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Absolute values of two-particle transfer cross sections along the Sn-
isotopic chain are calculated. They agree with measurements within
errors and without free parameters. Within this scenario, the
predictions concerning the absolute value of the two-particle transfer
cross sections associated with the excitation of the pairing
vibrational spectrum expected around the recently discovered closed
shell nucleus s0132Sns2 and the very exotic nucleus soi00Snso can be
considered quantitative, opening new perspectives in the study of
pairing in nuclei.
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Two particle transfer in second order DWBA

Some details of the calculation of the differential cross section for
two—nucleon transfer reactions
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Virtual processes become real: 11

A (Duguet and coworkers )
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Parity inversion and breakdown of shell
closure in Be isotopes

G. Gori'?, F. Barranco’, E. Vigezzi*, and R. A. Broglia'**
'Dipartimento di Fisica, Universita degli Studi di Milano,
via Celoria 16,20133 Milano, Italy
’INFN, Sezione di Milano, via Celoria 16, 20133 Milano,
Italy
*Departamento de Fisica Aplicada II1, Escuela Superior de
Ingenieros, Camino de los Descubrimientos sh, 41092
Sevilla, Spain
“The Niels Bohr Institute, University of Copenhagen,

Blegdamsvej 17,2100 Copenhagen @, Denmark
Received 18 April 2003; revised 17 October 2003; published 19 April 2004

The coupling of single-particle motion and of vibrations in ,''Be
produces dressed neutrons which spend only a fraction of the time in
pure single-particle states, and which weighing differently from the
bare neutrons lead to parity inversion. The interaction of the two
least bound neutrons in the ground state of ,'’Be mediated by the v,
Argonne nucleon-nucleon potential and by the exchange of surface
vibrations of the core '"Be gives rise to a strongly correlated state,
where the two valence neutrons are distributed over s*p?, and d*
configurations, resulting in the breaking of the N=8 shell closure.



12Be(gs) 12Be(exc)

-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10
x,[fm] x,[fm] x,[fm]

0), = 10) + (P, 5)1- ®17;0) + B[(s,d)2+ ®27;0) +~[(p,d)3- @37;0)

0),, = als*(0)) + b|p*(0)) + c[d*(0))

UTi(gs)|*?Be(gs)|?Be(exc)

al 0.7 | 0.10 0.08
3l 0.1 0.30 | -0.39
M 0.37 0.1

a| 0.45 0.37 0.89

bl 0.55 0.50 0.17

c| 0.04 0.60 0.19
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Appendix A: Mean square radius of ''Li

(see e.g. Brink and Broglia, Nuclear Superfluidity, Cambridge University press, Cam-
bridge (2010) 2nd Ed.)

Making use of the relation (r?) a~ (3/5)R?, one can write the mean square radius of 'Li

as
3 .
<T2>11Li ~ gRgff(llLl), (Al)
with ,
9 92 /¢
2 (1ly: 2,97 .
where

Ro(°Li) = 2.7fm, (A3)
is the °Li radius (R ~ roAY3 ry = 1.2 fm), while £ is the correlation length of the halo
neutron Cooper pair. A fair estimate of this quantity is provided by the relation

FL’UF

£= ~ 20fm, (A4)

2 corr

in keeping with the fact that in ''Li, (vp/c) = 0.1 and E.,, ~ 0.5 MeV. Consequently,

(207,

(r)1/2 = 3.55 4 0.1 fm (Kobayashi et al. (1989) Phys. Lett. B232: 51)).

~ 3.8 fm (R.;p("Li) &~ 4.9 fm), in overall agreement with the experimental value

Appendix B: Centroid pigmy resonance

(Bortignon, Bracco and Broglia, Giant Resonances: Nuclear Structure at Finite
Temperatures, Harwood Academic Publishers, Amsterdam (1998))

From the dispersion relation given in Eq. (3.30) p.55, and the fact that ¢,, —¢,, =
€251, — Elpy, ~ 0.5 MeV (see Fig. 11.1 p. 264 Brink and Broglia (2010)), and that the
EWSR associated with the 'Li pigmy resonance is ~ 10% of the total Thomas-Reiche-

Kuhn sum rule one can write,

014 _ L 10.5MeV)? = (Fuupigmy)?) (B1)

m K1

h? A
(Rwpigmy)? = (0.5MeV)? — 0.15—k1, (B2)
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where (see Eq.(3.51) Bortignon et. al. (1998)),

51 125MeV 125,
_ - ~ — MeV, B3
A(E/2)2 ~ A x 100fm? A Jm Me (B3)

R1 =

the ratio in parenthesis reflecting the fact that only 2 out of 11 nucleons, slosh back and
forth in an extended configuration with little overlaps with the core nucleons.

From the above relation one obtains,

h?A 9 9
—0.1—#k1 = 2.5 MeV* = (1.6 MeV)~. (B4)
2m
Consequently,
Twpigmy = V0.52 +1.62 MeV ~ 1.7 MeV, (B5)

in overall agreement with the experimental findings (Zinser et al (1997), Nucl. Phys.
A619:151). It is of notice that the centroid of the pigmy resonance calculated in the RPA
with the help of a separable interaction is ~ (0.8 MeV + 2.0 MeV)/2 ~ 1.4 MeV (see Fig.
11.3(a) p.269, Brink and Broglia (2010)).

Appendix C: Estimate considering Self energy renormalization

The two neutrons must create the correlations that binds them together and to the core.
Self Energy renormalization (see e.g. Mahaux et al. Phys. Rep. 120(1985)287) is of the
order of

h? h?

AV = UlUQm ~ —UlUga, (C1)
using the fact that the splitting between p;/» and s; /5 states of 1714 is little compared to the
phonon energy. We can use as h, the coupling matrix element, the average pairing binding
constant G & 22/A which in the case of ''Li is G ~ 22/11 MeV = 2 MeV. U; and U, being
the occupation factors of s and p states, that we can assume being both 0.5 (More precise

calculations (see e.g. Brink and Broglia, Nuclear Superfluidity, Cambridge University press,

Cambridge (2010) 2nd Ed.) give 0.40 for s and 0.58 for p states). That gives us

~ — — 2~ (0.5)"— MeV =167 M 2
hw U,U, AV (0.5) 06 eV 67 MeV (C2)
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(sd)* states in ’Be

H.T. Fortune and G.-B. Liu
Physics Department, University of Pennsylvania, Philadelphia,
Pennsylvania 19104
D. E. Alburger

Brookhaven National Laboratory, Upton, New York 11973
Received 17 February 1994; published in the issue dated September 1994

The '"Be(t,p)'*Be reaction has been studied with 15- and 17-MeV
triton beams. At 17 MeV, angular distributions were measured for
five low-lying states, and disorted-wave Born-approximation
calculations were used to analyze the data. Contributions from
“Be(g.s.)®(sd)* and complete Ip-shell wave functions were
investigated. Comparsion is made with (sd)* states in "*C and '°C.
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PARITY INVERSION AND BREAKDOWN OF SHELL...

PHYSICAL REVIEW C 69, 041302(R) (2004)

p
. Gnpy /2
Typp- = z Enp1 )z Z Eprbppr X ==
np1/2 p”
wl
!
(0.85)
P’ Qnpy s Anpy /o
+ Z ﬁpnfpp/ X k3~ + Z €p“§pp' X
p//7 kl .y / p”,,k
m 5/2
» PP , pp , K2+ K2+
pp pp pp
(0.01) (—1.61)

Summing up the different contributions (numbers in
brackets), one obtains the spectroscopic factor |T,-|*
=0.57. Similarly, one obtains |T},+*=031 (cf.
Table I). Also the spectroscopic factors associated with
IBe (Table I) were calculated following the same
scheme.

Diagonalizing the matrix shown in Fig. 2, we also obtain
the energies of the excited 0* states in >Be. In particular, we
obtain that the energy of the first excited state is 2.04 MeV,
to be compared with the experimental value of 2.24 MeV
[31].

We conclude that the main nuclear structure properties of
both !"Be and '”Be may be understood in terms of the self-
energy and induced interaction processes associated with the
dynamic polarization of the nuclear surface. The similarity of
NFT results with those of large shell model calculations re-
ported in Ref. [7] for '?Be and in Ref. [32] for !'Be, indicates
that a proper treatment of single particle and of collective
degrees of freedom and of their interweaving provides an
essentially complete description of the nuclear structure of
these nuclei as was already found in the case of nuclei lying
along the stability valley.
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