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TR OBEEE (330) : Orthogonality condition model calculation of 4 alpha clusters was
performed for 0+ states of 160. The 6th 0+ state was predicted as a 4 alpha Bose condensed
state. Reproduction of data was good. GCM calculation with 4 alpha THSR wave functions
incorporating resonance boundary condition also yielded 4 alpha Bose condensed state
which has good correspondence with OCM result. Explanation was made about the large
monopole strength between cluster-gas states and ground state. .

SRR ERR
(SRR : 1)
B e R Bk
2007 4E 1, 200, 000 360, 000 1, 530, 000
2008 4FJE 1, 100, 000 330, 000 1, 430, 000
2009 FJE 1, 100, 000 330, 000 1, 430, 000
L
I
woEt 3, 400, 000 1, 020, 000 4, 390, 000
T RO E ST

Bt o558 - E - WBEY « BRI - R - TR - T
1. AFZEBRAE 4 FI D 5

30 F-LL ELARTICAFZERERE 1L 12C BEDH
2 ® 07 iKHE (Hoyle fRHE) 233 DD a2 7 A
B —DHAIRIRRETH D Z L& Ao,
ZDOHD 1970 D7 T A X —ERIFSE L
O RfEE T LTZ, 2000 4FEICE > T
FEIX, EOTAWIRIEILEIZX 3 DD o fiL

T DR — REERIRE 2B EE2H T 5 &
D EEEANERICEE L7, Hoyle RAE
LISt 12C oM bR, £7- 11B T
D2 a+ tDOFAWRAEEDOWFILLEAT
VN2, BT 160 B D FEBRAIIFTEDS 4 o BEREIK
RBE RO THED LN TH -7,




2. WO HBY

JR B ORI BRI I W BE O B 72 A5
T TH D0, AUFEEHEXZ OMAIH 72
HRE LT HATRS T TR —H
ADIRREDIF TR % 7R E LTz, 10 ADIRRE
IZFDOE W= RV — D= DI in
TGRSR TH DN, 7T AKX — « TADIR
RE LAV = R L F — ([CHLH L R
RSB OB TH D, (NEOMIEE LT
1% 160 £ D 4 o RIEDAIZE D AR 21TV,
Z O TITHEREDE R SLME L IEL L
W5, £7-13CIcHBIT5H3 a+nDH A
Bt E LIRS 5,

3. WD I

4 a DEAZSMRRNC X 5 4 (KR 2 iR
WT 12C+ a tEEIREOHHELED T4 a W
ZARREZ MR CRFGE T 5, i, 5
EITARB 7272 & LT 4 o @ THSR JEHEE
BIHE SR BT O, o, BREDEE
RGN Z IELI2H 5 7= DI fREZOBRH
L7- MERE X 3L7= ACCC V) & AW T-HF9e %
179, BT, BEOHEEZPERR L TN ERE D
PN XD 1 IRBEETH O = R e %
PR L7-TE CRIBES® T, R—XEEOES
WEHAET S,

4. WF7ERE

(1) 4 a ODERFEMEFA (0CM) 2L 5 4
IR % N C ORIRFE 2 S 371328 L 72, Jib
T R —3 15MeV 1T D 6 F H D 0+F T
D 6 EHD 0HIRIENFEER D 6 ff5 IR D Fhk
F—H R FRTAZENRENTZ, 2E
PABcAE O FLEOIRRE, 12C+ a2 FF> 2
EDRHLNTWAS 2FHE, SHEHOREDS,
FOEET SR I N, Fio, 4FB &
5% H D 0+IRAEN 120+ a2 > L &
WO THEME - 5 L7z, 63F B D 0HIRRED 4
a DR — REHEIRBED RS & 60%1F X Ete
WEETHD Z ERHE/RRELE LTI,
FhpT — X —&2THBL, BElcmshTn
HWENIEEEZFHH L2 ETD 4 o HAIRTE
DETETEThH DD TEDEFMEITE .,

(2) 4 a® THSR HENBIELZ AV TR
AR DOY A R e XT R —H — G R A
&9 % Hill-Wheeler JRESXZfRV=, 4>
D OHREEZ G20, 4FB O 0+RIEIX TIE
EXI7- ACCC 15 12X - CHIEIRREDBE R
Sk A IE UL $o TEHE Lz, 10 4ERT O
TIEHEREORERASUEEZ R D> 72D
T4FHD OHIREEZHFL Z LK) -
bDTHD, BoN-4FAO 0+HIRHEIT
4 DT AR 7278 — R U K e O PERS 23
D 3EDOIREIZLLRTHEETHH-> T, 4adD
H A 7 TN — REEHE R RE D AFTE % 58 < CFRF
THRERE RS TND, ZTD4FHD 0HIKHEE

X T4 0CM) TO6FEHD OHRIEICHIIS L
THEY, LERSsTEBRMICBI I TN
6 FB D OHREIZHINT DD & Al D,

(3) FEOREL LTH LB
RN — REERE I BN DR & EHE L 0 E
ATAHLTWA2NE 1R EFTH O [E A il
DREIDLHAEIND, Z0O 1 IKEETS
ILE O ERE 2 R L CNEREEAE ST &
THESINDZ LD TH D, WEEELE LT
Yo EENAWSNDEENE - T8,
NI ERE & U CRIDEEREZ WD L&D
NAEEATHIN Y A CEIEIZL DD LR
RHDOT, YabvEEE AW TE LN EE
THNEI—EBENR LD TlH R nWET 5 EED
MXBARERINTZV L L, ZOXI RS
TR ET R ERE LD, LIKEETS
D JEFE\ZBLAZ T 5 JEAE AN N EEAE & L TR
HEhsR&ETho T, TOHAIFELND
BEITANT BN L 220 . T o BEE
WCEVHESNDBETINCE LN L&
AALI-DOTH D,

(4) 7T RH— « T AWIRIREDIITIC &
> CHERERBIHEITEEIRENOOE
S HBGER OE THh D, Z OIEEIT 12C
D Hoyle WHEDHEAITIZIREVEZEH - T
TIEFOHEMERREIZEOREIND
%o £72 160 TO6FHD 0HIREBOSHE D 1
EfmEREDOREINDDH, FIZEZDHZ
L. 160 OFHEIRAET 12C+ o HE1E A FFD
REED HAERME ORI EM™ S K& T1
i OHEBEBREREDORE ENH D, 7
T AL —EIE R KRBT D BB Shell
Model DF/RTIXZHILF—2FLOEUL O E)
B oERHHOETHLHDOT, EEREND
7 T A —IREE~O HFAGRIELTRE N 1 1
MEREOREIEAFTIZ LT —ALE
EZATIEHARAMETH D, ZOkEfRE N
THIREZEELER Lz, ZOMROEER
BRI R ERAE O B B S D MR 0 2 FEME
ThHbd, ZD2E ML Bayman—Bohr FELE L
TUURINSHMOENTWD H DT, SUC3)
RO ENBIEIT 7 T A & — R o i B B 5K
DETHRFFICEKHATEDLENHIHLDOTH
b, TOFEEEHNDE, 7T AX—IRE~
O HAREI R (X R ICNTET D 7 T A X
—FIXHEBHHEORME WD 2 ERD
DThD,

(5) 3 a+n OFHEAEEEIEE OMHE D
FwiTo72, 3 aDIRAEL LT 12C DR
REICKHIN T AR EZBRA LG A L
Hoyle JRAEIZXIIGT 2 BB DA % Lhig
L7z, FEECREEDOLG AT 235 Tk
SWNPIE D TR LF =KL TH, ¥
BIE E OUTHEBELAN TIX Pauli-Blocking @



2O PIERSHE LY b= F— K< A
5o EEIRIEDO DV IZ Hoyle JRAEZERH L
TH, PHETHRESFTIEISER PR LY = x
NF—=MELS TH, BRI E O RBELIAN
ClZ Pauli-Blocking M7= P &2 S i KL
DL R NVF—DEL 25D ERHAL
WS N, T OFERE R X S A
Hoyle JRAET & SMEE HR 12 %t 9 D SOkt R
(LD F T FE IR BE & A R 7 D D X
KL DRI & AR L TWA,

(6) 7T ARH—« HAWRIREE, &0 bIT
A — X EBFERBEIZ DWW TO I E TOHF
DV 2—%RiFNER LI, ZOPTHE
A EEBDONAHEA ZEHY EFTEOMEH
AT o 17, Pl Z TR — RUEEHE R 7 R AE oD AR B
EWIXmWRET 2L X —ThoICbb b
TR LTREL D LiF ez il n
P L7z,

5. ERFEERIE
(WFFeE . WRge oy 4a3E M ORI S22
=Y

UdEssams0) (Bt 10 )
M Y. Funaki, H.Horiuchi, W.von Oertzen,
G. Roepke, P.Schuck, A.Tohsaki, T.Yamada,

[ Concepts of nuclear alpha—particle
condensation|. Physical Review C, &t A .
80 %, 2009, pp. 064326,1 — 14.
@ T.Yamada, Y. Funaki, H. Horiuchi,
G. Roepke, P.Schuck, A.Tohsaki. [Internal
One—Particle Density Matrix for Bose
Einstein Condensates with Finite Number of
Particles in a Harmonic Potential Field],
Physical Review C. #FtH. 79 #&. 2009,
pp. 054314,1 - 11.
® T.Yamada, Y.Funaki, H.Horiuchi, K.
Tkeda, A.Tohsaki, [Monopole excitation to
cluster states]. Progress of Theoretical
Physics, & #iA . 120 2, 2008, pp. 1139-1167.
@ T.Yamada, Y. Funaki, H. Horiuchi,
G. Roepke, P.Schuck, A. Tohsaki. [Criterion
for Bose-Einstein condensation in traps
and self-bound systems]. Physical Review
A, EFA. 78 &, 2008, pp. 035603-035606.
® Y. Funaki, T. Yamada, H. Horiuchi,
G. Roepke, P. Schuck, A. Tohsaki .

[ Alpha—particle condensation in 160
studied with a full four-body OCM
calculation]., Physical Review Letters.
A . 101 %, 2008, pp. 082502-082505.
® Y.Funaki, H. Horiuchi, G. Roepke,
P. Schuck, A. Tohsaki, T. Yamada .

[ Density—induced suppression of the
alpha—particle condensate in nuclear
matter and the structure of alpha—-cluster

states in nuclei], Physical Review C, %t
A, 774, 2008, pp. 064312,1 — 6.

@ Y. Taniguchi, M. Kimura,
Y. Kanada—En’ yo, H.Horiuchi., [Clustering
and triaxial deformations of 40Ca | .
Physical Review C,

BEeA. 76 &, 2007, pp. 044317,1 - 10.
(®T. Wakasa, E.Thara, K.Fujita, Y.Funaki,
K. Hatanaka, H.Horiuchi, M. Itoh, J.Kamiya,
G. Roepke, H. Sakaguchi, N. Sakamoto,
Y. Sakemi, P. Schuck, Y. Shimizu,
M. Takashina, S.Terashima, A.Tohsaki,

M. Uchida, H.P.Yoshida, and M.Yosoi. [New
candidate for an alpha cluster condensed
state in 160(alpha, alpha’) at 400 MeV].
Physics Letters B, &t . 6352, 2007,
pp. 173 - 177.

® Y. Funaki, H. Horiuchi, G. Roepke,
P. Schuck, A.Tohsaki, T.Yamada . [ Alpha
particle condensation in nuclear systems].
Nuclear Physics News, & &i A . 17 %, 2007,
pp. 11 - 18.

s G 19 4F)
O FRARERS CBREE) . THEROSRMEEZIRY
ATz 160 12815 4 afEfikiE~DT 7
n—F] BAYHEERYE 65 FIFES. 2010
3 H 20 H, RMILKRFPHEEF ¥ /R,
©@  HRFEEL CBREE) . (3 a) —aRD
AEIEZE ). B AR5 65 ML,
2010 4 3 J3 20 H R lLRZHH v /8 A,
®  Y.Funaki (E¥EZ). TAlpha particle
clustering in nuclei and 4-alpha particle
condensation in 160], 12th International
Conference on Nuclear Reaction Mechanisms
. June 16, 2009, Varenna, Italy.
@  H.Horiuchi. [Structure change from
shell-mode-1like ground state to cluster
states], 12th International Conference on
Nuclear Reaction Mechanisms, June 18, 2009,
Varenna, Italy.
® REFEEsL CBIEFE) . IR T V7 7
M BB DM ) . H AR B0 64 [R14F
2, 2009 4= 3 A 28 A, MEKE,
®IHEZRE— FHEE), BV IT5E
JR— VB E T T A ], BARYE
R 64 [AAES, 2009 4F 3 A 28 A, SL#
KFo
(@  Y.Funaki (¥3#E¥). [lAlpha-cluster
states and 4 alpha—particle Bose
condensate in 160, KGU Yokohama Autumn
School of Nuclear Physics, October 9, 2008,
Kanto Gakuin University, Yokohama.
A. Tohsaki (& # %) . [Microscopic
wavefunction of alpha condensation]. KGU
Yokohama Autumn School of Nuclear Physics,
October 9, 2008, Kanto Gakuin University,



Yokohama. T

©  T.Yamada (CB37%). [Alpha clustering HiIFE4E A B -
and monopole strengths in light nuclei], ENA DR
KGU Yokohama Autumn School of Nuclear
Physics. October 9, 2008. Kanto Gakuin OFAIRM. o)
University, Yokohama.
Y. Funaki (&#§7 ). [Alpha-particle PN

condensed state in 160J. Franco—Japanese FEIHA -
Symposium  “New Paradigms in Nuclear MERIZE -
Physics” . October 1, 2008, Paris, France. YA

@  HRHESL CBIERE) . HEIRRHEIC K D8 F
T 7T 7 EEREIRRER OMFFE ). H AN ISEAH -

P4 2008 HEFKFE RS, 2008 4 9 H 20 A, EWNs DR -
I EF NN =P E S P -3
@ MRARERS CBHEE) . [ o BEEERL, EA (# Dfth)

SAERERL 2 N 160 D 4 o EEFEIRAESR D R bl
72 ). HARMELS2: 2008 £ K FE K2, 2008

9 H 20 B, WERFPHEIF Y /3R, 6. WFITHLAK

@ Y.Funaki (BJE#). lPresent status of () WFzefi R

alpha—particle condensate states in self W M (HORTUCHI HISASHI)
—conjugate 4n nuclei |. Workshop on the KRR - et o % — - BRI S
status of art in nuclear cluster physics, WrseE&=: 60027349

May 14, 2008, Strasbourg, France.
@  MAERS CBREEFE) ., 1160 ICHB1T 5 4 « (2) B g2y

7T AN —EEEIRRE . B AMESEEE 63 0] ()
F4 2008 4 3 H 23 H., IS RFARE X v
INA, 7o =
© SR CRHEE) . (7T 7 R R R
FI. RAYEERY 63 [HER, 2008 4 3 3) S HE T 7

A 23 H. SRR F v L, ( )L%ﬁﬂ%( )
HRREGL CBIEH) . [TV 7 7 ke &
TOMEMEA I, HAYEERE 62 [H4ES, m———
2007 4E 9 A 21 B, dbifEE KL S v o3 AEET

Ao

@ fRASERS OB . 1160 O phEkigIC
Bid 7 7 A% —MiEl, AARYEFEE 62
[E4E2, 2007 429 A 21 B, AbifEE K F2ALIR
¥y NA,

H.Horiuchi . [ Outlook and future
perspectives|. 9th International Cluster
Conference, September 7, 2007, Stratford
upon Avon, England.

Y. Funaki (3 # ). [Alpha cluster
states and 4 alpha—particle Bose
condensates in 160 |. 9th International
Cluster Conference. September 4, 2007,
Stratford upon Avon, England.

(XF] GFo )

(7 2 PEKE)
ORI (G0 )

L
HE
MR
TR







