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The quenching of the experimental spectroscopic factor for proton emission from the short-lived d3/2
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isomer has been reinvestigated in an experiment at the Accelerator Laboratory of the University of 
Jyväskylä. The proton-decay energy and half-life of this isomer were measured to be 1295(5) keV and 
15.4(8) μs, respectively, in agreement with another recent study. These new experimental data can resolve 
the discrepancy in the spectroscopic factor calculated using the spherical WKB approximation. Using the 
R-matrix approach it is found that the proton formation probability indicates no significant hindrance for 
the proton decay of 151mLu.
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1. Introduction

Proton emission is a quantum tunneling process in which the 
escaping proton penetrates through a potential barrier consisting 
of Coulomb and centrifugal potentials. The study of proton decay 
provides critical spectroscopic information on the proton emitters 
and the ordering of quantum states of nuclei lying beyond the 
proton drip line [1–4]. The spectroscopic factor is conventionally 
employed as a measure of the purity of the single-particle config-
uration of the initial wave function.

The experimental spectroscopic factor (Sexp
p ) is usually defined 

as the ratio 
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Fig.3.

Experimental spectroscopic factors vs. theoretical ones obtained in the RMF+BCStheory for the region with 64 ≤Z≤82for d3/2states. The results of 150mLu (in red color) deduced from the present work, Refs.[18]and[20], are indicated by the solid square, open circle and open square, respectively. The Sth

Fig.4.S c h e m a t i c  view of t h e  proton emission process ing Fig.3(b) i n[20] the 675keV � ray will b e  3 .  DiscussionThe slight decrease i n  Q p compared [18]

increases the theoretical p r o t o n  p a r t i a l  half-life within the WKB approximation. To 
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pof 150mLu are shifted slightly for a better view. The symbol (m) denotes an isomeric state. (For interpretation of the references to color in this figure, the reader is referred to the web version of this article.)

[8].  The experimental and theoretical spectroscopic factors are plotted in F i g . 3

for the d 3 / 2 proton emitters in the subshell b e t w e e n  Z = 64and821 The error bars have taken into account the experimental errors of the half-lives and the theo-

retical errors originated from the uncertainties inQ p .  With the data obtained in the present work, the experimental spectroscopic factor S exp

p of 151m Lu increase from 0.66 [18]to 1 . 01+ 0 . 18� 0 . 15. This value should b e  compared with S th

p of 0.86. Thus the present re-

sults produce a  larger experimental spectroscopic factor S exp

p and the spectroscopic factor discrepancy in[18]can b e  resolved. For comparisons, the corresponding spectroscopic factors recalculated based on Refs.

[20]

and[18], are also shown in F i g . 3

.  Our new result is somewhat in between.

However, the calculated spectroscopic factor is rather interac-

tion or model dependent as mentioned in the introduction, so it is not an “ideal” quantity to describe the proton-decay process. Shown in F i g . 4

is a  schematic plot for the R-matrix description of the proton emission process, where the decay process is divided into two regions: the inner and outer region. Here the value R

defines a  radius of the nuclear surface outside of which the nu-

clear potential vanishes. In the outer region, the nuclear attraction 

r o t o n - d e c a y   a m p l i t u d e s  l o g 1 0 | | 2   e x p e r i m e n - t a l  d a t a  a s  a  f u n c t i o n  o f  Zf o r  t h e  d3/2s t a t e s .  T h e  r e s u l t s   1 5 1 mL u  ( i n  r e d  c o l o r )  d e d u c e d  f r o m   p r e s e n t  w o r k ,  R e f s . [ 1 8 ]n d [ 2 0 ] ,  a r e  i n d i c a t e d     c i r -

l e ,  o p e n  s q u a r e  a n d  o p e n  c i r c l e ,  r e s p e c t i v e l y .  F o r  d i s p l a y ,  t h e  p r e v i o u s  r e s u l t s  a r e  s h i f t e d  slightly i n  ZF o r  i n t e r p r e t a t i o n  o f  t h e  r e f e r e n c e s  t o  c o l o r  i n  t h i s  � g u r e ,  t h e  r e a d e r  i s  r e f e r r e d   t h e  w e b  v e r s i o n  o f  t h i s  a r t i c l e . )
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The decay of the d3/2 proton emitters was also discussed in terms 
of the proton formation probability, a more proper and micro-
scopic quantity to describe the proton-decay process. The extracted 
proton formation probability for 151mLu is compared to those in 
neighboring nuclei, and is found to follow well the general trend 
of spherical proton emitters.
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