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The ground state and low-lying levels of the unboufid nucleus were investigated with the three-neutron
pickup reaction'®N(®He,fHe)!!N. The energies and widths of these, experimentally observed, levels are
compared with other measurements and calculations. Angular distributions were measured for the first time for
this reaction. The distorted-wave Born approximation analysis confirms the spin assignments for the lowest
levels.
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I. INTRODUCTION ics and Azharkt al.[7] measured the energy spectrum of the
proton decay fromtN. Oliveira et al. [8] and Lepine-Szily
The A=11 system has been intensively studied becauset al. [9] used the heavy-ion transfer reactions and
of the halo structure it'Li and the level inversion observed %B(**N,'B)*'N and >C(**N,*°C)'!N, respectively. The en-
in Be, where the lowest™ level lies lower in energy than ergies and widths of the levels observed fdN in these
the 3~ level expected as the ground state in the standaréxperiments are shown in Table Il for comparison.
shell model. This level inversion has been partly explained as The observation of thé * ground state of‘!N was first
due to halo formation by the weakly bound valence neutrorreported by Axelssomet al.[5] at 1.3@4) MeV, with a width
[1], although the association is still not clear. The valenceof 0.9920) MeV. After this work some other results for the
particle in halo nuclei is usually in theorbit; for the 1'Be !N ground state have been reported. Olivaital.[8] gave
ground state, most stripping reaction studies and model cathe energy 1.6%) MeV and a narrow width of 0(4) MeV.
culations have given aswave spectroscopic factor of 0.7 or Azhariet al.[7] observed a barely separable shoulder on the
larger[2], but one analysis of stripping data, which takes intolow-energy side of thé ~ peak; if it is due to thé * ground
account recoil excitation and breakup effects, has given atate, it is at 1.45%40) MeV with a lower limit on the width
value as low as 0.1€0.02 [3]. of 0.4 MeV. Markenrothet al. [6] observed thé ™ level at
On the proton-rich side of th&=11 isobaric chain we 1.27" 322 MeV and with a broad width of 1.420) MeV. As
have “™N. "N is the mirror nucleus of the known halo for the theoretical predictions, Fortueeal.[10] used a po-
nucleus''Be and all its levels are unbound for proton decaytential model to predict thé* ground state at 1.622) MeV
to '°C. The investigation of the structure of this nucleuswith a width of 1.58 375 MeV, while Barker[11] gave an
would be interesting in association with the isospin characenergy and width with a potential model of 1.40 MeV and
teristic of the halo effect. This nucleus was first investigatedi .01 MeV (or 1.60 MeV and 1.39 MeV from an alternative
by Benensoret al. [4] using the**N(*He °*He)'!N reaction. mode). These and other theoretical values are also given in
In this early work, only one clear peak was observed at 2.2Zrable 1.
MeV above the'®C+ p threshold, and based on its measured Thus, both the experimental and theoretical values for the
width of 0.7410) MeV, the level was assumed to be. Due  energy and width of thé ™ ground state of'N show con-
to the poor statistics of this experiment it was not possible tasiderable variations. It appears that not all of this is due to
observe the;* level, which was predicted from the IMME the use of different definitions for the energy and width of an
(isobaric multiplet mass equatipto be 1.9 MeV above the unbound leve[11] or due to the different reactions used to
proton decay threshold. populate this level. The energy and width of this level are
Later, other reactions were used to investigate the strucsignificant in the consideration of a possible halo structure in
ture of 1!N. Axelssonet al. [5] and Markenrothet al. [6]  IN. Also, the energy and width of th&N ground state are
used the resonant scatteripg'°C,*!N) in inverse kinemat- very important in the interpretation of the two-proton decay
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FIG. 1. ®He energy spectra from théN(3He ®He)'!N reaction 0 1 2 3
at the laboratory angles indicated. Energies are measured from the Energy (M eV)
10C+ p threshold. The solid curves show the best fit to the mea-
sured data at eight angles, using E4, smeared over the experi- FIG. 2. °He energy spectra from théN(*He,’He)"'N reaction

mental resolution of 200 keV. The dashed curves are the individua®t the laboratory angles indicated for the range of 0 to 3.5 MeV.
contributions(unsmearedfrom each level included in the analysis. Energies are measured from tf€+ p threshold.
The dotted curves give the background contribution.

X ) Tokyo, Japan. The incident energy of tiiele beam was
of the 0 ground stat¢12], where depending on the energy 73 40+0.05 MeV and the average current obtained was

of this level, the exotic diproton decay might be expected 0,5t 0.5,A. The beam was transported into the scattering
compete with the sequential decay through i ground chamber, where a gas target with 99.95% isotopically en-

state. . 14 X
riched “*N, gas was placed. The gas cell was filled to a
3 6 i H 2
The three-neutron®He,*He) pickup reaction h_as be_en ressure of about 21 cm Hg during the measurements. A rect-
shown to be a very useful spectroscopic tool to investigat . )
: . 2 angular double-slit system was used to prevent particles from
the structure of proton-rich nuclei near the proton drip line. : : .
éhe windows(Havar foilg of the gas cell from entering the

The angular distribution measured for this reaction ha tect This double-slit svstem defined lid le in th
shown a strong dependence on the transferred angular mgg ectors. 1his double-siit system defined a solld angie in the
order of 1 to 3 msr, depending on the detection angle. A

mentum (), and has allowed spin-parity assignments for,, ) ) 2 thi
several levels i?™Mg, 25Si, and 1Ne in previous experi- Mg metallic foil of 812+ 20 ng/cnt thickness was also

ments[13—-15. Here we give information on the ground used as a target in a later run for_energy calibration.
state and low-lying levels of the unbourdN nucleus ob- The momentum of théHe particles and other products
tained from thel“N(3He ®He)'!N reaction. from the reaction were analyzed by a quadrupole-dipole-
This paper is divided into the following sections: the ex- dipole (QDD) spectrograph and detected by a hybrid-type
perimental setup and procedures are described in Sec. @as proportional countéf6]. This proportional counter was
while the experimental results afimatrix fits to the mea- specifically designed to minimize the background for this
sured spectra are given in Sec. Ill. Section IV contains &ind of experiment and was placed in the focal plane. A thin
distorted-wave Born approximatidDWBA) analysis of the plastic scintillator was set just behind the proportional
angular distributions and a discussion on the spin assigreounter for energy and time-of-flight measurements. The par-
ments for the'!N levels. Section V is devoted to a discussionticle identification was performed using a set of signals,
on the energies and widths obtained for tHdl levels and  namely, the energy signal from the plastic scintillator, energy
Sec. VI to a short discussion on the implications in theloss from the proportional counter, and time of flight. The
IMME. Finally, a summary is given in Sec. VILI. time of flight was obtained from the time interval between
the cyclotron-rf and the fast signal from the plastic scintilla-
tor. The vertical position, perpendicular to the directions of
momentum dispersion as well as the particle trajectory, was
The experiment was carried out with a sector-focusingalso measured on the focal plane and used to reduce the
cyclotron of the Center for Nuclear Study, University of background not arising from the target. Pileup rejection was

II. EXPERIMENT
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FIG. 4. Summed energy spectrum for tH&(3He ®He)'™N re-
action. As in Fig. 1, except that the curves are from a best fit to this
summed spectrum.

2.31, 4.56, and 5.91 MeV. At 3.78 MeV, incrusted between
the larger peaks at 2.31 and and 4.56 MeV, a “bump” is
visible, which corresponds to the 3/2esonance, observed
in previous workg5,6,8,9 around 3.61-3.75 MeV. On the
FIG. 3. ®He energy spectra from théN(®He fHe)!!N reaction 10w energy tail of the much more strongly populated 2.31-

at the laboratory angles indicated for the range of 0 to 3.5 MevMeV peak a shoulder is visible around 1.31 MeV. The
Energies are measured from thf+ p threshold. ground state resonance otN is expected in this energy

region, previous works have observed it around 1.27 to 1.63
also applied to reduce even more the background since tH4eV [5,6.,8]. i .
cross section for this’He SHe) reaction is very small. We therefore attempt to fit the observed spectra with a
’ function of the form

1 2
Energy (MeV)

IIl. ENERGY SPECTRA ANALYSIS N(E,0)=E bi(O)N,(E)+c(0)+d(0)Py(E), 1)

The momentum spectra for the outgoifige nuclei were
obtained at eight anglesf{,g=6.8°, 8.5°, 12.0°, 15.0°, \yhere
18.0°, 22.0°, 26.0°, and 30.0°). The momentum spectrum

measured a¥ ,g=12.0° was converted to an energy spec- Ti(E)
trum using the calibration obtained with the known states of N;(E)= 5 - 2
2IMg from the ?*Mg(®He fHe)?*Mg reaction[13], which [Ei+A(E)—E]"+1/4I7(E)

was measured with th&Mg solid target in the same experi- . L
mental run. The momentum spectra at other angles were then The sum is over the levels dfN, each of which is de-

; ibed by the one-level one channel approximation of
converted to energy spectra. Energy spectra obtained grioec . o
6,,5=6.8°, 12.0°, and 18.0° are shown in Fig. 1, normal- -matrix theory[17]. The decay width is given by';(E)

0.2 .2 _
ized for integrated charge, effective target thickness of gag 27 Pi(E) andAi(E)=—¥1S(E)~S(E.)]. Pi(E) and

cell, and solid angles. The uncertainties are statistical errors(E) aré the energy-dependent penetration and shift factors
The energy in these spectra corresponds to the energy abof¥ the “C+p channel. The background is assumed to be
the 1%C+ p threshold(decay energy for which theQ value partly flat (to allow for possible random coincidengeand

is —22.788 MeV. The binning was set to 100 keV. The OVer_gartly proportional to ars-wave penetration factor for the
all energy resolution of about 200 keV full width at half B+ 2P channel,P,(E). For each channel, we use thel/gon-
maximum (FWHM) is due mainly to the different energy Ventional value of the channel radius=1.45(A;
losses of the’He beam andHe particles in the gas target +A3") fm [17]. Then, for each'™N level i, the adjustable
system. parameters are resonance enegy, reduced widthy?, and
In the ¥“N(®He fHe)*!N reaction, the populated levels in strengthb;(6). b;(6), c(6), andd(#6) are independently ad-
1IN are observed as peaks in thee spectrum; because all justable at each angle.
levels of 1IN are unstable against breakup i€+ p, these In order to fit the data foE<7.5 MeV, we include con-
peaks sit on a background due at least in part to alternativisibutions from six levels in'!N. The factorsP;(E) and
reaction processes. Also, for energies above about 4 MeV&(E) in Eq. (1) depend on the relative angular momentum
other breakup channels, such ¥+ 2p decay, are open. ¢, for their decay into the'C+ p channel, and thus, on the
The experimental energy spectra, shown in Figs. 1—4total angular momentum assigned for each level .

present some well defined and intensely populated peaks blere, we have assumed=3", 37, 3%, 7, 37, and$~
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TABLE I. Values of llN level parameters from the best fit to lOC' and these are not present in a CK State, SO it is assumed
summed spectrum. Energies are measured from4Be p thresh-  that this level decays t6°C(2%) + p with ¢=1 protons[7].

old. All the energies and widths are in MeV. For the other five levels, we assume decay*#6(0")+p
with €¢;=0, 1, 2, 1, and 1, respectively.
Level J7 | Ei ¥ b; Iy A In a simultaneous fit of the data for all eight angles, there
1+ 0.058 0.43 +0.29 are 608 data points and 76 adjustable parameters. In prin-
! 27 0 132355 029053 26 0.24%0% 77 ciple, there coﬁld be interferen(‘fe betwegn the contributi%ns
2 1- 1 235539 09038 631 07695 1630  from the different levels; this has been neglected in @g).
. 0,050 0.3 010 for simplicity, as the additional parameters r_equired with in-
3 37 2 379400, 08805 261 05603 676  terference could not be well determined with the available
3 0.011 0.023 0.06 data.
4 o 1 455905 011755 437 0.285e 1359 For comparison with the data, the functibi{E, 8) given
5 $° 1 6.03000%2 151701 2288 14531 ss21 by Eq.(1) is smeared over the experimental energy resolu-
. 020 0.004 tos4 t!o_n of 200 KeV. _The best fit to all the data h@% 748. This
6 37 1 685 000255, 4 00lg5 13 fit is shown in Fig. 1 for three of the angles. Figures 2 and 3

show the spectra between 0 and 3.5 MeV for all eight angles
measured on an expanded scale. In order to improve the
for the six lowest levels it!N. These assignments are basedstatistics and to better determine the parameters of the levels,
largely on the levels shown in Fig. 1 of Refl8] (for the  a summed spectrum was obtained by adding the normalized
mirror nucleus 'Be). For the “*N(®He *He)'!N reaction, energy spectra from each angle, with the uncertainty at each
three-neutron pickup can populate directly Cohen-Kurattenergy in the sum spectrum equal to the square root of the
(CK) states(states in ap-shell basig so that in the region sum of the squares of the uncertainties in each individual
studied, one might expect the ,2~,2~, and3~ states to be angle spectrum. The best fit to the sum spectrum is shown in
. . . i A 2 _ . .

formed strongly. Population of positive-parity states based offid- 4; it hasy;,,=100.2, for 76 data points and 20 adjust-
a 1%C core would require a two-step process, and thus onable parameters, giving a reducg=1.79. The values of
would expect the low-lying* and 3+ states to be formed the parameterg,;, 7, andb; are given in Table I, together
rﬂore weakly. These assignments for the fOLéI‘ lowest levels invith derived values of the observed widﬂ{'? defined by

N have been adopted previous—9]. The 3~ fifth level
would require€ =3 protons to decay to the ground state of Fiozri/[l“L 7’i2(d3/dE)En] S

TABLE Il. Decay energy above th&C+ p threshold and widths of th&!N resonances measured in this work and from the references
indicated. All the energies and widths are in MeV.

Experimental papers

This work Oliveiraet al.[8] @ Lepine-Szilyet al.[9] P Markenrothet al.[6] © Axelssonet al.[5]
J7 Em I‘m Edecay r Edecay r Edecay r Edecay r
i+ 1.315) 0.2424) 1.635) 0.4(1) 127733 144200 1.304)  0.9920
- 2.31(2) 0.736) 2.1605) 0.2598) 2.185) 0.448) 2.01(15) 0.8420 2.04 0.69
3.068) =<0.10(8) (2.92 0.
3+ 3.785 0.5617) 3.615) 0.508) 3.635) 0.408) 3.7505) 0.6005) 3.72 0.60
3- 4.561) 0.3005) 4.335) 0.458) 4.395) <0.2(1) 4.335) 0.27 4.32 0.07
(39) 5.91(3) 1.309) 5.9810) 0.106) 5.8715) 0.7(2) 5.50 15
(%‘) 6.80(30) 6.5410) 0.106)
Theoretical papers
Fortune[10] Barker[11] Descouvemonf21] Grevy [22]
J7 Edecay r Edecay r Edecay r Edecay r
%+ 1.60 1.58 1.4 1.01 11 0.9 1.2 1.2
i- 2.49 1.45 2.21 0.91 1.6 0.3 2.1 1.0
5+ 3.90 0.88 3.88 0.72 3.8 0.6 3.7 1.0

aUsing heavy-ion transfer reactiofiB(**N,*B)*!N at GANIL.
®Using heavy-ion transfer reactiofC(*N,*>C)*N at GANIL.
Using resonant scatterirg(*°C,1!N) reaction at GANIL and MSU.
dUsing resonant scattering(*°C,*!N) reaction at GANIL.
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FIG. 5. Angular distributions for thé*N(3He ®He)'!N reaction
for the transitions denoted. The curves are the results of DWBA FIG. 6. Angular distributions for thé*N(®He He)'!N reaction
calculations with the transferred angular momefitaindicated. for the transitions denoted. The curves are the results of DWBA
calculations with the transferred angular momefita indicated.
with Fi=27i2Pi(E,i), and of the peak ared; defined by The N and L in parentheses are choices for the number of radial
nodes and the orbital angular momentum of timecBuster relative
Aj= b I[1+ y*(dS /d SR (4)  to the core of the residual nucleus adopted in the calculation.

The uncertainties in these parameters correspond to int!N, and these are shown in Figs. 5 and 6 for the first five
creases iny? to x2,,+ x>. For comparison with values ob- levels. The measured differential cross sections are, in gen-
tained by other experiments and theoretical predictions weral, very small, being in a range of a few tens of nb/sr for
give in Table Il the corresponding values of the peak energghe ground state and a few hundreds of nb/sr for the other
E,, (energy for the maximum contribution of the level to the levels; the sixth level is too weakly populated by this reac-
calculated spectrumand the corresponding FWHM, ,, tion for its angular distribution to be significant. The uncer-
where average uncertainties are given. tainties on the experimental differential cross sections were

Because the ground state is sitting on the tail of the 2.310btained by taking into account the following uncertainties:
MeV peak, which is populated much more strongly, and bethe statistical uncertainties in the yield and in the background
cause of the energy resolution, one does not see a groundnder the peaks, the uncertainties in the target thickness and
state “peak” in the experimental data, but at most a plateawolid angle, and an estimated uncertainty of 10—15 % due to
or shoulder, as is shown in the solid curves in Figs. 2—4. Tdhe deconvolution of the peaks. The final values of the un-
investigate if the evidence for the ground state is statisticallertainties were estimated to be between 12% and 30%, ex-
significant, we have fitted the summed spectrum Eor cept for the ground state where the uncertainties are in the
=0-5 MeV with and without a contribution from the ground range of 40—-50 %.
state(and with fixed values of the parameters for the levels 5 The analysis of the characteristic behavior at the forward
and 6, and of the background parametpr The best fit with ~ angles in the experimental angular distributions has been
the ground state included hag=51.6, while the best fit made in terms of the exact finite-range DWBA, using the
with no contribution from the ground state hgé=124.4.  computer coderworNR [19]. The optical potential param-
The contributions toy? from the regionE=1-2 MeV for  eters used in the DWBA calculations were basically the same
these two cases are 11.6 and 78.0, respectively. This sho§ used before in the analysis of angular distributions for
that the ground state is contributing significantly to thethe **Mg(*He,’He)*'Mg reaction [13] and for the
present data. Also, this peak/shoulder has388 counts “‘Ne(*He°He)''Ne reactior{15] and they are listed in Table

summing all angle spectra, and thus, a statistical significancdl- A change in the real radius of the outgoing channel from
of 7o. the set of parameters used in the previous experiment has

been considered in order to better reproduce the oscillations,
although no clear attempt to fit the data has been made by
changing any other optical potential. For the bound state pa-
From the simultaneous fit to all the spectra, values areameters of the 8 cluster in **N and ®He the conventional
obtained for the differential cross section for ther,=1.25fm anda=0.65 fm were adopted. The radius was
14N(3He,’He)! !N reaction at eight angles for each level in defined aRR=r A3, and the potential depths were adjusted

IV. ANGULAR DISTRIBUTION ANALYSIS
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TABLE lIl. Optical and binding potential parameters. The radii  The results of the DWBA calculations for the angular dis-

are given byR,=r,xM7". tributions are presented in Figs. 5 and 6. Since few angles
- have been measured and due to the complexity of this reac-
Set \J 'R ar Wy i a Te tion and of the approximations assumed in the calculations,

(Mev)  (fm)  (fm) (MeV) (fm) (fm) (fm)  gych as the cluster transfer of three neutrons, only a qualita-
34e+ 1N 160.00 1.633 0.375 35.00 1.015 1.767 1.3 tive analysis of the angular distributions is possible. A nor-
SHe+ 1IN 6470 1.350 0.717 13.00 1500 0.800 1.3 malization of the calculated angular distributions to the data
3n+ 1IN b 125 0.65 has been applied. The angular distributions calculated by the
3n+3He b 1.25 0.65 DWBA show strong oscillation and distinct patterns at for-
ward angles for different. The general shapes of the angu-
*The imaginary potential is a volume type Woods-Saxon potentialar distributions at forward angles and the oscillations phases

for both systems. (maximum and minimum anglesvere reasonably well re-
"The depth was adjusted to reproduce the binding energy. produced by the calculations. As can be seen in Figs. 5 and 6,

there is a smooth shift of the first minimum angle as a func-
to reproduce the binding energies. tion of L (®¢y=11° forL=0, ®cy=16° forL=1, and so

In the case of thé“N(*He,°’He)"'N reaction, the spin of on), which supports the general featurelotlependence, as
the ““N target nucleus is 1 and for *He it is 3 and thus,  expected in direct multinucleon transfer reacti¢2].
more than one transferred angular momentuoan contrib- For the transition to the 1.31-MeV ground state, shown in
ute to produce the angular momentunof the final state in  Fig. 5 the angular distribution seems to be reasonably repro-
the residual™N nuclei. For instance, to produce the final 4 ceq by a DWBA calculation with.=0 only. This level
J7=3" state, the reaction can proceed by transferring anguzoid correspond to asd-shell proton coupled td°C, i.e.,
lar momentumL. =0 andjorL=2, to giveJ™=;" by L=1 " 100+ g 72s,, andlor °C(2*)@mds, configurations.
%r;d‘;?rrzl_l— ‘Sé)r?lndLLI Eis p?)ys;_it;ez ?Eg/ gg;it_ 46fg?1wi;/aer:,si- Unfortunately, since we can not get a quantitative contribu-
tion is gizven b?//ﬂ-: (1)t ' y y tion from_the two possible_ a_ngul_ar momenta transferred, it is

Any transitions should.also satisfy the energy conserva. > t p055|b_le to _clearly_dlstmgmsh between these_ two pos-
tion rule [20] sible configurations with the present angular distribution

' analysis.

For the 2.31-MeV transition, which is the well known
resonance, the angular distribution seems to be dle=td
angular momentum transferred, as expected. The other level
in IN which has a firm spin assignment is thé level at

wheren; and|; are the number of radial nodésxcluding the 378 MeV. Thisds, resonance has been atro?sglyllpopulated
origin) and the orbital angular momentum of each constitu" thfa twla h‘fg"V%'l'on transfer reactioffC(*“N,**C)*'N [8]

ent nucleon in the shell mode; andL; (j=1,2) are the and 3 B(GN, B)™"N [9], but Is not as strongly populated by
number of radial nodes and the orbital angular momentum ofhe CHe,°He) reaction. Thig ™ level also would correspond
the 3 cluster relative to the core of the outgoing nucleusto ansd-shell proton coupled td°C, i.e., *%C(0") ® 7ds),

and the residual nucleus, respectively. The numbeaad\  and/or *°C(2") ® m2s,, configurations.

stand for the number of radial nodes and angular momentum Thus, our data confirm the spin assigment for the three
of the internal motion in the 13 cluster. Since a direct one- lowest levels in'!N. In particular, our data confirm the as-
step process of arBcluster transfer was assumed for the signmentJ™=3"* andJ"=3" for the first two transitions,
(®He °He) reaction, the quantum numbers for the internalwhich shows the same spin inversion for the ground-state
motion of all three identical fermions aze=0 and\=1 for  spin as observed fot'Be.

the transitions to the low-lying states. This implies that the The 4.56-MeV level and, in particular, the level at 5.91
3ncluster in°He should havad]=3%" andL,=1,N,=0 for ~ MeV are strongly populated by this three-neutron pickup re-
the motion with respect to théHe core. Thus, for the low- action. The angular distribution for the 4.56-MeV level
lying states of the residual nucleus, the-QAuster in N seems to be well reproduced by a combinatiorLefl+ 3
should have.; =1, N;=1 for the motion with respect to the angular distribution, which would favor a negative parity as-
1N core forL=0 transitions, wheré =L, +L,. For tran-  signment, see Fig. 6. Thit assignment and the narrow
sitions with L=2, we have XN;+L,;=3 for !N, which  width observed for this level in this and in the other experi-
gives two possibilities for the quantum numbers of the relaments[7-9] would indicate that it is the analog of thE"

tive motion:L;=3,N;=0 orL;=1,N;=1. These two pos- =3 state at 2.69 MeV in’Be [23]. The level at 5.91 MeV
sibilities for the quantum numbers did not change signifi-has been tentatively assigned by the other experiments as
cantly the positions of the maxima and minima in theJ™=3", based on shell model calculations foN [7]. The
calculated angular distributions, but, since they give smalangular distribution for this level seems to be reproduced by
changes in the relative intensity of the maxima, the set thaan L=3 angular momentum transferred, althoughk 2 is
better reproduced the experimental angular distributions waalso possiblédashed line in Fig. 6 L= 3 is consistent with
chosen, and they are indicated in Figs. 5 and 6. the 3~ assignment.

> (2m+1)=2N;+L;+2v+X\, (5)
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V. DISCUSSION ON THE ENERGIES AND WIDTHS The IMME relates the mass excess of the four members

The energies and widttg,, andT, obtained in this work of an isobaric multiplet by the following expression:

for the six lowest levels in*!N and their uncertainties are
presented in Table II, where they are compared with the val-
ues obtained by other experimental works and theoretical
predictions. Our data seem to be in good agreement with the
results of most experiments and theoretical predictions, al-
though some important differences are apparent. ¥he WhereT, is the isospin projection and,b,c, andd are the
ground state is observed at 1(8)Lin this work. This value coefficients.

agrees with the energy obtained by Markenretlal.[6] and The most important coefficient to test the IMME equation
Axelssonet al. [5] but is lower when compared with the is thed coefficient. If the charge-dependent interaction is two
results by Oliveiraet al. [8]. The width for this level is ob- body and treated as a first order perturbation and if the isos-
tained in the range of =0 to 500 keV, and it is in better pin mixing is neglected, then thd coefficient should be
agreement with the value obtained in another transfer reacero. In terms of the mass excess of the quartets it is given by
tion experiment by Oliveiraetal, which gives I’

=400(100) keV. As pointed out by Barkétl], there may

be some difference in the definitions of energy and width for 1 1

unbound levels used in these experimental works; and al- d=5 X (Muge=Muy) = 5 X (Muc—Mug). (V)
though all the definitions are expected to give practically the

same value for narrow levels, they can differ for broad lev-

els. However, even by taking into account possible differ- A compilation of d coefficients for twenty-two isobaric

ences in the energy and width definition for the level, the _ _
difference from the resonance scattering and transfer rea uartets fromA=7 to A=41 has been m_ade by Antoay al.
25]. It was found that they are consistent with zero, the

tions works seems to be too large. The width for this state i o ) X

directly related to the single particle nature of this state. AsUPPer limit of their absolute values being around 7 keV, ex-
suming I's,=1.28 MeV, from Sherr and Forturi@4], we cept for theA=9 Whlc_h_ has a nonzero coefficient _(5.2
obtain a spectroscopic factor in the range of 0.1 to 0.2. Thist 1.7) keV. Thed coefficient determined here for the

low spectroscopic factor would be consistent with a largeState is consistent with zero. However, for the state the
d-wave admixture in the configuration of t&@=3" level. value obtained igl=102(30) keV. As pointed out by Sherr
A similar value for the spectroscopic factor is obtained in the2nd Fortune[24], such ad value would correspond to too
analysis of Oliveiraet al. [8] for the !N ground state and large an isospin mixing, indicating a possible misidentifica-

also for the 'Be ground state in the recent analysis of thetion of theT=3 states in''C and/or*'B. S
1Be(p,d)1%Be reaction by Johnsoet al. [3]. Another possibility for the presence dfcoefficient in the

The 1~ level in 1N is strongly populated in most reac- IMME is the expansion of the wave function due to the Cou-
tions. The energy and widtfE=2.31(2) MeV and T lomb effects as the neutrons in the neutron-rich members are

—0.73(6) MeV obtained in this work agree very well within converted to protons. This expansion, due to the Coulomb
the experimental error with the values obtained in the earlief€PUISion, can be more pronounced for barely bound par-
experiment using the sam¥N(3He, He)!!N reaction by ticles in thes,, orbit. Although this effect has been estimated
Benensonet al, E=2.24(10) MeV andl’'=0.74(10). The to be _small for theA=9 quartet[26] (in the order of few
energy for this state is, however, about 200 keV higher her§€V), it has not been evaluated for a quartet where the
when compared with the other works. proton-rich member is unbound. A largk coefficient can

The energies and widths for the level at 3.78 MeV and also be originated due to a large differential energy shift
for the 2~ levels at 4.56 MeV obtained in this work are also P€ween theandp orbits and one of the mechanism for this

in good agreement with the values obtained in the othePhift S the 'I;Pomgs-Ehrman effef@7]. To explain the large
works. The fifth level at 5.91 MeV is strongly populated by Shift for the ~Be-""N mirror pair, Aoyamd 28] has proposed
this pickup reaction. It has been assumed that this level dghat Coulomb barrier top effect could produce a higher order
cays 101°C(3.35)+ p channel giving a relative angular mo- Thomas-Ehrman shift QUe to the difference between the mir-
mentum¢ =1 for the proton, which gives a reduced width Or corerN wave functions. ,
¥2=1.912 MeV. The larged coefficient of the IMME analysis for thé
=11 system is an open question and can be an interesting
problem to be investigated.

M(A,T,)=a+bXT,+cXT2+dX T3, (6)

VI. ISOBARIC MULTIPLET MASS EQUATION

The decay energy of 1.83) MeV for the3 ™ ground state
in XN would correspond to a mass excess of ME
=24.30(5) and for the 2.32) MeV 3~ state a ME The angular distributions have been measured for the first
=25.30(2) MeV is obtained. This value for the mass excessime for this 1*N(3He ®He)'N reaction. The angular distri-
of 1IN ground state would allow the sequential proton decaybutions for the low-lying states if*™N have shown distinct
of 20 through this state. behaviors, indicating that they may have different transferred

VIl. SUMMARY

064601-7



V. GUIMARAES et al. PHYSICAL REVIEW C 67, 064601 (2003

angular momenta. The" ground state of!N gives a weak ACKNOWLEDGMENTS

but statistically significant contribution to the present data.
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