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Bridging the nuclear physics scales
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Table of Nuclides (Nuclear Chart)
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3D Nuclear Chart
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Nuclear Landsca pe UNEDF SciDAC Collaboration;-http://unedf.org/

Ab initio
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Bethe-Weizaecker mass formula
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Schematic picture of the single-particle potential
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Variational Monte Carlo (ab-initio calculation) R.B.Wringa et al., (2006)
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coordinates, for "Be(07). The left side 1s in the *‘laboratory
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RGM (Resonating Group Method) (Wheeler 1937)
GCM (Generator Coordinate Method) (Griffin, Hill, Wheeler 1957)
OCM (Orthogonality Condition Model) (Saito 1968)

THSR (alpha condensate model)
(Tohsaki, Horiuchi, Schuck, Roepke 2001)
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AMD(Antisymmetrized Molecular Dynamics)
FMD(Fermionic Molecular Dynamics)
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Typical mysterious Q' states in nuclear structure problem
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SRG+NCSM R. Roth, et al., Phys. Rev. Lett. 107, 072501 (2011)
Excitation spectra of carbon-12

First six excited states of positive parity for fixed alpha = 0.08 fm*
Induced 3N terms Initial (genuine) 3N terms
-> over-all compression of the spectrum -> different behavior among the different states
2* & 4* states: improved

NN only NN+3N-induced NN+3IN-full 1* & 0*, (Hoyle) states: not well described
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FIG. 4: (color online) Excitation spectrum for the lowest positive-
parity states (labelled JnT) in *C for the NN-only. the NN+3N-
induced. and the NN+3N-full Hamiltonian with @ = 0.08 fm*.

Excited states: alpha dependence is much weaker than that in ground states (not shown in Fig.4, though)
~ a few 100 keV for E*(0*,) w/ NN+3N-full -> negligible induced 4N contrib.



REIC S > CERSNICINIICIRTEOHoyle HKEOIRER

o TN RE

n a condensate wf (THSRIZRELERENRIE)

(r1, - Pan|Pra) = A (11,72, 73, 74) (75, 76, 77, 78) - - P(P a3, Pan—2, Pan_1, T4n)}
mlariaﬁonal ansatz (two parameters B and b) \

(THSR ansatz) A. Tohsaki, H. Horiuchi, P, Schuck and G, Ropke et al, PRL 87, 192501 (2001).

2 (XX o)
(I)(T'4i_3, RN 7'47:) = e B? ( ¢) Cba (r4i—37 Ty T4’i)
Pa X e_ﬁ k<t (Te=T1)*
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B >>b: Gas of independent a -particles
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E . (MeV) C. Kurokawa and K. Kato, PRC 71, 021301 (2005).
15 141, \ /
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10 i a;rgglt?=5.4 fm 9.9 2, \
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- rmsr=3.8 fm - 30(7272|\/|6V
I *ctate: Alpha cond model
5 |- 444, @%c( . ) E,.-9.38 MeV
- rmsr=24 fm 1 E=99(3) MeV I .=0.64 MeV
- I =1.0(3) MeV
- M. Itoh et al, NPA 738, 268 (2004).
i - 12C(p,p’)
-24 f ) ,
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“a condensate’ ' in finite nuclei
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call mpi_init(ierr)

Kk
iv: I A ERERRD

call mpi_comm_size(...) ica,icb : AEBMETF v RILERS

call mpi_comm_rank(...

do iv=ista,iend
do icb=1,nmax
do ica=1,nmax

zz(ica,icb,iv)=...
end do
end do
end do

call mpi_gatherv(zz, ...)
call mpi_finalize(ierr)

) iv=1  iv=2  iv=4
/ nmax nmax nmax \
X nma X nma)I X nma)1 .........

iv=3 | nmax Nnmax iv=5
Xnma>1 Xnma>1

nmax | jv=0

X nmaj

L 4
L 4
L 4
L 4
v
*
L 4
L 4

‘0
*

\_ _/

Dim=2560 Calculation time (s)

Fotcoe 11 1z |4 sl

Matrix element 14389 7363 3741 1891 1338
Xeon X5670 (2.93 GHz, 2*6 core)



[0+spec+ra, rms radii, monopole matrix elements ]

E, (Mev) 4o cond, state
15 T o 4a
12¢(2Y)+ & (D)
10
................................................................................. a+7C(0))
_____ 120(0%)+ & (S)
5 |
0, state: ]. Wakasa, V. F. et al,
PLB 653 173 (2007)
Y. F. et al, PRL10T, 081502 (2008)
0L — —

Exp. 4a0CM a +12¢ OCM
by Y. Suzuki



[0+spec+ra, rms radii, monopole matrix elements ] Large monopole matrix element can
be the evidence of cluster states.

7. Yamada, Y. F. et al, PTP120, 1139 (2008)

Experimental

4o OCM
data
E, R  M(EO) r R MEO0 T
[MeV] [fm] [fm2] [MeV] [fm]  [fm?  [MeV]
0*, 000 271 2.7
0*, 6.05 3.55 3.0 3.9
0, 12.1 4.03 3.1 2.4
0", 13.6 no data 0.6 4.0 2.4 0.60
O+5 14.0 3.3 0.185 3.1 2.6 0.20
0", 15.1 no data 0.166 5.6 1.0 0.14
over 15% 20%

of total EWSR of total EWSR



Momentum distributions of the a particles|
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Scalability :
(TR AL : ScaLapack i _(©)K.Yoshida)
ORPAT—FI- S BHBILE S

Dim=31965 Calculation time (s)
\““m
matrix element. 3367 1710
diagonalization 610 328 308
Dim=70051
(70051/31965)2=4.8  918*4.8=4409 matrix element 4061
(70051/31965)°=10.5 308*10.5=3242 diagonalization 2597
Dim=104302

2008

2_

diagonalization - 6029

4061*2.2=9003
2597%3.3=8572 Limit: 21600s
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Cluster Nucleosynthesis(CN) diagram

S. Kubono, PTP96, 275(1996)

Cluster-Nucleosynthesis
Diagram (CND)

Fig. & The Cluster Nucleosynthesis{iCIN) diagram.™ Nucleosynthesis to heavy elements flows in the
direction from top-left to bottom-right to Fe, releasing the energy to the stellar system.



Dominant *2C synthesis process depends on temperature

Total angular momentum O
“He

“He #C(07)

= _’“_’Q

e

Low Temperature ¢ S High Temperature
: ) - Binary collision By way of Holy state
Direct 3-alpha collision (Be resonance) (12C resonance)
3 & 8Be* 92 keV 12C*(0,%) 379 keV
& -

&
o ‘0'0.

- & &




Calculated rates deviates among theories at low temperature
102% order of magnitude difference at 107 K

-1

CDCC, Ogata, Kan, Kamimura,,

16-010 Prog. Theor. Phys. 122 (2009) 1055.

Faddeev+HyperSpherical
+R-matrix, Nguyen,

Nunes, Thompson, Brown
PRL109, 141101 (2012)

1e-030
1e-040 |
1e-050 |

1e-080 |

N, 2<aoo> [cm® s71 mol2]

1e-070 |

NACRE compilation
C. Angulo et.al, Nucl. Phys. A656 (1999) 3.

Faddeev: S. Ishikawa,
Phys. Rev. C87 055804 (2013)
|

Imaginary-time theory,
Akahori, Funaki, Yabana, in preparation.
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Imaginary time + Coupledﬁmel (CDCC%mimic) CDCC: Eaa=0.176 MeV

122 ch.
2alphagf 4 1200F > 1)L B ( )
1
lﬂ—]ﬂ
Eaa=0.092 MeV
- 107 Eaa=0.145 MeV
I=
E 1030 Eaa=2.90 MeV
W
~=:E lﬂ—dﬂ Eaa=46.0MeV
& 5
e ey Eaa=471.1MeV
% 107" (All channels
= included)
vV 10% L ., i
107 b -
].U_REI [ | [ | ] [ ] [ | [ ] 1 | [
0.01 0.02 0.04 0.060.080.1 0.2 0.4 0.6 0.81.0
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