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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
“necessarily constitute or imply its endorsement, recommendation, or favoring by the

- United States Government oI 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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The = ‘Mg(’ L

2 2 : 2 . _
He,t) uAl and 8Si(5He t) 8P reactions have been studied .at:
3. ' ‘ 2k 28
: He energles in the range 37.8 to Lo.1: MeV The mass excesses of - Al and P
’“are, respectlvely, -0.07%£0.06 and -7. 12+O 06 MeV; 18 excited states of

28

and.12 excited states of P have been observed

'TThié’work was supported by the U. S. Atomic Energy Commission and by the & -
i ‘ o

—NatLonal 501ence Foundatlon :

. TT Slmon Guggenhelmeﬁe1low 1965 1966 ‘now- at Haverford College .Haverford,

‘ Pennsylvanla. _ ' ‘ é
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1) t

- )4"
There is very little known ’, 'about the proton-rich nuclei, Al and

13
1-3)

to various of the states in. the

?gP. The positron decay has been'obsefyed
./ .
. : .24 28 . - 2
corresponding TZ = 0 nuclei, 12Mg and ASI The atomic mass excesses of =~ Al
2 L) ' 2 .
_ 8P are ), 0.09%0.3 MeV and -7.69i0?5 MeV. vathe uAl EB+ (max) reported
%) : .

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

- - 1 L ; o ol .
at L.12 MeV ) and 8.44 MeV ’5), the atémic mass excess of Al is -0.01%0.13 MeV.

' ‘ 24 28 , : o
No energy levels of = Al and P have been reported. By analogy with the mirror
nucleus . Na, the ground state of = Al should have J = h+. The corresponding

o EE L o ‘ 3 - o
T = 1 state in;,2 Mg has been»locatedj) at E, = 9.512io.008 MeV. The ground state -
of ~P.is p0051bly a J = 3+ state, by analogy w1th the 5+ first-T ;-l*statel)g

28 5)

Sl_at E 9 52&*0 0l1 MeV R although the close sp301ng of the next T = il_r

.. state (AEX = 31 keV'ln 8Al,:between the J" 5+ and 2+'”‘EX %=bO keV in :881); B

{betwéén the Jﬂ-i 3+'and.2+) would permit JT = 2+ as an alternatlve
. RS S ol 285" -
The two types of reaction which.can be used to study Al and P are

: . 2k 2
the (p,n) and the (BHe,t) reactions on Mg and 881 w1th Q values of lh to
R ' E 2 L 2
-15 MeV. We will report on a study of:the uMg(BHe,t)g Al and 8Si( He,t)
reactions T at_E(BHe)-~ LO MeV.
g v i
TC.‘Van der Leun, private communicatioﬁ. We are indebted to Dr. Van der Leun
SR ' o _ L 2h 28 |
for information concerning more recent|evidence on Al and P.
b o | ] - -
These mass excesses have been calculated on the basis of the Mg and  Si

oo - 2l 28 . o
masses given by ref. L4, and the Q of the ~ Al and 8P p+ decay given by ‘ref. L. -

N TTThese reactions have been observed, but no results have been published:

See M. Rickey and R. G. Matlock, Bull. Am. Phys. Soc. 10 (1965) u63.
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A beam of 4O MeV “He particles, accelerated by the Berkeley 88-inch

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

Méedures were -identical to those described in another paperé). The 2uMg and Si

targetsT: were self-supporting foils. 'The magnesium target was enriched to

2)4” : .o . + 2 N . » . ‘ ‘
99.96% - Mg and its thickness was 270%30 ug/cm . The silicon was not enriched
88

v o : )
and therefore contained 92.2% i: the target thickness was 160%*15 pg/em .

12
C foils used for calibration purposes ranged from 150 to 300 ug/cmz.
L. ) ‘ 2l 3 2L
Figure 1 shows parts of the triton spectra for the = Mg(“He,t) Al

39.3 MeV, O = QOOiand 250. "Additional spectra were also

I

reaction at E(BHe)

50°,-50°, 55°, and 60°) and at B( He) = 40.1

-pbtainéd at E(°He) = 39.% MeV (8

MeV (6 = 500). The FWHM of peaks;corréSponding to single states is. =~ 85 keV.

J

‘;__The Q value for the ground-stateAreaction was deﬁermined to be -13.88%0.06 MeV. . - 1.4

b 2y oz
) for Mg, 5He, and t, the

From this and the massés‘given:by Mattéuch et al.
maéé.excess of QuAl is determined to ﬁé ;0.0730.06 MeV. The excitation energies

of ﬁhe observed states of guAl are disélayed in table 1. The first excited

Astate we Observe in 24Al at EX = O.h?ié.o5 MeV is in good agreement with the - | B
energy of the knownl) fifst stéte in tﬁe mirror'nuéleus‘guNa; E¥'=_O.h75i04003
MeV.g;fhe higher states cannot be meaningfully compared. It is ciga; that sohé"

~of our,triton groups corfespond to unrésolved levels. The differenﬁial cross

ZJSection for" formation of,the gréund st%te of 2L‘Al decreases from 67ii5 pb/sr

Cat 23, 1% m. to‘6i2 ub/sr at 68:4% .m. !

TThe targets were prepared by C. E. Ellsworth and A. Johns. We acknowledge:
' ‘ f 2k
with thanks their invaluable help. The separated Mg was furnished by the.

_ Stable Isotopes Division of ORNL.
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: , 28 § o
Figure 2 shows parts of the triton spectra for the bSi(BHe,t)QSP reac-

i

tion at E(°He) = 37.8 MeV, 6 = 20° and 35°. Additional spectra were obtained

' .H@.E(jHe) = 40.1 MeV, 6 = %0° and 35°.  The Q value for the ground state reac-.
| ' 28

‘tion was determined to be -14.38%0.06 MeV. From this the mass excess of P

was detérmined to be -7.12%0.06 MeV. The excitation energies of the observed

28

> . : s . S : .
“P states are shown in table 1. The ground state and first excited states of

w

o8 : )
P were resolved by fitting the triton peaks with two Gaussian peaks. It i

e

- 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

- : PR .
of 8P»falls from 70%15 pb/sr at 22.8%.m. to 256 pb/sr at 39. 7 ¢c.m.

’ . ‘]_,. .
"By use of the method of Wilkin30n7> and the 1964 mass tables ), the
excitation energy of the first T =1, T, = 0.level was predicted for the A = 2k
and A = 28 isobaric triplets. The first. T = 1 level of Mg is 9.512%0.008
MeVB), cOmpafed'witb predicted values of 9.502%0.008 and 9.54+0.07 MeV based
e ol 2 . . 28y, .
on the masses of Na and - Al respectively. The first T = 1 level of "Si is
9.324%0.011 MeVB) compared with predicted values of 9.378%0.008 and 9.35i0.07'v
o o 28 . 28 - o
- MeV Dbased on the masses of Al and P respectively.
. We are grateful to the entire staff of the 88—inch>cyqldtroh, and in
;,particular to Joel Moss, Creve Maples,:Jr;, Dbnald-A. Landis, and Fred S.
Gouiding. 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
Energy levels of - 'Al and “OP
h Levels of 2 A1 f Levels of “Op
Group no. .E%a Group mo. ~ E°  Group mo. B  Group no. _Ega

1 o .1 %.92%30 1 0 11 h.17E70
2 o;u7i5o 10 u.suiuo’ 2 0.125t30 12 | A.saiso:
3 | 1.12%30 | 13 L.53%40 3 1.1M¥AQ - 13 h.9h#30
" ‘1f58i5o 1k 4. 77%50 4 | 1.31%30
5 1.62240 . 15 L4860 5 1.5kho
6 . 2.38%0 16 5.95t0 6 2.12%30
T 2.88i50 17 6.81%40 ‘_ 7 2. 654100
8 3.06*40 18 C7.07%50 8 | 5;2uijo

-9 - 3.35%50 .19 (8.25i50)b 9 . 3.59%30 |

-1o: 371250 o 10 - %.8L%30 o

-aEnergies given.in MeV % keV.

: 2l 5
v bAssignment to = Al not certain.
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J; E j' } ‘_j{l' S . ;Fiéufe’céptions

V Fig. iﬁi Sbectra frdm the'guMg(5He,t)24Al:reaction ét E(BHe) = 59.5_M;V, -::'
9 = 200 and 250. N represents‘thevnumber of counts per channel. vThé E¥ '
scale gives ﬁhe excitation energy in 2lLAl. The binding energy (Eb =vl;88

MeV) for Bréakup into 25Mg + p is indicated. The locatioﬁs-df-possible

'Vcontaminéht groups from l?C(jHe,t)lgN and 160<5He,t)16F are also shown.

>Fig. 2. Spectra froﬁ the 28Si(3He,t)28P reaction at E(BHe) = 37.8 MeV |

(91: 200 and 55O)m The Binding enérgy‘(Q.OB MeV)“for breakup into 27Si+p

~is 'shown. See also caption for fig. 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.








