'VBe,-1 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) '7Be,-1

Adopted Levels

Q(B7)=17037 10; S(n)=—450 10; S(p)=22700 30; Q(a)=—9770 50

S»,=2720 keV 10.

S(n): Here we use S;=—0.45 MeV 10 as described below, and we compute relevant values using mass values from (2021Wal6). In
AME (2021Wal6) the value Sp,=—0.51 MeV 10, based only on (2010Ko17), is used.

See shell model analyses in: 1983Va31,1984Va06,1985Po10, 1987Sal5, 1992Go17, 1996Wa35, 2007Gu03.

See Mean Field model analyses in: 1996Su24, 1997Ba23, 1997Ba54, 1997Re07, 2005Ar12, 2006Sh20, 2020A127.

See Cluster Model and AMD analyses in: 1981Se06, 1994De32, 1995De31, 2005Ne03, 2005Th06, 2012Kal0, 2013Ma53, 2021Co07.

See other analyses in: 1995Ta32, 1999Ka67, 2000Bh07, 2004De60, 2004La24, 2004Nel6, 2004Sa50, 2006K002, 2007B102.

See discussion on low-lying 13Be levels and possible level inversion in: 1985P010, 1995De31, 1997Re07, 1999La20, 2004Ta03,
2008Hal6, 2009B1ZZ, 2010B112, 2012Bo15, 2012F022, 2013F003, 2014Fo021, 2014Ho08, 2015F006, 2018F007, 2019F002.

In the present analysis the data are somewhat discrepant. The experimental approaches often provide incomplete measurements of
the reaction observables and result in what appear as incompatible observations. The '*C(!'B,'>N) and '*C(z~,p) results have
been used to guide an initial level scheme since these results are insensitive to ambiguities present in level energy determination
based on n+!2Be momentum reconstruction. The modern results where n+'2Be kinematics are measured provide meritous
information on levels energies and decay modes and have been heavily consulted.

In surveying the results a trend appears where two groups around Erej( n+!2Be)~0.5-0.7 MeV and 2.3-2.5 MeV can reasonably fit
the energy spectrum. However in studies utilizing y+n+'2Be coincidence events, where '2Be excited states are considered,
evidence is found for a larger number of neutron groups corresponding to levels at Eres(n+12Beg,s,)z0.4, 0.8, 2.0 and 3.0 MeV.
The importance of including y emission in analyzing the n+12Be spectra is highlighted below with comments on two mesurements.
First, in (2001ThO1) the 9Be(180,13Be—>12Be+n) reaction was measured; evidence for two components, at Es~0 and 2.0 MeV,
was found in the relative energy spectrum; however subsequent understanding supports the interpretation that these groups are
connected to a Epes(n+!2Be)~2 MeV level that decays to lzBeg,S, with Ey~2 MeV and also decays to the high energy tail of
12B¢"(2.1 MeV) . Second, in the initial analysis of the TH(Be,3Be—!2Be+n) resonance spectrum of (2010Ko17), resonances at

Eres=0.51 MeV [ with I'=0.45 MeV 3 and Es=2.39 MeV 5 with I'=2.4 MeV 2 were found, but the discussion indicated the
Eres=2.39 MeV region could also be reproduced with groups at Es=2.0 MeV and Es=2.9 MeV as suggested by

(19920s04,1998Be28). A reanalysis of (2010Ko17) in (2013Ak02) found evidence for 5 levels that decay to 12pe ground and

excited states.
Lastly, the virtual play-by-play analysis of experimental results given in the discussion of Fortune’s (2012-2019) articles provides

insight into the evolution of our understanding of this nucleus. In these articles, extensive discussion on experimental work is given
along-side a simple potential model analysis. Early on, the statement is made that, “The (lowest) s state in 'Be is unbound, and
unbound neutron s states are notoriously hard to handle.” Throughout the series of articles, listed above, the discussion focuses on
likely structure configurations, the order of low-lying level spins and reasonable widths, and decay modes that can reasonably
explain the data. See related discussion in (2021Co07).

I3Be Levels

Cross Reference (XREF) Flags

A 'H(™Be,®Be):1 G  °Be(!®0,*Be)y M “C(n.p)

B 'HMBe,PBe)2 H  Be(*!CaX) N MC@xpd)

¢ 'H(“B,’Be) I  CMBe’Be) 0 MC(Li’B)

D ZH(IZBe’p) J C(14B,13B6) P 14C(“B,12N)

E  2H('?Be,!’Be) K Bceah Q  UpX).22Th(N,X)

F QBC(BB,BBC) L 13C(14C,14O)
E(leveh?¢  J7 r E’ (MeV)4 XREF Comments
0 12~ 043 MeV 20 0451 AB e J Q %n=100

From E;.s=0.46 MeV 1 (see fit to (2010Ko17)
TH('Be,’Be) given in (2013Ak02)), 0.44 MeV
1 (2013Ak02) 'H('*Be,!3Be) and 0.40 MeV 3
(2014Ra07) C(*B,3Be). Also see Eres=0.51
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'7Be,-2 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) '7Bey-2

Adopted Levels (continued)

13Be Levels (continued)

E(level)b ¢ 4 r E’ (MeV)4 XREF Comments

MeV 1 initially reported in (2010Ko17).

I': From unweighted average of '=0.11 MeV 2
(see fit to (2010Ko17) given in (2013Ak02)),
0.39 MeV 5 (2013Ak02) and 0.80 MeV 20
(2014Ra07).

J*: From (2010Ko17) whose analysis of the
n+12Be momentum distribution and the
resonance width indicate an inversion of the
Ls1/p and Opyjp shells. The inversion is further
supported from analysis of the low-lying '*Be
level structures (1999L.a20). (2007B102,
2018Ri05,2019F002) discuss the expectation for
a J™=1/2" state to be populated in neutron
stripping from '“Be and to be absent in proton
stripping from '“B; hence J7=1/2" is
recommended for this resonance.

0.39x10° 3 12  1.78 MeV 16 0.84 3 ACeF J M P Jon=100

XREF: A(0.36E3)F(0.28E3)M(0.20E3)

From Es=0.81 MeV 6 (analysis of (2004Le29)
C('B,3Be) given in (2013Ak02)), 0.86 MeV
4 (2018Ri05) 'H('*B,*Be), 0.85 MeV 15
(2014Ra07) C('*B,13Be) and 0.80 MeV 9
(1998Be28) 4C('1B,12N).

I': From I'=2.1 MeV 3 (see fit to (2010Ko17)
given in (2013Ak02)) and I'=1.70 MeV 15
(2018Ri05). See other value I'=0.30 MeV 30
in (2014Ra07).

J7: From (2015Ma62) ?Be(1?B,!3Be) where the
12Be+n resonance is s-wave in character, see
additional discussion in (2013Ak02, 2019F002).

E(level): Decays via 12Beg,s,+n.

1.61x10° 3 52*  0.40 MeV +4-5 2.06 3 ABCDEFGHIJKLM OP %n=100

XREF: A(1.50E3)B(1.9E3)F(2.11E3)J(1.90E3)
K(2.0E3)M(1.42E3)

From E;.s=2.07 MeV 3 (2010Ko17 in
2013Ak02) 'H(1Be,?Be), 1.95 MeV 5
(2013Ak02) 'H('*Be,'*Be), 2.11 MeV 5
(2018Ri05) "H('*B,'?Be), 2.01 MeV 5
(19920s04) 13C('*C,'*0), 1.87 MeV 10
(1998G030) 4C(n~,p), 1.9 MeV 5 (1983A120)
14C("Li,®B), 2.02 MeV 6 (1998Be28)
14C(11B,12N) and 2.22 MeV +4-5 (2023Ko21)
2H('2Be,!3Be).

I': From (2023Ko21). See also 0.3 MeV [ in
(1998G030), 0.3 MeV 2 in (19920s04), ~0.5
MeV in (2013Ak02), ~0.4 MeV in (2018Ri05)
and ~0.3 MeV in (2007Si24).

J7: From (2013Ak02) 'H('*Be,!3Be) where
d-wave decay is reported in 12Beg,s,+n and
s-wave character is reported in 12Be(2%)+n
decay. In (1998Be28) the '2C(1'B,!2N) and
l4c1B 12N) spectra are shown to be similar,
which supports 5/2% for this state.
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Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) '7Bey-3

E(level)P¢

J7r

Adopted Levels (continued)

13Be Levels (continued)

r E’ MeV)4 XREF Comments

2.53%x10° 4

~3.55%103

4.63x10° 5

(5/2)

(3/2%)

(3/27.5/2%)

E(level): Decays via 12Beg_s_+n
[Eres=2.11] and '*Be”(2.109)+n
[Eres<0.1 MeV] (2013Ak02,2018Ri05,
2019Co12).

~0.4 MeV 2.98 4 AC IJ] M P Jon=100

XREF: C(2.47E3)J(1.90E3)

E(level): From E;s=2.98 MeV 4
(2010Ko017 in 2013AKk02)
TH(4Be,!?Be), 3.02 MeV 9 (2013Ak02)
TH(14Be,3Be), 2.90 MeV 13
(1998Be28) 4C(!'B,!12N).

I': From ~0.5 MeV (2010Ko17,
2013Ak02), ~0.4 MeV (2007Si24) and
<0.15 MeV (1998G030).

J*: From (2018Ri05) 'H('*B,'3Be). The
state’s population in proton knockout,
where negative parity states are
suppressed, supports a positive parity
assignment. The state is thought to decay
most strongly to 12Be(0;’ ), but this
branch is difficult to observe; see
discussion in (2019F002).

E(level): Decays via 12Beg,s,+n
(2013AKk02,2018Ri05); an unobserved
branch via 12Be(OEr )+n is expected.

~0.4 MeV 4.0 C %n=100

E(level),J”.I": From (2018Ri05)
IH(MB,BBE).

J*: Populated in proton knockout from
14B indicating 7=+; see further
discussion in (2019F002) indicating a
J7=3/2% state is expected in this vicinity
with similar decay properties.

E(level): Decays via 12Beg_s_+n [Eres=4.0]
and '?Be”(2109)+n [Eres~2.1 MeV].

1.4 MeV2 5085 AB D LM P %n=100

XREF: A(4.75E3)M(4.51E3)P(4.49E3)

E(level): From E;=5.2 MeV [
(2010Ko017 in 2013AKk02)
IH(14Be,3Be), 5.1 MeV 13 (2019Co12)
TH('*Be,"3Be), 5.13 MeV 7 (19920504)
Bed4c,1%0), 4.96 MeV 20 (1998Go30)
14C(n~,p) and 4.94 MeV 8 (1998Be28)
14C(11B,12N).

I': From (2010Ko17 in 2013Ak02). Others
are 0.4 MeV 2 (19920s04) and ~1.7
MeV (1998G030).

J*: From (2013Ak02) 'H('*Be,'*Be)
where s-wave neutron emission from a
3/27 state (or p-wave emission from a
5/2% state) to 12Be(l_) are preferred.

E(level): (2013Ak02) report the state
decays to 12Be*(2.71 MeV) while

Continued on next page (footnotes at end of table)
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Adopted Levels (continued)

13Be Levels (continued)

E(level)P¢ r E' (MeV)¢ XREF Comments
(2019Co012) report the state decays to 12Be*(Z.l
MeV).
5.43x103 10 5.88 10 %n=100
E(level): From (1998Be28) “C(!!B,!2N); see also
Eres=5.7 MeV 14 in (2019Co012) 'H(}*Be,3Be).
E(level): Decays to 12Be*(2.71 MeV)+n (2019Co12).
6.55x1034 7.0 E(level): From (1995Ko010, 1995K027) 2H('?Be,p).
8.1x1039 2 0.9 MeV 3 852 XREF: P(7.5E3)
E(level),I": From E;s=8.5 MeV 2 (19920s04)
Bed4c,140); see also 7.9 MeV 2 (1998Be28)
14C(“B,12N).
9.6x103d 10.0 E(level): From (1995Ko010, 1995K027) 2H('?Be,p).
18.7x103¢ 9.0 MeV 15 K E(level),I: From (1992Wall) 13C(x~,x").
~30x1034 E(level): From (2016K022) 14C(7r’,pd).

4 E’ is a relative excitation energy scale with E’=0 at the neutron separation energy. We use this scale because most articles report

level energies with respect to the n+12Beg_s_ center of mass energy.
b The ground state is taken as Ec_m_(n+12Beg_s_)=0.45 MeV 1.

¢ Broad states are reported at Ec,m,(lzBeg_s_+n):2.56 MeV and 2.35 MeV in 9Be(nB,BBe) and C(14B,13Be), respectively. The
present evaluation assumes these correspond to a combination of unresolved groups at Ec . ( 12Beg_s_+n):2.0 MeV and 2.98

MeV.

4 Decay mode not reported; likely mode is %n=100.
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'7Bey-5 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) '7Bey-5

'H(*Be,’Be):1  2013AKk02

2010Ko17: The authors studied resonances in the '3Be nucleus by measuring products from the one-neutron removal reaction on
14B¢ via the 'H(*Be,'2Be+n) reaction using a E(**Be)=69 MeV/nucleon beam (at target center) at RIKEN (AP/P=+2%).

The '?Be ions were detected in a spectrometer, while 54 plastic scintillator rods detected the neutrons; y-rays identifying populated
12Be states were also measured. The !3Be resonance energies were deduced from reconstruction of the invariant mass. A
low-energy s-wave strength is observed, which is characterized with a scattering length ag=—3.4 fm 6. Resonances are suggested at
Eres=0.51 MeV I with I'=0.45 MeV 3 and 0=48 mb 4, along with E¢s=2.39 MeV 5 with ['=2.4 MeV 2 and 0=34 mb 3. The
peak corresponding to Ees=2.39 MeV can also be reproduced with groups at E;es=2.0 MeV and Es=2.9 MeV as suggested by
(19920s04,1998Be28). This three-state interpretation is preferred in the ENSDF evaluation. Analysis of the transverse momentum
distribution along with the 0.45 MeV width of the lower state was interpreted as evidence for a p-wave (J”"=1/27) nature for this
state. The authors suggest this intruder configuration implies a disappearance of N=8 magicity.

In this measurement, the low energy strength is attributed to a background resulting from 'H(!*Be,#Be*—!2Be+2n) channel vs
the single-neutron removal TH(Be, 3 Be+n—(!2Be+n)+n) channel. However, the measurement provided n+12Be+y coincidence
data that gave hints for a low-energy neutron component feeding '?Be”(2.1 MeV).

The (2010Ko17) data is reanalyzed in (2013Ak02) guided by details on other resonances discovered in other measurements. In this
reanlysis information on states isolated in the n+'2Be+y coincidence data provided new information. Relevant fit parameters from
that analysis are E;es=0.46 MeV [ with I'=0.11 MeV 2, Ees=2.07 MeV 3, E;s=2.98 MeV 3, E(s=5.2 MeV [ with ['=1.4 MeV
2; resonances at Eres=0.81 MeV / with T'=2.1 MeV 3 and Eg=2.0 MeV [ decaying to '2Be*(2.1 MeV), and the I'=0.5 MeV
widths of Eres=2.0, 2.07, 2.98 were fixed in the analysis. Results from the reanalysis are preferred in this evaluation.

2013Ak02: XUNDL dataset compiled by TUNL, 2013.

The authors reconstructed the '>Be+n relative energy of '3Be states populated in the one-neutron knockout reaction
TH(14Be,13Be—2Be+n) at E(1*Be)=304 MeV/u. Analysis was carried out by simultaneously fitting new data as well as data
collected earlier at RIKEN at E(}*Be)=69 MeV/nucleon (2010Ko17).

An E(*Be)=304 MeV/nucleon beam, produced by fragmenting a '80 beam on a Be target at the GSI/FRS, impinged on a 5.0 cm
long liquid hydrogen target. The '*Be ions were identified by AE-E techniques while their momentum was determined using a set
of Multi-Wire Proportional Chamber (MWPC) combined with the magnetic rigidity analysis of the ALADIN spectrometer. Neutron
momenta were measured using the large area neutron detector (LAND). Resolution for the relative energies varies from 250 keV at
E;1=500 keV to 700 keV at Ej=2 MeV.

The new E('*Be)=304 MeV/nucleon GSI data are simultaneously analyzed with the relative energy spectrum data from RIKEN,
which was collected at E(!*Be)=69 MeV/nucleon (2010Ko17). While subtle differences are visible among the two spectra, the
analysis resulted in a coherent description of both data sets by fitting the resonances with Breit-Wigner shapes whose locations and
angular momenta were partly guided by information from previously observed 'Be and '2Be states.

Strength from six neutron resonances were considered in fitting the measured neutron spectra: the unbound resonances at S,=—0.44,
—-0.81, —1.95, 2.0, —3.02 and —5.2 MeV. In the analysis, two components were fixed by prior neutron + y coincidence data of
(2010Ko017): first, neutron decay from the high energy tail of a J7=5/2% level at S,=—2.0 MeV with I'=0.5 MeV decays to
12Be#(2.1; J7=2%) producing a structure peaked near Erel(n+!2Be™)~0 MeV; second, neutron decay from a J"=(5/2%,3/27) level
at Sp=-5.2 MeV with I'=1.4 MeV decays to 2Bex(2.7) producing a peak near Ere(n+!2Be™)~2.5 MeV. Results from that fit are
in table 3 of (2013Ak02) and are given below.

In contrast to the above analysis of the neutron group energies, the low-energy part of the spectrum was analyzed with an
assumption that two expected /=0 (J*=1/2%) resonances are present at E;s=0.46 and 2.9 MeV. Such an assumption results in a
good fit to the data for destructive interferences, and is able to account for the enhancement at E,; =0.81 MeV without requiring a
level at S;,=-0.81 MeV. This interpretation is not preferred in the present ENSDF evaluation.

See detailed discussion on spin values, taken from other experimental results.

Theory.
2010Fo11: A simple model is developed suggesting that an appreciable part of the strength associated with decay of the ~ 0.5 MeV
resonance to 12Beg,s, is actually connected with the decay from the 5/2;r to the long lived 12Be(]’r :O;) isomer.
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TH(“Be,’Be):1  2013AKk02 (continued)

E' (MeV)?

I3Be Levels

Comments

0

0.36x103 6

1.50x103 5

2.57x103 9

4.75%10°

1/27

12+

5/2*

1/2-

(3/27.5/2%)

0395

2.1 MeV 3

0.5¢ MeV

0.5¢ MeV

1.4 MeV 2

0.44 1

0.81 6

1955

3.029

521

See also S;=—0.46 MeV [ and I'=0.11 MeV 2 in (2013Ak02)
analysis of (2010Ko17) data.

J™: From [=1 resonance in (2010Ko17).

E(level),J”.I": Parameters are taken from a fit to data given in
(2004Le29). Precise values appear to be from a private
communication. The authors debate the origin of this group; since
a two interfering state interpretation suggests the strength may
arise from destructive interference between 1/2% states. This
evaluation does not accept the two interfering state interpretation.

See also S;=-2.07 MeV 3 in (2013Ak02) analysis of (2010Ko17)
data.

E(level): Decays to 12Beg_s_ and its high energy tail decays to
12Be*(2.1 MeV) with Eges(n+!?Be”)~0 MeV.

See also S;=-2.98 MeV 4 in (2013Ak02) analysis of (2010Ko17)
data.

E(level): Decays to '?Bey . with Eres(n+!2Be)=3.02 MeV.

E(level),I": From (2013Ak02) analysis of (2010Ko17) data.

E(level): Decays to 12Be*(2.71 MeV) with Eges(n+!2Be*)=2.5 MeV.

@ E’ is a relative excitation energy scale with E’=0 at the neutron separation energy. We use this scale because most articles report
level energies with respect to the n+12Beg_s_ center of mass energy.

b From (2013Ak02) analysis of n+!2Be relative energy spectra measured in (2010Ko17) and (2013Ak02).

¢ In the fit, the width of these states was held fixed, based on details discussed in the text of (2013Ak02).

4 The ground state is taken as Ec_m_(n+12Beg_s_)=0.45 MeV I; see Adopted Levels.
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'H(*Be,’Be):2  2019Co12

2019Co12: XUNDL dataset compiled by TUNL 2020.
The authors populated resonances in the unbound '3Be nucleus using (p,pn) quasi-free scattering reactions to knock-out a neutron

from '“Be nuclei.

A cocktail beam, including 265 MeV/nucleon '“Be ions, was produced by fragmenting a *3Ca beam at the RIKEN/BigRIPS

fragment separator. The '“Be ions were identified in the beam using time-of-flight techniques before impinging on the 15 cm thick
liquid hydrogen target of the MINOS device that is surrounded by a charged-particle time projection chamber (TPC). Protons
scattered out of the target were momentum analyzed using the TPC, a multi-wire drift chamber (MWDC) and an array of plastic
energy detectors covering 6~30°—65°; the quasi-free scattered neutron was momentum analyzed on the opposite side of the beam
using the WINDS array of plastic scintillators that covered 6~20°—60°.

The '3Be products decayed in flight into a '?Be+n pair; the heavy '?Be fragment was momentum analyzed using the SAMURAI

dipole magnet and a set of MWDCs for tracking while the associated neutron was momentum analyzed using the position-sensitive
NEBULA array of plastic scintillators. Finally, 68 crystals from the DALI2 y ray detection array partially covered 6=34°—115° to
measure y rays from ®Be*—n+!2Be* decays.

Separate spectra for the n+!>Be*(0,2.1,2.7 MeV) components are obtained using the coincidence y rays. Analysis of the spectra

presented in figure 4 indicates 13Be resonances at Sp=-0.48, —2.3, =5.1 and —-5.7 MeV decaying to 12Bf:"<(0,2.1,2.7 MeV). A
detailed analysis of the knocked—out neutrons associated with the low energy part of the n+!2Be relative energy spectrum is best fit
assuming dominant p-wave strength rather than s-wave strength; this supports a J*=1/2" assignment for the S,=-0.48 MeV
resonance. A significant discussion on the nature of the low-energy strength is included that compares the findings of (2010Ko17,
2013Ak01, 2013Ak02, 2018Ri05). The authors developed a three-body '2Be+n+n model for the '“Be projectile and analyzed the
quasi-free neutron scattering reaction dynamics; the results are consistent with dominant p-wave strength at low energies with no
need for significant contributions from a J*=1/2* virtual state of '*Be.

Measurement of the neutron pairing correlations obtained in this experiment are discussed in (2023Co13, 2024Ca06).

I3Be Levels

E(leve)¢ 74 E’ (MeV)@ Comments
0 (1/27) 04840 Decays via !?Beg s +n with Ee (n+!>Be)=0.48 MeV.
1.9x103  (52%) 239 Decays via '2Beg . +n and '2Be*(2.1 MeV)+n.
g
4.7x10° 5.113 Decays via '2Be*(2.1 MeV)+n with Erep (n+'2Be”)=3.0 MeV.
5.3x10° 5.7 14 Decays via 12Be*(2.7 MeV)+n with Ej (n+!2Be)=3.0 MeV.

¢ E’ is a relative excitation energy scale with E’=0 at the neutron separation energy. We use this scale because most articles report
level energies with respect to the n+12Beg,S, center of mass energy.
b Tnvariant mass resolution is O.587><(Eres)_l/2.

¢ The ground state is taken as Ec,m,(n+12Beg,s,):0.45 MeV I; see Adopted Levels.
4 From analysis of the n+!?Be energy distribution of (2019C012).
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'H(“B,*Be)  2018Ri05

2015Ri03: 'H('*B,"*Be). A beam of '*B ions, produced by fragmenting a 490 MeV/nucleon *°Ar beam at the GSI/FRS,
impinged on a 9.7 mm thick CH; foil that was located at the ALADIN spectrometer target position. Quasi-free (p,2p) scattering
reactions removed protons from 4B and populated states in neutron-unbound !'3Be nuclei, which quickly break apart into '2Be+n.
At the exit of the spectrometer, the momenta of breakup '2>Be ions and associated neutrons were measured using a AE-AE-ToF
array (for heavy particles) and the LAND neutron array (for neutrons). Additionally, an array of 162 Nal scintillator detectors
surrounded the target with the aim of detecting any emitted y rays, which is necessary to determine the contributions from 12Beg,s,
and excited states. Data from this experiment is included in the analysis of (2018Ri05).

2018Ri05: XUNDL data set compiled by TUNL, 2018.

The present study aims to measure the full set of '>Be+n system and y-ray experimental observables for decay of '*Be resonances.

A beam of 400 MeV/nucleon '*B ions, from the GSI/FRS facility impinged on a 922 mg/cm? polyethylene target that was
surrounded by the 159 Nal element Crystal Ball y-ray detector array. The '3Be nuclides, formed in single-proton removal
reactions, immediately decayed into '?Be+n; the decay neutrons were momentum analyzed using the 2 x2 meter> LAND neutron
wall, while the 12Be core ejecta were identified and momentum analyzed using the ALADIN dipole along with a double sided AE
strip detector and the “time-of-flight wall”. Associated y-rays were detected using the Crystal Ball.

The Ec.m.('?Be+n) relative energy spectrum is analyzed for ?Be+n and '>Be+n+y data. Evidence for five groups is found.

Notably, two groups are found in coincidence with the '>Be*(2.109 MeV)—!?Be(0) y-ray transition: first from a neutron group at
Eres<500 keV and second from a neutron group at Eresx~2 MeV. Overall, five neutron groups are identified in the present
experimental work, with the three additional groups at Eesx2.11, 2.92 and 4.0 associated with decay directly to 12Beg_s_.

The authors highlighted the shortcomings of past experiments, due to incomplete collection of necessary information, and they
aimed to give an explanation of the complete evidence on '3Be level data. Results from proton knockout from 4B at 35
MeV/nucleon (2014Ra07) and 400 MeV/nucleon (present), neutron knockout data from 14Be at 69 MeV/nucleon (2010Ko017), 287
MeV/nucleon (2007Si24) and 304 MeV/nucleon (2013Ak02), and single charge exchange reactions with I3B at 71 MeV/nucleon
were considered in developing an overall interpretation. The analysis aimed to explain differences in peak positions and group
widths by accounting for branching to '2Be*(2.109) and the differences in strengths for levels populated by the different reaction
mechanisms and at different reaction energies.

In general, the present work identifies levels at S;=—0.86, —2.11, —2.92 and —4.0 MeV that decay to 12Beg,s,. In addition, the levels
at Sp=-2.11 and —4.0 MeV also decay to 12Be"‘(2.109) with resonance energies around Ec_m_(lzBe*+n)zO.1 and 2.0 MeV; since
there is overlap of the neutron groups, it is necessary to deconvolute ground state branches from the '?Be*(2.109) branches in
order to obtain accurate state widths. Furthermore, the authors suggest that the different reactions/mechanisms result in different
amplitudes for populating the levels, which further complicates an overall analysis.

A note in proof of (2016Fo07) details unpublished 1H(14B,2p) data where a Eges(n+'2Be)= 0.95 MeV group is connected to
population of 12Be*(2.1 MeV).

3Be Levels

E(level)© yrd r E (MeV)? Comments
0.41x10° 4 12 170 MeV 15  0.86 4 E(level): Decays via '2Beg s +n.
1.66x10% 5 5/2* 0.4 MeV 2.115 E(level): Decays via 1?Beg s +n with Eeg=2.11 MeV and
12Be#(2109)+n with Eres(n+!2Be”)<0.1 MeV.
~247x103¢  5)F 0.44 MeV 2.92¢ E(level): Decays via 1*Beg s +n.
~3.6x10%%  (3/2*) 049 MeV 4.09 E(level): Decays via '?Beg s +n with Eres=4.0 MeV and

12Be#(2109)+n with Ees(n+!2Be)~2.1 MeV.

¢ From (19920504, 1998G030, 1998Be28).

b B’ is a relative excitation energy scale with E’=0 at the neutron separation energy. We use this scale because most articles report
level energies with respect to the n+12Beg_s_ center of mass energy.

¢ The ground state is taken as Ec_m_(n+12Beg_s_)=0.45 MeV I; see Adopted Levels.

4 From analysis of the n+'2Be energy distributions and associated y rays of (2018Ri05).
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ZH("?Be,p)  1995K010,1995K027

1995K010,1995K027,1995KoZK: 2H(lzBe,p) E=55 MeV/nucleon. A beam of '2Be ions was produced at the RIKEN/RIPS facility
and impinged on a CD; target. The recoil proton spectrum was measured and analyzed to determine the excitation spectrum, as a
function of energy above the '>Be+n threshold. Four peaks were observed at Eqj('>Be+n)~2, 5, 7, 10 MeV. Resolution is rather
poor.

See theoretical analysis in (2018Ma05).

I3Be Levels

E(level)? E (MeV)¢

1.6x103 ~2.0
4.6x103 ~5.0
6.6x103 ~7.0
9.6x10°  ~10.0

¢ E’ is a relative excitation energy scale with E’=0 at the neutron separation energy. We use this scale because most articles report
level energies with respect to the n+12Beg,S, center of mass energy.

b The ground state is taken as Ec,m,(n+12Beg,s,):0.45 MeV I; see Adopted Levels.
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2H(!2Be,'3Be)  2023Ko21

2023Ko21: XUNDL dataset compiled by TUNL (2023).

A beam of 9.5 MeV/nucleon 2Be ions from the TRIUMF ISAC-II facility impinged on a 52 um thick solid deuterium target that
was frozen on a 4.64 um silver foil that was positioned at the center of the IRIS experimental facility. The reaction protons
scattered in the backward direction were detected by an annular array of MICRON YY1 position sensitive Si detectors that covered
O1ab. =122° to 148°. Associated '?Be remnants from 12Be(d,p+[13Be—>12Be+n]) were detected at small angles using a position
sensitive MICRON S3 annular detector that was paired with a Csl scintillator detector to provide AE-E particle identification.
Events were analyzed only in a triple coincidence when a '?Be was identified in the upstream (IC) and when both the backward
recoiling proton and 12Be remnant were detected.

A Q-value spectrum covering Q=-5.5 to —2.0 MeV was obtained from the data. A Bayesian optimization in combination with a
GEANT4 Monte Carlo simulation of the experiment guided the interpretation of the spectrum. Two broad structures dominate the
lineshape; a low-energy component with E¢ . (n+12Be):0.55f‘§ MeV and 1":0.1134 MeV and a high-energy component with
Ec_m_:2.22f‘5’ MeV and F=0.40f“43 MeV. The addition of a third state had little impact on the quality of the fit.

The autors evaluated the character of the peaks using several approaches. The higher-energy component was identified as the
d-wave resonance reported in previous works. For the low-energy strength, a DWBA analysis using the FRESCO code was used to
evaluate the s-, p-, d-, sp-, sd-, or pd-wave character. Involvement of two states having ~67% s-wave and ~33% p-wave character
provided the best fit to the data.

A p-wave resonance is suggested between 0.44-0.55 MeV with an additional less-understood low-energy s-wave strength;
additionally a d-wave resonance is present between 2.11 and 2.3 MeV. Weighing this, the evaluator attributes the lower group as an
unresolved combination of J7=1/2* and 1/2” s- and p-wave strength and attributes the higher group to a J™=5/2* d-wave

resonance.
13Be Levels
E(leve)% Jra r4 Ecm.(n+!2Be) (keV) Comments
0.10x103 8  1/2"&1/2*  0.11 MeV +4-5  0.55 +8-7 E(level): E=0.10 MeV +8-7.
E(level): This peak comprises unresolved s-wave and
p-wave resonances.
1.77x103 5 5/2* 0.40 MeV +3-4 222 +4-5 E(level): E=1.77 MeV +4-5.

¢ From R-matrix analysis in (2023Ko21). The ground state is taken as Ec,m,(n+12Beg_s_):O.45 MeV I; see Adopted Levels.
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‘Be(1°B,'*Be)  2015Ma62

2015Ma62: XUNDL dataset compiled by TUNL, 2015.

The authors populated neutron-unbound states in 'Be using a '>B beam and charge exchange reactions on a °Be target.

A beam of 71 MeV/nucleon '3B ions was produced by fragmenting a 120 MeV/nucleon 80 beam on a ?Be target at the
NSCL/A1900 beam facility. The '*Be beam impinged on a 51 mg/cm? °Be target placed at the large-gap sweeper magnet target
position. Charge-exchange reactions populating '3Be states resulted in events where neutrons from the decay of '*Be states were
detected in the MONA-LISA array, while '2Be ions from the decay were momentum analyzed and characterized using the dipole
sweeper magnet. Finally the decay energy was reconstructed by the invariant-mass method.

The present results are fitted with both two- and three-resonance assumptions. The best fit includes an s-wave resonance at

Eres=0.73 MeV 9 [J7=1/2" I'=1.98 MeV 34] and a d-wave resonance at Eyes=2.56 MeV 13 [J7=5/2", '=2.29 MeV 73].
A three-resonance fit is provided, though the approach is complex. The parameters of the lowest state are fixed by (2014Ra07) at

Eres=0.40 MeV, I'=0.80 MeV and J*=1/2%; the parameters of the highest resonance are taken from the 2-resonance fit E;es=2.56
MeV, I'=2.29 MeV and J*=5/2"; in this case a third resonance can be fitted at E,es=1.05 MeV 10 with J*=5/2" and I'=0.50
MeV 20.

3Be Levels

E(level)? ¢ r E’ (MeV)?

0.28x10% 9 1/2* 198 MeV 34 0.73 9
2.11x10% 13 52% 229 MeV 73 256 13

¢ E’ is a relative excitation energy scale with E’=0 at the neutron separation energy. We use this scale because most articles report
level energies with respect to the n+12Beg_s_ center of mass energy.

b The ground state is taken as E¢ (n+12Beg_S_)=0.45 MeV I; see Adopted Levels. Resonance energies from the best fit, which is
a two-parameter fit shown in Fig. 1. An alternate 3-resonance fit is provided in Fig. 2 and presented in Table 1.

¢ From analysis of the n+'>Be energy distributions of (2015Ma62).
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'7Be,-12 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) 'VBe,-12

‘Be(130,'°Be)  2001Th01

2001ThO1: *Be(*80,’Be—12Be+n) E(¥0)=80 MeV/nucleon. The authors impinged 180 jons onto a 94 mg/cm2 berylium foil
and momentum analyzed the residual '2Be and neutron reaction products that were emitted along §~0°. The decay products were
analyzed using typical sequential decay neutron spectroscopy techniques. Monte Carlo analysis of the n+!?Be relative energy
spectrum is most consistent with a low-lying s-wave state with a scattering length ag<—10 fm, which corresponds to Ees<200 keV.
The analysis explores the possibility for participation of '2Be excited states. In the best fit, there is also a contribution from a dsp
state at Epes~2.0 MeV.

See also (1995ThZZ).

I3Be Levels

E(leve)% 70 Egm(12Be+n) (MeV) Comments

X 12t <0.2 E(level): This group was later associated with decay from the high-energy tail of the
J7=5/2% state to 2Be”(2.1 MeV; J7=2").
~1.55x10°  5/2F %20

¢ The ground state is taken as Ec,m,(n+12Beg,s,):0.45 MeV I; see Adopted Levels.
b From analysis of the n+'2Be energy distributions of (2001ThO1).
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'7Be,-13 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) '7Bey-13

‘Be(**Ca,X)  2008Ch07

2008Ch07: “Be(*¥Ca,'*Be+n) E=60 MeV/nucleon. The authors measured the neutron+charged particle ejecta produced in
fragmentation reactions of *8Ca on a berylium target. The charged fragments were momentum analyzed using a large gap dipole
sweeper magnet, while neutrons were analyzed using the MSU/MoNA neutron wall, which was positioned along §=0° with respect
to the incident beam. The correlated (fragment)(neutron)-coincidences were analyzed using sequential neutron decay spectroscopy
techniques.

The '?Be+n decay energy spectrum compared favorably with a fit that assumed a Breit—Wigner shaped resonance at Edecay~60
keV with I'=10 keV and perhaps slightly less well with a shape related to an s-wave resonance having a scattering length of
as=—=20 fm.

I3Be Levels

E(level) Ec,m,(lzBe+n) (MeV) Comments

X ~0.06 E(level): the observed shape can be related to either a Breit-Wigner shaped resonance at
Egecay~60 keV with I'=10 keV or an s-wave resonance having a scattering length of
ag=-20 fm.

E(level): This group was later associated with decay from the high-energy tail of the J*=5/2*
state to 12Be*(2.1 MeV; J7=2%).
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'VBe,-14 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) 'VBe,-14

C(*Be,*Be)  2007Si24

2001La02, 2003LeZX, 2003J0ZZ: '2C(**Be,'*Be*) at E=35 MeV/nucleon. The '2Be+n relative energy spectrum was
reconstructed at GANIL using the DeMoN array to measure neutrons and a 5x5 cm? position sensitive AE-E telescope. The
relative energy spectrum is is consistent with a low-lying s-wave state having a scattering length a;=—20 fm and a higher-lying state
at Erq1=2 MeV with '~ 0.5 MeV. The longitudinal momentum distribution of neutrons following '“Be breakup were also
reported.

2007Si24: 12C(*Be,3Be*) at E=287 MeV/nucleon. Measured '2C(14Be,'2Be+n) at GSI using the ALADIN-LAND facility. A
beam of '“Be ions impinged on a 1.29 g/em? carbon target and residual '?Be ions were momentum analyzed using the ALADIN
spectrometer while neutrons were characterized using the LAND/Large Area Neutron Detector. A low-energy state is observed with
the scattering length a;=—3.2 fm; this state is considered a virtual s-wave state. At higher energies, the relative energy spectrum
agrees with two previously reported '*Be+n resonances at E=2.00 MeV 5 and 3.04 MeV 7 with ['=0.3 MeV and 0.4 MeV,
respectively (1998Be28,1998G030,19920s04). The discussion highlights the need for n+!?Be+y coincidence data. See preliminary
reports of the results in (2001A1ZZ, 2004Si12).

I3Be Levels

E(level)?  J~ re Ecm (12Be+n) (MeV)4 Comments
X 1/2* E(level): Low-energy strength is observed corresponding to a

scattering of a=-3.2 {, fm (2007Si24).
E(level): This group was later associated with decay from the
high-energy tail of the J7=5/2" state to '2Be”(2.1 MeV; J7=2*).
1.55x10° 572t 03MeV 2005
2.59%x10° 1/2= 04 MeV 3.047

¢ From (2007Si24).
b The ground state is taken as Ec,m,(n+12Beg,s,):0.45 MeV I; see Adopted Levels.
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'VBe,-15 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) |7 Bey-15

C('*B,'*Be)  2014Ra07

2004Le29: '2C('4B,"3Be) E=41 MeV/nucleon, Measured *Be+n relative energy spectrum. Preliminary data from GANIL. The
relative energy spectrum is fit with an s-wave resonance at low energies (=800 keV), along with a d-wave resonance around 2
MeV and perhaps some influence from a higher state.

2014Ra07: XUNDL dataset compiled by TUNL, 2014. Includes '2C(!3B,!3Be) reaction.

Beams of 35 MeV/nucleon '*!B jons were separately tuned by fragmenting a 55 MeV/nucleon 30 beam on a thick Be target
at GANIL. The beams were optimized at the LISE target position, where nuclides were clearly identified event-by-event via
time-of-flight. The incident beam particle trajectories were measured using two position sensitive drift chambers, and the position
on a ™!'C target was determined with a resolution of ~1.5 mm (FWHM).

Reaction products were detected by either a 5x5 cm? position sensitive AE-AE-E Si-strip array or by the 90 element DEMON
neutron array. The 12Be+n events were analyzed for the one proton removal reactions on 1B, while '2Be+n-+n events were
analyzed for 1B breakup events. In the case of the 1*B—!3Be+p—(12Be+n)+p breakup events, the decay energy is straight
forward to determine. On the other hand, the breakup of '’B—!3Be+n+p—(12Be+n)+n+p can involve more complex processes and
requires further analysis to consider the two neutrons in the final state and potential involvement of '4Be states; essentially a
non-resonant continuum shape that is generated by random fragment-neutron event mixing is subtracted from the net kinematic
energy reconstructed spectrum.

The potential systematic involvement of '2Be excited states was evaluated by analyzing the y-ray energy deposited in the DEMON
array for '?Be+y events. Limits of ~<5% were estimated for participation of excited states.

The analysis of 15 B—>(12Be+n+n)+p data indicated that 1*Be*(1.5 MeV) breakup events, with E( 12Be+n+n)<800 keV, contribute
significantly to the structure of the '2Be+n relative energy spectrum, by creating/enhancing a peak in the spectrum at
E('?Be+n)~200 keV.

Initial analysis suggested that the '“B breakup data could be fit with either a single E('2Be+n)=2.40 MeV 20 resonance with
I'=0.90 MeV 22, or a better fit with s-wave and d-wave resonances located at E(12B6+n):0.70 MeV 11 and 2.40 MeV 14 with
I'=1.70 MeV 22 and 0.70 MeV 32 respectively.

A significant discussion on the shell structures of both, the N=9 isotones and the 12Be structure, led to a third interpretation, which
is preferred by the authors. The data are well fit by J*=1/2* and 5/2* resonances at E('?Be+n)=0.40 MeV 3 and O.SSfH MeV

with T'=0.80*13 MeV and 0.3073¢ MeV, and a higher energy J7=5/2" state at E('?Be+n)=2.35 MeV 4 with ['=1.50
MeV 40.

I3Be Levels

E(level)¢ yrd r E/ (MeV)@b Comments
0 12 0.80 MeV +18-12 0.40 3 E(level): The state has an intensity defined as I=1.0.
0.40x10% 15 5/2% 030 MeV +34-15 0.85 15 E(level): From E('?Be+n)=0.85 MeV +15-11.

E(level): The state has an intensity of [=0.40 7 relative to the
E;es=0.40 MeV state.

1.90x10° 14 5/2* 1.50 MeV 40 2.35 14 E(level): The state has an intensity of 1=0.80 9 relative to the
E;es=0.40 MeV state.

¢ E’ is a relative excitation energy scale with E’=0 at the neutron separation energy. We use this scale because most articles report
level energies with respect to the n+12Beg_s_ center of mass energy.

b From (2014Ra07).

¢ The ground state is taken as Ec,m,(n+12Beg,s,):0.45 MeV I; see Adopted Levels.

4 From analysis of the n+!?Be energy distributions and associated y rays of (2014Ra07).
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'7Be,-16 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) '7Be,-16

BCr,nt) 1992Wall

1992Wal 1: 13C(71’ 1) E=295 MeV, measured o(6), o-(6,E(r)). Deduced double GDR in I3Be. The (n~,n%) double
charge-exchange reaction was studied on a 329 mg/cm? '3C target at 295 MeV and at =5° using the EPICS spectrometer at
LAMPE. Peaks corresponding to the ground state and the double dipole resonance are observed at Q=—32.84 MeV and —-49.5 MeV
5, respectively.

I3Be Levels

E(level) r Comments

~2.0x10° E(level): From Q=-32.84 MeV.
18.7x10° 5 9.0 MeV /4  From Q[(GDR)?]=-49.5 MeV 5 and I'=9.0 MeV /4.
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'VBe,-17 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) 'VBe,y-17

Bed4c,#0) 19920504

19920s04: 3C(1*C,1*0) E=337 MeV, measured spectra; deduced Q, AM, possible levels, J, 7. Used a 300 ug/cm? highly
enriched '3C target at the VICKSI-facility at HMI. Momentum analyzed reaction products using Q3D spectrometer at 6=5°.

Essentially three states are seen, initially presumed to be Ex=0 (Qp=-37.02 MeV and AM=35.16 MeV), 3.12 MeV 7 and 6.5 MeV

2. The measured widths are analyzed and used to constrain possible J* values. A J*=1/2% ground state is expected from theory,
but the lowest state reported here is inconsistent with this interpretation.

See also (1992BoZV,1993B0oZP,1993B0oZT,1993BoZW,1994PeZZ7,1995Pe12, 19950sZX).

13Be Levels

E(level)b J* r E’ (MeV)4 Comments
1.56x10° 5 (5/2*,1/27) 03MeV2 2015 State is reported with Qy=—-37.02 MeV 5, which implies AM=35.16
MeV 5.
4.68x10° 7

04MeV2 5137

8.1x103 2 09MeV3 852

¢ E’ is a relative excitation energy scale with E’=0 at the neutron separation energy. We use this scale because most articles report
level energies with respect to the n+12Beg,S, center of mass energy.

b The ground state is taken as Ec,m,(n+12Beg,s,):0.45 MeV I; see Adopted Levels.
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'VBe,-18 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) '7Be,-18

“C(r,p)  1998Go30

1998G030: “C(n~,p) E at rest. Measured missing mass spectra.

A 30 MeV 7~ beam, from the LAMPFE, was slowed in a beryllium moderator and stopped in a 25 mg/cm? ~77% enriched '4C
target. Protons from the '“C(x~,p) capture reactions were measured using the MEPI two-armed AE-E semiconductor spectrometer;
the 13Be excited state energies were deduced by analysis of the missing mass spectra.

Three resolved peaks are observed above the 12Be+n threshold at Eres=1.87, 2.95 and 4.96 MeV. However, poor statistics in the
lower energy region yield two ambiguous interpretations; the region below E;es=1.5 MeV can be fit using either one peak at
Eres=0.65 MeV 10 with I'~250 keV or with two peaks at 0.09 MeV 70 and 0.68 MeV 10 each having '<200 keV. We take the
single peak interpretation, but also highlight the poor quality of data below Ec (n+12Beg_s_)=l.5 MeV.

I3Be Levels

E(level)? r E’ MeV)4 Comments
0.20x10% 10 %250 keV 0.65 10 E(level): Possible doublet involving the ground and first excited states.
1.42x10% 10 03 MeV I 1.8710
2.50x10% 10 <150 keV 29510

4.51x10% 10 ~1.7 MeV 4.96 20

¢ E’ is a relative excitation energy scale with E’=0 at the neutron separation energy. We use this scale because most articles report
level energies with respect to the n+12Beg,S, center of mass energy.
b The ground state is taken as Ec,m,(n+12Beg,s,):0.45 MeV I; see Adopted Levels.
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'7Bey-19 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) '7Be,y-19

“C(,pd)  2016Ko22

2016K022: '4C(n~,pd) E=stopped. A beam of 30 MeV n~ mesons, from the LAMPF facility, was moderated in a berylium foil
before stopping in a ~24 mg/cm? 77% enriched '#C target. Deuterons ejected from the target were analyzed to obtain details on
the inclusive 1~ +'*C—p+'3Be*—p+!!Li+d reaction; the deuteron emission threshold is 20.8 MeV. The authors suggest a broad
state or group of unresolved states around Ex~30 MeV.

13Be Levels

E(leve)%
~30%x10°

% The ground state is taken as Ec,m,(n+12Beg,s,):0.45 MeV I; see Adopted Levels.
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'7Be,y-20 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) '7Bey-20

4Cc(Li,®B)  1983AI120

1983A120: “C(’Li,’B) E=82 MeV, measured o-(E(B)).
First evidence for observation of '3Be is reported in the '*C(’Li,®B) reaction at E=82 MeV. A peak is observed in the yield
corresponding to 3Be AM=35.0 MeV 5; this '*Be level is then unbound to '?Be+n decay by 1.9 MeV 5.

I3Be Levels

Eleve)?  E (MeV)¢
1.45x10350 195

¢ E’ is a relative excitation energy scale with E’=0 at the neutron separation energy. We use this scale because most articles report
level energies with respect to the n+12Beg_s_ center of mass energy.
b The ground state is taken as Ec_m_(n+12Beg_s_)=0.45 MeV I; see Adopted Levels.
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17 Be,-21 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) 17 Be,-21

4cdIB,I2N)  1998Be28

1998Be28: The “C(''B,'2N) spectrum was measured at E(''B)=190 MeV using the JINR U-400 cyclotron and the MSP-144
spectrograph. The beam impinged on a 360 ug/cm? 70% enriched '*C target, and reaction products were measured using the
spectrograph, which was positioned at },5=4.6°. Two position sensitive proportional counters in the focal plane array were used
along with a series of AE, AE, E and VETO detectors; the 13Be ground state Q-value and several excited states were observed.
See also (2001Pe27).

13Be Levels

E(level)?  E (MeV)¢ Comments
0.35x1039  0.80 9 From Q=-39.60 MeV 9, AM=33.95 MeV 9 and Sy=—0.80 MeV 9.
1.57x103 6 2.02 6 From AM=35.17 MeV 6.
245x103 13 2.90 I3 From AM=36.05 MeV 13.
4.49x103 8 4.94 8 From AM=38.09 MeV 8.
543x103 10 5.88 10 From AM=39.03 MeV 10.
75x10322 792 From AM=41.0 MeV 2.

4 E’ is a relative excitation energy scale with E’=0 at the neutron separation energy. We use this scale because most articles report
level energies with respect to the n+12Beg_s_ center of mass energy.
b The ground state is taken as Ec_m_(n+12Beg_s_)=0.45 MeV I; see Adopted Levels.
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'7Be,-22 Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024) '7Be,y-22

U(P,X),22Th(>N,X)  1970Ar27

1966P009,1974B005: U(p,X). In (1966P009) a 5.3 GeV proton beam from the Bevatron impinged on a 26 mg/cm? uranium target,
and in (1974B005) a 4.8 GeV proton beam impinged on 28 mg/cm? uranium target. The products were identified by a AE-E
telescope. '>Be was not observed; in the later work an upper limit of ~10 ns was set for the life-time.

1970Ar27: 232Th('>N,X) E=145 MeV. The particle instability of '3Be was deduced. The fragmentation products emitted at §=40°
resulting from bombardment of a metalic 20 mg/cm? >3?Th target were analyzed using a magnetic spectrograph and set of silicon
detectors (assumed AE-E). No events could be attributed to either *Be or *Be, while 500 and 30 events were expected based on
the '?Be yield that was observed. It is known from later work that '*Be is particle bound.

1986Gil0: A study of fragmentation products produced in reactions of 44 MeV/nucleon 4°Ar ions on a 160 mg/cm? tantalum target
confirmed the particle instability of '3Be.

13Be Levels

E(level) Comments

0? E(level): Level not observed. Particle instability confirmed.
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Adapted from (2024Ke04): J. H. Kelley, et al., NDS 198, 1 (2024)

1966P009

1970Ar27

1974Bo05

1981Se06

1983A120

1983Va31l

1984Va06

1985P010

1986Gi10

1987Sal5

1992BoZV

1992Gol7

19920504

1992Wall

1993BoZP

1993BoZT

1993BoZW

1994De32

1994PeZZ

1995De31

1995K010

1995K027

1995KoZK

19950sZX

1995Pel2

1995Ta32

1995ThZZ
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