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Abstract
We descrivbve a simple pole model for the elastic scattering
of & part_icle.s on 6Li.: We assume that the ground state of 6Li }
consists of a degteron vveakly bound to anvoz parti.cle; We calcu-
late the angular distributions, and compél“ison With the exper-
imehtal data yields ‘a value for the coupling con'sta.nt of the 6Li-oz—d

vertex.

The structure of the ground state of 6Li has been subject to detailed
investigation, and the assumption that it consivsvts of a’déuteron weakly
bound to an « particle was used in various ways. In the framework of the
cluster model this allowed calculatioﬁ of the 6Li charge distribution, in
good agreerhent with experimental data from electron scattvering. 1 In a sim-
ilar model predictions fqr the exciteé state of 6Li could be obtained. 2 The
formalism of the clu_stéer model fogether with harmonic é)séillator-type
wave functions was also uséd tor‘pz"edi'ct the c;.'"'ros's sections for the quasi-
free d-p scattering occurring 1n the reaction 6L.i(p,-pd)4He. 3 A corﬁparison
with experimental data4 at 155 MeV proton energy proved this approach to

be quite suitable. The angular correlations observed in this reaction were

consistent only with the @ particle and the deuteron beingina relative s state. -
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A recerit experirnent:5 investigated proton pairs from the reaction
6Li(1r+, pp)4He for 31-MeV pions. If the cai:ture of the pion takes place on a
quasi-free deuteron, the amplitude simply factorizes intq # vertex function
for the virtual decay of 6LJ'. ‘into a deuteron and an @ particle and into a ver- |
tex function for the quasi-free d + 1r+—> p + p capture, divided by the prop-
agator for the.transferred deuteron. This factorization can be tested6 by
measuring the dependence of the cross section upon the Treiman- Yang rota'-‘
tion angle. 7 In the above exgeriment the cross section was found to be con-
stant as a function of the Treiman-Yang angle for low-momentum transfers
q, fér which this first-order Feynman graph is expected to domi_ﬁate,, since
the pole of the deuteron propagator occurs at a small neg;ative value of qz.

It was realized, however, that the substructures of 6Li manifest them;
selves not-only in the above—rﬁentioned medium-energy reactions, but also
in low-energy nuclear scattering. The angular distribuﬁons observed in the
elastic scat.terihg of @ particles on 6Li in the energy range from 2 to 4 MeV

are strongly peaked in the backward direction. 8,9

In this paper we wish to
. describe a simple model for the latter process. .This model is a two-step
process, involving the virtual decay of the 6Li nucleﬁsv into a deuteron and
an a particle, followed by the capture of this deuteron by the incoming «
parvticlle and the formation of the outgoing 6Li nucleus. The reaction might,
then, be expected to be dominated by a single pole in tl';e transferred deuter-
on momentum, as given by the first-order Feynman graph. 10 We calculate
the angular distributions, and comparison with the experimental data yields
a value for the coupling constant for the 6Li alpha-deu.teron vertex.

Coulomb scattering being ignored for the moment, the amplitude for

the single deuteron exchange illustrated in Fig. 1a can be written (for h=c =1)
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10
as

m m,
a 6. 2 v ,

A = 1i _8 . : (1)
moz+ mg 2- 2m ., E '
Ii ! d—d '

Here q2 is the rhomenturn transfer at the 6Li-b-oz-d vertex, .Ed isv‘the Riﬁeti‘é
energy of the exchanged deuteron, and g = géLi’ @, d is th’é jzl'é/i"t.ex functionm‘- :
(averaged over the deuteron spin‘variable Sd) .of the “1i --a—dv ye'rtex, which
.can depeﬁd on the momentum transfer. This amplitude has a ‘Apovle in the un-
physical region at negative 'yalues Of, qz. For.‘.the enérrgy fegioxﬁ considered

=1.7to4.1 MeV),. the values for the location of the pole range from
2
1.

(Ea; lab

-0.17 to -0.22 [F- Theref:ore, | the largest contribution of this graph to
the tétai amplitude is exp'ectéci for low values‘of q2 or in the b.ackward di- |
rection -of the scattered « particle. |

| The next possibly important graph, illustréted in Fig. 1.b, describes
~the compound reaction via the intermédiate 10B nucleus, and it yields an

isotropic angular distribution. Its contribution is important only in the

A neighborhood of strong resonances in the cross section. The known levels

10

of ""B in this energy region have small a-particle widths of 0.1 to 50

8,11

keV. Therefore, if only angular distributions at ene'rgies separated
from the nearest re)s"on‘an:ce by several widths are taken inté account, this
graph does not cor&tr__ibuté" significantly to the cross section.

Besides the single-pole graph of Fig. 1a,‘; more cémplicated diagrams
involving the a-d structure couid be important; These are of the triangular
type and are shown in Fig. 4c and 1d. Their singularities are far removed

from the physical region compared with the single‘—pole graph, and they are

neglected for our considerations. For an energy of the incoming @ particle
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of 2.6 MeV, the pole for the quasi-elastic alpha-alpha scattering (Fig.. 1c)
is at -3.58 [F-z] , and for the quasi-elastic d-o scattering (Fig. 1d) at
_0.84[F7%]. * o

Fdr center-ojf-.mass 'angl'es gréater than 120 deg the cross section for
Coulomb scattering is of L;he order of.iO% of the fneasured cross secf:ions. '
In a first approximatioh the unknown coupling}const'a'nt gz can then be ob~
taineci by multiplying the square root of the experimental cross section with
the denonﬁinator of the pole amplitude including the appropriate kinematical
factors. The results for momentum transfers less than 0.‘4[F—2] are plot-
‘ted in Fig.v 25 whére only the backward points from the angular distributions -
- for all é;lergies have been used. Within the limits of our app}oximation (10
to 20%) the independvence of the form factors on the momentum transfer ap-
pears established. The‘r_elati%fe normalization of the, différent angular dis-
tributions according to the authors in Refs. 8 d;ld 9 is uncertain within a |
possible systematic error of about 10% . The statistical errors are small,
being of the order of 0.8 to 4% . From this procedure we extract an average

v'alue for the form factor of

g% = 1.20 £ 0.18.

In an attempt to fit the total angular distributions the amplitude for the"
point-Coulomb cross section multiplied by an arbitrary phase factor was
added to the nuclear amplitude, Eq. (1). The following expression for the

cross section was then co.mpared with the data:

m m

| : . o 6.
O [ S SR U
m ; ¢ ma+ Mg - 2m.E
C. . Li q d d
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with Acé-hnvexp(-in In sinzlé/é + ziﬁo)k(i's'iﬁze/z); n -z /Z ez/v;
exp(ZinO) = 1" (1-l; in)/T (i - iﬁ); KZ = ZEa/,c. m m m6 Kma + m6L ).

In some flts we also allowed the vertex funct1ons a dependence on’ t]}Lle mo-
mentum transfer in the form g2: a + qu. Each angular d1str1but1on was
fitted separate‘ly‘. ~ The :r.esults are given in ,Table 1, and comparison with
the experimental data' in F1g .3. The inclu'sion of a q2 denendence does
improve the fits considerably. ‘However, the \ta.lues for the coupling’con_
stant do not change by more than. 15% , 'e:.)ccept-for'energies below 2.3 MeV.
Sinc.e. the binding energy of the deuteron in 6L_i' is 1.47 MeV, the validity of
o.ur model is doubtful in the .region, ‘where the c.m. 'venergvie‘s of the incoming
ol partlcle range from 1.02 to 4.38 MeV. On the other hand the constancy
with respect to a q dependence of the form factors for energies greater

than 2.3 MeV, w1th1n the pos31b1e systematic errors of the data, gives
enough evidence that our s1mp1e p1cture seems reasonable for these energles.
The possible sources for the high values of’ XZ obtained, despite the fact that
the Vgene‘ral character of the angular distributions is represented very well
by our fits, can be summarized as foilows:

a. Inaccurate description by our parameterizati‘on of the total amplitude
of the interference between the nuclear and the Coulomb amplitude around
90 deg.

" b. Deviations from the point-Coulomb amplitude due to the finite size of
the two nuclei.

c: Exclusion of higher:order graphs, such as tho-se‘ shoﬁvn in Fig. 1c and
. . ‘

d. Contributions fromx compound resonances.

e. Underestimation of the experimental errors.
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All these effects together can be estimated to be of the order of 10%
of our total amplitude. According to the arguments for estimating our errors,

we obtain for the averége'value of the square of the (?Li-a-d coupling constant,

without and with a possible dependén-ce on the momentum transfer,

2
g

1.52 £ 0.15,

a =1.3220.13; b=0.027 0.007 [F*].

The lack of absolute cross-section measurements for reactions pro-

®Li(d, 9)%Li,

ceeding via a similar reaction mechanism--~as, e.g.,
6. . 4 6. ., + 4. . |
Li(d, o) He, or Li(w , pp) He--does not at present allow a check on our

value for the coupling constant g.
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Table 1. Results of the fits to the exp rimental cross sections of Refs. 8 and 9, using
formula (2) with and without q“ dependence of the form factor.

Eprey) & 48D vy v X0 a4l b oAl b d@) X of date.
eV : - - (F2y  (#2) ({rad) (rad) - points
1.7 1.68 0.4 -0.49 0.44 3072 0.78 0.05- 0.456 0.006  0.20 ~0.03 53 5
2.0 1.46 0.05 -0.72 0.09 1006 1.00 0.04 0.097 0.005 -0,14 0.03 34 6
2.3 1.54 0.07 -0.74 0.03 41411 1.22 0.02 0.058 0.003 -0.34 0.02 41 = 7
2.6 1.58 0.02 -0.73 0.02 1900 1.35 0.02 0.034 0.003 -0.50 0.02 341 14
2.9 1.48 0.03 -0.73 0.06 904 1.35 0.03 0.027 0.004 -0.48 0.07 211 7
3.4 1.46 0.03 -0.62 0.07 1564 1.23 0.05 0.029 0.004 .0.40 0.05 320 7
3.7 1.49 0.04 -0.87 0.07 452° 1.28 0.02 0.027 0.003 -0.56 0.04 15 =~ 7
3.9 1.55 0.07 -0.95 0.07 83 1.35 0.07 0.025 0.007  -0.67 0.09 47

4.4 1.52 0.03 -1.15 _'0.06 134 4.36 0.07 0.024 0.007 -0.84 0.114 81 7

¥6987-"T9YDN
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_ Figure Captions -
Feynman graphs illustrating possible reaction mechanism for
the direct interaction in 6Li(oz, oz)6Li. :

(a) pole graph; (b) quasi-compound process; (c) and (d) triangular

‘graphs involving the @-d structure of 6Li ground state.' |

Fig. 1.
Fig. 2.
Fig. 3.

The 6Li-oz—d form factor as a function of qz, including only back-
ward points from the angular distributioﬁs of Fig. 3, and neglecting
the Coulomb amplitﬁd;.

Angular disfributions ‘for 6Li(a/, oz)léhLiv for different energies.
Expei‘imental points are taken from Refs. 8v and 9. The dashéd
cui‘ve represents the fits using formula (2) with a constant form

factor; the solid curve, with a linear dependence of gZZ on qz.
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| Fig. 1




-14-= 1 UCRL-18694

i I T | — |
1.4 - h
L [ ]
) [ ] -! . o B a
'.2 Hn- B as QT L. I na |
a
)

.o} ]
T ! L | : : I T
o 0.1 0.2 . 0.3 - 0.4

q2(f-2y

XBL69 ~ 1656 .

Fig. 2




(mb/sr) .

~12a

v
o

 UCRL-18694

e e e

XBL6SI-1657



LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
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.




e -3 B

TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

[

L N





