w Y ‘TP

[ ] YUKAWA INSTITUTE FOR
THEORETICAL PHYSICS

[DS AT — - ST )i S DERIADIER |

REPRFEREMEFHRR RE B

itagaki@yukawa.kyoto-u.ac.jp

2021512H9H
[ZDICEDVWEREFREDOBEERIG] REBBRXFEREYIIBFEIHICAR



Content

m (> NOYOS 3>

m VS RY— - > IT)RaDasabldF]

(PAIRE> « =F2>7)

m Vo RSY— - ST)LEBEEORIOIOFRE -

(EBEADIHH)

J_ (]




Content

m (> NOSYOS 3>

m VS RY— - > IT)RaDasabldF]

(PAIRE> « =F2>7)

m Vo RSY— - ST)LEBEEORIOIOFRE -

(EBEADIHH)

J_ (]




m > T)iEE
m Vo AAY—IEE




“The Birth of Venus”
by Sandro Botticelli

— |

m > T)iEE
m Vo AAY—IEE




“The Birth of Venus”
by Sandro Botticelli

¥

m > T)IEE:
TNTNDKFD—HFEH) go0d |

H J 1= I
i D — el M
e e et 3p3n Usp
10 e O o
SR =i G —_— 1, 2,
j—
lhll
s T N L _— od
% 20 S — 12;’5/3
= 3710) m—— 2,,9’,
@ . '"‘."'--‘—--x;:::‘.iiiii:.__ ?;lfi
) swensieT s
Lﬁ 30 WS @ in
2hm ( :)
""""""" —— e e 281 1
e e— da
-a lds;
1w
A= — 151111001 — P11
® "
0ho teeseusssensn . SN eosesscscanes e “.m
5oL HO WS WS+LS




m > T)iES:
TNENDIXRFD—RITEE)
m Vo RAY—IEE
‘Hel3mE < RAEL TH D (B.E. 28.3 MeV),

RFLHFCTEDRED DD
-> “He[@l TMHXTDEEVER (FEEERYSH

“Haystacks” by
Claude Monet




spatial part of the single particle wave function
expl-v (r - R)Z2]

Locally shifted Gaussian form

R: Gaussian center parameter

“simple a cluster’: 4 nucleons share same R
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m Central
v(r), V(r)(0, * O5), V(F)(Ty * Ty), V(r)(Oy * O,)(T, * Ty)

m ZERIERD N Rank 10DIEE
( b—%2 LS [CEEXTFR)
v(r)(o,+0,) - L FER T

S=1h\E

m ZERAERD M Rank 2ADIEFIL ]

(h—2) LIS B

S, = 3(0,1)(0,1)/12 — (6,°0))

Tensor operator
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spatial part of the single particle wave function
expl-v (r - R)?]
spin-orbit interaction: l*s = (rxp)e+s

<r > - Gaussian center parameter R
<p > > zero, if R is real




spatial part of the single particle wave function
expl-v (r - R)?]
spin-orbit interaction: l*s = (rxp)e+s

<r > - Gaussian center parameter R
< p > =2 imaginary part of R

(rxp)es=(sxr)p
R 2> R+iA (e _spin xR)

a cluster =2 quasi cluster
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Z axis
R 2> R+iA(e_spin X R)

Y axis

quasi cluster

X axis
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One-body spin-orbit operator Z LS,
i=0

12C

4_
| mﬂl fim

p3/2: j=3/2, 1=1, s=1/2,
21*%s =(j(j+1) - 1(0+1) - s(s+1) )/2
= (15/4-2-3/4)/2=1/2

1 |

(S1/2)*(P3/2)°

0 0.5 1
A

body LS

one-—
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Akihiro Tohsaki, Phys. Rev. C 49, 1814 (1994,
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In collaboration with E. Hiyama

Energy (O*)  One-body LS
AN=0 -86.82 0.00

12
C optimal A -90.41 1.86




12C

13
e

AN=0
optimal A

AN=0
optimal A

In collaboration with E. Hiyama

Energy (O*)  One-body LS

-86.82 0.00
-90.41 1.86
Energy (1/2%) One-body LS
-93.46 0.00
-98.93 2.37



In collaboration with E. Hiyama

Energy (OY)  One-body LS

AN=0 -86.82 0.00
12C
optimal A -90.41 1.86
Energy (1/2%) One-body LS
A~ optimal A -98.93 2.37
Energy (O")  One-body LS
140 AN=0 -103.32 0.00
AN

optimal A -110.68 2.69
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Physics Letters B 817 (2021) 136283

Contents lists available at ScienceDirect

Physics Letters B

wwaw_elsevier. comfle cate/physleth

First experimental determination of the radiative-decay probability of
the 37 state in 12¢ for estimating the triple alpha reaction rate in high
temperature environments

Gheck for
updates

M. Tsumura **:!, T. Kawabata ", Y. Takahashi %, S. Adachi®, H. Akimune ¢, S. Ashikaga?,

T. Baba ?, Y. Fujikawa ?, H. Fujimura 9, H. Fujioka®, T. Furunob, T. Hashimoto I T.Harada?,
M. Ichikawa ?, K. Inaba ?, Y. Ishii %, N. Itagaki", M. Itoh®, C. lwamoto!, N. Kobayashi ¥,

A. Koshikawa 2, S. Kubono &, Y. Maeda ™, Y. Matsuda 3, S. Matsumoto ?, K. Miki %,

T. Morimoto?, M. Murata ¥, T. Nanamura ?, I. Ou?, S. Sakaguchi P, A. Sakaue &7,

M. Sferrazza 9, K.N. Suzuki?, T. Takeda ¢, A. Tamii ¥, K. Watanabe ?, Y.N. Watanabe?,

H.P. Yoshida ¥, ]. Zenihiro?

M. Tsumura et al. Phys. Lett. B817 136283 (2021)




Sp=15.95668 MeV

4+ iﬁﬁﬂﬂlﬂﬂ?g 272 KeV o= 100 %
{5+!q_! ﬁ'_.. ?+] AL LT R 124':":. .....................................

1- 10847 273 KeV @ =100% - -~ - -
3- 9641 46 KeV a = 100 %, IT < 4.1E-5 % - -

0+ ; 7654.159. 3 eV IT: 4.16E-2 %, a = 100 %- -

https://www.nndc.bnl.gov/nudat3/



[rad /Tior (pPresent .37 x 10°° (2.6+0.7) x 102

[rad/Tiot (previous) [25] < 8_.2 x 1077 (95%C.L.) (2.21 £0.07) = 10~
Ftot (6V) [25] (46 +3) x 10° 0.40 4+ 0.05

M. Tsumura et al. Phys. Lett. B817 136283 (2021)




E(2*)=4.4398221 MeV

x( )=9 6415 MeV

( T)( ground 1)_ (E)\ l) (2Jex+1)
[=8m[ (A1) / N2A+1)I12] [ E, / hic |21 e? B(E A|)
[(E1, 3 2 2%) (meV) =
1.4732 x 10> x B(E1l |) (e?fm?)
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Small mixing of T=1 components (~103)
due to the Coulomb interaction judging from T2

Naoyuki Itagaki and Tomoya Naito Phys. Rev. C 103 044303 (2021)
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Positions of N = n or p, 25 states generated using random
numbers proportional to = exp[ - r? / 62], 6 = 1 fm,

(we use same random numbers for p and n to guarantee
he room for isoscalar configurations)




2CB(E1]) Sz=0

R (fm) 1 1 1 2 2 2 3 3 3
0 n/4 2n/4 3n/4 n/4 2n/4  3n/4 n/4 2n/4 3n/4

2" -81.1 -84.3 -815 -88.3 -89.7 -89 -833 -869 -835
(MeV)

3 -714.2 -714.0 -74.8 -80.5
(MeV)

B(E1l|]) 114 461 285 184 121 899 109 196 1.45
(e2fm?) x 107 x107 x107 x108® x107 x107 x107 x10°% x10°

80.5 -80.5 -80.0 -80.2 -80.5




R (fm) 1 1
0 n/4 2n/4
27 -53.8 -b5.3
(MeV)
3 -50.0 -52.0
(MeV)
B(E1]) 5.04 2.43

(e2fm2) x 103 x 103

12C B(E1])

1 2
3n/4 n/4
-54.3 -60.0
-51.6 -53.4
3.09 7.63
x 103 x 10°

2
21/4
-62.0

-54.5

3.17
x 103

2
3n/4
-58.9

-54.3

8.69
x 105

Sz=1

3 3
n/4 21/4
-50.9 -57.0

-49.0 -50.4

2.97
x 104

1.81
x 103

3
3n/4
-52.3

-51.7

1.10
x 103
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SCIENTIFIC REP{X;}RTS

OFEN First experimental proof of
Proton Boron Capture Therapy
(PBCT) to enhance protontherapy
e, effectiveness

Accepted: 27 December 2017

Published online: 18 January 2018 G.A.P.Cirrone(®?!, L. Manti(»%3, D. Margarone®, G. Petringa®?, L. Giuffrida*, A. Minopoli?,

A. Picciotto®, G. Russo”!, F. Cammarata’!, P. Pisciottal?, F. M. Perozziello??, F. Romano??,
V. Marchese(®?, G. Milluzzo*, V. Scuderi'*, G. Cuttone! & G. Korn*

Protontherapy is hadrontherapy’s fastest-growing modality and a pillar in the battle against cancer.
Hadrontherapy's superiority lies in its inverted depth-dose profile, hence tumour-confined irradiation.
Protons, however, lack distinct radiobiclogical advantages over photons or electrons. Higher LET

: (Linear Energy Transfer) 12C-ions can overcome cancer radioresistance: DNA lesion complexity increases

with LET, resulting in efficient cell killing, i.e. higher Relative Biclogical Effectiveness (RBE). However,
economic and radiobiological issues hamper 2C-ion clinical amenability. Thus, enhancing proton RBE is
desirable. To this end, we exploited the p + !B — 3o reaction to generate high-LET alpha particles with
a clinical proton beam. To maximize the reaction rate, we used sodium borocaptate (BSH) with natural

. boron content. Boron-Neutron Capture Therapy (BNCT) uses 19B-enriched BSH for neutron irradiation-

| triggered alpha particles. We recorded significantly increased cellular lethality and chromosome
aberration complexity. A strategy combining protontherapy’s ballistic precision with the higher RBE
promised by BNCT and 12C-ion therapy is thus demonstrated.
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Figure 8. Experimental cross sections. Proton-''B total reaction cross section for the most probable o, channel
decay (from EXFOR database).
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Sa= 7.36659 MeV
Sp=15.95668 MeV

4+ 272 keV &
& o o= 100
1+ £43.6 eV 10
& IT = S95.9
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{(2+) 1.77 MeV 20
& o = 100
24+ 5.3 keV Z
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determined
randomly

a a
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a+a+t Basis States AQCM Basis States a+a+3N Basis States

(75 Bases) (12 Bases) (48 Bases)

Naoyuki Itagaki, Tomoya Naito, Yuichi Hirata
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Naoyuki Itagaki, Tomoya Naito, Yuichi Hirata
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PHYSICAL REVIEW C 70, 054307 (2004)

Cluster-shell competition in light nuclei

N. Itagaki™
Department of Physics, University of Tokyo, Hongo ITokyo 113-0033, Japan

S. Aoyama

Inteorated Information Processing Center. Niigata University, 950-2181 Niicata, Japan
g 1 g 5 g s g P

S. Okabe
Information Initiative Center, Hokkaido University, 060-0811 Sapporo, Japan

K. Ikeda
The Institute of Physical and Chemical Research (RIKEN), 351-0098 Wako, Japan
(Received 12 July 2004; published 5 November 2004)

We demonstrate whether the cluster structure dissolves or remains when the shell-model-like model space is
introduced in addition to the cluster model space in light nuclei. Although the binding energies of *Be, '°Be.
and '°B become larger by about 1-2 MeV by adding shell-model-like basis states to the a+a+N+N+--- basis
states, the a- e structure 1s a dominant configuration of the ground states. However, a-breaking wave functions
strongly mix in '*C, and the decrease of the energy from the 3« configuration by about 6 MeV is a clue to
resolving a long-standing problem of the binding energies of 2C and 0. The mmproved version of antisym-
metrized molecular dynamics (AMD), AMD superposition of selected snapshots (AMD triple-S), 1s used to
show the cluster-shell competition of these nuclei.

N. [tagaki, S. Aoyama, K. Ikeda, and S. Okabe
Phys. Rev. C 70 054307 (2004)
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FIG. 6. The energy convergence of '2C (0%) with respect to the
number of trial AMD basis states. The basis states from 1 to 100 are
those of the 3a model space, and those from 101 to 600 are a+«
+2p—+2n model space with relative a-a distances of 2, 3, and 4 fm.
After 601, the wave functions with the shell-model-like a+4p
+4n model space are added.

N. [tagaki, S. Aoyama, K. Ikeda, and S. Okabe
Phys. Rev. C 70 054307 (2004)
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N. [tagaki, S. Aoyama, K. Ikeda, and S. Okabe
Phys. Rev. C 70 054307 (2004)
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