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Fine structure in proton emission from deformed *£u
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Proton emission from the drip line nuclef$Eu, to the first excited 2 state of the daughter nuclegasm
is analyzed as decay from a deformed nucleus, and the half-lives are evaluated exactly. It is found that the
Nilsson stateK = 3/2" for a deformation 0.34 3>0.27 describes both the fine structure and the decay to the
ground state of-3%Sm.

PACS numbgs): 23.50+z, 21.10.Tg, 25.70.Ef, 27.60)]

Important aspects of nuclear structure can be learned fromin and outgoing wave boundary conditions,
proton decay. It is a powerful tool not only to probe small
components of the wave functions of the decaying states, but limuy;(r)=N;(Gy(kr)+iF(kr)) (1)
also to determine the deformation of nuclei and the angular r—o
momentum of the ground state. In a recent widrkwe have
studied proton emission from odd-even deformed decaying!l bound states and resonances can be found. IMEgk
nuclei, and interpreted the decay within our mof@ that = 2xE/%?, and Nj; is @ normalization constant. The func-
leads to an exact evaluation of the half-lives. The angulations F and G are the regular and irregular Coulomb func-
momentum of the decaying state and the deformation of th&ons. In practice, the equality in Eql) holds beyond the
parent nucleus is determined from the condition of reproducrange of the nuclear interaction, where the Coulomb poten-
ing the experimental half-lives. There are some cases wheitél is spherical.
more than one state or different valuesgtould reproduce The Nilsson single-particle energies féf'Eu, obtained
the data. Therefore, it is necessary to have more experimeifrom the solution of the Schdinger equation, are shown in
tal information besides that related to ground-state decay, tbig. 1(a) as a function of the deformation paramegrThe
impose extra consistency bounds on the theoretical interpresalculation of the half-life requires the knowledge of the en-
tation. ergy available for the decay. In fact, the dependence of the

Due to energy considerations, proton decay should prohalf-life on the energy of the outgoing proton is given by the
ceed mainly to the ground state of the daughter nucleusvell established relatiofb],
However, in rotational nuclei the first excited state could be
very low in energy and a sizeable branching ratio could be T, xexpal\E. (2
expected, known as fine structure. Recently a new measure-
ment was reportef3] in the highly deformed proton emitter Therefore, we vary the depth of the nuclear potential to
181Fy, and a fine-structure splitting in the radioactive decayhave the real part of the resonance at the measured energy.
from the ground state was identified. In a previous experi- The decay to the excited state can be discussed in an
ment[4], only the ground-state line was observed at(8b0 analogous manner. The total width for the decay is a sum of
keV. The recent one reports a second proton peak with erpartial widths for all possible valudgj, of the emitted pro-
ergy 8117) keV, ty= 23f(,13° ms, and an updated value for ton restricted by angular momentum and parity conservation,
the ground-state energy at 932 keV, t;,,=17.8(19) ms. i.e.,
Since the half-lives of the two states were almost the same,
the new line was interpreted as proton decay from the ground ;
state of 1¥'Eu, to the first excited 2 state of the daughter [Ma= ; e (©)
nucleus3%Sm, with a branching ratio of 0.2). Jp=maxg—KilK) PP

From the theoretical point of view, decay to excited states
should be reproduced with the same deformation and angul
momentum used for the ground-state decay. Therefore, it is
our intention in this Brief Report to describe within our > . 2
model the decay of*'Eu to the 2 and take into accountthe — Ja — A%k 2(239+1){J0.04p . KilKi.Ki)
new value of the energy for the emission to the ground state.  'Plp & (2Kj+1)
The basic assumption of our model consists in having the 4
emitted proton moving in a deformed single particle Nilsson 5 . _ ) )
level. The Schidinger equation is thus solved for a de- whereuKi is the probability that the single-particle level in
formed Woods-Saxon potential with a deformed spin-orbitthe daughter nucleus is empty, evaluated with the pairing
term and realistic parameters. Imposing regularity at the oriresidual interaction in the BCS approach.

Jg+K

hereK; is the angular momentum of the parent state.
It can be proved6] that
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FIG. 1. (a) Proton Nilsson levels corresponding ’tééEu. The dotted lines indicate the Fermi leved) Half-life of the resonances in
1§§Eu as a function of the deformatigh (full lines). The shadowed area represents the uncertainty due to the experimental error bar on the
energy. The curve labelegd="5/2 is coming from the spherical shell,. The curves labeled =7/2", K=5/2; , andK =3/2" are all
coming from the spherical shadl,,. The curves labeled =5/2", K=3/2", andK=1/2" are all coming from théa,,,,. The experimental

values(dashed lingsare from Ref[3].

In the case of transitions to the ground statg=0, and life with B in the range of 0.15—0.28. Similarly, for the states
Egs.(3), (4) reduce to K=23/2~ andK=23/2", the range foB is 0.2—0.24 and 0.24
—0.34, respectively.
From the various terms in E¢3) the dominant ones cor-
IN, K.|2U§.- (5) respond to situations Whequ jp are large or the centrifugal
P barrier low, i.e.,l, small. The last condition is usually the
most important one. IK;=1,+1/2, there is only one large
. . . term in the sum, the one with the safngj, as the decay to
o I s, ecutot), el ives o e ey hi s, e 1t of e decy i 0 0.2
I with respect to the one to the"Q depends practically on the
950(8) keV for the energy, and presented in Figc)2of Ref. . . .
energy of the 2 and only,j, only, while very little depen-

[1]. We used a spectroscopic factof~0.5, which is ad- o : _ .
equate for levels around the Fermi surface. Dividing the theEjence on deformation is observed, SihGe ;, cancels out in

oretical value obtained for the half-life by this quantity, the e ratio. A strong dependence on deformation can be ob-

only state that could reproduce the experimental half-lifeS€rved only ifN;. . is much smaller than the other compo-

with a large deformation, and at the same time was close toents, or ifK;=1,—1/2, because two channels with the same

the Fermi surface, was thé=5/2" coming from the spheri- centrifugal barrier can contribute.

cal ds, state. This result was compatible with the prediction ~The branching ratio for the decay to thé 2 shown in

of Ref. [4] that quoted the state§=5/2" andK=3/2" as  Fig. 2. The spectroscopic factaf, present in the numerator

possible candidates. and denominator of this ratio, is the same and cancels out in
Since a new value for the energy of this transition wasthe final result. As it can be seen from the figure, the branch-

reported, we just have to look at the states that fulfill the newing ratio for theK=5/20 state is practically constant. The

data. The half-life for proton emission for all levels that lie, centrifugal barrier of thej,=g;, and go, components is

or are close to the Fermi surface up to a deformagon very high, and ,=ds, dominates the decay. This is not true

=0.4, are shown in Fig. (b). This figure is essentially Fig for the K=23/2" state, where the most important component,

2(c) of Ref. [1], but scaled by a factor o&£1.85. This is almost a factor of 20—40 larger, is tdgy,, that has the same

expected from Eq(2) since the experimental energy is now centrifugal barrier of thel,.,, but a largem.

18 keV lower. It is also clear from Fig. 2 that th&=5/2] and K
Using the spectroscopic factar’~0.5 there are three =3/2° states can be disregarded, since the theory predicts a

statesK =5/2; , K=3/2", andK=3/2" that could describe branching ratio one order of magnitude smaller than the ex-

the half-life for the decay. The first state describes the halfperimental value. The only state capable of reproducing the

ro hk 2
KT (2K +1)
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1l and parent nuclei have the same deformation. Therefore, one

i ] expects that'**Sm has a deformation also larger than 0.27.
There is a well-known empirical relatiofv], between the
energy of the 2 state and the deformationE,+
~1225/A"3B% MeV, followed by all even-even nuclei. This
relation suggests fot*°Sm, 8~0.34 since the 2 excitation
107t L | lies at 1213) MeV, in agreement with our hypothesis, and

- ] providing another consistency test of our calculation.

] Another nucleus where the fine structure could be ob-
5/2+ . served is*Ho. In this case there is no doubt on tKe
i =7/2" assignment of the state, as explained in Réi.
e Even small variations of the experimental energy would not
3 Yo n alter this conclusion. Since the energy of the ia 1*®Dy is
5 E not known, we have calculated the branching ratio as a func-

E ] tion of energy. In this case there is no strong dependence on
0.2 0.25 0.3 0.35 0.4 deformation, since thh,,,, width is a factor 50 smaller due

to the centrifugal barrier.

B Using a deformation of3=0.29[8,9] the 2" of “Dy
should be at 140 keV giving a branching ratio around 5%, a
value probably not reachable with present experimental ap-
paratus.

In conclusion, we have shown in this work that our model
data is theK=3/2", with deformation larger than 0.27. can calculate exactly the decay from single-particle Nilsson
Therefore, the interpretation of the fine-structure data allowsevels and is able to describe quite accurately and consis-
an unambiguous determination of the angular momentum akently the data on proton emission from the ground state of
the ground state, and deformation BfEu. Our result and 3%Eu and the fine structure for the decay to the first excited
assignment are in perfect agreement with the findings of ReR2* state of the daughter nucleus. The deformation and angu-
[3]. lar momentumJ of the decaying nuclei are in agreement

In order to derive Eq(4), we have assumed that daughterwith the predictions of Ref48,9].

Lo,/ (Ios+154)

FIG. 2. Branching ratio for the decay to the 3tate of'*%Sm as
a function of deformation.
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