
ar
X

iv
:1

10
6.

21
79

v1
  [

nu
cl

-e
x]

  1
0 

Ju
n 

20
11

1

Isovector soft dipole mode in 6Be

M.S. Golovkova, I.A. Egorovab, L.V. Grigorenkoa,c,d, V. Chudobaa,e, S.N. Ershovb, A.S. Fomicheva,

A.V. Gorshkova, V.A. Gorshkova, G. Kaminskia,f S.A. Krupkoa, I.G. Mukhac, Yu.L. Parfenovaa,g,

S.I. Sidorchuka, R.S. Slepneva, S.V. Stepantsova, G.M. Ter-Akopiana, R. Wolskia,f , M.V. Zhukovh

aFlerov Laboratory of Nuclear Reactions, JINR, Dubna, RU-141980 Russia
bBogolyubov Laboratory of Theoretical Physics, JINR, Dubna, RU-141980 Russia
cGSI Helmholtzzentrum für Schwerionenforschung, Planckstraße 1, D-64291 Darmstadt, Germany
dRussian Research Center “The Kurchatov Institute”, Kurchatov sq. 1, RU-123182 Moscow, Russia
eInstitute of Physics, Silesian University in Opava, Bezručovo nám. 13, 74601 Czech Republic
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abstract

Continuum 6Be states up to ET = 16 MeV were populated in the p(6Li,6Be)n charge-exchange reaction (the energy ET is considered
from the three-body α+p+p threshold). High statistics energy spectrum of 6Be (∼ 107 events) was obtained in the kinematically
complete measurements by detecting α+p+p coincidences. The detailed correlation information about the well-known 6Be 0+

ground state at ET = 1.37 MeV and the 2+ state at ET = 3.05 MeV was obtained. A broad structure extending from 4 to 16 MeV
contains negative parity states, populated by ∆L = 1 angular momentum transfer, without other significant contributions. This
continuum structure can be interpreted as a novel phenomenon: the isovector soft dipole mode associated with the 6Li ground state.
The population of this mode in the charge-exchange reaction is a major phenomenon for the involved systems: it is responsible for
about 60% of the cross section obtained in the measured energy range.
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1. Introduction

Important instrument for studies of the light exotic (halo)
nuclei is electromagnetic excitation. The existence of a
novel dipole mode at low excitation energies was predicted
in Ref. [ 1, 2, 3], based on the halo hypothesis. This so-
called soft dipole mode (SDM) [or soft mode of the giant
dipole resonance (GDR)] is related to the low binding en-
ergy of the halo nucleon(s). It allows low-frequency oscil-
lations of the halo nucleon(s) against the core creating the
low-lying dipole excitations and providing abnormally large
low-energy electromagnetic dissociation cross sections. The
experimental studies confirmed these expectations [ 4, and
Refs. therein] and showed that the observed low-lying E1

strength is in a good agreement with the cluster non-energy-
weighted sum rule.
The 6Be system is an isobaric partner of the “classical”

halo nucleus 6He and there are several issues of special in-
terest here. The ground state (g.s.) of 6Be is particle un-
stable. This nucleus is the lightest ground-state true two-

proton (2p) emitter. True 2p emission is a genuine quantum-
mechanical phenomenon: a pairing effect can cause the
energy conditions in unbound even systems, which makes
emission of one proton prohibited while two protons should
be emitted simultaneously. The specific correlation pat-
terns in the decay of 6Be inspired the concept of democratic

decay [ 5], which has now become generally accepted. In
heavier 2p unstable nuclei a true 2p emission is arising in
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the form of two proton radioactivity [ 6]. Comparative cor-
relation studies of 6Be vs. 45Fe presenting this short-living
system in the context of 2p radioactivity are performed in
Ref. [ 7]. Enormous efforts have been invested in the stud-
ies of the halo aspect of the 6He structure in the last two
decades. Recently it has been demonstrated in Ref. [ 8] that
a valuable alternative to studies of the 6He g.s. itself could
be precision studies of the correlations in the decay of the
particle-unstable 6Be ground state.
In our work the 6Be spectrum was studied in the charge-

exchange p(6Li,6Be)n reaction. We identified properties of
the 6Be continuum above the last well-established state (2+

at ET = 3.03 MeV). We found that this continuum is rep-
resented exclusively by negative parity states (populated
by ∆L = 1 transitions) in the broad energy range (up to
about 16 MeV). The negative parity continuum in 6Be can
be seen analogous to the soft dipole mode in 6He. Based on
the ∆L = 1 identification in the charge exchange reactions
with 6Li, it was suggested that the low-energy continuum
properties of 6He [ 9, 10, 11] and 6Be [ 12] may have charac-
ter of some form of soft dipole excitation. In this work we
state it with the confidence and considerably clarify the is-
sue basing on the correlation information. The obtained
results brings qualitatively new insight on this question.
We also point to important differences of our results with
the SDM in 6He, which enables us to speculate about a
novel phenomenon: an isovector breed of soft dipole mode
(IVSDM). Having in mind the interest attracted by SDM in
exotic (dripline halo) nuclei as a tool for nuclear-structure
and nuclear-astrophysics studies, we dedicate this Letter to
prove the existence of such a new phenomenon.

2. Experiment

A 47 A MeV 6Li beam was produced at the U-400M cy-
clotron of the Flerov laboratory at JINR (Dubna, Russia [
13]). The projectile energy 32.5 A MeV was defined by car-
bon degrader and ACCULINNA fragment separator [ 14]
which served for beam transport to the reaction chamber
and monochromatization. As a result the beam sport of
6 mm diameter was obtained on the cryogenic hydrogen
target with intensity of about 3 × 107 s−1 and an energy
spread better than 0.5%. The cryogenic cell was 6 mm
thick, enclosed with 20 mm diameter, 6 µm thick stainless-
steel windows. Working pressure and temperature were 3
bar and 35 K, respectively. Reaction products were mea-
sured by two identical annular telescopes placed 91 and 300
mm downstream the target. Each telescope consisted of
two position-sensitive silicon detectors (300 and 1000 µm
thick) and an array of 16 trapezoid CsI(Tl) crystals with a
PIN-diode readout. The inner and outer diameters of the
active zone of silicon detectors were 32 and 82 mm. The
first detector was segmented in 32 rings on one side and 32
sectors on the other. The second silicon detector was seg-
mented in 16 sectors. CsI(Tl) crystals were 19 mm thick
with the inner and outer diameters of the assembly of 37
and 90 mm. Angular ranges of the first and the second tele-
scopes were ∼ 3 − 8◦ and ∼ 10 − 24◦, respectively. Each
segment of the telescopes had an independent acquisition
channel, which allowed registration of coincidence events

Fig. 1. Experimental setup and kinematical diagram. Coordinate
space Jacobi variables X and Y are shown for “Y” system, as used in
Eq. (5). Momentum space Jacobi variables kx and ky are shown for
“T” system, as used in Eq. (6).

caused by several simultaneous hits. Particle identification
was provided by the standard ∆E-E method. Schematic
view of the setup, the kinematical diagram, and kinemati-
cal variables are shown in Fig. 1. It should be noted that
very high statistics (∼ 107 2p-decay events) were obtained
in our experiment.

3. Energy spectrum of 6Be

The current analysis deals only with those events which
correspond to triple p+p+α coincidences. The invariant-
mass spectrum of 6Be was reconstructed together with a
momentum of center of mass (c.m.) motion of 6Be in labora-
tory system. Due to inverse kinematics for the 1H(6Li,6Be)n
reaction, the 6Be decay products fly out in a narrow an-
gular cone relative to the beam direction. Therefore, the
experimental setup allows the registration with reasonable
efficiency of the 6Be decays almost in whole angular range
up to 15 MeV of 6Be excitation energy. In Fig. 2 (a) the
6Be invariant-mass spectrum measured in the whole angu-
lar range is presented. The 0+ ground state at ET = 1.37
MeV and the 2+ first excited state at ET = 3.05 MeV are
undoubtfully identified directly in the inclusive spectrum.
The width of the g.s. peak demonstrates the overall instru-
mental energy resolution of the experiment. In the mea-
sured spectrum, these two peaks are superimposed on the
broad hump which starts practically from the energy of the
ground state and has a maximum at ET ∼ 6− 7 MeV. The
right-hand slope of the hump is due to the decrease of the
registration efficiency which is governed by two main fac-
tors: (i) the upper limit of the angular acceptance (the 6Be
decay products fly out in a wider cone) and (ii) the upper
energy threshold of the proton registration (with the rise
of the excitation energy the proton energy distribution be-
comes broader and the protons with energy more then 45
MeV are not detected by the first 300 µm detector). In
the Fig. 2 (c), the same spectrum is shown as a two di-
mensional plot ET vs. θBe [the latter is the 6Be c.m. angle
for the 1H(6Li,6Be)n reaction]. It should be noted that the
broad hump is characterized by a regular behavior in whole
angular range. It will be shown below that the structure
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shows similar regularity both in angular distribution and in
distributions of kinematical variables for three-body decay.
Population of the 6Be ground state in charge exchange-

reaction corresponds mainly to the ∆L = 0 orbital angular
momentum transfer, providing a maximum of the cross sec-
tion at zero degree. In the experimental spectrum Fig. 2
(c), this maximum is suppressed by the low efficiency due
to the central hole of the first telescope, see Fig. 1. The cen-
tral hole of the detector array affects considerably only the
low energy part of the 6Be spectrum at forward angle and
has no significant influence on the spectrum shape at higher
energies. The maximum in the angular distribution for the
population of 2+ excited state (which mainly corresponds
to the ∆L = 2 angular momentum transfer) is clearly seen
in the region of θBe = 50− 70◦. From Fig. 2 (c) one can see
that the maximum cross section of the hump at about 35◦

in c.m. system is well below the maximum for population of
the 2+ state situated at about 60◦. It is natural to suppose
that this whole structure is related to the ∆L = 1 angular
momentum transfer, populating possible J− = {0−, 1−, 2−}
configurations. To extract quantitative information about
properties of this phenomenon, the experimental distortions
due to geometry of the detector system and the efficiency
of particle registrations must be taken into account. It can
be performed by the Monte-Carlo (MC) simulations if the-
oretical model for reaction is given.

4. Theoretical model.

To elucidate the basic qualitative aspects of the phe-
nomenon, we have performed theoretical studies extending
the experience of Ref. [ 8]. The properties of the 6Be contin-
uum are studied by constructing the three-body α+N+N
wave function (WF) with outgoing asymptotics

(Ĥ3 − ET )Ψ
JM(+)
3 = ÔΨJ′M ′

gs . (1)

The SDM 1− continuum in 6He is populated in electromag-
netic transitions by

Ψgs → Ψ6He , Ô ∼
∑

i
Ziri Y1m(r̂i) , (2)

where index i numbers constituents, which are α-core and
two valence nucleons. For population of the low-lying states
in 6He and 6Be in the charge-exchange reaction, the general
form of transition operator is given by

Ψgs → Ψ6Li , Ô ∼
∑

i
fl(q, ri)

[

α+ βσ(i)
µ

]

τ
(i)
± Ylm(r̂i) ,

(3)

where index i numbers two valence nucleons. Operators τ−
and τ+ populate 6Be and 6He spectra, respectively. Using
the effective spin-spin charge-exchange interaction between
projectile and target nucleons

V (r) = V0(σ
(1) · σ(2))(τ (1) · τ (2)) exp[−(r/r0)

2] ,

it can be obtained in the plane wave impulse approximation
(PWIA) that

fl(q, ri) = V0r
3
0

√
2π2 exp[−(qr0/2)

2] jl(qri).
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Fig. 2. Experimental energy spectrum of 6Be (diamonds) and MC
simulation (cyan filled histogram) (a). The energy bin size is 140 keV.
Theoretical input for MC simulation (b). Contour plot of the spectrum
in the {ET , θBe} plane (c).

Such a simple choice allows to reproduce qualitatively well
the angular distributions for 6Be.
We used in the calculations the g.s. WFs Ψgs provided by

the three-body cluster model [ 15] developed for the A = 6
isobar. For the resonant 0+ and 2+ states the same method
was used which was successfully applied to studies of the 0+

state in [ 7]. The calculated cross section profiles are shown
in Fig. 2 (b).
The continuum WF of negative parity states were ob-

tained using the Green’s function (GF) method [ 16]

Ψ
JM(+)
3 = Ĝ

(+)
3ET

ÔΨJ′M ′

gs , (4)

where the exact GF of a simplified three-body Hamiltonian
is available in compact analytical form

Ĝ
(+)
3E (XY,X′Y′) =

1

2πi

∫ E

0

dε Ĝ(+)
ε (X,X′)Ĝ

(+)
E−ε(Y,Y′).

(5)

Vectors X and Y are Jacobi variables, X connects core and
one of the valence nucleons, Y connects the second nucleon

and c.m. of the remnant. The operator Ĝ
(+)
E is an ordinary

two-body GF. This method takes into account one (out of
three present) final-state interactions (FSI) exactly. This
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was shown to be a good approximation in the case of SDM [
16, 17], where the dynamics is defined predominantly by one
resonant subsystem (for A=6 nuclei this is evidently the p3/2
resonance in α-N subsystem). Analogous approximation
has been used in Ref. [ 18] for SDM studies in 11Li.
Figure 3 (a) shows the comparison of the strength func-

tions for the isoscalar soft dipole mode in 6He [Eq. (2)] and
the isovector SDMs [Eq. (3)] in 6He and 6Be built on 6Li.
It can be seen that the IVSDMs in 6He for small q values
have peak positions close to the isoscalar one, but isovector
peaks are much broader. This is an expected consequence
of the more compact WF of the 6Li g.s. compared to 6He.
However, the steep rise of the spectra occurs in the 6He
isovector case at energy comparable with the isoscalar case.
When we move across the isobar from 6He to 6Be, Fig. 3
(b), the left slopes of isovector SDMs appear to be in the
range of 2−4 MeV. For IVSDM we demonstrate calculations
with q = 150 MeV/c (“short wave” case) q = 100 MeV/c
(typical momentum transfer) and q = 0.1 MeV/c (which
can be seen as a “long-wave limit”). In the latter case the
transition operator behaves like ∼ ri providing dynamical
analogue of isoscalar SDM calculations. The long-wave and
short-wave responses have quite different shapes. However,
the phenomenon is stable to model assumptions about the
shape of source term in the sense that the strength func-
tions rise practically at the same energy. One can see that
the IVSDM spectra can provide considerable contribution
already at 2+ state energy (around 3 MeV).
Figure 3 (c) shows population of different J− states in

our model. The population of 2− and 1− dominates and
the contribution of 0− is minor. Presence of states with
negative parity but different J values on one hand makes
the picture more complicated than in the case of soft dipole
mode in 6He, where only Jπ = 1− state is believed to be
populated in the Coulomb dissociation. On the other hand,
the IVSDM provides access to a wider range of dynamical
phenomena, which can be considered as important feature
of such studies.

5. Correlations for decay products in 6Be

Internal correlations for states in 6Be in system where
nucleus is at rest are shown in Fig. 4. The complete mo-
mentum correlations (neglecting initial orientation) for the
three-body decay at given decay energy can be described in
terms of the energy distribution parameter ε and the angle
θk between the Jacobi momenta kx, ky :

ε = Ex/ET , cos(θk) = (kx · ky)/(kx ky) ,

ET = Ex + Ey = k2x/2Mx + k2y/2My ,

kx =
A2k1 −A1k2

A1 +A2
, ky =

A3(k1 + k2)− (A1 +A2)k3

A1 +A2 +A3
, (6)

where Mx and My are the reduced masses of the X and Y
subsystems (see, e.g. [ 8] for details).
The correlations for 0+ state have been studied in papers

[ 7, 8] in details. In these works, the experimental correla-
tion picture was found to be in a very good agreement with
the theoretical calculations providing χ2/ν ∼ 1.15 − 1.3.
Comparing our data with the same model calculations for
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Fig. 3. Theoretical results for negative parity states. (a) SDM
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different transferred momenta q. (b) IVSDM (dσ/dET value) spectra
in 6Be. Meaning of the curves is the same as in panel (a). Panel (c)
shows contribution of different J values to IVSDM spectrum of 6Be.
All curves are normalized to unity maximum value.

0+ and 2+ states, we find near perfect agreement with theo-
retical calculations and a low level of distortions introduced
by experimental setup, see Fig. 4, columns 1 and 2. This
means that the obtained experimental correlation data for
the 0+ state are in agreement with the data from Ref. [ 8].
High quality complete correlation data for 2+ state of 6Be
are obtained in this work for the first time. Attention should
be paid to the qualitative change in the distributions: com-
pared to the 0+ state, the angular distribution for the 2+

state is much narrower and peak in the ε is strongly shifted.
When one turns to correlations for broad structure above

2+ state, on the one hand, a strong qualitative difference
with distributions for 0+ and 2+ states is seen. On the
other hand, the picture for (presumably) J− states is stable
and has certain systematic evolution with energy. The pro-
nounced crescent-like ridges are connected to the 5Li g.s.
FSI with fixed ET = 2.02 MeV. The evolution of these
ridges is well described under assumption of IVSDM. For
the predicted populations of 0−, 1−, and 2− states, our
model does not leave place for some uncorrelated phase-
volume like contributions in the whole energy range, where
the broad structure is observed (4-16 MeV).

6. Angular distributions for the 6Be states

Basing on the predicted energy profiles and internal cor-
relations for different 6Be states, the angular distributions
of the 6Be states populated in our experiment can be re-
constructed, see Fig. 5 (a). The obtained angular distribu-
tion for the 6Be g.s. is in a good agreement with 6Li(p,n)
data [ 19] obtained at very close energy (proton beam at
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(a,e,i), 2+ (b,f,j) states of 6Be. Comparison for IVSDM J− configurations in 6Be is provided for energy ranges 5 − 7 MeV (c,g,k) and 9− 11
MeV (d,h,l). Jacobi “T” system. Kinematical variables are defined in Eq. (6).

30.2 MeV). To calibrate the PWIA calculations we used the
6Li(p,n) data from [ 20]. The transferred momentum dis-
tributions obtained for several incident proton energies are
reproduced very well with the choice of parameter r0 = 0.33
fm, see Fig. 5 (b). Calculations with such a choice also well
reproduce the peak positions of different components of 6Be
spectrum, see Fig. 5 (a).
The PWIA calculations indicate that populations of 0+

and 2+ are associated mainly with ∆L = 0 and ∆L = 2
transitions, respectively. The 2+ state also has important
contribution from ∆L = 0 which is responsible for rise of the
cross section close to forward direction. The broad hump
at ET > 4 MeV is easily associated with ∆L = 1. Quali-
tatively the theoretical distributions are very similar to the
experimental ones but quantitatively they do not reproduce
the broad components of the angular distributions. These
shortage of theoretical descriptions is evidently connected
to our simplified treatment of the reaction mechanism, see
the discussion of calculations in [ 19, 21]. It is not expected
that this deficiency of our calculations may affect conclu-
sions based on the correlation information. The simple sys-
tematics of angular distributions with ∆L and reasonable
description of the data by simple PWIA calculations pro-
vide strong support for direct reaction mechanism in our
experiment and overall consistency of the obtained results.
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6Be g.s. is shown for comparison (pink stars). Panel (b) shows g.s.
cross section dependence on transferred momentum from Ref. [ 20] for
different proton energies Ep.

7. Theoretical discussion

There is such a wide-spread opinion that the soft dipole
mode in the 2n halo nuclei is connected to radially extended
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ground state only. In contrast the calculations demon-
strate that effects of the final state interactions are also
very important to explain the actually observed soft dipole
responses. A proper account for FSI is a challenge for the-
oreticians. It seems that so far the soft E1 mode in neu-
tron rich nuclei is not completely understood theoretically:
there is a systematic disagreement between different calcu-
lations [ 22, 23, 24]. To avoid all the complexities we use
simplified, but reliable theoretical model for calculations of
soft responses, which provide the major features of the phe-
nomenon. In these conditions, an additional experimental
information about soft dipole mode obtained in isovector
sector may be indispensable.
The 6Be g.s. is nuclear-unstable and, thus, the strong

population of the negative parity continuum can not be in-
terpreted as taking place due to soft excitations based on
the weakly-bound and therefore radially-extended ground
state. We interpret the observed phenomenon as having
two roots: (i) radially extended ground state of 6Li (not
that large as in 6He, but still impressive) and (ii) FSI in the
negative parity continuum of 6Be.
Exclusive qualitative features of the observed phe-

nomenon are as follows:
(i) Population of ordinary (isoscalar) SDM is not possible
in 6Li. In N = Z nuclei the dipole transitions are strongly
(say, by 3 orders of the magnitude) suppressed due to effec-
tive dipole charges of the nucleons tending to zero. In simple
terms, for N = Z systems the centers of neutron and proton
distributions coincide making the dipole susceptibility very
small.
(ii) Electromagnetic isovector dipole transitions in 6Li (e.g.
Ref. [ 25]) are populated by spin-scalar operator, while in
the strong isovector transitions the spin-vector part of the
transition is expected to be dominating. These are parts
with coefficients α and β respectively in Eq. (3). The above
operators populate very different configurations in the final
state.
(iii) The isovector soft dipole mode is expected to be sensi-
tive to somewhat different aspect of nuclear structure than
the isoscalar soft dipole mode. In 6He, the soft E1 transi-
tion to continuum takes place due to interaction with the
charged core only. In our case, the charge-exchange reaction
occurs with the valence nucleons only.
(iv) It the case of IVSDM, the opportunity to test isobaric
symmetry concept for this class of phenomenon arise, see
comparison of Fig. 3. This should be done, of course, in
mirror reaction and at the same energy. According to cal-
culations, the IVSDM is “threshold-oriented” phenomenon:
one can easily see the Coulomb effect in the threshold-energy
dependence of Fig. 3 where curves for 6Be are shifted to
higher excitation energies in comparison to 6He. However,
if we compare excitation energies for peaks in IVSDM in
6He and 6Be they appear to be about the same (and even
somewhat lower in 6Be). At the moment we may point only
to a qualitative agreement between our model calculations
and different types of “soft” data, see Fig. 6.
(v) The proposed phenomenon is a “major effect”. It can be
easily seen in Fig. 2, that it responsible or the dominating
part (∼ 60%) of the cross section for population of 6Be

states under ∼ 16 MeV in the charge-exchange reaction.
As dominating phenomenon, the IVSDM thus deserves a
serious attention.
(vi) Specific profile of the IVSDM cross section depends
on the details of the reaction mechanism. In particular, it
sizably depends on the transferred momentum q. It means
that attempts to characterize IVSDM in terms of states with
definite energies and widths do not correspond to physics of
the phenomenon. The title “excitation mode” characterises
this phenomenon correctly: large observable effect, which
is, however, sensitive to specific observation conditions.

8. Experimental discussion of IVSDM energy range

The charge-exchange (p, n) or (3He, t) reactions popu-
lating the 6Be continuum have been studied several times
within last four decades. However, the standard compila-
tion [ 26] shows a “desert” in the excitation spectrum of 6Be
from 1.67 to 23 MeV indicating a very uncertain situation.
Older studies [ 27, 28, 5, and Refs. therein] were confined

to narrow angular ranges of 6Be c.m. (“point-like kinemat-
ics”). For certain angular ranges, the excitation spectra
similar to ours have been obtained in Refs. [ 19, 5]. In all
these cases, the spin-parity identification was not possible
and the excitations above 2+ state have been interpreted as
three-body α+p+p phase volume.
In paper [ 12], the 6Be spectrum was populated by using

(p, n) reaction with a higher energy beam (186 MeV pro-
tons). Above the 2+ state of 6Be, four groups of events
with important ∆L = 1 component were distinguished at
E∗ ∼ 5.5, 10, 15, and 25 MeV . According to interpretation
of Ref. [ 12], the cross section in the range E∗ ∼ 3 − 16
MeV has significant contribution of ∆L = 0 (from about
50% at E∗ ∼ 3 MeV to zero at E∗ ∼ 12 MeV) and impor-
tant quasifree contribution (from 20% at E∗ ∼ 3 MeV to
about 60% at E∗ ∼ 16 MeV). Total contribution of ∆L = 1
can be estimated as ∼ 40% in average in the whole range
E∗ ∼ 3− 16 MeV in this interpretation. In contrast, we do
not see separate groups of events in the range E∗ ∼ 3− 16
MeV; our spectrum is very smooth and has superb statis-
tics. Our data do not allow a sizable contribution of ∆L = 0
in the range E∗ ∼ 3 − 16 MeV. Our data also do not al-
low a sizable contribution of uncorrelated background in the
range E∗ ∼ 3− 16 MeV.
Isovector dipole strength has been considered in the stud-

ies of “mirror” 6Li(AZ,A Z+1)6He reactions [ 9, 29, 10, 11].
Two most recent works provide quality data and compli-
cated interpretation. Our theoretical results indicate very
similar pictures for IVSDM populating 6He and 6Be contin-
uum enabling us to speculate about IVSDM in 6He on the
basis of our data. We see a considerably different interpre-
tation for the 6He data of Refs. [ 10, 11].
According to paper [ 10], the broad structure at E∗ =

4 − 15 MeV consists of (i) “dipole excitation mode” at
∼ 4 MeV with ∆S = 1, (ii) “low-energy wing” of GDR
at ∼ 8.5 MeV formed by a ∆S = 0 transition, and (iii)
“spin dipole resonance” at ∼ 8.5 MeV with ∆S = 1 which
was assumed to have the same profile as GDR. This work
used γ-coincidences to distinguish ∆S = 0, 1 contributions.
However, the measurements were confined to extreme for-
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Fig. 6. Qualitative comparison (a) of SDM calculations (solid curve)
with 6He data [ 4] (blue shaded range), and (b) IVSDM calculations
(solid curve) with 6He data [ 10] (diamonds).

ward angles (∼ 2◦) providing very limited ground for sep-
aration of contributions with different ∆L. Conclusions of
paper [ 10] that “dipole excitation mode” peak has higher
energy than in the works [ 4, 23] gets natural explana-
tion in our results comparing SDM and IVSDM, see Fig.
3. We can not separate “dipole excitation mode” and “spin
dipole resonance” (in terms of [ 10]) in the calculations with
∆S = 1: there is no specific physical mechanism or quan-
tum number selectivity in this energy range. However, the
calculations with ingredients providing the low-energy peak
in electromagnetic transition [Fig. 6 (a)], reproduce well
the broad profile of cross section from [ 10] in the case of
charge-exchange transition [Fig. 6 (b)]. Therefore, we find
it reasonable to interpret the continuum from 4 to 15 MeV
of excitation in 6He as one structure defined by the same
phenomenon.
Two broad structures populated by ∆L = 1 in the

6Li(T,3He)6He reaction were found in Ref. [ 11]: at E∗ ∼ 5
MeV (decomposed into 4.4, 7.7, and 9.9 MeV peaks) and at
E∗ ∼ 15 MeV. According to the interpretation of this work,
a “semi-phenomenological parameterisation of quasi-free
scattering” contributes a lot (more than 50% at E∗ ∼ 10
MeV). The E∗ ∼ 5 MeV structure is interpreted as being
composed of intruder states indicating quenching of the 1p-
2s shell gap in 6He. In our work, the correlation patterns in
Fig. 4 exclude a possibility of some sizable phase-volume-
like “background”. The simple dynamic mechanism of the
IVSDM population described by Eqs. (3,4) does not require
intruder states (s-wave motion in the system is nonreso-
nant) and does not imply any shell gap quenching.
Concluding the discussion of the previous observations,

our interpretation is different and significantly clarify the
situation with the “soft” excitations in A = 6 nuclei. It can
be seen in Figs. 2 and 6, that our calculations provide very
reasonable and consistent description of the three different
sets of data: SDM in 6He, IVSDM in 6He and 6Be branches.

9. Conclusion

High-statistics data on 6Be continuum was obtained in
the charge-exchange p(6Li,6Be)n reaction. The spectrum
up to 16 MeV of energy ET is completely described by pop-
ulation of three main structures in 6Be: 0+ at 1.37 MeV, 2+

at 3.05 MeV, and the {0−, 1−, 2−} continuum state mixture

at ∼ 4 − 16 MeV. The negative parity continuum is inter-
preted as a novel phenomenon — isovector soft dipole mode
— presumably bringing new opportunities in the nuclear
structure studies.
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