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Thomas Aumann

TECHNISCHE

17
2\ UNIVERSITAT ‘FAIR =]

DA RN\STA DT Helmholtz International Center

February 25t 2014
Physics Colloquium

Universita degli studi di Milano

% Bundesministerium
fiir Bildung

und Forschung

Supported by the BMBF under contract no 05P12RDFN8



eactions with B Tk | _
adioactive '

eams

stable nuclei
N/Z=1-1.5




vin'| core
— A Neutron skin
— = >
p n

Asymmetry in N to Z ratio

Asymmetry in energy (Fermi surface)
Asymmetry in density

|l

x(r) (fm'/?)

Halo nuclei

-0.6

1 1
10 15 20 25
r (fm)



Appearance of a neutron skin in neutron-rich nuclei

Theoretical prediction First experimental evidence
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Relativistic (NL) and non-relativistic Interaction cross section measurement (GSI) plus
(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
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Can we learn something on neutron matter. 7

A NEUTRON STAR: SURFACE and INTERIOR
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The nuclear equation of state:

dependence on n-p asymmetry and density
symmetry energy and its density dependence close to saturation density
— properties of n-rich nuclei ?
symmetry energy at higher densities

— reactions with n-rich nuclei ?



Symmetry energy S,(p) and neutron skin in 298Pb
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Astrophysical implications: r-process

The challenge: For the understanding of nucleosynthesis and stellar dynamics we need to
know properties of many exotic nuclei.

Nuclear input: half lives, masses, reaction rates

Astrophysical calculations ,_,_r-—&? i

Comparison to observation
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Astrophysical implications: r-process

r-process abundance
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Reactions with neutron protQ asym,metuc nuclel

Nuclear Structure ' Neutron-Proton
of exotic nuclei asymmetric matter

stable nuclei
N/Z=1-1.5
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The collective response of the nucleus: Giant Resonances

Electric giant resonances

Photo-neutron
Isoscalar Isovector Cross sections
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The collective response of the nucleus: Giant Resonances

Electric giant resonances :
new collective soft

= dipol d
Isoscalar Isovector 1pole mode

(Pygmy resonance)

Monopole Prediction: RMF
(GMR) (N. Paar et al.)
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The Pygmy Dipole Resonance (PDR)

Relativistic mean-field theory

RQTBA dipole transition densities in ¢8Ni at 10.3 MeV

Theory: RQTBA-2
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Previous measurements with radioactive beams

Method: Electromagnetic excitation at relativistic beam energies
(C.A. Bertulani and G. Baur, Phys. Rep. 163, 299 (1988))
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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
Tonenguellen \i\”../ middle focal plane

(MUCIS/ MEVVA & "ﬁ/ Hochladungs-Injektor (HLI) of the FRS
Penning) mit EZR-Ionenquelle 7 2
Transferkanal 7 = [
o /. Alvarez DTL < e g
=S T~ >
Hochstrom- =i W_Z“b\c\w e ¢ N
Injektor (HSI) Sy 4 ‘5',\\_“;*._5‘ 2 / Incoming beam identification |
S /\ My S : HHT N 30g- e
& /< 20.5¢ 18
16
Cave A 14
Experimentierhalle B - from TOF
12
10
7. — from AE

26.5%

A e Bp 26§,
] e e SRR G N TR B T LR
Z c 255538 24 242 244 246 248 25
"!u AlZ




Electromagnetic excitation at high energies

Semi-classical theory:

40,/ dE = N,(E) 0,(E)

b>Rp+Ry g Absorption of 2
— - Pb . : °
virtual Photons
ez 8
R 102}
'%\\ 0 I
High velocities v/c=0.6-0.9 z /// 3-ph GDR
= High-frequency Fourier components e A
10" 1 10
Ey,max =~ 25 MeV (@ 1 GCV/U) E (GeV/nucleon)

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

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



Mixed beam
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Analysis of ®8Ni: decay after Coulomb excitation

Neutron kinetic energy gamma sum energy
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Dipole strength distribution of °8Ni

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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New measurements with stable nuclei: Experimental approach

» Real-photon scattering at NEPTUN
(quasi-monoenergetic photons)

» Measure (y,n), (v,Y,), (Y,Y;Yx) Cross sections in one
experiment for E, above and below S,

focal plane

radiator

B2 TECHNISCHE a
S N\

(/=) UNIVERSITAT e
0’ DARMSTADT

22



Proposed experimental programme

Next-generation experiments — Goals:

» extraction of full dipole strength function

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

 development of strength with neutron excess
e relation to symmetry energy 1 N=82 isotones

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

I T I
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neutron-skin thickness

neutron skin of 2°8Pb [fm]

Symmetry energy and dipole response

density dependence of , properties of

dipole response symmetry energy neutron-rich matter
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n-skin from Pygmy strength

n-skin from polarizability

J. Piekarewicz,PRC 83, 034319 (2011)

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

—

A. Carbone et al., PRC 81 (2010) 041301(R)
P.-G. Reinhard, W. Nazarewicz, PRC 81 (2010) 051303(R)
A. Tamii et al., Phys. Rev. Lett. 107 (2011) 062502.



Polarizability and neutron skin
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Neutron skin in 2°8Pb from different methods
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Measurement of the dipole polarizability of the unstable neutron-rich nucleus ®*Ni
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Summary

* Dipole response of n-rich nuclei — Pygmy Resonance
- Low-lying dipole strength observed in n-rich nuclei, ‘proton-Pygmy’ in 3Ar
- 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)
isospin 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 8Ni

- 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
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High-energy radioactive beams at FAIR

FAIR
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Production of radioactive beams
by fragmentation and fission
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Large acceptance required for separation of fission fragments
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Many technical challenges:

- large-aperture s.c. magnets
- radiation-hard magnets
- high-power target

- up to 20 Tm beams

Transmission [%]

- Large acceptance:

~ - beam dumps
Ap/p=+2.5% - radiation issues
AD = + 40 mrad o N

A® =+ 20 mrad z

— High transmission for fission fragment (intensity gain by a factor of ~10)
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Superconducting Dipole: Ready
for installation in 2014

Construction by CEA Saclay



