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 levels in the T, = * 1/2 nuclei Li

these T = 3/2 states.
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 THE OBSERVATION OF T = 3/2 LEVELS_IN Lil - BéngND'THE UNCHARACTERIZED
R . ' WUCLEI He!, BT AWD He"

Claude Detraz . Joseph Cerny and Richard H. Pehl

Department of Chemlstry and Lawrence Radlatlon Laboratory
‘ ‘Unlver31ty of. California
Berkeley, California

~ The location and properties of the hitherto unestablished T = 3/2
, ; ; 7

and Be are important nuclear structure

“information; in addition, the‘question of particle stability of the contro= i °

7

~1 versial.nuclei He75 B’ and He8 should.be answerable by extrapolation from

\s

AsvhasImevﬁaﬁly been sho'wn',"l%5 (p,t) and (p,HeB) reactions can be

a valuable spectroscopic tool for locating states of high isospin in the

residual nuclei. To 1nvest1gate these mass seven nuclei, the reactions

| Be9(p,t)Be7 and Be9(p,He5)L1 ‘were 1nduced by M} 7. MeV protons from the *

Berkeleyv88-inch cyclotron. Tritons and He3 emitted from the_650 ug Be9

target were detected by a (dE/dx) - E counter telescope which fed a parti-

. cle identifier.h Figure 1 shows two typical spectra obtained at 32.5 degrees;

the energy resolution averaged 170 keV for tritons and 200 keV for HeB.

One would in general expect the angular distributions of the T = l/2

_mirror states of Be?land Li7 formed in these reactions to differ both in
" shape and magnitude. This arises since the (p,t) transitions occur predom-

inantly by lS, T =1 'pick-up of two neutrons, while thev(p;He3) transitions

can ocecur by plck up of a proton-neutron palr in a predomlnant 38 T = O or’
YS, T =1 conflguratlon. Marked dlfferences.are in fact observed in thel"

compared mirror angular.dfstributions and are'even apparent in Fig. 1.



~three T = 3/2 states are predicted to be 3/27(10.97 1o.1§); 1/27(~ 12,422

 therefore the lowest ones-—analogs of the He

- the Coulomb energy'with excitation, as calculated by Feairbairn;
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However, transitions to T = 3/2 states in Li and Be7, assuming the

.,charge.ihdependence‘qf nuclea? forces, proceed from,identical»initial to figal
\' ista£es throﬁéhsonly lS, T =1 pick—up‘of the two nucleons; as such,}identical
';‘fcro$svsectioné are expected fof'such fransitions after.phase space and 1sospin

u_'coupling corrections (here only 1.1%) are included (see,Ref.vl). Indeed, Fig. 2
- shows_that fhe'tranéiﬁidns tQ the palr of previously unqbserved "mirror" leveisri‘
at 11.13 * 0.05 MeV in ii7 and 10.79 * 0.0k MeV in Be7 are idenﬁical,considere ;v

'ing the background subtraction and statistical errors. Therefore, these. two

states can be assigned a T ='5/2 isospin. Their excitation energies are close

' to the theoretical estimates for the lowest T = 3/2 state5{6 in Li —the first

6,
),
¢ .

© and 5/27(15.72," 15.2° Me¥): .

We note that the angular distributions in Fig. 2 have the same shape
as is sﬁandardly observed for known L =?O transitions at-U43.7 MeV (see Fig.

3 of Ref. 3). Due to angular momentum éonSérvation, this also restricts .

our transitions to be to-the 3/2" states. These two T = 3/2 states are

7 and B7 ground states.

i 7

The difference between the two excitation energies in Li' and Be', '

_ which is about 340 keV, is qualitatively in accord with the wvariation of

7 with the

. difference in pairing energies between the T = 1/2 and T = 3/2 states, es-

timated by Wilkinson8 for:theAlp= shell; and with a probable Thomas-Ehrman

'.shifﬁ,

LA ' ) :
These two T = 3/2 levels are broad. Correcting for the experimental

energy resolution, we find full widths at half maximum of 268 % 30 keV for

¥ % v S .
Li? and 298 * 25 keV for Be7 . These two widths are very.similar and both



T = 3/2 level of Li' to be lower than 10.81 MeV, Balashov® found that He

than for the second and first neutrons, Bn(He‘) - Bn(He

‘the‘pairing between the two neutrons. Using the mass of He

3. : UCRL~-1601k4

_ o N _
states can decay through three T = 3/2 channels: He6+p, L16 (T =1) +n,

* 6 * %
He4+p+2n for Li' ; and Be +n,~Li6 (T =1) +p, Heh+2p%n for Be! .

. . * N .
The mass of the He  nucleus can be obtained from the mass of Li' (T = 3/2),
_ 5 W ‘ '
. taking into account the neutron-hydrogen atom mass difference and calculating
. o ’ « i ! . * S ) . ) . . '. e
the Coulomb energy difference. from the pair He6 -'Li6 (T_= 1). We find for

'fv'He7 a mass excess of 26‘O§Ai 0.15 MeV9 in the C12 system; therefore,He7 is

definitely unbound to neutron emission by about. 360 keV. 0 Assuming the first

7

would be a. P-emitter with a half life of 30-100 msec. He7.being unbound, '

the assignment of 50 usec for its half 1ife, which appears in the Chart of

o 1 : ' :
. the Nuclides,.l presumably quoted from Ref.v6 through a misprint in its

o ' 1
abstract, 2 should be dropped.

A similar calculation to that for He7, but using the T = 3/2 state in

1 .

ST - . ’ . ' : . 10 10%, - R
Be . and the Coulomb energy difference from the pair Be - B (T = 1),indi-

7

cates a mass excess of 27.99% 0.15.MeV9 for B'. Though this value.is smaller

'vvthan the one predicted by Goldanskii15 (29.4 £ 0.5 MeV in 012 system),-B7 is
. still quite unstable for particle emission, decaying to Li5+2p, Be6+p and

‘a+5p.

. To estimate the mass of,He8, we can use the arguments reportéd by

.-"Goldansk:‘.\i,llL namely fhat the difference .between the binding energies of the

fourth and third neutrons of the 1P5/é shell, Bn(He8) - Bn(He7), is smaller

5), but larger than

Bn(Li9) - Bn(Li8)_where the extra proton disturbs, by a deuteron-like bond,

7

as calculated

above, we obtain the followiﬁg double inequality:

'.51:6 MeVA%'maSS excess (He?)‘<75214'MéV, . f

1
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Since the lightest particle unstable channel is He + 2n, the mass excess of

- " which‘is 33.7MQMéV,He8 should be stable to.nedtroﬁ'emission by at least’

: 1.3 MeV.15
lh,lé 17 the particle

After theoretical predictions and experimental hints,

'iﬂrstability.of He8 hés recently received its most reliable proof with the observa-

“tiﬁn by Nefkens;s of what is thought to be its B-decay. He8 cen decay to the
'. 3;22 MéV (l+) éﬁd, if it is a l; level,l9 the 0,978 MeV level of‘Li8. If_the.
h lafﬁér decay is poséible; ourAHeS mass predicts an end point energy lyihg
':befween'9.7 and 10.5 MeV, which is SIightly outside the values given by

‘ - N
Nefkens, 15 * 2 MeV. - A lower energy than his would produce a lower value pf
‘,_.log ft; his value of h.B_seems s&mewhaf hiéh_for this allowed transition.

These results for He8 can be. used: to limit the mass excess of the

“tetraneutron nh, which has recently fregained" stability with the apparent

5 0

N

j‘.discovery that the trineutron n is bound by aboﬁtii MeV.g Our'He8 mass and
* the observed B-decayl8 reqﬁire‘a mass excess-of mo?e than 29.2 MeV for nu; if .
»lGoldanskii's treat_mentlh is stiil‘meaningful for such very ligﬁt nuéléi, the
- pairing energy for the last two ﬁeutrbns [Bn(nh)FBn(n5)] would be at most
-1 MeV, which appears somewhat low. |

b'-To sumﬁarize, the determination.of,the lowest-T>= 3/2 level energies

7 and.Be7 implies that He7 is unbound by about 360 keV with. a B

and widths in Li
- very short half—lifé (some lOle sec.), that B7 is even more unbound, but that
He8_is4bound, decaying by 6:emission;with a maximum energy of the order of

0.1 + 0.4 MeV. .
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FIGURE CAPTIONS

Eneréy spectra for the Beg(p,t)Be7.and Beg(p,_HeB)Li7 reactions at -

af132.5o'in the laboratory ayStem.'

Angular distributions for the T = 3/2 stapee at 10.79 MeV in Be !

7 S e .7

state have'

:'been corrected for phase space and’ 1sosp1n coupllng by the factor

~”of O 989 The errors whlch appear on the flgure are only statlstlcal
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