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New broad 8Be nuclear resonances
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Energies, total and partial widths, and reduced width amplitudes of 8Be resonances up to an excitation energy
of 26 MeV are extracted from a coupled-channel analysis of experimental data. The presence of an extremely
broad J π = 2+ “intruder” resonance is confirmed, and new 1+ and very broad 4+ resonances are discovered. A
previously known 22-MeV 2+ resonance is likely resolved into two resonances. The experimental J πT = 3(+)?
resonance at 22 MeV is determined to be 3−0, and the experimental 1−? (at 19 MeV) and 4−? resonances are
determined to be isospin 0.
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I. INTRODUCTION

What are the properties of the resonances of 8Be? This
question is most comprehensively answered by a global
analysis of all experimental data based on the best reaction
theory available, for example R-matrix theory. Resonance
structure tends to be based on single experiments, most
recently compiled by TUNL [1]. In contrast, the results
of a coupled-channel R-matrix analysis of data from 69
experimental references are given here. This analysis does not
include all experimental data, and hence it is not expected
to provide the best parameters for all resonances. This is
particularly true of narrow resonances (with widths less than
100 keV), which can be approximated by the Breit-Wigner
formula. The strength of a coupled-channel R-matrix analysis
becomes apparent for broad resonances, whose structure can
only be determined by analyzing data over a large energy range
in various channels, and for which the full force of reaction
theory is needed.

The physical content of scattering can be summarized by
knowledge of the S-matrix for real energies. However, a more
intuitive picture is provided by resonances, which are defined
as complex energy poles of the S matrix. The real part of
the pole λ is defined as the excitation energy Ex , and two
times the imaginary part is defined as the width �. Because
these parameters can only be found for complex energies,
which cannot be experimentally accessed, resonances involve
a mathematical extrapolation beyond observation. Since res-
onances with small widths tend to have the most pronounced
experimental effects, this analysis is limited to resonances
fairly near to the real energy axis (the “unphysical sheet
closest to the physical sheet” [2]). Even so, controversy centers
around very broad resonances that are not observable as clear
bumps in experimental cross sections, particularly a total
angular momentum, parity, isospin, and excitation energy
JπT (Ex) = 2+0(16) resonance found in this analysis. This
resonance was previously found in an R-matrix analysis by
Barker et al. [3–6]. They also found a broad 0+ at about
10 MeV. This analysis also reveals a previously unreported
broad 4+0(18) resonance.
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II. ANALYSIS TECHNIQUE

The analysis is performed with the EDA R-matrix code [7].
Integrated cross-section, differential cross-section, and polar-
ization data, consisting of more than 4700 points, are fitted with
a χ2/(DOF) of 7.4 (where DOF is the degrees of freedom)
by utilizing about 100 free parameters (the R-matrix level
eigenenergies and reduced width amplitudes discussed in the
next section). This high χ2 is mostly related to contradictory
data, as well as underestimates of experimental relative and
normalization errors [8]. Since the resonance structure is
insensitive to exclusion of data that fit with more than three
standard deviations [8], it is robust under inclusion of the worst
fitting data points. Experimental nuclear data on the reactions
4He(α, α0),4 He(α, p0),4 He(α, d0),7Li (p, α0),7Li (p, p0),
7Li (p, n0),7Be (n, p0),6Li (d, α0),6Li (d, p0),6Li (d, n0), and
6Li (d, d0), leading to the 8Be intermediate state, are included.
All recoil nuclei are in the ground state. Table I contains a
complete list of the data in the analysis. Substantial data are
entered for the 4He(α, α0), and 7Li (p, p0) reactions, and the
least data are entered for the 4He(α, p0),4 He(α, d0) and 6Li
(d, d0) reactions [8]. The maximum excitation energy above
the 8Be ground state is 25–26 MeV for all reactions except
4He(α, α0) and 7Be (n, p0). In the 4He(α, α0) reaction, data
above the maximum α laboratory energy for which data are
entered (38.4 MeV), and below the limit of this analysis,
are only available as phase shifts [9] and have not been
incorporated. For the 7Be (n, p0) reaction no data above the
near-threshold data entered are found below the maximum
excitation energy of this analysis. Further details of the data
and cross-section fits are available [8,10].

The excitation energies of the thresholds of the various
analyzed channels, with respect to the unstable 8Be ground
state, are −0.09 MeV (α 4He), 17.26 MeV (p 7Li), 18.90 MeV
(n 7Be), and 22.28 MeV (d 6Li) [1]. The two-body channels
p 7Li∗, n 7Be∗, and d 6Li∗, involving resonances less than
100 keV wide, are neglected. These could reasonably be
included in an R-matrix analysis. All the channels included are
strongly constrained by unitarity (via the R-matrix formalism)
and, as explained in the next section, isospin symmetry (charge
independence). The channel radii are fixed as follows based
on earlier R-matrix analyses: α 4He (4.0 fm), p 7Li and
n 7Be (3.0 fm), and d 6Li (6.5 fm). The fit is insensitive to
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TABLE I. Data in the 8Be analysis. The laboratory energy of the
projectile is E.

Reaction Data reference E (MeV) Data reference E (MeV)

4He(α, α) Heydenburg 0.6–3.0 Phillips 3.0–5.8
1956 [12] 1955 [13]
Tombrello 3.8–11.9 Steigert 12.9–20.4
1963 [14] 1953 [15]
Chien 18.0–29.5 Mather 20.0
1974 [15] 1951 [17]
Nilson 12.3–22.9 Briggs 21.8–22.9
1956 [18] 1953 [19]
Bredin 23.1–38.4 Graves 30.0
1959 [20] 1951 [21]

4He(α, p) King 39.0–49.5
1977 [22]

4He(α, d) King 46.7–49.5
1977 [22]

7Li(p, α) Spraker 0.0–0.1 Harmon 0.0–0.3
2000 [23] 1989 [24]
Rolfs 0.0–1.0 Engstler 0.0–1.3
1986 [25] 1992 [26]
Cassagnou 1.4–4.8 Kilian 3.4–9.4
1962 [27] 1969 [28]
Freeman 1.0–1.5 Mani 3.0–10.1
1958 [29] 1964 [30]

7Li (p, p) Warters 0.4–1.4 Bardolle 0.8–2.0
1953 [31] 1966 [32]
Lerner 1.4 Malmberg 1.3–3.0
1969 [33] 1956 [34]
Gleyvod 2.5–4.2 Brown 0.7–2.4
1965 [35] 1973 [36]
Bingham 6.9 Kilian 3.1–10.3
1971 [37] 1969 [28]

7Li (p, n) Macklin 1.9–3.0 Barr 2.0–3.0
1958 [38,39] 1978 [40]
Burke 1.9–3.0 Meadows 1.9–3.0
1974 [41] 1972 [42]
Elbakr 2.2–5.5 Darden 2.0–2.3
1972 [43] 1961 [44]
Austin 2.1–3.0 Elwyn 2.0–2.6
1961 [45] 1961 [46]
Baicker 3.0 Andress 3.0
1960 [47] 1965 [48]
Hardekopf 3.0 Thornton 3.0–5.5
1971 [49] 1971 [50]
Poppe 4.3–10.0
1976 [51]

7Be (n, p) Koehler 0.0–0.0 Cervena 0.0
1988 [52] 1989 [53]

6Li (d, α) Engstler 0.0–1.3 Golovkov 0.1–0.1
1992 [26] 1981 [54]
Elwyn 0.1–1.0 Bertrand 0.3–1.0
1977 [55] 1968 [56]
Cai 0.5–2.5 McClenahan 0.5–3.4
1985 [57] 1975 [58]
Jeronymo 0.9–5.0 Gould 2.2–4.9
1962 [59] 1975 [60]

TABLE I. (Continued.)

Reaction Data reference E (MeV) Data reference E (MeV)

Risler 1.0–5.0
1977 [61]

6Li (d, p) Szabo 0.1–0.2 Body 0.1–0.2
1982 [62] 1979 [63]
Bertrand 0.3–1.0 Elwyn 0.1–1.0
1968 [56] 1977 [55]
Cai 0.5–2.5 McClenahan 0.5–3.4
1985 [57] 1975 [58]
Bruno 1.0–2.0 Gould 2.3–5.0
1966 [64] 1975 [60]
Durr 2.1–4.8
1968 [65]

6Li (d, n) Hirst 0.1–0.3 McClenahan 0.5–2.9
1954 [66] 1975 [58]
Szabo 0.1–0.2 Haouat 0.2–1.0
1977 [67] 1985 [68]
Elwyn 0.2–0.9 Bochkarev 0.8
1977 [55] 1994 [69]
Thomason 2.5–3.7
1970 [70]

6Li (d, d) Abramovich 3.0–5.0
1976 [71]

variation in the d 6Li radius [8]. The orbital angular momenta
included between the two scattered nuclei are α 4He (S, D,
G, I, and L waves), p 7Li and n 7Be (S, P, D, and F waves),
and d 6Li (S, P, and D waves). The inclusion of the highest
wave for each channel did not seem to change the qualitative
features of the fit, indicating that a sufficient number of waves
has been used.

III. PROCEDURE

The Kapur-Peierls expression for the S matrix at real
energies E for channels c′ and c is (Eq. (28) of Ref. [11])

Sc′c = Ic(ac, kc)

Oc(ac, kc)
δc′c + i

∑
µ

ρµc′ρµc

Eµ(E) − E
, (1)

where

ρµc =
√

2kcacGµc(E)

Oc(ac, kc)
.

Here the incoming and outgoing wave functions I and O are
functions of E through the wave number k. In principle the
S matrix is independent of the channel radii a. The complex
functions Eµ(E) and Gµc(E) are determined by the R-matrix
fit (see the following and also Ref. [11]). Equation (1) can be
extended to complex E, and the S matrix remains independent
of a. The poles of the S matrix then occur at complex
E0 = Eµ(E0), where Ex ≡ Re[E0] is the resonance excitation
energy and � ≡ −2Im[E0] is the resonance total width. The
partial width �c ≡ |ρµc|2 = 2 |k0c| ac |Gµc(E0)/Oc(ac, k0c)|2
is evaluated at the pole in terms of the reduced width amplitude
gc ≡ |Gµc(E0)| and is related to the residue at the pole [see
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Eq. (1)]. The quantities Ex, �, and �c are independent of a.
Contrary to physical intuition, the sum of �c for kinematically
open channels is not equal to �. It should be cautioned that
Ex, �, and �c all depend on how the extension to complex
E is done, and they are accordingly quantities that cannot
be measured experimentally. However, for narrow resonances
where Eµ(E) is almost real, Ex, �, and �c, respectively,
collapse to the usual notions of excitation energy, width, and
partial width, which can be measured experimentally.

The method of calculation of the S-matrix poles and
residues in terms of the R-matrix parameters can be briefly
summarized from the more complete discussion [2]. To
obtain the S-matrix pole positions from the real R-matrix
eigenenergies Eλ and the real reduced width amplitudes γλc

for the real boundary conditions Bc (fixed in this analysis), as
defined in Ref. [72], a complex energy E0 is found such that
at least one eigenvalue of the complex “energy-level” matrix
(p. 294 of Ref. [72])

Eλ′λ ≡ Eλδλ′λ −
∑

c

γλ′c[Lc(ac, kc) − Bc]γλc (2)

is the same as E0. Here the outgoing-wave logarithmic
derivatives L are defined in terms of the outgoing wave
functions O in the usual way (Eq. (4.4), p. 271 of Ref. [72])
and are functions of E through the wave number k. The
residue at the pole, iρµc′ρµc, has already been written in
terms of the function Gµc(E0) in Eq. (1). This function can
be calculated from the R-matrix parameters by using Eq. (4)
of Ref. [2]. Although this function and the energy-level
matrix [Eq. (2)] are defined for real energies, extension to
complex E is done by simply using the functional form
of these expressions when working with complex energies.
In this way both the S-matrix pole E0 and the function
Gµc(E0)—needed to calculate the excitation energy, (partial)
width, and reduced width amplitude—are defined in terms of
the R-matrix parameters.

The EDA code [7] used to perform the R-matrix analysis
implements the standard Wigner R-matrix theory [72] without
approximations, except for restricting the number of R-matrix
levels for a given JπT to a finite number of levels in the energy
region of interest. The analysis employs isospin symmetry
in the limited sense that isospin constraints on the γλc are
implemented as follows. The α 4He and d 6Li channels couple
to an isospin 0 level, but not to an isospin 1 level. Hence the
γ ’s for an isospin 1 level coupling to these channels are set
to zero. Also, a level’s γ ’s for the p 7Li and n 7Be channels
are related by isospin Clebsch-Gordon coefficients, which are
different for isospin 0 and 1 levels.

Let us consider the dissociation of the compound nucleus A
into nucleus A′ and ejectile a. Define the channel cluster form
factor F, proportional to the overlap between the internal wave
function of nucleus A and the internal wave functions of the
nuclei A′ and a, as [73]

F (raA′) ∼
∫

[ψA′(ξA′)ψa(ξa)]∗ψA(ξA)dξA′dξa. (3)

Here raA′ is the relative coordinate between the c.m. of a and
A′. The symbols ξA, ξA′ , and ξa denote internal coordinates
of the nuclei A,A′, and a, respectively; and ψ are the

corresponding internal wave functions. A full definition of
F can be found elsewhere (Eq. (7) of Ref. [74]). The integral
of |F |2 over raA′ is the widely predicted “spectroscopic factor.”
The R-matrix reduced width amplitude γλc for the breakup of
a level λ of the nucleus A into A′ and a in channel c is defined
as [72,73]

γλc =
√

h̄2ac

2Mc

F (ac) , (4)

where Mc is the reduced mass for relative motion between
A′ and a. Comparison between theory calculations and the
predictions here are possible by comparing F (ac) calculated
from theory and γλc from Eq. (4). However, this is only possible
when the same boundary conditions Bc are imposed at ac, as
is standardly done in R-matrix theory. As theory calculations
do not usually do this, it is more useful to compare them to
Gµc(E) in Eq. (1), which is the equivalent of γλc for wave func-
tions with outgoing-wave (Kapur-Peierls) boundary conditions
(Eq. (30) of Ref. [11]). Hence the right-hand side of Eq. (4),
calculated from theory (usually) for bound states should be
compared to the gc that will be tabulated in the next section
for scattering states.

IV. RESONANCE STRUCTURE

The Ex, �, and isospin impurity of the resonances are
displayed in Table II. All Jπ are allowed, so that the Jπ is
independently established by the R-matrix analysis. Isospin
0 and 1 are allowed for all resonances, because these are
the only isospins that can couple to the channels in this
analysis if isospin symmetry is assumed. The resonances
found in Table II should be compared to the “experimental”
resonances believed to exist on the basis of a summary of res-
onances found in experimental data and other analyses [1]. A
comparison with experiment indicates substantial agreement.
Disagreements partially stem from the difference between
defining the energy and width from poles of the S matrix,
as is done in the R-matrix analysis, and defining them from
Breit-Wigner formulas, as is often the case in experimental
analyses. For example, agreement between the energy and
width of the well-known narrowest resonances [JπT (Ex) =
0+0(0), 1+0(18), 1+1(18), 3+0(19), and 3+1(19)] is much
better than those of the well-known broadest resonances
[2+0(3) and 4+0(11)]. However, the parameters of the 4+0(11)
resonance found from 4He(α, α) alone [Ex = 11.5(3) MeV,
� = 4000(400) keV] [1] are in perfect agreement with this
analysis. Since the R-matrix analysis contains more data than
any known analysis, the experimental masses and widths
may well be in doubt, although this is less likely for narrow
experimental resonances.

Except for the two very narrow experimental resonances
2+(16.6; 16.9) that are not considered in the R-matrix fit
because no data are entered in their energy region, the
following experimental resonances are not found in the
analysis: 4+0(20), (1, 2)−1(24), and three resonances in
the region 22–23 MeV with unknown JπT [1]. For the latter
three resonances, and (1, 2)−1(24), the reason is that these re-
sonances were observed in reactions other than those analyzed
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TABLE II. Comparison of R-matrix (R m.) and “experimental” (Exp.) [1] energies Ex and widths � of 8Be resonances. Energies are relative
to the experimentally determined 8Be ground state. The experimental error is indicated in brackets. The isospin impurity i of the squared
amplitude means that 1 − i of the resonance is in the isospin T indicated in column 1. Theory calculations: confirmed (†) or not confirmed
(¶) by NCSM [75]; confirmed (‡) or not confirmed (�) by GFMC [76]. Quantities in square brackets are not accurately determined by this
analysis. For a discussion of the 1−1(22) resonance see the text.

J πT Ex (MeV) � (keV) i

R m. Exp. R m. Exp. (%)

0+0 [0.01] 0 [0.01] 0.00557(25) [0] †‡
20.13 20.2 750 720(20) 0 †‡

1+0 18.17 18.150(4) 140 138(6) 1 †‡
1+1 17.66 17.640(1) 10 10.7(5) 0 †‡
1+1 20.45 — 690 — 0 †
2+0 2.77 3.03(1) 1200 1513(15) [0] †‡

16.40 — 19200 — 0 †�
20.10 20.1 680 880(20) 4 †‡
22.09 22.2 590 ≈800 0 †‡
22.78 — 1670 0 ¶
23.25 25.2 2000 — 0 †

3+0 19.24 19.24 170 227(16) 29 †‡
3+1 19.02 19.07 270 270(20) 30 †‡
4+0 11.57 11.35(15) 4400 ≈3500 0 †‡

17.59 — 7900 — 0 †�
24.35 25.5 4600 broad 0 †

1−0 19.33 19.4 650 ≈645 13
2−1 18.92 18.91 120 122 2
3−0 21.35 21.5 950 1000 0
4−0 21.50 20.9 1060 1600(200) 0

here [1]. Of the reactions studied here, the 4+0(20) resonance
is only non-negligibly observed in 4He(α, α0) [1], and data
from the experimental reference [9] are not included here.

The narrow ground-state 0+0 resonance parameters in
Table II are not an improvement on experiment, since no
low-energy 4He(α, α0) data are included at the same excitation
energy as the resonance energy. The experimental JπT = 1−?
at 19 MeV [1], and the 4−? [1], are found to have isospin 0,
having allowed for both isospins.

The quantum numbers of the peak at 21.5 MeV in
the 7Li(p, n0) reaction are experimentally thought to be
J = 3, with the parity possibly positive [1,38,77]. Our fits
prefer the quantum numbers JπT = 3−0, having allowed
for both parity and both isospin possibilities. The new data
included [43,50,51] hence updates the old experimental parity
assignment based on old data [38,77]. A positive-parity
assignment of the 21.5-MeV resonance is inconsistent with
theory for the following reason. The only kinematically
allowed decay channels analyzed here are to p 7Li and n 7Be.
The NCSM predicts that the 3+0 and 3+1 resonances above
the lowest energy resonances with the same quantum numbers
have weak couplings to p 7Li and n 7Be [74]. The same is true
for VMC if the T = 1 8Li states are taken as a guide to the
T = 1 8Be states [78]. The weak couplings to p 7Li and n 7Be
are not consistent with the need for the resonance here.

Two resonances with the same quantum numbers are
found at 22–23 MeV in Table II. The 2+0(23) resonance at
22.78 MeV fits the peak observed around 1-MeV d laboratory

energy in the 6Li(d, α0),6 Li(d, p0), and 6Li(d, n0) reactions.
In contrast, the 2+0(22) resonance fits the peak at around
6-MeV p laboratory energy in the 7Li(p, α0), and around
45-MeV α laboratory energy in the time-inverse 4He(α, p0)
reactions. Although it is conceivable that all these peaks can
be fitted with just one 2+0 resonance, with the d 6Li threshold
at 22.28 MeV, the current fit clearly prefers two resonances.
The lower mass resonance is well established [1]. The
existence of the higher mass resonance only became apparent
once 6Li(d,X) data above ≈1-MeV d laboratory energy were
included and hence does not contradict an analysis [79] of
6Li(d, α) data below 1 MeV, which only found the 2+0(22).
The existence of two 2+ resonances at 21.5 and 22.5 MeV
were previously suggested by a qualitative analysis [80] of
the 7Li(p, n1) and 7Li(p, p1) reactions not analyzed here to
explain a broad dip in the n1 yield at the same energy as a
broad bump in the p1 yield. However, this analysis cannot
be regarded as strong evidence for two 2+0 resonances. It
is unclear whether two 2+0 resonances at 22–23 MeV are
confirmed by NCSM theory calculations [75]. This calculation
does find an extra 2+0 state at 14–21 MeV, which is known
as an “intruder” state because it does not appear in the naı̈ve
shell model. Whether this intruder should be identified with
the 2+0(23) or with the extremely broad 2+0(16), discussed in
the following, is unclear.

The 23.25-MeV resonance found in the R-matrix analysis
(Table II) is denoted by 2+0(25), because when the peak in
6Li(d, α0) at a d laboratory energy of ≈3.5 MeV is artificially
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TABLE III. The partial widths �c and reduced width amplitudes gc found in the R-matrix analysis. First, the list of possible
channels is indicated for each J π . Each channel is denoted in the format (reaction) (2s + 1)�, where “reaction” is α (α 4He), p (p 7Li),
n (n 7Be), or d (d 6Li) and s and � are, respectively, the spin and orbital angular momentum of the nuclei in the channel. Second,
for each resonance, �c and gc are indicated in the order of the channels enumerated for the corresponding J π . These entries always
start with the first channel, but they do not necessarily end with the last channel. For �c this is because the corresponding channels
are not kinematically allowed. For gc the quantities could not be determined because the resonance is too distant from the relevant
threshold. Quantities in square brackets are not accurately determined by this analysis. It is understood that �c and gc are only given
for the channels considered in this analysis and that certain two-body channels, all three-body channels, and higher � are neglected.
The gc are channel radius dependent and hence not experimentally measurable.

J πT (Ex) �c (keV) gc × 100 (
√

MeV)

0+ α1s p3p n3p d5d d1s

0+0(0) [0.010] [82]
0+0(20) 550 40 120 24 25 53 86 61

1+ p 5p p 5f p 3p n 5p n 5f n 3p d 5d d 3s d 3 d

1+0(18) 81 0.00008 60 91 4 78
1+1(18) 5 0.00008 6 65 27 69
1+1(20) 220 23 160 170 4 80 51 182 44 55 181 38 5 1 4

2+ α1d p 5p p 5f p 3p p 3f n 5p n 5f n 3p n 3f

d 5s d 5d d 3d d 1d

2+0(3) 910 100
2+0(16) 1930 170 17 13 54 13 17 14 54 13 10 65 31 11
2+0(20) 170 130 20 130 0.06 140 2 100 0.02 14 43 213 43 11 59 180 50 21 21 25 45 25
2+0(22) 110 240 9 10 7 280 5 10 4 11 42 55 9 46 49 61 10 52 36 68 49 14
2+0(23) 40 290 2 20 0.8 260 2 20 0.3 230 7 45 17 11 13 46 29 13 10 69 35 24 8

70 30 4
2+0(25) 70 930 20 20 4 880 20 30 2 50 40 9 79 61 10 25 80 79 14 24 29 22 18 5

30 2
3+ p 5p p 5f p 3f n 5p n 5f n 3f d 5d d 3d

3+0(19) 130 0.07 0.4 7 0.001 0.009 56 24 57 98 43 131
3+1(19) 320 0.3 2 3 0.0001 0.0004 96 60 157 30 43 82
4+ α1g p 5f p 3f n 5f n 3f d 5d

4+0(11) 4000 135 17 28 17 27 0.6
4+0(18) 5300 2 4 135 33 50 33 50 3
4+0(24) 50 40 70 30 60 800 9 60 77 59 77 107

1− p 5d p 3s p 3d n 5d n 3s n 3d d 5p d 3p d 1p

1−(19) 44 230 110 4 280 9 101 45 158 101 65 156

2− p 5s p 5d p 3d n 5s n 5d n 3d d 5p d 3p

2−(19) 3 0.4 73 80 0.03 0.08 5 14 178 58 127 208

3− p 5d p 3d n 5d n 3d d 5p

3−0(21) 220 340 120 190 96 119 95 120 4

4− p 5d n 5d

4−0(21) 610 350 153 153

enhanced by substantially decreasing the size of the error
bars, the resonance appears at 25.06 MeV, in agreement with
experiment, with an unchanged width.

Most of the resonances found in the R-matrix analysis
correspond to resonances known experimentally. The ex-
ceptions are the extremely broad 2+0(16) and very broad
4+?(18) resonances [as well as the 1+(20) discussed in the
next paragraph]. The 2+0(16) has previously been reported in
an R-matrix analysis of α 4He elastic scattering, 9Be(p, d),
and β-delayed 2α spectra from 8Li and 8B [3,5,6] at ≈9
MeV [4–6]. The energy, but not the existence, of this level
depends on the channel radius used in the R-matrix fit [6,81].

For example, an analysis of β-delayed 2α spectra from 8Li
and 8B together with � = 2 α 4He phase shifts finds that 2+
intruder states below an excitation energy of 26 MeV need not
be introduced [81]. Although the S matrix (along with its poles
and residues) is formally independent of the chosen channel
radii for infinitely many R-matrix levels, actual analyses
employ a finite number of levels, which can lead to different
energies for different channel radii. In addition, the energy of
2+0 varies by several MeV as new data are included, consistent
with the expectation that the energy should not be particularly
well constrained for a very broad resonance. A NCSM theory
calculation finds the 2+0 and 4+0 intruders at 14–21 and
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20–26 MeV, respectively [75]. However, a recent GFMC
calculation finds no need to introduce extra 2+ or 4+ states
below, respectively, 22 and 19 MeV [76]. The disagreement
between NCSM and GFMC may be due to the large widths of
the intruder states (Table II). These widths imply substantial
variation in the energies extracted from these calculations,
which treat all the states as bound. Whether very broad states
should be seen in calculations that treat states as bound is
debatable.

The current fit has a new 1+1(20) resonance. Although it
is not listed in the standard experimental compilation [1], it is
interesting to note that theory calculations predict such states:
NCSM predicts one 1+0 resonance and two 1+1 resonances
at 20–22 MeV [75], and GFMC one 1+0 at ≈19 MeV [76]. It
is intriguing to note two coincidences between this analysis
and theory. (i) The NCSM predicts large couplings of a
≈20.37-MeV 1+1 state to p 7Li and n 7Be and not to
d 6Li [74]. The robust 1+1(20) resonance seen in this analysis
is at Ex = 20.45 MeV from Table III, with strong couplings to
p 7Li and n 7Be and not to d 6Li according to Table III. (ii) Of
the three 1+ resonances predicted at 20–22 MeV in NCSM,
only the ≈20.37-MeV 1+1 has large couplings to p 7Li and
n 7Be, which are the only kinematically open channels for
decay, among the channels analyzed here [74]. The same is
true for VMC if the T = 1 8Li states are taken as a guide to
the T = 1 8Be states [78]. This coincides with the finding here
that only one new 1+ state is needed and that this state has
isospin 1.

The 2− resonance is conceptually complicated because
it lies exactly at the n 7Be threshold and hence requires
sophysticated analysis. Several such analyses have been
performed [1], typically yielding a resonance with Ex =
18.9 MeV and � ≈ 100 keV, although there is disagreement
on the width. Most strikingly, an analysis of 7Li(p, n0)
and 7Be(n, p0) data finds � = 1634 keV [82], based on
a prescription whereby the sum of the �c equals �. As
previously mentioned, this is not the case in our analysis. In
contrast, another multi-level R-matrix analysis [52] defines the
resonance energy and width as the properties of the pole of the
S matrix, yielding a total width much lower than the sum of
the partial widths. This corresponds closely to our conventions,
yielding � = 122 keV, T = 0, and isospin impurity ≈24%
[52]. This isospin impurity is at odds with �10% obtained from
7Li(p, γ )8Be∗(18.9) [1]. The current analysis assigns T = 1
for the 2− resonance (Table II). A cautionary note should be
mentioned. For all the resonances reported here except the
2−, the parameters of the pole on the unphysical sheet closest
to the physical sheet [2] are quoted in Tables II and III, as

this is thought to be physically most relevant. However, there
are poles on other sheets that are physically less relevant.
The 2−0(19) is unique in that the resonance is very close to
threshold, which blurs the usual prescription for which of the
poles are most physically relevant. The parameters of the pole
that has an energy exactly at the n 7Be threshold is displayed
in Tables II and III because its Ex and � correspond most
closely to other analyses. There is another nearby pole (on
the unphysical sheet closest to the physical sheet) with Ex =
18.73 MeV, a much larger width � = 640 keV, T = 1, and
isospin impurity of 31%. This pole has the opposite pattern of
coupling to the channels: It couples more strongly to p 7Li and
more weakly to n 7Be.

The 1−1(22) resonance has previously only been observed
in the 7Li(p, γ0) reaction [1]. This analysis reveals a need to
introduce this resonance with a strong coupling to p 7Li and
n 7Be in the spin 2, D wave. The parameters of 1−1(22) are not
strongly fixed by this analysis and are hence not displayed.

V. CONCLUSIONS

The 8Be resonance parameters of most of the resonances
up to 26 MeV are determined. The isospins of the 19-MeV
Jπ = 1− and the 4− resonances are determined for the first
time to be 0. The 21-MeV resonance, which was previously
assigned to possibly have positive parity, is found to be JπT =
3−0. The previously known 22-MeV 2+0 resonance likely
splits into two resonances. A new 1+1 resonance at 20 MeV is
discovered. The resonance parameters enable comparison with
GFMC and NCSM theory calculations. Two broad resonances
are found; these may not appear in calculations that treat the
states as bound. These resonances are the extremely broad 2+0
resonance at 16 MeV, whose existence is confirmed, and a very
broad 4+0 resonance at 18 MeV, which is newly discovered.
The location of the T = 1 resonances is relevant to sorting
out the structure of 8Li and 8B. Incorporation of the resonance
structure found here in future TUNL evaluations is advocated.
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