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Observation of the particle-unstable nucleusN
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For the first time evidence of the ground state of the proton-rich, unbound nd@eims been found in the
multinucleon transfer reactiotfB(**N,**B)*°N. The observed resonance ¥\ has a mass excess of 3818
MeV and a width ofl'=2.3(16) MeV, close to the Audi-Wapstra estimation of 38)3VieV. 1N is the last
missingA= 10 multiplet partner.
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. INTRODUCTION the ground state and excited resonances of the recoifiNg
nucleus. Although th& value of the reaction is more nega-

Light nuclei with large neutrorfor protor) excess have tive and the cross sections are somewhat lower, nevertheless
raised much interest in recent years, both from experimentahe reaction is less selective, populating all resonances with
and theoretical points of view. They provide a benchmark forsimilar strength.
nuclear structure models under extreme conditions of high There are no three-nucleon transfer reactions with stable
isospin and low binding energies. Among their interestingtarget and beam combinatio(stable beams are much more
aspects, we can cite the inversion of the normal shell moddntense than radioactive beamwhich yield N as a recoil
ordering for energy levels, for example, the lowering of thenucleus. Thus, we have chosen the four-nucleon transfer re-
2., level below the by, in *Be. The ground state of the action “B(*N,*B)!N to populate the resonances of the
neutron-rich 'Be nucleus is 1/2, instead of the predicted ecoiling u.nbour?dloN nucleus. TheQ value for this reac-
1/2". The same inversion can be observed in its mirror part{ion. despite being very negative, is comparable to the
ner, the unbound neutron deficielN nucleus recently stud- values of the otﬂer possible four-nucleon transfer reactions,
ied by transfer reactiorid,2]. The excited resonances tiN based on*C or N targets. The same combination of beam

show a level scheme similar to its mirror partriéBe, pre- and target has given good results for the study'di. As a

dicted by the charge independence of the nuclear force. Thrgatter of fact, these measurements were performed simulta-

10,1 H
qguenching of the shell model magic numbers, eNy 8 eously for the™*N nuclei.
near to the neutron drip line is another unusual aspect re-
cently observed. Among the unexpected properties observed
for nuclei on the neutron drip line, the most spectacular isthe We have studied at the Grand Accelerateur National
existence of a neutron halo, present in some neutron-ric’lons Lourds(GANIL) the unbound'°N nucleus using the
light nuclei such ast'Li, 1'Be, ®8He, ®He, etc. The largest multinucleon transfer reactiot®8(**N,'*B)°N. We have
effect can be seen iMLi, where two weakly bound valence chosen the energy of tHéN beam to be 3@MeV, where the
neutrons penetrate the potential barrier, extending well behighest yield of transfer cross section is expected. The trans-
yond the radius of the core nucleus. The study of the unfer probability, in general, exhibits a maximum at the Fermi
bound *°Li is important for the understanding of the struc- velocitiy of the valence nucleorid4], which would corre-
ture of 11Li. This nucleus has been extensively studied in thespond to 20-30AMeV for the incident beam energy. The
past years, without reaching a consensus on its structuisotopically enriched'®B target was a “sandwich” of four
[3—12]. The unbound'®N nucleus, its mirror partner, should targets with thickness of 0.1 mg/éneach. Thel%B targets
have a similar structure and level scheme. It is predicted thad some content of'B and impurities of'®0 and *°C. To
be unbound: recent extrapolatigt3] predicts its ground determine the contribution of these other isotopes to the
state to be~2.3(4) MeV above the proton decay threshold spectrum, we also performed measurements on an isotopi-
of °C+p. The study of unbound, proton-rich, light nuclei, cally enriched'!B target(0.2 mg/cn?), on a “sandwich” of
such as'®!N, can shed some light on these interesting probiwo Li,O targets(each of them 0.15 mg/ctrevaporated on
lems. The structure of these unbound nuclei can also be reb0 wg/cn? carbon backing and on a 0.5-mg/cfcarbon
evant in astrophysical calculations. target.

Recent measurements of the three particle transfer reac- The ejectiles were analyzed by the high-precision mag-
tions 2C(*N,1°C)IN [1] and 1%B(**N,°B)!!N [2] have netic spectrometer SPE{J5]. The laboratory angles sub-
shown that the latter reaction was better adapted to populatended by SPEG wergé=1.2°—-4.5° andp=0°=*+2.0° in the

Il. EXPERIMENTAL METHOD
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108(14N,1?B) 1N, Qo=—15.793 MeV,
E|ap(9.5)=403.1 MeV, (1)
HB(1N,12B) BN, Qu=-7.184 MeV,

Eiap(0.5)=413.1 MeV, 2

Z (channels)

160(14N,12B)18Ne, Q,= —20.562 MeV,

Eiap(0.5)=400.1 MeV, 3)

TLi(1N,1%B)%B, Q,=—8.013 MeV,

Nq (Channe|S) E|ab(gs):4098 MeV, (4)
FIG. 1. Part of the two-dimensional particle identification spec- 12C(1%N,1%B)¥0, Qu=-18.513 MeV,
trum measured on th&B target. Due to the very good resolution
all mass groups are well separated, in particular, the clear separation E.5(9.8)=401.0 MeV. (5)

between the*B and the'Be** nuclides is to be observed.
In Fig. 2 are shown the energy spectra of the intense

horizontal and vertical planes, respectively. The standar&l_ANylzB) reactions on theB, '8, %0, and '*C targets,
SPEG detection system was uddd]; it includes two drift Wl.th an energy binning of 166 keV/channel. The 'fII‘St. panel
chambers, an ionization chamber, and a plastic scintillatof™19- 2@ showsothe energy spectrum of 8 ejectiles

for the focal-plane position, the energy-lossE), and re- measured on theB target.

sidual energy measurements, respectively. The time of flight 1 Ne MOSst energetic peakisetween 404 and 41% Me\are
(TOF) was measured using a fast scintillator signal with re-0U€ to reactions on th¥8 impurity content of the'’B target
spect to the cyclotron radio frequency. The two-dimensionafiNd c@n be compared to the peaks in the lower figrg.
particle identification spectrunz(vs A/q, whereZ andA/q 2], measured on the isotopically enrichet target. The

are calculated from\E and TOP allows a clear separation correspondence between the two spectra allows to calculate
of all mass groups. We present in Fifj a typical particle f[he amo.unt.of impurity content in th’é’l__% target and subtract
identification spectrum measured with th# target. Three ItS contribution. 'E]e peaks observed in the energy spectra of
Z values can be observed on the expanded spectrum corri€ “BC™N, 1133) N reactions correspond to well known
sponding to Be, B, and C isotopes, where the C isotopek‘?"elrS of the ™N nucleus at 0.00 MeV (172, 3.55 MeV
were observed in thg=5" charge state. We can observe the(2/2), 7.15 MeV (7/2), 8.91 MeV (1/2'), and 11.53 MeV

very good resolution of the SPEG detection systerd and ~ (5/2")- Only the ground state of th&N nucleus is bound,
A/q. In particular, thel%B ejectiles were produced with a all excited states are unbound. The "l/&sonance at 2.36
very low cross séction (@—2n exchangg however they MeV is practically unpopulated in this reaction. Each level

could be identified and well separated from the much mor&©Pulated in the reaction appears as a doublet in the energy

. i . i 1
intense1'B4* mass group. The reaction products were mo-SPectrum: the more energetic peak corresponds to tBe

mentum analyzed by the horizontal and vertical position€iectile in its 1" ground state and ghe lower energy peak
measurements carried out by the two drift chambers. Théndicated by 3 corresponds to thé’B ejectile in its 2"
positions &,y) and the anglesé, ¢) of each particle in the excited state at 0.953 MeV. Other_bound excited statd€if
focal plane were reconstructed by two position measuredt 1.673 MeV (2), 2.621 MeV (1), and 2.723 MeV (0)
ments 1.2 m apart. The scattering ang®g,,, calculated aré not populated in this rﬁaction.l'zl'he dllgferentlal Cross sec-
from the measuredd ) angles, range from 1.2° to 4.9° 10N at®,,=3.05° for the 'B( "N, "By 5) "Ny s reaction is
and the medium angle was 3.05°. Two-dimensional plots oft(2) #b/sr. _ e 1o 12 _

the focal-plane position versus scattering angle were used to 1he peaks corresponding to théB(*N,*’B)*N reaction

perform the kinematical corrections. begin atE,,=403 MeV in the upper energy spectrum,
measured on thé®B target. The peaks correspond to well

known levels of the'’N nucleus at 0.00, 0.961.19,1.8, 3.13
and 4.14 MeV. The peak aroufitf =1 MeV is broader and
can be due to the population of the 0496.19 MeV doublet
The momentum and energy calibrations were easily perin 12N with the 1B ejectile in its ground state or the 0.953
formed with the §N,?B) reaction on the'®B, B, Li,O, MeV excited state of thé?B with the >N in ground state.
and *°C targets. TheQ values and ejectile laboratory ener- The small peak at 401 MeV can be due to the 1.8 MeV
giesE,,p, leading to the ground states of th¥N,'%B) reac-  resonance int2N or the mutual excitation of thé?B ejec-
tions on the target components are tile(0.953 MeV) and the unbound®N resonances at 0.96

Ill. RESULTS
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be seen as a small peak at 401 MeV, as well as the first

- excited unbound resonance at 5.17 MeV, while a resonance
Tl - —"°B("N,"”B)"*N at 6.79 MeV is strongly populated. The estimation of the
Ml & <o © + amount of'%C impurity in the 1B target is subject to a larger
11 1451 129113 error due to its position at larger excitation energies, but due
B("N, B)°N . L . 7
+ to this same reason its importance will be negligible at the
16 A+ 120 18 energies of interest. The differential cross section®af,
O("N,"B) "Ne =3.05° for the *’C(*N,B,¢)**O(6.79 MeV) reaction is
150120) ubl/sr.
] The (**N,*B) reactions on the'®B, B, °0, and 'C
0.0 '\v’L_Jh"nlLJ\J\ targets were also measured simultaneously. The results have
" ] ' 1 ' I ' I ' I . . .
M A2+ 12013 already been publishd@] and confirm the same energy cali-
oy B("N,"B)"N | |u“%_ | brations and target contaminations obtained by i, £B)
0 © o
: o

reactions. The analysis of thEB(*N,**B)!!N reaction al-
lowed the observation of the ground state and six excited
states of !N [2].

counts
o

A. The (**N,%B) reactions

The Q values and ejectile laboratory energifg, leading
to ground states of thé“{N,“B) reactions on the target com-
= ponents are

108(14N,1B) 10N, Qu=—47.250 MeV,

.79 |
517

120(14N,1ZB)14O d)

4 I
| [
2X1O4—j:‘j\\; : *Q
o
0 . : ™

1 I ' 1 M I '
395 400 405 410 415

Ejap(9.S)=373.2 MeV, (6)

UB(MN,“B)IIN, Qu=—36.750 MeV,

E_.(MeV) Elan(9.8)=385.4 MeV, (7)

FIG. 2. Energy spectrél66 keV/channglof the (“N,?B) re- 160(1*N,¥B)1®Ne, Q,=—49.527 MeV,
actions on theé”®B (a), B (b), Li,O (c), and *?C (d) targets used in
the experiment. The peaks correspond to well known levels of the Eap(9.5)=372.9 MeV, (8
final nuclei 1N, 3N, ®Ne, and O, with the ejectile’?B in its
ground state or in its first excited stateE&t=0.953 MeV, indi- Li(*N,“B)"B, Qo=—33.764 MeV,
cated by an asterisk. The figure also shows that'fBetarget had
"B and °O contamination and the comparison between spectra has Eap(0.5)=387.1 MeV, (9)
allowed the determination of the amount of impurity content in the
198 target, as well as the pr'ecise_gnergy calibration of the energy 12C(14N,14B)120, Qo= —52.680 MeV,
spectra. The subtraction of impurities can thus be performed. De-
tails of the analysis are described in the text. Ei.p(0.5)=368.3 MeV, (10)

+1.19 MeV. The differential cross section@t,,,=3.05° for ~ where we have used our recently measUy@dmass excess
the 1°B(*“N,*?B, ;) ”N, s reaction is 6.49) ubisr. value of 24.6180) MeV for the N ground-state reso-

The energy spectrum of th¥B ejectiles measured on the nance,A=38.5(4) MeV for the !*®N [13], and the Audi-
Li,O target is presented in Fig(@ and shows that this Wapstra[16] mass excess values for the other nuclei.
target was well positioned and endured the beam. The yield The ejectile 2B has only two particle-stable states, its
due to the’Li( **N,*?B)°B reaction is negligibly small when ground state withl”=2" and its first excited state at 0.74
compared to thé®O(**N,*?B)®Ne reaction. The ground and MeV excitation energy with”=1". The Q values in the
first excited states of th&®Ne nucleus are weakly populated Egs. (6)—(10) were calculated with'“B in its ground state.
while the 4" state at 3.37 MeV and a state at 5.58 MeV areThe N ground statéprobably also a 2 state, by analogy
strongly excited. These same states can be observed on thwth °Li) is probably more strongly populated in conjunc-
energy spectrum of thé% target, allowing to obtain its tion with the 2 ground state of thé*B ejectile, than with its
amount of oxygen impurity content from the comparison of1~ first excited state. The reason for this selectivity is that in
both spectra. The differential cross sectiongt,=3.05° this case all nuclei involved in the reaction have an unnatural
for the *O(*N,'™B, ) *®Ne(3.4 MeV) reaction is 2484)  parity (*°B and *N have, respectively, 3 and 1" ground
wh/sr and for the/Li( N, 2B, 5) °By s reaction is §1) ub/sr.  states.

In Fig. 2(d) the energy spectrum measured on tHe In Fig. 3 are shown the energy spectra of the weak
target is presented. The ground state of #f@ nucleus can (}N,*B) reactions on the'®B, 1B, %0, and 'C targets,
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FIG. 4. (a) Energy spectrd550 keV/channelof the (**N,'*B)

FIG. 3. Energy spectrés50 keV/channglof the (“N,B) re-  reactions on the"’B target (solid line), on the B target (dotted
actions on the'® (a), *'B (b), Li,O (c), and *°C (d) targets. The line), and on the LO target(solid line), where counts WitrE,,,
dotted lines inb) and(c) are the spectra with energy binning of 550 =372.88 MeV were rejected. The normalizations factors were de-
keV/channel. The solid lines were obtained by an additional comtermined from ¢N,?B) reactions and took into account the
pression of a factor 2 on the energy scale. The arrows indicate thgmount of impurity content in thé®B target.(b) Energy spectrum
positions of the ground-state energies of the various reactions.  obtained after subtraction of the target contaminants. The two

curves correspond to two different normalization factors for'fi@

with an energy binning of 550 keV/channel. All energy SpeC_subtraction. The statistical error of the subtracted spectrum is also

tra present very low statistics, due to the very nega@ve indicated.
values. The energy spectra of th&N,'?B) (Fig. 2) and
(**N,B) (Fig. 3 reactions were obtained simultaneously verify that the slowly decreasing background between 375
(see Fig. 1using the same targets, thus the same momenturand 390 MeV, in Fig. @), is due to reactions on thé&'B
and energy calibration can be used for both reactions and tteontent of thel®B target. Using the normalization factéof
amount of impurity contents determined with théN,*?B)  the B impurity amount in the'°B targe} obtained from the
reactions can be used for the subtraction of the energy spe¢¥N,1?B) reaction and subtracting the normalized spectrum
tra of the ¢“N,'*B) reactions. of Fig. 3b) from that of Fig. 3a), the whole flat background
The upper pandlFig. 3(a)], which has the best statistics, between between 375 and 390 MeV disappears. This is
shows the energy spectrum of th#8 ejectiles measured on shown in Fig. 4. Thus the subtraction of tH&8 impurity
the 1%B target. It clearly shows a broad peak aroufg, content can be performed in a straightforward way. The dif-
=373 MeV ejectile energy, which corresponds to the ex-ferential cross section corresponding to fB(*/N,B)'N
pected position of the ground-state resonance%f [13]. reaction is 41) nb/(sr MeV) between 372.5—-373.5 MeV.
This peak is superimposed on a background, which is fairly In Fig. 3(c), we present the"’B spectrum on the LO
flat and low between 375 and 390 MeV and which increasetarget. The solid line corresponds to the compressed spec-
rapidly for lower ejectile energies. The differential cross sectrum while the dotted line corresponds to the spectrum be-
tion corresponding to the ground-state resonancé®fis  fore additional compression, as in Fig(bg Again the
0.7+0.2 nb/sr. Li(1*N,%B)’B reaction has a smallé® value and the po-
The energy spectrum measured on tHB target[Fig.  sition of the 7Bg,5, resonance at 387.1 MeV is indicated by
3(b)] presents no statistically significant peaks and its energgn arrow. The threshold for th&O(**N,*B)*Ne reaction
axis was further compressed by a factor of 2 in order tds at 372.88 MeV. Thus, the yield witg,,=372.88 MeV
diminish statistical fluctuations. The solid line corresponds tocan come only from the’Li content of the target and
the compressed spectrum, while the dotted line to the speavas rejected. Unfortunately this yield is not negligible, indi-
trum before additional compression. When we compare theating that not only aE,,,=372.88 MeV but the whole
spectra on'®B and B targets[Figs. 3a) and 3b)], we  energy spectrum is affected by tAki( **N,*B)’B reaction.
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Thus the B spectrum measured on the,Oi target and 50 . —
multiplied by the normalization factor determined from 40'_ 108(14N 14B)10N
the %0(**N,*?B)'®Ne reaction measured with the same A ’
Li,O target is overestimated forE,,<372.88 MeV. 30|, X2=19 b)
The spectrum used for subtraction has no counts with SN
E.p=372.88 MeV and different normalization factors 20
were tried as will be explained below. The differential 10'; ............. .
cross section corresponding to theLi(**N,B)’B I ST |'|_| ﬂr

16 14\ 14 16 5 [22] ~
+-"O(*"N,*"B)“"Ne reactions between 372.5 and 373.5 MeV = 0 }
. c U L
is 3(2) nb/(sr MeV). S r

In Fig. 3(d), we present the*B spectrum on the*’C 8 '10_" 1
target. The ground state of tH€C(**N,B)?0 reaction is a0l 1OB(MN,MB)mN
located atE|,,=368 MeV and its influence in the region of I 10 )
interest is negligible. Its contribution will not be subtracted. 30} Ngs x=10.8
The differential cross section corresponding to the
12C(¥N,¥B) 1?0 reaction between 363.5 and 364.5 MeV is 20 el \ a)
8(3) nbi(sr MeV). s )

. 10 b s B

In Fig. 4@ (upper panel we show the energy spectra | N |'|_I HF
(550 keV/channglof the (**N,B) reactions on thé’B tar- 0 > |
get (solid line), on the !B target(dotted ling, and on the I U I_I—rl L
Li,O target(solid line) with the normalizations taking into -10 b ' . ' . ' . '
account the amount of impurity content in th& target. In 10 5 0 -5
Fig. 4b) we show the energy spectrum of the E (MeV)
10B(14N,1B) 1N reaction obtained after the subtraction of b

. . 145 14\ 11,
the d T%ﬂi‘,'\'fﬁg el)él[\)lerlmer?al spectra Olf tﬁBé lt\)l B)Trl]\l FIG. 5. (a) (lower panel Energy spectruns50 keV/channelof

an b'( oo f) h e reactions, as ex;l)(alne a cr)lve. Ie €N%he 198(14N,4B) 1N reaction, obtained after subtraction of target
ergy binning of the spectrum is 550 keV per channel. TWOcontaminants. Solid line represents best fit with a Breit-Wigner
curves are shown, they correspond to two different normal

vy ! . resonancdsolid line) summed with three¢dotted ling and four-
ization factors for the subtraction of th€O content in the body (dashed ling fragmentation background. The three-body

target. In order to have the subtracted spectrum always pOSiackground is taking into account the excitation of decay products.
tive on the average, the normalization factor should not berhe quality of the fit is indicated by? values over ten degrees of
further increased. The statistical error of the subtracted spegreedom.(b) (upper panelThe same energy spectrum fitted by the
trum is also shown in Fig. #). sum (solid line) of three-(dot) and four-body(dashed fragmenta-

In Fig. 4(b) (lower pane) a broad peak is observed around tion background, without any resonance.
373 MeV ejectile energy, which corresponds to the expected
position of the ground-state resonance®l [13]. The fast
rising background in the subtracted spectrum is the result ofve present the same subtracted spectrum as a function of the
the three- and four-body fragmentation reactidffB8+2“N  decay energy, the results of two sets of fits are presented: in
—1B+9C+p and B+ 1N—1B+8B+p+p and can be (lower par} the calculation assumes the existence of a peak,
calculated by phase space consideratiphg. The form, due to the population of théONg.S. together with a fitted
slope, and threshold of the background spectra are detebackground due to the three- and four-body fragmentations.
mined by theQ and mass values and number of fragmentsin (upper parnt only the presence of three- and four-body
the normalization factors being free parameters. The reactioflagmentation is assumed, without any resonance in the spec-
Q values of theCys+p and ®By+p+p thresholds, are, trum.

respectively,Q= —44.952 and—46.249 MeV. The recoil- The peak was fitted with a Breit-Wigner line shape,
ing nuclei can be excited and th@ values can be more
negative. do AT (E

The Q value of the!®B(**N,**B)!°N reaction can be de- dE- |(2 ) > (11
termined from the position of the peak in tH8B energy [Er+A(E)-E]*+ 1/4T(E)]

spectrum, the masses, and relativistic kinematics. The mass . ] )
excess of*N is calculated from the value and from the whereA is the strength, fitted to the height of the peak, and
masses, through the equatioh(°N)=A(N)+A(19B) E, is the resonance energy. The decay wib{fE) and the
—A(¥B)—Q, whereA are the mass excess values. The deshift A((E) are given in terms of the reduced widtf,
cay energy above the proton decay threshold can be calcithich contains the spectroscopic information on the specific
lated byEdecay:A(loN)_A(gcg.s)_A(p)- nuclear state, the penetration fact®y(E), and the shift

In the following we will analyze the subtracted spectrumfunction S(E), I'\(E)=2P(E)y and A(E)=—[S(E)
[Fig. 4(b), solid ling] and find statistical criteria to show that —S|(Er)]'y|2. P/(E) is the penetration factor, which de-
the existence of a resonance has a high probability. In Fig. Scribes the probability of ah state proton penetrating into
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the Coulomb+ centrifugal barrier, when the resonant statedifference in totaly? values(with the same number of de-
of 1N situated at energg = Egecayabove the threshold de- grees of freedomnis A xy?=8.2 between the best fit with and
cays into a protont+ °C. P,(E) and S,(E) are defined in that without resonance. This differenag? can be related to
terms of regular and irregular Coulomb wave functions andhe likelihood ratiok [18],

were calculated at the matching radass 4.46 fm. The free

parameters were Ay,z, andE, . k=exp(Ax?/2)=60. (12
The calculated background shown in Figabwas the
sum of two different components as follows. The likelihood ratiok=60 corresponds to an evidence

(i) The contribution of the three-body fragmentation crossstrong enough to causekaold increase in a prior probabil-
section calculated by phase space calculatidotted line in jty ratio. Thus the likelihood ratio of 60 means that it is 60
Fig. 5@]. The normalization and the energy threshold weretimes more probable that there is a resonance in the experi-
the free parameters of the fit. The variation of the energymental spectrum than the contrary, if there is no prior bias on
threshold corresponds to the excitation of the decay productshe probability ratio. Thus the probability of occurrence of
The best fit yielded a total excitation energy of @)IMeV  the resonance is 98.4% against 1.6% for the absence of the
for the decay products. Th¥C has no particle-stable excited resonance, for a total 100% of probability.
states. Its proton separation energySjs=1.296 MeV and The broad resonance with'|(E;)=2.3 MeV is com-
one excited resonance is known at 2.218 MeV excitatiorpatible with the supposed shell structure YNy, where
energy. Thus the energy threshold with 5.12 MeV excitatiorthe last proton is expected to be in the intrudes;2
energy can come from an excited resonance at this energy Ribital located below the 4y, and 1ds, orbitals. The “di-
9C, or at 4.4 MeV together with the excitation of tH&8  mensionless reduced width?, defined by[19] as 63
ejectile. If the resonances have enough half-life, the kinemat= (7% ua?) ~*y§, wherey is the reduced mass amds the
ics is defined before the decay and the form of the continumatching radius of 4.46 fm, has a value of @)5for the
ous energy spectrum is not modified. If it is modified, theys=1.2 MeV. The single particle value of?> should be
four-body fragmentation decay will take this into account. about 1 for ans state, while for ap state a smaller value

(i) The four-body fragmentation cross section calculatedvould be expected. The same quality of fit could also be
by phase space calculatiofdashed line in Fig. @]. The obtained by aih=1 resonance at the same position and with
sum of both contributions accounts very well for the fasty§=4(3) MeV. The penetrability factor decreases by about
rising background foEgec,>5 MeV. The totaly? value of  a factor of 2 between an=0 andl =1 proton at this energy.
the best fit betweek 4ecay=0 and 7.8 MeV is 10.8 for ten  The “dimensionless reduced Width"0§=(ﬁ2/,ua2)_1y§
degrees of freedom. =1.7(13). Thus considerations on the width of the resonance

In the calculation shown in Fig.(8), we assumed the cannot decide betwedr-0 orl=1, both are possible within
existence of oné=0 resonance superimposed on the previthe precision. The shell model calculatiof0,21] predict

ously described background and determined its positionthe lowering of the 8, level below the p,,,, producing a
width, and amplitudéas well as the parameters of the back-J7=2"~ ground-state for°N.
ground by a least squares fit to the data in the peak region

betweerE ...~ 0 and 12 MeV. The calculation presented in IV. CONCLUSION
Fig. 5 corresponds to the best fit to the data. The fitted
value of the resonance decay energ¥js-2.64(40) MeV We conclude that evidence of tH&N ground state reso-

and the fitted width of the resonance ¥ (E,) nance is found in the energy spectrum of tH& ejectiles

=2.3(16) MeV, corresponding to a reduced width g§  resulting from the'®B(*N,**B)'N reaction. The amount of

=1.2(8) MeV. The area of the peak is 617 counts, thus contamination of the'’B target with *'B and '°0 was pre-

it has a statistical significance of 4pwhich means prob- cisely determined by the'{N,**B) and (“N,**B) reactions

ability of occurrence of 99%. Adding a resonance shifted byon the 1%, B, and LiO targets. The'*B spectra on''B

0.74 MeV, with the same width, corresponding to the sameénd L,LO targets were normalized and subtracted from the

state in 19N with the “B ejectile in its excited state, only Spectrum measured on tHéB target.

makes the quality of the fit worse. The peak observed in the subtracted spectrum has statis-
However, the spectrum can also be fitted considering onljical significance of 4.8. The likelihood ratio of 60 is cal-

the contribution of the three- and four-body fragmentationculated from the difference between toted values (@ x?

decay, without including any peak. This calculation is pre-=8.2) of the the best fit with or without resonance. This

sented in Fig. ). The quality of the fit is worse mainly in means it is 60 times more probable to have a peak in the

the peak region and the totgf betweenE yecay=0 and 6.3  spectrum, than not to have it.

MeV is 18 for ten degrees of freedom. The best fit occurs for The peak is a broad structure and was fitted by a®

an excitation energy of 0.33 MeV for the decay productsresonance aE,=2.6(4) MeV. This resonance energy cor-

which does not correspond to any possible excited state. Hesponds to a mass excess value of @8.81eV for the

we impose the decay products to be in ground state, the totéPNg_s,, very close to the Audi-Wapstra estimation, which is

x2 will be 19 for ten degrees of freedom. about 38.%4) MeV [13]. The observed width of the reso-
From the point of view of probability or likelihood ratios, nance[I'|(E;)=2.3(16) Me\] is compatible with arl=0

only the difference between the totgf values matters. The resonance, since it yieldéz 1.2(7) MeV and9§=0.5(3).
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