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There.is a continuihg interest in.e characteriiat£en of‘sucﬁ nuclel
'::as HLL and Liu; in addition, a determinetionlof the mass of:either should aid
~in locating the lovest T = 1 state of Heh, which is the subject of consid- .
.erable current.epeculatien{ To accomplish thie we have againl utilized fhe
technique of simultaneous observation of (p;t) and (p,HeB) transitions to
analog final states——herevapplied to th.e‘Li6(p;‘t')Liu and Li6(p,He3)Heu*

(T = 1) reactions. The latter reaction and the Li7(p,Ot)He}+ reaction ‘also

allow the investigation of the T = O states of He',
' Some of the recent data concerning the two lowest excited states

of HelL are summarized in Table 1.2'8_ Since state I (=~20 MeV,_probably'O+,

= 0) lies qut above'the,prt threshold at 19.81 MeV excitation and state
1T (=22 MeV, probably 1- or 2-, T = 0), above the n+He threshold at 20.58
MeV,_their exact neture is uncertain;'_Besides these two states, Vliasov and -~
Samoilov suggest9 the possibility that the lowest T = 1 state lies at 24 or
25 MeV. This would requlre Llu to be unbound by h 5 to 5.5 MeV.
" Ve heve‘used.hB.T MeV protons fromethe Berkeley_88-inch cyclotron to
7

“induce (p,t) and (p)HeB)‘reactions on-Li6 and (p,a) reactions on Li'. Tar-
- gets of separated'isotOPes_were'esedjAthe general exﬁerimental setup ﬁas.
,reported prev1ously - | o | »

Figure 1 presents a Li (p, 5 ih é§é¢t£um at 15 degreee. .Such.deta,-
taken-between 10 and 35 degrees in the iaboratery; show a broad Staﬁe whichj}

. 15 unbounduby:2.9: £:0,3.MeVito. He2+p decay. (Though we shall denote this
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"péak as the Lih ground stéte.througﬁouf tﬁis report;‘i£ is probably not a
~single state.lo) The width of %hé unbbund Lig state is 5.0 £ 0.5 MeV aﬁ
all angles. Using this LilL masé,'a Cbulombvgalculation-preaicts that the -
T = 1 excited state of Heh is located at_a?proximateiy 22.5 MeV (0.3 MeV).
Finally, one predicts %hat thé analog HLL nucleus is also unbound-éby,aboﬁt
<A2.O MeV.ll These masées diréctly confirm thernegative results of‘prévious
.-seérches for the B-decay onHh or LilL (see Imhof e£ al.lef.
| Figure 2 presents spectra from. the Li6(p,He3)Heu and Li7(p,a)Heh
reactions. State I was observed in both ofvthese reactionsgfépyeariﬁg at
- 20.10 ¥ 0.15 MeV. If its O+ assignment is correct, the (p,HeB) transition
to this level should correspond to an,angul;r momentum transfer of L = 0
(or 2), while the (p,) transition would‘require L = 1 transfer. The B
angular distributions ofﬁfig. 5a‘are inraccord with thésé éxpectations and
'strongly Suppdrt this O+ aséignmenﬁ. ;First, the (p,HeB) transition is es-
sentially idehticél to tﬁe Lié(p,ﬁés)ﬁeu g.s. transitioﬁ and both appeaf

4o be fairly pure L = 0, according to our two-nucleon transfer'syétematics

in the light elements;l‘ and, second,jfhe limitedv(pga) data are consistent ‘

with ’t:he.L:'L7(p,0t)Hel‘L g.s. transition thch must have L:= 1 transfer.

[4

It is apparent from Table I tﬁat large discrepancies exist in both

the location and width of State.Ii as reported from different experiments..

L

. : : l i o
These fluctuations and the above Li results lead us to postulate that
there are in fact at least two states'near 22 MeV. We expect oné to_be a

T = O state with a width of about 1 MeV, clearly apparent in the work of

Parker et al.2 at 21.2 £ 0.2 MeV, and the other(s) to be the T =1 state(s) -

: L _ ' ‘
predicted from our Li mass to appear at 22.5 * 0.3 MeV. An analysis of
L . . ' : v"\ ’ - B . ’
the data using the widthl; given by Parker et al. for the prominent peak
which appears at 21.4 * 0.25 MeV in the Li6(p,He5)Heh spectra (Fig. 2a)

. } . C B
indicates the presence of an additional, somewhat smaller peak at 22.5 %

- 0.3 MeV. As expected,‘this new peak is broad; however, no width could be

-
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obtained due to the complexity of the spgctra; This 22.5 MeV level can be

' L . L
postulated as the. first T = 1 excited state of He —the analog of the Li

ground state.
?urther confirmation of this assignment is presented in Fig. 3b,

M o,

: 6 L
where both analog transitions, Li (p,t)Li g.s. and Lié(p,Hea)He
MeV, T = 1), are shown. The monotonically decreasing angular distributions

%o these T = 1 states over theé observed angular rangé are similar to the

- ) ]
Li6(p,He3)HeLL (21.4 MeV, 17 or 27, T = 0) angular distribution; all three

transitions are consistent with the L = 1 angular momentum transfer that

_ would be expected to 1  or 2 states. Finally—and most importantly—the.

relative cross sections to these two analog levels, after correcting for
isospin coupling and.phase.space,lu are qﬁite similar (within the laréé
uncertainties of peak Seﬁarafionlgnd background sﬁbtraction) as wouid be
required for transitions proceeding ffoﬁ identical initial to final state;
through lS, T = 1 pickup of two nucleons.

. To summarize, we have observed the unbound gfound "state" of Li% |

and predict that Hh must be unbound by 2 MeV. -We have obtained ahgular

distributions to the 20.1 MeV state of Hek which are consistent with its’

O+ assigmment and have identified the lowest T:=.1 "state" of He' at an

excitation of 22.5 * 0.3 MeV.

-

P
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‘The apparent w1dth of a short llved state can vary with the nuclear

)

reactlon employed to study 1t.- (See for example E.-H. Berkow1tz, Nucl.vf'

Phys 60, 555 (l96h) ) However, ‘the spectator partlcle veloc1t%‘wh1ch .

appears to ve a relevant parameter_1nfluenc1ng the w1dthbls very 51m1-_. o

lar in this experiment and that of Ref..2.

J. Cerny and R. H. Pehl,.Phys. Rev. Lettefs-lg;l6l9-(l96h);




Table I. Evidence for the first two excited levels of Heh.

Ref.

® = N W

T(d,n)He

Reaction

d(He3,p)Heh‘
Heh(p,p’)Heu
,HeB(d,p)Heh

e(p, pr e

b

f(d,n)Heh

m(p,p)T

Bombarding'

~ Position
energy (MeV) - (Mev)
31.8» i9.9u % 0.02
Lo ' 20.46 * 0.1k
6-10 26.08 3 0.5»
 55 o L
7.83 g véop;
- 19: L |
" resonance  20.3 s 0.1

»oNe

State I

 Width
(MeV)

0.140
0.2

0.35

o+

t+

0.025

-5
0.05

0.05

21.24

Position
(MeV)

i+

0.2

22.0 * 0.1k

22.

22

L 0.7

State II

Width
(MeV)

1.1 * 0.2

~ several MeV

—9—

9929T~TdoN
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FIGURE CAPTIONS

Fig. 1. An energy spectrum of the Lié(p,t)Lih reaction atll5o‘uéing 43,7
MeV protons. The Eouﬁts above channel h26 arise from a sliéht deuteron .
breakthrough into the tf;ton region'éf:theaidéntifief spectrum.

Fig. 2. Typical energy spectra from a) the Li6(p,He3)Heh and b) the

'LiT(p,a)Heh reactions.at 43,7 MeV. Part. a exhibits the analysis of
.« ' the prominent peak at 21.4 MeV using the width reported by Parker,et al.2
. _ Fig. 3. a)Angular distributions to the 20.1 MeV excited state;of Heh for-
| the two reactions Li6(p,He5)Heu* and-Li7(p,a)Heu*. ,Thé arbitrary.unit,’
~common to both distributions,,correéponds‘roughly to 15-20 ub. ster-;.
"b.) A comparison of the angular distributions of fhe‘analog:re?CQions-
v_Lié(p,t)Liu g.5. and,Li6(p,He5)Heu* (r =1, 22.5.MeV). The (p,He5) |
cross sections havé been multiplied byju99'to adjust for isosPin'éoupling
and'phase space factors. Due to the complexity of the spectfé,'the
relative cross sections have been obtained from Only the "cor;ected" /
-peak heights, assumiﬁg compafable widﬁhsvfor.thesé analog sfates.

Probable uncertaintiesfintroduced?by this procedure are:indicated, :

!
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