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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not , i
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. .
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" Abstract

6

The Li(5He,t)6

Be end'loB(5He,t)lOC reactioﬁs have been studied at
E(BHe)“% 30 and 4O MeV. In 6Be, an excited state is observed at E = 1.67
+ 0.08 MeV (r = 1. 15 0.08 MeV). In lQC, in additioﬁ to the eharp ground
‘and flrst ex01ted states, level structure centered at E ‘ 5,28 and'6}58‘MeV

is observed.j >§'

T ‘ | - “ § - o .
‘This work was supported by the U. S. Atomic Energy Commission and by the
» "by the Natlonal Scienceé Foundation.

Wi, s T 'f

i 'J. Simon Guggenhelm Fellow 1965 1966; now at Haverford College, Haverford
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1. Introduction

Fxperlmental evidence on the level structure of the A = 6 isabariébb
trlad is rather sparsel). In_6He only one excited state (E#.: 1-?9T}i'0.025 Mav, v
P:=.113 * 20 keV) has been located with any degree of certainty:. In“6Li;bthe |
porfespondingvT =1 sfate has probably been observed (EX 5’5.36 * 0.0lé'MéV;
f ; 320 + 50 keV), but'né other T = 1 states have been found aﬁ higher exci-
tations. The level structure of the_mirrof nucleus of 6He, 6lBe, has until
recently been completely unknown. The~reasons for this have béen twdfold' 6Ba__-
is_unstaleVWith.respect tobbreakup into aHe + 2p by 1.373 MeV, and the anaLng_
enefgies fbrqbreakup into 5L1 + p and 25He are, respectlvely Oo592 and 11.487
MeV insuring that any ex01ted states have at least two energetzcally p0581ble

®Be (q_ = 9.001),

decay modcs The reactlons Jead]ng to 6Be are 5Hc(a n)
6[,1(p,n) Be (Qm = -5, O"(O) and 6Li(5He,t) Be (Qm = -4.306). On the one hgna the
fact that all states of 6Be are unbaund means that they will all have intrinsic
widths which are Jlkely to become con51derabla for hlghly excited states. On
the other hand the negatlve Q-values and the relative dlfflcultles in detectlng
neutrons and tritons have inhibited the studles of the nuclear reactlons leading
to 6Be. | in_ |
Thara'had‘been rapartsg’j) in studies of the two neutron reactiona of
an'excited state af Ex_z 1.5 MeV,vwhich would aorreapoﬁd.to thé.knbwn T=1
states in,6ﬁe and 6Li'at l.80'and 5.36 MeV. Howaver, a study of the (BHe t)
v'reactioﬁ at E(5He) = 12 MeV had falled to show ev1dence for any excited states

6 .
of “Be with T' < 1 MeV below E = 2.8 MGV ) Purthermore-in a studyb) of thres-

holds in the (Li(p,n),Be reattion, only the ground-state threshold was observed
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up to B~ 3.8 MeV. On the other hand, investigators studyingé)vthe 6Li(p,n)éBe

reaction at'several angles at proton energies of 30 and 50 MeV reported nine

excited states of 6Be with Ex < 16.3 MeV, including three with Ex < 3.8 MeV.

Recently studies7) of the hHe(BHe,n)6Be (E(5He)= 26 MeV) and 6Li(p,n)6Be'

(Ep = 11.6 and 12.6 MeV) reactions have shown that below Ex ~ 5.7 MeV,-thére is

N - ' t -
~only one excited state, at EX =1.6 £ 0.1 MeVand ' = 1.1 * 0.2 MeV . The study

of theﬁ6Li(5He,t)6Be reaction reported.here permits a redetermination of the
energy pafameters of this state, and permits an investigation of the level struc- -
ture of OBe up to E_~ 13 MeV.

The structure of the A = 10 isobaric triad is-much befter knownl) than
10

'that for A = 6. Bélow Ex = 12 MeV, eleven T = 1 states ha?e been located in " "Be,

and approximately eight such states have been located in the corresponding exci~.

tation region-in OB: see table 1. On ‘the other hand, in lQC, which, until now ,

T _ v | , 1 \ o
has been studied only through the OB(p,n)lOC (Qm = -4.388) and 12C(p,t)lOC

Q = -2%.319) reactions bnly one excited state (E_ = 3.360 * 0.017 MeV8’9) has '
m ? . ; . NPy

" been located with any certainty. States at 5.6 * 0.1, (7.2 * O.E)Vand

10.2 + 0.2 MeV (I" = 1.5 MeV) have also been reported;o). We will report on a

' L 10,3 10 - _ ‘ ]
‘preliminary study of the ~ B(“He,t) C reaction (Qm = -3.624 MeV) and on the lo-
~cation of excited states of lOC. All excited states of lOC above the 3.36-MeV

state are energetically unbound with respect to decay into 20 + 2p (Eby: 5;770)}

T_P. C. Rogers and H. E. Wegner (Bull. Amer. Phys. Soc. 11 (1966) 301, and private
.cbmmunication) have reported on a study of the 6Li(3He,576Bé reaction at 30 MeV.
iTheir preliminary values for the parameter of the first excited state are
,Ey = 1.6% % 0.1 MeV and T" = 1.5 * 0.2 MeV.

-
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®Be + a1 (B, = 5.143) and Sli + o + p (B, = 5.735). This -

- means, of course, that"particle groups to such excited states must be Observed

above a many'pafticle continuum background.

2. Experimental Procedure and Results
2.1. EXPERIMENTAL SETUP
‘ 3

A beam of “He partlcles accelerated in the 88-inch Berkeley cyclotron en-

‘tered-a 56—inch—d1ameter scatterlng chamberll); A target holder located at the

-Center_of the chamber held a quartztslit, used in aligning the beamuand‘checklng

on its dimensions, and four targets. The height of the target holder assembly -

- waSrset'by remcte control and aﬁy desired target could be brought into position’

|

to be bombarded by the Jn01dent beam.

Thc charged partlclee emitted in the interaction of the )He beam with the.

' target nuclei were viewed by counter telescopes-located at two angles-to the in-

cident beam. Each of the counter telescopee con51sted of a dE/dx and an E .

. » 1
~counter. An 1dent1fy1ng system of the type descrlbed by Gouldlng et al & was.

nsed. Typlcally the dE/dx counter was an 8 -mil thick S1 detector, while the E

.cbﬁntér was_lEO mils thick. #Oofchannel‘RIDL analyzers were used to record the'
' identifier spectrum, the spectrum in a monitor counter, and the "valley": between

the pulses due to deuterons and to tritons entering the counters. The spectra

3

cf»the tritons and of'the He particles in each cf the two counter systems were'

fed into four separate lOEM«Chanﬁel configurations of a Nuclear Data pulse-height

P
analyzer.v A block diagram of the system has been described pl@VJOuoly 5)
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At the conclusion of each run, these 4096 channels were dumpea info;tﬁe memory
of a PDPS pomputer. ’The computér was programmed to display the spectra &isually
bn a scope, record them on tapg, and graph them on a Cal-Comp piotter; For each’
run, triton and 3He‘éﬁecfra were thus obtained at two angiesf_ |
If the runs Weré longer than two or three hours, thé»data'were dumped at
intervals of aboub two hours and later added for a composite Spectrum from the
entire running périod. This was done tc prevent the possibility of electrénic
drifts deéreésing thg resolutioh of the system._ A slow pulser fed a signal
simulating é high:;nergy triton gréup into each triton spectrum. Tﬁe peak channel
and wideh.of the group were used to observe elecfrbnic drifts. For tofal runs of
éix té\eighi ﬂburs,’the*dhannel positions of reference peaks did not-shift‘by .
| ﬁbre t@§n half a'bhénﬁgl ffom.their avefage vélue,_ | -
The 3Hétsvpec'tra ﬁéfe used‘tvobserve beam energy shifts and td identify

impurities in.the targeté.. Théﬂpeak channels of the'oxygen and carbon impuritigs
" observed in the Jte spectra in'different runs at tﬁe same angles were uséd'to
.identify system shifts. Although no significant shifts of energy of'electfbnics
were ﬁotéd during long‘runs én a given téfget at-; fixed angle, iﬁ a few cases
shifts between runs on different targefé or on one target at’different anglé$ "
_ Qere.noted. In all caSes»whg?e correctién for sﬁch éhifté wés made, at‘least

two of%the following three indiéations,were observed: (a) a shift in. the slow -
ﬁﬁisér peak; (b)ba relative shift in the 5He specfra peak channelS'df both.the
oxygén and carbon impﬁfity peaks in the various targetsjrun-at the same angié;
'(c) a shift of all the identifiableApeaks in the 3H¢ spectrum away from the averaée

3

He énergy scale.
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b,

The energy of the incident “He beam was determined to.firét'order by‘i

observing the range of the 3He particles in alumiﬁiumlu). For energyAmeasure—'

"ments the target holder was lowered and the beam was allowed to hit alumihum

la&ers of known thickneSses in two remotely operated absorber vheels located at

the ‘éntrance.of the Faraday cage. Although this energy was only approximate,'it

could be used as an approximate input value in an IBM TO9% computer program called
LORNA . TInput for this program included the channel positions and Q-values of

knowhﬁelastic and ineiastic jHe groups, and of* known triton groups from target-

nuclei and from the usual oxygen and carbon contaminants. Triton and 5He data

’were analyzed sebarately; The program calculated the least square dependence of

partlcle energy on- channel number in each of the two counter systems In addltlon,_

'_LORNA calculated.the Q—values of any unknown peaks from these parameters, The |

Faraaay cage mentioned earlier was used to determine the number of 5Heﬂparticles_

hlttlng the target. It was callbrated approx1mately once every day of running

3

He partlcles is believed to be known to * 4 B

'percent.' The allgnment of the beam.was also determlned once a day, and the angles

at which the counters were nomlnally positioned was suitably corrected for the

"oen position of the beam.

P .
We are grateful to Mr Creve Maples, Jr , for permlss1on to use. thls program,

:and help in initiating us 1nto its mysteries.
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t -
The 6L1 and B targets were self-supporting foils. Both were separated

isotopes: ’the lithium wa's 99.5% 6Li and the boron was 96% 1OB. The 6Li.targets

which were used ranged in thickness from 127 to 180 ug/cmg. The lOB target was

~ 140 Mg/Cm? thick. 120 foils which were used for calibration purposes ranged

from 150 to 300 ug/cmg.' These thicknesses correspond to full-width energy losses
5 :

of 15 to 35 keV for the incident “He energies involved in these experiments.

p.2. THE °1i(’He,t)®Be REACTION

Figure 1 shows a part of the triton spectrum at E(BHe = 39.4 MeV,
MO° from the 6 1(3He,t) Be reaction. Addltlonal spectra have alsolbeen
'obtalned at E(5 e) = 50 6 MeV (6 = 35° and 55°), 39.4 MeV (e‘;’éob; 50?‘aha
~70°) and MO.l MeV (6 = 30°). The spectré.all shovw the triton groups corresponding‘s

fo the (92 + 6)-keV-widel) ground state of 6Bé and to the broad first excited

it
‘state7).. These groups are observed over a smooth many partlcle contlnuum

L S o | | o
The 6Li targets were prepared by C. E. Ellsworth-and D. J. O'Connell of LRL; .

the 10 targets by S. H. Maxman of the University of Pennsylvania. We acknow-
ledge with thanks their invaluable help. The separated isotopes were furnished
by the Stable Isotopes D1v1510n of ORNL. : -

I-gSome high points in the contlnuum region are due to tritons. from the 160(5He t)
“F reaction to various known excited states of 16w (see, e.g., C. D. Zafiratos, :
F. Ajzenberg-Selove and F. S. Dietrich, Phys. Rev. 137 (1965) B1479, and R. H. Pehl
and J. Cerny, Phys. Lett. 1k (1965) 137). The origin of these tritons was also
checked by deliberately ox1dlzlng one of the 611 targets and observing the trlton
spectrum under those 01rcumstances :
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~Assuming that the continuum background in the region of the first excitéd :

state is as shown by the dashed line, we find

E, = 1.67 + 0.08 MeV, and

I’ = 1.13 + 0.08 MeV.

The'éfrors guoted involve the uncertainties in the true shapes of the groups due

to thé background subtraction, as well as the usual statistical uncertainties,

-and the erroré in the‘(QO - Ql) determination whiéh result from uncertainties in

: the‘values of‘the mean “He energy ﬁitﬁinvthe target and in the shape of theftfitqn

!

_energY'versus éhapnel position curve. The width of the excited state has been

ot

Calculatéd'takiné.into accOuntuﬁhe inherent ﬁidth_of a triton group due to a
sharp state: under the conditions of these runs, this "sharp' width at half
maximum is ~ 200 keV.

Our values for the energy parameters of the first excited state, Ex =

11.67-} 0.08 MeV, T" = 1.13 = 0.08 MeV, may be compared with the values Ex = 1.6

+ 0.1 MeV T = 1.1 % 0.2 Mev'reported,earlier7). From the type of Tinal-state
interaétion Célculations discussed by Yu and Meyerhofl5), excitatioh-energies of
bfoad states may appear to be different in different reactions. The shifts may
be ofthe order of £he width of +the state©). A shift outside the'quoted un -
cértaihties ih the excitation energy of the 1.7 MeV state.of 6Be has nqt.beén

5

He,t)éBe'reactions;
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No triton groups have been obéervea at any of the angles of observation'
corresponding to ﬁhe'many 6Be states reported by Batty et al.é)’bélow EX ~ 13 MeV, .-
. with the exception of their 1.82 * O.iQ_MeV state, which maybcorfespond to the
broaa 1.67 MeV gtate observed earlier7) and in this work.

6Be at E(?He) = 39.4 MeV différential cross

In the reé;tion>6Li(5He,t)
section for for@éfion of the ground state of 6Be are 400 * 100 and 190 + 5QI“b/Sr‘
atf31.5° and 61:6° c.m. The angular distributionrof'the ground stafe tritons.dips

.to“z 50 pb/sr at z:'.5.O°, c.m., fises”tq a‘sécondafy ma ximum af A 60°, c.m., decreases
t@va second minimﬁgzét ~ 80°, c.m.; and then géntly riées to the largest angle
?sfuaied, ~ 100° c.m. A£v3l.7° c.m. the differential cross section for formation

of the 1.67 MeV'statéfofvéBe is approximately the same as for the ground state;

af?6é.0°'é,m., the cross section is = 0.5 nb/sr.

2.3 ITHE lQB(5He,t)lOC REACTTON

- Figuré 2 shows a portion of thé triton épectrum at E(BHe = 30.6 MeV,

6 = 30°. A second,?un was alsd made at E(BHe)V: 40.%3 MevV, 9 = 30°. Unfortunately

lack of sufficient running time and a shortaée of suitable targets made it im- |

: bossible tO'pgrsqg the investigation of this reaction further at this £ime. The

‘results Whiéh wetéhall des¢ribe'must be considered to be of a»pnéliminafy nature.
We observe clearly the triton groups to the bound grouﬁd étate and‘5.364MeV

first excited state of l-OC. We also observe the excifation bfvunbound states

analogous to»the 6—7.MeV states in_loBe, although we are nof:a£le to_resolve thev

analogues of all of these six states. This is hardly surprising since two of the
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’ Figure Qaptions
Fig. 1. spectruh from the 6Li(3He,t)6Be reaction at B ( He) = 59!& MeV, 6 = LO°.
| N represents the average number of counts 1in a two-channel wide‘wiﬁdoﬁ,
af the corresponding average value of the abscissa channel; The EX scale
lgives the excitatioﬁ enefgy in 6Be. The binding energies (Eb) for breakup
into AHe 4.ép, 5Li + p and 25He are also shown..

; | _ N | .
"Fig. 2. Sepctrum from the lOB(BHe,t) O¢ reaction at E(BHd = 30.6 MeV, 6 = 30°.

See also caption of Figﬁre 1.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








