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30 extended THSR wave function (B1 = B, : original THSR)

CDC((B' b) = €xp <_

2

Tk
2 Z —— 2313) b (D)

D20 (B, B2, b) = W5 A{D (B1, b)) Do (B, b) Py (B2, b))

Y. : Total center-of-mass w.f. to be eliminated

Bt

B

Internal w.f. of a particle
b=1.35 fm: fixed b

G (D) = T



30 extended THSR wave function (B1 = B, : original THSR)

X,Y,Z )
O, (B,b) = exp <_2 Z b2 -|1:k2,3,%> $a(b)

D20 (B, B2, b) = W5 A{D (B1, b)) Do (B, b) Py (B2, b))

Y. : Total center-of-mass w.f. to be eliminated

Hill-Wheeler eq. or GCM (generator coordinate method)

Z (PIéMzTé*SR(ﬁl,ﬁz, b) PIJ,KCD%TESR(ﬁ'l,ﬁ’z,b))f(ﬁ'l,ﬁ’z) =0
B’l'ﬁlz

H-E

f)f : Angular momentum

MK projection operator
Hamiltonian (NN force: Volkov No.2 force)
B=(B.=5.8.)
2 (N) (©) With (axially symmetric)
z Vi—Te+ Z(Vij Y ) deformation

i<j

Spurious continuum components are effectively eliminated by r? constraint method.
See Y. F. etal., PTP 115, 115 (2006).
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0,* state: higher nodal excitation of the Hoyle state

Overlap functions of the 0,7, 0,*, 05* states for 8Be(0+)+a(S) channel

0.8 | 07:1=0,=0 -----

. (S2~1.8) 03:1=0,lI=0 ——
0.6 f 01+ ;" \‘1 02+ 03:1=0,I=0 ---------
0.4 F : ~03"

rY iJ [fm_ Lr‘l]
=
[t

=
i
[]
I
I
i
]

oo
. v
_0'4 C 1 [ 1 1 1 1 .. 1
0 2 4 6 8 10 12 14
r [fm]

M (EO; 05 — 03) = 34.5 [efm?]
Very large monopole transition strength
between the 0,* and 0,* states  c.f. M(EOQ; 05 — 07) = 6.4 [efm?]

0,* state: 2 nodes
0,* state: 3 nodal oscillation (nodes disappear due to the dissolution of 8Be core)

0,* state: 4 nodes (higher nodal structure) Y. F., PRC 92, 021302(R) (2015).



RWA of 0,*, 2,*, 4, states: 3Be(0*) + alpha(l)

rotational band
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Alpha-alpha correlation in the 0,* state

oo
M(EO; 07 — 0}) =34.5 [efm?] >
Very large monopole transition strength 51 Sy
between the 0," and 0,* states -
g “o 52
05 = Z(rl Fem)? = Z > - X0 +H2g |+ 5 83 <

=1i€a . .
f Natural to consider a large portion from

alpha-alpha relative motion (&;), too.

B. Zhou et al., PRC 94, 044319 (2016) .



How S-factor changes as virtually 8Be(OJ“: f) is varied

Definition of S-factor

S-factor [Be(0%),alpha(S)]
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How S-factor changes as virtually 8Be(OJ“: f) is varied
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How S-factor changes as virtually 8Be(0+: f) is varied
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How S-factor changes as virtually 8Be(0+: f) is varied
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[ Squared overlap with single THSR config. for the 0, state of 1°C ]

For the 0," state
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Well reproduced by REM.
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Well reproduced by REM.
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Alpha condensate and clusters in 160



[4—a|pha condensate state in 10 ]
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[4—a|pha condensate state in 10 ]
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Decay widths are well reproduced.
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The reason why 0g*is narrow in spite of such high excitation
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The reason why 0g*is narrow in spite of such high excitation
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The reason why 0g*is narrow in spite of such high excitation
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The reason why 0g*is narrow in spite of such high excitation
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4a extended THSR wave function (B1 = B : original THSR)

CDC((B' b) = €xp <_

2 Z b2+2ﬁ£>¢a<b>

O5o " (B1, B2, b) = W5 A{D, (B1,b) o (B1, D)o (B, )P (B2, b))

Y. : Total center-of-mass w.f. to be eliminated

Internal w.f. of a particle
b=1.44 fm: fixed b

G (D) = T



4a extended THSR wave function (B1 = B : original THSR)

X,Y,Z )
P, (B,b) = exp <_2 Z b2 -|1:k2,3,%> $a(b)

O5o " (B1, B2, b) = W5 A{D o (B1, b)) g (B1, D)o (B, )P (B2, b))

Y. : Total center-of-mass w.f. to be eliminated

Hill-Wheeler eq. or GCM (generator coordinate method)

D (PSR (B, B2 b\ — E| B ST (B, B2, ) (B, B'2) = 0

B’l!ﬁ’Z

H-E

f)f : Angular momentum

o MK projection operator
Hamiltonian (NN force: F1 force)
A. Tohsaki, PRC 49, 1814 (1994). B=(B.=P,.5)
™) © ) With (axially symmetric)
H= ——z Vi —Tg; + Z(V- tV; ) + z Viik deformation

<j I<j<k
Spurious contmuum components are effectively eliminated by r? constraint method.
See Y. F. etal., PTP 115, 115 (2006).



[MeV]

-10
-12
—-14
-16

—-18

J7=0* spectra

Y. F, PRC 97, 021304(R)(2018)

- 0; 4 o cond.
+
6
— 4o
T T
£ G+aP) 0:?5
+ 12G(0")+ ar (8) N
— 3
L 120(2)+a (D)
L
— U] ix+lzc
0
126(0")+a (S)
+
. Y
a+>C OCM
Y. Suzuki, PTP 55, 1751 (1976); 56, 111 (1976).
¢THSR | a+"*C OCM EXP.
0; M(E0:0f -0;) | 59 |3.88 3.66+0.55
THSR 4o M EXP.
eTHS oC M(E0:0; >0;) | 5.7 |3.50 4.40+0.44




S2-factor

S*-factor

20
1.8
0
1.4 F
1.2 F
1.O |
0.8
0.6
0.4 r
0.2 r

1.6

0

1: o+ 12C(07)
20+ 11{?(21:]
3.0+ 11C(43r]
4: 00+ 12C(07)

+ 0t
071 Orr

d d

Channel

0

4%

0



[MeV]

-10
-12
—-14
-16

—-18

J7=0* spectra

Y. F, PRC 97, 021304(R)(2018)

—;  Aocond
v +
6
— 4o
0}, TMa® [
4
05, CO)*als) .
§ 1702+ a (D) 12G(1)+a (P) structure is difficult
0 " to describe by the present eTHSR
—\_ N & but extension is possible and now
y) .
120(0+)+a(8) - on going.
+
- 1
a+?*C OCM
Y. Suzuki, PTP 55, 1751 (1976); 56, 111 (1976).
¢THSR |a+*C OCM EXP.
07 M(E0:0; >0;) | 59 |3.88 3.66+0.55
eTHSR 4o OCM EXP. T (E0:07 —>07) | 5.7 |3.50 4.40+0.44




Squared overlap surface with single config. of eTHSR [~~~ .

10

pa. [fm]
£n

\ tetrahedral |

(Bix = Bly,,b’lz) flxed at ®
Container for 3 o

X :maximum
For the fourth o

Prolate shape .-
B.>B.=B)
— — == 0.01 step P Sefierical
0.1 step R .= 1)
‘‘‘‘ Oblate shape
’ (B.<p.=B,)
B.=p,

34!,‘ THSR+GCM

\ 7

(DB, B2)|01)|°



Squared overlap surface with single config. of eTHSR
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Squared overlap surface with single config. of eTHSR | . 1
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Squared overlap surface with single config. of eTHSR | . 1
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Squared overlap surface with single config. of eTHSR orolate of S
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Summary and future work

Rich spectra above the Hoyle state

03+: higher nodal, vibration*-- ?

04+: linear chain, triplet state,"*- ?

1—: gas of alphas!?, 1P(0S)2 ?
as well as 3—, by Bo—san tomorrow

160: cluster states —> describable by container’ evolution
0, (05" in OCM) 4 alphas in an identical orbit

A strong peak around 23.5 MeV in 20Ne, which strongly decays
into the 06+ state in 160, by Kawabata group.

Strong candidate of 9—alpha condensate!
—> 12C+2alpha OCM, 5—alpha OCM, 5—alpha THSR

Now on going



[Thanks]

to my Collaborators

Bo Zhou (Hokkaido U.)
Zhongzhou Ren (Tongji U.)
Chang Xu (Nanjing U.)

Lyu Meng Jiao (RCNP)
Zhao Qing (Nanjing U.)
Taiichi Yamada (Kanto Gakuin U.)
Tadahiro Suhara (Matsue)
Hisashi Horiuchi (RCNP)
Akihiro Tohsaki (RCNP)
Peter Schuck (IPN, Orsay)
Gerd Ropke (Rostock U.)

and for your attention,



	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	スライド番号 37
	スライド番号 38
	スライド番号 39
	スライド番号 40
	スライド番号 41
	スライド番号 42

