18Na,-1 TUNL Nuclear Data Evaluation 18Na,-1

Adopted Levels

Q(87)=-17.3%10° 15; S(n)=17.35¢10® 15; S(p)=—1.25¢10° 11; Q(a)=-9.3412  2012Wa38

All experimental evidence is consistent with the scenarat &ll levels of'8Na proton decay 100% to levels iNe.

Existing evidence suggests a ground state neafdin)=1.25 MeV (~0.54 MeV) inspite of evidence for a resonance that decays
with Ecm(p+1"Ne)=0.41 MeV 16 (I'~340 keV). The later strength is likely a higher energy stha tlecays to 4’Ne excited
state, hence the resonant decay energy does not trividliacrehe excitation energy or missing mass. Wang and Audi. éake
AM=25040 keV110 [Ecm(p+1'Ne)=1.25 MeV 11] as the ground state energy; we accept’#ia ground state at;S1.25 MeV
11 (2012Wa33.

Theoretical works:

Using analysis of the mirrol®N system, frameworks are developed describing the lowglyévels of18Na in terms of'%Na plus
a neutron holeZ005F013 or 1’Ne plus a protonZ006F003. Estimates on the mass excess and level spacings aresgidcus
(2012F010 the approach was updated using newly available data.

See other analyses i1428Gul0 1984An18 1987P0012004Ge022008Qi04.

18Na Levels

Cross Reference (XREF) Flags

A H(*'Nep)
B 9Be(®Mg,P17NE)

E(level) F Ty XREF Comments

0 (1 <0.2 MeV B %p~100.
Excitation energies are reported with respect {g{B+1’Ne)=1.25 MeV 11, the
accepted value in2012Wa38.
Ty/2: <0.2 MeV 2012Mu0§; also sed'=0.48 MeV 14 (2004Ze03.

0.30x103 11 2 5 keVv 3 AB %p~100.

E(level): from Bedp+1"Ne)=1552 keV5.
0.5%103 12 0 300 keV100 A %p~100.

E(level): from Bedp+1"Ne)=1842 keV40.
0.78x10° 11 1 900 keV100 A %p~100.

E(level): from Bedp+1"Ne)=2030 keV20.
0.83x10° 11 3~ 42 keV 10 A %p~100.

E(level): from Begp+1"Ne)=2084 keV5.
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IH("Nep) 2012As04

The level structure of®Na was studied by’Ne+p elastic scattering, in inverse kinematics, with the ainadding understanding
to the dynamics of 2p decay 8fMg.
A beam of E{’Ne)=4 MeV/nucleon ions from the SPIRAL facility at GANIL impinged on alppropylene (GHg) target
assembly. The target assembly consisted of a fixeddp€m? CzHg foil followed by a rotating (1000 rpm) §Hg foil which
stopped the beam and carried away the beams undesired @etiaijon; scattered protons are flieated by the target functionality.
The scattered protons, whose energies are convoluted hatkatget thicknesses and the scattering excitation fumctiere
detected at 5<0)5p<20° with a annular position sensitiveE-E telescope. The scattering excitation function, whihssumed to
result from elastic scattering, is deduced with an energglution of 13 keV. Small backgrounds from reactions'd@ and
p-delayed protons from’Ne are evaluated and subtracted from the proton energyrapecEinally the spectrum is evaluated via
R-matrix analysis. Two peaks are prominent; the later agybr corresponding to a narrow33~ resonance with interference from
two broad s-wave resonances.
The deduced level structures are compared with shell-mu@elictions. Interpretation suggests two narrow statasate predicted
in the shell model, the 1ground state and a 2excited state, are too weakly populated to be observed.
An earlier experiment utilizing a 150g/cm? C3Hg foil (2011As072011AsZX) produced similar results.

18Na Levels

E(level) J r Comments

0.3x10° 11 2~ 5 keV 3 %p~100.

E(level): from Bes=1552 keV5 and ¥¥Nay s with Sy=1.25 MeV 11.

I for g to 1'Ney s; there is a limit off'<1 keV for decay to'’Ne excited states.
0.5%10°12 0~ 300 keV100 %p~100.

E(level): from Bes=1842 keV40 and ®Nay s, with Sp=1.25 MeV 11.

I for g to 1'Ney s; there is a limit off<10 keV for decay td’Ne excited
states.

0.78<103 11 1~ 900 keV 100 %p~100.
E(level): from Ees=2030 keV20 and8Nay s with Sp=1.25 MeV 11.

I: for I’ to 1’Neys; there is a limit of <100 keV for decay td’Ne excited
states.

0.8%10°11 3  42keV10  %p~100.
E(level): from Ees=2084 keV5 and'8Nay s with Sp=1.25 MeV 11.
I: for I’ to 1"Neys; there is a limit of<1 keV for decay to'’Ne excited states.
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9Be(*®Mg,P17NE)  2012Mu05

There are two experiments that utilized nucleon knockoattiens or°Mg to populate states iffNa. The first work was carried
out at 43 MeVnucleon 2004Ze03% and focused on a reconstruction of thelpNe invariant mass spectrum. The secofiore was
carried out at 450 MeMucleon and focused on analysis of thelpNe, p-1"Ne and p-poparticle correlations following
population of!®Mg states and their subsequent two-proton decays, whica banches that proceed sequentially through levels in
18Na. The ground state dfNa was observed in both experiments.

2004Ze05
The discovery of8Na is credited toZ004Ze03. A beam of 43 MeVYhucleon2Mg ions was produced by fragmenting?&Vg

beam on a thick2C target using the ALPHA spectrometer and SISSI solenoid3AMIL. The beam was transported to the SPEG
spectrometer where it impinged on a 47/on? °Be foil in the target position. Light ion ejectiles were dzttsl in the position
sensitive SiCsl AE-E MUST array, while heavier ions were detected in speattemfocal plane detectors. The invariant mass
spectrum was generated for eachlfNe pair observed in the experiment. The resulting spectndicated two peaks that are
attributed to proton decay frofNa to17Ne.

The two peaks are consistent with mass excesses of 24.191devid 25.04 MeV17. The interpretation of the two peaks remains
unclear since ne-ray detectors were used in the measurement; this missiagriation creates an ambiguity in interpretation for
the case where a level #¥Na decays to an excited state'dNe. Significant discussion on the determination of the gdostate
level and assignment ofrJralues is given in the article.

The prefered analysis accepts the ground state mass exXc2s94 MeV 17 with I'=0.48 MeV 14 and k=1~ (by comparison with
18N). The peak appearing in the invariant mass spectrum a®24elV 16 with '=0.23 MeV 10 is attributed to decay from an
excited state of8Na to and excited state fNe; in this case the experiment doesn’t providéisient information to assign an
energy to the'®Na level.

2012Mu05

The authors measured the decay of proton unbound staf@Mn and1®Na by fragmenting #°Mg beam in &°Be target and
analyzing the p-po, pi-1’Ne and p-1"Ne particle correlations.

A beam 0f2%Mg ions (produced by fragmenting a 450 Mg\V/2*Mg beam) impinged on a 2/g? 9Be target at the midplane of
the GSI FRS. The target was surrounded by an array of foutiposiensitive detector telescopes that measured the upeak
charged particle angular correlations{p, pi1-1’Ne and p-1’Ne). Two prominent peaks appear in thé’iNe angular correlation
distribution; first is a peak consistent with 2p decay of thilgg s directly to 1’Ne+2p with Ees=0.75 MeV 5, second is a peak
corresponding t3°Mg excited states decaying sequentially through protoround states ifNa.

The excited states i°Mg appear as “arc bands” in th#p;-1’Ne) vs. 8(po-1'Ne) angular correlation spectrum. Analysis of
events along a fixed or constant radius provides detailstahelinitial 1°Mg state and thé®Na states populated in the sequential
decay t017Neg_S_+2p. Evidence for two states is visible in the spectrum. MdDdelo simulations are used to extract “best fit”
values for energies and widths 5tMg and8Na states.

Finally arguments based on the extracted widths and the &vigimits are used to constraimr Jalues.

Also see earlier analysis of data i2R008Mul3.

See R003Gr0) for further discussion on the role 6fNa states in®Mg 2p decay.

18Na Levels

E(level) F r Comments

0 (1 <0.2 MeV %p~100.
In (2012Mu0Y Eredp+1'Ne)=1.23 MeV 15 while (2004205 report 1.27 MeV17.
Excitation energies are reported with respect to 1.25 Mé&Wthe accepted value in
(2012Wa3$.
I': <0.2 MeV (2012Mu05; also sed'=0.48 MeV 14 (2004Ze03.
0.3x10° 13 2~ 0.25 MeV25  %p~100.
from Eegp+1'Ne)=1.55 MeV 7 (2012Mu0 and ®Nay s =Eres(p+1'Ne)=1.25 MeV
11

I': 0.25 MeV +25-15 (2012Mu05.
0.83x10%? 3 from Eredp+1'Ne)=2.084 MeV from R011AsZX) and!®Nag s=Eres(p+1'Ne)=1.25
MeV 11. This state is not conclusively observed; however2@12MuQg including
this Jr=3" state at Q(p’Ne)=2.084 MeV permits a quantitative reproduction of the
correlation spectra.
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