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Neutron skin efFect in preequilibrium nucleon emissions
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The geometry-dependent hybrid model of preequilibrium nuclear reactions is used together with
the droplet model description of neutron and proton densities to investigate the effect of excess
surface neutrons on the nucleon emission spectra. It is found that in alpha-particle —induced reactions
the effect of neutron skin on nucleon emission spectra is negligible. For nucleon-induced reactions
the effect is more signi6cant but not strong enough to remove the discrepancies between calculation
and experiment.

PACS number(s): 21.10.Gv, 24.10.—i, 25.40.—h, 25.55.—e

I. INTRODUCTION

It is generally recognized that the existence of a dif-
fuse nuclear surface will inffuence the emission spectra of
particles at energies where the preequilibrium (PEQ) re-
action mechanism is dominant. The energy spectra cal-
culated without including surface effects in PEQ emis-
sions usually underpredict the higher energy part of the
spectra [1—3]. The diffuse nuclear surface affects the PEQ
emissions in two ways. The two-body interaction rate de-
creases in the surface region on account of lower matter
density resulting in enhancement of the emission proba-
bility. Also, the shallower potential well at the surface
limits the hole energy which in turn increases the prob-
ability of particles occupying the higher energy states
thereby increasing the higher energy emission probabil-
ities. The two well-known models of PEQ reactions,
the exciton model and the geometry-dependent hybrid
(GDH) model, both include these effects for emissions
from the early stages of the relaxation process. The ex-
citon model incorporates the surface diffusivity effects
through the parametrization of the effective well depth
in the region of the 6rst target-projectile interaction as
a function of the incident energy [4]. The GDH model
describes the nuclear density and potential by a two-
parameter Fermi function and the diffuse surface effects
arising at the higher impact parameters are included in
the model calculations [5,6]. In addition to these two
effects, a third effect of surface diffusivity, that of the ef-
fective neutron-skin in the neutron-rich targets, has also
been investigated for PEQ nucleon emission by some au-
thors [7,8]. In this work we reanalyze the efFects of excess
surface neutrons on the PEQ nucleon emission spectra.
This reinvestigation is necessitated by the presence of nu-
merical errors as well as inherent inconsistencies in the
formalism of Ref. [8] and the absence of a reaction model
analysis of the observations of Ref. [7]. The reaction

model formalism for including neutron skin is discussed
in Sec. II and the results are presented in Sec. III.

II. NEUTRON SKIN IN PE% REACTIONS

Castaneda et al. [8] made a model analysis of the
neutron-skin effect on the measured inclusive proton
spectra from ss'so s2 s4Ni(n, px) reactions at 60 MeV in-
cident energy. The PEQ spectra were analyzed in terms
of the hybrid and GDH models. The GDH calculations
reproduced the spectral shapes better than the hybrid
calculations but the former overpredicted the cross sec-
tions. To remove this discrepancy, the eH'ect of neutron
skin was introduced in the GDH model.

The GDH model PEQ energy spectra for v-type nucle-
ons is given by [6]

poEq( )e= eA ) (2l + 1)Tt ) D X„2 N„(l, e, U)

t=o n=no
dn=R

A, (e)
A, (e) + A+ (l, e)

'

where A is the reduced de Broglie wavelength of the pro-
jectile and 7.'t the transmission coeKcient of its 1th partial
wave. D„ is the depletion factor of the nth exciton state
and X„ is the n»mber of v-type excited nucleons in it.
N„(l, E) is the number of ways in which n excitons share
the excitation energy E and N„(l, e, U) is the number of
ways in which the same energy E is distributed among
the n excitons with one particle exciton having energy e
and the rest (n —1) excitons sharing the energy U. A, (e)
and A+(l, e) are, respectively, the emission and two-body
collision rates. The signi6cance of the various terms are
discussed in Ref. [6].
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3Z+ 2N
3Z+ N (2)

In (1) the cross sections are evaluated for each impact
parameter r~ ——lA and the difFuse surface properties show

up at larger impact parameters. The lower matter den-
sity at the surface decreases A+(l, e) while the shallower
surface potential enhances the ratio N„(e, I, U)/N„(/, E)
which is the probability of finding a nucleon with emis-
sion energy e. The efFect of neutron skin is introduced in
X„which is independent of rI if protons and neutrons

are assumed to be uniformly distributed inside the nu-
cleus. Otherwise, it is a function of proton and neutron
density distributions, p„(r~) and p„(«), respectively.

For nucleon projectile the initial exciton number no ——

3 and „,X„+„,X„=2. In the GDH (and hybrid) model
the number of excited neutrons in the no state is evalu-
ated as [6]

With this parametrization of,X„, it is reported [8]
that the overpredictions in proton emission cross sections
are corrected and good agreement is obtained between
experiment and GDH calculations. On repeating the cal-
culations, however, we find that, contrary to what has
been reported, the decrease in proton emission cross sec-
tions on account of including the neutron-skin efFect is
very small as shown in Fig. 1. Numerical errors in the
calculations of Ref. [8] are responsible for the reported
large decrease in the proton emission cross sections. The
skin thickness algorithm in Ref. [8] was most likely en-
coded with an incorrect numerical constant, such as to
give a neutron skin thickness in error by a factor of 10
[9]

In addition to the numerical errors, the parametriza-
tion of pz(r~), p„(«) of (6) as described in Ref. [8] suffers
from the shortcoming that particle number conservation,
given by

for a neutron projectile and

3N
3N+ Z (3)

OO OO

A = Z+ N = 47r r pz(r)dr + r p„(r)dr
0 0

(9)

for a proton projectile. Z and N are the proton and neu-
tron numbers, respectively, of the target. These initial
values of „,X„and „,X& are each assumed to increase by
0.5 in successive values of n. The efFect of neutron skin
is introduced in [8] by replacing Z, N by p~(r~), p„(«)
respectively, to get

is not taken into account. If it is assumed that R is given
by (7), ps~

——po„, nz ——o.„=0.55 fm, and R„ is obtained
from the number conservation of N from (9), then the
value t = R„—R„ is difFerent from the DM values of t

3'(«) + 2p («)
3pp(«)+ p («)

' (4)
1

10

I ] I
(

I
(

I
[

I l
I

58
Ni (n, px)

3p («)
3p„(«) + p («)

'

for neutron and proton projectiles, respectively.

A. Parametrisation of densities

The neutron and proton density distributions are taken

10

l
10

X
& 3x10

E

b

64
Ni (n, px)

En= SOMeV:

Q~.x

Pov

1 + exp [(r —R„)/o.„]
' 0

10

In Ref. [8] the half-density radii R„are defined as

1
R = 118As 1—

(1.182s )
2

10
0

I ] I I I I I l I I I
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Proton Energy 6 (MeV)

60

R„=R, +t. (8)

The neutron-skin thickness t is defined from the droplet
model (DM) [10,11].It is further assumed in Ref. [8] that
po„——po and the difFusivity constants o;p —o. —0 55
fm.

FIG. 1. Experimental and calculated proton spectra from

Ni(n, pz) reactions at 60 MeV neutron energy. The solid
curves are the experimental results from Ref. [8]. The dashed
curves are the GDH+hybrid model calculations without neu-

tron skin. The dotted and dashed-dotted curves are calcu-
lated with neutron skin; the former use the density parame-
ters of Ref. [8] and the latter the present work.
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On the other hand, t being an important variable of the
DM, the definitions of po„, po, RJ„R„,a„, and a„must
be consistent with the DM and (9).

B. The droplet model description of densities

From (10) to (13)

pn pp

p

~ = —.'P(I —b)

(13)

(14)

The DM [10,11] is a refinement of the liquid drop model
(LDM). In the LDM the proton and neutron densities
are constant inside a sharp bound. ary and zero outside.
In the DM the densities are only approximately constant
in the bulk of the system and smoothly decrease to zero
through a dMuse surface region. The density nonimifor-
mities in the bulk region and the thickness of the surface
region are treated as small quantities and the DM de-
fines average proton and neutron densities pz and p„ in
the bulk region that are close to the radius-dependent
densities. Corresponding to p„and p„ the DM also de-
fines sharp boundaries Ro~ and Ro„ for the proton and
neutron distributions. From number conservation

a- = —,'P(1+ ~)

2Z

(1 —3s) (1 —6)

2N

(1 —3s)(1 + S)

The DM defines b and e in terms of six constants which
are determined &om variational calculations. From the
expressions of b and s in Ref. [11), p~, p„,Roz, and Ro„
can be evaluated. The neutron-skin thickness is defined

Z = 3~Ro„p„,4 3

4 3N = 3+Ra„p„.

(10)

4J(N —Z) —(CZAs~ )/3
4QA 9JA

y P PLDM

PLDM
(12)

where pr, DM = (4z'ro j3), ro being the nucleon radius.
The DM also defines a density asymmetry parameter

The deviation of the average matter density p = p„+p„
from the constant LDM density pLDM is defined in terms
of the dimensionless quantity

where the symmetry energy coefficient J = 36.8 MeV,
the effective surface stiffness coefficient Q =17 MeV, and
the Coulomb coefficient C =0.73 MeV with ro ——1.18 fm
[10,11].

The DM density distributions can be approximated by
a two-parameter Fermi function (6) as has been done by
Myers [ll] for comparing the DM sharp radius, Ro„, with
experimental charge distribution which is conveniently
represented by a two- or three-parameter function. Since

TABLE I. Calculated values of density parameters of Eq. 6. pp and ppp are in fm and the
other parameters are in fm. Values of a~ are from Ref. [13]. The parameters in the second line for
each nucleus corresponds to ppp

——pp„.

Nucleus ppp

0.0782
0.0800

ppn

0.0818
0.0800

Rpp

4.404
4.371

Rp„
4.441
4.473

0.037
0.102

Clp

0.560
0.560

0.579
0.584

Rp

4.156
4.120

R„
4.193
4.222

Ni 0.0747
0.0800

0.0846
0.0800

4.473
4.371

4.665
4.753

0.192
0.382

0.578
0.578

0.609
0.622

4.212
4.103

4.404
4.485

0.0722
0.0774

0.0818
0.0774

5.486
5.363

5.656
5.761

0.170
0.398

0.560
0.560

0.579
0.592

5.291
5.163

5.461
5.561

118S 0.0703
0.0774

0.0833
0.0774

5.538
5.361

5.797
5.940

0.259
0.579

0.583
0.583

0.608
0.627

5.328
5.144

5.587
5.723

120S 0.0696
0.0775

0.0838
0.0775

5.555
5.361

5.842
5.997

0.287
0.636

0.576
0.576

0.602
0.622

5.351
5.148

5.638
5.784

124S 0.0684
0.0775

0.0846
0.0775

5.589
5.360

5.932
6.108

0.343
0.748

0.539
0.539

0.564
0.586

5.412
5.175

5.755
5.923

Qpspb 0.0646
0.0754

0.0832
0.0754

6.717
6.379

7.121
7.361

0.404
0.982

0.549
0.549

0.572
0.597

6.567
6.220

6.971
7.202
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po„, po of (6) remain approximately constant in the bulk
region we de6ne ppp p& and pp

——p„.
The parameters Rz, R, nz, and a are obtained f]L.om

(9) which, under the conditions n„« R„,a„« R„,can
be reduced to the well-known approximate forms [12]:

Z 3 vrpppBp 1 + (19)

N = sn.pp„R„~ 1 y
B„'

Equating (10) and (11) with (19) and (20),

(21)

(22)

Since the four unknown parameters cannot be solved
Rom (21) and (22) only, we estimate B„ from (21) us-

ing experimental values of n~ obtained from fitting elec-
tron scattering form factors by a two-parameter Fermi
function [13]. To evaluate B„we note that under the
cond. itions n~ && R, o.„&&R„we may write

R„—R = Rp„—Rp~ ——t (23)

III. RESULTS AND DISCUSSIONS

n„can then be obtained from (22).
The calculated values of the parameters defining p~(r)

and p„(r) together with the experimental values of a„
used are given in Table I. Calculated values of the same
parameters under the assumption po„——po„(b = 0) are
also given. This results in a thicker neutron skin —almost
double the value obtained with po„g ps~ . The assump-
tion pp„——ppz, however, is not consistent with the DM
de6nition of t. The formation of neutron skin results &om
two opposing effects. The neutron excess tends to pro-
duce a neutron skin while Coulomb repulsion between
protons tends to reduce it by requiring extra neutrons
in the bulk region to compensate for Coulomb repulsion
[10]. This latter effect is responsible for po„) ps~ and
the assumption pp„——ppp implies negating the Coulomb
repulsion between protons.

10

20S
Pb ( p, n), Ep 45 MeV

—10

E

b
1

10

are tabulated in Ref. [6]. The same parameters also calcu-
late the partial reaction cross sections, 0'~ = n A (2L+1)Ti.
The two-body interaction rates, A+(l, e), are evaluated
from nucleon mean &ee paths calculated from Pauli cor-
rected nucleon-nucleon scattering cross sections instead
of from the optical model. This also is discussed in Ref.
[6]. In the present code there is an important devia-
tion from the parametrization of Ref. [6] related to the
emission rate A, (e). In Ref. [6] A, (e) is calculated us-
ing energy-dependent proton and neutron single particle
level densities, g~ and g„, respectively. This is, however,
inconsistent with the evaluation of N„(l, e, U)/N„(l, E)
of (1) where energy-independent g~ and g„are used.
This ratio is the probability of Gnding a particle-exciton
with energy e in the n-exciton state prior to emission.
Since it is improper to describe the same energy state by
both energy-dependent and energy-independent gz and
g„, the present code [14] uses constant g„(= Z/14) and
g„(= N/14) to calculate A, (e) instead of the energy-
dependent expression of Ref. [6].

The proton einission spectra from the ss' 4Ni(n, pz) re-
action at 60 MeV incident energy calculated with (4) and
(6) using the DM defined parameters of p„(r~) and p„(r~)
are shown in Fig. 1. The decrease in proton emission
cross sections is more pronounced with the present set of
parameters than with the earlier ones of Ref. [8]. But the
decrease is not large enough to compensate for the over-
prediction of GDH model calculations without the effect
of neutron skin. To see if the effect of neutron skin is
enhanced for targets with larger neutron excess we have
calculated the inclusive neutron spectra &om i2oSn(p, n)
and 2osPb(p, n) reactions at 45 MeV incident energy with

(3) and (5) defining „,X„(proton projectile). The results
are compared with experiment [2] in Fig. 2. The neutron
emission cross sections calculated with (3) (no neutron

A. Nucleon-induced reactions

The calculations are performed with the code ALICE

[14] which was modified to include neutron-skin effect
through (4) and (5). The GDH calculations are restricted
to the initial exciton state np ——3. Emissions f'rom higher
exciton states are calculated by the hybrid model. All in-
put parameters are generated internally as described in
Ref. [6]. The optical model option has been used to calcu-
late the inverse reaction cross sections. The parameters

0
10

15 20 25 30 35
I

40 45

Neutron Energy 6 (MeV)

FIG. 2. Experimental and calculated neutron spectra &om

Pb(p, n) and Sn(p, n) reactions at 45 MeV proton en-

ergy. The experimental results (solid curves) are from Ref.
[2]. The calculated curves are the same as in Fig. l.
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skin) underpredict the experimental values. The inclu-
sion of neutron skin through (5) does enhance the cross
sections, as expected, but not strongly enough to remove
the discrepancy between calculation and experiment. We
also calculated the nucleon emission spectra for these re-
actions with the assumption po„= po„(b = 0). Although
this implies ignoring the Coulomb repulsion between pro-
tons (Sec. IIB), it results in considerably thicker neutron
skin (Table I). The change in cross sections with respect
to the calculations with b g 0, however, is insignificant.
The reason is evident &om Fig. 3 which shows the vari-
ation of l with partial reaction cross section o'i and the
ratio „,X„/„,X~ for the 20sPb(p, n) reaction at 45 MeV.
At high impact parameters ri (= lA), where the neutron
skin becomes prominent, sr~ is so small that a change in

„,X„does not significantly alter the emission cross sec-
tions.

Ref. [7] of the angle-integrated, inclusive neutron spectra
&om the ii2 iis i24Sn(a, 2np) reactions reproduced the
shapes of the spectra quite well. The calculations were
done with an earlier version of GDH model in which PE@
emissions were limited to single nucleons. In the present
calculations with the code ALIcE [14], both single- and
two-nucleon PE/ emissions are taken into account. To
define no and „,X„of (1), we note that of the several
ways in which an alpha projectile can be removed &om
the entrance channel [15], the most important are (a) the
complete dissolution of the projectile into its constituent
nucleons and (b) creation of a particle-hole (p-h) pair. In
(a) the initial state is a 4p-Oh configuration with no ——4,

p X p Xp ——2, and the target properties are irrele-
vant for defining „,X„.Reference [7] used these values of
no and „,X„.In (b) a Sp-1h state is formed with no ——6
and „,X„+ p Xz ——5. We define

B. Alpha-particle —induced reactions „,X„=2+ N
N+Z (24)

Fields et aL [7] measured the exclusive neutron spectra
of (a, 2np) reactions &om several targets at varying pro-
jectile energies. Among other results, they observed that
the square of the ratio of the peak of the PE/ component
to that of the equilibrium (EQ) component of the spectra
showed a rising trend with (a) tAi~s, a quantity propor-
tional to the annular cross-sectional area of the neutron
skin, and (b) the available energy, E + Q, of neutron
emission —Q being the Q value of the (a, 2np) reaction
and E the center-of-mass projectile energy. Comparison
of the PE/ to EQ ratios at fixed E + Q showed pro-
nounced increase with tA ~ . This was attributed to the
enhancement of PE/ neutron emission &om the neutron-
skin region of the target. No reaction model calculation
was presented for this observation. We use the GDH
model to analyze this feature. GDH model calculations in
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FIG. 3. Variation of the ratio „OX / OX~ (left vertical
axis) with entrance channel orbital angular momentum l for
the Pb(p, u) reaction at 45 MeV incident energy. The full
line is the value obtained +without neutron skin. The solid
histogram represents the case for po g po~ and the dotted
histogram for po = po~. Also shown (dash-dotted histogram)
is the variation of the partial reaction cross section cr~, (right
vertical axis).

To investigate the efFect of local variations of neutrons
and protons, the local densities replace N and Z as in
the nucleon-induced reactions:

„,X„=2+
(ri) + &~(ri)

The calculated spectra (with the same input parameters
as in nucleon induced reactions except that the code cal-
culates 0'i for alpha projectiles from the Hill-Wheeler ex-
pression for the penetrability of a parabolic barrier) are
compared with the experimental results of Ref. [7] in Fig.
4. The shapes of the spectra are satisfactorily reproduced
with no ——4 while no ——6 underpredicts the higher en-

ergy emissions. An admixture of nD ——4 and 6 should be
used for alpha-particle —induced reactions as suggested in
Ref. [15]. More pertinent to the present investigation is
the almost insignificant increase in neutron emission after
inclusion of neutron skin through (25). This very small
effect of the neutron skin in alpha-particle —induced reac-
tions, as compared to nucleon-induced reactions, can be
understood by the presence of two protons in the alpha-
particle which dilutes the efFect of the increased number
of excited neutrons in the neutron-skin region for the no
exciton state.

We now make a GDH model analysis of the observa-
tion of Ref. [7] that the ratio of the PE/ to EQ compo-
nents of the neutron spectra increases with tA ~ at fixed
E + Q. In (cx, 2np) reactions the residual nucleus can
be formed through the following three channels. Chan-
nel I: simultaneous PE@ emission (from the same ex-
citon state) of two neutrons from the target+projectile
composite nucleus (Z„A,); channel 2: PE/ neutron
emission &om (Z„A ) followed by EQ neutron emission
from the intermediate nucleus (Z, A, —1); and channel
8: two successive EQ neutron emissions &om (Z„A,)
and (Z, A, —1). There is a fourth possible channel in
which two successive PE/ neutrons may be emitted from
(Z„A,) and (Z„A, —1) but since the GDH model con-
siders only single- and simultaneous two-nucleon PE/
emissions &om (Z„A,) [6] contributions from this chan-
nel are neglected in the present calculations.
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FIG. 4. Comparison of experimental and
calculated angle-integrated neutron spectra
from ' ' Sn(n, 2n) reactions at 35 MeV
incident energy. The experimental points are
from Ref. [7]. The dashed curves are the
calculations with no = 4 (no neutron skin. )
The dotted and solid curves are calculated
for n0 ——6 with and without neutron skin,
respectively.
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NPEq &y+ ~ay
1

NEQ 03 + g02
(26)

as the ratio of the numbers of PEQ to EQ neutrons in
(cr, 2np) reactions. The cross sections crq, crs, and as are
obtained from GDH+hybrid+EQ calculations using the
code ALIcE. Once again the GDH model calculations are
restricted to no and PEQ emissions from higher exciton
states are calculated by the hybrid model.

The results of the calculations with no ——4 (no neutron
skin) are shown in Fig. 5 where NpEq/NEq is plotted as a
function of tA~~ . The overall rising trend of NpEq/NEq
even without explicit inclusion of neutron skin re6ects
the relative increase of PEQ neutrons with the overall
neutron excess (N —Z) rather than neutron skin —the
dominant term in the evaluation of t from (18) being
4J(N —Z)/A. The dependence of NpEq/NEq on the
neutron excess comes in through the interplay of projec-
tile and ejectile separation energies as was suggested by
Betak and Dobes [16].

The ratio NpEq/NEq is determined mainly by the rel-
ative contributions &om channels 2 and 3 since contribu-
tion from channel 1 is small. In both these channels the
intermediate nucleus (Z„A, —1) is formed with max-
imum possible excitation U = E + S (Z„A,)—
S (Z„A.,), where S (Zc, A, ) and S (Z„A,) are the
alpha-particle and neutron separation energies in the
composite nucleus (Z„A,). U shows a generally de-

If NpEq(1) and NpEq(2) are the number of PEQ neu-
trons emitted. in channels 1 and 2, respectively, and
NEq(2) and NEq(3) are the number of EQ neutrons in
channels 2 and 3, respectively, then the total number of
PEQ neutrons NpEq = NpEq(1) + NpEq(2) and the to-
tal number of EQ neutrons NEq = NEq(2) + NEq(3).
Also, if aq, os, and o's are the formation cross sections
of the residual through channels 1, 2, and 3, respec-
tively, then NpEq(1) oc o'y, NpEq(2) + NEq(2) oc crs,
and NEq(3) oc crs. Again, NpEq(2) = NEq(2) since each
PEQ neutron emission in channel 2 is followed by one
EQ neutron emission. We then have 34-
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FIG. 5. Variation of ¹sg/N@q, the calculated ratio of the
number of PE+ to EQ neutrons with tA ~ for E + q fixed
within 1 MeV from (o., 2np) reactions on Rb, Y, Zr,
104,106,108,110Pd 112,118,120,124sn 139ga 148,150Nd 165Ho

) 7 )

Au, and Pb (Ref. [7]). The variation of U „, the max-
imum possible excitation energy available after one neutron
emission, is shown in the upper part of the figure. The lines
connect the points belonging to a given E + Q energy bin.

creasing trend with tA ~, i.e., with increasing neutron
excess, at fixed E +Q as is shown in Fig. 5. The residual
nucleus is formed through EQ neutron emission from an
excitation energy U of (Z„A,—1), where U = U —e, e

being the energy of the first neutron. The PEQ and EQ
cross sections, opEq(e) and oEq(e) populating a given
U are determined by e and U . In the evaporation
approximation (sharp cutoff inverse cross section) of EQ



49 NEUTRON SKIN EI'I'ECT IN PREEQUILIBRIUM NUCLEON. . . 1065

emission

o@g(e) - e exp( —e/T), (27)

o„(e) e
" '

(n —1)eU"N„(e, U) n —2

N„(E)
(n —1)e(U —e)" (28)

o'pEq( e) also decreases with U~ but less rapidly than
O'E@(e) as can be seen from (27) and (28). Hence, with de-
creasing U sx, NEq decreases faster than NpEq which re-
sults in the observed overall increase of NpEq jNEq with
increasing tA ~ as U decreases with tA ~ .

where the temperature parameter T oc gU [17]. For
a given e (i.e., for a given U) oEq(e) decreases exponen-
tially with decreasing gU . The PE/ cross section
&pEq(e) = p„o„(e),where cr„(e) is the neutron emis-
sion cross section from the exciton state n. With the
sharp cutoff inverse cross section and the partial level
densities of Ericson [17] o„(e) from (1) can be written as

description of proton and neutron densities in terms of
two-parameter Fermi functions. We have found that
in alpha-particle —induced reactions the effect of neutron
skin is insignificant. This is primarily because the pres-
ence of two protons in the projectile masks the effect of
excess neutrons in the surface region.

For nucleon-induced reactions the effect is stronger but
still not very significant. The reason is the rapid de-
crease of partial reaction cross sections in the surface
region where the neutron-skin is pronounced. This is at-
tributable to the phenomenological optical model poten-
tial [6] used in the calculations which is unrelated to the
proton and neutron distributions evaluated &om the DM.
In this connection it would be interesting to investigate
whether the neutron-skin effect is enhanced if, instead of
a phenomenological optical potential, microscopic folding
model calculations [18]with the DM density distributions
are used to evaluate the partial reaction cross sections.

IV. SUMMARY

We have investigated the effect of neutron skin in PE/
emissions using the GDH model with the droplet model
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