Complete Dipole Strength Distributions from
Polarized Proton Scattering at Zero Degrees
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@ Complete M1 and E1 strength distributions: what can be learned?
@ Polarized proton scattering at 0°: a new spectroscopic tool

@ 208Pp: a reference case
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Spinflip M1 Strength
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Isovector part: analog of GT modes with T =T,

Appears in heavy nuclei at 1hw energy (E = 40-A-13)

Quenching: in fp-shell nuclei similar to GT strength
in heavy nuclei — little data

Strength distribution: double hump structure?
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Electric Pygmy Dipole Resonance (PDR)

@ PDR: resonance-like structure, typically close to neutron threshold

@ Strength related to neutron excess
— measure of neutron skin
— measure of the isospin dependence of the symmetry energy

@ Strength distribution around neutron threshold relevant for
nucleosynthesis (r-process)
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Problem: Mean-Field Dependence of
Microscopic Predictions in Tin Isotopes
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Problem: Missing Strength
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I .
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G. Rusev et al., PRC 79 (2009) 061302
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Complete E1 Strength Distributions

@ Consistent test of microscopic models

@ Extract upward y-strength function: Test of Axel-Brink hypothesis

@ Extract polarizability o, OCZB(E])i/Ex,i

l
— measure of the neutron skin rather than PDR
P.G. Reinhard, W. Nazarewicz, PRC 81 (2010) 051303(R)
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Experimental Tool

@ Polarized proton scattering at 0°

- intermediate energy: 300 MeV optimal
- high resolution: AE = 25 keV (FWHM)
- angular distributions: E1 / M1 separation

- polarization observables: spinflip / non-spinflip separation

@ 208Pp as a reference case

1208n (role of missing strength)
@ Applications to

154Sm (role of deformation)
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0° Setup at RCNP

Focal Plane Detectors

Polarized protons A Tam" et al-,

E, = 295 MeV NIMA 605 (2009) 326
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Spectrum (Low-Energy Part)
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Scheme of the FPP / Grand Raiden Setup

%

to beam dump —_ carbon slab

FocalPlanePolarimeter target

double scattering: RCNP
U-D aiﬂnmetw --»  E, =295 MeV

P

P, =70%
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E1/M1 Decomposition by Spin Observables

& Polarization observables at 0° — spinflip / non-spinflip separation®

(model-independent)

5 5 D -1 for AS =1, M1 excitations
+ Dy +D,, =
SS NN LL 3 for AS = 0, E1 excitations

—  E1 and M1 cross sections can be decomposed

At 0° Dgg = Dy

Total Spin Transfer Y = 3-(2Dg + Dy, ) — {1 for AS =1

4 0 forAS=0

T. Suzuki, PTP 103 (2000) 859
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Multipole Decomposition of Cross Section

do ()

dQ data AL

Restrict angular distribution to ® = 4°
(response at larger angles too complex)
AL = 0 — isovector spin M1

AL =1 — E1 (Coulomb + nuclear)

AL > 1 — only E2 (or E3) considered
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Comparison of Both Methods |

TECHNISCHE
UNIVERSITAT
DARMSTADT

d%c / dQ dE (mb/ sr MeV)

60

401

201

N
20t N
| s Y B
Lo d E E .
S —— Polarization Observables
100¢ —— Multipole Decomposition
50t
0
5

“%Pb(p,p)

®=0°-25°

E, = 295 MeV |

A

Excitation Energy (MeV)

Total
| AS = 1
AS =0

|Workshop, Dresden-Rossendorf, 30.08-3.09 2010 | Peter von Neumann-Cosel| 17



Comparison of Both Methods I
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B(E1) Strength: Low-Energy Region
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Multipole Decomposition in the GDR Region
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@ determines phenomenological background

— identical
angular distributions
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B(E1) Strength: GDR
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E1 Response in 208Pb
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Polarizability as a Measure of the Neutron Skin

Examples of Correlations with Neutron Skin
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Dipole Polarizability of 2°8Pb
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Test of Axel-Brink Hypothesis

Present experiment provides simultaneous information on

@ 't strength function

@ level densities (from fluctuation analysis of the fine structure)

— compare with measurement of '}
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Multipole Decomposition
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Comparison of B(E1) strengths in 2%Pb
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Fluctuations and Level Densities
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Fluctuation Analysis

Counts x 10°/ 10 keV
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@ Background
from
wavelet analysis

@ Statistics,
local features

@ Local
fluctuations

@ Autocorrelation
function



Autocorrelation Function and Mean Level Spacing
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Results and Model Predictions: A =90, J" =1+
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