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Background and Objectives

Charge radii have
already been measured
for many nuclei.l]

Proton
distribution radius

Proton number Z

I Nuclides around 13¢Xe I

Matter radius

Number of neutrons N

[1] I.Angeli and K. P. Marinova, At. Data and Nucl. Data Tables 99, 69-95 (2013).



Background and Objectives

Charge radii have
already been measured
for many nuclei.l]

Proton
distribution radius

Matter radius

The aim of this study is to obtain

matter radii from interaction cross sections.
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Experiment
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Results and Discussion

Downstream:

&
Particle Identification (PD) Plot ¥
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Interaction Cross—Section Measurement Results
2700

Cross—Sections in Geometry
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The interaction cross section g; tends to increase with mass number.
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Matter radius Results
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Comparison with previous studies
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Measurement of Interaction Cross Sections and Matter Radii for Isotopes
of Z=54-60 (Xe, Cs, Ba, La, Ce, Pr, Nd)

e Comparison of the obtained interaction cross sections with geometric cross sections

The results show a trend consistent with the mass—number dependence
of the geometric cross section.

e Derivation of matter radii

Matter radii increase with mass number, consistent with the RMS radii
expected from the uniform sphere model.

e Comparison with previous studies

» The obtained matter radii are larger than the proton distribution radii for all nuclides.

Future Prospects

® Study of the effects of nuclear structure on interaction cross sections around N=82.
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About 70% of the
Linear accelerator I‘ Cyclotron >| speed of light
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T
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About the Experiment

RIKEN RI Beam Factory (RIBF)

The primary beam (238U) is accelerated
to about 70% of the speed of light by

the Superconducting Ring Cyclotron (SRC).

Incident

RI beams are produced, separated,
and identified by the BigRIPS separator.

Source: RIKEN
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Interaction cross sections for each nuclide
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Interaction cross sections oy
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Interaction cross sections for each nuclide

Interaction cross sections gy
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Interaction cross sections

The following differential equation describes
the number of particles N passing through the target.

N (pNA)N Solving thi ion g
Tr O ) olving this equation gives
N
N [1/cm?] = %x

N, = Nyexp(—o;N;)

The interaction cross section is Solving this equation gives

1 | N,
o= Ntn N, 01=i 1._Rin+1_ROUt>
NlmRin NfUtRout




Derivation of the Matter Radius

Measured Interaction Cross Section

{

Assuming a Fermi—type
Nuclear Density Distribution

{4

The Glauber calculation uses this
distribution to obtain the matter radius.

Nucleon Density (Fermi Distribution)

Po
1+ exp (r _CTO)

p(r) =

r :Distance from the Nuclear Center
po : Central Density

1o :Nuclear Radius where p(r) = Po

2
c :Surface Diffuseness (¢ = 0.56)

o Wwas chosen to reproduce
the measured interaction cross section.




Transmission

Transmission: Selection of stably transported beam components

Transmission =

Number of non—reacted particles

Number of incoming particles
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Expected RMS radius from ] ]
the uniform sphere model  Numerator forz-4m~2dr=f0 amrtdr
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Proton distribution radius

N 352 (r?)p - Point—proton distribution radius
(r*)en = (r#)p + (RI%> + E(RI%O + Am2pc? ==« (1) | (r?)en - Squared charge radius
<R1:2>> . Squared proton charge radius
N 3h? (Rﬁ) . Squared neutron charge radius
(r2)p = (r*)en — (RE) — 5 (RN) — 4
¢ < P> Z< N> Am?pc? (2) 3? - Foldy term
4m4pc
(relativistic correction)
T, = (T‘Z)p ...(3) -




Neutron distribution radius
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Neutron distribution radius

4 R

Neutron distribution radius R, = +/(r?)
Aern — ZRS The neutron distribution radius
Rn does not represent a specific boundary.

It is the weighted average distance of the
neutron distribution from the nuclear center.

o= |=R=0.77R No large difference from the uniform sphere model

5
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Full measurement range of this experiment

N0
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Proton number Z
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Source: RIKEN



Future Work

Extend the measurements to nuclides around the magic number N=82 and study
changes in interaction cross sections due to nuclear structure effects.

Nuclear Structure Effects

= Shell structure (shell effects)

*Nuclear deformation (spherical, ellipsoidal, etc.)

*Neutron skin / halo structure

*Non—uniform density distributions and other nuclear structures
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