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Additional Results From the Beta-Delayed Proton Decays of 27P and 31C1

T. J. Ognibene, J. Powell, D. M. Moltz, M. W. Rowe and Joseph Cerny
Department of Chemistry and Lawrence Berkeley National Laboratory, University of California,
Berkeley, California 94720

Beta-delayed proton decays of the nuclides 27P and 31C1 were measured using the
helium-jet recoil collection technique and low-energy particle identification detector telescopes.
In 27P, two new proton groups at 466 *+ 3 keV and 612 * 2 keV, with intensities of 9 * 2 % and
97 + 3 % relative to the main (100 %) group at 73142 keV, were discovered. Additionally,
during the 27p expeﬁments, a new proton transition was identified following the B-decay of 28p,
This group, at a proton energy of 1452 + 4 keV, had a 2 + 1 % intensity relative to the 100 %
group at 679 + 1 keV. A total 27P beta-delayed proton branch of 0.07% was estimated. The
experimental Gamow-Teller beta-decay strengths of the observed transitions from 27P was
compared to results from shell model calculations. A search for new proton transitions in 31Cl,
the next member of this A = 4n+3, T; = -3/2 series, was unsuccessful. However, several proton
peaks that had been previously assigned to 31Cl decay were shown to be from the decay of 25gi.

PACS number(s): 21.60.Cs, 23.50.+z, 27.30.+t, 29.30.Ep



I. INTRODUCTION

The experimental investigation of the decays of proton-rich light nuclei has provided a
wealth of spectroscopic information. This includes details of energy levels, spins, isospins,
masses, half-lives and other decay properties. In light nuclei, total beta decay energies rapidly
increase as one moves away from the valley of beta-stable nuclides towards the proton drip line.
This opens up decay modes, such as beta-delayed proton and beta-delayed alpha emission, which
are very sensitive probes of nuclear structure. There have been several recent articles that review
the decay properties of proton drip-line nuclei [1-4].

The beta decays of proton-rich light nuclei (with Tz < -1/2) are characterized by two
general features. The first is a fast superallowed Fermi transition to the isobaric analog state
(TAS) in the beta daughter. If the IAS is above the proton separation energy, the beta-decaying
precursor nuclide is classified as a strong beta-delayed proton emitter. The A = 4n+1, Tz =-3/2
series of nuclei from 17Ne to 73Sr [3, 5, 6] (with the exception of the unobserved member 69Kr),
are all strong Bp emitters. In contrast, the A = 4n, T; = -1 series of nuclei [3], from 241 [7] to
48Mn [8] are designated as weak Bp emitters since the IAS in the beta daughters is bound with
respect to proton emission.

The second B-decay feature consists of Gamow-Teller (GT) transitions to multiple states
both below and above the IAS. Many of the lower lying states are bound with respect to proton
emission and hence can only be examined through By studies. However, the states above the IAS
are often open to proton emission. This cluster of states represents the tail of the Gamow-Teller
giant resonance that has been observed in (p,n) reactions [9, 10]. .The experimental investigation
of Gamow-Teller beta decay is an important means to study details of nuclear structure. The
relatively restrictive nature of the Gamow-Teller transition operator, which flips both spin and
isospin, implies that values of the GT matrix elements can be clearly related to specific properties
of nuclear wavefunctions. The GT strength is typically centered around an excitation energy in
the beta daughter that corresponds to the spin-orbit splitting.

The decays of the A = 4n+3, Tz = -3/2 series nuclei, 27P and 31Cl, with their large beta-
decay Q-values, (QEC(27P) = 11.6 MeV and QEc(31C1) = 12.0 MeV) offer an opportunity to
study GT transition strengths up to high excitation energies. The known members of this series
in the sd-shell, 23A1 [11, 12], 27P [13], 31C1 [13-15] and 35K [16], all exhibit beta-delayed
proton branches. Since Pp studies of 23 Al have been recently reported by us [11], we
concentrate here on 27P and 31l decays. '

In the most recent (and most extensive) experimental investigation of the decays of 27p
(T1/2 =260 + 80 ms) and 31l (T1/2 = 150 + 25 ms) [13], only protons between 700 keV and
2700 keV could be observed with a detector resolution of 75 keV for. Utilizing our charged-
particle detector telescopes, which can detect and identify low-energy protons with ~30 keV



resolution, we undertook a study to improve upon our earlier results by searching for additional
beta-delayed proton groups.

In that previous study [13], a full basis sd-shell model calculation was used to generate
values of the Gamow-Teller strength [17] for all possible beta decay transitions of 27p and 311
These shell model calculations [18-20] predict that a significant fraction of beta decay transitions
should populate the states that make up the tail of the GT giant resonance; the study of 27P and
31C1 with their large beta decay energies are excellent candidate nuclei for sampling more of the
GT resonance.

II. EXPERIMENTAL

Proton beams with energies of 28 MeV and 45 MeV from the 88-Inch Cyclotron at the
Lawrence Berkeley National Laboratory were used to bombard five adjacent target foils of either
6 mg/cm2 natural silicon (self-supporting) or2 mg/cm? zinc sulfide (mounted on 1.7 mg/cm2 of
aluminum) to generate the radioactive nuclide of interest. Depicted in Fig. 1 is a schematic of
the experimental setup, which employed the helium-jet transport technique (see, e.g., Ref. [5])
and charged-particle detector telescopes. Radioactive nuclei recoiled out of the target, were
thermalized in the helium and were transported on potassium chloride aerosols along short 1 mm
i.d. capillaries to a common header. They were subsequently transported along an 1.8 m long x

1.5 mm i.d. capillary and deposited onto the edge of a collector wheel. The total transit time was
estimated to be 200 ms based on prior measurements. Two low energy gas AE-gas AE-silicon E

detector telescopes, each subtending a solid angle of 3.5% of 4n, viewed the deposition spot.
The wheel was slowly rotated to reduce the buildup of longer-lived radionuclides.

A schematic cross sectional view of one of these detector telescopes is shown in Fig. 2. It
consists of two ~30 pg/cm? CF4 gas regions, which serve as AE detectors, followed by a 300 um
silicon E counter. This telescope is capable of identifying low-energy protons in extremely high-
background environments of beta and alpha particles. The lower limit for particle identification
is determined by the polypropylene entrance window, gas thicknesses, and the silicon detector
deadlayer, as well as the electronics threshold, which were defined at the beginning of each
experiment. For these measurements, the proton detection threshold was ~240 keV, while it was
~550 keV for alpha particles. Details of these detector telescopes are provided elsewhere [21,
22]. _
Detector calibrations were performed in situ with beta-delayed protons from the well-
known [23, 24] Bp emitter, 23Si, produced via the 24Mg(3He,2n)25Si reaction at E(3He) = 40
MeV, or through the 27Al(p,3n)25$i reaction at E(p) = 45 MeV. In the case of 27p, additional
proton calibrants came from the known [24, 25] beta-delayed protons of 28p, which was
produced during both 28 MeV and 45 MeV proton bombardments on N2tSi targets. All
calibrations were conducted immediately before, or concurrently with, the main production run.



Figure 3 shows a 23Si beta-delayed proton spectrum recorded during the calibration phase. The
typical detector resolution was 30 keV for protons, while it was 65 keV for alpha particles due to
greater energy straggling in the detector components prior to reaching the Si detector.

Prompt neutrons can impinge on hydrogen-containing materials in or near the detector
and produce protons that are indistinguishable from decay protons. To avoid detection of this
"knockout" proton background, the cyclotron beam was pulsed and the counting electronics were
enabled only during the beam off phase. The pulsing structure was chosen based on both the
estimated He-jet transit time and on the half-life of the radioactive nuclide of interest. Based on
the 260 + 80 ms and 270.3 + 0.5 ms half-lives of 27P and 28P, respectively, and the 200 ms He-
jet transit time, a total cycle that consisted of 500 ms beam on phase followed by a 400 ms
counting phase was used during the proton + silicon bombardments. Similarly, a pulsing
structure that consisted of a 330 ms beam on phase followed by a 410 ms counting phase was
selected during the proton + ZnS experiments to maximize the yield of 31C1 (150 £ 25 ms). The
proton beam current was limited to 2-3 PA on target in order to keep the count rate in the silicon
counters below 50 kHz during the counting phase. This high count rate was due to the B-flux
from the decays of nuclei closer to beta stability that were simultaneously and copiously
produced.

III. RESULTS
A. Protons + Silicon Bombardments

Two proton beam energies were used to bombard targets of M3tSi. At 45 MeV, both 27p
and 28P were produced, while at 28 MeV, chosen to be below the 27p production threshold of
30.7 MeV, the beta-delayed proton spectrum resulted solely from 28p. A comparision of the two
spectra allowed the identification of the 27P Bp groups.

The spectrum of beta-delayed protons recorded during the 28 MeV bombardment on
natgj targets is presented in Fig. 4. The integrated proton beam on target was 290 mC. The
observed proton groups, labeled p1...p7, all resulted from the beta-delayed proton decay of 28p,
which was produced through the 28Si(p,n)28P reaction. Proton peaks p1...p6, correspond to
those previously observed [25], while proton group p7, at 1452 + 4 keV, is a new transition. See
Table 1 for the energies, intensities and assignments of the labeled proton groups.

A spectrum of beta-delayed alpha particles from 28p recorded concurrently with the
proton spectrum is presented in Fig. 5. The energies, intensities and assignments of the labeled
peaks, which all originate from 28p [25], are also listed in Table 1. While we observe the nine
most intense alpha particle groups, the weakest, at 1667 keV, was not observed. This group was
reported [25] to be 6.8 + 3.9 % of the most intense alpha peak (cg) at 2106 keV. Thus our level
of statistics and poorer alpha particle detector resolution (65 keV versus 20 keV reported by Ref.



[25]) could have prevented us from positively identifying this transition. An upper limit of 3%
intensity (relative to the 100% group) was determined from the current experiment.

A partial decay scheme of 28P is presented in Fig. 6. Total Bp and Pa branches were
measured in Ref. [25] by comparing the yield of eabh individual proton group, as'well as the
yield of each individual alpha group, to the yield of the 1.778 MeV +y-ray line which is associated
with 95.5% of all 28P beta decays [24]. This resulted in Bp and Bor branches of (13 + 4) x 10-6
and (8.6 + 2.5) x 10-6, respectively [25]. The 1.5 + 0.6 Bp/Ba ratio inferred from Ref. [25]
compares favorably to the 1.4 0.4 ratio of delayed protons to delayed alphas determined from
the present results. Spins, parities and energies of the 28Si levels were taken from Ref. [24].
The beta feeding to each state was determined based on the present yield of charged particles and
the total Bp and Pa branches determined by Ref. [25].

The delayed proton spectrum recorded during a 240 mC bombardment of 45 MeV
protons on the same silicon targets as the 28 MeV bombardment is presented in Fig. 7. In
addition to the 28p peaks observed in the preceding bombardment, four additional proton groups,
labeled p1 through p4, have been assigned to the beta-delayed proton emission of 27p, produced
via the 28Si(p,2n)27P reaction. Protons groups p3 and p4, with energies of 731 * 2 keV and
1324 * 4 keV, were previously observed [13], while p2, at 612 £ 2 keV, is a new transition. Our
evidence for also assigning proton group pi, with laboratory energy 466 *+ 3 keV, to 27p comes
from comparing the yields of 28p a1 28 MeV and 45 MeV bombarding energies and observing a
strong surplus of events at the higher bombarding energy from what would be expected if this
peak were purely a result of the decay of 28p. The alpha particle spectrum at this bombarding
energy was dominated by the alpha continuum from the decay of 8B [26] (produced from carbon
contaminants in the target) , as well as alpha groups from the decays of 20Na [27] and 24A1 [28].
No other alpha groups were discernible. (As discussed later, the observation of 2471 Ba also
means a Pp contribution to the proton spectrum, which is in the form of a continuum between

300 and 1100 keV [7].) The results are summarized in Table 2.

Based upon energy considerations and barrier penetration calculations [13], these proton
groups all result from the decay of 275j excited states to the 0% isomeric state in 26Al which lies
228 keV above the 5% ground state. A partial decay scheme for 27p is presented in Fig. 8. The
1/2* ground state spin and parity of 27P is taken from its IirTor, 27Mg. Allowed beta decay of
27p will populate either 1/2* or 3/2+ excited states in 27Si, which can then de-excite through the
emission of protons. Barrier penetration calculations indicate that the £ = 2 proton transitions to
the 0% isomeric state are favored by over three orders of magnitude over possible £ = 4 proton
transitions to the 5% ground state.

The estimated 0.07% 27P beta-delayed proton branch was determined by relation to the
known Bp branch of 28p, utilizing the relative yields of protons seen at the higher bombardment



energy and the calculated production cross sections. The latter were given by the statistical
model fusion-evaporation code, ALICE [29]. Experience with using ALICE has revealed that
this code will accurately predict the bombarding energy at which the cross section is at a
maximum; however, once past the production peak, the predicted cross sections decrease much
faster than has been observed. Thus, the production of 27P was calculated at 45 MeV, while that
of 28P was determined first at 28 MeV (in each case, the predicted maximum of their respective
excitation functions), then related to 45 MeV through the ratio of 28P yields seen at the two
bombardment energies.

The IAS (of the 27P ground state) in 27Si lies at 6.626 MeV excitation [24] which is
bound to proton emission by 838 keV. The de-excitation of this state may only proceed through
gamma-ray emission, and as the present experiment was limited to sampling only beta-delayed
proton and alpha decay branches, the decay of the IAS was not observable. The 15% beta decay
branch to this state was calculated assuming a log ft value of 3.30 and a 260 ms 27p half-life.

B. Protons + Zinc Sulfide Bombardments

As with the protons on silicon experiments, a bombardment of 28 MeV protons on ZnS
targets was performed. However, difficulties with the He-jet and the detectors made the results
obtained unreliable. Nonetheless, we are able to interpret the 31 beta-delayed proton decay
results from the 45 MeV proton bombardments. Figure 9 shows a proton spectrum resulting
from a 220 mC bombardment of 45 MeV protons on ZnS. The main 31Cl and 32Cl beta-delayed
proton groups have been labeled. The proton assignments for 32C1 were based on Ref. [25],
while the 31Cl assignments were from Ref. [13]. In addition to protons from 311 and 32¢,
there 1s a significant amount of delayed protons from 25s;, produced from the aluminum backing
disks through the 27Al(p,3n)258i reaction. Nuclei made from the Al can escape the target and
enter the He-jet through holes and cracks in the ZnS layer. Another possible source of
background is from the known beta-delayed proton emitter, 24Al, which could be made from the
aluminum backing disks through the 27A1(p,p3n)24Al reaction. However, the production
threshold of this reaction is 42.9 MeV, which is just below the 45 MeV proton bombarding
energy. While 24 A1 could be made, the production cross section would be expected to be very
small and with a 1.2 x 10-3 Bp branching ratio [7], any possible contribution from 24Al to the
proton spectrum' of Fig. 9 can be ignored. Finally, in a separate bombardment of 45 MeV
protons on zinc targets, no proton groups were observed.

Using the known intensities for 23Si beta-delayed proton groups [23], and the observed
intensity of the 905 keV proton group as a reference point, the amount of 25Si contributing to
each peak seen in Fig. 9 was determined. It was found that other than those from 254, there
were no additional significant peaks (Ip 2 1%) above the 1524 keV proton group. Furthermore,
the two weakest proton groups at 845 keV and 1173 keV reported in Ref. [13] could not be



positively identified in the present experiment separate from the large 258i beta-delayed proton
background. Of the eight proton transitions reported in Ref. [13], only the 986 keV and 1524
keV proton groups could be confirmed as resulting from 31Cl Bp decay. The current results, as
well as the results of Refs. [13, 14], are presented in Table 3.

The discrepancies between this measurement and the previous work [13] can be attributed
to the presence of 258i in both data sets. Both experiments utilized the same ZnS targets.
However, in the previous measurement, the targets were newer and probably had fewer cracks
and holes in the ZnS; consequently the level of 25Si contamination was much lower. It had been
(correctly) assumed that any nuclides made from the Al backings would not have sufficient recoil
energy to traverse the ZnS layer. Additionally, that experiment employed an 8.3 pum silicon AE,
a 68 pm silicon E detector telescope, followed by a 200 um Ereject detector. The reject counter
served to eliminate protons above 2.7 MeV, as well as to eliminate positron associated events.
The low-proton energy cutoff was slightly below 700 keV. Hence, they were unable to observe
the full 258i beta-delayed proton spectrum. Thus, the proton groups in Table 3 in which the
relative intensities are listed at <1% are, in order of increasing energy, most likely the 1727 keV,
1848 keV, 2082 keV and 2219 keV beta-delayed proton groups in 2581, with the possibility that
they result from the decay of 31(1 excluded at the 99% confidence level. Likewise, the two
proton groups at 845 keV and 1173 keV in Ref. [13] are also probably the 905 keV and 1221
keV 258i proton groups; however, a definitive determination was not possible. Additionally, the
reported [13] relative intensities of the three highest energy proton groups are all consistent with
the relative intensities of the 25Si Bp groups.

IV. DISCUSSION

From the experimental data for 27p, log ft values between 4.7 and 6.1 were calculated,
indicating allowed beta decays for transitions leading to proton emiiting states in 27Si. From .
these values, the Gamow-Teller strength B(GT) of each transition was obtained through the
relation; B(GT) = 6170 sec/ft - B(F), and by assuming no isospin mixing. A summation of
B(GT) within 250 keV energy bins based on our experimental data is presented as a histogram in
the bottom half of Fig. 10. Since no Bydata were obtained, the observable experimental window
is limited to a range from approximately 250 keV above the proton separation energy, Sp, to
2me02 below the QEC. .

The top half of Fig. 10 shows the results of shell model calculations of Ref. [13], using a
27P predicted half-life of 215 ms. A full space d5/2-s1/2-d3/2 shell model was used to generate
wavefunctions [17] for the T = 3/2 ground states of the A = 27 parents and all possible daughter
states within the beta-decay energy window. The 1/2% predicted 27p ground state J® restricts
allowed Gamow-Teller decay to states in 27Si with spin-parities of 1/2* and 3/2+. Values of the
Gamow-Teller operator (<6t>) for each possible transition were determined from the calculated



wavefunctions. Multiplying <61>2 by the ratio of the GT and Fermi coupling strengths
((ga/gv)z) gives the Gamow-Teller strength of the transition. The value of (ga/ gv)z, as
determined from the decay of the free neutron, is 1.51. The calculated B(GT) values shown have
been multiplied by a 0.60 quenching factor [20], which has been observed in comparisons
between theoretical calculations and medium energy (p,n) experiments. Most of the GT strength
is found between 7 and 10 MeV excitation in the beta daughter.

A comparison between the top and bottom halves of Fig. 10 reveals that the majority of
the theoretical GT strength is concentrated below the experimental detection limits.
Approximately 25% of the total predicted strength was expected to fall within our detection
energy window, and in referring to Fig. 10, approximately 32% of this summed strength that was
predicted to fall between 7.75 and 10.5 MeV was identified. Although the current results
improve upon the agreement between the shell-model calculation and the experimental results
obtained in the earlier work of Aysto et al. [13], there still remains a substantial discrepancy.
Inspection of Fig. 7 indicates the presence of a continuum of protons underneath the most intense
proton peaks. The amount of 24p] present in this spectrum can be inferred from the intensity of
its 1.587 MeV alpha group and the measured Bp/Bot branching ratio of (4.7 +0.2) x 10-2 [7]. An
analysis of the delayed alpha spectrum recorded at 45 MeV indicates that ~10% of the continuum
under the proton peaks (which is centered at ~750 keV) in Fig. 7 is due to the decay of 244,
While delayed protons from 2441 represent a component, it is clear that they are not the only
contributor to this proton "background”. Thus it is possible that this continuum of protons could
account for some of the missing strength between 8 and 9 MeV excitation. Additionally, the
presence of weak, unresolved 27P Bp groups in Fig. 7 which could contribute significantly to this
"missing" GT strength cannot be excluded. '

As the 27Si excitation energy increases, exceedingly small proton branches are required
to produce B(GT) values of the order predicted. In Fig. 10, consider the predicted strengths at
E*(27Si) ~ 9.9 and 10.4 MeV. Such states, if populated, could decay through the emission of
protons with lab energies of ~2.1 and ~2.6 MeV, respectively, to the 0F isomeric state in 26A1.
Based on the level of statistics in Fig. 7, there would only need to be ~19 events and <1 event at
these two proton energies to produce a GT strength of 0.1 for each (respective) state. Such small
proton branches are below the sensitivity of the current experiment.

As mentioned in the introductory paragraphs, a similar shell model calculation was used
to determine Gamow-Teller strengths for 31Cl decay. However, the presence of significant
amounts of beta-delayed protons from 2581 in the final proton spectrum precluded the possibility
of making a sensitive analysis of the data set for the direct comparison of GT strengths.



. V. SUMMARY

In a series of proton bombardments on NA1Sj and ZnS$ targets, the beta-delayed proton
decays of the Tz = -3/2, A = 4n + 3 series nuclides 27P and 31CI have been investigated using
the He-jet recoil transport technique and low energy charged-particle detector telescopes. Beams
of 28 MeV and 45 MeV protons bombarding silicon targets were used to study the decays of 28p
and 27p, respectively. A new beta-delayed proton group in 28p with a lab energy and a relative
intensity (to the 100% group at 679 keV) of 1452 £ 4keV and 2 + 1 % was observed. In 27p,
two new beta<delayed proton groups with lab energies of 466 + 3 keV and 612 + 2 keV and
relative intensities (to the 100% group at 731 keV) of 9 + 2 % and 97 * 3 %, respectively, were
observed. A 45 MeV proton beam, bombarding ZnS targets, was used to examine the beta-
delayed proton decay of 31C1. It was revealed that the unexpected presence of 2581, made from -
the aluminum target backings, in the data of Ref. [13] had resulted in the misassignment of
several transitions to the decay of 31Cl. v

The Gamow-Teller component of the preceding beta decay of each proton transition
observed from the emitter state, 27Si (for 27P decay), was compared to predictions obtained
from shell model calculations. While a portion of the predicted strength was positively
identified, it was not possible to discern the complete beta decay strength because certain states
were very weakly populated. The decays of these states could involve the emission of protons
with intensities that are below the current level of statistics. ‘

It would be very instructive to study the complete phase space of the decays of 27p and
31C1 thereby testing the shell model calculations to their full extent. Such an endeavor would
require mass separation to examine both the beta-delayed gamma-ray and proton spectra free of
most contaminating nuclides.
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Table 1. 28p beta-delayed charged-particle groups.

Relative Intensity
Peak?) Particle Energyb) ~ E*(285i)°) This Work Ref. [25]
p19 469 + 1 12071 6+1 12 + 6
p2d) 679 + 1 12289 1000) 100°)
p3d) 828 + 1 12443 6+1 11 + 6
p4d) 953 + 1 12573 56+4 50 +21
psd  1089+1 12714 4+1 6.1+ 3.5
pe? 12671 12899 1842 23 £ 9
p7 1452+ 4 13091 + 4 (13093) 2+1 <6
a1 1310+ 1 11515 25+3 24 +10
o2 1432+ 1 11657 79+6 74 +28
o3 1667 + 1 11931 <3 68+ 3.9
o4 1787 + 1 12071 15+ 4 15 + 7
o5 1974+ 1 12289 145 14 + 7
a6 2106+ 1 12443 100¢) 100¢)
o7 2197 + 1 12550 23+6 20 +
o8 2347+ 1 12725 “6+2 58+ 3.5
9 2496 + 1 12899 13+3 12 + 6
10 2663+1 13093 3+1 45+ 25

a) Refer to Fig. 4. for protons (p1...p7) and to Fig. 5. for alphas (a]...0.10)-

b) Energies are reported in keV in the lab. system with proton groups p1 through pg and alpha
particle groups o] through a() calculated from the assignments made in Refs. {24, 25] with
proton group p7 measured in this work.

c) Based on 11586 keV proton separation energy to the ground state of 27 Al and on 9986
keV alpha particle separation énergy to the ground state of 24Mg.

d) These peaks were used, in part, to define the proton calibration.

e) Defined.

10



Table 2. 27p beta-dela_z_ed groton groups.

Relative Intensity

Peakd)  Epb) E*@7si)) This Work Ref. [13]
| 466+ 3 8176 +3 942
P2 612+2 8328+ 2 9743
P3 7312 8451+ 2 1009 100d)
P4 132414 9067 + 4 742 6+3

a) Referto Fig. 7.
b) Energies are reported in keV in the lab. system.

c) Based on 7.692 MeV proton separation energy to the 0% isomeric state in 26A1.
d) Defined.

11



Table 3. 31Cl beta-delayed proton groups. |

Proton Energy?) Relative Proton Intensity

This Work Ref. [13] Ref. [14] This Work Ref. [13]
845+ 30 b) 3+2

986+10 986+ 10 989 + 15 100¢) 100+ 2d)
1173+ 30 b) 3+2
1524+10 1520+ 15 1528 + 20 11+5 236
1695+ 20 <1 10£3
1827 £ 20 <1 13+4
2113+ 30 <1 7+3
2204 + 30 <1 63

a) Energies are reported in keV in the laboratory system.

b) These proton groups could not be positively identified because of the significant levels of
contamination of 23Si beta-delayed protons (see text).

c) Defined.

12
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Figure Captions
Schematic diagram of the multiple target/multiple capillary He-jet setup and the
detector arrangement used in these experiments.

Cross sectional schematic view of one low-energy charged-particle gas AE-gas AE-

silicon E detector telescope.

Proton spectrum from a 3 mC bombardment of 40 MeV 3He + NatMg recorded during
the calibration phase of the 31 experiment. All peaks are due to the Bp decay of
258i. Associated with a proton group is a peak from summing with beta particles from
its preceeding beta decay. The intensity of each sum peak is ~3.5% of its associated
proton group and the difference in energy between the two peaks represents the
average energy loss of the beta particle in the silicon detector.

Proton spectrum recorded during a 290 mC bombardment of 28 MeV protons on Natsj |

- targets. Peaks labeled p}...p7 are noted, while those marked by p' are peaks from

Fig. 5.
Fig. 6.

Fig. 7.
Fig. 8. |

Fig. 9.

Fig. 10.

summing with beta particles. See text.
Alpha spectrum recorded simultaneously with Fig. 4. See text.

28p partial decay scheme. The solid lines indicate those transitions observed during

the present experiment.

Proton spectrum recorded during a 240 mC bombardment of 45 MeV protons on NatSj
targets. See text.

Proposed 27P partial decay scheme. Those transitions observed in the present
experiment are shown as a solid line.

Proton spectrum recorded during a 220 mC bombardment of 45 MeV protons on ZnS.
The main proton groups from 31Cl and 32C1 are indicated. The peaks marked with an
asterisk are the main 25Si beta-delayed proton groups produced on the aluminum
backings of the targets. See text.

Gamow-Teller strength function for 27P beta decay showing (a) theoretical
distribution from shell model calculations and (b) from experiment. Sp, IAS and QEC

denote the locations, relative to the 27Si ground state, of the proton separation energy,

* the T = 3/2 isobaric analog state and the 27P ground state.
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