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Gamma Strength Function (GSF)
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Axel-Brink Hypothesis

Photoexcitation

= Strength

- depends only on E,
- Is independent of the initial state structure: E,, J~,...

= Same GSF for y absorption and emission




Electric Dipole Response in Nuclel
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GSF: Experimental Problems

= Experimental:

= (y,y") reaction measures strength (roughly)
up to threshold only

= Experimental quantity o« [,- F?O
— assumption in most analyses

r e
?0 = 1 — lower limit

— alternatively correction with statistical
model calculation — upper limit

bh100..|...‘Y...|.. [ T |
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G. Rusev et al., Phys. Rev. C 79, 061302 (2009)
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GSF: Experimental Problems (continued)

= (y,xn) reactions provide information above threshold only and little
sensitivity close to threshold

= Decay of compound nuclei (Oslo method)
— normalization at S,: level densities needed

= Spin-M1 resonance poorly known in heavy nuclei
— empirical parametrizations for GSF guestionable

l

Consistent data on E1 and spin-M1 strength distributions below
and above the neutron threshold highly important
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A New Experimental Tool for Complete Dipole
Strength Distributions
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= Polarized proton scattering at 0°

iIntermediate energy: 300 MeV optimal for spin-isospin excitations
strong Coulomb excitation of 1- states

high resolution: AE = 25 keV (FWHM)

angular distributions: E1 / M1 separation

polarization observables: spinflip / non-spinflip separation

= 208Ph as a reference case




Measured Spectrum
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Coulomb Exitations of 1™ States
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Multipole Decomposition of Angular
Distributions
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E1/M1 Decomposition by Spin Observables

Polarization observables at 0° mmmp spinflip / non-spinflip separation

(model-independent)

—1 for AS=1 - 1%
N Dgs + Dyn + D, =
T 3forAS=0 - 1~
L
- N —
P sideway normal longitudinal

At 0° Dgg = Dy s TotalSpinTransfer X =

4 O forAS =0

T. Suzuki, Prog. Theo. Phys. 103, 859 (2000)
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Decomposition into Spinflip / Non-Spinflip
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Comparison of Methods
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GSF in 2%8Pb
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120Sn(p,p‘): Spectra
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E1/M1 Decomposition
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120Sn: Low-Energy E1 Strength
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1205n(y,y*): B. Ozel-Tashenov et al., Phys. Rev. C 90, 024304 (2014)
120Sn(p,p‘): A.M. Krumbholz et al., Phys. Lett. B 744, 7 (2015)
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Fluctuation Analysis
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Autocorrelation Function and
Mean Level Spacing
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Level density of J™ = 1" states in 2%8Pb
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Level Density of J™ = 1" States in *°*Mo

TECHNISCHE

=\ UNIVERSITAT

DARMSTADT

Level Density (1/MeV)

107 |

-
o
[9)]

-
o
(8)]

N
o
~

BSFG (von Egidy et al.)

BSFG (Rauscher et al.)
HFB
HF-BCS
DWT
MDA

p

12

14 16 18
Excitation Energy (MeV)

20

26



< ‘A TECHNISCHE
UNIVERSITAT
DARMSTADT

Summary and Outlook

= Polarized intermediate energy proton scattering at 0°:
a new tool to extract the complete electric dipole response in nuclei

® Extraction of GSF and level densities from the same data
= |_ow-energy E1 strength in stable nuclei is sizable (2-3% of EWSR)

= Axel-Brink hypothesis seems to hold for Mo

= Systematics of spin-M1 resonance in heavy nuclei

" Role of deformation: K-splitting of the PDR?

27



TECHNISCHE

Spin Dependence of Level Densities
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J™=0,1,2 level densities in the same nucleus — test of spin dependence
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First 0° Proton Scattering Experiments
at IThemba LABS, South Africa

U Cape Town / TU Darmstadt / iThemba LABS / U Osaka / RCNP Osaka /
U Witwatersrand collaboration
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Multipole Decomposition in the GDR Region
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Multipole Decomposition of Cross Section

Angular Distributions

nological background

do () do(O)
=) aaL 40
dQ gara AL DWBA 1
L I o 10-1
Restrict datato ® <4 0
" AL=0 > spin M1 5
£ 1
&
" AL=17"E1 a
S 10"
(Coulomb + nuclear) ®
10
" AL>1—onlyE2
(or E3) considered 1
" GDR region: AL=0 10°
replaced by phenome-

1 ) 1 1
(a)
H— —
(b)
~ I- " E4 | 1 1
(C) ...............
E3
i M2 l
: .l - M|3 | 1 1
0 1 2 3 4 5

34



< ‘A TECHNISCHE
UNIVERSITAT
DARMSTADT

Spin M1 and GT Strength

: : d
=  GT unit cross section ﬁ(q — 0) = 6arF (g, E.)B(GT)

=  Spin M1 unit cross section j—;(q =0) = om1F (g, £.)B(Ml,-)

= Transition strength ~ B(GT,Ml1) = 22T+1 fHZJMH

= Relation etablished by two assumptions
— analog states have the same matrix elements
— cross sections of (p,p’) and (p,n) are analogous

T lTD—I—l

gaor 2 1p

| 3 IV, 2
* Equivalent M1 strength  B(M1) = B(M1),, = (g; ) B(Mls7) [px]
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Application to %%8Pb

R.M. Laszewski et al., Phys.Rev. Lett. 61, 1710 (1988) 6

R. Kbhler et al., Phys. Rev. C 35, 1646 (1987) 208 pt, * (y,v) Laszewski et al.
© (n,n"y) Koehler et al.
+1 4t
E ,B(Ml) 14.8 15,UN
N7
for E, < 8 MeV E

<
= 0 I

|. Poltoratska et al., Phys. Rev C 85, 041304 (2012) = = (p,p’) Poltoratska et al.
2 )

» B(M1) =16.0(12) uy 1|
for E, < 8 MeV

» B(M1) = 20.5(13) uy ;

65 7.0 75 80 85 9.0
for full resonance

E.(MeV)
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E1/M1 Decomposition
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Differential Cross Sections
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Polarization Transfer Observables in °*Mo
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» Normalized to (y,xn) data near the GDR maximum

» Good agreement with recent (y,n) measurement




Polarization transfer observables In
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0° Setup at RCNP
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Al Focal Plane Detectors

Large Acceptance
Spectrometer (LAS)

Polarized protons

E, = 295 MeV

Measured observables
do/dQ - angular distributions
(0° < ® <10°)
Ay - asymmetry
Dsg at 0° - sideways polarization
D, at0° - longitudinal polarization

A. Tamii et al., NIMA 605 (2009) 326
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