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Introduction

e Asymmetry encrgy drives neutron separation energy to zero at the drip
line.

¢ Necd information about nentron separation going to very rich nuclides
where production is weak and lttle is known. Important for r-process and a
challenge for microscopic models.

e Abrasion-Ablation “cold fragmentation” efficient in producing the most
neutron rich nuclides.

» P-removal chains developed with the fast fragmentation removal of in-
creasing numbers of protons and no loss of newtrons.

» Recent example—production of 147 (N=28, Z=13) from 48Ca with re-

moval of 7 protons. What is the Neutron Separation Energy?
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Abrasion-Ablation Model
p-removal chain

Assumne the cross section for the removal of z protons consists of two

factors one for each stage.
o = Abry - Abl, (1]

where z specifies the number of protons removed,
Abrasion:

Abr comsists of two factors:

One, providing the cross section for removing » particles, modeled by the
the geometrical overlap of projectile with target.

The other, the probablility that all of these he protons, modeled by the
uncorrelated statistical factor, (ZV/(Z — =)/ (N + 20/ (N + Z — z)}).

The excitation energy of the residue iz given by a distribution fanckion

F.[E*) to be discussed below.

Ahlation:
Abl, gives the probability that no newtrom evaporafion occurs follow-
ing the abrasion. It iz provided by the integral of F[E") from zero to

neMtron Separaltion energy.

Abl, = f" F B )dE (2)
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Excitation Energy Distribution

Twr obtaln distribution function for the excitation enerey F (&%) following
the the removal of o protons, we assume a convolution of 2 distribution

functicns for the removal of a gingle proton, fi{e*):

FB) = | T1(def filel)) 83 21 - B) (1)

We considered two different distribwtions, fi{e*): one having an
exponential form, the other having a a friangle form. Each is character-
ized by a respective mean valus, < &° >,

The convelution of each of these two forms can be calenlated analytically

using Fourier transforms to obtain the full excitation distribution F,(&*).
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Two Forms of Abl
Triongle distribution

Ablp = Cinsla) - {28,/(3 < € ) /%,

where
Clhyi(x) = S-8,/(3 < & =) - (sP/(s)(z + Sz = s}1))
5=
Ezponential distribution
Ably = Cpplz) - (Saf < € > 2,
where

Cazpl®) = g(—%f <& =)/ ({z+ 8)8))

(1)

(2)

(3)

(4)
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Reaction ~ |x*/dof|<e* > - | 4 |x3/dof|< et =] - +. ]

tri. | trl. : eXp. | exp.

ﬂﬂﬂﬁar;-c'u[ﬂ] 0.38 | 184 [11|15| 042 | %56 | 18|21
97 4y 427 All22]] 0.87 | 224 1.6 3..5 0.88 | 32.2 |3.8]52
197 4w +° Be{10)| 1.87 | 250 {14|18( 158 | 363 {2.2|2.6
120 6 49 Bef7] 0.36 [ 2.8 |28|26| 036 | 242 | 3856
Vsorer 49 Bef1a] | 145 | 117 lo.3 [0.25) 0.0 | 166 |oa 0.45]

¥Ca+° Be[20} | 124 | 7.70 {0.35] 04| 181 | 10.80 [0.45|0.60[ °
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n-remaoval chains

The sitnation for reaching proton rich smelides by neremoval is quite dif-
ferent, concerning the measurament, of proton removal energies.

o Coulomb barriers affect the practical threshold fov protons.

+ Neutrons can be removed by both the abrasion process and alzo by
evaporation (which can sirongly compete with the proton evaporation).

e Abraston-Ablation model can predict n-removal chaing but this involves
| model dependent complications {¢oulomb barrier, and evaporation treat-

ment} whicl are absent in the p-removal chains.



Conclusions

1. Nlusérated examples show simple Abrasion-Ablation mnodel for p-remeoval

chaing provides excellent agreement with fragment (ross sections.

2. The calelated cross sections depends on an excitation parsieter (< ¢ =)

and nentron separation energy.

3. Fach p-removal chain seeins 1o be characterized by a single < e* =, which
can be fit. Equally good fits are obiained with Triongle and Erponenticl

distributions. (Mean energies approximately 2:3)

4. From some of the data in the the lifterature we suggest the power of the

premaoval chains for ohserving unknown separation energies for *™Pt and

1141 in different chains,
5. Some puzzling disagreement appears in % Au data.

6. Ongoing work with ® ¥4 with a meagured chain up & protons, suggests
further success. Comparison with with known sepavation energies, suggest a

precizion for the neutron separation energy of a few hundred keV,

7. Neutron remocval chains are more uncertain regarding proton separation

ENergles,

8. Work is ongoing to understand the variation of the energy parameter with
prajectile choige. This can sugpest the situations in which longest chains muy

be measured practically.



