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24 
There is very little kno1),t  aboat the proton-rich nuclei, 	A1 and 

28 
P. The positron decay has been obsered1 	to various of the states in the 

corresponding T 	0 nuclei, 2Mg and Si. The atomic mass excesses of 2Al 

28 are 	0 09±0 3MeV and -7 69±0  3 MeV If the 2A1 	(max) reported 

by Scott and Polichar are assumed to be due to transitions to the Mg states 

at 4.12 MeV and 8.44 MeV', the atomic mass excess of 2A1  is _0.01±0.13 MeV. 

• 

	

	No energy levels of 
2 
 Al and 

28 
 P have been reported. By analogy with the mirror 

nucleus 2Na, the ground state of 2A1should have J = ±. The corresponding 

T = i state in 2Mg  has been located lat E = 9 712±0 008 MeV The ground state 

28 	 1) 
of P is possibly a J 	3+ state, by analogy with the 3+, first T = 1 state 

in 28s at E = 9 32±0 011 MeV, although the close spacing of the next T = 1 

state ( 	= 31 keV in 2BAl  between the J = 3+ and 2, E 	60 keV in 28s 

between the J 	3+ and  2+) would permit J = 2+ as an alternative 

The two types of reaction which can be used to study 
24 

 Al and 28P are 

the (p,n) and the ( 3He,t) reactions on 
24 

 Mg and 28Si with Q values of -14 to 

-17 MeV We will report on a study of the 2Mg(3He,t)2Al and  28S1(3Het)28P 

reactionsttt at E( 3He) 40 MeV 

C. Van der Leun, private communication We are indebted to Dr. Van der Leun 

for information concerning more recentevidence on 
24  
Al and 

2 
 P.  

ltThese mass excesses have been calculated on the basib of the Mg and 28 Si 

masses given by ref. , and the Q of the 2A1  and 28 
	

decay given by ref. 1 

tttThese reactions have been observed, but no results have been published 

See M.Rikey and R. G. Matlock, Bull. Am. Phys. Soc. 10 (1965) 463. 
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A beam of 40 MeV 3He particles, accelerated by the Berkeley 88-inch 

spiral ridge cyclotron, was used for the experiments. The experimental pro- 

edures were identical to those described in another paper . The 
24 

 Mg and Si 

targets t  were self-supporting foils The magnesium target was enriched to 

99.96%2Mg and its thickness was 270±30 g/cm2 . The silicon was not enriched 

and therefore contained 92.2% 28Si:  the target thickness was 160±17 g/cm
2 

. 

1-2 
foils used for cdlibation purposes ranged from 170 to 300 g/cm2 . 

Figure 1 shows parts of .the triton spectra for the 2Mg(3He,t)2Al 

reaction at E(3He) = 39.3 MeV, (9 = 20 0 and 25
0
. Additional spectra were also 

obtained at E(He) = 39.3 MeV (0 = 3 09500, 
	 and 60 0 ) and at E( 3He) = O.l 

MeV (0 = 300) The FWHM of pedks corresponding to single states is 	81 keV 

The Q value for the ground-state reaction was determined to be -13 88±0 06 MeV 

From this and the masses given by Mattuch et al. 	for 24 
	 3 Mg, He, and t, the 

mass excess of 2Al  is determined to be _0.07±0.06 MeV. The excitation energies 

of the observed states of 
24 
 Al are displayed in table 1. The first excited 

stdte we observe in 2Al  at Ex = 0 7±O 03 MeV is in good agreement with the 

energy of the kno1)  first state in the mirror nucleus 
24

wn 	E = 0 73±0 003 

MeV The higher states cannot be meaningfully compared It is clear that some 

of our triton groups correspond to unresolved levels. The differential cross 

section for formation of the ground state of 2Al  decreases from 67±17 pb/sr 

at 23 Li-°c m to 6±2 iib/sr at 68 L °c C.M.  

H The targets were prepared by C. E. Ellsworth and A. Johns. We acknowledge 

2 
with thanks their invaluable help The separated Mg was furnished by the 

C  ihLe Lsoto .pes Ilivisiori. of ORNJ 
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Figure 2 shows parts of the triton spectra for the 28Si(3He  t) 28P reac- 

• 	tion at E( 3He) = 37.8 MeV, 0 = 200 and 
350 	Additional spectra were obtained 

kt.E(He)= 0.l MeV, 6 = 30 °  and 35 ° . TheQ value for the ground state reac-. 

tion was determined to he _l.38±0.06 MeV. From this the mass excess of 28 

• 	was determined to be _7.1-2±0.06 MeV. The excitation energies of the observed 

28 states are shown in table 1. The ground state and first excited states of 

28 P were resolved by fitting the triton peaks with two Gaussian peaks.. It is 

28 
clear here also, by comparison with Al, that many of the triton groups are 

due to unresolved states. The differential cross section for the ground state 

of 
28  falls from 70115 rib/sr at 22.8°c.m. to 25±6 pb/sr at 39.7°c.m. 	. 	 '. 

By use of the method of Wilkinon and the 1964 mass tables, the 

excitation energy of the firL T 	1, T = 0 level was predicted for the A - 2 

24 
and A = 28 isobaric trple.ts. The first.T = 1 level of 	Mg is 9.512±0.008 

MeV, compard with predicted values of 9.5020.008  and 9.5±0.07 Me\T based 

24 	24 	 28 	
i on the masses of Na and Al respectively. The firsu T = 1 level of Si s 

9 32±0 011 MeV compared with predicted values of 9 378±0 008 and 9 35±0 07 

.MeV based on the masses of 
28  Al and 28P respectively. 	. 

We are gratelul to the entire staff of the 88-inch cyclotron, and in 

• particular to Joel Moss, Creve Maples, Jr., Donald A. Landis, and Fred S. 

Gou ding We are greatly indebted to Dr. Bernard G. Harvey and Dr J. Cerny 

for their interest and many useful comments. 	.. . 	. 
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Table 1 

2)4 28 
Energy levels of Al and P 

2)4 - 28 
Levels of 	Al Levels of 	P 

Group no. Ea Group no Ea 	Group no. Ea Group no. Ea 

1 0 II 3.92±30 1 0 11 4.17±70 

2 0.47±30 12 4.3440 2 0.1230 12 4.3±o 

3. 1.12±30 13 )4.53±)4O 3 1.I)4±)40 13 )4.9)4±50 

• 	 • 

• 1.28±70 14 4.77±50 4 1.31±30 • 	 • 

1.624O 15 5 4:48±6o 5 l.5)4±)40 • 	 • 

6 	• 2.38±40 16 5.93±40 	• 6 	• 2.12±30 

7 2 883o 17 6 81±)4o 7 2 6±ioo 

3.06±4o 
8 • 7.07±O 8 	• 3.2)4±30. • • 	 • 

9 3.35±50 19 
(5.2±0)b 

9 	. . 	 3.79±30 .. 

10 3.7150 • 	 10 .3.84±30 



UCRL-685 

Figure Captions 

Fig. L. Spectra from the • 2 Mg ( 5He  t)2A1 reaction at E( 5He) = 39.5 MeV, 

0 = 200 and 250. N represents the nuiither of counts per channel. The E 

• 	scale gives the excitation energy in 2Al The binding energy (Eb = 1.88 

MeV) for breakup into 25Mg + p is indicated. The locations of possible 

contaminant groups from 12C( 5He t) 12N and 100 ( 3H t)10F are also shom. 

Fig. 2. Spectra from the 28Si(
5He  t)28P reaction at E( 5He) = 57.8 MeV 

(0 = 0 and 550) The binding energy (2.03 MeV) for breakup into 27  20 	 Si+p 

is shown. See also caption for fig. 1. 

• .•. .. . . 	 . • 	 •., . 	 .• 	 H 
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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: 

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 

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. 






