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Abstract—Surface tension coefficients of even–even nuclei are estimated using a relation that includes rigid-
ity with respect to root-mean-square deformation. The effect surface tension has on the neutron and proton
distribution is discussed. A relationship between surface tension coefficients and the neutron skin effect is
revealed.
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Fig. 1. Values of σ (dots) and r0 (squares) for Ca isotopes.
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INTRODUCTION

The crucial role of surface tension in the formation
of nuclei properties was established using the drop
nuclear model [1]. The relationship between coeffi-
cient σ of the surface tension of even–even nuclei with
nuclear surface rigidity C relative to quadrupole oscil-
lations was shown by A. Bohr in [2]:

(1)

The rigidity of even–even nuclei C in the ground
state can be estimated from the energy of the lower 2+

level of the even–even nucleus and root-mean-square
deformation β:

(2)

Probabilities of 2+ → 0+ transitions in even–even
nuclei are related to values of root-mean-square
deformation β. A series of experimental investigations
of these values was summarized in [3]. (Some of the
results in [3] were refined in [4].) These data allowed
us to calculate rigidity for most even–even nuclei [5].

Relation (1) between surface tension coefficients σ
in atomic nuclei and nucleus rigidity C allows us to
obtain approximate estimates for σ and study the rela-
tionship between these quantities and the shell struc-
ture of nuclei [6].

A correlation between high values of C and σ and
the minima in parameters r0 = RchA−1/3 was revealed in
[5, 6]. An example of such correlations is the distribu-
tion of surface tension coefficients and values of
parameters r0 in even isotopes of calcium (Fig. 1).
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EFFECT OF SURFACE TENSION 
ON NEUTRON SKIN THICKNESS

Since the nucleon density of nuclei is inversely pro-
portional to the cube of parameter r0, its reduction
corresponds to compression of the proton component
of nuclear matter. The correlation between high values
of rigidity and the minima in the density distribution
of the atomic nucleus charge is a consequence of the
surface tension influence on the nucleus shape and
size. An increase in the surface tension coefficient
raises the pressure on a sphere of radius R, which is
reflected by the classical Laplace formula p = 2σ/R.
7
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Fig. 2. Values of σ (dots) and r0 (squares) for Pb isotopes.

10

15

20

25

30

35

0.928

0.929

0.930

0.931

0.932

204 206 208 210
A

σ, MeV/fm2 r0, fm

Fig. 3. Values of σ (dots) and r0 (squares) for Zr isotopes.
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Despite the weak compressibility of nuclear matter, an
increase in surface tension (and thus a rise in pressure
on the nucleus) results in minimal values of parameter
r0. (The data on nucleus radii used in calculating coef-
ficients σ [7] are the result from measurements on
electron accelerators and reflect the charge distribu-
tion radius.)

Filling (1d3/2)4(1f7/2)8 neutron subshells in 48Ca
results in the maximum coefficient of surface tension
for all light nuclei. The spatial localization of nucleons
at these subshells corresponds to higher values of mean
radius rn for them, compared to mean radius rp of the
proton distribution. The drop in values of the mean
radius of the proton distribution in the same nucleus,
caused by the increase in surface tension, is therefore a
complementary factor for the increase in the difference

(3)

Value (3) quantitatively characterizes the thickness
of the so-called neutron skin. Measurements and cal-
culations of this quantity have been considered in
many works (see, e.g., [8] and references therein). Val-
ues of Δrnp were measured on the MAMI accelerator
on pion beams in the 208Pb nucleus [9] and estimate
Δrnp = 0.15 ± 0.03 fm was obtained for them. Calcula-
tions of the surface tension coefficients in even lead
isotopes [6] also testify to the effect of the smaller
radius of the 208Pb proton component (Fig. 2).

Analysis of the relationship between surface ten-
sion coefficients in even–even nuclei with shell effects
[10] revealed, in addition to 48Ca and 208Pb, several

2 2 2
np n p .r r rΔ = −
BULLETIN OF THE RUSSIAN ACADE
more even–even nuclei for which the discovery of the
neutron skin effect is also possible. Zirconium iso-
topes 90Zr and 96Zr are most promising in this respect
(Fig. 3). As with even–even calcium and lead isotopes,
the distribution of coefficients σ and parameters r0,
also testifies to the compression effect for the proton
component of a nucleus at high values of the coeffi-
cient of surface tension. The shell structure of these
nuclei indicates the successive filling of surface neu-
tron levels. If the 90Zr nucleus has ten neutrons on the
outer subshell, the last 96Zr subshells correspond to
structure . An additional neutron sub-
shell with six neutrons reduces parameter r0, relative to
90Zr (i.e., it results in a moderate increase in the pro-
ton density).

CONCLUSIONS
Calculations of surface tension coefficients of

even–even nuclei demonstrate the effect filled proton
and neutron subshells have on the spatial distribution
of nucleons. The highest coefficients of surface ten-
sion are limited to magic nuclei with two successively
filled outer neutron subshells.
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