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Potential-model calculations for the energies and width$=08/2 levels inA=11 nuclei have previously
been used to argue that the 1/2=3/2 levels in1!B and!C have been misidentified. Here we repeat these
calculations using different, more reasonable, definitions for the energy and width of an unbound level, and
also using a many-channBrmatrix model. We find reasonable agreement with the experimental energies of
the 1/2,T=3/2 levels in''B and *'C but possible disagreement in their widths.
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l. INTRODUCTION Sec. M. In 9B(p,p’)1%B", where production of &=3/2
) level is isospin forbidden in the entrance channel, the

The ground state of'Be hasJ"=1/2", and the first two 12 16 MeV level of''C was seen in thé%B(1.74 MeV T
excited states at 0.32 and 1.78 MeV are 14Ad (presum-  =1) exit channel, which is isospin allowed, but not seen in
ably) 5/2" [1], respectively. Corresponding=3/2 levels  isospin-forbidden channels involving®8 in T=0 states
should occur in''B, *!C, and*!N, although isospin mixing (ground state, first and third excited statgd. In the reac-
with T=1/2 levels is possible it'B and*'C. SuchT=3/2  tjon 3C(p,t)}iC, where contributions from @=3/2 level
levels have been identified 1B at 12.56 MeV, 12.92 MeV, would be isospin allowed, the 12.16 MeV state was not seen,
and 14.34 MeV, in"'C at 12.16 MeV(presumably 1/,  pyt this can be explained because production of a positive-
12.51 MeV, and 13.90 Me\(presumably 5/2) [1], and at  parity level is forbidden if the reaction is a direct pick[i.
somewhat uncertain energies itN (see below Widths of  Thus the experimental evidence in favor of a 1,/2=3/2
these levels that are unbound have also been meaglited  assignment to each of these two levels'iB and 1IC is

Sherr and Fortun¢hereafter referred to as $f2] used a  reasonable though not compelling. Also, no nearby level is
Woods-SaxorfW-S) potential model, with conventional val-  known in either nucleus that could have this assignnight
ues of the radius parameter and diffuseness, and depths ad-The potential-model procedure used by SF is a modifica-
justed to fit the energies of thEBe levels, to predict the tion of the earlier procedure of Sherr and Bert§gh which
energies of theT=3/2 levels in the other three nUC”des; had been shown to give reasonable agreement with experi_
likewise, they used this model to calculate single-particlement in many other cases. The modification consists of the
widths and, by fitting experimental widths, they obtainedinclusion of contributions from channels witii Z'=1 parent
values of the spectroscopic factors. For the 14Bd 5/2  states of theA=10 nuclei, in addition to 0, T=1 states. For-
levels, SF find satisfactory agreement between predicted angneet al. [9] had previously included only*QT=1 channels
experimental energies and between the spectroscopic factqgs their use of the Sherr and Bertsch procedure to calculate
in the four nuclides. For the 172evels, however, there is the energies and widths &N levels by using potentials that
disagreement in the values of both the energies and the spefited energies oft!Be levels. In these earlier calculations

troscopic factors fot'B and*'C, though possible agreement [8 9] there were problems when unbound levels were in-
for 1IN. SF suggest that the 172r=3/2 levels in*B and  yglved.

Y1C have been misidentified, and that the correct levels have |n the calculation of SF, the levels #B, 11C, and!N are

not yet been observed. unbound in some&mostly proton channels. For these, SF
The 12.56 MeV level OF‘lB and the 12.16 MeV level of “assume the resonances are thos@ﬁde' where@ is the

1C have each been seen in various reactions, with consistes¢attering phase at proton enefgy This presumably means

values for the energy and widtsee Tables 11.15 and 11.18 that the level energy is taken as the energy at whi¢hdE is

of Ref. [1]). The T=3/2 assignments for these levels were 3 maximum, and the single-particle width as the full width at

made partly because their energy separations from the oth@gif maximum (FWHM) of the functiondé/dE [8]. This

T=3/2levels agreed with those iitBe, and partly because procedure has been criticized, and alternative definitions pro-

most of the reactions in which these levels have been seqibsed[10,1] that are based ofR-matrix theory[12]. In

are isospin allowed fol=3/2 contributions. A level in''B cases where the resonance energy approaches the top of the

at 12.55 MeV was, however, also seen’lri(a,a)'Li [3],  Coulomb plus centrifugal barrier, SF “obtain resonance en-

which would indicate at least somie=1/2 component. SF  ergies by extrapolation and single-particle widths by match-

pointed out that, relative to the 172r=3/2 level, the ing smoothly to asymptotic penetrabilities.” It is not clear

12.56 MeV level in*'B was much more strongly produced what this means. Here we repeat in Sec. Il the potential-

in the °Be(°He,p)*'B reaction[4] than was the ground state model calculation of SF, except that we (Renatrix defini-

of 'Be in the°Be(t, p)!'Be reaction[5], though equal ratios tions of the energy and width of an unbound level. This is

are expected under equivalent kinematic conditi@iso see  similar to the potential-model calculation in Refl1], but
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here we include contributions front ZI'=1 parent states us- TABLE |. Potential-model energies for 172r=3/2 ,A=11 lev-
ing the SF procedure, and also make calculations Tfor els and for 0,T=1,A=10 proton channels. Energies are channel
=3/2levels in'B and'C. energies in MeV.

An alternative method in Ref{11] used many-channel
R-matrix formulas to calculate the Coulomb displacement B tc YN
energies relating'Be and!'N levels; in Sec. lll we extend
this calculation to obtain properties of the analg and

Esr (from Ref.[2]) 0.503 0.780 1.081

11C levels. Section IV gives a discussion of the SF procedur&sr (Present 0.589 0.851 1.192
and of the results obtained here. Em 0.679 1.036 1.417
E, 0.778 1.202 1.652

Il. POTENTIAL-MODEL CALCULATION

This potential-model calculation uses the procedure of Sfyndic, and a higher predicted energy for the 1I&vel in
differing from it mainly by the use oR-matrix definitions 11\ a5 is seen in Table II.
for the energyand width of an unbound level. Initially we  Taple 11 is similar to Table IV of SF, which gives the
concentrate on this difference, in particular for the 1M2  geviations between the calculated and experimental energies
=3/2,A=11 levels and for the QT=1,A=10 proton chan- of theT=3/2 A=11 levels; it should be noted that the errors
nels(these levels are bound for all neutron channels and fopn the deviations given by SF are experimental errors only,
all 2", T=1 channels As in SF, we use a Woods-Saxon po- and contain no contributions from any uncertainty in the cal-
tential with parameter values=1.25 fm anday=0.65 fm,  cylated values. Table Il uses valuessf rather than th&sg
except that we cut off the potential at the channel radius, fo[;sed by SF; also it gives separately values for neutron and
which we use the conventional valae 1.45A7°+A}®) fm  proton channels. It is based on the SF procedure of adding
=4.57 fm. The potential depth is obtained by fitting the en-weighted contributions from thé*) and (2*) parent chan-
ergy of the bound 1/2"Be ground statéV,=59.1 MeV).  nels, the weights being given by appropriate spectroscopic
With this depth, thes-wave proton nuclear phase shift  factors, for which we use the SF values. Some comments on
(called ¢ in SF) is calculated for each of th€B, 'IC, and the justification for this procedure are given in Sec. IV. The
!N cases. We introduce various definitions of the energy andeviations between the calculated and experimental energies
width of these 1/2 unbound levels. The energiisr and  are now somewhat greater for the 1/4nhd 5/Z levels than
width I'sg are defined as in SFusingd6/dE). In R-matrix  in SF, but the deviations for the 172%evels are considerably

theory[12], the resonant phase shptis defined by less. Fort'B, the deviation is reduced from 0.113 MeV in SF
B= 6+ 1) to 0.063 MeV here, and for!C the reduction is from
0.32 MeV to 0.17 MeV. If values dE, were used rather than
and the density-of-states function in the one-level approxiEy, the deviations would be further reduced to 0.036 MeV
mation by and 0.08 MeV, respectively. These deviations are of the
) same order as those for the I/@nd 5/2 levels. The pre-
p=csir? pIP, (2 dicted energies of the levels fiN are correspondingly in-

where - is the hard-sphere phase shift @ik the penetra-  creased; for the 1/2level to 1.64 MeV(E) or 1.82 MeV
tion factor, both being functions & and ofa [12]. Then the  (Ey), for 1/2" to 2.36 or 2.42 MeV, and for 5/2to 3.77 or
resonance energly, is defined bygs(E,;)=90° and the cor- 3:79 MeV. These vaIue; for the 17and 5/2 levels are .
responding width byl';=2/(dB/dE)g (this is approxi- higher than most experimental values, but agree well with
mately the “observed” widti™® of R-matrix theory[12]).  the values 2.31 and 3.78 MeV\for Ey) or 2.36 and
Also one definesE,, as the energy at which(E) is a 3.79 MeV(E,) that were found 'recentlyl?)]. The pr.ed|cted
maximum andl’,, as the FWHM ofp(E) [10]. energies for the 1/‘2_Ieve| are higher than_all published ex-
perimental values, including 1.31 MeV in Refl3]—the
high values follow because all the calculated energies ap-
proximately satisfy the isobaric multiplet mass equation
Table | gives values oEgg, E,, andE,, for the 1/2,T (IMME) (with d=0), so that agreement with the experimen-
=3/2,A=11 levels in the 0,T=1,A=10 proton channels. tal energies fot'Be, !B, and''C ensures that the calculated
The first row gives the values d&gr used by SHdeduced values for''™N will be close to the IMME values given by SF
from Table IV of SB. The second row gives our values of in their Table II.
Ese which are somewhat different possibly because of the The smaller values of the differences between calculated
cutoff W-S potential used here. The third and fourth rowsand experimental energies for the 1/2=3/2 levels of*'B
give values of,,, andE,. It is seen that all the present values and 'C as compared with SF weakens their argument that
are greater than those from SF; it may also be noted thahese levels have been misidentified. The differences are now
Fortuneet al. [9] give the !N energy as 1.60+0.22 MeV, of the order of the changes in the differences caused by
which is much higher than the SF value, presumably becausghanges in the definition of the energy of an unbound level.
of different definitions used for the energy. The higher valuesThey are also of an order that might be caused by isospin
of E, andE, lead to reduced discrepancies between the calmixing with T=1/2 levels; for non-normal-parity levels of
culated and experimental energies for the *ll&¥els in''B somewhat similar structure in other nuclei, the calculated

A. Level energies
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TABLE II. Energies ofT=3/2,A=11 levels using SF procedure, except tBgtis used for the energy of an unbound level. Energies are
excitation energies except fétN, where they are measured from tHE€(0*) +p threshold. All energies are in MeV.

Jm Configuration lBe g ic 1N
n n p Total n p Total p

1/2* (0% 0 12.691 11.907 12.430 12.617 11.466 11.850 1.417
(24 0 12.747 12.766 12.753 12.603 12.520 12.548 2.511

0.8000")+0.202%) 0 12.494 11.989 1.636
Expt. 0 12.557 12.16 1.27-1.63
Calc-Expt. 0 -0.063 -0.17 0.37-0.01
1/ (0 0.320 13.011 12.601 12.874 12.937 12.220 12.459 2.212
(29 0.320 13.067 13.049 13.061 12.923 12.793 12.836 2.770

0.740")+0.262%) 0.320 12.923 12.557 2.357
Expt. 0.320 12.916 12.51 2.01-2.24
Calc-Expt. 0 0.007 0.05 0.35-0.12
5/2* (0) 1.778 14.464 14.248 14.392 14.390 13.900 14.063 3.889
(2" 1.778 14.525 14.133 14.394 14.381 13.770 13.974 3.619

0.570%)+0.432%) 1.778 14.393 14.025 3.773
Expt. 1.778 14.34 13.90 3.61-3.75
Calc-Expt. 0 0.05 0.12 0.16-0.02

isospin-mixing matrix elements, including boundary- The calculated widths and deduced values of the spectro-

condition contributions, are up to several hundred k&¥].  scopic factorS for the 0", T=1 parent states, as given in
Section IV contains some discussion of the SF procedureTable IV, are not essentially different from those in Table V

of SF (it seems that the SF value &ffor the 1/2 level of

HC is in error and should be 0.17, not 0)26or the 1N

In addition to the energy discrepancy, the argument by Skeyels, we have used the rangelb¥alues given in Table | of

that the 1/2,T=3/2levels of 'B and 'C have been misi- gF rather than some mean value, and so obtain a range of
dentified also depends on the calculated spectroscopic factofs|,es. For the 1/2 level. for example, we haveS

for these levels being much less than those for the levels i[_10_29_1_05 compared with SF's val$e>0.55. The calcu-
"'Be and"'N, whereas approximate agreement was Obtaine?iated contrib,ution td",,, for the 5/2 level of !N from the
for the 1/2 and 5/Z levels. The spectroscopic factors were 10C(2*)+p channel isT) 012 MeV, and is neglected in Table
based on calculated single-particle widthige and experi- Vv ' '
mental widths. Here we calculate single-particle widths : . .
andT'; and compare the resultant spectroscopic factors with In agreement with 1the findings of SF, the values0.29
the values obtained in SF. or 1B and 0.16 for'C are smaller than model values,
We consider first the single-particle widths for the Which range from 0.55 o 0.9p15], and smaller than most
1/2*,T=3/2 levels in the 0,T=1,A=10 proton channels experimental values fol'Be (see Table Ill of SF and Sec.
(the only channels opénif the potential obtained by fitting
the 'Be ground-state energi,=59.1 Me\) is used, as in
the preceding section, the 17%vel in 1B is at a channel
energyE,,=0.679 MeV(Table ), much less than the experi-
mental value ofE.,=1.33 MeV, and the corresponding
width is small(I",,=0.56 Me\). This and other values simi-
larly calculated are given in the upper part of Table Ill. The

B. Level widths and spectroscopic factors

TABLE Ill. Potential-model single-particle widths for 172T
=3/2,A=11 levels and for 0,T=1,A=10 proton channels. Upper
part gives widths calculated using potentials that fit HBe
ground-state energy; lower part gives widths using potentials that fit
experimental energies,,,; as shown. Widths are in MeV.

procedure adopted by SF, however, involves using a different 11 e 11N

potential to calculate the single-particle width, by choosing

the potential depth to fit the experimental enekgy, of the  T'se (present 0.39 0.61 0.84

1/2* level in B. To obtain E,,=1.33 MeV, one requires T, 0.56 0.92 1.30

Vo=54.9 MeV, giving I',=2.15 MeV. This is reasonably 0.87 1.31 1.85

close to the valud'sg=2.40 MeV given in Table V of SF.

These and other values are given in the lower part of Tabl&exy (MeV) 1.33 1.73 1.45

. I'se (from Ref. 2.40 2.40 1.28
In Table IV, these values df,,, and similar values for the [2])

1/2 and 5/2 levels are used to obtain values of the specT,, 2.15 255 1.37

troscopic factors, using the procedure of SF, as in Table V of. 231 269 1.42

SF.
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TABLE IV. Computed spectroscopic factors fo=3/2,A=11 levels using SF procedure, with the single-
particle width taken a$', calculated at the experimental eneifgy,. All widths are in MeV.

Jm 1lBe 1lB llC 11N
n n p Total n p Total p
1/2* | I 0.72 2.55 1.70 1.37
Expt. 0.21 0.27 0.4-1.44
S 0.29 0.16 0.29-1.05
1/2 | R 0.27 0.99 0.66 0.93
Expt. 0.20 0.49 0.25-0.84
S 0.74 0.74 0.27-0.90
5/2* I'm 0.153 0.12 0.27 0.05 0.64 0.44 0.62
Expt. 0.100 0.25 0.20 0.40-0.60
S 0.65 0.93 0.45 0.64-0.96

IV) and for 1IN (see Table IV; however, one analysigl 6]
gaveS=0.19+0.02 for''Be, and valuess~0.2[17] andS
=0.1-0.2[13] have been given fol'N.

agreement for the 1/2and 5/2 levels, as well as for all the
1IN levels. This is similar to the result of the potential-model
calculations in Sec. Il, and agrees with the findings of SF
regarding spectroscopic factors.

. MANY-CHANNEL R-MATRIX CALCULATION
IV. DISCUSSION

We use the many-channBtmatrix model of Ref[11] to ) o . )
calculate ther=3/2 ievel energies if'B, 11C, and!!N rela- SF give no justification for their procedure of adding con-
tive to those in*!Be. Contributions to the Coulomb displace- tributions from the(0") and(2) channels, with the potentials
ment energyAE come from the point-Coulomb interaction for each channel being chosen to fit the experimental energy
AHS(Coul) and the electromagnetic spin-orbit interactionin *'Be. Itis to be noted that this leads to different energies
AH%(s.0) as well as the boundary-condition contribution ©f the (0%) and (2%) contributions in the other nuclides; for
AL. The MWK shell-model interaction is used as in Ref. €xample, for the 1/2level of IN, these energies differ by
[11]. In each of the"!B and''C cases, the Coulomb interac- More than 1 MeV(see Table li. SF also give no justification
tion, in addition to contributing directly taH%(Coul), also ~ for using different potential depths for calculating energies
produces isospin mixing with nearby=1/2 levels, which ~and widths. _
leads to a further shift of the level energy. This shift, how- For the 1/2,T=3/2 levels, it may be reasonable that a
ever, is not significant, as the Coulomb isospin-mixing ma-combination such as 0.80") +0.202"), with the sum of the
trix elements, calculated with harmonic-oscillator single-coefficients equal to one, should be used in Table IV of SF
particle wave functions, are small. The greatest mixingand Table Il here, corresponding to one nucleon being in the
occurs for the 1/2 levels, where there is @=1/2 level (S0 shell; then the sum of thewave andd-wave spectro-
within about 50 keV of tha'=3/2 level; in each oft}B and  Scopic factors over all=1,A=10 parent states is or(@e-
11C, the Coulomb interaction produces about 2 % isospirglecting the c.m. correction faCt©18]) The same is true for
mixing and a shift in energy of about 1 keV. The values ofthe 5/2 levels, but for the 1/2levels the argument for a
AH(Coul) for the 1IN levels differ slightly from those given Ccombination such as 0.7@)+0.262%), as used by Skwith
in Ref. [11], apparently due to the use of a different versioncorrection of a misprint in their Table Vis not at all obvi-
of OXBASH. ous. All the nucleons outside “4de core are in the shell,

The results are given in Table V for the conventionaland the sum of th@-wave spectroscopic factors over all
value of the channel radius=4.57 fm. As beforg11], be- =1,A=10 parent states is 4.5. For the interaction used in
cause this type of calculation may not give absolute values o€c. lll, one findsS(07)=0.76, in good agreement with SF's
AE¢ accurately, the values d,, for the 1/2 levels are 0.74, butS(27)=0.52 andS(2;)=1.09. Thus the SF model
adjusted to fit experimental energies, and the calculated relgloes not seem suitable for the I/2vels.
tive values ofE, for differentJ™ are used to extradg,, for For the 1/2 levels, SF use the mixture O.&0)
J™=1/2" and 5/2. Table V also gives the corresponding +0.202"). The value 0.80 comes from the average of the
calculated values of . experimental values of the spectroscopic facfogiven in

The deviations of thee,, values from the experimental Table Ill of SF. These values seem to be inaccurate and in-
energies are of the same order for the "L els of1'B and  complete. Reference 11 of SF gives experimental values of
1C as for the 5/2levels, giving no support to the SF sug- from 0.66 to 0.79(rather than 0.84 as quoted by )SEnd
gestion of misidentification. The calculated valued'gffor ~ says that these values would be multiplied by a factor of
the 1/2 levels of 1'B and *'C are, however, much greater 0.6-0.7 if allowance is made for'Be recoil and breakup
than the experimental widths, whereas there is reasonabkffects. Reference 13 of SF givés=0.74 (rather than 0.80
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TABLE V. Calculated Coulomb displacement energies, and predicted energies and withBs'6€, and
1IN levels. Energies are channel energie$'Be and'N, excitation energies i'B and''C. a=4.57 fm. All
energies and widths are in MeV.

Jm llBe 1lB llC 11N
1/2 AH®(Coul) 1.951 4.397 7.330
AHS(s.0) 0.0 0.0 0.0
AL -0.215 -0.396 -0.760
AEc 1.736 4.001 6.570
E, -0.503 12.459 11.960 1.409
En -0.503 12.521 12.023 1.437
Eexpt -0.503 12.557+0.016 12.16+0.04 1.27-1.63
Em~Eexpt 0.0 -0.036 -0.14 0.17=0.19
' 0.0 0.46 1.14 1.13
Lexpt 0.21+0.02 0.27+0.05 0.4-1.44
1/2 AHS(Coul) 1.976 4.464 7.464
AH%(s.0) -0.020 -0.042 -0.065
AL -0.162 -0.356 -0.617
AEc 1.794 4.066 6.782
E, -0.183 12.837 12.345 1.941
(= -0.183 12.916 12.5% 217
Eexpt -0.183 12.916+0.012 12.51+0.03 2.01-2.24
Em~Eexpt 0.0 0.0 0.0 0.11¢0.12
Tm 0.0 0.19 0.42 0.55
Lexpt 0.20+0.025 0.49+0.04 0.25-0.84
5/2 AH®(Coul)) 1.939 4.354 7.240
AHS(s.0) -0.011 -0.027 -0.051
AL -0.072 -0.176 -0.300
AEc 1.856 4.151 6.889
E, 1.278 14.357 13.888 3.506
En 1.278 14.436 14.064 3.701
Eexpt 1.275 14.34+0.02 13.90+0.02 3.61-3.75
Em=Eexpt 0.0 0.10 0.16 0.09¢-0.05
I'm 0.11 0.19 0.30 0.43
Lexpt 0.10+0.02 0.25+0.02 0.20£0.10 0.40-0.60
Fitted value.

as a calculated value, and says that there is good agreemée(®*He ,p)''B(T=3/2) [4], whereas it is about 0.24 in
with experiment. Reference 14 of SF is essentially an ex?Be(t,p)!'Be[5]. The ratio should be the same under equiva-
panded version of their reference 11, and it gives a similatent kinematic conditions; however, it is not obvious that the
range of experimental valugs=0.65—-0.80; it also discusses conditions are equivalent, as thide beam energy was
various effects neglected in the calculations that would ap38 MeV [4] while the triton beam energy was 15 Mq¥$)].
preciably reduce the extracted values&fTable Il of SF An alternative way of comparing the results for the
does not include the published val§e0.19+0.02[16]. %Be(*He,p)*'B [4] and °Be(t, p)*'Be [5] reactions is to con-
There is therefore reason to believe thanay be smaller sider the distorted-wave Born approximation fits to the data.
than the value 0.80 assumed by SF. If SF had used a mixtutsu and Fortung5] fitted their 1/2 data with a normalizing
0.60(0")+0.402"), say, their deviations fot!B and !C  factor N=167.9, after assuming unity for th&Be(g.s)
would have been -41keV and -151 keV, rather than— ''Be(1/2") spectroscopic factor. They say thstranges
-113 keV and —-320 keV as given in their Table IV, and if from 200 to 400 for otheft,p) reactions when realistic wave
this mixture were used in our Table I, the deviations wouldfunctions are used, suggesting a spectroscopic fagtof
be 2 keV and —-31 keV. Thus the argument by SF that thes8.4—0.8. Zwieglinskiet al. [4], using a spectroscopic factor
deviations are large, indicating misidentification of theseof 0.82 from Teeters and Kurafii9], required a normalizing
1/2" levels in''B and*'C, appears to be of doubtful validity. factor e=0.67 to fit their 1/2 data, suggestings=~0.55.
Part of SF’s argument that the 17/2=3/2 level in !B There seems to be reasonable agreement between the values
has been misidentified is that(1/2")/0(1/27) is 1.1 in  of S from these two reactions. There is also agreement with
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the S values discussed and assumed in the preceding partiat Watsonet al. show in their Fig. 1 has already had a
graphs. background subtracted—the size of the background is un-
An argument can be made that the SF procedure overegnown. It does not seem impossible that the width of the
timates values of the FWHM",,. The R-matrix observed 1/2* level of 'C could be appreciably higher than the values
width T (which should be close td',) in the one-level given by Watsoret al. From our calculations, the quantity
approximation is given by12] least sensitive to the value &f is probably the ratio of the
2,2P.(E.) widths of the 1/2 levels in“C_ and'B (2.36 from Table IV
0— p Pt , (3) and 2.46 from Table Y Taking a ratio of 2.4, and e,y
1+39(dS/dE)e, =0.21 MeV for the 1/2 level of 1B, we would expect a
¢ width of about 0.50 MeV for the 1/2evel of 11C. This may
as only the proton channel is open; however, both open andot be inconsistent with the data of Watsenal.
closed channels contribute to the sum in the denominator, in Another argument can be given for an increase in the
which all terms are positive. As an example, for the *1/2 value of 'y for the 1/2 level of C. Watsonet al. also
level of 1B, we include in this sum only thé’Be(0%)+p observed the 1/2level, with widths given as 370+90 keV,
open channel and the Correspondir}@?,(0+,T:]_)+n 350+100 keV, and 400%£100 keV; the mean of these is

and y2=0.998 MeV,giving 550+50 keV [7] and 540+60 keV[21], with a mean of
546+38 keV. Estimates of the width are about 540 keV from
o_ 0.815 MeV - 0.48 MeV 4 Fig. 2 of Ref.[24] and about 600 keV from Fig. 8 of Ref.
T 1+0.095+0.601 € (4) [25]. This suggests that the width from Watsemnal. for the

1/2 level might be increased by about 50%; a similar in-
(inclusion of contributions from the*Zhannels would lower crease for the 1/2 level would increasel e, t0 about
this value to 0.47 MeY. If we had neglected the neutron 0.40 MeV.
channel altogether, as in the SF procedure, we would have Even if the I'e,y value for the 1/2 level of C is in-
obtainedl®=0.74 MeV. creased to, say, 0.50 MeV, there still remains the problem

Equation(4) usesS=0.74; in order to fit the experimental that these width values for the 172evels in B and *'C
width T'e,,=0.21 MeV, one would requireés=0.23. Simi-  correspond ta&5=0.23. So far we have assumed the conven-
larly, fitting I'ex,=0.27 MeV for the 1/2 level of 'C gives  tional value for the channel radius=4.57 fm. For other
§=0.11. These values df are smaller than all model values values of a, the values ofS obtained by fitting [ expt
and most experimental values fétBe and'!N (see Sec. =0.21 MeV for the 1/2 level of !B, using the approxima-

I B). Before laying the blame on these calculated valuestion underlying Eq.(4), range from 0.22 fora=4.0 fm to
however, we consider the reliability of the experimental val-0.31 for a=6.0 fm. These values af are still well below
ues. model values.

For the 1/2 level of B, the valuelep,=0.21 MeV, In Sec. Ill, we have assumed a one-le®matrix ap-
which is taken from Table 11.15 of Reffl], is the mean of  proximation for each of the 1/21/2°, and 5/2 levels. In
consistent values from three different papers: 202+25 ke\vhat might be considered a similar situation, involving the
[4], 23065 keV[20], and 260+50 keV[6], with the first of  |ow-lying levels of 13C and 3N, fits to properties involving
these essentially determining the valuelgf,. The width  the 1/2 first-excited states required a two-level approxima-
values for the 1/2,T=3/2 level in B from these three tion, whereas the properties involving the I/and 5/2
papers are 155+25 keV[4], 235+27 keV [20], and states could be adequately fitted using a one-level approxi-
390+120 keV [6]; other values are 350+50 ke\[7],  mation[26,27. In theseA=13 nuclei, the second 172evel
260+50 keV[21], and 238+15 ke\[22]. For each level, the s predicted in shell-model calculatiofi$9,2g to lie about
width from Ref.[4] is smallest. There does not, however, 10 MeV above the first, while in th&=3/2,A=11 nuclei,
seem much justification for arguing for an appreciable in-the energy difference is about 7 MeV. It may be that the
crease il for the 1/2 level, especially as earlier work one-level approximation is inadequate for the *1,/R2
gave even smaller values: 145+30keVy23] and =3/2,A=11 levels, and that this is the reason for the wide
150+50 keV[3]. spread of experimental values Sffor these levels in'Be

The situation is somewhat different fétC. The only re-  and®!N, and for the small values & obtained here fot!B
ported observation of the 172T=3/2 level of Y!IC is by  and!lC.

Watsonet al. [6], using three different reactions. Width val-  Alternatively, or perhaps additionally, it might be that the
ues are given for two of the reactions: 290+50 keV fromsmall S values could be due in part to isospin mixing, which
HB(*He t)*'C and 200+100 keV from®Be(®*He,n)**C,  produces first-order changes in spectroscopic factors and
leading tol'e,,=0.27 MeV. In their Fig. 2, Watsoat al.[6] ~ second-order changes in energies. For the MWK shell-model
show the neutron spectrum from tP@e(®*He ,n)1!C reaction interaction used here, the 1/X=1/2 state nearest to the

in the region of the 1/2and 1/2,T=3/2levels, before and 1/2",T=3/2 state is about 0.4 MeV lower, while the Teeters
after subtraction of a background. The peak heights are aboaind Kurath [19] interaction gives a separation of about
10% of the background, so the properties assigned to th@.1 MeV; however, such 1/2T=1/2 states have not been
levels would depend sensitively on the choice of back-identified experimentally whether or not significant isospin
ground. The triton spectrum from tH&B (3He ,t)*'C reaction  mixing occurs.
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V. SUMMARY most experimental values for the analog levels-ige and
_ _ 1IN, but are in agreement with some of the latter.
Both potential-model calculations and many-channel
R-matrix calculations seem consistent with the energies pres-
ently assigned to the 172T=3/2levels in''B and*!C. The ACKNOWLEDGMENT
spectroscopic factors derived from the assigned widths of | am grateful to A. E. Stuchbery and A. P. Byrne for
these levels are appreciably lower than model values andssistance in the use okBASH.
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