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@ The proton radii can be determined to a high acurracy from the charge density
distribution in experiments using electromagnetic probes, like electron scattering
experiments. In contrast, it is much difficult to acurrately determine the neutron density

distribution by any experimental probes

—  Experiment

107 | %\ 205ph(ee)
- Mean icld

L Theory
—  Experiment

do/dQ (cm¥sr)

To() (efin”)

r(im)

g (i)

@ Serveral attempts have been made to determine the neutron density distribution by using
proton scattering, interaction cross section in heavy ion collisions, and also a promising
new method by measuring the parity violation effect in polarized electron scattering
(G. Fricke et al., At. Data Nucl. Data Tables, 60 (1995) 177, C. J. Horowitz et al., PRC 63 (2001) 025501,

T. Suzuki et al., PRL 75 (1995) 3421 ).

@ So far, the acurracy of neutron radii determinations is poor compared to that of proton
radii, especially for exotic nuclei.
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Nuclear EOS at T=0, density p and isospin asymmetry

V== L),
EOS of asymmetric nuclear matter £(p.0)~ E(p,6 = 0)+E_,,( p)S:, 5= il
- . Vol P,

metry energy Em(p?.;-'ﬁm(po ', u=p/p,

Symmetry energy coeffj_oié'ﬁt E m(po) = 30 MeV
d , B

i Poukp,B)=p* —28¢

“Pressure op

= PoE o (P Y62

2
O Em(p)
2
op
Danilewicz, Lacey, Lynch, Science 298,1592 (2002) P=Po

Compressiiity K =9p;

Density dependence of symmetry energy
is largely unconstrained below and
above the saturation density.
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Neutron skin
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Strong correlation between neutron skin thickness and:
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density p,

------ the slope of symmetry energy

nuclear symmetry energy at saturation

B the curvature of the nuclear symmetry energy

L/ J ratio------. J is the symmetry energy coefficient at
the saturation density p,
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a,,,, is the symmetry energy coefficient of
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B 7248 % 09 = T 4T 30 71 A 4A (IQMD)
* Quantum molecular dynamics (QMD) with the isospin factor and
many important quantum features included, e.g. Pauli blocking.
* The nucleons are treated as a Gaussian wave packet

(m_ =22 (= =iy L
filF, 1) = e (T 1o~ PPt g

hB
* The evolution of every single nucleon follows the Hamilton canonical
equation _ _
= p__H
e or

* The effective potential can be written as 4 parts:
[T(p) = UvSky iy L‘rCoul 3y l"rYuk iy L‘Ys_vm

* |QMD distinguish n,p in simulation, could give us detailed phase
space information both on the nucleon and fragments

* Construct fragments after freezing-out by the coalescence method

initial state reaction final state

residual
projectile

o g & b o

projectile target

residual target nucleus
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SRt LA (Statistical Abrasion-Ablation, SAA)

o
A

4

3

o
™

b)

Schematic view of two nuclei collision in straight-line geometry.

- o a)Side view of a peripheral collision via collisions of tube pairs:

I Brohm. K.H. Schmidt, NPAS69(1994)821.  b)Seen in beam direction, the vectors s and b are defined in the plane perpendicular to the beam.

Transmission probability for an incident nucleon (k=n for neutron, k=p for proton)
1
tjx = exp (_F(N’ﬂ"k . Zja,,k))
Average number of nucleons removed in a collision of tube pairs
< AA; >= Ni(1 - tj_,-,)) + Zi(1 - tj‘p) =< AN; >+ < AZ; >

Binomial distributions are assumed for < AN; > and < AZ; >. The total number of removed nucleons in
a collision at a given impact parameter is obtained by the sum of the above equation.

e Abrasion stage:

Prefragment with the mass and charge numbers determined by the statistical abrasion method, the
excitation energy given by the hole-energy model (13.3 MeV per hole, J.-J. Gaimard, K.-H. Schmidt.
NPA531(1991)109.)

e Ablation stage:

Final fragment after the deexcitation process using the conventional statistical evaporation model
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Z T. Dal, D Q. Fang et al., Phys. Rev. C 91 (2015) 034618
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FIG. 3. (Color online) Isotopic distributions as a function of neutron number N for elements with 12 < Z < 20 in 140 MeV/nucleon
#Ca+ Be. Solid squares are the experimental data from Ref. [47]. and open circles are the calculated results with IQMD plus GEMINI.

P F R B AR 6 ROE 20




SAA BEA i+ H 69 R AL & 5 A

10"
44 AMeV “Kr+7A1 Z=30 7=31 7=32
10"; 10° 10°
=
s 10° 107 . 10°
L]
=
E w} * o o'} ® 10} e
L L 3
10” 10" 10"
- 60 64 68 72 76102 64 68 72 76 ?82 64 68 72 76 80
790 AMeV Xe+7Al Z=43 Z=44 7=45
10" 10' 10"
= 10 10° 10°
\E/u 10" 10" 10"
© 102 10° 10%} 9
10° 107 107 .

88 02 96 100 104 108 92 96 100 104 108 92 96 100 104 108 112
A

The experimental data (Upper panels from D. Bazin er al., NPA515(1990)349; lower pan-
els from J. Reinhold et al., PRC58(1998)247) can be well reproduced by the SAA

model.
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PRL 119, 262501 (2017) PHYSICAL REVIEW LETTERS 29 DACEMBER 2017

Peeling Off Neutron Skins from Neutron-Rich Nuclei: Constraints on the Symmetry
Energy from Neutron-Removal Cross Sections

T. Aumann,"*" C. A Benulam *!'E Schindler,' and S. Typel'?

Technische Uni it De dt, Schlossgartenstrafe 9, D-64289 Darmstadt, Germany

trum fiir Schwerionenforschung, Planckstrafe 1, D-64291 Darmstadt, Germany

and Astronomy, Texas A&M University-Commerce, Commerce, Texas 75429-3011, USA
(Received 30 September 2017; published 28 December 2017)

'Institut fi J‘:r Kernpl
*GSI Helmhol
szamnym of Phy

An experimentally constrained equation of state of neutron-rich matter is fundamental for the physics of
nuclei and the astrophysics of neutron stars, mergers, core-collapse supernova explosions, and the synthesis
of heavy elements. To this end, we investigate the potential of ining the density dep of
the symmetry energy close to saturation density through measurements of neutron-removal cross sections
in high-energy nuclear collisions of 0.4 to 1 GeV /nucleon. We show that the sensitivity of the total neutron-
removal cross section is high enough so that the required accuracy can be reached experimentally with the
recent developments of new detection techniques. We quantify two crucial points to minimize the model

A AT AR A %
o Wik, TR T AR

FIG. 2. Neutron-skin thickness Ar,, (left) and corresponding
neutron-removal cross sections o,y (right) for Sn isotopes as
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X.Y.Sun,D. Q. Fang, Y. G. Ma et al., PLB 682 (2010) 396.
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Z.T. Dai, D. Q. Fang et al., Phys. Rev. C 89 (2014) 014613
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The multiplicities of fragment with different mass numbers under the condition
of reduced impact parameter from 0.6 to 1.0 and Y>0 for %Ni+!2C at 50 A MeV.
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Isoscaling is the property that the ratio of fragment yields from similar
but isotopically different reactions has a exponential dependence on [NV
and Z:

1,2(]\I7Z)

R21(N7Z) = Y(N Z)

= Cexp(aN + 32),

a="3mA(%)
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Isotopic Scaling and the Sy y Energy in Si
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The isoscaling approach has become an important method in heavy
ion collisions since it can isolate the nuclear symmetry energy in
the fragment yields.
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FRS data: '**130Xe+Pb at 1A GeV
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FIG. 4. (Color online) Isotopic yield per event as a function of the neutron number N with the charge number of fragment varying from 15
to 19 in *'Ca+'2C and *Ca+'2C at 50 MeV/nucleon (upper row). The related isotopic yield ratios of the two reactions as functions of N are
displayed in the lower row. In the calculations, f, is varied from 1.0 to 1.6 for *°Ca+'2C, while it is 1.0 for Ca+"C.
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FIG. 5. (Color online) Isoscaling parameter « as a function of &, for fragments with the charge number varying from 15 to 19 in

50 MeV /nucleon %'Ca+12C.
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Neutron skins as laboratory constraints on properties of neutron stars
and on what we can learn from heavy ion fragmentation reactions

C. A. Bertulani"-? and J. Valencia'

! Department of Physics and Astronomy, Texas A&M University-Commerce, Commerce, Texas 75429-3011, USA
2Institut fiir Kernphysik, Technische Universitiit Darmstadt, D-64289 Darmstadt, Germany
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< 15 3.1/ / slope parameter of the symmetry energy. In this article, we explore a particular set of reactions using high-energy
10 (Ei» ~ 1 GeV/nucleon) neutron-rich jecti ‘We explore of all reaction fragments (a) in
5 M the same isotopic chain, i.e., only by removal of neutrons, (b) in all charge—changmg channels, and (c) total
0 ion cross sections. Using Hartree-Fock-B (HBF) i for neutron and proton densities
-0.2 -0.1 0.0 0.1 0.2 0.3 withSkyrme interactions, we explore the sensitivity of these cross sections with the neutron skin in nuclei.
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o clustering and neutron-skin thickness of carbon isotopes
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neutron skin thickness [fim]
The growth of the neutron skin seems to suppress the a clustering of C isotopes similarly to those
observed in Sn isotopes.
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Exploring the sensitivity of z-decay half-life to neutron skin
thickness for nuclei around 2°*Pb

Niu Wan' - Chang Xu' - Zhong-Zhou Ren'?
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Correlation between observed « decays and changes in neutron or proton skins
from parent to daughter nuclei

W. M. Seif,""" N. V. Antonenko,>* G. G. Adamian,> and Hisham Anwer'*
!Cairo University, Faculty of Science, Department of Physics, 12613 Giza, Egypt

2Joint Institute for Nuclear Research, 141980 Dubna, Russia

3Mathematical Physics Department, Tomsk Polytechnic University, 634050 Tomsk, Russia

*Physics Department, Zewail City of Science and Technology, Egypt
(Received 21 August 2017; published 29 November 2017)

The change of proton and neutron skin thicknesses is investigated in nuclei after & decay. The skin thicknesses
are self-consistently calculated. The observed « decays lead to relatively large decrease of the proton skin in the
daughter nuclei. A large increase of the neutron skin in the daughter nucleus reflects the hindered o decay. This

hindrance is related to the decrease of both the Q,, value and the preformation probability in the parent nucleus.
For each isotopic chain, the observed half-lives consistently correlate with the change of the proton (neutron)

skin thickness, from parent to daughter nuclei.
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Neutron-skin thickness determines the surface tension of a compressible nuclear droplet ..

W. Horiuchi,' S. Ebata,” and K. lida® o
! Department of Physics, Hokkaido University, Sapporo 060-0810, Japan
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Probing the Neutron Skin with Ultrarelativistic Isobaric Collisions
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Model description: Y. Ogawa et al., Nucl. Phys. A571, 784 (1994).

Calculation method ;

@ core -+ valence nucleon °

® the density distribution of the core is determined by reproducing the experimental
o data

® the wavefunction of the valence nucleon is calculated by resolving the
Schrodinger equation

d*R(r) 2u W+ 1)

U<T) == _‘/Of(T) i ‘/18(1 2 S)Tg;ﬂf(T) <l VCoul

where f(r) = [14exp(=E)|"L, R = rgAY® (Vi, = 17TMeV). Vy is the depth of
the potential, Vo is the Coulomb potential. =0.67 fm and r,=1.27 fm.
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014609 (2010)
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