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NEW SPECTROSCOPIC MEASUREMENTS VIA EXOTIC NUCLEAR REARRANGEMENT:
. *
' THE 26Mg(7Li,8B)25Ne REACTION

K. H. Wilcox, N. A. Jelley, G. J. Woznisk, R. B. Weisenmiller,

H. L. HarneyT, and Joséph Cerny
Lawrence Berkeley Laboratory andv'
Department of Chemistry
University of California
Berkeley, California 94720

February 1973

Abstract:

A T9 MeV 7Li beam and counter telescope techniques
were employed to observe the 26Mg(7Li,8B)25Né reaction. The
cross-section to the ground state was ™~ 350 nﬁ/sf'at forward

' éngles end its Q-value was -22.05%0.10 MeV, corrésponding to
a 2oNe mass excess of -2.18+0.10 MeV. Five excited states

were also observed at 1.65%0.05, 2.03%0.05, 3.25%0.08,

4,05£0.08, and 4.7+0.1 MeV.

35P_(except_

Although all of the T_ = (N-2)/2 = 5/2 nuclei from Hii to
13Be) are known to be particle stable, many of their masses are not yet
“accurately known and no data on the positions of their eﬁcited states are
a.va.ilable.l Knowledge of thei¥ masses and energy levels is important because
it permits the testing of systematic mass relations and the comparison 6f
experimental with theoretical level schemes for nuclei in a region far from
stability. Spectroscopic information on such neutron-ékcess*nuclei has

been difficult to obtain via "in-beam" reactions since a large isospin transfer

is required in the production process. Unusual heavy-ion rearrangement
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reactions may then be an excellent means of overcoming this restriction. 1In
this spirit, we have investigated the feasibility of using the (7Li,8B)
reaction (lATzl = 3/2) as a prototype for such studies.

By bombarding 26Mg with a T9 MeV 7Li2+ beam from the Lawrence Berkeley
Laboratory 88-inch cyclotron, we have successfully detebted 8B nuclei from
the 26M’g(7Li,8B)25Ne reaction (Q = ~ -22 MeV), determining the mass of 25Ne
and, for the first‘time, the level structure of a TZ = 5/2 nucleus in the
very light elements. Reactions yielding 8B nuclei are pafticularly suitable
for the study of neutron-excess isotopes for several reasohs. Proton-rich B

is the lightest, particle~stable Tz = -1 nuclide and the fact that both 7B

9

and “B are proton-unbound simplifies its identification.- Further, since

all excited statesvof_BB particle decay, any possible "shadow peak" problems
are eliminated.

This reaction was studied utilizing a lithium beam produced with a
PIG~type internalfiqn source.2 Cathode buttons were employed which consisted
of a mixture of 20% LiF and 80% tungsten pressed into a tantalum shell under
very high pressure. Erosion of the buttons by the arc maintained a partial

pressure of lithium in the source. Additional lithium was supplied by a

perforated cylindrical tantalum sleeve loaded with fused LiF which was inserted

in the anode. Maximum long-term beam intensities of approximatély 200 nA (3+)
on target were obtained with a low arc power which slowly vaporized |
the LiF over a period of ~ L hours.

The maximum energy 7Li2+ beam (78.9 MeV) was used to bombard a 99..4%
isotopically enriched, self-supporting 26Mg target of thigkness 150 ug/cm2.

The energy of the beam was determined using a high-precision analyzing magnet.
. <

Y
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Outgoing 8B particles were detected in two counter telescqpes, each suﬁtending
a solid angle of 0.43 msr, located on opposite sides éf the beam., These
telescopes consisted of two AE detectors (denoted AEQVand AE1l) 15 y and 11 u
thick, respectively, a 200 u E detector and a 500 u reject.detector. After a
fast coincidence among the first three detectors restricfed the origin of éll
allowed events to a single beam burst, two particle idenfifications (P.I.) were
performed and compared using the signals from the succeésive AE detectors and
the E detector.g- Events in each system with an accepﬁable ratio of
identifications (a stringent comparison eliminated ~ 50%) were sent via an
gnalog-to-digital converter and multiplexer system to an on-line PDP-5 éomputer.
Four parameters fbr each event (AE2, AEl, the total E signal, and a P.I.
acquiréd using the summed AE pulses)'were recorded on magnetic tape for later
detailed analysis, and were also sorted on~-line té give 8B and lOB energy
spectra.

Figure l.presents a particle identification spectrum showing good
separation in the region of the boron isotopes. (This'figure also indicates
that a few lO-C particles were identified. However, the yield and selectivity

26 23 23

of the Mg(7Li,1Oc) F could be

F reaction were such that no ihformation on
obtained in these experiments.) To further reduce possible background in the

8B region, a two-dimensional AE2 and AEl versus total ehergy analysis was done

off-line. A small percentage of additional events could be eliminated in this

manner.
An energy calibration for the 8B data was acquired by concﬁrrently
observing 10g particles at elab = 10°, 15°, and 20° from the 26Mg(7Li,loB)23Ne
reaction. Periodic stability checks of the electronics were obtained and
linearity was established by utilizing a high-precision pulser, which had been

calibrated by.alpha-particles from a 212Pb source. In the off-line analysis,



ko ' LBL-16k4L

corrections were made to individual 8B events to allow for slight gain changes
and beam energy shifts. Reactions yielding 8B nuclei.from‘possible 120 and 160
‘contaminants were not seen. Kinematic shifts (from 10° tb 156) of all the
observed peagks were oﬁly consistent with reactions induced on 26Mg.

Two independent investigations of the 26Mg(7

Li,BB)zsNe reaction ﬁere
maa;. The 8B data collected af elab = 10° during run 2 are shown in Fig. 2a.
Figure 2b is a composite spectrum of these same data plus_elab = 15° data .
taken during both runs 1 and 2 and kinematically corrected to 10°. The cross-
sections for population of the ground state at 10° and 15° were similar aﬁd
weré about 350 nb/sr. In addition to the ground state, five excited states

of 25Ne can be seen at excitation energies of 1.65%0.05, 2.03%0.05, 3,25i0.08,
'h.OSi0.0B,.and 4,7£0.1 MeV. Counts on the high energy shoulder of the 3.25 MeV
peak are-inconsistent with the observed lOB resolution‘of ~ 200 keV and are
inconclusive evidence for an additional excited state.

Unfortunately, no calculations are available on the level scheme of

25Ne. From simple particle-~hole theorems and the spherical shell model one
2T

might expect 25Ne to possess a low-lying level structure similar to that of ° 'Mg

) 4 +
(g" g.s. = 1/2 ), whose first two excited states5 lie at 0.98 Mev (3/2 ) and

1.70 MeV (5/2+). However, even for low excitations, the configuration space

27 )1

needed to describe “'Mg adequately is probably larger than (nds/z)_e(\)sl/2

2T

as is indicated by some success5 in applying the Nilsson model to Mg. There

' L
is, though, a marked similarity6 between the level spectra of 2 Ne and 180

[hence l8Ne] below ~ 4 MeV, which would support describing the lowest levels

of 25

5/2 1/2
. + +
Kuo and Brown,7 a 1/2 ground state; a 1.3 MeV, 5/2 1level; and a 2.1 MeV,

Ne by the (ma )2(vs )l_configuration. Using the matrix elements of
N .
3/2 level are expected. The calculated ground state spin of 1/2+ agrees with
. \

that preferred by Goosman gg_g;.S'in studies of the
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B-decay of 25Ne. The significance of the agreement with the observed
excitation energiesvmust await more deteiled calculations, though one can
25 S

conclude that the ground state of ““Ne is likely to be:well separated from

excited states, as observed.
From the energy of the 8B ground state peak, the Q-value for the
26, (T.. 8,,25 C o o ' .
Mg( '1i, B)““Ne reaction is found to be -22.0520.10 MeV, corresponding to a
mass excess for 25Ne of -2.18+0.10 MeV. This is in good:agreement with the
o 5

two previous experimental results of -1.9620.30 MeV by Goosman et al.” and

-2.2%0.3 MeV by Kabachenko gg_gl,g (see discussion in Ref. 8), both from B end-

. point measurements arising in the decay of 25Ne.

Thibault and Klapisch,lO using the method of Garvey gz_g;.ll but with
25 |

more recent data, predict a mass excess for ~“Ne of -1.28 MeV. By applying
the "transverse" mass relation of Garvey and Kelson (Eq. (1) of Ref. 11)
specifically, one obtains:

25 2k 26 2k

Ne = “Ne + ("' Na - " 'Na) - (26

Mg - 25Mg) = -1.36 MeV. This discrepanéy

of ~ 800 keV is unusually lafge;ll however, in this case it is not clear from

a spherical shell model description of the nuclei involved that closer agreement should
be expected. Ambhg these nuclei, two of which are odd—qdd, differing

configurations arise for which the requisite cancellatién of the twoébody

interactions is not 6bvious.' A siﬁilar discrepancy appears in the "longitudinal"
prediction (Eq. (2) of Ref. 11) for the mass excess of-the: |

21"Ne = e + (26Na -'2hNa) - (27Mg - 26Mg) = -5,22 MeV,

while experimentélly 2l+Ne = —5.95 MeV.

. : '.l
Recently the mass excess of 27Na has been measured 3 (=5.88+0.1L4 Mev),

enabling the longitudinal relation:

2oe = 21*Ne + (27Na - 25Na) - (28Mg - 27Mg)
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25

to be used to predict -2.04 MeV for the mass excess of ““Ne. In this instance,

this relation also arises from a simple shell model déscription of these nucleil

11,14 In order to investigate the

15

; ‘ L oam n s .
in terms of (ﬂds/g) (vsl/2) configurations.

approximations in this description, one  can evaluate™ two further equivalent

predictions, which employ the remaining appropriate known. mass differences:l

2ye = 2'we + (°Tya -

25Ne 2hNe + (28Mg - 26Mg) - (3OSi - 29Si) = =2.21 MeV.

25

There is thus good agreement for the mass excess of ~“Ne between the

values obtained from a shell model description (-2.04, -1.86 and -2.21 MeV)
~ and the experimental result of -2.18 MeV. Comparison of a large-basis shell
o o

model calculation of the expected level scheme of ““Ne with our experimental

values therefore may be of particular interest.

2Na) - (a1 - 2Tp1) + (Vs1 - 2Bgi) = _1.86 Mev, and

v



Y ™ - A ¥ e A
-T- | L LBL-16kk

"FOOTNOTES AND REFERENCES
* S _ ' -
Work performed under the auspices of the U. S. Atomic Energy Commission.

fPresent address: Mex-Planck Institut flir Kernphyéik, Heidelberg, Germany.

\} 1. See, for example, D. R. Goosman and D. E. Alburger and references therein,
Brookhaven.National Laboratory Report (on 3;Al), sutmitted to Phys. Rev. C.
2. D. J. Ciark, J.'Steyaert,‘J. Bowen, A. Carneiro, and b; Morris, Sixth .
Internationai Cyclotron Conference, U;'of B. C;, Jply.i972, Lawrence‘
Berkeley Lébor@tory Report LBL-6LbL, |
5. R. E. Hintz, F. B. Selph, W. S. Flood, B. G. Harvey, F. G. Resmini, and
E. A. McClatchie, Nucl. Instr. Methods 12, 61 (1969).
4. G. W; ﬁutler, J. Cerny, S. W. Cosper, and R. L. McGrath, Phys. Rev. ;Qé,
1096 (1968).
5. G. Costa end F. A. Beck, Nucl. Phys. A181, 132 (1972);.and references therein.
6. A. J. Howard, R. G. Hirko, D. A. Bromley, K. Bethge, and J. W. Olness,
Phys. Rev. Cl, 1446 (1970).
7. T. T. S. Kuo end G. E. Brown, Nucl. Phys. 85, ho (1966)
8. D. R. Goosma.n, D. E. Alburger, and J. C. Hardy, Phys. Rev. CT, (1973),
in press. |
9. A. P. Kabachenko, I. B. Kyznetzov, K. Slvek-Vllchlnka, E. A. Skakun, and
N. I. Tarantin, Joint Institute for Nuclear Sc1ence, Dubna Report D7-5769,
20k (1971).
) 10. C. Thibault and R. Klapisch, Phys. Rev. C6, 1509 (1972).
B : 11. G. T. Garvey, W. J. Gerace, R. L. Jaffe, I.vTalmi, ahd'I; Kelson, ﬁev. Mod.

Phys. Suppl. 41, S1 (1969).
12. Mass excesses from A. H. Wapstra and N. B. Gove, Nucl. Data Tables 9, 265
(1971), except 26Na mass excess from G. C. Ball,‘W..G. Davies, J. S.

Forster,_and J. C. Hardy, Phys. Rev. Letters 28, 1069 (1972).



13.

1k,

15-

8 R LBL-1644

R. Klapisch, R. Prieels, C. Thibault, A. M. Poskanzer, C. Rigaud, and E.

Roeckl, Phys. Rev. Letters (in press).

A, de—Shalitfénd I. Talmi, Nuclear Shell Theory (Academic Press Inc., New

York, 1963)Q i
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FIGURE CAPTIONS

Fig. 1. A particlé identification spectrum resulting frémgbombardmentvof 26Mg

by i,

= o.
1ap = 107

Fig. 2. (a) 8B enefgy_spectrum from run 2A at
(b) Composite 83 energy spectrum including data of part (a) plus data
taken at 81 p = 15° from runsvl-and 2, kinematically corrected to

| = 100,
elab< 10%.
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