103 )

< 7

O 102 i
10! i

100

]

Iy

TR I

<o

[ WHESEEY
0 100 200 300 400 500 600 700 800 900 1000
y-ray Energy (keV)

4 (a) W E N7 Mo 2 & RIOFFHEEBRFTIME L2 H ¥ AR
7. AP, O Mo, A:?Nb, v:Zr, B: ¥ LE—2 (141 +181

keV, 141+729keV, 141+778keV OF). (b) H-IEFEERE D F ¥ <A~

7 PV, P"Te D 141 keV Y RO ABII STV 5.
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T 7 TA R L 72 Mo 722 & P Te % 458 5 720
AP REL, AEEBREIT- 72 B L7227 e
ECREMEWE O v < #E GeligR Tl e L 7™ Te ©
WA EE 2 X7z (K4 (b)), 141 keV (2P Te D
URMDSBEE R 2 BT, AHEFEHHNBIN S Twiz
Mo, ”Zr S O 'Nb S O AW RIOF 51, 0.01% LT
Hot T, HEETHBINLZ"TEHWT, BV
VFEBEWMICHHENRT VB AF L Y VK AR VBER
(MDP) |24 B AL 47 - 72, “™Tc-MDP 1, *"Tc %
W72 W T50% L LoF AR S 5. BRkRIE, Y
ANV g b 7T 73 THE L72As, 99% PL RO
WEREAESNA Y MEX Y, HERETHE ST
VTR O BRSNS B R R T2 L Tw
b Z LR ENT.

5. EREEMRBIPMFOERETOMNZCTIN
R2E
T& 52T RGO B Mo & KEICERT 51213,
14 MeV BE D EHREDOHFMEFDLETH L. 14 MeV HIE

T1Z, 300 keV REOER T ZHAKEKICHE L THE ORI,

R G T e M TR R R SSF IC RAEFIH S T 5.
JELT- 0 Bl o Bl A M T IR MRS, R 3 x 10l o
PRI BRI O 14 MeV i PET- % 58253 2 Il BR 4% 30 453k
GEICHEMLTnD. —J, 40MeVT5I YT yR7T
(mA) OEBT- %2 MHE T 2 BRSNS B L, #
105D X Y EIRED 14 MeV T2 KK U ICHEST L
THE SN LA ORFEE VT, Rz 17
AT AS, 75 Y ADH = — VENIFIEHT THEA TV,
40 MeV 5 mA O E T3 R FENIZ200F 27 v b (kW)
DEMEG 251D ZFOMBIEETH L. H=— VEIL
WIRPTED 7V — 7%, RFEBEH OB I AET A
M E Z, 200kW D87 — 120t 2 S B i FIEN R %
e TH 5. Y

AN A S O R TIC X B RIBEERE, 4%
O Mo %5 [ R1 DL R & A SE O HEAEIZ % KD
BHHk2S, ZLCERMBRBESMAETE 2 LVWHETH
5. FEHLIZE, #HenlcTa by A ToEE R EE L
REEEEZ LV RO T ZEDPEETH L. —F, AR
FEEITR D WIIE E — A O BRI AV 7= F2e B 56
X, ROMBTHL. 2T, L, IMEEHEAT OB
REHERMEEL R E 2, B3, 40 MeV 2 mA OVERE
FoBmBNEMNAVFY A 70 ba v 28R+ 58 %E%
FoTws.9 4270 b0 T2mADEREY — L%
ML I &I 72D HEMOER T % IE S %510 T
H5b.

6. IRBPMFICLIEERAZE R ORLE
I AR RIS E D Mo DAL D RINDIEHIZOWT b
it TH <. ERARIZEZNORER DL WAETOY

374
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DEWIEBRELE LTHAH SR TWS. EE, 41y b)Y
290 (O P8I 66 BRI o ftiN— & B AEL) % ek
Sk, Y A B ek 2.28 MeV DR — & 1A% AN
FEIEEHL I EDSEMY YNE (MEAA) BB
b s Twa, Oy, W ORERE T4 O RIS
o 2 v a v F 7 290 (OSr: Pk 28 5 4E) A S 4
BRHLTHESN, BPEZIOYYZMALTWS, L
L, WiAICEHES 2720 ORSTiERESET L, =
WBALRE IR EER R U2 A DY, HilEe Y 2 F
NTwa, (B, Y IIHAR— & B TF v < AT
Ehiwv, 200, Y LARNEESHLLESbhTn
50D Mn B BEAT OGS L, ZoEH
2 LY OFRGREROTVDS). T2, BETRUH
¥7 v 318 (F: B0 1.8 e [H) o BiEEIC X B BT
WA <R ERBT AREY b Y EEE (PET) &, A
Ml Ze & OBHEIBOERFERILILCHH IR TnS. £
OB &R E 2, VRIS ZRTREH OIS, "F X
D B OBE RIS REICDZ DRSO TV S,
Z LT, BEFHERA 19% D 64 (“Cu: 381 13 H#H)
MBELZPET HORI E s Twb. “Cudiigig,
INFTOMRDORER, “Ni(p, n)*Cu ISAHRMEE Sh
TWwh, MR THOND 15 MeVEEDH T E— 24
THETEDFEAD %A, RO “Ni O RIRFEFEILD
09% &A%\ b dH D, W7k KueiiELo I
FEENTWAS.

LIAT, RIZHAWZIHHTIE, WEIBIC RIERE S A
FERMLTVD I LEMERLODEHEIT) ODPEETH .
67 (Cu: P 62 BRI 1X, N— &b T 0y &R
GO NR—=FHE T BB ERFTHRIE S NG, X—=FHoO
I AV F—130.58 MeV (20%), 0.48 MeV (35%), 0.40 MeV
(45%) TP 0.14MeV TH 5. ZD720KP DIRIE LT
Bo2mmA SRS mmBETH L. (%) 1TX—F ED
L. F 7 OREE 47% TINS5 185 keV v <t
HYIAATIZE)HEETHRBENS., s 0fED
72D W I/NE DA D W TEW Lo DWBREIITR S
RIELTHLTWS., 20720 "CuDEHEAMICIZKE
BRSPS NTEY, KEICEHED “Cu 2 BiET 5
WFERRARAETLNTE . TCuldFEFH 2 H V72354,
7T v OBGRIGTIREETEY, S PTICL S
zn(n, p)'Cu BUSHZE S Nz, —T7, ke X 2058
birbh, HIRTE, BT A VF =BT (50~200 MeV) |2
£ % %z2n(p, 2p)"Cu B & % 2 HNTwb. Lal,
ZOAERRITTHINLFE CREZZT T, 54440 TBq)
B0 KR W0, “CuZ W R&DWFED T 3
LORVIKETH Y, FrLVEELRORBIFN TN,

T2 ix, Mo LA O BEHEH RIICDO W T O ERt i )
LT, "YIZ2oW T "Zr(n, p) Y KIS T4 %m0 Y
MERTELZEZRLEY F2 “Cu L Cud
T BEDE LT, “Znln, p)®Cu, “Zn(n, p)Cu, KO
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S7n(n,x) "Cu IS Z IR L, S5O BHAFERIZE S h
TWAED b XD LR THREEREMED X ) &V RIA
ETELZ AW SMIL7 7 (TCu ik o
D7 3045). BUE, JEFIREREIE R T AU R
A RS AR V — 7T, RS TR L 72 “Cu,
TCu J OY DAL EE - RS - BB SEI T TH .

7. FEHEEE
FREEORIIZN & BENOREID L IRERICEE
FHEARIE, ZOLLPBHORIchrnrd, &
ER RIMFERT 2 LT 2 L PREEORETH 2.
HAE, BESZWTE HWHNTW S T ® Bk “Mo
DORFEDS, I ORFZERE T-IH O RRAEAIC X 2 BT
TR >TnBH I L, FREEMRIVEIN TS S
EMD, TNOHEFHARIZEHMECTREICHEET L Hik
DHEPF N TS, RFIZE T, MUMEER TR SR
B 125" Mo & & Y, #Cu, CuZE D BRI RIZE
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Generation of Medical Radioisotopes Using Accelerator
Neutrons

Yasuki Nagai and Kazuyuki Hashimoto

abstract: In Japan, about 0.9 million diagnostic procedures are carried
out using *™Tc, the daughter nuclide of *’Mo with a half-life of 66 h,
separated from “’Mo; all “Mo radioisotopes are imported. Most of
%Mo has been produced by the fission reaction of highly enriched **°U
in research reactors in the world. However, a number of incidents of
the reactors caused the shortage of Mo worldwide, which triggered
widespread discussions on the reliable supply of *’Mo. We proposed a
new route to produce a large quantity of high quality *’Mo using fast

neutrons from an accelerator.
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QED Calculation of Lepton Anomalous Magnetic Moments
Tatsumi Aoyama, Masashi Hayakawa, Toichiro Kinoshita
and Makiko Nio

abstract: The anomalous magnetic moment g —2 of lepton is one of
the most closely studied quantities in particle physics. The electron
g —2 has played the central role in testing the validity of quantum elec-
trodynamics (QED). The notable discrepancy observed between the
measurement and the theoretical prediction of the muon g —2 may lead
to a possible new physics beyond the standard model. Recent updates
in the QED contribution involving the complete determination of the
tenth-order correction in the perturbation theory provides further im-
provements in the precision tests. Our numerical approach toward these

problems is described.
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Realization of the SU (V) Hubbard Model in Ultracold
Atoms in an Optical Lattice

Shintaro Taie and Yoshiro Takahashi

abstract:  Ultracold atoms in periodic potentials created by optical lat-
tices have been actively investigated as a new research field of con-
densed matter physics, for their cleanness, high controllability, and
novel measurement schemes. The advance in cooling technique enabled
to load more and more atomic species into optical lattices, and experi-
ments have been rapidly diversified. Here, we introduce the realization
of the SU(N) Hubbard model, which is obtained by extending, using

alkaline-earth-like atoms in optical lattices.
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BEC-BCS-LASER Crossover Theory in Exciton-Polariton
Systems

Makoto Yamaguchi and Tetsuo Ogawa

abstract: We have constructed a comprehensive theory that can de-
scribe equilibrium and highly non-equilibrium phases in a unified way
in exciton-polariton systems. Based on this framework, experiments
ranging from Bose-Einstein condensation to lasing are successfully
explained. We believe that these findings become a milestone for future
fundamental studies of nonequilibrium statistical physics as well as

optical physics.
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