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Aﬁétract:

Thé.elastié‘scattering of alphg particles fromvhelium;hv
has been.meaéuredvintthe energy range between 30 and TO MeV.
A phase—Shiftxanélysis wés used to investigate the even-spin,
pésitive-parity levels in 8Be in the region bétweén 15 and
35 MeV'of.éxcitation; New O+ and h+ levels have been located
near 20.3 MeV and 25;6 MeV respectively. The positions of
five 2*f1e§els and .an.additional.h+ level are compared to.
previous Qorkvéﬁd td‘fheoretical predictions based on the

‘intermediate-coupling shell model.

| Below‘;nie#éitatiah eﬁéféy bf 16 MeV, the level st?ucturé:ofVSBe is
well—understoodl’2uin'terﬁs of states predominantly of a two-alpha—particle
configuration,' Above 16 MeY the level structure rapidly becomes more complex‘
as‘otheriéqnfiguratiqﬁs‘fqr these étates.(e.g. pT7Li?fn+7Bg, agd d+6Li) becpme
important.u Thdse“étateé of‘SBe which have both even épin and parity>can decay

into the 20 channel, and this selectivity is extremely useful in identifying

7Li + p threshold. Although multi-level

levels. of ?Be that 1lie above the



R- and S-ma_trix analyses of 7Li(p,0t)hHe (Ref. 3) and 6Li(d,d)hHe (Ref. h) data
have provided seme level essiénments between excitation energies of 19 and
26 MeV in 8Be, these assignments are not unique. However, any state with a
51gn1f1cant alpha—particle w1dth will apbear as a resonance in o0 elastic
scattering, which permits 1mmed1ate ass1gnment of spin and parity from a
_determination of the resonantnpartial wave. Earlier studies of the elastic‘
scatterlng prov1ded some ‘informetion on 8Be states above 16 MeV; > however, it
was clear that more deteilea measurements were required in order te‘remove
ambiguities in the phase-shift analy51s. We report here new results which are
- already apparent from & phase-shift analysis of more extensive elastic
scattering measnrements,- |

The present measurements were performed ﬁith alpha—particle beams
from the Berkeley 88-inch cyclotron using a beam analysis.system6 which
provided a high resolution be&m (AE/E N.0.02%) of accurate_ly—known7 energy
(+0 03%) Measurements were taken at about 100 energies between 30 and 70 MeV
(spanning a region of - enc1tat10n in 8Be between 15 and 35 MeV) An array of seven
detectors.was“used to obtain cross sections at 21 center-of-mass angles between
16° and 96°. The )J'He gas target with a thin (7500 A) nickel entrance foil was
operated at a pressure'of 0.1 atm, The relative errors are typically less than
12%; whilejthe'absOinte nermalization of the cross seetion is accurate to
better tha.n. L7,

A standerd xe'minimization search routine was employed to determine
phase shifts including £ = 8 at the highef energies. A small % =6 phase
shift (%.é°) was reeuired et'the lowest energies. COntinuity of thevphese
shifts as a function of enefgy was required for an acceptable solution. This

criterion was particularly useful in regions where the level structure was most



complex, e.g. near Ea = L0 MeV #heré'fhree<resonan§§s.overlap. Numeréus attempts
to locate alternate solutiéns wére_unsuccessfﬁl.- Phase shifts corresponding to
the only aéceptable solution are présented in Fig; 1 asvfunctiéns of the
alpha—pértiéle laboratory energy, E,. The 7Li(p,a) énd’éii(d,d) reaction
threshélds_occur at Ea-= 3&.7 and hA.Y MeV respectively. | v

The £ =0 phéée.shift decreases monotoniéally befweén 30‘and 38 MeV
inva'mannef‘siﬁilarbto.Darriuiat's'previoué wofk,5 but the preseﬁt values are
5-10° more posiiivé. " The resénant behaviof céntered aféund E, ='ho.7 MeV
corfequﬁds to a new 0+ ievel in 8Be near 2@.3 MeV with a level width of
;iessvthan 1 MeV.'{Siﬁceithe fesdhant'part of'So pésses thrbugh 0° at the
resonandevenergy, tbe ¢1a§£icity, Fa/F, is less tbaﬁ 1/2 zRef; 9). The exisﬁence
of a ot lé&el in tﬁiS.regioﬂ of-excitatibn has been prédiéted by intefﬁediate; |

10,11

coupling'shéilvmodel:Calculations. Although the most recent multi-level

L : , :
7Li(p,oc) He reaction requires 0" levels at 19.7 and 21.8 MevV,

analj'sis3 6f the
the”a—particlevre@pced;widﬁgsv§btaihedvarevso Smgll thatvthe g§lculated a-0, £ =0
phasé_shiff does_péﬁ Shoﬁ_any tface of respnant beha&ior.vahis is in contradiction
with.ouf present fesult. Above Eab= 43 MeV there is‘no evidence for‘additional
O+ 1evels.  We observe a smooth decreése.of 60 while no'decreases as absorption into
the 6pen reaction chanﬁels becomes more significant. -

FiQe 2+ 1evéisbare apparent in the £ = 2 phase shifts shown in Fig. 1.
The elastic‘resohances (r&v='r) near 16.6 and 16.9 MeV excitation correspond
to‘the iéospin-mixed? doublét,previously identified by'Shieldkgg;gi.s‘ The
_poéitionlof,the'ﬁexp;2+'level at 20.2 MéV excitatiQn is also consistent witﬁ  ‘
previous work.3_5‘ The two remaining 2% 1evels near 22;? and 25.2 MéV excitation
_héve béeﬁ loCa#ea fréviouély by the multi-level analyseé,. Additional evidencé

o+ ' ’ ’ S I .
for the 2 spin assignments has come from studies of the Li(d,a) He reaction
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with polarlzed deuterons.;gr The phase shift behavior for. the 25.2 MeV level

shows it to have a small partial width for a—partlcles. |

' Two levels are. promlnent in an examlnatlon of the L= ﬁ phase shifts.‘

The rapid rise of §) at Ej = 4O MeV corresponds to a 4* level near 19.8 MeV
ex01tatlon in sBe,l Slnce the resonant part of Gh goes thru m/2 and nh ~ 0.92

at the p051tlon of the resonance, r /F 0.96. The total width I', and hence T o’

is less than 1 MeV which is at least a factor of 20 smaller than that correspondlng
to.an_d—particle reduced width equal to the Wigner 1imit.: Hence, unless some
other_parentagesd(e,gf 6Ld;% d) arehunexPectedly'large,lo fhe f-wave nucleon

reduced widths for this state are not as small as Suggested,3 but the nucleon

partial widths are small because of the small f-wave penetration factors. The

broad h resonance near E = 51,3 MeV corresponds to a nev level in 8Be near

v25.6 MeV'excitation.' We. flnd no evidence for an addltlonal h state at 27 5 MeV w1th.
a width of‘approximately 1 MeV as was previously assigned by Clark EE_E;,IB on.

‘the basis of the behavior of the coefficients of Legendre polynomial fits to
6Li(d,a)hHedcross-section angular distributions.

The behav1or of the 2 =6 phase shift is also shown in Fig. 1. The
gredual 1ncrease in- 66 from sbout 2° at 30 MeV to about 30° at TO MeV. is in’ d'.‘
reasonable agreement with previous work,8 and it corresponds to-an attractive
1nteractlon in this energy range, |

- In order to compare our results w1th those of prev1ous studles, Fig. 2
contrasts our level scheme derived from the Q-Q phase shifts with schemes based
on analyses of the 7Li(p,a)hHe reaction3 and the 6Li(d;a)hHe reaction.h Since,
for the_present discussion, this comparison is intended to be‘qualitative in

nature, an indication of the widths of the various reported levels has been

- , ' N .
omitted. For the level scheme based on the 6Li(d,oz) He reaction, three



o

combinations (each consisting_oflthree levelsv).which_produce acceptable results

have heen joined:hyfa.vertiegl‘dashed'line.lh. In adaition,wé“inolude some
predi'cti'ons ba’sed on intemediate-ooupling shell model ycalculations fitted to the
observed propertles of nucle1 with masses in the range A = 6-9

_ The ot states at 16 6 and 16.9 MeV are seen to correspond closely with
the shell-model predlctlon of two levels at 16.8 MeV (J = 0, T = 0) and
16.9 MeV (O,l).ﬂ The 1sosp1n m1x1ng of these levels has been dlscussed by

Berker.g The new O‘ state near~20.3-MeV may be 1dent1f1ed ‘with the lowest
11

. 0 state predicted to lie at. 19.8 MeVlo or at 23.6 MeV. Other levels can be

matched to the three observed 2 1levels and to the L levels observed at 19.8

and’25°6 MeV; but'more detailed oomparisons must await a more formal extraction

’of level parameters, whlch is in progress. These results will be reported in

-'a future publlcatlon.

‘The comparison with the results of multi-level fits to the 7Likp,a5hHe
and 6Li(d a)hHevreactions>is less satisfactory. It seems clear that, due to the
non-zero spin in the entrance channel and the resultlng large number of parameters
which can be varled the multl—level analyses of these reactlon data are at

present unable to produce rellable level assignments, It is of partlcular interest"

' now to 1nvest1gate whether the present asslgnments based on elastlc scatterlng

measurements will be able to explain adequately the reaction data.

The contributions_to»this work of the entire 88-inch cyclotron operating

‘ucrew_are,greatiy”appreciated.
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‘FI'GURE CAPTIONS
.Fig.vl; Nuclegf phaselshifﬁs,'ﬁz, and inelastic parameters, nz, derived from q—av
elastic scattering, for the £ = 0, 2, 4, and 6 partial waveé. The S-matrix ele-
ment is Sy =My eXp(2i62); The excitation energy in 8Be ig Ea/e - 0.091 MeV.
Fig. 2. Comparison of level positions for the even-spin, positive parity
states'in 8Be between 15 and 30 MeV excitation. (a) 6Li(d,a)hHe, Refs. 4 and
13. _Thé (2; 0, 2).sequénce is from Freemén and Mani,‘the (2; L, 2) and
(0, 4, 2) from Tsan et al., and the 4" level at 27.5 is from Clark _gf_gi.
(b) TLi(p,q)hHe,kRefﬂ~3, (¢) Present work, o-a elastic scattering. (4)
T =0 lé&elé from shell-model calculations by Barker’ (left) and Kumar>*

(right).
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