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Contents

e Electric dipole response of 2Pb has been precisely measured.
Method: proton inelastic scattering, electro-magnetic probe

Extracted data: dipole polarizability, PDR strength

* Constraints on the symmetry energy has been determined.

with a help of mean-field calculations
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Determination of the Symmetry Energy Term in EOS.

Core-Collapse Supernova Neutron Star Mass and Radius

K. Sumiyoshi, Astrophys. J. 629, 922 (2005)
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Nuclear Equation of State (EOS)

EOS for Energy per nucleon p(r)=p,(r)+p p (r)
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Neutron Skin and the Density Dependence of the

Symmetry Energy X. Roca-Maza et al., PRL106, 252501 (2011)
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Neutron Skin Thickness Measurement by Electroweak Interaction

PREX atJ-Lab: Z° of weak interaction: sees the neutrons
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Model independent determination of the neutron skin thickness
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Neutron Skin Thickness Measurement by Electroweak Interaction
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The model independent determination of R, by PREX is
important but the present accuracy is limited.
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Determination of Neutron Density Distribut

ution
by Strong Interaction

Polarized proton elastic scattering at 295 MeV (RCNP, Osaka University)
Analysis with relativistic impulse approximation (RIA), medium modification fixed with >8Ni data
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neutron skin thickness of 2%Pb:
Poster presentation by J. Zenihiro 0.211+0.054-0.063 fm
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Neutron Skin Thickness Measurement
by Electromagnetic Interaction

0.20 |(@
E 0.19 , _
= Covariance analysis of
£ 0.8 . )
-;:n 0.17 enlergly Qen51ty functional
8 0.16 | ;6\1/ cu §t1ofrfls W1th Skrym
E 0.15 SV-min >V-min e ective

0.14 _ Iinteraction.

' c,,=0.98

136 140 144 148
dipole polarizability (fm%/MeV)

P.-G. Reinhard and W. Nazarewicz, PRC 81, 051303(R) (2010).

Strong correlation between the (electric) dipole polarizability
and the neutron skin of 2%Pb
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(Electric) Dipole Polarizability

External E1 Field
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Electric Dipole (E1) Response

Particle (neutron) separation energy
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Probing EM response of the target nucleus

O Real Photon Measurements, NRF and (y,xn)
detector

Decay y-rays or
\ /’Y or Xn) neutrons are
@ measured.
@ (or A-x)

Target Nucleus Excited State

O[Missing Mass Spectroscopy with Virtual Photon Only the scattered
protons are measured.

Insensitive to the decay channel.

Total strengths are measured. deteCtor Select low momentum transfer
®¢ (g~0) kinematical condition,

I.e. at zero degrees

Coulomb Excitation at 0 deg.
virtual photon ¢,®

EM Interaction is
@ o @ well known

_ (model independent)
Target Nucleus Excited State
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Proton Inelastic Scattering at Forward Angles
* An electromagnetic probe (Coulomb excitation)

eHigh-resolution (20-30keV), high (~90%)/uniform efficiency
e Covers a broad Ex of 5-25MeV
*Insensitive to the decay property

*Requires small amount of target (several mili-gram)
and a few days of beam time

* Applicable to stable nuclei
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Experimental Method

High-resolution polarized (p,p’) measurement
at zero degrees and forward angles
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Spectrometers in the 0-deg. experiment Setup

Focal Plane Polarimeter

Chamber

12

Dump—-Q

> Focal Plane Detectors (gRZZ: 5; 4.5°) 1

Scattering

Grand Raiden (GR)

AT et al,, NIMA605, 326 (2009)

Large Acceptance
Spectrometer (LAS)

As a beam spot monitor
59 60 in the vertical direction

Focal Plane Detectors

208Pp target: 5.2 mg/cm?

Dispersion Matching
Intensity : 1-8 nA

0 deg. Beam Dump

(GR = 0 deg) Polarized Proton
0 1 2 3m Beam at 295 MeV




Setup for E282&E316
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ROSpPb(p.p') at E_ =205 MeV
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Excellent agreement between (p,p’) and (y,y") below ~§,

I. Poltoratska, PhD thesis
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Method 1: Multipole Decomposition
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B(E1): continuum and GDR regio
Method 2: Decomposition by Spin Observables

@ Polarization observables at 0° mmmdp  spinflip / non-spinflip separation

model-independent
E1 and M1 decomposition T. Suzuki, PTP 103 (2000) 859
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Comparison between the two methods
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Excellent agreement among three measurements
around the GDR bump region

I. Poltoratska, PhD thesis
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E1 Response of 2%Pb and o
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The dipole polarizability of 2°*Pb has been precisely determined.

AT et al,, PRL107, 062502(2011)
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Abstract

B(E1) distribution of ?%Pb has been precisely determined.

Dipole polarizability: a, = 20.1+0.6fm’

Constraints on the symmetry energy

with a help of theoretical models
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Correlation Between Dipole Polarizability
and Neutron Skin Thickness

Neutron Skin Thickness (fm)
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J. Piekarewicz et al., PRC85, 041302(2012)
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Correlation Between Dipole Polarizability
and Neutron Skin Thickness
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Correlation Between Dipole Polarizability
and Neutron Skin Thickness
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Neutron Skin Thickness Measurement
by Electromagnetic Interaction
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X. Roca-Maza et al., arXiv:1307.4806
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X. Roca-Maza et al., arXiv:1307.4806
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Constraints on ] and L

100 |
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M.B. Tsang et al.,
PRC86, 015803 (2012).

I. Tews et al.,, PRL110,
032504 (2013)

DP: Dipole Polarizability

HIC: Heavy Ion Collision

PDR: Pygmy Dipole Resonance

IAS: Isobaric Analogue State

FRDM: Finite Range Droplet
Model (nuclear mass analysis)

n-star: Neutron Star Observation
¥ EFT: Chiral Effective Field Theory
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Constraints on ] and L

M.B. Tsang et al.,
~1 PRC86, 015803 (2012).

P Hl 1 I Tewsetal. PRL110,
032504 (2013)

100 |

DP: Dipole Polarizability

HIC: Heavy Ion Collision

PDR: Pygmy Dipole Resonance

IAS: Isobaric Analogue State

FRDM: Finite Range Droplet
Model (nuclear mass analysis)

n-star: Neutron Star Observation
¥ EFT: Chiral Effective Field Theory

28 30 32 34
J (MGV) DP: Op =20.1+0.6fm°

+ theoretical uncertainty
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Constraints on ] and L

M.B. Tsang et al.,
PRC86, 015803 (2012).

I. Tews et al.,, PRL110,
032504 (2013)

DP: Dipole Polarizability

HIC: Heavy Ion Collision

PDR: Pygmy Dipole Resonance

IAS: Isobaric Analogue State

FRDM: Finite Range Droplet
Model (nuclear mass analysis)

n-star: Neutron Star Observation
¥ EFT: Chiral Effective Field Theory

QMC by S. Gandolfi et al.,
talk on Tuesday
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A short note o
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PDR strength

B(E1)1(e*fm?)
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E1 Response of 2%Pb and o
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AT et al,, PRL107, 062502(2011)
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» Theoretical dependences of pygmy EWSR on J and L are determined using
relativistic energy density functionals spanning the range of J and L values.
Available experimental data provide constraints on theoretical models.

10 10
' 68N ' 68Ni .
DD-ME - e
° 132Gy o T mgy
o i Lo o I - e
¢ | / - 208pp =T LT 208pp
c - T s - .
cgn 4 rae Cgf) 4 — =
m i
o b = 2 F =
0 T T T A R B B 0 PR T T [ P S
28 30 32 34 36 38 0 20 40 60 80 100 120
J [MeV] L [MeV]
Similar approach but different theory =» A. Carbone et al, PRC 81, 041301(R)
(2010)

Exp. Data: 68Ni : O. Wieland et al, PRL 102, 092502 (2009)
132,1308n: A. Klimkiewicz et al., PRC 76, 051603 (R) (2007)

208pPh: |. Poltoratska et al., PRC 85, 041304 (R) (2012)
Courtesy of N. Paar
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Determination of Symmetry Energy

100

L (MeV)

M.B. Tsang et al.,

_ - "S' ~7 _{ PRCS86,015803 (2012).
| T

I 1A _-f*"'P Hl 1 I Tewsetal., PRL110,
.- 032504 (2013)

DP: Dipole Polarizability

HIC: Heavy Ion Collision

PDR: Pygmy Dipole Resonance

IAS: Isobaric Analogue State

FRDM: Finite Range Droplet
Model (nuclear mass analysis)

n-star: Neutron Star Observation
¥ EFT: Chiral Effective Field Theory

28

32

208Pb PDR EWSR Analysis
with DD-ME by N. Paar

J (MeV)

We should take care of the model
uncertainty.
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*The electric dipole response of 2%Pb has been precisely
measured by using proton inelastic scattering as an electro
magnetic probe.

as op=20.1=£0.6 fm3/e?

* Constraints on the symmetry energy parameters have been
extracted with a help of theoretical calculations.

* A lot of data under analysis:

%Mo (DCS and PT): D. Martin

48Ca (DCS): J. Birkhan

NZr (DCS): C. Iwamoto (PDR-region, published in PRL108, 262501 (2012))
1205n (DCS and PT): A.M. Krumbholtz, T. Hashimoto

1%4Sm (DCS and PT): A. Krugmann

8Sr, 92Mo (DCS): C. Iwamoto

707Zn (DCS):
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Thank You

Special thanks to:
X. Roca-Maza, J. Piekarewicz, W. Nazarewicz,
and N. Paar



Neutron Skin Thickness 6Ryup (fm)
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Based on the work by X. Roca-Maza et al., PRL106, 252501 (2011)
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Medium modification of RLF NN interaction

Medium effect N

Iad i 1@<r)/po

in nucleus

|=0,.
102
C)
Eyo
- Phenomenological parameters; a;, b; g :
- Universal form of density-dependent terms =

- At p=0, same as free NN interaction 10"

Need to calibrate with real data 10~
H. Sakaguchi et al., PRC57, 1749.
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Determination of Symmetry Energy

M.B. Tsang et al.,
-1 PRC86, 015803 (2012).

1 I Tewsetal., PRL110,
032504 (2013)

and this work

DP: Dipole Polarizability

HIC: Heavy Ion Collision

PDR: Pygmy Dipole Resonance

IAS: Isobaric Analogue State

FRDM: Finite Range Droplet
Model (nuclear mass analysis)

n-star: Neutron Star Observation
1 »xEFT: Chiral Effective Field Theory

L=45£18 MeV

PP 1 30.9+1.5 MeV
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X. Roca-Maza et al., arXiv:1307.4806

10 2apJ = (4.94 4+ 0.09) + (0.031 + 0.001)L
L=—1452(9)theo+[6.07(0.18) cxp. £(0.26)theo. | J.

Arpp = 0.168 £ (0.009) exp. £ (0.019)theo. £ (0.021 )est.fm
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