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Abstract. Laser spectroscopy measurements have been carried out on the very neutron-rich tin isotopes
with the COMPLIS experimental setup. Using the 5s25p2 3P0 → 5s25p6s 3P1 optical transition, hyperfine
spectra of 126-132Sn and 125m,127m,129m-131mSn where recorded for the first time. The variation of the mean-
square charge radius (δ〈r2〉) between these nuclei and nuclear moments of the isomers and the odd isotopes
were thus measured. An odd-even staggering which inverts at A = 130 is clearly observed. This indicates
a small appearance of a plateau on the δ〈r2〉 which has to be confirmed by measuring the isotope shift
beyond A = 132.

PACS. 21.10.Ft Charge distribution – 21.10.Ky Electromagnetic moments – 31.30.Gs Hyperfine interac-
tions and isotope effects, Jahn-Teller effect

1 Introduction

The doubly magic nuclei are of great interest in nuclear
physics because their properties (binding energy, radius...)
are the basis of the parametrization of the effective in-
teractions used for mean-field calculations [1,2]. For the
last two decades, these calculations successfully described
the global properties of the nuclear ground states [3–6].
In the same time, the relativistic mean-field theory [7]
was also getting success to describe these properties [6,8,
9]. In parallel, numerous new and accurate results were
obtained making systematic data available along isotopic
series from light to heavy nuclei. This motivated many
theoretical works in particular to improve the parameters
of the effective interactions currently used. The goal of
these theoretical studies is to define an effective interac-
tion valid not only along the stability but also for exotic
nuclei. We have thus studied the effect of the shell closure
at N = 82 on the mean-square charge radius variation

a e-mail: leblanc@ipno.in2p3.fr

(δ〈r2〉) far from stability. The most important question is:
will the δ〈r2〉 exhibit a slope change at 132Sn as it does
for 208Pb? Moreover, δ〈r2〉 curves have been calculated for
neutron-rich tin [10,11] and the predictions depend on the
type of calculations.

The measurement of isotope shift gives a direct ac-
ces to the δ〈r2〉 along isotopes series. To perform such
measurements on tin isotopes, we have successfully used
a technique of ion-beam implantation followed by Reso-
nant Ionisation Spectroscopy (RIS) studies of the laser
desorbed radioactive element. Such a system (COMPLIS)
is installed at the ISOLDE-Booster facility. Accumulated
products from the implanted ISOLDE beams are prepared
as pulsed mass-separated ion beams by laser desorption
and selective ionization.

In this contribution, we report on recent laser spec-
troscopy measurements performed on these heavy tin iso-
topes up to A = 132. From the 5s25p2 3P0 → 5s25p6s 3P1

optical transition, the hyperfine spectra of 126-132Sn as
well as these of 125m,127m,129m-131mSn were recorded for
the first time. The variation of the mean-square charge



50 The European Physical Journal A

Dye Laser 2

Dye Laser 1

15s²5p6s ³P   

Graphite Collecting Target

286 nm

401 nm

5s²5p² ³P   

Sn

0

MCP

Magnet

Emergent BeamIsolde Incident Beam
59 kV Sn  +

  +60 kV Sn  + isobars

YAG Laser

Fig. 1. The COMPLIS experimental scheme used for tin.

radius δ〈r2〉 between these nuclei and the nuclear moments
of the isomers and the odd isotopes were thus measured.
These results are discussed and compared with different
theoretical predictions.

0        1        2 3        4 5        6        7 8        9 10

GHz

132
Sn

131
Sn

g+m

130
Sn

g+m

.

.

.

11/2
 
 Isomer

3/2
+
 Ground state

7
 
  Isomer

0
+
 Ground state

−

−

Fig. 2. Hyperfine spectra of 130Sng+m, 131Sng+m and
131Sng+m. For 130Sn and 131Sn one line of the isomer is blended
with one of the ground state.
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Fig. 3. Charge radius change in the tin isotopes. The line relies
all the ground-states nuclei.

2 Experimental method

The COMPLIS experimental setup has already been de-
scribed in ref. [12]. For the tin studies, the experiment
is performed as follows. The radioactive tin isotopes are
produced via fission reactions in the ISOLDE UC2 tar-
get with the 1 GeV CERN PS-Booster proton beam. The
ions are extracted at 60 kV and mass separated by the
Ground Purpose Separator (GPS) of ISOLDE. It is worth
noting that, with the hot-plasma source we used, many
other elements like In, Cd, Sb, Te, I and Cs are ionized
and, for example, at mass unit 132, tin represents only
0.24% of the produced nuclei. The ions enter the COM-
PLIS beam line, are slowed to 1 kV and are thus de-
posited on the first atomic layers of a rotating graphite
substrate. Once the amount of the collected atoms is opti-
mum (the collection time depending on the half-life of the
isotope to be studied) they are desorbed by a Nd:YAG
laser and selectively ionized by a set of two pulsed, tun-
able dye lasers where the first-excitation step at 286.3 nm
(5s25p2 3P0 → 5s25p6s 3P1) is obtained from frequency
doubling. The ions are finally detected with time-of-flight
identification using a microchannel plate detector. This
experimental setup is shown in fig. 1. The frequency scan
over the hyperfine structure of a given isotope (and even-
tually isomer) is made as follows: after a sufficient collec-
tion time, the desorption of the tin atoms is made over
the entire collection spot on the slowly rotating target
at a given frequency step. After the desorption is com-
plete, a new cycle of implantation desorption is run at an
advanced frequency step. Whenever the laser frequency
corresponds to a hyperfine transition, the desorbed atoms
are excited and ionized by the other fixed laser frequency.
The number of counted ions at the detector is directly pro-
portional to the intensity of the hyperfine transition. With
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Fig. 4. Comparison of the even isotopes experimental δ〈r2
c 〉

with some theoretical predictions.

this apparatus, the efficiency we measured is of about 10−6

with a resolution of 170 MHz.
For the first experiment on tin, we measured all the

isotopes and isomers from A = 125 to A = 132. The mea-
sured hyperfine spectra of 132Sn, 131Sng+m and 130Sng+m

are shown as examples in fig. 2. From the displacement
of the centers of gravity of the hyperfine spectra, we were
able to extract the isotope shift. From the relative posi-
tion of the three lines of each isomer and odd isotope we
can extract the magnetic and quadrupole moments.

3 Experimental results

The experimental isotope shift consists of a mass shift
δνMS and a field shift δνFS; it is from this last contri-
bution that δ〈r2

c 〉 beween two nuclei A and A′ can be

extracted: δνA,A′
FS = K · Fλ · δ〈r2

c 〉A,A′
[13], where K =

0.975 [13] and Fλ = 3.35(20) GHz/fm2 [14]. Using for-
mula (2) in [15] but with the correct values of Fλ and
δ〈r2

c 〉124,116 = 0.442(5) [14], one avoids to introduce the
specific mass shift which is very difficult to estimate. The
updated δ〈r2

c 〉 curve is presented in fig. 3. The main re-
markable thing that we can observe is the appearance of a
plateau at mass 131. This suggests the emergence of a neu-
tron skin at A = 130 and beyond but experimental data
are now needed to confirm this hypothesis. The δ〈r2

c 〉 of
the even isotopes can however be compared with existing
mean-field calculations: some including relativistic effect
(NL3, NL-Z) [10], some using Skyrme forces (SkI1, SkI4,
Sly6) [10] and one using the Gogny force [11] (see fig. 4).
Most of them are not as far from the experimental val-
ues but the appearance of the plateau is not predicted.
Once more, experimental data on 134Sn are necessary to
definitely constrain the models.

A second phenomenon that we can observe is a larger
odd-even staggering than for the lighter masses which is
moreover, inverted. Theoretical data are waited on the odd
isotopes to try to explain this unexpected phenomenon.

Moreover, from the A and B hyperfine constants of
the excited atomic state, one can extract the magnetic
and quadrupole moments of each isomer and odd isotope.
The data are under analysis and the extracted experimen-
tal values will be compared with calculations assuming a
given nuclear orbital.
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