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. The (4, 6r1) reactions on 12g, 16y 20y, thg, and Mg have been

vstudled at 55 MeV 1nc1dent energy Some features of the data'appear consist4

ent, w1th an alpha—partlcle plckup model of the reactlon  The M (a, Ll)

)20Ne work and support the

3

- Elliot SU, classification scheme for low-lying states of 2ONe.

The‘greund states of 6Li and TLi have approximate (alpha + deuteron)

and (alpha + triton) cluster model representations corresponding to the (1s) (1p)

6. . -
~ shell model configurations [1]. This structure suggests that the ("Li,d) and

(TLi;t) reactions

'Work performed under'the'auspices of the U. S. Atomic Energy Commission.
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or their inverse may selectiveiy populate States-related to the target

(2T+1) (2s+1)L [£] = 1 (4]
) 5o ]

nucleus by trahsfer of four nucleons haVing~the
structure of an "alpha particle" where [f] = [4] denotes the totally symmetric ~

space partition. Published data from the 6Li d) and (7Li't) reactions have ﬂ i
exhlblted the qualitative select1v1ty assoc1ated wlth alpha-partlcle-llke trans-

fer, In partlcular the latter reactlon has recently been utlllzed to 1nvest1ga+e

states 1n_l602; 20 3, 8F and Ne [h]

The_(d;6Li) and (d,7Li) reactions on several 1ight nuclei‘were:ahalyzed
in the distonted—ﬁave born approxihation about four years ago.by Denes, gt!gl_[5];
hoﬁever, the lew incident deﬁteree energy (15 MeV)'precluded-obsefvation of
transitions te high—lying‘fesiAUal statee. In the present experlment 55 MeV

deuterons from the Berkeley 88-inch cyclotron have been used to 1nvest1gate

these reactions on lzc, l60, 20y, 21‘Mg, and Mg targets. In this letter the.

6

(4,°Li) data are interpreted within the framework of selection rules based on

the assumed aipha-particle quantum numbers of the transferred nucleons. The

results from the ?ONe and 2hMg targets complement the earlier [2,3] (TLi,t)
16

studies.on 12C and ~ 0. :

o o . _ . . _ : 0. .
Self-supporting 120, 2hMg, and 25Mg foil targets and 160, QNe gas tar-
gets were used in the experiment. Two éemi—conductor AE-E telescopes, coupled

to Goulding-Landis particle identifiers and conventional electronics

were used.to,collecte6Li'and L1 energy spectra. The resolution Varied.from_:

about 140 keV for the ?hMg target to about 300 keV for the gas targets. Angular -

o . - - 12, 16 - 2h
distributions from 15° to 60° or 70° em were cbtained for ~"C, “ 0, and " Mg,

while Spectra.at only four angles were collected for the 2 Ne and 25Mg targets.

Typical spectra are shown in figs. 1 and 2.
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The‘angular distributions were found to have reasonasble direct reaction

'shapes} 'The'éfoss.sectidns—decreased rapidly with ihcreasing angle; while the

rate of decrease'was'typiéally émaller for transitions involving large angular
momentumvtransfers. The cross sections for many of the Statesvapparent in the
spectra are tabulated in table 1.
S , 12, 16 S

The largest components of the C and "0 target wave functions can be
characterized [8] by the [L4] and'[hhh] space-symmetry partitions of the p-shell
with § = 0, T = 0. Thus, only the 0", 2', and 4" § = 0, T = 0 states of 88e ana
12

C hav1ng the [4] and [hh] partltlons are expncted to have 1arge cross sections

within the context of the 51mple plckup model The observed strong populatlon

of these states as.lndlcated_ln the table is therefore consistenﬁ with fhévmodel.

The 7.66 MeV 0 and 9.63 MeV 3~ states of T°C are also evident, but these states,

which have lérgevnon p—shell components [9], may be formed via known [10] 2 par-

ticle-2 hole ana 4 particle-b hole admiktures in the 160 ground state;, Thé
.pépuiation of ﬁhe 16.63 MeV . and 16.93 MeV (unresolved) 2f states of 8Be is
seemingly more dlfflcult to reconcile with the 51mple pickup model 51nce inter-
medlate—coupllng calculatlons [8] 1nd1cate these states have the dominant S .1,
[31] structu:e,,whereas the l2C ground state has only a small S = 1, [431] com-

ponent. A quantitative understanding of these 2 transitions is certainly

- required beforé the validity of the'pickup model can be definitely established.

According to the calcuiations of Brown and Greenl [11] the O+, 2f, and
4* states of l6o at 6,06, 6}92, and 10.36 MeV are K = O rotational states built
oh the b partiélé—h héle struétufe of the*6;061MeV>staté, and the 9.85 Mev 2°
state is the lowest member of.a.K = 2'rotationallband. Arima et al. [6] have

. ' 12
proposed a weak-coupling model for these states based on Lh-hole states of C
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coupled to h;particle states of “UNe. The latter scheme is indicated in the
table. ’Bethgé»g§ §l. [2] observed thét the firétv#hree States'diééussed‘above
wereipopulated'in the 120(7Li,£)160 reaétion whereas thé 9.85 MéV state was only - -
weakly populated in apparent agreement with either model} Provided (d,6Li) i
reactions proéeed via alpha—particlé pickup, and the ﬁeak>§oupling schéme {s
realistic; £he pébulations‘of the tw0.2+ statés ought tojbévrevérsedbcompared
to the.(7Li t) fesults. In fact they are poéulatéd ébout eqﬁélly'in thé present
work. This suggests that the weak-coupllng model ‘is 1nadequate for these 2 |
statés, We note that 1f ?ONe is characterlzed by a larger deformatlon than 120,
“then K = 2 rotatiénalvstates in- 60.may be more 11kely to be formed by‘alpha—particle
’ bickup than by alpha—partiélé stripping. ' ﬁnfortunételf nd population infgr-
mation can be extracted for the 6.06 MeV Q+ stété'siﬁce it is not resolved.

While the 10.3‘6'MeV'.h+ state is populated bniy weakiy, theTobéerved cross sec-
tion'réfio'éémpéred td the.2+‘étates is about the same as the ratio found‘for
the 47 and 2f states in the 16b(d,6Li)12C reaction at 20°. Therefore'tﬁe weak
population of thé»h+ state_(comparable to that for the 8.88 MeV 2~ stéte which
is forbidden in an alpﬁa—particle pickup reaction dué'tbvangqlar moméntum—parity
conéérvation)_doés not neceésarilyvsuppért the weak—cquﬁling scheme for this
state. - |

Thevthg(d 6L1)20Ne data show strong tran51t10ns for only the O 2

>
and h members ‘of the ground state rotatlonal band and the 3~ 5.63 MeV member

of the K=2 negative parity band based on the 2” 4,97 MeV state [12]. The -
felatively weak transition strength for this unnatprél—parity state is consistf | )
ent with the alpha pickup model. These resuifs complement the ﬁork of Middleton
16 20 '

et al. [3] on the ({Yi t)““Ne reaction. Tt is pointed out that within the
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framework of the SU3 classificatlon [7], only states belonglng to the (Au) = (80)
and (90) bands are expected to be populated in an alpha—str1pp1ng reaction. The
() quantum numbers [7] for low—lylng states of 2ONC are llsted in table 1.

Conversely, in an_alpha;pickup'reaction the (80) and (82) bands may be formed,

assuming the ground state of QhMgvhas (Au) #_(Bh). The.(90) and (82) negative-

parity bands are thought to be built on the (1s)L"(1p)12(2s,1d)3(1f,2p)l and

I 5 , o N :
(1s) (lp)ll(2s,ld)5 configurations, respectively. Both the stripping and pickup

reactions pOpulatevthe (80) band» as expected. In the (TLi t) reaction the 1~

'5 80 MeV state is strongly populated but the 3 5 63 MeV state is only weakly

populated v In the (d 6Ll) reactlon, the relative populatlons are reversed.
These results support‘the Elllot scheme for these states and are consistent with
an aualysis f13] of”tue alpha-partiole decay.widths of‘these uegative-parityv
states. v - | | | |

Tue (&, 7Li) data will not be,discussed except to poiht out tﬁatvat 20°

cm, the ground state cross sectlons for formatlon of TL1 in. thefground plus first

excited states range from about. 1/3 to 1/30 the ground state cross sectlons for

6Ll_formatlon on the same target. It is partlcularly 1nterest1ng to note that
2k

e 25Mg(d,TLi;+ TLi*)zoNe cross section is only about 1/50 the Mg(d,6_Li)20
cross section to.the same final states. Since the Q—values, momentum transfers,
and statistical‘factors for both reactions are quite.similar, this small ratio
supports the hypothesls oflthetdirect nature of the (d;6Li)'reactionsL

In suumary, many features of the (d;6Li) data appear consistent with the

alpha-particle pickup hypothesis, although the weak populations of some unnatural-

‘parity states indicate more éomplicated mechanisms also contribute to the reac-

tions.
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‘Table 1: (d,6Li) Cross Séctioné on l2C, 160, 2ONe, and 21J'Mg.*
120 (a,611)88e | 160(a011)1% 20ye(4,614)160 | 2”Mg ,611 )20y
Exc. (MeV) J7 so)2 | Exe. 7 o()e | Exe. 7 do/a0(uv/sr)® [ x Opel® | Exe. J7 O(ub)d' (p)®
g.s:v‘ - ot 410 1 g.s. ot 1460 g.s. | o* 80 ‘g.s.- ot 2ko  (80)
2.9 2r<eot | vz 2t 1370 6.06 o | [o* x 0*] 1.63 25 10 (80)
o + + + - b5 + "
C11.k L° <a7ho 7.66 0" 100 1 6.13 3 h.2s b 160 (80)
16.6 2 9.63 3 110 6.92 2 20 o x 2"] 97 27 ko (82)
16.9 2+.$ 410 .08 ¥ k1o 7.12 17 - weak 5.63 37 3ko _(8é)
8.88 27 k.o 5.80 1° wesk (90)
9.59 1~ weak
985 2t 21 [2* x o"]
- 10.36 At 3.5 (0" xu*]
*Absoiufg-uncertainty +30% fof each target.
.+ﬁpper limif-no three-bédy coﬁtinuﬁm cqrrectionsjhas been made.
®Integrated from415°'to 60°bgmf | |
bDifferential cross sections at 20° cm. 7
cWeak‘coupling scheme of Arima, é}_g&, [6];
dIntegrated from 15° to 70° cm. |
(A ) quantuin m;unbers of SU3' [7]_- —
v
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'l Fig. 1.

Fig.:2;-

6Li‘EnergyiSpectfa’frbm'(d,6Li) Reaétibns'on l?C and ~ 0.

_9_'

Figure Captions. ,
16

P E

6Li“Energy_Spectra from (d;6Li) Reactions on ?ONe'and 2hMg.
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apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”

includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the

" Commission, or employee of such contractor prepares, disseminates, or pro-

vides access to, any information pursuant to his employment or contract.
with the Commission, or his employment with such contractor.
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