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IS dipole & Cluster structure B

Y. Chiba, et al., Phys. Rev. C 93, 034319 (2016)

Chiba 5(C&k>T. Isoscalar dipole #E# (&
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& 1SD operator
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Our purpose and motivation

N EAHDI=]:)
LEDDRN#E E— K% cluster structure®
gl NSEHSMNNCT B !

|:> 10Be(2a + 2n)DIV and IS LEDZ A

10Be AfFE D motivation

> SEITIR3T TS 9Be Dlow-energy states (& ¢He + o model TR < 5gilt

Y. Ogawa, Nucl. Phys. A 673, 122 (2000)
Y. Kanada-En’yo, T. Suhara, Phys. Rev. C 85, 024303 (2012) etc.
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Y. Kanada-En’yo, Phys. Rev. C 93, 024322 (2016)
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Formulation

» cluster model + GCM
» dipole operators
» toroidal dipole operator

> cluster model with GCM
— to obtain the ground and excited(1~) states of 1°Be

> transition strengths of different dipole op.
— to investigate properties of 1~ states.




Cluster model wave function
RREHELE U T, Brink-BrochDEEIEG2 = AL\ D,

o o : a configuration of °He
O(0; D) = A[DPh(S1)Pa(S2)]

D : distance between clusters

& single particle w. f. ﬂspace . S, 2
i = i(r)yat; | i Sk = exp v (r - ﬁ)

spin Isospin
X &; = proton or neutron
& cach cluster w. f. \

e, (Sk) = Alo1(Sk)P2(Sk) - - dc1(Sk)]

SHe & o (FENEERAFIIREN FRgREL D,
(0s)* (0p)2 & (0s)4 TIEA T B,

Sy = (0,0, %D) S, = (o,o,—gD)
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base configurations of °He

We include these 6 configurations in order to
include p? model space for two valence neutrons in ®He.
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GCM and Hamiltonian

GCM wave function

WEY) = ZZCD 0.k Pii5|®(0; D))

13EX CD,a,K (zt norm & hamiltonian ZX3@{Ed 3 EICKkDTESNSDB,
SRENTEDER. ALVZ base (&

D=1.2.3  fm
O':CL,b,C,“',f 0)8X6=48base’i)5ﬁb\73:o
effective interaction

H=_—— Z v? . TG’ u Z(vicjentral 4+ Ugoulomb + ,U?gS)

[0 central force :Volkov No.2 ) Q spin-orbit interaction : G3RS )
(two range gaussian form)
X 5’m 0-60 Uy = —Uyy = Ujs = 1600 MeV

A. B. Volkov, Nucl. Phys. 74, 33 (1965) R. Tamagaki, Prog. Theor. Ph
: , : . Phys. 39, 91 (1968)
- /. _/




Toroidal dipole operator

€ ordinary dipole operators are
E1l and isoscalar dipole operators.

==

Merlw) = [ & prv (P,
Mis(n) = [ & p()r*¥au ()

—

& new type of dipole operator is considered. (measure of nuclea

— Toroidal dipole (TD) operator
~1 e o I
| Mro(n) = o [ (V< Fuaat) 1T

J. Kvasil et al., Phys. Rev. C 84, 03430

. .
Yipu(7) = Z(La, 18j1)Yra(F)Es € : unit vector in spherical bas
(6=0,%1)
N A
prv(r) = —pp(r) = —pn(r)
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Results

» transition strengths of each dipole operator
» intrinsic structures of excitation states
» excitation modes

Y. Kanada-En'yo, Y. S, Phys. Rev. C 95 064319(20




E1l and ISD modes

calculated energy weighted sum o

(EWS) (Cx19 B2EIE%Z plot 8

EWS(E1) = 63 (MeV fm?)
EWS(ISD) = 13 x 103 (MeV fmb)

E1 EWSR (%)

Y. Kanada-En’yo, Phys. Rev. C 93, 024322 (2016)
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Troidal strength in LED
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analysis of cluster and continuum

GCMIC KD CTIESNTTIARRRENIRIZN L baselBIRFEN & D
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Troidal current in 17

[Bl#k(C TD strength M5&M D7z Ttoroidall TRREEERAT

8 MeV

4 )
a 2n 0=m/4
D =4 fm
Qv 0 MeV
DIREE CERADoverlap
N\ J
07
4 Ao .:I P
n AA Ay, L, .,
. 2 A /*/',x_,.‘ . .
=5(C. FBE— ROBRDRZSHIC 2
transition current density Zst&, g | m;;::j H i
5-7=<f|.7nucl|2> N U_*Jr,{ ‘BT v
ilﬁ/j/ * /‘ .
+i lx{“/'/ fff
= v ¥ \‘,,1,-? //'J' *
Toroidal mode appears!! I
-4-4 2 ;J I2 4

X
-~
E)




Mechanism of toroidal mode
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rotation of ®He cluster (or surface neutron flow)

m) Toroidal mode appears!!




Summary
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