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Abstract : f3-decay provides important information about the structure of halo nucler. Because of
the root-mean-square radius (R,,.) of the neutron halo distribution is very laree. the phase-space
factor for halo nuclei must be more sensitively depended on the radius In this work the sensitivity
of the nuclear radius to the phase-space factor was investigated for some halo nuclei and the
improvement for phase-space factor for halo nuclei was reported The results were applied to
calculate the logft-values for the halo nuclei (“He. "He. ''Be. ""Be "1i. ''I.i) The modification
proposed shows reasonable results for many cases.

1. INTRODUCTION

Nuclear spectroscopy for the nuclei near the neutron or proton driplines has been

extensively studied in the latest years[1,2]. One of the most interesting discoveries is the neutron
! N iy - | ~ . -

and proton halos[3.4] "'Li and "'Be are the first nuclei observed as neutron halo and still the most

imteresting case "He “He "Li and "Be etc. are the other some nuclei considered to have neutron
halos. Although proton hado s not yet fully established. several data suggest the existence of
proton halo and "B, ( "1 and ""Ne are the examples for proton halo[5].

In nucicr near the dripling, the separation energy of the last nucleon(s) becomes extiemely

small. In such looselv bound nuclei the neutron or proton density distribution shows an extremely
long tail, calied halo. Although the density of a halo is very low. it leads to new properties 1 such
nuclei. For example an increase of the nuclear radii with respect to atomic number A can be see
in Figure-1 tor "He. "He.' 'Be "Be. ’Li and "'Li [5]. The Ry of the L density distribution is

i 0.3(2s orbital). While Ry, of the ’Li core is 2.61+0.1 and 2 5+0 |
halo Ry 18 48105 [5] As secen, the Ry, of the halo neutron distribution is very large and almost
two times larger than core Ry, Since the separation energy of the last nucleon(s) becomes
extremely small in halo nucler the Ry, radii of them becomes larger.

B-decay of halo nuclei provides an important knowledge about nuclear structure and nuclei
near the driplines. The observed logft-value for transition to the first excited state of ''Be
logtt=5,59, 1s much larger than the calculated values based on various available models. such as
that with Cohen-Kurath interactions, logft=4,59-4 8[6]. Suziki and Otsuka [6] found that the
formation of a neutron halo plays an important role in reducing the logtt value and the another
interesting observation in the 3-decay of light neutron rich nuclei is the existence of strong super-
allowed transition [7]. The radius of halo nucleus must be responded for this property and it must
be a clear signature for the halo structure of a nucleus. Although the phase-space factor in the
standard B-decay theory is related to radius this relaticn is very slightly

In this work, by taking into account the difference between the calculated and observed logtt
values some halo nuclei, the sensitivity to nuclear radius of the phase-space factor was
investigated for some halo nuclei and the new modification to phase-space factor was proposed.
The modified phase-space factor was applied to halo nuclei and found the agreement results with
the observed ones.
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2. CALCULATIONS AND RESULTS

For allowed B-decay involving either electron or positron emission, one can show the
phase-space factor, f, [8],

f=f (+Z. W, ) =m," ¢” j F(£Z W)pW W - W,)? dw (1)

where, W, is the difference between initial and final nuclear energies and p, W are the emitted
electron’s momentum and energy respectively. The quantity F(+Z, W) is the standard Fermi
Function,

F(+Z,W)=2(1+v)(2pR)2"™ e ™ [ T(v+iy) | 2 (T(2y+1))?
where

p=(W>-1)"? | a=e*/hc=1/137 , v=[1-(aZ)*]'* and y=aZW/p

R is the nuclear radius and I" is Gamma function. As seen, Fermi Function is related to radius
however this relation is very slightly. The various approximations were made for F(=Z W)
expression. One of them is given by Daniel[9] as,

F(+Z, W)= 2 y/ [1-exp(-2my)]

This expression don’t depend on radius of nucleus. When it is inserted in Equation( 1), phase-space

factor is given,
W,
- 5 2y
= [Jw'=1wiw —w) ———dw (2)
w=rww —wr =050
mc

In this work, firstly, f-values were calculated using above expression. The calculated and
observed logft values were tabulated in Table-1.The disagreement between them are seen. Then
we start with a simple assumption that the reason of the difference mentioned just above are the
Rims radii of the halo nuclei. Hence the new modification depended on R,,. have been described
as,

(logft)ep =[A (Ry)* T (logft)neo

A and x parameters using the experimental logft-values, the calculated logft-values and the
experimental neutron radius (Ry) which are given in Table-1 and Table-2. A and x values have
been found approximately 0,09 and 3,14 respectively for the nuclei in the Tables. The radii of the
halo nuclei have been calculated within the Hartree-Fock approximation as Rx(HFS) using with
the Skyrme effective interaction SIII [10,11]. Parameters used in SIII in the present calculations
are given in references[12]. The computer program , SK-HAFO(S3), has been used to calculate the
radii. In the our calculations we took the pairing effects into account in the BCS formalism in the
approximation constant force.

Secondly, the expression, [0,09 (R, )3'|4 ]'1 , has been convoluted with the well-known
Fermi Function and again the logft-values have been calculated using the experimental, calculated
HF-Skyrme and other workers R, values. As a result, the Fermi phase-space factor can be taken
as,

I W,

e [ W Ty Gy —w)’ 2 (3)

0,09} * 1 — exp(—271)
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3. CONCLUSION

In the nuclei that show the halo properties, since the separation energy of the last nucleon(s)
becomes extremely small and Ry, radii becomes large, the logft— values should be reduced. The
calculated results for the logft— values using the new modification are given in Table-1. These
results support the strong depend on the radius of the phase-space factor for halo nuclei. The
modification reduces the logf’f values by depending on Ry, values for every nuclei and is
important to get close to the experimental logft- values.

We can conclude, with the present calculation. that the effect of the radius is important to
reduce deviations from the observed logft value of the halo nuclei. The changing of experimental,
theoretical and modified logft values with respect to HF-Skyrme R, are shown in Figure-2
Except for "“Be. the calculated logft values using the this modification are approximately in
reasonable agreement with the observed ones for the neutron halo nuclei. The disagreement for
""Be can be resulted from the high percentage of error (19 %) in the measuring of Ry, value
according to the other nuclei’s that [19].

Finally, in this study, it can be seen that from Table-2 that the calculated radii using HF-
Skyrme interaction are in good agreement with experiment, also as shown above, the modified
logft values for HF-Skyrme, experimental and other worker’s Ry, values are generally in the
same range with the experimental logft values.

Table -1. The logft values calculated by using the new modification, theoretical and experimental
logft values for neutron halo nuclei indicated.
1

! I Modified Logft
Nuclei Logft(exp) | Logft(theo.) | With Exp. | With HF-Skyrme | WithOther workers
j’ R Rl'!\i\ RI‘III\ Rl"lll\
6 2.9 [13] ; : X
| Y 66 | 2 93 ._A(
He 1,9 27 n4 | 92 | i
*He (4+04 [15] | 428 1 3 99 | 310 |
e 1 S ! I s © i
i [20-216 1M 5.10 188 4.89 .96 ’
5.00£0.05 |15] R R
Ui <4 15 4,58 1 ! 4.20 3.27
Be [5.79 [14] | 6.50 | 6.2 ‘, 6.30 5.84
| I S R |
| i |
HBe [3.6-40 [16] | 3.80 | 3.25 i 3.21 5 3.37

Table -2. Neutron radii (Rx) of halo nuclei indicated as experimental, HF-Skyrme and other
workers respectively

Nuclei Rx (exp) RN (HF-S) RN (Other workers)
‘He 2.61£0.03 [17] 2.131 265 [20]
*He 2644003 [17] 2.654 260 [18]

K ’Li 253 [18] 2.507 2.39 [19]

| "Li 3.21£0.17 [17-19] 2816 5.65 21]
"Be 273 £005 [22] 2.595 3.65 [21]
HBe 3.2240.19 [19] 3.320 2.95 [19]
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Fieure 1. RMS  radii of neutron  halo  nuclei  determined  trom  the HF-Skyrme
mteraction Sudden inereases of neutron radii are seen for nuclei near neutron dripline.
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Figure 2. Experimental, theoretical and modified Log ft values with respect to Ry, radii of
neutron halo nuclei determined from the HF-Skyrme interaction.
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