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Abstract

Low-lying excited states in 3®40P have been identified in the 8 decay of T, = +5,+6, 3340Sj.
Based on the allowed nature of the Gamow Teller (GT) decay observed, these states are assigned
spin and parity of 17 and are core-excited 1plh intruder states with a parity opposite to the ground
state. The occurrence of intruder states at low energies highlights the importance of pairing and
quadrupole correlation energies in lowering the intruder states despite the N = 20 shell gap. Con-
figuration interaction shell model calculations with the state-of-art SDPF-MU effective interaction
were performed to understand the structure of these 1plh states in the even-A Phosphorus iso-
topes. States in P with N = 25 were found to have very complex configurations involving all the
fp orbitals leading to deformed states as seen in neutron rich nuclei with N = 28. The calculated
GT matrix elements for the 8 decay highlight the dominance of the decay of the core neutrons

rather than the valence neutrons.



I. INTRODUCTION

In the quest for a realistic model of nuclei with strong predictive powers, the need for
far more wide ranging experimental information on nuclei across the chart of nuclides re-
mains. As we seek to understand the evolution of shell structure towards the drip lines [1, 2]
expanded information on excited states is required; intruder states arising from reduced
single-particle level spacings and correlations are of particular interest. Though they are the
least investigated, odd-Z and/or odd-odd nuclei provide one of the most stringent tests of
theoretical predictions because of the additional degrees of freedom available. The details
of the proton-neutron interaction and the couplings within the proton and neutron valence

spaces, play a key role in the excitation spectra of odd-odd nuclei [3].

In this paper we report on the low-lying core-excited states in the neutron-rich odd-odd
phosphorus isotopes, namely *¥4°P with N = 23 and 25, respectively. The ground states
of these nuclei have negative parity arising from the coupling of the unpaired fp neutron
and sd proton. However, promoting one neutron across the N = 20 shell gap allows the
fp neutrons to be paired and the resulting hole in the sd shell can couple with the sd
proton leading to positive parity states. Such core-excited one-particle one-hole (1plh)
states contain information about the N = 20 and N = 28 shell gap. Tracking the excitation
energy of the 1plh states as a function of neutron number can allow us to infer how the
proton-neutron interaction evolves with neutron excess. One of the biggest hurdles in this
understanding is the missing information on parities leading to uncertainties in the position
of the intruder states. Allowed [ decay is one tool that can lead to a definitive range in
spin and parity for excited states provided the spin and parity of the parent is known [4].
In this work we used 3 decay of 3340Si to populate excited states in the daughter nuclei and
measured logft values were used to reliably constrain their spin and parity. The even mass
Si isotopes have 0T as their ground state leading to the population of 11 states in allowed
B decay. These 11 states are 1plh states having a parity opposite to the ground state.
Population of core-excited states should not be favored, in general, due to the reduction in
the energy released; however, in neutron-rich nuclei the the [ decay is likely to proceed via

the decay of the core neutrons [5, 6].

Prior to this work, no excited states were observed in *°P and a lone tentative 380 keV

transition has been assigned to **P corresponding to the depopulation of a low-lying yrast



state [7]. Based on the allowed B decay of 3%°Si we have identified 17 states in both
3840P These states lie at relatively low excitation energies of ~ 2 MeV. This is in contrast
to recent results on the decay of neutron-rich Zinc and Gallium isotopes near "Ni [5, 6],
where GT ( transitions populated high-lying core-excited states in the daughter nuclei. The
experimental results are interpreted within configuration interaction shell model calculations
using the SDPF-MU interaction [9]. Additionally, the half-life of the parent *¥Si has also

been measured for the first time, as well as -delayed neutron emission probabilities (P,)

for 3840G;i.

II. EXPERIMENTAL DETAILS

The experiment to investigate the 3 decay of 3%4°Si was carried out at the National
Superconducting Cyclotron Laboratory (NSCL) [10] at Michigan State University. A 140
MeV /u *¥Ca primary beam was fragmented in a Be target of thickness 795 mg/ cm” at the
target position of the fragment separator, A1900 [11], to produce the nuclei of interest.
A wedge shaped Al degrader (45 mg/cm®) was used at the intermediate dispersive image
of A1900 for further energy dispersion. With a full momentum acceptance of 5.08% of
the A1900 (rigidities set to 4.705 Tm, 4.660 Tm, and 4.23 Tm), a cocktail beam centered
around 3°Mg was obtained at the focal plane. This mix of exotic isotopes was transported
to the Beta Counting System where they were implanted in a 1-cm thick 16 x 16 segmented
planar Germanium Double Sided Strip Detector (GeDSSD) [12], which recorded the time
and position of implants, as well as subsequent decays. The implant rate was kept low,
around 100 Hz, so as to maximize the efficiency of correlating the implanted ion with the
decay products. The high-energy implants and the low-energy (3 particles were processed
separately with low-gain and high-gain preamplifiers, respectively. A Si PIN detector placed
before the GeDSSD provided the energy loss and time of flight information (along with the
scintillator at the intermediate dispersive image of the A1900) for particle identification of
the incoming implants. The GeDSSD was surrounded by 16 detectors of the Segmented
Germanium Array (SeGA) [13] to record the S-delayed v rays with an efficiency of about
3.5% at 1 MeV.

The data were collected event by event using the NSCL digital data acquisition system

[14]. Each channel provided its own time-stamp signal, which allowed coincidences and
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correlations to be built in the analysis. The high-gain energy signals from the GeDSSD
were used to isolate a decay event which were subsequently correlated to an implanted ion
(low-gain energy signal) in the same pixel within a fixed time. [-delayed v rays emitted
from excited states of the daughter nuclei were selected by looking for coincidences with (-
decay electrons correlated to a specific implanted ion within a specified time window. Each
SeGA detector was individually energy calibrated and the calibrated outputs were summed
together to generate a delayed v spectrum for a particular correlation time. ~-v matrices

were also generated to look for coincidences.

III. RESULTS AND DISCUSSION

The time differences between a #°Si implant and the correlated 3 particles were his-
togrammed up to 1000 ms after the initial implant to generate the decay curve shown in
Fig. 1(a). Taking into consideration that it is not only the decay of the initial implant but
also daughter and the -delayed neutron emission daughter, the decay curve was fitted using
the Bateman equation along with an exponential background [15]. The multi-parameter fit
gave a half-life of 27(1) ms for *°Si, somewhat shorter than the previously measured value
of 33.0(10) ms [8]. The biggest uncertainty in this fit is the background which arises from
the decay of all implanted nuclei and their longer lived daughter activities. To overcome
this uncertainty, the decay curve in coincidence with the two strongest ~ transitions in “°P
(discussed next) is shown in Fig. 1(b). A fit using a simple exponential function with two
parameters and a constant background gave a half-life of 27.6(14) ms. The presented value in
the current work agrees well with the shell model estimates using the SDPF-MU interaction
discussed later (see Table I).

The -delayed 7 spectrum following a 3-correlated “°Si implant in a 30 ms time window is
shown in Fig. 1(c), from which a random correlation v spectrum has been subtracted. The
random correlation v spectrum was generated for times longer than 500 ms after the implant
and was able to eliminate the long-lived daughter activities of “°Si decay, as well as those of
the more intense implants. Of the transitions seen in Fig. 1(c), the 355-keV and 973-keV
are known to belong to P [19], the S-n daughter. The new ~ transitions at 2120(1)- and
2286(1)- keV do not show any coincidences with either of the decays in *P. Further they

are too intense to be ground state decays in °P because that would lead to unrealistically
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large delayed neutron emission probability (see Table I for shell model predictions). Thus
the two most intense new transitions at 2120(1)- and 2286(1)- keV and the weak 1830(1)
keV are proposed to be the first v transitions observed in *°P, with relative intensities of
100%, 31(2)%, and 7(1)% respectively. The decay curve gated by the 2120- and 2286-keV
transitions was discussed previously (Fig. 1(b)). The weak 903-keV transition is from the
daughter activity (2% — 0 in 1°S) [18]. No -y coincidences were observed; hence, the

three transitions are assumed to populate directly the ground state of *°P.

A similar analysis was done for the **Si implants. However, the statistics here were very
limited due to the settings of the A1900 for this experiment. The decay curve for 2Si is
shown in Fig. 2. A multi-parameter fit including daughter and g-n daughter decay yields
a half-life of 63(8) ms, in good agreement with the shell model calculations (Table I). The
B-delayed v spectrum collected for 50 ms after the 38Si implant (inset of Fig. 2) shows two
7 transitions at 1874(1) keV (100%) and 1694(1) keV (34(9)%) which have been associated
with the daughter nucleus, *¥P. A third weak transition at 1120(2) is also tentatively assigned
to 3¥P. All three are assumed to be transitions to the ground state similar to “°P. v transitions

in *"P [20] arising from (-delayed neutron emission are also seen at 861 keV and 1300 keV.

The partial level schemes of 334°P, as established in the present 3 decay study are shown
in Fig. 3. In each nucleus two states are dominantly populated with the weak population of
a third state. The net direct feeding to these states was normalized to the total correlated
implants produced to obtain the absolute § decay branching per 100 decays. The absolute
branching, measured half-life, and Q- [17] were used to calculate the logft values [21].
The calculated logft values are consistent with those for allowed (3 decay i.e. between 4
and 6 [4]. As the parent nucleus (even-even) has a ground state J™ of 07, the observed
excited states in both 3349P are assigned a J™ of 1*. For *°Si decay, the bound states in the
daughter exhaust 62% of the 5-decay strength. The remaining strength is proposed to go to
neutron unbound states lying above 3.32(14) MeV, assuming no feeding to the ground state
which has negative parity, and therefore not populated in allowed decay. Up to the neutron
threshold for P at 3.32(14) MeV, SeGA has significant efficiency for v detection (~ 1%
for a 4.5-MeV «) and thus it is not likely that any strong transitions from bound states are
missed. The calculated delayed neutron emission probability, P,, is 38(5)%, of which 20%
is observed to go to the first two excited states in the B-n daughter, 3P, at 355 keV (%Jr)

and 973 keV (g+) Neutron emission leading to the ground state of 3P is also allowed by
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a [ = 0 neutron which will not be accompanied by any v emission. For ?Si decay, the P,
is calculated to be 25(10)% with the larger errors stemming from the poor statistics. The
measured P, values are compared with the shell model estimates in Table I and show good
agreement. The calculations predict several 17 states above the neutron threshold (Table

IT) which are likely responsible for the delayed neutron emission.

The ground state of 3°P with N = 21 has a J™ of 4~ with a 3~ excited state at 250 keV
22]. The ground state doublet arises from the [7(s1/2) @ v(f7/2)]* ¥ configuration in a
simple shell model picture. With two and four extra neutrons in **P and “°P respectively,
the ground states are predicted to be 2~ [7]. One possible configuration arises from the
[m(dsj2) @ v(fr2)]* " coupling. This implies occupancy of the mwds, orbital instead of
7512 potentially pointing to the reduction of the s;/, — d3/, spacing as neutrons are added
to the fr/o orbital [23]. Also with the increase in neutron number, the ( f7/2)3 and (f7/2)°

5—

configurations of the valence neutrons in **4°P ground state respectively, start to favor 2

over 1~ (as in **P), similar to the ground state configuration of 3"Si [24]. This configuration
of the valence neutrons favored in the shell model calculations, along with the s;/, proton,
17 ® 37273 can also explain the switching of the ground state from 4~ in *P to 2~ in
3840p The decay of the observed 17 states in 334°P directly and solely to the ground state
most likely by fast E'1 transitions is consistent with the 27 prediction for the ground state
and rules out the 37 and 4~ possibilities. The direct 5~ decay to the 27 ground state would
be a unique first forbidden transition. With a typical logft value of 7.5 for such a decay the
expected intensity would be 0.05%. This is why we neglected the ground state branch in

calculating the P, value.

Partial level schemes of odd-odd 34~4°P isotopes are shown in Fig. 4, along with shell
model calculations. The level schemes for 3P are from the 3 decay studies of Refs.
22, 25]. For 3P (Z = 15 and N = 19), the lowest configuration is expected to be the
[(ws12) (vdsjo) ="' 7" doublet with 17 as the ground state [25]. For the N > 20 isotopes,
36.3840p the 1T states no longer correspond to the lowest energy configuration rather are
excited states formed by promoting a neutron to the fp shell. The £ decay from 0" states in
the corresponding Si isotopes uniquely identifies these 17 intruder states. In the £ decay of
neutron-rich nuclei, with valence protons and neutrons occupying different shells of opposite
parity, sd and fp in this case, the decay of the valence neutron can only take place via

forbidden transitions to the lowest states in the daughter. However G'T decay of the core
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neutron is allowed and results in core-excited states in the daughter nucleus, the 1plh 17
states as seen in the present case. These decays should in general be hampered by the phase
space as the 1plh states are expected at high energy. Though for neutron-rich odd-odd
phosphorus isotopes we see that the 1plh states lie at a relatively low energy of around 2
MeV. The phosphorus isotopes lie outside the island of inversion, thus the low excitation
energy of the intruder states is due to the gain in pairing energy in the f7/, orbital and the

large quadrupole-quadrupole correlation energy involving both neutrons and protons.

The presence of low-lying intruder states with definitive J™ assignments provides an ideal
condition to test the sd-pf cross shell proton-neutron interaction. Configuration interaction
shell-model calculations with the SDPF-MU interaction [9] were performed both for negative
parity OpOh states and positive parity 1plh states in the full sd — fp valence space. The
single-particle energies (SPEs) and two-body matrix elements (TBMEs) used in the SDPF-
MU calculations are based on existing interactions: The USD [26] for the sd shell and
GXPF1B [27] for fp shell. The sd-fp cross-shell interaction is given by a monopole-based
universal interaction, Vysp [28]. The Vysp includes the tensor force and embodies the shell
evolution i.e. the displacement of single particle orbitals with neutron excess. To compare
theoretical B(GT) values to experimental values, a quenching factor of ¢ = 0.77 was used in

the SDPF-MU calculations.

For 3P (N = 19), three low-lying 1T states are predicted including the ground state
in good agreement with the experimental data [25] as well as the USD interaction as

1+

seen in Fig. 4. The 17, states have the dominant configuration, [(msy)' (vds/2)~']'" and

" respectively and are predicted to have a 60% and 40% S-decay branch-

[(ms1/2)" (vs172) 7]
ing. In contrast, in the measured 3 decay of 3'Si to 3P [25], 100% of the B-decay strength
was assumed to go to the 15 state ignoring feeding to the 17 ground state. In the case of 3P
with N = 21, the 17 states are 1plh states with one neutron promoted across the N = 20
gap. The SDPF-MU interaction predicts three bound 17 states of which the lower two agree
quite well with the experimental states for the logft values (Fig. 4), but the predicted states
are about 500 keV too low in energy (see Table III). For the more neutron-rich isotopes,
3840P the calculations again predict three 17 states below the neutron separation energy in
good agreement with the experimental states, as can be seen in Fig. 4 and Table III. For 8P,

the root mean square (rms) deviation is about 83 keV for the three states, whereas for 4P,

it is only 39 keV. However, for “°P, a better agreement between the calculated and predicted
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logft values is obtained by swapping the predicted 15 and 15 states giving a higher rms
deviation of 157 keV, which is still very good for cross-shell states. The better agreement
for the 1plh states in the most neutron-rich isotope (N = 25) as compared to 3°P suggests
that the fp orbitals are pulled down too much for the N = 21 isotope in the calculation;
similar to the observation in Si isotopes [29].

The calculated proton (sd orbitals) and neutron (sd — fp orbitals) occupancies for the 17
states and ground state in odd-odd *~4°P are shown in Fig. 5. The protons show very little

rearrangement for *°P from the simple shell model picture of (wds2)®(msy/2)".

However,
for 3¥49P there is an increased occupancy of the wdz/, orbital as compared to 7sy/2 in the
ground state configuration as well as for the excited states. This is an indication of the
near degeneracy of the 7s;/, and mds/, orbitals as neutrons start filling the f7/, orbital. The
valence neutrons meanwhile occupy the fp orbitals. For %P, they remain predominantly in
the f7/2 orbital. On the other hand for 40P the Vp3/2 occupancy increases up to about 1
along with some occupancy of the higher fp orbitals, due to the quenching of the N = 28
shell gap. For the 1plh 17 states, the neutron excitation originates mainly from the vds/,
orbital with some contribution from vs;/, which increases for the higher 1T states.

Looking at the proton and neutron occupancies clearly suggests that for P, the ground
state as well as the low-lying observed excited states, have quite complex configurations.
In the macroscopic picture, this implies that “°P has a deformed structure, corroborating
results which suggest that nuclei with Z ~ 14 and N = 28 are deformed [30, 31]. Deformation
can result in mixing of states, and hence the increased complexity of the wave functions of
the ground state as well as the excited states. The level spacing between the 17 states also
decreases going from %P to “°P consistent with strong mixing. We can expect these states
to be even closer or degenerate for P as we approach N = 28.

It is also to be noted from Fig. 3 that the first 1* state in both, 33%P, have the smallest
absolute branching in the corresponding # decay. Though the lowest energy state of a
given spin and parity should be favored by the large $-decay energy available, the transition
to a particular state in the daughter nucleus is also dependent on the change in nuclear
structure, or the wave-function overlaps. The GT matrix elements (M ;) from the shell model
calculations, which measure the overlap between the initial and final state, are displayed in
Fig. 6 for 36:3340P, The matrix elements have been decomposed into the orbital components

and normalized to the single particle estimates [32]. As can be seen from Fig. 6, the My,
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components for the 1] state are the smallest for both 34°P, with phases cancelling each
other leading to a large logft value. Generally, a rearrangement of many nucleons could
severely inhibit the decay, in some cases by an order of magnitude. From Fig. 5, the lowest
1" states have the simplest structure, predominantly (7s] /2 ® vdy /12) for the sd orbitals and
are not connected to the Si ground state (rdg 12 ® vds /2) by an allowed one-body transition.
For the same reason the 3 decay to the 17 ground state of *P is weaker than to the excited
17 state (see Fig. 4).

The 134 states, on the other hand have dominant components (7d} /2®Vdg/12) and (75 ,®
1/81_/12) which are connected by allowed transitions to the parent ground state. As shown in
Fig. 6, the allowed vds/, — wds/s and vs; o — sy transitions are the strongest for these
excited states, leading to the small observed logft values. These strong matrix elements
highlight the active vacancies, namely si/o and dz/;. They also highlight that in neutron-
rich nuclei, with neutron and proton occupying different shells the GT decay of valence
neutrons (in f7/,) is retarded and it is the decay of the core neutrons which dominates. The
smaller logft values to the states with more complex structure involving excitation of protons
and neutrons, implies larger overlap with the ground state of the parent nucleus. This in
turn emphasizes the deformed and hence complex nature of the parent 3¥4°Si ground states

too.

IV. SUMMARY AND CONCLUSIONS

The B decay of neutron-rich 3%49Si were investigated at the NSCL, populating low-lying
1plh states in the odd-odd daughter nuclei, **%°P. Based on the allowed nature of the
measured logft values, these states have been assigned a J™ of 1. [ decay properties for
the parent isotopes were also determined accurately. The half-life of 3*Si was measured to
be 63(8) ms for the first time, while for 1°Si the half-life was extracted following the v rays
in 1P leading to a value of 27.6(14) ms; a value smaller than the literature number. The j3-
delayed neutron emission probability was also extracted for 8P and *°P. Both, the measured
half-lives and P, values, agree quite well with the shell model calculations presented in this
paper.

The observed 1plh states in 334P lie at a relatively low excitation energy inspite of the

N = 20 shell gap. This highlights the gain in pairing and correlation energy with neutrons
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occupying the f7/, orbital. Shell model calculations with the SDPF-MU interaction give a
good description of these core-excited states in 334°P. However the agreement is not so good
for 3°P, suggesting that further refinement of the interaction is possible.

Examination of the shell model occupancies for both proton and neutrons reveals quite a
complex configuration of the 17 states. The complexity of the states increases with neutron
number and excitation energy. This can be understood in terms of the deformation-driving
tendency of the f7/, neutron leading to mixed states. The narrowing of the level spacing
between the 17 states with increasing neutron number is a result of this mixing. The complex
structure of the states, as well as the fragmented G'T matrix elements for larger N, alludes
to the weakening of the N = 28 shell gap for the phosphorus isotopes approaching N = 28.
Based on the calculated GT matrix elements, it can be seen that, for neutron rich nuclei,
with valence proton and neutrons occupying opposite parity shells, the allowed GT decay is
dominated by the transformation of the core neutrons. It would be interesting to investigate

the B~ decay of *2Si in future to understand the systematics better.
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TABLE I. Experimental (present and previous) and shell-model (sm) estimates of the half-life

36,38,40Gi  Literature values are from

(T /2) and p-delayed neutron emission probability (F,) for
Refs. [8, 16]. For the shell model calculations experimental masses were used and the uncertainties
in the calculated half-lives and neutron emission probabilities arise from the uncertainties in the

experimental masses [17].

Ty /2(ms) P (%)
Isotope
present previous sm  present previous sm

3633 - 450(60) 310(20) - <10  3.7(4)
385i 63(8) (> 1us) 77(5) 25(10) - 20(1)
40G8i  27.6(14) 33.0(10) 26(4) 38(5) - 28(1)

TABLE II. Results of shell-model calculations using the SDPF-MU interaction for the 17 state
above S,, for 3%40P (excitation energies and corresponding logft values for the first 10 unbound 1+

states).

38p 10p
E*(keV) logft |E*(keV) logft

3749 5.63 3558 6.61
3968 7.81 |3854 6.35
4040 4.38 13992 7.11
4192 5.47 14098 6.56
4244 6.32 4297 4.86
4313 0.47 14347 7.82
4464 5.35 |4886 5.12
4521 5.67 (4962 4.83
4561 6.61 |5081 6.38

4700 5.13 |5174 6.02
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TABLE III. Results of shell-model calculations using the SDPF-MU interaction for the 1T state
(excitation energies and corresponding logft values) for odd-odd 34~4°P. The experimentally ob-

served 17 states are also shown for comparison.

SDPF-MU Exp.
Isotope JJ
E*(keV) logft E*(keV)

3p 1y 0 451 0
13 1523  3.72 1607.77(20)
13 3022 4.25 -

36p 17 787 473 1303.1(2)
13 1809 3.89 2281.0(3)
17 2180 4.62 -

8p 17 1231 518 1120
13 1778 451  1694(1
13 1919 4.16 1874(1

op 17 1772 586  1830(2
137 2086 4.72  2120(1
13 2296 4.22  2286(1
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FIG. 1. (a) Decay curve derived for 4°Si from -correlated implants within the same pixel for 1000
ms along with the fit used to extract half-life and the initial activity. The components of the fit
are (i) exponential decay of parent, 4°Si, (ii) exponential growth and decay of daughter nuclei, 4P
(B), 3P (B-n), 3P (B-2n), and (iii) exponential background. Known half-lives were used for the
daughter nuclides [18]. (b) The decay curve from panel (a) in coincidence with + transitions in the
daughter, °P. The data is fitted to an exponential decay function with a constant background. (c)
Partial B-delayed v spectrum observed for 30 ms after a 4°Si implant, with the new transitions in

40P marked by energy, as well as those from 3°P populated in -delayed one neutron emission.
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FIG. 2. Time difference between a 38Si implant and an electron detected within the same pixel.
A multi-parameter fit to the decay curve following the Bateman equations gave the first measure
of the half-life of 3¥Si at 63(8) ms. The inset shows the 3-delayed 7 spectrum observed for 50 ms

after a 38Si implant, showing the new transitions in the daughter nucleus, 3*P.
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FIG. 3. Partial level schemes of 3%%P as established in the present S~ decay of 3%40Si. The
measured half-lives and P, values are also shown. The measured absolute branching, measured
half-life, and Q- [18] were used to calculate the logft values [21] which fall in the range for allowed

GT transitions.
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FIG. 4. Partial level schemes of 3436:3%340p (N=19,21,23,25) as obtained in the § decay of the

corresponding Si isotopes. New information from this experiment is depicted in red. Data for

34.36p are from Refs. [22, 25]. Results of shell-model calculations using the SDPF-MU interaction

for all isotopes and calculations based on the USD interaction for 3*P are shown. Only calculated

bound 17 states and few states of other spins relevant to the discussion in this work are displayed.

The logft values (measured and calculated) for the 17 states are marked in italics.
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FIG. 5. Calculated proton (left) and neutron (right) occupancies for the ground state and the three
excited 17 states in 363%49P, For protons, the occupancies for the filled orbitals in the extreme
simple picture are shown by the red dashed lines (6 for ds/5 and 1 for s;/5). For the neutrons, the
occupancies for the sd orbitals (ds /2 1ot shown) in the simple picture are shown by red dotted line

and for the f;/, orbital (1,3,5 for 36,38,40P respectively) by the green dashed-dotted line.
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FIG. 6. The Gamow Teller matrix elements (My;) for the 17 states in 3¢3%40P decomposed into

orbital components. The matrix elements have been normalized to the single particle estimates
ignoring the phase (81/2 — 8172 = 1.414; d5/2 — d5/2 = 1.67, d5/2 — d3/2 = 1.79; d3/2 — d5/2 =
1.79; d3/2 — d3/2 = 0.89; f7/2 — f7/2 = 185)
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