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First spectroscopic study of 22Si
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In an experiment at the LISE3 facility of GANIL, we produced the proton-rich isottfge by the frag-
mentation of a®®Ar primary beam at 95 MeV/nucleon. After implantation in a detector telescope, we studied
the decay of??Si via a measurement of charged particles emitted during the decay. The most important
B-delayed proton activity is observed at an energ¥gf= (1.99+ 0.05 MeV with a branching ratio of20
+2)%. The spectra allow us also to determine the half-lifé3i to beT;,, = (29+2) ms. These results are
compared with theoretical estimates and model predicti®3556-28136)03708-9

PACS numbgs): 27.30:+t, 21.10.Dr, 21.10.Tg, 25.70.Mn

The decay of nuclei in thed shell is of particular interest tector and in the MSGC. After implantation of a fragment,
due to the high quality of available shell-model calculations.the beam was switched off for 100 ms to observe the radio-
Differences between experimental results and theoretical preactive decay of the implanted activity. This procedure allows
dictions can be used to extract fundamental information orior a background-free correlation between implantation and
the weak and strong interaction in the nuclei as well as onlecay. The contaminants transmitted in the same spectrom-
their shell structure. eter setting are either well studied®g) or have no

The isotope?Si was discovered some years ago in aB-delayed proton brancH{Ne). Because of the low implan-
GANIL experiment observing fragmentation products from atation rate(3.5 22Si per minute, 102Mg per minute, no
%Ar primary beam at 85 MeV/nucleoi]. This nucleus is contamination was observed in the decay spectra correlated
the lightest nucleus with an isospin projectidp=—3, the  to implantations of the different isotopes. The decay spectra
next heavier known ones beirf§Fe and®Ni. However, no  have been calibrated with the knoy#adelayed proton emit-
spectroscopic studies have been performed on this isotopeers 24Si [8],2'Mg [9], and ?°Mg [10,11].

Similar to the other very proton-rickd-shell nuclei such as Figure 1 shows the spectra registered after implantation of
31ar [2], it is a candidate foB-delayed proton, two-proton, the 2%Si activity. Part(a) gives the spectrum from the MSGC
and three-proton emission via the isobaric analog $t&®),  showing proton groups at1.63+0.05 MeV, at (1.99

and aBpa emission is energetically also possible. While all +0.05 MeV, at (2.10+0.05 MeV, and at(2.17+0.05
mass models of the 1986—1987 Atomic Mass Predicti8hs MeV. The experimental branching ratios ai@*2)%, (20

find 22Si to be unbound with respect to two-proton ground-
state emission, the latest atomic mass evalud#ddpredicts

a two-proton separation energy of only-(6+202)keV,

[2)

which makes?%Si a very marginal candidate for two-proton S a9 f (a)
ground-state emission. 8 5k

In an experiment performed at the LISE3 facil(ty] of 12 i f
GANIL, we produced??Si as projectile-fragmentation prod- 0 55 4 TS 5 i E—
ucts from a*Ar primary beam at 95 MeV/nucleon. Using Energy (MeV)
the LISE3 spectrometer with an intermediate degrdéér @ 50 ' ' - - . - 7
and the velocity filter tuned to seletSi, we transmitted s 40 (b) 3
only 22Si, ?°Mg, and '®Ne to the final focal plane of LISE3. 8 ;g i 3
The isotope identification in flight has been performed by the 1ok ]
usual technique, i.e., &E-time-of-flight (TOF) measure- 0 1 5 oo Tl s st A
ment. The energy losS8E and the TOF have been measured Energy (MeV)

by means of a detector telescope at the final LISE3 focus

consisting of three silicon detectors and a Micro-Strip Gas FIG. 1. Charged-particle spectra measured after implantation of
Counter(MSGQ) [7]. The range of the isotopes was tuneda 22Sj isotope in the MSGQa) and in the silicon detectofb).
with degrader wheels to implant them in the last silicon de-Energies and branching ratios are given in the text.
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belongs to the decay of a lower-lying level fed by Gamow-

*g 20k E Teller decay. In the mirror-nucleyd decay(see Fig. 3, i.e.,
3175 ] 220 — 2%F, Gamow-Teller transitions to states at an excita-
Ty =(29£2)ms tion energy of 1.627 MeV and at 2.572 MeV with branching
15 3 ratios of <34% and=48%, respectively, have been ob-
12,5 E served[16].
10 ] Based on the mirror decay, we attribute the proton activity
7.5 E at 1.99 MeV to the decay of an excited level 3fAl at 2.21
5 ] MeV towards the first excited state at 0.196 MEM]. This
95 ] level is most probably ah™ = 1/2* level and favors thus a
' o o . transition from thd ™ = 17 state at 2.21 MeV. The peak at
0 10 20 30 40 50 60 70 80 90 100 2.17 MeV is attributed to the decay of the same state to the
Half-life (ms) ground state of'Mg.

Following the analogy in the mirror decay, we attribute

FIG. 2. Decay-time characteristics for the proton groups bethe proton peak at 1.63 MeV to the decay of ldh= 1"
tween 1.8 MeV and 2.4 MeV of?Si. The solid line is a maximum  |evel at an excitation energy of 1.85 MeV fRAl to the first
likelihood fit with a single decay component plus a daughter decayxcited state in the daughter nucleus. Such a scheme is sup-
yielding a half-life of T;;, = (29+2) ms. ported by the weak activity observable at about 1.8 MeV

which could belong to the decay to the ground state.

+2)%, (4=2)%, and(2+1)%, respectively. A broad proton  The proton line at 2.10 MeV cannot be put in the decay
distribution is also visible around 1 MeV. The energies givenscheme. However, the observed overall proton branching ra-
are corrected for the pulse-height defect of the re¢d@s13  tio of close to 100% is in reasonable agreement with the fact
and for the energy loss of the particles. that theB-decay daughter nuclelf2Al is only very slightly

As this gas detector has a reasonable efficiency only up tBound[4] and almost all excited levels can decay by proton
about 2.0 MeV, we show in patb) the spectrum registered emission.
with the last silicon detector. Because of a much higher en- Shell-model calculations of Browfil8] predict a strong
ergy loss of8 particles, the resolution of this spectrum is feeding(branching ratio of 57.5%of anl™ = 17 level at an
much worse compared to the one taken with the MSGCexcitation energy of 2.327 MeV iR?Al. The decay of this
Nevertheless, the main proton groups between 1.8 MeV angvel corresponds to our observed proton lines at 1.99 MeV
2.2 MeV are clearly visible. Beyond these two lines, oneand at 2.17 MeV. On the other hand, the calculations predict
observes charged-particle activity up to about 6 MeV, how-also a feeding of a state at 3.250 MeV with a branching ratio
ever, no really pronounced peak. We find a charged-particlef 18.6%, however, no feeding of a level at 1.629 MeV. As
branching ratio for events above 500 keV close to 100%. Thejready in the case of?O, this seems to be in contradiction
low-energy countsE<500 ke\) are most probably due to with the experimental results. In principle, we could assign
B particles. the 1.63 MeV activity to the decay of a hypothetic level at

The half-life of °Si has been determined by means of the3.29 MeV decaying to an excited state at 1.64 MdV] in
charged particles in an energy range from 1.8 MeV to 2.42\jg. However, if there is no strong suppression by spectro-
MeV, thus including the main proton groups. This part of thescopic factors, there is no reason that such a level would not
spectrum may contain charged particles from the decay dfiecay to the ground or first excited state and thus release 3.2
the daughter nucleu§'Mg. However, because of the longer MeV. In such a case, it would be clearly visible in our spec-
half-life of this nucleus, only a small contaminatiorr$%)  tra.
is expected. Nevertheless, the daughter decay has been takenAs mentioned above??Si can also decay bg-delayed
into account while determining the half-life of’Si. The  two-proton and three-proton emission. Under the assumption
decay-time spectrum is shown in Fig. 2. A maximum likeli- that the highest state fed with a branching ratio larger than
hood fit with a single decay component plus a component fol%, which is comparable to the error bars of our measure-
the daughter decay yields a half-life f8fSi of (29+2) ms.  ment, is the IAS, it follows that the activity observed below

The prominent proton lines in the decay spectra of light5.6 MeV can belong to @ events and those below 3.4 MeV
proton-rich isotopes may be due to the decay by proton emigo 3p decays. However, because of the low statistics, it is not
sion of the IAS of theg-decay daughter nucleus fed by a possible to distinguish these events probably spread over a
superallowed Fermi transition. In the case of even-even nuwide energy range frong-delayed one-proton emission.
clei, this transition involves two O levels and the transition The half-life of ?°Si has been determined to 29+ 2)
strength is easily calculable. The kigvalue is linked to the ms. This value can be compared to prediction of the gross
Fermi matrix element by the relatidn=k/B(F). Assuming  theory [19] which gives 14.9 ms. The pnQRPA model of
pure Fermi transitions, one obtaiB§F)=6 for T,=—3 nu-  Hirschet al.[20] predicts half-life values between 68 ms and
clei. Using the measured half-life 29+ 2) ms, theQ value 99 ms depending on the mass predictions used. Our value
for the decay 0f°%Si to the IAS in??Al of (4.1+x0.2 MeV lies in between the theoretical predictions. The shell model
[4,14], and a value ok=(6127+9) [15] yields a branching of Brown[18] predicts a half-life of 28 ms, very well in line
ratio for the decay to the IAS df3.6+0.8)%. with our experimental result.

The intensity of the peak at 1.99 MeV corresponds to a In Fig. 3, we summarize the spectroscopic information
branching ratio of(20=2)%. This excludes the possibility from this paper in a partial decay scheme and compare it to
that this peak stems from the decay of the IAS. Instead, ishell-model predictions.
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FIG. 3. Partial decay scheme for the decay’8i. The ground-state energies are from Audi and Wagdfrand excitation energies in
2Mg are from Endf17]. The experimental levels iR?Al are determined from our proton lines. The spins are deduced by means of the
mirror nucleus and the shell-model calculations. These calculations are from Bt8iGiven are only G and 1" levels with branching
ratios larger than 1%. On the left-hand side of the figure, we show alsg-thecay properties of the mirror nuclel&6]. All energies are
given in MeV.

In summary, we performed for the first time spectroscopic We would like to express our sincere gratitude to the
studies of the decay of tHE,= — 3 nucleus??Si produced as whole GANIL accelerator staff for delivering a high-quality
projectile fragments at the LISE3 spectrometer of GANIL primary beam as well as for the good working conditions in
with a counting rate of about 3.5 nuclei per minute. By com-the preparation phase and during the experiment. We are in
paring with the mirror decay, we can place the main transidebt to B.A. Brown for providing us with the shell-model
tions in a partial decay scheme. We have determined thealculations. We acknowledge support from the IN2P3-GSI

half-life of 2%Si to be(29+2) ms. collaboration program.

[1] M.G. Saint-Laurentet al, Phys. Rev. Lett59, 33 (1987. [6] J.P. Dufouret al., Nucl. Instrum. Methods Phys. Res. 248

[2] D. Bazinet al, Phys. Rev. C15, 69 (1992. 267 (1986.

[3] 1986-1987 Atomic Mass Predictions, At. Data Nucl. Data [7] B. Blanket al, Nucl. Instrum. Methods Phys. Res.380 83
Tables39, 185(1988. (1993.

[4] G. Audi and A.H. Wapstra, Nucl. PhyA565, 1 (1993. [8] J. Ayst'(') et al, Phys. Rev. @3, 879(1981.

[5] A.C. Mueller and R. Anne, Nucl. Instrum. Methods Phys. Res. [9] R.G. Sextro, R.A. Gough, and J. Cerny, Phys. Re\8, @58
B 56, 559 (1991). (1973.



54 FIRST SPECTROSCOPIC STUDY OFSj 575

[10] A. Piechaczelet al, Nucl. Phys.A584, 509 (1995. [15] D.H. Wilkinson, Nucl. PhysA565, 1 (1993.
[11] J. Gareset al,, Phys. Rev. G416, R833(1992. [16] F. Hubertet al, Z. Phys. A333 237(1989.
[12] J. Lindhardet al,, K. Dan. Vidensk. Selsk Mat. Fys. Meda3, [17] P.M. Endt, Nucl. PhysA521, 1 (1990.
no. 10(1963. [18] B.A. Brown (private communication
[13] A. Ratkowski, Nucl. Instrum. Method$30, 533 (1975. [19] T. Tachibana, M. Yamada, and Y. Yoshida, Prog. Theor. Phys.

[14] M.S. Antony, J. Britz, and A. Pape, At. Data Nucl. Data Tables 84, 641 (1990.
34, 279(1986. [20] M. Hirschet al, At. Data Nucl. Data Table§3, 165 (1993.



