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Abstract

The ground state and low-lying levels of the unbound "N nucleus were inves-
tigated with the three-neutron pickup reaction '*N(*He,°He)''N 'l he energics
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 DWBA analysis confirms the spin assign-

ments for the lowest levels
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I INTRODUCTION

The A = 11 system has been intensively studied because of the halo stiucture in "'Li and
the level inversion observed in ''Be, whete the lowest %+ level lies lower in energy than the
5 level expected as the ground state in the standard shell model This level inversion has
been paitly explained as due to halo formation by the weakly-bound valence neution [1],
although the association is still not (lear The valence particle in halo nuclei is usually in the
s-o1bit, for the ""Be ground state, most stiipping 1eaction studies and model calculations
have given s-wave spectioscopic factor of 0 7 o1 laiger [2], but one analysis of stiipping data
that takes into account recoil excitation and breakup effects has given a value as low as 0 19
(0 02) [3]

On the proton-rich side of the A=11 isobaric chain we have "N "N is the mittor nucleus
of the known halo nucleus '"Be and all its levels ate unbound for proton decay to '°C The
mvestigation of the structure of this nucleus would be interesting in association with the
1sospin characteristic of the halo effect  This nucleus was first investigated by Benenson el al
[4] using the "*N(*He,’He)''N reaction In this eatly wotk, only one clear peak was observed
at 2 24 MeV above the '°C+p threshold, and based on its measured width of 0 74(10) MeV,
the level was assumed to be %~ Due to the poor statistics of this experiment it was not
possible to observe the %+ level, which was predicted fiomn the IMME (Isobaric Multiplet
Mass Equation) to be 1 9 MeV above the proton decay threshold

Later, other 1eactions were used to investigate the stiucture of '"N Axelsson el al [5)]
and Markenroth et al [6] used the 1esonant scattering p('°C,''N) in inverse kinematics and
Azhari et al [7] measured the energy spectium of the proton decay fiom '"N Oliveita J1 el
al [8] and Lepine-Szily et al [9] used the heavy-ion tiansfer reactions and ""B('*N,""B)''N
L2ZC(MN,5C)''N, respectively The energies and widths of the levels observed for "N in
these experiments are shown in Table IT for comparison

The observation of the 1¥ ground state of ''N was first 1eported by Axelsson el al [7]

2

at 1 30(4) MeV, with a width of 0 99(20) MeV After this wotk some other 1esults {o1 the



N ground state have been 1eported Oliveira el al [8] gives the energy 1 63(5) MeV and
a narrow width of 0 4(1) MeV Azhari et al [7] observed a bately sepatable shoulder on the
low-energy side of the %_ peak, if il is due to the ,15+ ground state, it is at 1 45 (40) MeV
with a lower limit on the width of 0 4 MeV Maikenioth et al [6] observed the %+ level at
1 2710 08 MeV and with a broad width of 1 44(20) MeV As for the theoretical predictions,
Fortune et al [10] used a potential model to predict the %+ ground state at 1 60(22) MeV
with a width of 1 58F9 > MeV, while Batker [11] gave an eneigy and width with a potential
model of 1 40 MeV and 1 01 MeV (or 1 60 MeV and 1 39 MeV from an alternative model)
These and other theoretical values are also given in Table II

Thus, both the experimental and theoietical values for the eneigy and width of the %+
ground state of ''N show considerable variations It appears that not all of this is due to
the use of different definitions for the energy and width of an unbound level [I1] o1 due
to the different reactions used to populate this level The energy and width of this level
are significant in the consideration of a possible halo stiucture in "N Also, the energy and
width of the ''N giound stale ate very important in the interpretation of the two-proton
decay of the 20 ground state [12], wheie depending on the energy of this level, the exotic
diproton decay might be expected to compete with the sequential decay through the ''N
ground state

The three-neutron (*He,®He) pick-up reaction has been shown to be a very useful spec-
troscopic tool to investigate the structure of proton-rich nuclei near the proton diip line The
angular distribution measured for this reaction has shown a stiong dependence on the tians-
ferred angular momentum (L), and has allowed spin-pa1ity assignments for several levels in
Mg, 2°Si and "Ne in previous experiments [13-15] Here we give information on the giound
state and low-lying levels of the unbound "N nucleus obtained from the *N(*He,*He)''N
reaction

This paper is divided into the following sections the experimental setup and procedures

are described in Section II, while the experimental 1esults and R-mat1ix fits to the measured

spectra are given in Section III Section IV contains a DWBA analysis of the angulat distri-



butions and a discussion on the spin assignments for the ''N levels Section V is devoted to
a discussion on the energies and widths obtained for the ''N levels and section VI to a short

discussion on the implications in the IMME Finally, a summaiy 1s given in Section VII

II EXPERIMENT

The experiment was carried out with a sector-focusing cyclotion of the Center for Nuclear
Study, University of Tokyo, Japan The incident eneigy of the *He beam was 73 40 + 0 05
MeV and the average curient obtained was about 05 gA The beam was transported into
the scattering chamber, whete a gas taiget with 99 95% isotopically entiched "N, gas was
placed The gas cell was filled to a pressure of about 21 ¢m Hg during the measurements A
rectangular double-slit system was used to prevent particles fiom the windows (Havar foils)
of the gas cell fiom entering the detectors This double-slit system defined a solid angle in
the order of 1 to 3 mst, depending on the detection angle A *Mg metallic foil of 812420
pg/cm? thickness was also used as a taiget in a later 1un fo1 eneigy calibiation

The momentium of the ®He particles and other products from the 1eaction were analysed
by a QDD-spectiogiaph and detected by a hybiid-type gas proportional counter [16] This
proportional counter was specifically designed to minimize the background for this kind
of experiment and was placed in the focal plane A thin plastic scintillator was set just
behind the proportional counter for eneigy and time-of-flight measurements The particle
identification was performed using a set of signals, namely, the energy signal fiom the plastic
scintillator, energy loss from the proportional counter and time-of-flight The time-of-flight
was obtained from the time interval between the cyclotion-RF and the fast signal from
the plastic scintillator The vertical position, perpendicular to the ditections of momentum
dispersion as well as the particle tiajectory, was also measutred on the focal plane and used
to 1educe the background not arising fiom the taiget Pileup 1ejection was also applied to
reduce even more the backgiound since the cioss-section for this (*He,fHe) 1eaction is very

small



III ENERGY SPECTRA ANALYSIS

The momentum spectra for the outgoing *He nuclei were obtained at 8 angles (frap =
6 8°, 8 5°, 120°, 150°, 180°, 22 0°, 26 0° and 30 0°) The momentum spectrum measured
at Opag = 12 0° was converted to an eneigy spectium using the calibration obtained with
the known states of 2!Mg fiom the **Mg(*He,®He)*'Mg 1eaction [13], which was measured
with the 2*Mg solid target in the same experimental tun The momentum spectia al other
angles were then converted to eneigy spectra Eneigy spectia obtained at 8y ag = 6 8°, 12 0°
and 18 0° are shown in Fig 1, normalized for integiated chaige, effective taiget thickness
of gas cell and solid angles The uncertainties aie statistical ettors The eneigy in these
spectra corresponds to the eneigy above the '°C+p thieshold (decay eneigy), for which the
Q-value is -22 788 MeV The binning was set to 100 keV The overall energy resolution of
about 200 keV FWHM is due mainly to the different energy losses of the *He beam and ®He
particles in the gas target system

In the *N(*He,®He)''N reaction, the populated levels in ''N aie observed as peaks in
the 6He spectrum, because all levels of !N are unstable against breakup into '°C+p, these
peaks sit on a background due at least in pait to alternative 1eaction processes Also, for
energies above about 4 MeV, other bieakup channels, such as “B+2p decay, ate open

The experimental energy spectia, shown on Figs 1,2,3 and 4, present some well defined
and intensely populated peaks at 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 coiresponds to the
3/2% resonance, observed in pievious works [5,6,8,9] around 3 61-3 75 MeV On the low
energy tail of the much more stiongly populated 2 31 MeV peak a shoulder is visible atound
131 MeV The ground state 1esonance of ''N is expected in this eneigy region, previous
works have observed it around 1 27 to 1 63 MeV [5,6,3]

We therefore attempt to fit the observed spectia with a function of the form
N(E,0) = Y b(O)N:(E) + c(0) + d(O)Pi( E) (1)

where,



Ti(B)

M) = (A — )

The sum is over the levels of ''N, each of which is described by the one-level, one channel
approximation of R-matrix theoty [17] The decay width is given by I';(£) = 247 P;(#) and
Ai(E) = —72[Sd F) — Si(Ex)] Pi(F) and S;(E) ate the energy-dependent penetration and
shift factors for the '°C+4p channel The backgiound is assumed to be pait flal (to allow
for possible random coincidences) and part proportional to an s-wave penetiation factor for
the “B+2p channel, P,(£) For each channel, we use the conventional value of the channel
tadius a = 1 45(/4}/3 + AL/*) fin [17] Then, fo1 each ''N level i, the adjustable parameters
are 1esonance eneigy £, teduced width ~7, and stiength b;(8) The b;(8), ¢(8) and d(8) are
independently adjustable at each angle

In order 1o fit the data for E < 75 MeV, we include contiibutions [tom six levels in '"N
The factors P;(F) and S;(F) in Eq (1) depend on the relative angular momentum ¢; for

their decay into the ""C'+p channel, and thus, on the total angular momentum assigned for

. +
gach level in "N Here, we have assumed J™ - )

1= 5
2 02 12

[V

\ g_ and %_ for the six lowest
levels in ''"N These assignments ate based laigely on the levels shown in Fig 1 of Ref [18§]
(for the mirtor nucleus ''"Be) For the *N(*He,®He)''N 1eaction, thiee-neution pickup can
populate directly Cohen-Kurath (CK) states (states in a p-shell basis), so that in the 1egion
studied, one might expect the 37,37.27 and 37 states to be formed stiongly Population
of positive-parity states based on a '°C core would require a two-step process, and thus one
would expect the low-lying %+ and %+ states to be formed more weakly These assignments
for the four lowest levels in ''N have been adopted pireviously [5-9] The 5 fifth level would
require £ = 3 protons to decay to the ground state of '°C', and these are not present in a Ck
state, so it is assumed that this level decays to '9C(2%) + p with £ = 1 protons [7] For the
other five levels, we assume decay to '"C(0%) + p with ¢, = 0, 1., 2, 1 and 1, 1espectively
In a simultaneous fit of the data for all eight angles, there are 608 data points and 76
adjustable patameters In principle, there could be interference between the contiibutions

from the different levels, this has been neglected in Fq (1) for simplicity, as the additional



parameters required with interference could not be well detetmined with the available data

For comparison with the data, the function N(£,8) given by Eq (1) is smeated over
the experimental energy resolution of 200 keV The best fit to all the data has \? = 748
This fit is shown in Fig 1 for thiee of the angles The Figs 2 and 3 show the spectia
between 0 and 3 5 MeV for all 8 angles measured on an expanded scale In order to impiove
the statistics and to better determine the parameters of the levels, a summed spectium was
obtained by adding the normalized eneigy spectra fiom each angle, with the uncertainty at
each energy in the sum spectium equal to the squaie 100t of the sum of the squares of the
uncertainties in each individual angle spectium The best fit to the sum spectium is shown
in Fig 4, it has a %, = 100 2, for 76 data points and 20 adjustable parameters, giving a
reduced x2 =179 The values of the parameters E,;, y? and b; ate given in Table I, together

with derived values of the obseived width T defined by

Y =Ti/[1 + 4/(dSi/dE)E,] (3)
with T'; = 242 P,(E,;), and of the peak atea A; defined by

A; = mbif[1 + ~7}(dS:/dE) R, (4)

The uncertainties in these parameters coirespond to increases in y? to x2. + 2
For comparison with values obtained by other experiments and theoietical predictions we
give in Table II the correspoding values of the peak energy £, (eneigy for the maximum
contribution of the level to the calculated spectium) and the correspoding FWHM, T',,,
where average uncertainties aie given

Because the ground state is sitting on the tail of the 2 31 MeV peak, which is populated
much more strongly, and because of the eneigy resolution, one does not see a giound-state

» pea ”

in the experimental data, but at most a plateau o1 shoulder, as is shown in the solid
curves in Figs 2 - 4 To investigate if the evidence for the ground state i1s statistically
significant, we have fitted the summed spectrum for E = 0 - 5§ MeV with and without a

contribution from the ground state (and with fixed values ol the parameters for the levels



5 and 6, and of the background parameter d) The best fit with the ground state included
has y? = 51 6, while the best fit with no contiibution from the ground state has \? = 124 4
The contiibutions to % fiom the 1egion E = 1 - 2 MeV for these two cases ate 11 6 and 78 0
tespectively This shows that the ground state is contiibuting significantly to the present
data Also, this peak/shoulder has 350 £ 48 counts summing all angle spectia, and thus, a

statistical significance of 7o

IV ANGULAR DISTRIBUTION ANALYSIS

From the simultaneous fit to all the spectia, values are obtained for the differential cross
section for the "N(*He,*He)''N 1eaction at eight angles for each level in ''N, and these ate
shown 1n Figs 5 and 6 o1 the fiist five levels The measured differential c1oss sections are
in general very small, being in a 1ange of a few tens of nb/s1 for the ground state and a
few hundreds of nb/s1 for the other levels, the sixth level is too weakly populated by this
teaction for its angular distribution to be significant The uncertainties on the experimental
differential cross-sections were obtained by taking into account the following uncertainties,
the statistical uncertainties in the yield and in the backgiound under the peaks, the uncer-
tainties in the target thickness and solid angle, and an estimated uncertainty between 10
to 15 % due to the deconvolution of the peaks The final values of the uncertainties were
estimated to be between 12% and 30%, except for the ground-state where the uncertainties
are in the range of 40% to 50%

The analysis of the characteristic behaviot at the forward angles in the experimental
angular distiibutions has been made in terms of the exact finite-range Distorted Wave Boin
Approximation (DWBA), using the computer code TWOFNR [19] The optical poten-
tial parameters used in the DWBA calculations were basically the same as used before in
the analysis of angular distiibutions for the *Mg(*He,®He)?'"Mg 1eaction [13] and for the
*'Ne(*He,*He)'"Ne 1eaction [15] and they are listed in Table TIT A change in the 1eal 1adius

of the outgoing channel fiom 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
parameters of the 3n-cluster in N and ®He the conventional ro = 125 fm and ¢ = 065
fm were adopted The radius was defined as R = rq A'/3, and the potential depths were
adjusted to reproduce the binding energies

In the case of the "*N(*He,%He)''N 1eaction, the spin of the '*N taiget nucleus is 1T and
for 3He it is %+ and thus, more than one transferred angular momentum L can contribute
to produce the angular momentum J of the final state in the 1esidual ''N nuclei For
instance, to produce the final J™ = %+ state, the reaction can proceed by tranferting angular
momentum L=0 and/or L=2, to give J" = 2~ by L=1 and/o1 L=3, and J* = -:3—+ by L=2
and/or L=4 However, for J™ = %— only L=1 is possible The parity of any transition is

given by 7 = (1)

Any transitions should also satisfy the energy conservation 1ule [20],
Z(Zni + lz) = 2Nj + Lj 4+ 2v 4+ )\, (5)

where n; and [; are the number of radial nodes (excluding the origin) and the orbital angular
momentum of each constituent nucleon in the shell model, N; and L; (; = 1,2) are the
number of radial nodes and the oi1bital angular momentum of the 3n-cluster relative to the
core of the outgoing nucleus and the 1esidual nucleus, respectively The numbers v and
A stand for the number of radial nodes and angular momentum of the internal motion in
the 3n-cluster  Since a direct one-step pirocess of a 3n-cluster tiansfer was assumed for
the (*He,%He) 1eaction, the quantum numbers for the internal motion of all thiee identical
fermions are v = 0 and A = 1 for the tiansitions to the low-lying states This implies that
the 3n-cluster in ®He should have J7 = %_ and L, = 1, N, = 0 for the motion with 1espect
to the ®*He core Thus, for the low-lying states of the 1esidual nucleus, the 3n-cluster in "*N
should have L; = 1, N; = 1 for the motion with 1espect to the ''N core for . = 0 transitions,
where [, = El + E2 For transitions with I = 2 we have 2N; + L; = 3 for ''N, which gives

two possibilities for the quantum numbers of the relative motion Ly =3, Ny =001 I, = 1,



N; = 1 These two possibilities for the quantum numbers did not change significantly the
positions of the maxima and minima in the calculated angular distiibutions, but, since they
give small changes in the 1elative intensity of the maxima, the set that better 1reproduced
the experimental angular distributions was chosen, and they are indicated in Figs 5 and 6

The results of the DWBA calculations for the angular distributions are presented in
Figs 5 and 6 Since few angles have been measured and due to the complexity of this
reaction and of the approximations assumed in the calculations, such as the cluster tiansfer
of thiee neutions, only a qualitative analysis of the angular distiibutions is possible A
notmalization of the calculated angular distiibutions to the data has been applied The
angular distributions calculated by the DWBA show stiong oscillation and distinct patterns
at forward angles for differtent L. The general shapes of the angular distiibutions at forward
angles and the oscillations phases (maximum and minimum angles) were reasonably well
1eproduced by the calculations As can be seen in the Figs 5 and 6, there is a smooth
shift of the first minimum angle as a function of L (G¢cy = 11° for L = 0, Ocp = 16° for
L =1, and so on), which supports the general feature of I dependence, as expected in direct
multinucleon transfer 1eactions [20]

For the transition to the I 31 MeV ground state, shown in Fig 5, the angular distiibution
seems to be reasonably 1eproduced by a DWBA calculation with L, = 0 only This level would
correspond to an sd-shell proton coupled to '°C, i e, '°C(07)®&72s1/, and/or "°C(2Y)@nds),
configurations Unfortunately, since we can not get a quantitative contribution fiom the two
possible angular momenta tiansferred, it is not possible to cleaily distinguish between these
two possible configurations with the present angular distiibution analysis

For the 2 31 MeV tiansition, which is the well known %— resonance, the angular distiibu-
tion seems to be due to I, = 1 angular momentumn tiansferted, as expected The other level
in "N which has a firmn spin assignment is the %Jr level at 3 78 MeV This ds;, 1esonance

has been strongly populated in the two heavy-ion transfer reaction, "*C(**N,"*C)'"'N [8] and
YB(*N,B)!'N [9], but is not as stiongly populated by the (*He.®He) 1eaction This g+

level also would cortespond to an sd-shell proton coupled to C. i e, °C(0") @ nds,,



and/or '°C(2%) ® 72s1/, configurations

Thus, the first three lowest levels in ''N have an established spin assignment and ou

. . + -
data confirm them In particular, our data confirm the assignment J© = 17 and J™ = 15

(]

for the first two transitions, which shows the same spin inversion for the giound-state spin
as observed for ''Be

The 4 56 MeV level and, in particular, the level at 5 91 MeV are stiongly populated by
this 3-neutron pickup 1eaction The angular distribution for the 4 56 MeV level seems to
be well reproduced by a combination of L, =143 angular distiibution, which would favor a
negative parity assignment, see Fig 6 This L assignment and the nattow width observed
for this level in this and in the other experiments [7-9] would indicate that it is the analog
of the J* = 27 state at 2 69 MeV in ''Be [23] The level at 5 91 MeV has been tentatively
assigned by the other experiments as J™ = g_, based on shell model calculations for "N
[7] The angular distribution for this level seems to be 1eproduced by an I. = 3 angula
momentum transferred, although L. = 2 is also possible (dashed line in Fig 6) L =3 1s

consistent with the 2™ assignment

V DISCUSSION ON THE ENERGIES AND WIDTHS

The energies and widths E,, and T',, obtained in this work for the six lowest levels in ''N
and their uncertainties are presented in Table II, where they are compated with the values
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, although
some important differences are apparent The %+ ground state is observed at 1 31(5) in this
work This value agrees with the energy obtained by Maikenioth ef al [6] and Axelsson
et al [5] but is lower when compaied with the 1esults by Oliveira et al [8] The width
for this level is obtained in the range of I' = 0 to 500 keV, and it is in better agieement

with the value obtained in another transfer reaction experiment by Olivena et al , which

gives '=400(100) keV As pointed out by Barker [11], there may be some difference in the



definitions of energy and width for unbound levels used in these experimental works, and
although all the definitions are expected to give practically the same value for nattow levels
they can differ for broad levels However, even by taking into account possible diferences in
the energy and width definition for the %+ level, the difference [tom the 1esonance scattering
and transfer 1eactions wotks seems to be too laige The width for this state is ditectly related
to the single particle natuie of this state  Assuming I';,=1 28 MeV, fiom Shert and Fortune
[24], we obtain a spectioscopic factor in the tange of 01 to 0 2 This low spectioscopic factor
would be consistent with a laige d-wave admixture in the configuration of the J™ = %Jr level
A similar value for the spectioscopic factor is obtained in the analysis of Oliveita el al [3]
for the ''N ground state and also for the '"Be giound state in the 1ecent analysis of the
Be(p,d)'“Be reaction by Johnson et al [3]

The %_ level in ''N is stiongly populated in most 1eactions The energy and width
£=231(2) MeV and I'=073(6) MeV obtained in this work agiee very well within the
experimental ertor with the values obtained in the earlier experiment using the same
"“N(*He,’He)"'N reaction by Benenson et al , E=2 24(10) MeV and I'=0 74(10) The energy
for this state is, however, about 200 keV higher here when compared with the other works

The energies and widths for the §+ level at 3 78 MeV and for the g— levels at 4 56
MeV obtained in this woik are also in good agieement with the values obtained in the other
works The fifth level at 5 91 MeV is strongly populated by this pickup 1eaction It has been

assumed that this level decays to '°C'(3 35)+p channel giving a 1elative angular momentum

¢ =1 for the proton, which gives a 1educed width v?=1 912 MeV

VI ISOBARIC MULTIPLET MASS EQUATION

The decay energy of 1 31(5) MeV for the %+ giound state in "'"N would correspond 1o
a mass excess of ME = 24 30(5) and for the 231(2) MeV ;~ state a ME = 25 30(2) MeV
is obtained This value for the mass excess of ''N giound state would allow the sequential

proton decay of 'O through this state



The isobaric multiplet mass equation (IMME) 1elates the mass excess of the four members

of an isobaric multiplet by the following expiession
M(AT,) =a+bx T, +exT?+dx T2, (6)

where T, is the isospin projection and a,b, ¢ and d are the coefficients

The most important coefficient to test the IMME equation is the d coeflicient If the
charge-dependent interaction is two-body and tieated as a fitst order perturbation and if
the isospin mixing is neglected, then the d coefficient should be zeto In terms of the mass

excess of the quartets it 1s given by

d= é X (]‘/[113e — ]WuN) - % X (IWu( — A’IUB), (7)

A compilation of d coeflicients fo1 twenty-two isobatic quartets from A=7 to A=41 has
been made by Antony et al [25] It was found that they are cousistent with zero, the upper
limit of their absolute values being atound 7 keV, except for the A=9 which has a nonzero
coefficient (5 241 7) keV The d coefficient determined hete for the 1™ state are consistent
with zero However, for the %+ state the value obtained is d = 102(30) keV As pointed out
by Sherr and Fortune [24], such a d value would coirespond to too laige an isospin mixing,
indicating a possible misidentification of the T = 2 states in ''C and/o1 ''B

Another possibility for the presence of d coefficient in the IMME is the expansion of
the wave function due to the Coulomb effects as the neution in the neutron-rich members
are converted to protons This expansion, due to the Coulomb repulsion, can be more
pronounced for barely bound particles in the s,/, orbit ~Although this effect has been
estimated to be small for the A=9 quartet [26] (in the order of few keVs), it has not been
evaluated for a quartet where the proton-rich member is unbound A laige d coefficient can
also be originated due to a laige differential energy shift between the s and p orbits and
one of the mechanism for this shift is the Thomas-Ehiman effect [27] To explain the laige
shift for the ''Be-!'N mirror pair, Aoyama [28] has proposed that Coulomb barrier top effect
could produce a higher order Thomas-Ehiman shift due to the difference between the mirtor

core+ N wave functions



The laige d coefficient of the IMME analysis for the A=11 system is an open question

and can be an interesting problem to be investigated

VII SUMMARY

The angular distiibutions have been measuted for the fitst time for this "*N(*He,*He)''N

teaction The angular distiibutions for the low-lying states in "N have shown distinct

. . . . . +
behaviors, indicating that they may have diflerent tiansferied angular momenta The I

ground state of "' N gives a weak but statistically-significant contiibution to the present data

. . - . . + -
An analysis with DWBA calculations confitms the assignment of J™ = 15 and J" = ]5 for

the ground state and the fi1st excited state Thus, in "N, the anomalous situation that the

+ - ) .
% state comes lower than the % is the same as observed in ""Be The nartow width found

. . + .
in this work for the 17 ground state favors a small spectroscopic factor
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FIG 1 SHe energy spectra from the 'N(*He,®He)!'N reaction at the laboratory angles indi-

cated Energies are measured from the '°C+p threshold The solid curves show the best fit to the
measured data at eight angles, using Eq (1) smeared over the experimental resolution of 200 keV
The dashed curves are the individual contributions (unsmeared) from each level included in the

analysis The dotted curves give the background contribution
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TABLES

TABLE 1 Values of !!N level parameters from the best fit to summed spectrum Energies are

measured from the '9C+p threshold All the energies and widths are in MeV

Level J7 {; E,; 73 b; Y A;

1 1+ 0 132310058 0 291943 26 0241929 77

2 ' 1 2 35510 018 0 907 09 631 07610 oa 1630
3 s+ 2 3 79419 U59 0 88193 261 0 56191 676
4 3= 1 4 55910011 011749023 437 0 281008 1359
5 2” 1 6 03019 032 1511912 2288 1457013 5521
6 3= 1 681102 0 00219 537 4 0011034 13




TABLE II Decay energy above the °C+p threshold and widths of the !N resonances mea-

sured in this work and from the references indicated All the energies and widths are in MeV

Experimental papers

This work Oliveira et al [8]*) Lepine-Szily et al [9]") Markenroth et al [6]) Axelsson et al [5]
Jr Emn [m Edccay r Edccay r Edccuy r Edeca.y r
Y 131(5)  024(24) 163(5) 04(1) - - 1271508 144(20) 130(4) 099(20)
17 231(2) 073(6) 216(5) 025(8) 218(5) 044(8) 201(15) 0 84(20) 204 069
- 3.06(8) <010(8) (292) (01) - - -
g+ 378(5) 056(17) 361(5) 050(8) 363(5) 040(8) 375(5) 0 60(5) 372 0 60
37 456(1) 030(5) 433(5) 045(8) 439(5) <02(1) 433(5) 027 432 007
(37)591(3) 130(9) 598(10) 010(6) 587(15) G 7(2) - - 5 50 15

(37) 680(30) - 6 54(10) 0 10(6) - . -

Theoretical papers

Fortune [10] Barker [11] Descouvemont [21] Grévy [22]
I Edecay I Edecay I Edecay I Edecay r
1 160 158 14 101 11 09 12 12
17 249 145 221 691 16 03 21 10
3 390 088 388 072 38 06 37 10

a) using heavy-ion transfer reaction **B(**N,"*B)!'N at GANIL
a) using heavy-ion transfer reaction *C(*N,"*C)!!N at GANIL
c) using resonant scattering p(*°C,'!N) reaction at GANIL and MSU

d) using resonant scattering p(*°C,''N) reaction at GANIL



TABLE Il Optical and binding potential parameters

set |4 TR aRr Wy o) ry ar r¢
(MeV) (fm) (fm) (MeV) (fm) (fm) (fm)
3He + N 160 00 1633 0 375 35 00 1015 1767 13
6He + ''N 64 70 1 350 0717 13 00 1 500 0 800 13
3n + ''N a) 125 065
3n + 3He a) 125 065

a) The depth was adjusted to 1eproduce the binding energy
b) The imaginaiy potential is a volume type Woods-Saxon potential for both systems

c) The radii are given by R, = r, X Mle"/ 3




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

