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' _spacings of the first five levels are in excellent agreement with the results
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) for the mass of Naeo

Indications that the presently accepted valuel
is considerably in error ’3) have stimulated its remeasurement using the

(He ,t)N Na 20 reaction. It should be noted that the current value has only

‘been reported once%). Also, until very recently,5) little has been accurateLy .

known about the levels in Fl6j they can be_investigated'in the Olé(He ,t)F
reaction. Lo
3

These reactions were induced by an energy~analyzed, 40,2 MeV He” beam

gfrom the Berkeley 88-inch, variable-energy cyclotron. Since both the

12 16

012)016(

t)N reactions were used .for energy calibration, gas targets —

20 (98% Neeo), 0 and CHM —~ and a mylar target were used. A 50 mg/cm
transmiSSion—-36O mg/cm2 stopping semiconductor counter telescope fed a new

type of particle identifier6). -Complete:separation of the tritons from deuterons

was obtained. Total energy resolutions‘(FWHM) of ~ 200 keV were obtained when

N the gas target was used but the resolution improved to N lhO keV on the

0. 9h mg/cm mylar target. : :

Figure l shows an. energy spectrum from the O (He3,t)Fl6'reaction; and
16

" teble 1 lists the observed levels of F~ with our tentative Jﬂ aésignments.
Only those levels that could be easily followed ere included in the table, but .

o many additional levels were populated as can be seen in fig, l., The relative

h':iof a recent study of the Nl&(He ,n)E‘ reactions). However, we believe that .i§ -

two of their tentative_f?~assignments, which are based on;level‘width arguments
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- and are also'given in table 1, should be'reversed; ‘One way to predict the
S 16 d
' ‘_level ordering of the low -lying quartet in F lS to compare the observe
(T=l) --'F16 level shifts’ vith the predicted shift from & Coulomb energy
; 16 16(

,"calculation using mirror nuclei and with the systematics of the known N -l)i{"

shifts for the quartet. As illustrated in table 2, there.is & marked downward
7 shift of the 0" and 17(T=1) states in 0'C, relative to their position in e
': whereas the 27 and 3~ states’are only minorly shifted. -Since the first four
}-states in.N16 are bound, while the corre5ponding states in both O16 and Fl6
'5_'unbound this shift is probably due to the Thomas Ehrman effect7) which would
';be most pronounoed for the_ s state proton; the 0 and l states predominantly
"‘f'arise irom af[pl/e'lsl/g] configuratiop, while the 2~ and 3 states arise from -
':a.[pl/e 5/2] configurationB). If our J" assignments are correct, the 27 and ;;l‘.ibu
| - states are again only minorly shifted in F 16 relative to 016,‘whi1e‘the 0 1;
:and 1" states undergo another downward shift. However, if the‘l;v—fEA,assigne;
"fl.ments are reverseds) the level -shifts become generally‘inoonsistent'
The angular distributions of the O, 456- and 0. 736-MeV levels closely ‘
parallel one another, exhibiting a smooth forward (< 18 deg c.m. ) peaking pattern, o
while the ground state and 0. 200-MeV level also parallel one. another, but reach 2
a maximum at ® 28 deg c.m. A comparison of the observed relative intensities

. also places the O 436~ and O. 736-MeV levels in one group, and the other two

levels in a different group. From this information and the uncontroversmal

:,5 and O assignments, one is tempted to associate the former group,with trans-j T

:iitions.to [pl/2 d5/2] states, and‘the latter group with transitions to [pl/e 1/2

states, which would also be in accorduithvouﬁdm.assignments. It is noteworthy

"'ﬁﬁ\ithat at forward angles the transitions to individual members of the analogue. .fﬁ}i-7"

- %
quartet in O16 via the O (He ,He3 )016 reaction (simultaneously measured)

exhibit similar relative intensities. to the above._

3
Rr .
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085,128, 018(p,4)0%°, and o

- 0.436- and 0.736-MeV levels of Fl6 using mass excesses of 17.349

is 1. 30 MeV. less. than ‘the currently accepted value

4 independent of T, at 1east w1thin the present error limits, although the'

3 R . yYeRD-11829

The 5.78-MeV level is. probably the enalogue of either the 3.37- or

- 16 :
3. 5M-MeV level in Nl6, and possibly the new T=1 level at 16.47 MeV in O hat

is highly populated in the 0 (p,t)o reactiong).: A comparison of the
16(He_j,t)Fl energy spectra (appropriately

‘matched) reVeals a high degree of correlation, as would be expected._'For every

Fl§ level reporfed'here, a potential analogue state.in N16 is observed;

| . . 2 '
The energy calibration used to determine the mass of Na 0 was based on

the ClQ(He3,t)N12 ground state transition and 016(He3?t) transitions to the -
10) and

2

.'10.686:Mev5) for N*° ana Flé, respectively.

Figure -2 shows an energy spectrum from the Neep(Heégt)Nezo reaction,

and the observed levels of Naao are 1isted'in table'l. Since levels abore 2 MeV

could not be followed.easily they have not been included. Our measured Q value

for the NeZO(He”,t)Na2® reaction is 14.0k % 0.05 MeV (£0.08 MeV including
12 16 | o ‘

,F errors) which corresponds to a mass excess for Neeo of 6.98 MeV. This
1); and_in excellent agreement - -~
with ‘the predicted Na® mass ’5) .

Measurement of the Naeo mass, end the observation that the 2 and 3

levels of F16 do not undergo a Iarge Thomas-Ehrman shift enables us to check

11) |

some of the asSumptions expressed by Wilkinson in regard to the isobaric -

mass equation

M=a+DbT +c¢ T‘a'v.
_ z . A

o
‘.

As shown in table 5 the coefficients b and iE for the same A are,L o

',coefficients for the T—e multiplets consistently tend to Be larger. After

- . . correcting for pairing energy* the discrepancy between the 'g' coefficients
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becomes considerably greater; thé "eorrected" coefficients are also listed in
table 3. Possibly the pairing corrections one obtains using the'simplest

pairing model are not appropriate or there could be other correctionsll), not

t
.

considered hére,'that would compensate for the pairing corrections. Additionél
work, both thebrekical end experimental, is needed to clarify the ﬁictufe.
' We are indebted to Dr. Gerald T. Garvey for several valuable discﬁssions.
This work:was performed under the auspices 6f the United States Atomic

Energy Commission. = .- ' ' - : : - :/’

. . h
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: Fl6 andﬁ N2 levels observed
. -. o R ' o
“ | Energi‘ﬁMeé)é g f{ii Energy (Mev)® g™
0 0- ,o-f 0 2t
0.200 1- 2 0.65\ ¢
0436 ;.2- ST 0.75
0.7%6 T 3- . io;85
3.78 0.95
h.25 1.27
5.45 v-1f85
5.9 7.
6.4

BA11 excitations accurate to * 50 keV.

b‘l‘entative assignments given in Reference 5.

cThere ‘are four levéls in this region, abproximately equally:'spaced apart.v




Comparison of the mass excesses (in MeV) of the
low lying levels of the mass 16 triad®
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Table 2

*
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0-

Coul.-pred.‘

5.97 -
5.67

6.07

- 5.9

Difference

(2.55)
. (2.56)

(2.29)

, (2;26)
(2.635

O16

————

852
8.3

A}

8:36

8.05

_ Difference

This

Paper

(2.90)
_1(2;89)
. (2,66°)

h(2.53)
' (2.76%)

(2.64) i :

ll.hQ

11.12

10.69 B

(2.83) .

’q .

lloh’Q‘

10.89.

C11.12

© 10.69

®Phe mass table of Konig et al l),has been used. -

bReference 5.

.
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_ Table 3 _ K
} "Comparison of the mass equation coefficients
'E v' b L b N c : c .
T (after correction for (after correction for
| pairing energy) pairing energy)
.2 2.92 £0.36 Me¥  -2.83 * 0.36 MeV 0.34 * 0.16 MeV  0.31 *°0.16 MeV
' 1% 2.73 £ 0.06 MeV  -2.65 £ 0.06 MeV 0.17 % 0.06 MeV 0.09 % 0.06 MeV
. 2 -3.69 % 0.36 MeV -3.59 % 0.36 MeV 0.35 * 0.16 MeV 0.32 * 0.16 MeV
A =20 . R . . . . T . )
.1 -3.50 0.0k MevV.. . -3.L0 % 0.0k MeV. - .0.25 * 0.08 MeV 0.15 £ 0.08 MeV.
a ‘_ . ) . . N \ L ﬁ
Calculation based on the 3- level. | ~— ---. . o L .
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FIGURE CAPTIONS

Fig. 1. , Triton energy sﬁectra from the 016(He3,t)Fl6 reaction. A gas target
was‘used to obtaiﬁ the more complete spectrum on the left while a mylar target
was used to improve the resolution of the low lying 1evels'shown on the
right.

Fig. 2. Triton energy spectrum at 15 degrees from the Neeo(HeB,t)NQEO reaction.

———
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sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:
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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. ‘
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such employee or contractor of the Commission, or employee
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to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








