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1. Overview of Spectrometer Experiments at RCNP
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GMR and Nuclear Incompressibility
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2nd 2* States in '*C and Carbon Synthesis at High Temperature
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2. E1 Response, PDR, Dipole Polarizability, Neutron Skin

Nuclear Equation of State



Symmetry Energy of Nuclear EOS
1s important in nuclear physics and nuclear-astrophysics
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Electric Dipole Response of Nuclel

i, @@ ®
Dipole Strength utron skin

(PDR)

E1 Transition by

208Pb
g-S. (p,p’) Coulomb Ex. GDR Exp

1/5
/

=)

0 /8 12 18
S

Excitation Energy (MeV)

n
, N he okl 87 dB(E1
- 2 % v Symmetry Ener oy =— |~ do=-—— )
2n°Y w 9 0]
(a) - - - ". .().‘)(" ' ' ' '
0.20 «_ 10F o FSU
£ 0.19 208pp £ » NL3 <
E > 9F o DD-ME Q
c 0.18 - a Skyrme
% 047 < g oSV
% 0.16 S 4 : ?:P‘.\ll
: g:i @m :': 6 %Inakura et al, Dt Tl Y5
' , ¢,s=0.98 = Fa S L B M OIRIE S 5 b LA
136 140 144 148 B T TR e e X WLOOIZZATY w9
dipole polarizability (fm/MeV) 020 30 ;":Aic*:‘.’) 1007 120 140 SV 7Y b

P.-G. Reinhard and W. Nazarewicz, PRC 81, 051303(R) (2010). X.Roca-Maza et al., PRC88, 024316(2013)



Spectrometers 1n the 0-deg. experiment setup

AT et al., NIMA605, 326 (2009)
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Constraints on J and L

AT et al., EPJAS0, 28 (2014).
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Dipole Polarizability of 129Sn

T. Hashimoto, A.M. Krumbholtz et al.
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Constraints on J and L

AT et al., EPJAS0, 28 (2014).
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Cluster Dipole Sum-Rule of PDR

Assuming that the PDR is formed by the dipole oscillation of the neutron skin
against the other part (core),

PDR > core
? neutron skin

Y. Alhassid, M. Gai and G.F. Bertsch, PRL49, 1482(1982)

Cluster Dipole Sum-Rule H. Sagawa and M. Honma, PLB251,17(1990)
R. de Diego, E. Garrido et al., PRC77, 024001 (2008)

— + 60 (ZsAc —Z A, )2
AAA,
A,N,Z AWN(Z,=0)  ANLZ=Z) 1o ooV
. srex  Number of neutrons in the skin: N A
i . (50N 2% TRK_ — N; (skin) ~ 12

p elastic scatt. (295 MeV)
R Toba0zs e oAbl Rn=5.66 and dRnp = 0.168+0.022
010 015 020 025 030 035 040 045 050 0.55 N NS= 10.9+1.4
Neutron Skin Thickness of **Pb (fm)

The numbers are consistent to each other.



B(E1) (10° &2 fm?/MeV)

1000

2

8

&

PDR in ?0Sn and °Zr

T. Hashimoto, A.M. Krumbholtz et al.

10

Measurements on Sn Isotopes - Accepted by B-PAC

dB(M1)/dE or dB(spin-M1)/dE (u_N~2)

25

N
T

15+

—_
T

0.5

90Zr B(Ml) and B(spin-M1)

‘ 9OZ(V/)B(M1)zookv7
Zr(p,p') B(spin-M1) ——

CNP

B(spin-M1]

B<Mé> X (p.p) R

HIvs g 4
(vY) ) %ﬁﬁ 1

i g |

8 9 10 11 1
Excitation Energy (MeV)

2

do/dE, (mb/MeV)

o

o

w
I

o

=

o

S
|

Measurements on Zr Isotopes -

dB(E1)/dEx (1073 ¢2 fm"2)

el
o o

C. Iwamoto, H. Utsunomiya, AT et al.

1 T ]

(a) E1 .

(=}

VZr

(=2}
|

Submitted to B-PAC

T
L ondl

N

= 200 by
wol Wy ) 290 WX
9OZI- ,

350 -

30 - (p ,p )

20 L

- | | 4 Dresde]
(1, [ | A b

o} | BN AN

00 ; T ‘ ; L] ILO 12

Excitation Energy (MeV)



Coin. measurements of high-resolution light-ion reactions and decay Y

Spectrometer

PDR structure
transition density,
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Study of the PDR Structure by (p,p’y) and (e, 'y
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Non-resonant Triple-Alpha Reaction
at Low Temperature

T. Ito, A. Tamii

Research Center for Nuclear Physics, Osaka University
RCNP-E387 Collaboration
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Triple-alpha reaction rate: theoretical controversy
1026 order of magnitude difference at 107 K
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Probing the Triple-o Fusion Reaction Rate at Low Temperature

Reaction in stars Y Y
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EQ Transition Strength to the Three-o. Continuum

EO Transition Strength from '2C(g.s.)
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E365 at RCNP
13C(p,d) Data, E365, 2012.1.30, 60 min meas.
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Differential Cross Section (Normalized)

Data: 13C(p’d) at0 degree 2012.1.30 in RCNP-E365
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PR203 at iThemba, Mar 2013

BB: Beamline bunchers

ECR: ECR ion source (basement level)
SPC1: Solig—pole injector cyclotron 1
SPC2: Solid-pole injector cyclotron 2
SSC: Separcted-sector cyclotron
B1P,B3P: 90" bending magnets

Other letters serve to identify



BC(p,d) at 0 degree PR203 at iThemba, Mar 2013
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E387 at RCNP, July 2014
13C(p,d) atO degree Dispersion Matching, 25 keV
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