PHYSICAL REVIEW C, VOLUME 64, 064307

Energies and widths of T=1 states inA=11 nuclei
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We have calculated energies and widths of the three loWes} states in'!B, IC, and !!N. Comparison
with data on known levels suggests that the, T=3 states in'!B and *'C have been misidentified. Our
calculations for'!N are in agreement with measurements.
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I. INTRODUCTION II. ISOBARIC MULTIPLET MASS EQUATION

. . If the reported energieg?] of the T=2 levels of 'Be,
11 m 2
3|nterest NN has led us to reexamine the suppoded 1B and C are correct, the levels df'N should be given

_3 ; _ 41 P11 1 ;
=3 states in thel,=+3 nuclei B and 'C, which are .by the Isoboric Multiplet Mass EquatichMME ):
analogs and double analogs, respectively, of the levels in

HBe. The lowest three levels dfBe, at excitation energies
of 0.0, 0.32, and 1.78 MeV, havd” of 3", 37, and3 ™, M(T,)=a+bT,+cT?,
respectively. Their configurations are dominantfBe=n,
with nin 2s3, 1p3, and 1d3 orbitals. The assignments are \yhich yields
confusing for the correspondinf=3$ states in thel,= + 1
nuclei.
1B and *'C. A casual inspection suggests either large
isospin mixing or incorrect identication of levels. We discuss

the situation in detail below. , ~ where each term is the mass of the state with spekffidhe

In ~Be and ~N, the parentage of these=; states is results are shown in Table II, which lists the excitation ener-
unique, viz.,*Bean and °Cep, respectively; but in''B i g 11g 1

ql » VIZ., P, resp \z gies of the''Be, 1B, IC levels[7] followed by the IMME
and 'C, two parentages contribute to each. results for'!N and the experimental values from Table I. The

For example, in~'B 1N values are relative to'f(C)+p).

We see that the agreement is excellent forgheand3 "
levels of 1IN, but that the IMME prediction for the © level

is off by 0.31 to 0.67 MeV. If the!'B and !C energies for
the (3%,3) levels are correct, this discrepancy might be the
result of aT:Z'] term in the IMME. Its coefficient is given by

UN=1Be+ 3(MC-11B), (2

3 1 2
11 _ 2| _ T10 “10p*
B(T 2) 3 Be®p+3 B*®n (1)

and in 11C

3) 2 1
ﬂc( T= —) =1B*gp+=Cen, 1 1
2) 3 3 d= E[llc_ ug]— 5[11N_118e]' 3)
where 1%B* denotesT=1 levels of 1°B.
10, 10, H
The parent state¥’Be, °B*, and 1°C are predominantly yielding d=52 to 112 keV for the:* state.
the lowest (0,1) and (2,1) levels. We will use these be- Antony et al. [8] list 27 quartets fromA=7 to A=41.

low to compute expected energ_ies and _vvidths. . Only A=9 has a nonzerd coefficient (5.2:1.7) keV. A
There have been at least six experiments attempting t9alue of 10—20 times that foA=11 would appear outra-

+ 1- 5+ 11 H . . P
populate the; *, 3 -, and * levels of "N, the mirrors of the geous. No reasonable amount of isospin mixing could result
in such a largel coefficient.

corresponding levels in''Be. The most recent one by
Markenroth et al. [1] used radioactive beams of’C at . . .

1] A simpler explanation might be that the trug&(,3) lev-
els have not been correctly identified experimentally.

GANIL and MSU to study the®°C+ p elastic resonance scat-
tering, a reasonable but difficult experiment, both in execu
tion and in analysis. Others use exotic reactions wfth and
12N, such as the experiment of Oliveied al.[2] (not listed

. . : Ill. POTENTIAL-MODEL CALCULATIONS
in [1]), using the reactiont®8(**N,*3B)N. The results of

these experiments are listed in Tabl€36]. The energies We explore this possibility further by computing energies
and widths vary appreciably for thg" level and widely for  and widths in a simple potential model. With good isospin,
the widths of the other two. the spectroscopic factds should be the same for all four
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TABLE I. Experimental levels of!N. Energieqrelative to ¢°C+ p)] and widths are in MeV.

+

Reaction 3t 3 3
E r E r E r
YN(PHe fHe)? 2.2410) 0.7410)
12C (N, 15C)P 2.185) 0.44(8) 3.635) 0.408)
%Be(*?N,N)° 1.4540) >0.4 2.2410) 0.7410)
108(14N, 13B)d 1.635) 0.41) 2.165) 0.258) 3.61(5) 0.5008)
(*c+p)° 1.27§f;§’) 1.4420) 2,01 0.84120) 3.755) 0.605)
20 decay <1.45
*Referencd3]. YReferencd?2].
PReferencd4]. ®*Referencd1].
°Referencd5]. ‘Referencd6].
members of théf =2 quartet. This quantitys can be deter- This approach has difficulties as the resonance energy ap-

mined experimentally in a single-nucleon transfer reactiorProaches the top of the Coulomb plus centrifugal barrier. In
or, for unbound states, from the experimental widit, of those cases, we obtain resonance energies by extrapolation

the state compared to a calculated single-particle widtl"flnd single-particle  widths by matching smoothly to

.2 2 - . asymptotic penetrabilities.
Lop:C7S=Texp/T'sp, whereC=values are the coefficients in We assume that tHE=1 levels of theA= 10 cores, which

Eqi (]})' i K ‘ i factors HBe | are the parents of the=11 levels are the (0,1) and (2',1)

i ndo.rm"flr'%'? OITI SOXV: stec rﬁSCOD'C gc ors e '; levels. TheSfactors of the (0,1) cores are taken from Table
isted in Table Il [9-14. or tlle groun _Stateég_.s), V, which we discuss shortly and the remainder is ascribed to
ranges from 0.73 to 0.84—i.e;Be (g.s) is dominantly the (2*,1) cores.

1%Be(g.s.» 2s3. The remaining-20% of the wave function Our results for the energies are displayed in Table IV. For

is almost certainly dominated b{’Be(2")®1dS. Because 3 and3™ the results are excelletitleviations of—20 to

i 11 1 11 H
Coulomb energies for€ and 1d2 behave differently as a +50 keV in B and "'C). In *IN the experimental uncer-

A 1 , i .
function of Z, the computed energies B, 'C, and 1IN tainty is too large fors ~ for a valid test, but thé * result is
: . . : quite satisfactory.
will depend somewhat on the precise value of this admixture: However. fori + the deviations in“B and XC are much
However, the range is reasonably small in Table Ill, and we ) P2 .
B 2 ©1d2) for the 3+ ; arger: —_;13 .keV and+320 keV, respecuvely. We.suspect
lffe 0.80(0 ®2s3)+0.20(2" ®1d3) for the 3" state o misidentification of these levels—which we explain further
Be. - e . below with S comparisons.
The value ofSfor the; ~ state of "Be is less certain, but  Calculated widths for single-particle decay to the appro-
here the particle to be coupled to the core is in thetital  priate 0" core are listed in Table Decays to the 2 core
for all reasonable configurations, and hence, the computegre energetically forbidden, or nearly sd/e then comput&
energies will be very insensitive to the value ®f from known Widths:S=Fexp/C2FSp. For the3™ level in
The value ofSfor the 3 * state of “Be is near 0.50, with 118 and 1iC, hoth proton and neutron decay are possible in
a large uncertainty. For the present work we use the meggospin allowed channels and we sUBAT',, for those in
sured widthl'g,,=100+20 keV, together with our calcu- calculatingS
latedI's,=175 keV to getS=0.57+0.11. _ Forthe:™ and3 " levels, we note reasonable agreement,
To calculate energies and decay widths in the other nuclajithin the uncertainties, fog in !B, C, and IN. How-
we use the Woods-Saxon model. As in Rdf5| we usero  ever, for thel* state, the spectroscopic factors 8 and
=1.25 fm anda=0.65 fm, and assume the resonances areic gre only about 30% of the expected value, i.e., the states

those ofd#/dE where 0 is the scattering phase at proton
TABLE Ill. Experimental spectroscopic factors fétBe.

energyE.
1+ 1= 5+
TABLE Il. IMME vs Experimental values for the levels dfN 2 2 2
(Ex in MeV for MBe, 1B, IC; E relative to*°C+p for *IN). 0.7% 0.6%F 0.57
0.77 0.96° 0.5¢°
J 1lBea llBa llca 11NIMME 11Nepr 0843
1+ 0 1255716 12.164) 19413 1.27-1.63 0.8¢"
1= 0320 1291612 12513 224100 2.01-2.24 0.84
5+ 1778 143 13.902) 3599 3.61-3.75
2 © 12 49 aReferenceq9]. dReferencd 13].
3From Ref.[7]. PReferencd 10]. *Referencd 14].
PRange of values from Table I. ‘Referencd 11]. fReferencd 12] and Table IV.
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TABLE IV. Comparison of theT:% quartets ofA=11.

J config lBe ] c 1N SI'(MN)
%Jr (0" ®2s) 0 12.371 11.679 1.081
(2" ®1d) 0 12.734 12.503 2.441
0.80(0") +0.20(2)2 0 12.444 11.844 1.353 0.87
exp 0 12.55(16) 12.164) 1.22-1.68 0.4-1.8
calc—exp 0 —0.113(16) -0.32 —0.28 to +0.08
%f 0*®1p 0.320 12.834 12.359 2.040
2*®1p 0.320 13.049 12.807 2.723
0.74(0")+0.16(2)¢  0.320 12.890 12.476 2.218 0.71
exp 0.320 12.91@2) 12.513) 2.01-2.28 0.25-0.84
calc—exp 0 —-0.017(12) —0.02(3) —0.02t0o+0.21
g+ 0*®1d 1.778 14.366 13.985 3.770
2"®2s 1.778 14.365 13.903 3.478
0.57(0")+0.43(3")®  1.778 14.366 13.949 3.645 0.37
exp 1.778 14.3@) 13.902) 3.666)° 0.50(10)
calc—exp 0 +0.032) +0.052) —0.01(6)
&Table 11
®Table I.

‘Tables Il and V.

that have been suggested 85, T=3 in these nuclei have mjsidentified. ForT=2 levels, o(%*)/c(:~) should be

widths that are only abou} of the expected values. IW'N equal for ¢,p), (3He,p) and EHe,n) under equivalent kine-
the exact g.s. width is uncertain, but is consistent with eXinatic conditions.

pectation. We suggest that the, T=3 levels in 1B and
¢ remain to be observed. Perhaps the reactiS8Bs(d,n),
°Be(®*He,p), and °Be(*He,n) should be investigated. In
°Be(t,p)''Be [12] the cross-section ratio(:")/a(37) is
about 0.24, whereas in an earli€Be(®He,p)B(T=2) IV. CONCLUSION

measurement[16] the ratio is o(3")/o(37)=1.1. Of In 1B, ¥C, and !N the measured energies of the lowest
course, this is further evidence that thé state has been 3~ and3' states are in agreement both with the IMME and

It might be possible to investigaté'C states in a
10C(d, p) reaction with a radioactivé’C beam.

TABLE V. Computed spectroscopic factors for the resonance energies é{=tidl quartets(Energies
and widths in MeMi

J Nucleus Eexp Tgp Fexp? S=Texp/CTsp
1+ lige 0.8¢
1B 1.33 2.40 0.202) 0.26
e 1.73 2.40 0.2(5) 0.26
N 1.45 1.28 >0.7 >0.55
1 Yge 0.80416)°
g 1.69 0.87 0.28) 0.6910)
e 2.08 1.10 0.4Q)) 0.676)
N 2.24 1.02 0.7410)¢ 0.7310)
3+ e 1.275 0.175 0.1GQ0) 0.5711)
lige 3.11, 1.15 0.59, 0.15 0.2% 0.847)
Hce 3.49, 0.79 0.74, 0.06 062 0.42)
1N 3.66 0.65 0.505)° 0.778)
*Referencd7]. dReferencd3].
bAverage for Table III. €Both proton neutron energy arid,, listed.

CAverage for Table I.
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simple potential-model calculations. Measufefactors also is in reasonable agreement with calculations, but a better

agree across the quartet for these two states. experimental value is desirable. One possible reaction is
For 3", however, energies disagree with the IMME. In d(*°C'IN)n.

1B and *'C they disagree with potential-model calculations.

Furthermore, thé factors in 1B and 'C are only one-third ACKNOWLEDGMENTS

their expected values. We suggest $#iel = 2 levels in these

two nuclei have yet been located and we mention possible We are grateful to D. J. Millener and F. C. Barker for their

reactions to use in searching for them. Theenergy of !N correspondence and useful comments.
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