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iInvestigated at R3B

Thomas Aumann

75, TECHNISCHE

UNIVERSITAT 1 ¢ ;;;,,-|FA|R == 1L

0 DARMSTADT ikt et oo

August 12t 2014
PKU-CUSTIPEN Nuclear Reaction Conference 2014
Peking University

GEFORDERT VOM

Bundesministerium
fiir Bildung
und Forschung

Supported by the BMBF under contract no 0SP12RDFNS




Reactions with neutron pmtan asym,metuc nuclel

eactions with
elativistic
adioactive
eams
NZ=1-15

P ’}“{‘Af}“’ﬁ% b 51




Reactions with neutron pmtan asymmituc nuclel
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The collective response of the nucleus: Giant Resonances

Electric giant resonances
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The collective response of the nucleus: Giant Resonances

Electric giant resonances )
new collective soft

= dipole mode
Isoscalar Isovector

(Pygmy resonance)

Monopole Prediction: RMF
(GMR) (N. Paar et al.)
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Figures by P. Adrich (GSI/ Krakow)



The Pygmy Dipole Resonance (PDR)

Relativistic mean-field theory

RQTBA dipole transition densities in 68Ni at 10.3 MeV
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Theory:
Elena Litvinova (GSI, WMU&MSU)



Symmetry energy S,(p) and neutron skin in 2%°Pb
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Symmetry energy and dipole response

neutron-skin thickness density dependence of properties of

dipole response symmetry energy neutron-rich matter
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Phys. Rev. C 64 (2001) 027302
J. Piekarewicz,PRC 83, 034319 (2011)

— A. Klimkiewicz et al., PRC 76 (2007) 051603(R)

A. Carbone et al., PRC 81 (2010) 041301(R)
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How measure the dipole response of nuclei ?

Real Photons
Photo-Absorption
Bremsstrahlung, tagged photons, data only for light nuclei, E>10 MeV
(v,xn), (v.Xp), etc.
only above threshold, largest data set
Photon-scattering
-> Decay Channel !

Virtual Photons: e - scattering
multipole decomposition, low-momentum transfer
difficult to apply with radioactive beams (e-A collider - > ELISe at FAIR)

Electromagnetic Excitation
first measurement of full dipole strength in 2°8Pb by (p,p’) elm. excitation
Tamii et al., RCNP Osaka
applicable to radioactive beams !



Electromagnetic excitation at high energies

Semi-classical theory:

do,,,/ dE = Ny(E) GY(E)

Absorption of 2
“virtual Photons’ b; |
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High velocities v/c~0.6-0.9 E /// 3-ph GDR
— High-frequency Fourier components e A
- 10" 1 10
Ey,max ~ 25 MeV (@ 1 GEV/U) E (GeV/nucleon)

Determination of ‘photon energy’ (excitation energy) via a kinematically complete

measurement of the momenta of all outgoing particles (invariant mass)



Production of fast exotic nuclei

* Stable beams from SIS, fragmentation on Be target or in-flight fission

* Selection of radioactive beams in Fragment Separator (FRS)

Bp — from position at

Tonenquellen w../ middle focal plane
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The LAND reaction setup @GSl

Mixed beam

o Charged fragments
L. | LAN
: tracking = Bp ~ A/QPBy D
Neutrons
‘," ToF, x, y, z
~12m

projectile Photons
tracking

ALADIN

large-acceptance dipole

Excitation energy E* from kinematically

complete measurement of all outgoing
particles:
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Analysis of ®8Ni: decay after Coulomb excitation

Neutron kinetic energy
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consistent fit taking into account:

1) invariant mass, but also information
of subsets like Ey; (n), E g, etc.

2) detailed knowledge about detector
response function

analysis:
Dominic Rossi
PhD Thesis
Univ. Mainz,
PostDoc GSI
Now MSU



Dipole strength distribution of %8N

Simultaneous fit of spectra with 8 individual energy bins as free fit parameters:
,2deconvolution®
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Systematics of Pygmy dipole strength ?
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Systematics of Pygmy dipole strength ?
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Proposed experimental programme

Next-generation experiments — Goals:

» extraction of full dipole strength function

(below and above threshold, extracting E2 contribution,
¥ (-cacade) and neutron channels)

» development of strength with neutron excess

e relation to symmetry energy 1 N=82 isotones

e characteristic of low-lying strength
(isospin structure, decay properties)

I O I I
O S-DALINAC (tagged v)

R3B@GSI (Coulomb excitation)
(O RIKEN RIBF (o)

S
@"J
Sn isotopes n O
— VT IEN A
A - EC ) ABEIBNABEIBRNEEBEE
N N 4 No- % i
5o O
_ o
g o\‘“\(\
- See talk today by Andrea Horvat 2 &



Polarizability and neutron skin
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Neutron skin in 2°8Pb from different methods
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Alpha clusters in nuclear matter and heavy nuclei

Heavy Nuclei (only o relevant)

[fm]

skin

Nuclear Matter

neutron skin thickness r
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number of a particles N

Clustering at surface changes neutron-skin thickness

-> relation slope symmetry energy — n-skin . mass number A

-> experiment to test a preformation in heavy nuclei |
(p,pa) at RCNP (Aumann, Uesaka, Typel et al.)
with RIB: SAMURAI, R3B

o--o RH without o correlations
TF without a correlations
TF with o correlations

[fm]

skin

neutron skin thickness .

S. Typel, arXiv:1403.2851v1, AIP Conf. Proc. 1520,68 (2013)




Collaboration of ¢8Ni dipole-response experiment

Measurement of the dipole polarizability of the unstable neutron-rich nucleus ®Ni

D. M. Rossi,1’2’>l< P. Adrich,' F. Aksouh,l’Jr H. Alvarez—Pol,3 T. Aumann,‘“’*E J. Benlliure,3 M. B(jhmelr,5 K. Boretzky,1
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*Institut fiir Kernphysik, Technische Universitit Darmstadt, D-64289 Darmstadt, Germany
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Summary

e Dipole response of n-rich nucle1 — Pygmy Resonance
- Low-lying dipole strength observed in n-rich nuclei, ‘proton-Pygmy’ in 3?Ar
- many open questions — next-generation experimental program planned at GSI, RIKEN,
SDALINAC, HIyS, Osaka, ...

systematics, strength and position as a function of N-Z (and mass)
1sospin character (isoscalar dipole)
decay properties
relation to nuclear-matter properties
relation to observed low-lying strength for stable nuclei
extraction of quadrupole strength

 Dipole response of *$Ni

- 25(2)% non-statistical decay
- PDR: 2.8(5)% EWSR, 7(2)% direct gamma decay
- Dipole polarizability extracted for the first time for a radioactive nucleus

This opens the possibility for systematic studies as a function of N-Z which will enable to
provide tight constraints on neutron skins and the density dependence of the symmetry energy



Appearance of a neutron skin in neutron-rich nuclei

Theoretical prediction First experimental evidence
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(Skyrme Sk, SL) mean-field calculations Isotope shift measurements (ISOLDE)
P.G. Reinhard, priv. comm. T. Suzuki et al., Phys. Rev. Lett. 75 (1995) 3241

Other experimental techniques: IV GDR (isoscalar probe), Spin-dipole resonance (rel. n-skin),

Pygmy dipole, Polarizability, anti-proton scattering, e- plus p elastic scattering



Previous measurements with radioactive beams

Method: Electromagnetic excitation at relativistic beam energies
(C.A. Bertulani and G. Baur, Phys. Rep. 163, 299 (1988))

Electromagnetic-excitation

Cross section Photo-neutron cross section ™~ _ _
(v,y') in 8Ni using RISING
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Can we learn something on neutron matter ?

A NEUTRON 5T. SURFACE and INTERIOR

% 0T o U]' ‘[:HIJ-':'I’
e aar I [ANES
o o0 [ 3
10
0 -
-1¢ | §
stable nuclei
NZ=1-15
_20'....|....|....|....|'
0 0.1 0.2 0.3 04
P (fm) Supernova explosion Neutron Star

The nuclear equation of state:

dependence on n-p asymmetry and density
symmetry energy at higher densities
— reactions with n-rich nucler ?
symmetry energy and its density dependence close to saturation density

— properties of n-rich nuclei ?



Observables related to neutron EoS

Properties and reactions of neutron-rich nuclei related to neutron matter

Symmetry energy and slope:
— Dipole response: GDR centroid, Pygmy resonance -> dipole polarizability
— Quadrupole response: centroid of isovector GQR

— GMR
— Neutron-skin thickness

Correlations:
— 3N force -> nuclear structure
— 3neutron force -> structure of n-rich nuclei (at and beyond drip),
neutron systems (e.g. 4n)
— N-N tensor and short-range correlations -> quasi-free scattering (p,pn); (p,2p)
— Clustering -> quasi-free scattering (p,pa.)



