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' . ' 1) - ' ; 20 
Indications that the presently accepted value _ fqr ,the mass of Na 

is considerably_in ~rr?r2,3) have· st~ulated its remeasurement using the 

Ne20(He3,t)Na20 reaction~. It should be noted that the current yalue-has only 

been reported once~). Also, lint.il very recently,5). little has been accurately :· 

known about the levels in F16
j they can be investigated in the o16(He3,t)F16 

reaction. 

These reacti.ons were induced· by an energy-analyzed, 4o,2 MeV He3 'be~ 

from the Berkeley 88-'inch, variable-energy cyclotron. Sin,ce both the 

12 16 3 12 16 ' . ' ' . . 
C ,0 (He .,t)N ,F ·reactions were used.for energy calibration, gas targets 

20 ' 20 . . ' ' 2 
Ne (98% Ne ) , 02 and CH_4 - and a mylar target were used •. A 50 mg/cm 

' ' 2 ' ' 
transmission-360 mg/cm stopping semiconductor counter telescope fed a new 

type of particle id~ntifier6 ). -Complete!separ~tion of the tritons from deuterons 
I 

' c 

was obtained. Total energy resolutions~(~iM) of~ 200 keV w~re' obtained when 

the gas .target was used but the resolution improved to ~ 14o keV on the 
2 . ' 

0.94 mg/cm mylar target. 
' ' ' ~ 3 ~. ' 

Figure 1 shows an. energy spectrum from. the .0 (He ,t)F reaction, and 
·. ~ . . . 

·table 1 lists the observed levels ofF with our·teritative Jn assignments. 

Only those levels that couid ·be easily followed are included in the table, but : 

many additional levels were populated as· can be seen. in fig. 1 •. The relative 

spacings of-the first five levels are in'excellent agreement·with the results 

' ' . ' ' 14(' 3 . ) 16 . . 5)' ' 
_ · of a recent study of the N . He ,n F:. reactiop. • However 1 we believe that 

two of their tentative J'!.- assignroents' which are based on level width arguments 

· .. ' 
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and are also. given. in table 1, should be. reversed. One .way t? predict the· 
. . . ' : .. ' . . ·.· 16 

level ordering of the ~~w-lying quartet.in F is to compare the observed 
. ~ . . . ' 

o16(T=l):- Fl level shifts·.with the predicted shift from a Coulomb energy 
• • J • • 

. : ' ' . 16 16' ', 
calculation using mirror nuclei and with th~ sy.stematics of the known N -0 (T=l). 

.. shifts for· the 'quartet·. As illustrated in table 2, there is a marked downward 

. 16 1 ti t th ' iti ' N16 
·: snift of the 0- and 1-(T=l). states in 0 , re a ve o eJ.r pes· on .J.n . , 

whereas the 2- and 3- states ·are only roinorly shifted. -Since the first four 
.• 

16 . . . . 16 ' 16 
states in N are bound, whJ.le the corresponding states in both 0 and F are 

unbound, this shift is probably due to the Tn~~s-Ehrman e~;~ct7) which would 

be most pronounced for the s state proton; the 0- and 1- states predominantly . 

. · .· ·arise .from~ .[p
1

/
2 
-ls

1
;

2
] c~nfigurati~ri, while the 2- and 3- state~ arise from 

... ·, .:a [p
1

;
2

-1d
5

;
2

] configurationS) •. If our Jrr a~signments are correct, the 2- and 

. . 

:·· 

. . ~ ' . ~ . . -
3 states are again only minorly shifted in F re1ativ~ to 0 , while the 0 ·, 

.and 1- states undergo another downward shift. However, if the 1- ~-2- assign-

. ments are reversed5), 'the level·shifts bec'ame generally· inconsistent. 
f •.• 

The angular distributions of the 0.436- and 0.736-MeV levels closely 

parallel one another, exhibiting a smooth forward ( < 18. deg c·.m·.) peaking pattern, 
. . , . . . ' . 

while the ground state and 0.200-MeV level·also parallel one. another, but reach 
. . . . : . 

a maximum at~ 28 deg 'c.m •. A comparison;cif' the observed relative intensities 
' y . 

. . . . 

also places the 0.436- and 0.736-MeV. levels in one group, and.the other two 
{ . 

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

-3- and 0- assignments, one is tempted to associate the f-ormer group .With trans-. 

:itions to [p1; 2 -1d
5

; 2 J states, and the latter .group with transitions to [p
1

; 2 '"1s1; 2 J:· 
states, which would also be iz1 accord .lrl:th•:nU:r:Jrr assignments. It is noteworthy .. 

. ,.,:.L: 
· · "1:.-:· that at : .. :,.J';:.' ~. ~orward angles the tr~:~,nsitions to in~ividual members of the 'analogue 

. '!'·. 

: .· . quartet 
. ·. . ~ . 

, . 16 . 16 · 3 . 3 I 16* . , . . . ' . 
J.n 0 . via the 0 (He ,He )o reactJ.on (simultaneously measured) 

'• 4. 
. ,•·. . exhibi't similar relative intensitiesto the above • 

·'. 
·,'' . 

•, .•·· 

ff,• .,. • 

... · •. ~--
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The 3.78-MeV level is·probably the analogue of either.the 3-37- or 
' ·~··· ~ . 

3.54-MeV level in N , and possibly the new T=l level at 16.47 MeV in 0 that 
' . ' . . 18 . 16 9) . 

is highly populated in the 0 (p; t )0 reaction • : A comparison of the 
. ' ' . 6 6 6 . 

o18(p,He:;)N16, o18(p,t')o1 , and 01 (He?.,t)F1 ener~ spectra (appropriately 

·matched) reveals a high degree of corre:t.ation, as would be e~pected. ·For every 
6 ' '. . 16 

F1 level reportedhere, a potential analogue state inN is observed. 

The energy calibrat.i6n used to determine the mass· of Na20 was b~sed on 

12 ( 3 ) 12 16 ( 3 ) . . . t' th the C He ,t N ground state transition and 0 He ,t trans~tions o e 
' . . 

0.436- and ~-736-MeV level~ of F
16 ~~ing mass ~xcesses of 17.349

10
) and 

'' 5) 12 16 . 
. ·10.686 MeV for N and F. , respectively. 

Figure·2 shows an energy spectrum from the Ne20(He~~t)Na20 reaction, 

and the observed levels of Na20 are listed in table 1. Since levels above 2 MeV 

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

. for the Ne20 (He3,t)Na20 reaction 'is 14.04 ± 0.05 MeV (±0.08 MeV including 

~12,F16 errors) which corresponds to. a ma~~ excess for Na20 of 6.98 MeV. This 

. is ·1.30. ~eV less .. tha~ th.e currently accepted val~el), and in excellent agreement· 

' 20 2 3) with 'the predicted Na mass ' , 

20 ' . ' . 
Measurement of the Na mass, and.the observation that the 2- and 3-. · 

' 16 ,. . . " . :. ' 
levels ofF do not Un.dergo·a large T~omas-Ehrman shift,.enables us to check 

some of the ass·umptions expressed by. Wilkinsonll) in regard tq the isobaric . . ' 

mass equation 

. ' 
' 2 ' 

M ;: . a + .b T : + c T · · • · · · z z. ' 

·,1 

As. shown in table 3 ·the coe:q'icients .~·.:~ ~ and . c .· for ~·the ··same .'A- are : · .. 
' .... .. 

independent of. T, .at least within the present error limits, although the 

.coefficients for the T=2 multiplets consistently tend to ~e larger. After 

correcting for pairing energy~ the discrepancy betw~en the £ coefficients 
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beconies considerably greaterj the 11 corrected11 coefficients are also listed in 

table ;). Possibly the pairing corrections one obtains using the simplest 
. . 11) 

pairing model are not appropriate or there could be other corrections , not 

considered here, 'that would compensate for the pair.ing corrections. Additional 

work, both theoretical and experimental, is needed to clarify the picture . 

We are indebted to Dr. Gerald T. Garvey for several valuable discussions. 

This work.was performed under the auspices of the United States Atomic 

Energy Commission. 
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Table ·1 
16 ' 20 

F and Na levels observed 

, .. F16 

Energy (Mevt · J'!f· 

0 ·o-

0.200 1-

~· . ~ .... : 0. 436 · .. 2-

0.736 . 3-

3.78 

.4.25 

5··45 

5·9· I 

6.4 

aAll excitations accurate to ± 50 keV. 

bTentative assignments given in Reference 5· 

·' 

UCRL-11829 

cThere ·are four levels in this region, app;roximately equall~·spaced apart. 
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Table 2 
.Comparison of the mass excesses (in MeV). of the 

low ly~ng levels of. the mass 16 triada 

' 
J N~6 016 F 

Difference Difference 
. This 

Paper 

3:- 5·97. (2.55)' 8.52 (2.90) 11.42 

2- 5.67 (2.56) 8.2) (2.~89) 11.12 

.. ( 2~ 66~) . . ·. . . ' 

1- 6.07 (2.29) 8.'..36: ·· .. (2.53). . ·10.89. 
b . (2. 76.) 

"' 
0- 5·79 (2.26) 8 •. 05 (2'.64) . 10.69 

Cou:;l. .pred. (2.68) (2.83) 

~he mass table of Kon:i,g e·t al 1 ). has been used. · 
b . 
Reference 5· 

.. · ... 
. I 

. ' j 
Ji 

.. ·. 

·.,. 

' '- • <·. • ~ . : I ·: J • ' 

·I 

. ".' 

'· . 

.. . 
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16 

6 •• •• b 

11.42: 

10.89 

11.12 

10.69 

/ 
/ 



Table 3 
·Comparison of the mass equation coefficfents-

.. T 

2 
A= 16 

2 
A= 20 

1 

b 

-2.92 ± 0.36 MeV. 

~2.73 ± o.o6 Mev 

-3• 69 ± 0.36 MeV 

-3-50 ± o.o4 Mev·. 

b-
(after correction ·fo·:r 
pairing energy) · 

-2.83 ± 0.36 MeV 

-2.65 ± o.o6 MeV 

-3·59 ± 0.36 MeV 

-3· 4o_ ± 0 .. 04 MeV.,:. 

a . . . ~-

Calculation, bas_~d _qn t)1~ 3.- level.· _ .. ---. --::-- ··· 

. ~ ... .. 
··:·.:.. :: -. .. ·' 

.... ··, .. ,. ·_ r ·. ' 

... '' - .. ~- -~· -_-. .. . . t ~ 

.. . 
L o • ,·, ~-J .• I 

. '·: .. , ... 
. : : . ' 

. ·. 

c 

0.34 ± 0.16 MeV 

0. 17 .± 0. 06 MeV 

0.35 ± ·o.l6 MeV 

. 0.25 ± 0.08 MeV 

.. - . 

-:·· .. 

c 
(after correction for 
pairing energy) 

0.31 ±·0.16 MeV 

0.09 ± 0.06 MeV 

0.32 ± 0.16 MeV 

0.15 ± 0.08 MeV 

- .-... - ~ - --. .. --- ................ ____ ---~-------- ----._- ..... ~ --------~-

I 
--l 

I 

g 
ft 
I 

1--' 
1--' 
()) 
1\) • 

'-0 
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FIGURE CAPriONS 

Fig. 1 .• Triton energy spectra from the o16
(He3,t)F

16 
reaction. A gas target 

was used to obtain the more complet~ spectrum on the left while a mylar target 

J 
was used to improve the resolution of the low lying levels shown on the 

right. 

Fig. 2. Triton energy spectrum at 15 degrees from the Ne20(He3 1 t)Na20 reaction. 
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